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Odor, sag, friction, bulk...old enemies meet new defenses

The marriage of metals with or-
ganic chemicals at M&T has produced
some interesting defenses against
some of man's common enemies:

For example, mildew on leather is
alwaysugly—and musty smelling. But
it's easily prevented by a new class
of M&T triorganotin compounds that
also control bacteria, algae and ma-
rine organisms.

Tin chemicals also beat the sag
problem in urethane foam. M&T

foam catalysts have higher initial
catalyst activity; and they retain cat-
alyst activity longer. Result: better
control of cushioning properties,
more uniform cell structure.
Potassium stannate from M&T cre-
ates a thin, soft, lubricating tin coat-
ing on auto pistons that beats the
friction problem during break-in.
That capacitor in the picture may

MsT Chemicals Inc.
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not seem bulky. Butitis, if you're de-
signing today’s miniature electronic
equipment. M&T barium titanate
and bismuth stannate have helped.
They're used to make capacitors with
controlled electrical characteristics—
and they shrink size.

How about the enemy of your
product? We may have the protec-
tion against it. Write to M&T Chemi-
cals Inc., General Offices: Rahway,
New Jersey 07065.




Here's the Univac 9200:
the first computer at tab
equipment prices.

The Univac 9200 is the first of a series of interlinking computers.

(You know: you start with any one, and simply build on it as
your computer needs grow.)

You can rent the 9200 for about $1 000 a month, Or own it for
less than $45,000.

Tab equipment prices.
But the Univac 9200 gets you out of the tab equipment class.
In fact, it can produce things like
’ management reports, payrolls, invoices,
-ﬁ < inventory records, and scientific
®
computations eight to ten times faster than
the conventional tab equipment yol
be using right now.
The Univac 9200 is a true comp
With a large, high-speed internal plated wire memory. And the laf@
in micro-circuitry. And a complete software library.

What's more, it can be converted into a Univac 9300 high-
speed card or tape system. Right in your office.

Which means you won’t have to replace it when your business
grows. You can just keep adding to it in low-cost modular steps.
Or some peripheral steps. One of which might be the Univac
1001 Card Controller, which rents for $475 a month. Add it
to the 9200, and you've got a high-speed, multi-file system
that will do the work of six conventional punched-card
machines: An accounting machine. Calculator. Collator.
Sorter. Reproducer. And a summary punch.

If you need more capability than that, you're ready for the nex
maodel in the Univac series. Or maybe the one that comes after that.

Find out. Call us.

Perhaps we can help you grow.

UNIVACGC

DIVISION OF SPERRY RAND CORPORATION

| _ >
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What are the measurements of sound?

For those with an active interest in
music and its reproduction in the
home, one of the most persistent ques-
tions about sound is whether it can be
measured accurately with present
techniques. One reason for the ques-
tion’s persistence is the often audible
difference between two pieces of
equipment with apparently similar
tested performance. Another is the
lack of uniformity in test procedures
and in the statements of specifications
in advertising and manufacturers’ lit-
erature for home music equipment.

At KLH, we believe that the subjec-
tive impact of sound can be measured,
and that the measurements which are
meaningful in determining the quality
of equipment are carefully directed,
basically simple ones that fall within
generally accepted concepts of good
design. Accepting the idea that sound
reproduction can come no closer to
reality than photography, we are not
concerned with some of the esoteric
techniques often suggested for trans-
porting the concert hall into a home.
But, again with photography as a ref-
erence, we are very much concerned
both with techniques for making sound
reproduction convincing on its own
terms and with basic improvements in
the convenience and usefulness of
equipment.

In accepting and measuring repro-
duced sound on its own terms, we are
especially concerned with gauging the
final performance of equipment in a
living room. It is here, we think, that
some accepted techniques of measure-
ment fall short—and their inadequacy
accounts for the definite differences
between apparently similar products.

We make one departure from usual
test procedure in our design of loud-
speakers. We begin here by designing
a speaker that we know, from our di-

rect experience in manufacturing every
critical part of our own speakers, will
meet certain basic requirements for
good performance. (In designing a
high-frequency speaker, for instance,
we begin with a diaphragm of properly
small size and proper cone materials
for the dispersion of high-frequency
energy over a wide listening area.) And
after checking with conventional tech-
niques to make sure that the point-to-
point frequency response of the speak-
er itself is within correct limits, we go
on to test the way in which the speak-
er's basic performance is integrated
with customary acoustic conditions in
a living room. Our technique is simply
to use filtered segments of random
noise, roughly half a musical octave
wide in frequency range, to gauge and
adjust the octave-to-octave musical
balance of the speaker as heard over
the usual listening area in a room. This
balance, we feel, most accurately pre-
dicts what a speaker will sound like in
a home. And the filtered random-noise
technique is both simple and highly
effective for checking this balance at
various points in a room.

We also do things somewhat differ-
ently from most home-entertainment
manufacturers by designing and test-
ing our stereo music systems from the

The new Model Twenty-Four.Suggested Price $300,

!I I *
il

*A trademark of KLH Research and Development Corp.
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outset as integrated systems rather
than as the sum of their parts. This
basic practice, taken for granted in the
design of an automobile or a commu-
nications system, is still rare in our
own industry, and is as vital as it is
simple in offering the buyer the per-
formance and value he has a right to
expect.

In the final manufacture of a prod-
uct, we are concerned with setting up
test procedures of the simplest kind
and widest application to prevent drift
away from basic design parameters.
We also concentrate on assembly tech-
niques that are both repeatable and
reasonable for people to perform—to
prevent the kind of fatigue and bore-
dom that might produce an ultimate
collection of hard-to-locate flaws. Using
these techniques to manufacture a
wider range of our own parts and as-
semblies than any other manufacturer,
we have been able to achieve a high
degree of uniformity in our products.
We are able to guarantee, for instance,
that any two loudspeakers of the same
model will match within 1-%2 db over
the frequency range.

In advertising our products, we pub-
lish only specifications that we feel
have straightforward and meaningful
references, such as amplifier power.
We do not provide specifications, such
as the frequency response of a loud-
speaker, that we feel will make the
buyer confident of a reference that
does not exist. When independent test
reports are made of our products un-
der stated conditions, we reprint and
distribute them with our product litera-
ture, but we do not try to over-describe
with adjectives or figures.

If you would like more information
on our products and standards of qual-
ity, please write to KLH, 30 Cross
Street, Cambridge, Mass. 02139.
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Powdered charcoal
+

synthetic fibers

+

Riegel

new filter paper concept

Needed: a new filter material of
which 77% is finely divided activated
charcoal, retained in a porous web
of synthetic fibers. Riegel success-
fully developed new techniques for
making it in one fast move...on a
paper machine.

This unique felt-like concoction is
now in full production...used as the
key filter in gas masks.

Stimulate your imagination? Perhaps
for similar structures containing pow-
dered metals, catalysts, oxides...in
webs of cellulose, synthetic, even
glass or ceramic fibers?

Riegel has many unusual paper and
paper-like materials for men with de-
signs. Our capabilities and imagina-
tion in functional fibers, coatings,
impregnations, and specialty paper-
making facilities can help your in-
ventiveness find better materials for
your products, processes, or packag-
ing. Explore yourideasin confidence.
Riegel Paper Corporation, Box 250,
Murray Hill Station, New York, New
York 10016.

RIEGEL
PAPERS

FOR
MEN
WITH

DESIGNS

THE COVER

The photograph on the cover shows the head of a lion rendered in a mosaic
of pebbles. This work of art decorated the floor of a house in Pella, the capi-
tal of Macedonia during the years when it rose to be the leading power of
the Greek world (see “Pella: Capital of Ancient Macedonia,” page 98). The
mosaic, which was probably made shortly after 300 B.c., is composed of
pebbles of contrasting colors; black, gray and white ones predominate.
Where the artist needed fine detail, as in the lion’s mane, strips of lead
were inserted among the pebbles. The mosaic from which this detail is
taken is reproduced on page 98. It commemorates an occasion in the life
of Alexander the Great when he nearly lost his life during a lion hunt.
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Now you can use Western Union’s nationwide
computer network to find a better job

Even though you're not actively looking, you are
invited to rent time on a nationwide computer
& communications network that matches open-
ings to your requirements—for just $1 a month.

Until recently there were several ways you could try to advance
your career—none entirely satisfactory. You could answer ads,
knowing your resumé would be swamped in a sea of applicants.
You could write a dozen corporations, hoping one of them might
have an opening of interest to you.

You might plod along for years without finding what you wanted
—or stumble, by chance, on an opening that was literally the oppor-
tunity of a lifetime. Too often, your success or failure was depend-
ent on luck and timing. ..

Now the element of chance has been eliminated. You can learn
about attractive openings throughout the country as they occur.
Information Science Inc. has developed a service called PICS—
Personnel Information Communication System—which is being
offered by Western Union. PICS uses computers to match quali-
fied men and women with the jobs they want.

Access to firms seeking someone like you

From the day you enroll in PICS, you have automatic access to
employers who are searching for someone with just your combina-
tion of skills, experience and career objectives. PICS will not waste
your time on positions which do not meet your requirements. Your
interests and objectives, as well as your qualifications, are stored in
the memories of the PICS computers. They are checked against
descriptions of job opportunities flowing in daily from employers
in 66 industries.

While you work, while you vacation, while you snooze in a ham-
mock, the computers are working for you. Each time your com-
puter profile matches an opening, you receive a detailed description
of that specific opportunity. At the same time, the employer gets
your confidential Career Profile, identified only by code and
omitting your name and the name of your firm. He may contact you
if he wishes—but he must do it through PICS.

Not an Employment Agency

PICS is not an employment agency. Its mission is strictly to match
your skills with every available opportunity. There is never an obli-
gation to accept—or even consider—any position PICS brings to
your attention. Should you accept, there is never a placement fee.

The PICS computers also compile quarterly salary analysis
reports to show you exactly where you stand in your profession.
With these reports—even though you’re not actively looking—you
can compare your progress with others’ by age group, degree level
and professional skills classification.

A Matter of Minutes Could Change Your Life

It takes just a few minutes to fill out the PICS enrollment form.
In the process, you will be programming your complete skills pro-
file for the PICS computers. You need never again risk missing a
better job for which you qualify—either because you are not look-

A Message to Corporation Presidents
and their Top Executives

If you are concerned with sky-high recruiting costs, you are invited
to investigate PICS’ service to employers. The team who developed
PICS have more practical experience in personnel data systems
than any other group in the country—and all this experience is at
your disposal! For complete information on how PICS can slash
your recruiting costs, call Western Union and ask for Operator 88—
anywhere. Or write PICS, Western Union Bldg., New York, N.Y. 10013

The concept of matching men and jobs by computer was developed
by prominent management consultant Dale H. Learn (right), shown
with Western Union President Russell W. McFall in the computer
room which is the nerve center for this unique new nationwide service.

ing, or because you are looking at the wrong time. PICS will be
looking all the time. And you will eliminate the element of blind
chance on which your future success now hinges.

To Enroll, Mail Coupon or Call Western Union
Operator 77—Anywhere!

The complete cost of PICS’ service is $1 per month payable annu-
ally—regardless of how many jobs you consider. This nominal fee
is possible because the major portion of PICS’ operating expenses
is underwritten by subscribing corporations. To enroll, send no
money now. Just mail the coupon below, or phone Western Union
and ask for Western Union Operator 77—anywhere.

I e e e e —————————

| PICS— Dept. 608 I
I Western Union Bldg., 60 Hudson St.

New York, N. Y. 10013 ;
I Please send the enrollment form to enter my career profile into the l
| PICS computers. I understand that as quickly as I complete and I

return the form, my qualifications and preferences will be matched
l against nationwide job openings. The complete charge for this serv- l
l ice, including quarterly salary analysis reports, is $1 per month

payable annually, for which you will bill me later. However, I may I
l return this material, unmarked within 10 days and owe nothing. I
I Name I
| Please print 1
: Address I
I City I
| State Zip Code :
I Occupation— . l
g P |
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For years, Avis has
Hertzis No.1.

Now were coing to

We’re No. 1 because we’re better at helping you get to
where you’re going.

A car where you need it.

The first step in renting a car is getting to the car.
Hertz makes that easier for you to do than anybody else.

We’re at every major airport in the United States.
And at some airports that are not so major. Ever fly to
Whitefish, Montana? Some people do. And have a Hertz
car waiting.

No matter how small the airport you fly to, if it’s
served by a commercial airline, 97 chances out of 100
it’s also served by Hertz or by a Hertz office within 20
minutes of it.

We also have locations throughout the downtown and
suburban areas of every major city.

And because you don’t restrict your travel to city
areas, we don’t restrict our locations to city areas. We’re
also out in the country. And out of the country, too.
Windy Hill Beach, South Carolina has a population of
100. It has a Hertz office. Chichiri, Malawi in Africa has
a population of 2,059. It has a Hertz office.

In all, Hertz has over 2,900 places throughout the
world where you can pick up or leave a car. Nearly twice
as many as No. 2.

Can’t come to us? We’ll come to you.

We have a direct-line telephone in most major hotels
and motels in the U.S. It’s marked HERTZ and it’s in the
lobby. Pick it up, ask for a car, and we’ll deliver one to
the door. You often can’t get a cab as easily.

What kind of car would you like?

When you rent from Hertz, you’re less likely to get
stuck with a beige sedan when you want a red convertible.
We have over twice as many cars as No. 2.

Not only is our fleet big, it’s varied. We do our best
to give you what you want. From Fords, to Mustangs,

to Thunderbirds, to Lincolns and everything in between.
And because we know that travel can be a bore if you
travel a lot, we’ve even got something to ease your lot.

The Shelby G.T. 350-H. If you know what cars are all

about, you’ll know what this car is all about.

What kind of service will you get?

When you rent a new car from us oranybodyelse, you
expect it to be sitting there waiting, ready to go, looking
like new.

On that score we claim no superiority over our compe-
tition. They goof once in awhile. We goof once in awhile.

Except when we goof it bothers us more because peo-
ple don’t expect the big one to goof. And to make up for
it, if our service is not up to Hertz standards we give
you $50 in free rentals.” Plus an apology.

No. 2 gives a quarter plus an apology. And advertises
that he “can’t afford” to do more.

We feel the other way about it. We can’t afford to do
less. Besides, the $50 comes out of the station manager’s
local operating funds. This tends to keep him very alert
...and our service very good.

Hot line.

When you’re in one city and you’re flying to another
city and you want to have a car waiting when you arrive

*There’sone thingyou have to do for us though: fill out our Certified Service form and mail it to our main office in its self-addressed envelope. Upon verification we’ll send you $50 in rental certificates by return mail.
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been telling you

tell you why.

and you want it confirmed before you leave, we can do it
for you. Instantly. In any one of 1,038 U.S. cities. No
otherrenta car company can make that statement.

The major reason we can do it is because we recently
installed one of the world’s largest private electronic res-
ervations systems.

After all, with the supersonic jets in sight and one
hour coast to coast flights in prospect, you’ll need some
quick answers.

We can give them to you today.

About rates.

We probably offer more kinds of rates than you care
to know about.

You can rent a car from Hertz by the day and the mile,
by the weekend, by the week, by the month, by gift certifi-
cate, by revolving credit, by sundry other ways inbetween.

We offer all these rates for two reasons. To stay ahead
of competition. To get more people to rent cars.

When you go to rent a Hertz car just tell the Hertz girl
how long you want the car and roughly how much driv-
ing you’ll be doing.

She’ll figure out the rate that’s cheapest for you. She’ll
figure it from our rate book that states loud and clear,

“Hertz people must use the lowest applicable rate on all
calculations.”
About credit.

If you’ve got a national credit card with most any ma-
jor company, you’ve got credit with us.

A businesslike way of doing business.

If you own your own firm or are instrumental in run-
ning a firm, you know what a nightmare billing can be.

Have your company rent from us and we’ll help ease
that nightmare. We can even tailor our billing cycle to fit
your paying cycle.

We’ll bill by the rental, by the month, by division, by

department, by individual, and by blood type if it’ll
help you.

And now about trying hard.
No. 2 says he tries harder. Than who?

©HERTZ SYSTEM, INC., 1966

Hertz
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LETTERS

Dr. Spain is to be congratulated for
having written, and you for having
published, his article on atherosclerosis
[“Atherosclerosis,” by David M. Spain;
SCIENTIFIC AMERICAN, August]. In writ-
ing several hundred words on the
possible causes of this disease he has
managed to avoid all mention of the hy-
pothesis that a high consumption of sug-
ar may well be involved. This in an ar-
ticle published in August, 1966, is as
distinguished as an article on gravita-
tion that excludes the theory of relativity.

The evidence linking sugar consump-
tion with the disease not only fulfills the
criteria mentioned by Dr. Spain at the
end of his article. It is also supported by
the finding that individuals who suffer
heart attacks eat more sugar than those
who do not, whereas it has been shown
that there is no difference in their fat
consumption. Moreover, there are no ex-
ceptions to the association of the preva-
lence of the disease with sugar consump-
tion in populations, whereas there are
exceptions to the association with fat
consumption. ...

Jonn Yupkin

Queen Elizabeth College
University of London
London

Sirs:

Professor Yudkin’s objection to my
failure to mention the high-sugar-con-
sumption hypothesis as an important
factor in the causation of atherosclero-
sis is somewhat puzzling. The primary
purpose of this article was to present an
overall view of the pathogenesis and
meaning of atherosclerosis. The inclu-
sion of a dietary factor, in particular high
saturated fats and cholesterol, was de-
termined solely by the fact that at this
moment there is a large-scale study
under way in this country to test the va-
lidity of this hypothesis. Many other
dietary hypotheses, in addition to the
high-sugar-consumption one, could also
have been included, but space limita-
tions and the purpose of the report would
not have been met.

Since Professor Yudkin raises the
question, however, certain comments are
in order. He categorically states that

the high-sugar-consumption hypothesis
meets the four criteria set forth in the
article. Personally 1 would not accept
the fact that the high-sugar-consumption
hypothesis fulfills any of the criteria, but
what is most significant is that I am
totally unaware of any valid, careful,
controlled prospective study that relates
manipulation of sugar consumption in
the diet to a decreased incidence of
clinical evidence of coronary atheroscle-
rosis. If Professor Yudkin has such evi-
dence, it behooves him to inform the
world at large and the medical com-
munity in particular so that a practical
means of primary prevention of this dis-
ease can be instituted without delay. It
is true that there are various types of
hyperlipemia and, according to the work
of Lena A. Lewis, Irvine H. Page and
Helen B. Brown at the Cleveland Clinic,
not all of these will respond by simple
alterations of dietary fat. Some of these
individuals with hyperglyceridemia may
conceivably require carbohydrate altera-
tion, but these do not constitute a major
group. There is other indirect evidence
against high sugar consumption’s being
an important causative factor in the
development of atherosclerosis. This
consists of the fact that obesity per se
(generally due to overconsumption of
carbohydrates) is only indirectly related
to the risk of developing coronary athero-
sclerosis, as determined by the Framing-
ham, Chicago and Albany studies and
our own studies. Obesity increases the
risk of developing coronary atherosclero-
sis only indirectly through its influence
on hypertension and diabetes. ...

Davip M. Spain, M.D.

Brookdale Hospital Center
Brooklyn, N.Y.

Sirs:

As a person with a background both
in the management use and the teaching
of information systems, I found your
September issue on information extreme-
ly interesting. I especially noted that sev-
eral authors made reference to the same
timely information topic: invasion of
privacy.

Today there are plans being discussed
before a House subcommittee in Wash-
ington for the creation of a computerized
information center. The proposed Na-
tional Data Center would pool personal
statistics on millions of Americans and
would be sponsored by 20 departments
and agencies of the Government. This
proposed “cradle to the grave” pool of

© 1966 SCIENTIFIC AMERICAN, INC

vital statistics is the greatest actual threat
to individual privacy yet conceived by
the bureaucratic minds in Washington.

Any centralized information center
created must have adequate controls as-
sociated with the system to assure that
no information would be available to
any person—including the President—
without the written authorization of the
person whom the information concerns.
Also, any authorization given must be
very specific regarding the exact infor-
mation accessible to the inquirer.

It is certainly not too early to recom-
mend a “bill of rights” regarding accessi-
bility into centralized files of information
created on individual citizens. Let us
hope that it is not too late to support the
passage of appropriate legislation to as-
sure private citizens against invasion of
privacy by bureaucratic personnel in
private or governmental organizations.

Tomorrow may well be 1984. There-
fore we must take appropriate action
today to establish safeguards sufficient to
assure against the increasing opportuni-
ties for the invasion of privacy resulting
from advances in computer technology!

GROVER L. PORTER

Professor

Department of Accounting

Louisiana State University
in New Orleans

New Orleans, La.
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SPECIAL INTRODUCTORY OFFER

Now — keep pace with today’s major scientific events
—build your own home science library at low cost

as a Trial Member of the

HALL OF SCIENCE BOOK CLUB

1. Exploring the
Universe—ed. Young
(List Price $7.95,
Club Price $6.75)

5. Natural Lan-
guage and the
Computer — Garvin
(List Price $12.75,
Club Price $10.85)

9. Brains, Ma-
chines & Mathemat-
ics — Arbib (List
Price $6.95, Club
Price $5.90)

2. Russian Science
in 21st Century —
Gouschev & Vassil-
iev (List Price $4.95,
Club Price $4.20)

6. Assauvlt on the
Unknown —Sullivan
(List Price $8.50,
Club Price $7.25)

10. Masers and
Lasers — Brotherton
(List Price $8.50,
Club Price $7.25)

START
BY TAKING

ANY

OF THESE UP-TO-DATE BOOKS
(VALUES UP TO $41.25)

11. Space Flight —
Sanger (List Price
$6.95, Club Price
$5.90)

12. Computers and
Thought — Feigen-
baum & Feldman
(List Price $7.95,
Club Price $6.75)

13. Principles of
Modern Physics —
Leighton (List Price
$13.50, Club Price
$11.50)

3. Computability
and Unsolvability—
Davis (List Price
$8.95,
$7.60)

Club  Price

7. An Introduction
to Scientific Re-
search—Wilson (List
Price $7.95, Club
Price $6.75)

14. Introduction to
Utilization of Solar
Energy — Zarem &
Erway (List Price
$15.00, Club Price
$12.75)

4. The Age of Elec-.
tronics—ed. Over-
hage (List Price
$7.95, Club Price
$6.75)

8. Tomorrow’s
Weapons — Roths-

child (List Price
$6.95, Club Price
$5.90)

15.Mathematical
Methods of Opera-
tions Research —
Saaty (List Price
$12.00, Club Price

$10.25)

ELECT any three FOR JUST A DOLLAR! Choose from Masers and

Lasers, Tomorrow’s Weapons, Assault on the Unknown, twelve other
important titles . .. your introduction to membership in the Hall of Science
Book Club.

If you want to keep alert to the growth and impact of today’s science —
and do so economically — then here’s the answer to your problem. All books
are chosen on the basis of their practical, popular, and professional appeal

. all are geared to add new dimensions to your understanding of the ideas,
discoveries, and achievements of science. By joining the Hall of Science
Book Club you save yourself the bother of searching and shopping, and save
in cost about 15 per cent from publishers’ prices.

How the Club operates. Periodically you will receive the Club’s official
announcement of the forthcoming feature selection, as well as a number of
alternate selections. If you want the featured book, you do nothing, and it
will be mailed to you. If you want an alternate — or if you want no book
at all —simply return the card conveniently provided for this purpose. We
ask you to agree only to take three books in a year.

Send no money now. Just indicate any four books you want — three for
$1.00 and one as your first Club selection — in the coupon at right. Take
advantage of this offer now — get four books for less than the regular price
of one!

Mail to HALL OF SCIENCE BOOK CLUB

McGraw-Hill, Inc., 330 West 42nd St., New York, N.Y. 10036

Please enroll me as a member and send the 4 books
indicated below. You will bill me for my first selection
at the special Club Price and $1 for my three new
membership books, plus local tax where applicable, and
a few additional cents for delivery costs. As a member,
| agree to buy as few as three more selections during
the next 12 months.

My Three Books for $1.00 My First Selection

(please print)
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STATE ZIP
(This offer good in United States only)
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Suddenly

concrete soars.
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More concrete is used than all other
construction materials combined.
Possibly because of its relative cheap-
ness, architects in the past regarded it
as a work-horse material. Now, sud-
denly, it’s become a wonder material
and architects vie with one another in
using it to create imaginative new
kinds of space and form.

You can’t beat concrete for struc-
tures like foundations, dams, bridges
and highways.

It’s relatively cheap, easy-to-use,
strong.

Concrete is a combination of ce-
ment, water and aggregates (crushed
rock, gravel, sand). Cement and water
react chemically to bind the aggre-
gates, which give concrete its struc-
tural strength. Often, additives are
used to control closely the quality of
the concrete. Martin Marietta pro-
duces cement, aggregates and con-
crete additives.

Although concrete was used in the
building of ancient Rome, it contin-
ued over the centuries to lead a quiet,
sedate life as an architectural mate-
rial (doing the heavy, unglamorous
jobs) until after World War II.

With the rebuilding of Europe, and
a construction boom going on in
America, concrete was “discovered”
by a group of restless architects yearn-
ing to do new things. Le Corbusier,
Nervi, Ponti, Saarinen, among others.

But concrete didn’t become a Cin-
derella material overnight. Architects

complained it was heavy and difficult
to use for high-rise construction.

The manufacturers of cement,
working with trade associations, took
the hint.

Within a few years, great strides
were made in finding new ways to re-
inforce concrete, precast it, prestress
it, pipe it, pour it, tamp it. Additives
were formulated to control “set.”

The imaginative use of concrete
could well be the esthetic salvation of
cities. It frees the architect from the
tyranny of the straight line and the
right angle, while giving him an infi-
nite variety of tone and texture.

It allows him to create buildings of
monumental strength and grandeur,
as in the twin towers of the Toronto
City Hall, pictured here, certainly one
of the important buildings in North
America.

Or it allows him to create “light”
structures that seem to float on air, as
in Saarinen’s terminal for TWA at
Kennedy airport in New York.

It even allows him to create huge
numbers of low-cost houses, using
modular assembly of precast slabs, as
in Puerto Rico.

In short, concrete allows the archi-
tect’s imagination to soar, yet costs re-
main comfortably earthbound.

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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20 AND 100
YEARS AGO

DECEMBER, 1916: “X-ray investiga-
tion of crystals is young, but there is a
dearth of workers and the war has cru-
elly put an end to the life of some in-
vestigators and has interrupted the work
of others. Mr. H. G. J. Moseley has been
killed at the Dardanelles, Mr. S. E.
Pierce in France, and there may be other
victims. M. de Broglie, who has tried
both the Laue method and the Bragg
method and has modified them, attended
one of Prof. W. H. Bragg’s recent lec-
tures in the uniform of a French medical
officer. Mr. W. L. Bragg has gone to the
front. It was moving to hear Prof. Bragg
mention this in a lecture before the In-
stitute of Metals, lest credit be given to
himself that was due to his son. Prof.
Bragg has already lost one son in the
war.

“For the present, and until the com-
pletion of the 100-inch reflector now
being built for the Mount Wilson observ-
atory, the telescope recently installed
in the Dominion Observatory at Little
Saanich Mountain, Vancouver Island,
has the fleeting honor of being the larg-
est in the world. Like all the largest tele-
scopes of recent years, this one is of the
reflector type. The enormous mirror,
which in the reflecting telescope takes
the place of the lens in concentrating
the rays of light, weighs 2% tons, mea-
sures 73 inches from edge to edge, is 12
inches thick at its outer rim and is
pierced by a hole 10% inches in diame-
ter. The silvered upper surface acts as
a parabolic mirror to bring the reflected
light to a focus 30 feet above the mirror.
Made in Belgium, it was shipped just
two days before the declaration of war.”

“From a reliable source it is learned
that a fleet of 50 super-Zeppelins is now
in course of construction in Germany for
the express purpose of destroying Lon-
don in a daring air raid. Evidently, if
this report is authentic, the Germans
have not yet come to realize that such a
plan is doomed to failure at its inception.
The fateful reception of the Zeppelins
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in recent raids over England has failed to
convince the Teutons that an aerial raid
on London is daily becoming more diffi-
cult and the chances of success more re-
mote. It is obviously their belief that
failure has hitherto been attributable to
lack of numbers and that a fleet of suffi-
cient magnitude can accomplish this one
big aim of Count Zeppelin and the Ger-
man people during the present war.”

“The business of producing alloy met-
als, though a virgin field, has sprung
into especial prominence because of the
necessity of husbanding the supply of
iron. The steady advance in the price of
ore gives the strongest evidence of the
increasing scarcity of this metal; and the
greatest economy in prospect is the use
of the rare mineral alloys which produce
such a radical increase in strength cou-
pled with reduction in weight of ma-
terial consumed. The use of tungsten and
vanadium in this connection is more or
less of an old story; and the producers
of molybdenum now claim for it a future
far out-reaching that of either of its com-
petitors.”

“It has taken this war to bring home
to Englishmen the realization of the need
for a tunnel under the English Channel
—something which the French have long
understood. It was announced in Paris
last August that France had taken all
the necessary steps to enter into negotia-
tions with England for the joint construc-
tion of this tunnel, and Premier Asquith,
in receiving a deputation favoring the
tunnel, has said that the matter would
be given full consideration either by the
War Committee or by the Committee on
Interior Defense. The tunnel will be
about 22 miles in length and will cost
$80,000,000 to build.”

DECEMBER, 1866: “This journal en-
ters upon its 22nd year on the first of
January next, at which time the pub-
lishers have determined to considerably
enlarge and otherwise improve it. Sci-
ENTIFIC AMERICAN is the oldest and, by
general consent, the most popular jour-
nal of science ever published; in point of
circulation it is safe to say that it exceeds
the aggregate issues of all similar papers
in this country and Great Britain com-
bined. The first number of SciEnTIFIC
AMERICAN, a folio of four pages, ap-
peared in the summer of 1845. Soon after
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its appearance the form was changed to
a quarto of eight pages. In 1859, en-
couraged by the great success which met
their efforts, the publishers determined
to double its size to 16 pages. But this
enlargement has finally proved inade-
quate to the demands upon its columns,
and in spite of the greatly enhanced
cost of paper and all other materials, the
publishers have decided that their jour-
nal must be enlarged, without any in-
crease in the terms of subscription, con-
fident that their generous patrons will
appreciate the benefits of the proposed
change and lend their influence to in-
crease its subscription list. It has been
the constant aim of the editors of this
journal, who are aided by some of the
best known scientific writers in the
country, to discuss all subjects relating
to the progress of art, science, invention
and discovery in a plain, practical and
attractive manner.”

“The Agricultural Committee of So-
logne, France, has awarded the gold
medal offered some time since to the in-
ventor of a process which should enable
French wines to be conveyed by land
and sea, and preserved in any climate,
without alteration in flavor. M. Pasteur,
who receives the award, has succeeded
in establishing the fact that the heating
of ordinary wine to the extent of 50 de-
grees centigrade is sufficient to kill all
microscopic vegetation, or the ferments
by which it is produced, without affect-
ing color or flavor, and to insure the
preservation of the wine in closed ves-
sels for an indefinite period. The various
morbid changes in wines are found to be
due to various stages or phases of micro-
scopic vegetation, which M. Pasteur has
accurately described.”

“An English statistician calculates that
the annual earnings of the working
classes in Great Britain and Ireland
amount to £418,000,000, of which the
laborers of England receive nearly three-
fourths, those of Scotland one-tenth and
those of Ireland two-thirteenths. Taking
the average weekly wages, and assuming
that there are two earners in each la-
borer’s family, the average family in-
come may be estimated in our money at
$8 per week in England, $7.25 in Scot-
land and $7.75 in Ireland.”

“Surveys are going forward in the bed
of the English channel for the projected
tunnel from Dover to Calais. The en-
gineers have a steam tug especially fitted
out with scientific apparatus and em-
ployed in this survey.”



Fast, economical digital analysis
comes next. Continuous system
simulation is easy with IBM’s digi-
talcomputers and Continuous Sys-
tem Modeling Programs (CSMP).

With csMP, you describe your
model in simple block-diagram
language. Define any necessary
special functions, and you're
ready to go.

You don’t need to know how to
solve differential equations on a
digital computer.

CSMP does it for you. And the
computer analyzes the model,
automatically.

You get real-time insight into
your model. Preprogrammed

TV TR T e
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curve-to-curve set ups automat-
ically take your model through
the full range of responses to var-
iables. And tabular or graphic
output show performance.

You compress days, weeks,
even months of real-life operation
into just minutes of computer
time.

Use the 1BM 1130 and SYSTEM/
360 computers with csMp to do
simulations like these: thermo-
dynamics of an engine; physio-
logical systems; human heart
control; control system design;
space vehicle flight control; reac-
tor design; human respiratory
dynamics ; process dynamics.
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" First step in the
IBM Continuous System
Modeling Program.

Whatever your projects and re-
search programs, include IBM con-
tinuous digital simulation in your
engineering and scientific con-
cepts. And reach objectives more
quickly and economically.

When you’re not simulating,
use your IBM computer for all
other computational problems.

IBM provides FORTRAN for pro-
gramming, and a library of tested
routines for solving differential
equations, inverting matrices,
evaluating special functions. And
more.

Powerful application support
makes using IBM computers the
easiest way to get your work done.



B This new design of the Allen-Bradley Bulletin 712 com-
bination starters consists of a three pole single break
disconnect switch, with or without line fuse clips, and
one of the famous Bulletin 709 trouble free across-the-
line starters, assembled in an attractive enclosure which
harmonizes with modern machine designs. The Bulletin
713 combination starter is equipped with a circuit
breaker, as the disconnect.

The basic starter provides the same rugged and
trouble free construction for which the Bulletin 709
starters have justly earned their world-wide reputation.
In the new disconnect switch, Allen-Bradley design
engineers have matched the quality of the starter—it
also is of a very rugged construction. All ratings easily
handle the higher current interrupting requirements of
the automotive industry.

The Bulletin 712 and Bulletin 713 disconnect handle
is at all times solidly connected to the line switch—
whether the enclosure door is open or closed. It can be
locked in the ““OFF"’ position with up to three padlocks,
and where necessary to prevent shutdown of a con-
tinuous process, the handle can also be padlocked in
the ““ON’’ position. Likewise, the cabinet door can be
padlocked.

In this modernized Bulletin 712 design, only the dis-

connect switch, with its handle, is really new. It has been
built to Allen-Bradley’s traditional high standards of
quality. The design is simple and rugged, with the
switch blades clearly visible in the *OFF’’ position. The
switch operation is positive, having a quick-make and
quick-break snap action. Direct mechanical pressure
forces the blades open—making them clearly visible.
These blades must be in the ‘“OFF"’ position before the
cover interlock is released to permit the cabinet door
to be opened. Bulletin 713 starters use a circuit breaker
as the disconnect. These disconnects cannot be oper-
ated to the ““ON’’ position while the cabinet door is
open—except in the event that the ‘‘defeater’ is pur-
posely operated. Incidentally, the inside of the cover
is finished in orange—a bright color which will attract
attention to the open enclosure.

Since a more complete assembly of features—impor-
tant to trouble free operation of the starter—cannot be
found, have your local Allen-Bradley appointed dis-
tributor acquaint you with our new line of Bulletin 712
and Bulletin 713 combination starters. He has these
starters in stock and can give you prompt service.

Allen-Bradley Co., 1204 S. Third Street, Milwaukee,

Wisconsin 53204. Export Office: 630 Third Avenue,
New York, N. Y., U.S.A. 10017.
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Allen-Bradley Bulletin 712 and 713 starters in NEMA Type 12 enclosures
satisfy all of the automotive industry’s safety and switching requirements

® Heavy duty disconnect switch or circuit
breaker will easily handle automotive 12T
switching requirements.

® Operating handle is at all times tied to
the disconnect device. Can be locked in
“OFF’’ position with up to three padlocks;
alsoincludes provision for lockingin ““ON"’
position, when required.

® When the door is open, the disconnect
interlock mechanism must be released by
means of a hidden ‘‘defeater’’ before the
operating handle can be thrown to the
“ON"’" position.

® Door safety latch must be actuated to

. ~
open thedoor—evenwhen operatinglever
is in the *“OFF"’ position—where it can be
padlocked, as a ‘‘safety’’ measure.

® Defeater requires a screwdriver for re-___
lease—a coin will not do.

® Bulletin 709 starter features one
moving part solenoid design, with lifetime
guaranteed coil. Its simple ruggedness
assures trouble free service. Contacts are
of weld-resistant cadmium oxide silver.
Overload relays are both trip-free and
tamperproof.

m ¢‘Lift-off’’ cabinet door is an installation
convenience. It also permits substitution
of cover with “START-STOP’’ push but-
tons, or a selector switch, and with or
without pilot light.

® Cabinet door interior finished in orange
as a ‘‘flag” to warn that the door is open.

= Two trip-free and tamperproof over-
load relays are standard; three can be
furnished.

= Allen-Bradley Bulletin 712 and 713 line
of Combination Starters are available
for maximum motor ratings of 100 hp,
240 v; 200 hp, 480-600 v.

® Very candidly, in your own interest, you
ought to know more about this new line
of Allen-Bradley combination starters,
which is modern right up to this minute!
Please write for Publication 6114,

Bulletin 712 Size 2 Form 2F combination
starter in NEMA Type 12 enclosure.

Bulletin 713 Combination Starters use a cir-
cuit breaker as the disconnect,

M ALLEN-BRADLEY

Member of NEMA

- QUALITY MOTOR CONTROL

556-2D
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THE AUTHORS

T. K. FOWLER and RICHARD F.
POST (“Progress toward Fusion Pow-
er’) work on different aspects of the
problem of controlling thermonuclear re-
actions at laboratories in California.
Fowler is in charge of theoretical work
on plasma turbulence at the General
Atomics Division of the General Dynam-
ics Corporation in San Diego. He studied
electrical engineering at Vanderbilt Uni-
versity and obtained a Ph.D. in physics
from the University of Wisconsin in
1957. He worked at the Oak Ridge Na-
tional Laboratory from 1957 until 1965,
when he joined General Atomic. Post is
group leader of the Magnetic Mirror
Program in the controlled thermonuclear
project at the Lawrence Radiation Lab-
oratory of the University of California
at Livermore. He is also professor-in-
residence at the Davis-Livermore cam-
pus of the University of California. A
graduate of Pomona College, he received
a Ph.D. in physics from Stanford Uni-
versity in 1950.

EDOUARD KELLENBERGER
(“The Genetic Control of the Shape of a
Virus”) is a professor at the University of
Geneva, where he directs both the Bio-
physical Laboratory of the Institute for
Experimental Physics and the Center for
Electron Microscopy. A native of Berne,
Kellenberger interrupted his studies at
polytechnical school in Zurich in 1939
to serve in the Swiss army during World
War II. After the war he became a stu-
dent at the University of Geneva, where
he did research on electron optics and
was instrumental in the formation of the
Biophysics Laboratory and the Institute
for Molecular Biology. He received his
Ph.D. in biophysics from Geneva in
1953. Kellenberger is currently on leave
and is serving as Invited Distinguished
Regents” Professor at Kansas State Uni-
versity.

FRED HOYLE and GEOFFREY
BURBIDGE (“The Problem of the
Quasi-stellar Objects”) have worked to-
gether on various problems in astrophys-
ics. Hoyle is Plumian Professor of As-
tronomy and Experimental Philosophy
at St. John’s College in the University of
Cambridge. He is also a member of the
staff of the Mount Wilson and Palomar
Observatories. He is known not only as
an expositor of science but also as a
novelist and playwright. Burbidge is
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professor of physics at the University of
California at San Diego. He has also
worked at the Harvard College Observa-
tory, the Cavendish Laboratory at Cam-
bridge, the Mount Wilson and Palomar
Observatories and the University of Chi-
cago. Both Hoyle and Burbidge are fre-
quent contributors to SCIENTIFIC AMER-
1caN. They were coauthors of the article
entitled “Anti-Matter,” which appeared
in the April 1958 issue.

LEO L. BERANEK (“Noise”) is presi-
dent of Bolt, Beranek and Newman, Inc.,
a research and consulting firm in Cam-
bridge, Mass., and lecturer at the Massa-
chusetts Institute of Technology. He did
his undergraduate work at Cornell Col-
lege in Iowa and received a D.Sc. from
Harvard University in 1940. During
World War II he was director of the
Electro-Acoustics and Systems Research
Laboratories at Harvard. He was asso-
ciate professor of communications en-
gineering at M.LT. from 1947 to 1958.
Beranek has lectured on acoustics at the
Physical Society of London, the Zurich
Federal Institute of Technology, the
Swiss Society of Architects and Engi-
neers, the technical University of Prague,
the Polish Academy of Sciences, the
Acoustical Society of Moscow, the Uni-
versity of Moscow and the Engineering
Society of Finland. He was visiting pro-
fessor at the University of Buenos Aires
in 1949. In 1958 he presented the 45th
Thomas Hawksley Lecture at the Insti-
tute of Mechanical Engineers in London
and repeated this lecture at Oxford and
Bristol universities. Beranek is the au-
thor of four books: Acoustics, Acoustic
Measurements, Noise Reduction and
Music, Acoustics and Architecture.

T. G. R. BOWER (“The Visual World
of Infants”) does research on problems of
ontogenetic and phylogenetic develop-
ment, perception and animal behavior in
the department of psychology at Har-
vard University. Bower was born in Scot-
land in 1941 and was graduated from
the University of Edinburgh with an
M.A., summa cum laude, in 1963. He
received a Ph.D. from Cornell Univer-
sity in 1965. His training at Edinburgh,
he writes, “strongly inclined me towards
the empiricism of the philosopher David
Hume. The experiments reported in this
article were undertaken in the belief that
they would prove empiricism and dis-
prove nativism—but the results were the
reverse.

CH. J. MAKARONAS (“Pella: Capital
of Ancient Macedonia”) has directed the
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excavations at Pella since 1957. Born in
Athens in 1905, he studied classical phi-
lology and archaeology at the University
of Athens and at the University of Thes-
salonike. He has held a number of gov-
ernment posts, including that of curator
at the National Museum and at the
Acropolis in Athens, director of the ar-
chaeological museum of Thessalonike,
ephor of antiquities of central Macedo-
nia and chief of the department of ar-
chaeology. His present title is Honorary
Ephor of Antiquities.

ROBERT R. SOKAL (“Numerical
Taxonomy”) is professor of statistical bi-
ology at the University of Kansas. Sokal
was born in Vienna in 1926 but moved
with his family to China at the beginning
of World War II and received his high
school and undergraduate education in
Shanghai, where he obtained a B.S. in
biology from St. John’s University. He
came to the U.S. in 1947 and acquired a
Ph.D. in zoology at the University of
Chicago in 1952. He has been a member
of the Kansas faculty since 1951. Sokal
is a National Institutes of Health career
investigator. During 1959-1960 he was
a National Science Foundation Senior
Postdoctoral Fellow at University Col-
lege London, and during 1963-1964 he
was a Fulbright visiting professor at He-
brew University and Tel Aviv University
in Israel. He is coauthor, with Peter H.
A. Sneath, of The Principles of Numeri-
cal Taxonomy. Sokal wishes to acknowl-
edge the assistance and constructive
criticisms of Sneath, Joseph H. Camin,
Charles D. Michener and F. James
Rohlf in the preparation of this article.

L. K. RUNNELS (“Ice”) is associate
professor of chemistry at Louisiana State
University. A graduate of Rice Univer-
sity, Runnels received an M.S. and a
Ph.D. in chemistry from Yale University
in 1961 and 1963 respectively. He is
currently an Alfred P. Sloan Research
Fellow and chairman of the physical
chemistry division of the chemistry de-
partment at Louisiana State. In addition
to ice, his research interests include the
theory of nuclear magnetic resonance
and relaxation, the general theory of
liquids and gases, and the application of
computers and information theory to a
description of molecular systems. This
last interest, he writes, “has been height-
ened by my wife’s current research in the
area of physiological psychology, more
particularly dealing with the problem
of memory.” His wife is a graduate stu-
dent in the psychology department at
Louisiana State.
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If Avis is out of cars,
we'll get you one
from our competition.

We’re not proud. We’re only No.2.
We’ll call everybody in the busi-
ness (including No.D). If there’s a car
to be had, we’ll get it for you.

At the airport,we’ll even lock up
our cashbox and walk you over to
Somehow or other, welll putyouinacar.  tH€ COMpetition in person.

All of which may make you wonder just how often all
our shiny new Plymouths are on the road.

We have 35,000 cars in this country.

So the day that every one is out is a rare day for Avis.
(If you have a reservation,don’t give it a second thought.)

And don’t worry about the car our competition will
give you.

It’s for an Avis customer and they know it.

This is their chance.
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Nerve System of an Airplane: A report from General Dynamics

Next time you take a trip in your car, try
to drive there without steering wheel,
accelerator or brakes.

Impossible, of course. They are vital
to the job. Without them, the car won’t
do what it must, even though the chassis,
body, motor, power train, tires, fuel,
driver—and passengers—are all there.

The function of any vehicle is to de-
liver something from one place to
another. The family car is a passenger-
delivering system. A military aircraft is
a weapons-delivering system. Avionics
are vital to that job.

Extending human will:

In a modern military aircraft, the hu-
man crew is the intellect and the will.
Avionics—or what used to be called
aviation-electronics—are its nervous sys-
tem, extending the human will through
machines for tasks that require accurate
control, sustained precise effort, or ultra-
fast computation.

Here are some of the things current
avionics do:
* Provide exact and unjammable navi-
gation.
* Help the crew fly smoothly and safely,
so low that detection and tracking capa-
bility of enemy radar will be sharply
reduced, or so high and fast that it can
circumvent other forms of attack.

A

Control Surfaces

Sensors

¢ Assist the easy transition from one
flight regime to another.

* Detect potential sourcesof attack from
air or ground.

* Help fire any combination of weap-
onry with precision.

The F-111 fighter-bomber being built
by General Dynamics is a case in point.

The F-111’s variable-sweep wing,
which makes it possible to redesign the
aircraft in flight, is one of the great
aerodynamic advances.

This airplane can fly fast or slow; 12
miles high or skimming the treetops;
drift through the air for hours, or attack
at two and a half times the speed of
sound; ferry itself across an ocean with-
out refueling, and land or take off from
rough tactical fields in short distances.

All in all, it is the most versatile air-
craft ever designed.

But first and foremost it is a weapons-
delivery system. Its avionics, much more
sophisticated than those of earlier air-
planes, are a good indication of what is
required nowadays.

A generation ago, aviation-electron-
ics consisted mainly of radio. Today’s
avionics include a large assortment of
separate systems which are segments
of a larger fully integrated electronic
system. This, in turn, is integrated with
the airframe, the engines and weaponry.

To see how it ties together, look at a
few of the F-111’s avionics parts.

The triply redundant, self-adaptive
flight-control system relates directly to
the unique ability of the F-111 to vary
the way it flies.

A complex of electronic sensors and
computers measures motions of the air-
craft and commands, through hydraulic
and mechanical components, any neces-
sary compensation to control surfaces.

In case of sudden change in atmos-
pheric conditions (i.e., clear air turbu-
lence or strong gusts), or rapid shift in
altitude or direction, the self-adaptive
flight-control system will automatically
make any necessary adjustments for
pitch, roll or yaw—often before pilots
even know they are needed.

When wings change position, changes
in other control surfaces take place si-
multaneously. The plane never loses its
desirable flying qualities at any speed,

Seeing, hearing and feeling devices receive and transmit impressions to crew
and electronic centers, which interpret data and in turn command immediate
and proper physical responses. Information flows in both directions among
many interconnections, only a few of which are indicated symbolically here.

Wing and Yoke
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or change in speed, from takeoff through
Mach 2.5.

An inertial navigation system elimi-
nates the uncertainties inherent in earlier
magnetic-compass, radio or radar navi-
gation techniques.

The inertial system measures every
inch of passage, fluctuation in direction
or change in speed. At any given mo-
ment, the pilot knows precisely where
he is in relation to his takeoff point, his
target and his return base.

“Hideability”:

Terrain-following radar(TFR)improves
mission efficiency.

A fast low-flying airplane which can
be “seen” only fleetingly is troublesome
for ground search radar. For maximum
“hideability,” the aircraft’s terrain-fol-
lowing radar can be set at an optimum
clearance close to the ground. The plane
can now dip into the valleys and skim
the peaks at supersonic speed in any
weather, day or night. It can keep on a
direct path, yet make the enemy’s prob-
lem of detection far more difficult.

Antennae

The TFR constantly looks both down
and ahead, and relays its information to
the self-adaptive control system. The
complex adjusts the entire aircraft far
faster than could unassisted human re-
flexes. Even over particularly jagged
territory, the ride is relatively smooth.

The pilot can fly through zero visibil-
ity, protected against physical obstruc-
tions ahead. Should any of the TFR’s
circuits fail, the overall avionic system
is programmed to put the aircraft auto-
matically into a very sharp climb to
higher altitude.

The ultimate function of the F-111,
however, is the delivery of weapons—a
mix of many types, long and short-range,
for defense and attack, with different
methods of firing. This calls for three
closely related systems.

Finding a target:

A bomb/navigation system, connected
to every weapon, constantly measures
the plane’s speed, altitude, attitude and
position. These are computed against
information, already stored, on the par-
ticular drop or firing pattern of each
weapon and the location of the target.

A “head-up” system projects flight
and other data, in color bar form, to a
transparent reflective plate at pilot’s eye
level. Through it, he can see all the in-
formation necessary to fire guns and
missiles without moving his eyes from
the target itself.

To extend his sight in bad weather or
at night, high resolution ground map-

"Head-Up’’ Display Panel

Weaponry

© 1966 SCIENTIFIC AMERICAN, INC

ping radar provides a clear picture of
the terrain or of airborne targets, simul-
taneously reporting the changing range
between plane and target.

With these reinforcing the pilot’s
judgment, the specific weapon needed
can be released, manually or automati-
cally, at the split second when it is most
likely to hit its target exactly.

Each of the “separate” systems has a
distinct job, yet all are, to some degree,
interdependent. For maximum reliabil-
ity, self-test devices check, before and
all during flight, for any malfunction.
Should one occur, the “work” can be
shifted quickly to back-up equipment—
and assure that the mission will not be
impaired.

Even though the current avionic sys-
tems are advanced over anything that
has gone before, newer and improved
versions are already being jointly devel-
oped by General Dynamics and its many
subcontractors who produce the indi-
vidual systems that make up the whole.

General Dynamics is a company of sci-
entists, engineers and skilled workers
whose interests cover every major field of
technology, and who produce: aircraft;
marine, space and missile systems; tac-
tical support equipment; nuclear, elec-
tronic,andcommunicationssystems; ma-
chinery; building supplies; coal, gases.
Reprints of this series are available.

GENERAL DYNAMICS

One Rockefeller Plaza, New York, New York 10020

Primary Avionic Controls for
Navigation, Flight Adaption,
Weaponry and Terrain Following



Sylvania ECG
finds the way
to“diga hole”

for destructive

electrical surges.

Numerous protective devices have been developed
for momentarily “grounding” electrical lines sub-
jected to extreme voltage surges. The problem has
been to devise a method that would shunt repeated
high energy surges to ground instantaneously
without damage to the protective device itself.

The Sylvania Electronic Components Group
solved the problem through the development of
an electronic surge arrestor capable of dissipating
natural and man-made electro-magnetic impulses
with energies as high as 110 coulombs—greater
than the surge of an average lightning bolt!

Basic to the device is Sylvania’s new Type
SG-1360 spark gap composed of three metal alloy
electrodes hermetically sealed in a ceramic and
metal package back-filled with an inert gas. Under
normal conditions, it presents a virtual open cir-
cuit between both sides of a communication line.
In the presence of a voltage surge, it fires instantly,
and bypasses the surge to ground, then restores
itself to the open circuit condition.

When used as a primary protective device in
communications and control equipment for indus-
trial and military use, the Sylvania electronic
surge arrestor is capable of reducing high transient
energy from whatever source to a safe level for sec-
ondary protectors in applications such as solid-state
power supplies and computers. And does so repeat-
edly without suffering damage or deterioration.

“Digging a hole” for destructive electrical surges
is another example of advanced component design
resulting from Sylvania ECG unified research and
engineering. And a way to find the answers to your
problems in system design.

Sylvania Electronic Components Group,
Sylvania Electric Products Inc., Seneca Falls,
New York 13148.
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Progress toward Fusion Power

The controlled release of thermonuclear energy requires solving

the problem of confining a hot plasma of electrons and positive

ions. The problem is slowly yielding to analysis and experiment

his article is a progress report on
I the effort to obtain controlled
power from thermonuclear fusion.
For more than a decade fusion research
has sustained a high level of enthusiasm
in a sizable group of physicists and engi-
neers in many countries. This enthusi-
asm flows from two exciting prospects.
The first is that fusion power would pro-
vide a lasting solution to man’s steadily
increasing need for energy on a planet
that has a limited supply of coal and oil,
and a limited tolerance for the atmo-
spheric pollution resulting from the
combustion of such fuels. Compared
with power from nuclear fission, which
is already a reality, fusion power would
be safer, would be free of radioactive
waste and would have an abundant and
cheap supply of fuel easily accessible in
the oceans in the form of deuterium, or
heavy hydrogen [see “Fusion Power,”
by Richard F. Post; SCIENTIFIC AMERI-
caN, December, 1957].

The second prospect is the progress
of a new scientific discipline: the phys-
ics of hot plasmas. The fusion reactions
themselves, studied in the laboratory
and known as the source of energy in
the sun and other stars, are well under-
stood [see illustration on page 24]. It is
rather the behavior of plasmas on which
fusion research has converged. The cru-
cial problem of such research today has
to do with the stability of plasmas (or
the lack of it).

The intimate relation between fusion

by T. K. Fowler and Richard F. Post

research and plasma physics stems from
the nature of the fusion process. Fusion
is a fire that can be kindled only at the
extremely high temperatures character-
istic of the center of a star. To produce
controlled fusion power on earth we
must first heat the deuterium fuel to a
kindling temperature above 100 million
degrees centigrade. At such tempera-
tures the fuel becomes a plasma—a fully
ionized gas composed of free electrons
and bare atomic nuclei, or positively
charged ions.

The problem is how to confine a hot
plasma long enough for a sizable num-
ber of fusion reactions to take place.
The confinement time required is less if
the plasma is dense, but energy would
be released at a violent rate. To achieve
a controlled release of energy rather
than an explosion it is necessary to deal
with rather rarefied plasmas confined for
a comparatively long time. The plasma
density would be no more than a
thousandth or perhaps as little as a
hundred-thousandth that of air at sea
level. To produce power at such densi-
ties the plasma might need to be
confined as long as tenths of a second—
millions of times longer than it takes
for an jon to traverse the entire plas-
ma. Thus the ions must be repeatedly
turned back at the surface of the plas-
ma, which is to say that the plasma must
be confined by something. A material
vessel would not do; contact with the
walls, or even with the air, would im-
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mediately cool the plasma below the
kindling point.

Barring unforeseen developments,
the practical solution to the confine-
ment problem seems to be the “magnet-
ic bottle.” In this arrangement the plas-
ma is located within a chamber that has
been evacuated to keep the plasma out
of contact with the air. In addition a
strong magnetic field is applied to the
plasma to confine it and keep its par-
ticles away from the walls of the cham-
ber. The field can do this because mag-
netic fields exert forces on electrically
charged particles such as the free elec-
trons and ions of the plasma. One can
establish an equilibrium in which the
outward pressure due to the repeated
attempts of particles to escape is exactly
balanced by the magnetic forces. The
question is whether this delicate bal-
ance of forces can be maintained. The
situation is something like trying to keep
a ball dancing atop a thin jet of air; any
fluctuation of the jet or errant movement
of the ball will allow the ball to escape.

When the magnetic confinement of

plasmas was first considered some
15 years ago, it was clear that the stabil-
ity of a plasma under such conditions
would mean success in obtaining fusion
power, and that pronounced instability
would mean failure. At that time almost
nothing was known, either theoretically
or experimentally, about the behavior of
hot plasmas in a magnetic field. Indeed,
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there were no means of heating plasmas
to fusion temperatures for laboratory in-
vestigation. Then, when the first fusion
experiments were attempted, they failed
because of plasma instability, dashing
any hope for a simple solution to the
problem. Nonetheless, it was found that
under some circumstances magnetic
confinement could be at least partially
effective.

Encouraged by even such slender
prospects, ambitious research programs
were launched in many laboratories
around the world. The effort has been a
closely cooperative one since the de-
classification of fusion research by all
countries in 1958. Progress has been im-
pressive. We now have a vigorous new
technology and new basic knowledge
that is already influential not only in fu-
sion research but also in astrophysics,
space research and many other areas.
Fusion research itself is now guided by
a broad understanding of the causes of
plasma instability. More important, with
the new understanding has come sug-

gested ways, some already successful,
whereby certain classes of instabilities
can be controlled.

It has now been demonstrated con-
clusively that some of the worst forms of
plasma instability can be suppressed by
several methods. The first method we
shall discuss involves a principle of such
general applicability that its future im-
portance seems assured. This principle,
called the magnetic well, concerns the
shape of the magnetic-field lines confin-
ing the plasma and the influence of that
shape on stability. It applies specifically
to the control of the grossly unstable
motions of the plasma as a whole. That
the control of gross instability by mag-
netic wells is thoroughly effective and
well understood was shown in many ex-
periments reported at the most recent
international gathering of fusion workers
at the International Conference on Con-
trolled Fusion Research held in En-
gland in September, 1965, under spon-
sorship of the International Atomic

Energy Agency.

UNSTABLE PLASMA is made visible in this photograph produced by passing a laser beam
through the plasma. The dark and light fringes resulting from interference of the light waves
are displaced by inhomogeneities in the plasma. The photograph shows a common type of in-
terchange instability called a “flute” instability. The phenomenon occurred in a “theta
pinch” experiment conducted by Fred L. Ribe at the Los Alamos Scientific Laboratory.
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To explain the magnetic-well princi-
ple we must review some basic facts
about the behavior of plasma particles
in a magnetic field. Early fusion experi-
ments attempted to confine the plasma
by the “pinch” effect, in which the mag-
netic field is generated by current flow-
ing through the plasma itself. This type
of system proved to be so unstable that
investigation soon turned to confine-
ment by magnetic fields generated ex-
ternally. A simple form of such a mag-
netic bottle employs concentrations of
field strength at the ends (or poles) to
act as mirrors reflecting the plasma par-
ticles back into the bottle [see middle
illustration on page 25]. The field is
strengthened at each pole by a coil that
squeezes the field lines there close to-
gether. As a particle moves toward this
region the increasing strength of the
field stops the particle and drives it back;
thus the particles are bounced back and
forth between the end “mirrors.”

The sides of the bottle, however,
where the magnetic-field lines bulge
outward and the strength of the field
weakens with distance from the axis of
the field, allow the particles a means of
escape. The particles spiral around the
magnetic-field lines as they shuttle back
and forth between the poles. In spiral-
ing around these lines a particle is sub-
jected to a weaker magnetic force dur-
ing its swing around the outer side than
it is on the inner one, where the field is
stronger; consequently its orbit is less
sharply curved in the outer part of its
circuit than in the inner part. Thus in
addition to their spiraling motion the
plasma particles tend to drift in larger
circles around the magnetic axis.

Now, if the plasma or a part of it is
momentarily displaced off-center, the
drift of the particles, which is still
centered on the magnetic axis, causes
particles to pile up at the edges of
the displaced region. Because the posi-
tive ions and electrons are drifting in
opposite directions (clockwise and coun-
terclockwise, as oppositely charged par-
ticles do when they are bent by a mag-
netic field), ions are deposited at one
edge and electrons at the other [see bot-
tom illustration on page 25]. The electric
field produced by the separation of
charges promptly propels the plasma out
of the magnetic field. This catastrophic
sequence of events is called an inter-
change instability.

In the mirror system described above
the plasma is in an unstable situation
analogous to that of a ball perched on

the top of a hill. A slight displacement



PLASMA-MAINTENANCE APPARATUS called Phoenix II is op-
erated at the Culham Laboratory near Oxford by the United King-
dom Atomic Energy Authority. Phoenix II uses a high-energy in-

will allow the ball to roll down the hill;
similarly, if some slight disturbance dis-
places the plasma sideways in the mag-
netic field, the plasma will fall off the
magnetic hill, that is, will move in the
direction of declining field strength
toward the sides. If the ball were not at
the top of a hill but at the bottom of a
well, it would be in a stable position.
This presents the question: How might
one create a magnetic field that would
confine a plasma by blocking its escape
in every direction?

The answer lies in the fact that the
gross motion of a plasma in a direction
of increasing magnetic strength is resist-
ed. We have already encountered this
fact in regard to motion along magnetic
lines; it gives rise to the mirror effect. It
also applies to motion across magnetic-
field lines if some force, such as the
electric field that develops during in-
terchange instability, tries to push the
plasma across the field lines. In principle,
therefore, the plasma should be confined

stably if it were placed in a magnetic
field that increased in strength in every
direction away from the plasma, that is,
if it were placed in a “magnetic well.”
Such magnetic configurations were de-
vised quite early, but the first experi-
mental proof of the idea came in 1961
when a group of workers in the U.S.S.R.
led by M. S. Ioffe demonstrated mag-
netic-well stabilization of the inter-
change instability.

A comparatively simple version of
the magnetic well has coils at each end,
which compress the magnetic-field lines
so that their ends will act as mirrors, and
also four current-carrying rods arrayed
around the sides of the field [see illustra-
tion at top left on page 26]. The current
in adjacent rods flows in opposite direc-
tions; as a result the rods generate op-
posed magnetic fields that cancel each
other at the “bottom” (the central axis)
of the well and hence do not add to the
field created there by the end coils.
There is no cancellation, however, near
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jection system, in which a continuous stream of energetic neutral
atoms is injected into the heart of a confining field. The goal is to
produce and maintain a plasma at thermonuclear temperatures.

the rods in the outer areas of the well,
where the fields created by the rods and
the coils add up. Accordingly the mag-
netic field is weakest at the center of the
well and is progressively stronger toward
the walls. The magnetic-field lines bulge
inward instead of outward; this has the
effect of reversing the drift of the plas-
ma particles. Therefore any separation
of electrons and ions caused by drift
generates a reversed electric field, and
this field drives escaping particles back
toward the center.

By running tests with and without the
current in the rods turned on one can
give a striking demonstration of the ef-
fect of the magnetic well. If only the
mirror coils at the ends are turned on,
interchange instability occurs; the plas-
ma particles are driven to the walls of
the chamber and the plasma escapes
within a few millionths of a second. With
the current in the rods turned on, the
escape of plasma particles to the walls is
reduced by a factor of hundreds of thou-
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FUSION REACTIONS result when the nuclei of certain hydrogen and helium isotopes are
provided with enough energy to overcome the electrostatic repulsion between them. When
this energy is provided, one obtains a plasma: a fully ionized gas consisting of ions (posi-
tively charged particles) and electrons. To achieve a self-sustaining thermonuclear reaction
a plasma composed of heavy isotopes must be raised to a temperature of about 100 million
degrees centigrade. This corresponds to ion energies of about 10,000 electron volts (10 Mev).

sands [see illustration at top right on
page 26].

he magnetic-well idea is a milestone

in fusion research. Success in con-
trolling the troublesome interchange in-
stability has created the hope that the
same principle can be used to control
other gross instabilities. In particular,
the principle may be applicable to cer-
tain instabilities in “closed” systems.
Such systems overcome a disadvantage
of the open-end type of system we have
been discussing.

In systems with mirrors at the ends
the magnetic-field lines extend beyond
the necks of the magnetic bottle. The
strong field at each end drives back par-
ticles that are circling around the field
lines, but any particle that happens to
move nearly parallel to the lines (as
may happen if its movement is deflect-
ed by collision with another particle)
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can escape through the open end. Thus
there is a slow leak of plasma particles
from the system. End leakage is elim-
inated in closed systems with the shape
of a torus, or doughnut; in such systems
the magnetic-field lines are endless [see
“The Stellarator,” by Lyman Spitzer, Jr.;
ScienTiFic AMERICAN, October, 1958].

In a torus, however, it is generally
found that the plasma rapidly escapes
sideways across the magnetic-field lines.
Although other factors may also be in-
volved, there is evidence of gross in-
stability that could cause this loss. If so,
again invoking the magnetic-well idea,
we would expect that the escape of
plasma could be blocked by placing the
entire length of the doughnut within a
sufficiently deep magnetic well, that is,
by surrounding all parts of it with a field
that gains strength in the outward di-
rection. Unfortunately this cannot be
done with coils and rods. As we have
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seen, the well is created by making the
magnetic lines bulge inward. In order
to go around inside a doughnut the lines
must sometimes curve the other way; in
some places the lines must bulge out-
ward as seen from inside the doughnut.

Two ways out of this dilemma are be-
ing pursued. In one approach, called the
Astron concept, the plasma is embedded
in an “E layer™: a configuration shaped
like a napkin ring in which electrons cir-
culate together at nearly the speed of
light [see upper illustration on page 29].
These circulating electrons, themselves
guided by an externally produced mag-
netic field, conduct a current that gener-
ates a toroidal (torus-shaped) magnetic
well to confine the plasma. Although it
is impossible to create a toroidal mag-
netic well using ordinary metallic con-
ductors, there is a deep well inside a
conductor, where the field is weak. The
same kind of well exists in the “conduc-
tor” represented by the circulating elec-
trons of the E layer. If the well generated
by the electrons is to be effective, it must
be stronger than the external guide field,
and this requires a large electron current
in the E layer. A crucial question is
whether an adequate E layer would it-
self be stable. A substantial and appar-
ently stable electron layer has been pro-
duced in the laboratory, although the
field generated in it is not yet as strong
as the guide field.

The second way to apply the mag-
netic-well principle to closed systems
employs ordinary metallic conductors
and relies on a compromise. Although
here a true toroidal magnetic well is
impossible, a toroidal chain of “good”
magnetic-well regions connected by
“bad” regions where the field lines tend
to follow the toroidal curvature is not
ruled out. If the distance between good
and bad regions is short enough, the
rapidly moving plasma particles tra-
verse the bad regions in less time than
is required for a gross instability to
develop. Insofar as gross instability is
concerned the particles are effectively
controlled by the average of forces they
experience in their travels along the
magnetic-field lines. If they spend more
time in good regions than in bad, the
good regions predominate and manage
to stabilize the plasma, much as a ship
buffeted by variable winds manages to
keep on its course because favorable
spells outweigh unfavorable ones.

The first tests of this “average well”
concept have been most encouraging.
One experimental apparatus is a torus
in which the field is generated by four
rods. The rods are arranged like the



stabilizing rods used in the open-end
magnetic well, but the rods are bent in
the circular shape of the torus [see illus-
tration on page 27]. Here the magnetic-
field lines encircle the rods in a closed
loop. The plasma particles following the
field lines encounter weak field regions
on the outside of the rods, but in their
total circulating journey the stabilizing
forces predominate. Experimental re-
sults so far indicate that the system over-
comes gross instabilities.

In addition to the magnetic well there

is a second important method of con-
trolling gross instabilities. It is the “short
circuit” principle, whereby any separa-
tion of charges in the plasma is relieved
by short-circuiting the charges. A plasma
in a magnetic field has good electrical
conductivity parallel to the magnetic-
field lines, since the particles travel free-
ly along the lines. In directions across
the field lines, on the other hand, the
conductivity is rather poor. This is the
reason why, when positive ions and elec-
trons drift apart in a direction perpen-
dicular to the field lines, as they do in
the development of interchange insta-
bility, they remain separated for an ap-
preciable time; they are, so to speak,
sequestered in separate longitudinal
channels. Suppose, however, we insert
a conductor in the system to connect the
channels. This will provide a path by
which current can flow across the field,
and groups of positive ions and electrons
that have been separated will promptly
return to the previous mix.

The principle has been found to work
as predicted in experiments with the
end-mirror system. As an alternative to
magnetic-well stabilization, piacing a
highly conducting metal plate at the end
of the system also prevents interchange
instability. We are mainly interested,
however, in applying the short-circuit
principle to closed, toroidal systems. In
such a system we cannot use metal end
plates, because the system has no ends.
An entirely different scheme for short-
circuiting has been studied for some
time.

Consider a magnetic field so shaped
that the magnetic-field lines twist around
the central axis like the threads of a
screw or like stripes on a barber pole
[see top illustration on page 28]. The
field is given a property called “shear” if
the amount of twist of the lines is made
to vary with distance from the axis: the
farther from the axis, the steeper the
pitch of the lines, or vice versa. In such
a field the lines are not all parallel; they
intermesh. This has the important conse-

quence that neighboring plasma regions
where positive and negative charges
might accumulate as instability develops
tend to be connected by some lines pass-
ing through both regions. If the connect-
ing distance is not too great (the distance
is shorter the stronger the shear), the

connecting lines should act as a short-
circuit and the charge should be quickly
neutralized by a current flowing along
them.

Although magnetic-shear stabiliza-
tion is not a new idea, it remains largely
untested at high plasma temperatures.

NNy

ANN

V

VUV
PLASMA PARTICLES IN MAGNETIC FIELD tend to travel in helixes around lines of

magnetic force (color). Electrons (—) and positive ions (1) rotate in opposite directions.

MAGNETIC-MIRROR EFFECT is produced by a “magnetic bottle” in which the magnetic
field increases at each end. The stronger field bends the path of an approaching particle
into even tighter circles and exerts a force that reflects it away from the ends of the bottle

8  ELECTRON DRIFT b ELECTRON DRIFT

MAGNETIC PEAK

ION DRIFT

INTERCHANGE INSTABILITY arises because particle orbits vary in curvature with varia-
tions in magnetic-field strength, causing electrons and ions to drift apart. In equilibrium
(left) charges drift parallel to the surface and neutralize each other. If the plasma is dis-
placed (right), the drifts intersect the surface and cause a separation of charge. When the
magnetic field is as shown, the resulting electric field displaces the plasma still farther.
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“MIRROR COIL

“MAGNETIC WELL” can be created by surrounding a mirror-type magnetic field by four
rods carrying current. The result is a twisted field (color) whose strength increases in all
directions away from the center and thus tends to reflect particles inward no matter where
they seek to escape. The arrows show the direction of current flow in the rods and in
the two end coils. The magnetic well marks a major advance in plasma containment.

At lower temperatures the short-circuit
effect is nullified by the poor conductiv-
ity due to frequent collisions among par-
ticles. Indeed, low-temperature plasmas
are unstable even when they are sub-
jected to strong shear. At higher temper-
atures, where collisions are less frequent,
shear should be more effective. Studies
are also under way to determine if it
would be profitable to combine shear
with an average well in toroidal systems.

The progress so far in dealing with the

+ gross instabilities of hot plasmas en-
courages us to believe that these insta-
bilities will eventually be mastered. Let
us consider the problem of the weaker in-
stabilities—those that arise from stream-

S5

ing motions and diffusion processes
among the plasma particles. These insta-
bilities involve small-scale effects rather
than gross motions, and they are less
susceptible to stabilization by the mag-
netic-well principle and other principles
we have described. In searching for ways
to catalogue and understand the weak
instabilities plasma physicists have been
taking a new look at an old concept: the
second law of thermodynamics.

The second law deals with the inevi-
table tendency toward randomness and
disorder in nature. As the second law is
applied to a gas it implies that the gas
will unavoidably approach an equilib-
rium in which (1) its temperature is
the same as that of its surroundings, (2)
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WELL EXPERIMENT by Walton A. Per-
kins III and William L. Barr of Lawrence
Radiation Laboratory shows the number of
particles escaping from a plasma in a mirror
field before and after a well has been created.

the particles of the gas are distributed
uniformly throughout the container, (3)
their motions are in random directions
and (4) their distribution in velocity
can be described by the well-known
probability curve (here called the Max-
wellian distribution) in which most of
the particles move at or near an average
speed and only a small number move
either substantially slower or faster.

A hot plasma under confinement is
clearly not at such an equilibrium. Its
temperature must be much higher than
that of its material container. Its par-
ticles cannot be uniformly distributed
throughout the container, because they
must be prevented from leaving the re-
gion of magnetic confinement, and by
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TOROIDAL MAGNETIC FIELD is a feature of the “Stellarator”
principle developed at Princeton University. The magnetic field is
generated by passing electric current through a helical coil wrapped
into the shape of a doughnut. A simple helix would produce a non-
uniform field in which charges would separate as shown in the
illustration at the bottom of the preceding page and the plasma
would soon break from confinement. To prevent this, additional
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coils are introduced that twist the magnetic lines in such a way as
to counteract the tendency of charges to separate. The diagram at
left shows a part of one line of force (color), which generates a
ring-shaped surface. Each magnetic-field line is above the axis of
the torus in some sections (top right) and below it in others (bot-
tom right), with the result that electrons and ions tend to drift
away from the center line at some points and toward it at others.
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the same token they cannot be allowed
to travel in completely random direc-
tions. Moreover, the distribution of their
velocities may deviate markedly from
the Maxwellian distribution.

Where fusion is concerned every-
thing hinges on how long the inevitable
approach to equilibrium can be de-
layed. In an ordinary gas the mechanism
that drives the system toward equilibri-
um is collisions among the particles. If
this were the only mechanism operating
in a magnetically confined plasma, the
plasma could be held together more
than long enough to kindle fusion.
When the plasma is unstable, however,
the approach to equilibrium can be
much faster; the collective action of the
plasma’s charged particles generates
sizable electric and magnetic fields that
can destroy confinement. The large-scale
fields produced by gross instabilities ex-
pel the plasma bodily. The small-scale
fluctuating fields associated with the
weaker instabilities, on the other hand,
dissipate the plasma by causing its par-
ticles to diffuse out of the confining field,
much as a puff of smoke is dissipated by
diffusion into the surrounding air.

Thermodynamic concepts suggest a
means of minimizing the effects of the
weaker plasma instabilities. The energy
carried by the plasma’s collective elec-
tric and magnetic fields is obtained from
its “free” energy: that part of its energy
which represents its departure from
equilibrium. (To be sure, a gas in
equilibrium contains energy in its mov-
ing particles, but this energy is not
“going anywhere.”) Accordingly if we
reduce the plasma’s departure from
equilibrium as much as possible, we will
correspondingly reduce the available
free energy and decrease the forces
creating instabilities.

Since a magnetically confined hot
plasma cannot be in equilibrium with its
surroundings, sources of free energy
can never be completely eliminated.
Nonetheless, there are circumstances in
which the plasma can be prevented
from tapping some of these sources. An
example is the action of a magnetic well
in preventing gross instabilities. Here
the free energy in question is analogous
to the energy released when steam ex-
pands in a steam engine. Plasma held in
a magnetic well cannot undergo this
kind of gross expansion, and hence can-
not tap this reservior.

The remaining reservoirs can be
greatly reduced by arranging for a near-
ly uniform and Maxwellian distribution
of the plasma particles. At this point
thermodynamics steps in with an op-

timistic prediction: Once the available
sources of free energy have been iden-
tified, a calculation can be made of the
maximum level to which the fluctuating
electric and magnetic fields associated
with the weak instabilities can rise.
From this information it is possible to
calculate the maximum rate of plasma
loss these instabilities can cause. The
prediction is that if gross instabilities
can be prevented, as now seems pos-

sible, and if the free-energy reservoirs
responsible for the weak instabilities can
be reduced to the extent that theory
now predicts, then it should be possible
to build a system that would yield net
thermonuclear power and would not be
impracticably large. The predictions of
thermodynamics do not, however, spell
out in detail which path will lead to suc-
cess. The problem of finding the best
magnetic geometry for plasma confine-

T

TOROIDAL-MAGNETIC-WELL GEOMETRY (top) incorporates the rod concept illus-
trated at the top of the opposite page. The bottom diagram indicates how “good” regions
(dark color) and “bad” regions (light color) average out to produce a field with a net stabi-
lizing effect on the plasma. This has recently been shown by experiments at the General
Atomic Division of the General Dynamics Corporation and at the University of Wisconsin.
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MAGNETIC FIELD POSSESSING SHEAR offers a way to produce an electrical short cir-
cuit in a plasma, thereby suppressing the separation of charges that leads to interchange
instability. To obtain shear in a magnetic field, the field lines are made to twist helically
around the central axis of the plasma in such a way that the amount of twist changes with
increasing distance from the center. The diagram shows the twist at two different radii.
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SHORT CIRCUIT is created in a sheared field because some lines at intermediate radii
(color) connect regions where charges tend to separate. The positive regions are represented
by black ribbons: magnetic lines on which positive charges are held. The negative re-
gions are represented by white ribbons: lines on which negative charges are held. At the
far left and far right two white ribbons are on one side of the axis and two black ribbons are
on the other, creating electric fields that could provoke instability. A flow of charge across
the axis, which would neutralize the field, cannot occur because the charged particles travel
mainly along magnetic lines. The field can be short-circuited, however, by charges flowing
along the colored line. The graph at the bottom shows the net electric charge near this line.
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ment also calls for finding the conditions
for the onset of all possible instabilities,
including the weaker ones.

"I"he weaker instabilities could more

precisely be called “wave-particle”
instabilities. Arising from interactions of
particles and waves in the plasma, they
remind one of storms. A hot plasma is
a restless thing. The random motions
of its particles continually produce mi-
nute density fluctuations and electric
currents; these in turn generate weak
electromagnetic waves. The waves span
a wide range of frequencies, mainly in
the radio and microwave regions of the
spectrum. Each tiny wave would soon
die away unless it were amplified, and
the plasma particles can provide one
source of amplification when the fre-
quency of a wave corresponds to some
natural period of the particle motion (for
example the periodic motion of ions cir-
cling around the magnetic lines at the
“éyclotron” frequency). Such resonances
enable the particles to surrender part of
their energy to the wave. If this reservoir
of free energy is substantial, the wave
can grow to large amplitude and disrupt
the plasma.

Another energy reservoir feeding
wave-particle instabilities arises from
streaming particle motions—“winds”—
within the plasma. Instabilities set up
by streaming, well known in electronic
devices such as the traveling-wave tube,
resemble traffic jams on a crowded free-
way. The flow of traffic may remain
smooth as long as nothing goes wrong,
but if an accident takes place traffic is
impeded and cars pile up near the scene
of the accident. An analogous situation
occurs in the plasma. A momentary in-
crease in ion density at some point
along the stream will create a slight
excess of positive charge at that point;
the ions following are repelled by the
like charge and slow down. Soon there
is a pileup. (The same is true of the
electrons following one another in a
stream.) This particular kind of wave-
particle instability is called a stream
instability.

There will always be some streaming
in a magnetically confined plasma. For
example, the interaction of the mag-
netic field with the plasma generates
streaming currents at the plasma sur-
face. Strong instabilities fed by these
currents have been discovered and
identified in several experiments. They
can probably be controlled by attacking
their source: the currents. The currents
become weaker with increasing mag-
netic field or plasma diameter; hence



this source of instability can be reduced
to a tolerable level by using intense
magnetic fields and scaling up the
plasma size. Predictions are that, if
the motions of the plasma particles
are otherwise random enough, a plas-
ma diameter of a meter or so should
suffice.

Another source of stream instability
has been observed in plasmas confined
in open-end mirror systems, even those
of the magnetic-well type [see illustra-
tion at bottom left on page 31]. As we
have seen, in mirror systems particle
leakage through the ends leads to an
excess of particles moving largely per-
pendicularly to the magnetic-field lines
over those moving parallel to the field
lines. This means that the particles move
preferentially in a transverse direction
and net streaming exists. In systems
with weak mirrors or plasmas whose
particle motions are not random enough
this effect is marked and leads to the
strong stimulation of instabilities.

A process acting to inhibit wave-
particle instabilities in mirror systems is
the absorption of the waves at the ends
of the plasma. One mechanism by
which such absorption takes place in a
plasma is the phenomenon of Landau
damping. This effect, the opposite of
the amplifying mechanism of the wave-
particle instabilities, arises when a
wave moves through the plasma at a
speed slightly higher than the average
particle speed. Particles caught in the
trough of the wave will be speeded up,
thus extracting energy from the wave
and attenuating it. In one of the fun-
damental experiments of modern plas-
ma physics the theory of Landau damp-
ing has recently been precisely verified.
The experiment provided a critical test
of the concept of the resonance of parti-
cles and waves, which underlies the en-
tire theory of wave-particle instabilities
[see illustration at bottom right on page
31].

I{aving outlined the theoretical prob-
L lems of fusion research and de-
scribed how these problems are being
tackled, let us turn to some of the tech-
nical problems of such research—how
one develops the hardware for testing
or implementing the theories. Pacing fu-
sion research today is a highly sophisti-
cated and rapidly advancing technology.
Only a few years ago some of today’s
most significant fusion experiments could
not have been performed at all. No
doubt these same experiments will seem
primitive compared with those soon to
come.

In order to experiment with high-
temperature plasmas one must first
make them. Three general methods
have been used, and a highly intriguing
fourth one is now under test. The effort
to produce thermonuclear plasmas be-
gan with a comparatively simple meth-

od that creates the plasma in situ. The
container is filled with a cold gas, the
confining magnetic fields are turned on,
and the process of ionizing and heating
the gas is started by initiating an electric
discharge in it. A heavy electric current
is then passed through the plasma to

EXTERNAL MAGNETIC FIELD MAGNETIC COIL

/mmmmm

/ (@ )

—)

ELECTRON -CURRENT
LAYER

PLASMA IN
MAGNETIC-WELL REGION

ASTRON CONCEPT, under development at the Livermore branch of the Lawrence
Radiation Laboratory of the University of California, will employ a layer of high-speed
electrons (called an E layer) in conjunction with magnetic coils to produce a magnetic well
in which field lines close within the well region. Such a closed magnetic well can exist only
inside a region in which current flows. The E layer forms such a region. It is expected
that collisions between the energetic electrons and plasma will produce fusion temperatures.

CENTER CONDUCTOR EXTERNAL WINDING

VACUUM VESSEL

MAGNETIC SURFACES

TOROIDAL SHEARED-FIELD DEVICE called a “spherator” is being designed and built
by the Plasma Physics Laboratory at Princeton University. It will create a closed magnetic
surface in which plasma is contained. Shear is produced because the magnetic-field lines
(color) follow different paths on different magnetic surfaces. An “average” magnetic well is
created: that is, the average strength of the field is at a minimum where plasma is located.
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“BASEBALL COIL” GEOMETRY is under test at the Lawrence Radiation Laboratory in
Livermore. Its coil, shaped like a baseball seam, should produce a deep magnetic well.

further ionize it and raise its tempera-
ture. More recently, strong additional
heating has been provided by exposing
the plasma to powerful electromagnetic
waves at a frequency that resonates with
some natural frequency of the plasma
particles’ motion (for example their
cyclotron frequency).

In the second method plasma accel-
erated from a “gun” at high velocity is
injected into an empty magnetic field,
usually weakened momentarily to allow
the burst to penetrate it and be cap-
tured. Like the first method, this is a
one-shot technique producing a single
transiently confined blob of plasma. In
both methods powerful additional heat-
ing can be provided by pulsing up the
strength of the magnetic field, thus
compressing the plasma.

The third method employs a steady
stream of high-energy particles injected
into the field, so that the system can be
operated continuously [see illustration
on page 23]. Since the field can be read-
ily penetrated by particles that are elec-
trically neutral, the simplest approach is
to use a beam of energetic atoms. A
beam of ions is first created and accel-
erated to an energy of many thousands
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of electron volts. The beam is then
passed through a cell containing gas at
low pressure, where it picks up elec-
trons from the gas atoms (losing little
energy in the process). The beam of re-
constituted atoms then passes into the
confining magnetic field, where some
of the atoms are again broken down
into ions and electrons by collision with
the particles already trapped. In this
way the new particles are themselves
trapped, and under favorable circum-
stances the plasma density may “boot-
strap” itself to higher values.

All these methods have been de-
veloped to the point where they can pro-
duce plasmas at thermonuclear tempera-
tures. Creation in situ has been used in
both open and closed systems. The in-
jection methods are most often used in
open-end systems but are being adapted
for closed ones as well.

The method under test is an entirely
novel one that uses lasers. A laser beam
is focused on a point deep within an
empty confinement chamber. With the
magnetic field turned on, a pellet (for ex-
ample a pellet of lithium hydride or
frozen hydrogen) is dropped from the

top of the chamber; at the precise mo-
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ment it reaches the focal point the laser
beam is pulsed on, vaporizing the pellet
and forming an expanding cloud of high-
ly energetic ions and electrons—in short,
a dense hot plasma.

Another vexing problem in creating a
viable hot plasma is the necessity of
protecting the plasma from impurities
that would quench its heat. Before the
plasma can be created the chamber
must be highly evacuated, in some ex-
periments to less than a millionth of a
millionth of atmospheric pressure. To
achieve this antiseptic purity the inner
walls of the chamber are coated with
monomolecular layers of a refractory
metal such as molybdenum or titanium
and are kept ata cryogenic temperature
to prevent any evaporation from them.
These techniques, perfected originally
for plasma research, have now been
adopted in other fields, for example in
the space program, where they are used
in the construction of evacuated cham-
bers to simulate the vacuum of interstel-
lar space.

he workhorse of fusion research is

the magnetic field, and it is in this
area that some of the most spectacular
technological developments have taken
place. Confinement of a hot plasma calls
for fields of very high intensity, some-
times approaching a million times the
intensity of the earth’s magnetic field. In
some experiments the fields must be
pulsed on in a few millionths of a sec-
ond, to catch, compress and heat the
plasma. Generating such fields requires
heavily braced coils carrying millions of
amperes, huge condenser banks and
specially constructed transmission lines
that can deliver the required current
within microseconds. In experiments
where a continuous field is required—for
example those employing a beam of
electrically neutral atoms—the coil pow-
er consumption may be enormous. An
example is the “baseball coil” (named
for its resemblance to the seam on a
baseball), which is designed to produce
a deep magnetic well [see illustration
on this page]. If this coil were oper-
ated at ordinary temperatures, it would
require some 50 million watts of power.
To reduce the power required the coil
is cooled to the temperature of liquid
nitrogen (—195 degrees C.), which cuts
the demand tenfold. Even so, the coil
can be operated only intermittently be-
cause of its large consumption of liquid
nitrogen.

Since magnetic fields are essential to
fusion research, and no doubt to the fu-
ture of fusion power, fusion researchers



are intensely interested in the recent
discovery of “hard” superconductors.
These are alloys that not only lose all
their electrical resistance when cooled
to temperatures near that of liquid he-
lium (4.2 degrees C. above absolute
zero) but also resist the tendency to
lose their superconducting state in a
strong magnetic field. With such con-
ductors magnetic coils that would re-
quire hundreds of millions of watts if
wound with copper can now be ener-
gized with no expenditure of energy ex-
cept the energy stored in the magnetic
field. Once “charged up” such a mag-
net can be short-circuited on itself, and
current will continue to flow through it
indefinitely. Keeping such coils cooled
to the temperature of liquid helium is
not a serious problem, because in many
experiments the walls of the chamber
must be cooled to cryogenic tempera-
tures in order to maintain high-vacuum
conditions. A small baseball coil em-
bodying such ideas has already been
wound and tested. The cable in the coil
carries 500 amperes, yet it is smaller in
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WAVE-PARTICLE INSTABILITIES in a magnetic well are shown
in these curves from a typical experiment. The sudden drop in
plasma density («) coincides with a sharp peak in the number of
escaping particles (b) and is accompanied by a burst of radio-fre-
quency energy at the cyclotron frequency of the ions in the plasma
(c). The results shown here were published by the Russian workers
Yu. T. Baiborodov, Yu. V. Gott, M. S. Ioffe and E. E. Yushmanov.
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cross section than conductors used in or-
dinary household circuits.

Some of the most interesting tech-
nological developments in high-temper-
ature plasma research have come in
solving problems of measurement. To
observe the behavior of a very hot plas-
ma requires special tricks. Direct mea-
surements can rarely be made; any
physical obstacle inside a hot plasma
would either be instantly vaporized or
would soon intercept a large fraction of
the plasma particles. Ingenious methods
of indirect measurement have therefore
been devised for probing the plasma.
Temperature and density can be mea-
sured by analyzing X rays emitted from
the plasma or by studying particles es-
caping from it. It has even become pos-
sible to make a snapshot of the plasma
by shooting a laser pulse (only millionths
of a second in duration) down its length
[see illustration on page 22].

‘x /e have undertaken here to describe

progress toward the goal of fusion
power. It is of course highly encourag-
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ing that such efforts have already begun
to yield successful principles of plasma
stabilization. Powerful concepts such as
the magnetic-well principle and short
circuit by magnetic shear, and guide-
lines from thermodynamics, give direc-
tion to the research. Important as these
principles are, the accumulating under-
standing of plasma physics is of even
greater significance. Plasma theory has
developed from simple fluid models to
detailed analysis of plasma waves and
how they grow. We have also seen a pro-
gressive sophistication in the experi-
ments that test and guide the theory.

The effort to obtain power from fu-
sion is rather like the efforts of the blind
men to describe the elephant by explor-
ing its various parts. We are making
steady progress in understanding our
elephant, but we cannot yet claim to be
able to draw a picture of it: a workable
scheme for fusion power. Still, the out-
line is taking shape. We have little doubt
that the beast exists, and that the dream
of extracting unlimited energy from the
seas will one day become a reality.
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SQUARE OF ELECTRON THERMAL SPEED

“LANDAU DAMPING” EXPERIMENT confirms a prediction of
how waves and particles interact in a heated plasma. Theory pre-
dicts (black line) that attenuation, or damping, should decrease
sharply with increasing wave velocity. Black and colored dots show
measurements made at two different electron temperatures near
100,000 degrees C. by John H. Malmberg and Charles Wharton of
General Atomic Division of the General Dynamics Corporation.
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The Genetic Control
of the Shape of a Virus

The protein shell of a virus 1s an assembly of subunits. In simple

viruses the subunits themselves may specify the shape of the shell.

Complex viruses seem to be formed on an interior core, or scaffold

iving things are enormously diverse
I in form, but form is remarkably
constant within any given line of
descent: pigs remain pigs and oak trees
remain oak trees generation after gen-
eration. The morphological character—
the form—of a species is inherited, and
this hereditary information must surely
be contained in the genes; indeed, genes
that determine morphological traits have
been identified in many plants and ani-
mals. So far, however, little is known
about how these genes carry out their
morphopoietic, or form-making, func-
tion. For the general study of the mor-
phopoietic function a particularly suit-
able group of organisms is the viruses: a
virus has shape (a precisely defined shell
of protein) and hereditary information
(a core of nucleic acid) and not much
else. Among viruses the bacteriophages,
the viruses that infect bacteria, are espe-
cially convenient subjects of investiga-
tion because their genetics is accessible
to manipulation and experimentation. In
the past decade a number of investiga-
tions, in our laboratory at the University
of Geneva and in many other laborato-
ries, have been directed at trying to learn
how viruses control the process by which
they assemble themselves in characteris-
tic shapes.

[—\S viruses go, bacteriophages have a

rather complicated structure, so I
shall first describe some simpler viruses.
One of the simplest is the virus that
causes the mosaic disease of tobacco,
and this virus is the only one that has
been taken apart and then reassembled
in the test tube [see “Rebuilding a Vi-
rus,” by Heinz Fraenkel-Conrat; Scr-
ENTIFIC AMERICAN, June, 1956]. The to-
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by Edouard Kellenberger

bacco mosaic virus has the form of a
rod: a cylindrical assembly of protein
subunits with a long molecule of ribo-
nucleic acid (RNA) inside the cylinder.
Treatment with acetic acid separates the
virus into an RNA molecule and some
2,000 protein subunits. When the pro-
tein fraction is spun in an ultracentrifuge
or otherwise analyzed, it is found to be
homogeneous, that is, all the protein
subunits are alike. If this fraction is in
solution under the appropriate ionic and
temperature conditions, rods form that
are nearly indistinguishable from the ac-
tive virus particles. Apparently the pro-
tein subunits can assemble themselves
into these geometrically defined rods
without any outside help; the subunit
contains all the information needed to
build the rod.

Such self-assembly of identical sub-
units is not hard to understand. Imagine
a two-dimensional array of identical sub-
units [see top illustration on page 34].
The shape of these imaginary subunits is
such that they can assemble only into a
ring of a certain size, even though each
subunit is asymmetric and its shape is
unrelated to that of the ring. Such sub-
units are said to have a stringent fit; they
are fully shape-specifying and cannot
join to form any shape other than the
specified ring. Similarly, three-dimen-
sional subunits can be imagined that will
assemble into cylindrical or spherical
shells [see Dottom illustration on pages
34 and 35]. In each case the shape of the
subunits is fully shape-specifying, so
that each set can make only a single geo-
metric structure of a fully determined
shape and size. Note, however, that in
the two cylinders illustrated the differ-
ence between the shapes of the subunits
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is very slight. This implies that a single
subunit might be designed that could
give rise to both cylinders. Such subunits
would not be fully shape-specifying;
some outside influence—even if it were
only chance—would have to determine
which kind of assembly was to prevail.
This theoretical prediction has been ver-
ified for the tobacco mosaic virus: the
reassembled rods can exist in either a
helical or a “stacked disk” form.

Here I should point out that any geo-
metric model of subunit assembly is
somewhat naive. A protein molecule
consists of amino acid units arranged in
a linear sequence according to infor-
mation in the genes. Each chain (the
primary structure) is coiled into a com-
plex three-dimensional shape, and often
chains are combined (the secondary and
tertiary structure). The resulting mole-
cule is not a sharp-edged geometric ob-
ject but an assembly of curved, sausage-
like elements, and its fitting properties
depend not only on shape but also on
the location and specificity of chemical
bonds. In other words, what is involved
is a stereochemical fit, and this can be
represented only figuratively as a purely
geometric phenomenon.

One more statement can be made
about the inheritance of shape in viruses.
When all the shape-specifying informa-
tion is contained in one protein and
therefore in one gene, the assembly is
called a morphopoiesis of the first order.
When additional information is contrib-
uted by other genes, the morphopoiesis
is said to be of a higher order, the order
of morphopoiesis equaling the number
of implicated, independent “bits” of in-
formation.

Most viruses that infect animals are



T4 BACTERIAL VIRUS, or bacteriophage, is complex in form: a
polyhedral head with an elaborate tail assembly. The head capsid,
or shell, is an assembly of protein subunits. It may be shaped by a
morphopoietic, or form-making, core on which subunits are laid
down. Such a scaffolding is presumably defined by morphopoietic

“POLYHEADS,” produced when virus is mutant in gene No. 20,
are tubular assemblies of protein subunits. Unlike normal heads,
they contain no deoxyribonucleic acid (DNA), but they are not al-
ways empty. This micrograph made by R. Favre and Boy de la Tour

genes. When the virus is mutant in one of these genes, No. 66, a
short-headed variant is made (second from right). For this negative-
contrast electron micrograph made by E. Boy de la Tour at Kansas
State University the viruses were embedded in phosphotungstate,
an electron-dense material. Viruses are enlarged 260,000 diameters.

at the University of Geneva shows some full portions; they are not
as flat as empty portions and are therefore surrounded by more
dark phosphotungstate. The material inside them may be what is left
of morphopoietic cores. Polyheads are enlarged 260,000 diameters.
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IDENTICAL SUBUNITS that have stringent fit (a¢) can assemble
only into a specific ring (D) ; they are fully shape-specifying. Sub-
units with less stringent fit (c¢), however, assemble into a somewhat

flexible chain that can assume many shapes unless there is a scaf-
fold of some kind, such as a morphopoietic core (d). Once the
ring has been shaped it should persist even if the core is removed.

not rod-shaped like the tobacco mosaic
virus but nearly spherical. As long ago
as 1956 F. H. C. Crick and James D.
Watson suggested that small spherical
viruses probably consisted of a number
of identical protein subunits; they ar-
gued that this would represent the most
efficient use of the genetic information
in the small amount of nucleic acid in-
side the virus. Now, identical subunits
bound together at specific sites must
necessarily be arranged in a regular pat-
tern that can be called a surface crystal.
Analysis of spherical viruses by X-ray
diffraction indicated that their surface
crystal had a cubic symmetry—that is, a
symmetry along three mutually perpen-
dicular axes—and were therefore regu-
lar polyhedrons of a certain class. As the
spherical viruses have been subjected to
further X-ray analysis, to electron mi-
croscopy and to chemical study, it has
become clear they are composed of sub-
units assembled into a capsid, or shell,
that usually has the shape of an icosahe-
dron: a polyhedron with 20 faces (each
an equilateral triangle), 30 edges and 12
vertexes [see “The Structure of Viruses,”
by R. W. Horne; SCIENTIFIC AMERICAN,
January, 1963]. D. L. D. Caspar of the
Children’s Cancer Research Foundation
in Boston and Aaron Klug of the Univer-
sity of Cambridge have concluded after
exhaustive investigation that there are
compelling reasons, having to do not
only with geometry but also with bond-
ing properties and energy content, why
icosahedral forms are the most likely.
How might an icosahedral surface
crystal be formed from an array of asym-
metric shape-specifying subunits? Con-
sider a hexagonal lattice of arbitrary
shapes in which groups of six shapes
(hexamers) and three shapes (trimers)
can be distinguished [see top illustration
on page 36]. If a 60-degree sector of the
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pattern is removed, the edges can be re-
joined, forming a cone. The lost segment
is not missed; the shapes still fit one an-
other exactly as before, but at the vertex
of the cone a hexamer has been replaced
by a group of five shapes (a pentamer).
If 12 adjacent hexamers are taken as
centers for the removal of 60-degree sec-
tors, the result is the smallest icosahe-
dron that can be built from this lattice
[see top illustration on page 37]. It has
12 vertexes, each the center of a penta-
mer, and therefore has 60 identical sub-
units. The subunits of this minimal icosa-
hedron are in perfect symmetry: each is
in an “equivalent location,” and when
the shell is rotated any subunit can lie
directly above another one. Clearly such
a capsid could result from the assembly
of 60 subunits that have stringent stereo-
chemical fit. Thus an icosahedron can,
at least in principle, be the result of first-
order morphopoiesis: the subunits can
be imagined to have complete shape-
specificity.

This does not hold, however, for shells
with more than 60 subunits. Caspar and
Klug showed that larger shells are not
perfectly symmetrical and that their sub-
units are only in “quasi-equivalent” lo-
cations. Quasi-equivalence makes possi-
ble the assembly of many more than 60
subunits into somewhat distorted shells
that have icosahedral symmetry. In such
cases there are variations of as much as
5 degrees in the angles of the bonds be-
tween subunits, the surface crystal has
a variable curvature and the shell is
somewhat flexible. This reduced strin-
gency of fit represents a reduced con-
tent of information. Whether or not the
information remains sufficient for first-
order morphopoiesis is still not known.
One has the feeling, however, that these
large shells are not stable configurations
until they have been completed. Caspar
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compares them to an arch, which re-
quires some kind of scaffolding until the
keystone has been fitted.

To proceed to more complex shapes,

let us consider a capsid that does
not have cubic symmetry—that is not,
so to speak, the same shape in all direc-
tions. In our laboratory we have been
studying the bacteriophage called T4,
which infects the colon bacillus. One of
the more complex viral structures, the
T4 particle consists of a polyhedral head
and a tail assembly with a number of
different components [see bottom illus-
tration on pages 36 and 37]. We have
been concerned primarily with the mor-
phopoiesis of the head. Recent investi-

STRINGENT SUBUNITS assemble to make
cylindrical and spherical shells. A cylindri-
cal rod (left) is built from a translational



gations by M. F. Moody of the Califor-
nia Institute of Technology and in our
laboratory indicate that the design of
the head capsid can be represented by
a folded hexagonal lattice; it is there-
fore closely related to the surface lat-
tices of icosahedral shells. Whereas the
icosahedron has axes of fivefold, three-
fold and twofold symmetry, however,
the T4 capsid has only fivefold and two-
fold symmetry.

The shape of the T4 head capsid
might be called a prolate icosahedron. It
consists of the two pyramids of an icosa-
hedron (each having a vertex with five
tacets) separated by two “equatorial
bands” cut from an icosahedron. If the
assembly of such a shape begins with a
pyramid and proceeds to the addition of
one equatorial band, something must in-
fluence the subunits to form a second
band or they will close the shell into the
usual kind of icosahedron. Some mor-
phopoietic factor must exist that choos-
es one vertex to become the top of a
pyramid and then enforces the building
of two equatorial bands instead of only
one. It must be a “long range” factor
that is somehow able to relate two geo-
metrically defined sites that are rather
far apart.

What kind of factor it is we do not
know. Two hypotheses have been for-
mulated. The first supposes that the fac-
tor is contained in the virus shell—that it
is a chemically distinct minor component
of the capsid. The second supposes that

£ L

lattice, or a net of subunits arrayed side by side. Very slightly dif-
ferent subunits form a lattice that folds into a helical rod (center).
A different kind of lattice, a hexagonal net with rotational sym-

the factor acts on the growing capsid
from the inside or the outside, somewhat
like a scaffold.

There are observations and experi-
ments that tend to support both hypoth-
eses. Several investigators have estab-
lished that the capsid of viruses in the
group called the adenoviruses contains
more than one protein; they have shown
that different subunits react differently
to an antiserum. In other viruses, includ-
ing the T4 virus, the presence of two or
more types of subunit has been demon-
strated by the fact that subunits move
at different speeds in an electric field, so
that either their volume or their electric
charge (or both) must be different. In
none of these cases, however, has a mor-
phopoietic role been demonstrated for
the minor compouents; it is possible that
they have another function.

The favored version of the second hy-
pothesis—the scaffold hypothesis—envi-
sions a morphopoietic core: a geometric
body consisting ¢f a minimum number
of subunits that is built first and on
which the capsid subunits grope their
way into position before being linked to-
gether. The proper shape is thus forced
on the capsid by the core, which stays
inside the capsid, intermixed with the
nucleic acid. Some time ago it was found
that proteins are present inside the T4
head; these may be core proteins.

The genetics of the T4 virus has
been thoroughly investigated, and more
than 70 different genes for various char-
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acteristics of the virus have been mapped
[see “The Genetics of a Bacterial Virus,”
by R. S. Edgar and R. H. Epstein; Sci-
ENTIFIC AMERICAN, February, 1965].
The products of at least seven of these
genes have been found to be essential
for the assembly of a complete, stable
virus head. If a mutation occurs in one
of the genes and its product is there-
fore imperfect or missing, no normal
head capsids are produced [see top il-
lustration on page 38].

Gene No. 23 is responsible for the ma-

jor subunit of the capsid, which ac-
counts for about 80 percent of the pro-
tein of the complete virus particle. A
morphopoietic function has been estab-
lished for two other genes: No. 66 and
No. 20. Gene No. 66 directs the synthe-
sis of an “elongation factor,” without
which normal prolate virus heads are not
produced. Instead abnormal short heads
are made; these particles contain about
20 percent less deoxyribonucleic acid
(DNA) than normal virus particles and
are therefore not active. Gene No. 20
apparently produces a “rounding up fac-
tor” that closes off the icosahedral shape.
When it is missing or ineffective, long
tubular heads that we call polyheads are
made, as if the elongating factor were
running wild.

Four more genes are known to be es-
sential for the formation of stable head
capsids. Two of them, No. 22 and No.
24, have yet to be identified with any

metry, is the source of the sphere (right). It has 60 identical sub-
units arranged in pentamers, or groups of five. Five of these sub-
units have been removed in the drawing to show the structure.
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VIRUS SHELL can be visualized as being folded from a hexagonal
lattice of asymmetric shapes (left) in which groups of six shapes
(hexamers) can be distinguished (dark shapes). If a 60-degree sec-
tor is removed from such a lattice, the edges can be rejoined with-

specific function. The absence of gene
No. 21 induces the formation of abnor-
mal heads that apparently contain no
DNA or only very small amounts of it.
Gene No. 31 contributes a “solubility
factor,” without which the major pro-
tein derived from gene No. 23 aggre-
gates into lumps instead of staying in
solution and is therefore not available
for the assembly of the capsid. Two of
my students have demonstrated the ac-
tion of gene No. 31 both in the test tube
and in living cells of the bacterium in-
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fected by the T4 virus. If one applies the
product of this gene to disrupted cells
that contain lumps of the major virus
protein, the lumps disappear. This test-
tube result is confirmed with a particular
mutant virus in which the product of
gene No. 31 is inactive when it is formed
at a high temperature but is activated as
the temperature is lowered. When cells
infected with this mutant are incubated
at a high temperature, the lumps are
produced; as soon as the temperature is
lowered the lumps disappear and the

b

T4 BACTERIOPHAGE is shown schematically (a) as its form
has been deduced from micrographs such as the one at the top of
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out disturbing the fit of the shapes; a cone is formed and a hexamer
is replaced by a pentamer. This illustration is based on a pat-
tern devised by D. L. D. Caspar of the Children’s Cancer Re-
search Foundation and Aaron Klug of the University of Cambridge.

redissolved product of gene No. 23 be-
comes available for virus assembly.

The fact that the same major sub-
unit can be assembled into at least three
morphologically distinct particles—the
normal head, the short head and the
polyhead—shows that the subunit de-
rived from gene No. 23 is not fully
shape-specifying. In an effort to under-
stand how the head genes work we have
concentrated on the polyhead, which ap-
pears to be a very simple variant. First
we undertook to find out what order of

page 33. It now seems that the head capsid is a kind of prolate
icosahedron. It is as if two pyramidal vertexes of an icosahedron



ICOSAHEDRON, a polyhedron with 20 faces and 12 vertexes, is
built from the hexagonal lattice (top of opposite page). If each
hexamer is converted into a pentamer, the result is the smallest
virus shell for this lattice, a regular icosahedron with 60 subunits

morphopoiesis its assembly represents.
To do so we made double mutants:
viruses in which the functions of two
head genes were blocked by mutations. In
each case one mutation was in gene No.
20 (the polyhead gene) and the other in
one of the other known head genes [see
bottom illustration on next page]. The
results indicate that polyheads are not
formed without the active products of
at least three genes: No. 23, No. 66 and
No. 31. Since No. 31 produces a solu-
bility factor, it is unlikely to contribute

were separated by two 10-faceted “equatorial bands” instead of by
the usual one band (four drawings at “b”). Whereas the icosahe-

morphopoietic information. The other
two, however, are certainly morpho-
poietic. We can say, then, that the mor-
phopoiesis of polyheads is probably of
the second order, with two independent
functions carried out by the major pro-
tein of gene No. 23 and by the elongat-
ing factor of gene No. 66. This compara-
tively low order of morphopoiesis of the
polyheads means that we can hope soon
to know in detail just what the factors
do; then it should be possible to isolate
and purify them, learn their chemistry
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(left) . The next larger shell for this lattice has 20 hexamers in addi-
tion to the pentamers, or 180 subunits (center). Like the shell at
the left, it has icosahedral symmetry (right), that is, it has three
kinds of axes of symmetry (color): fivefold, threefold and twofold.

and eventually attempt to assemble
polyheads in the test tube.

Itis already clear that the shape-speci-
fying information cannot be very strin-
gent. This is indicated by the wide varia-
bility in the diameter of the polyheads
and by the fact that various degrees of
pitch can be imparted to the folded
hexagonal lattice of subunits that forms
a polyhead cylinder. The pitch can be
measured because the polyheads in a
sample prepared for electron micros-
copy are flattened and two layers of

dron has three classes of symmetry, however, the prolate bac-
teriophage capsid has only two classes: fivefold and twofold (c).
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HEAD GENES

20 21 22 23 66
+ + + + +
0 0 0 0 -
- - - + +
0 - 0 0 0
- 0 0 + 0
0 0 - 0 0
0 0 0 - 0
_ 0 0 0 0 0

RESULT
24 31
+ + NORMAL HEADS
0 0 SHORT HEADS
- + POLYHEADS
0 0 “21 PARTICLES"
0 = “LUMPS"
0 0 NO VISIBLE PROTEIN
0 0 NO VISIBLE PROTEIN
- 0 NO VISIBLE PROTEIN

FUNCTIONS of the seven head genes are illustrated. The table shows that for a given stage
of synthesis to occur (right) certain genes must contribute their product effectively (4 )
and others must be nonproducing (—). In many cases the need for a gene product is not
established (0). The table is based on investigations made by Sydney Brenner and his col-
leagues at the University of Cambridge and by the author’s colleagues Boy de la Tour,
Favre, F. Eiserling, R. S. Epstein, P. Geiduschek, G. Kellenberger and J. Sechaud.

hexagonal lattice are superposed. The
moiré pattern this creates can be ana-
lyzed for information about the arrange-
ment and orientation of the subunits.
The fact that the polyhead lattice is
hexagonal tells us something else. A cyl-
inder can practically build itself from a
“translational” lattice in which the sub-
units are arrayed side by side. To fold
a hexagonal net into a cylinder, however,
is to subject it to a certain amount of

MUTANT GENES
20 -
20, 21
20, 22
20,28
20, 66
20, 24

20, 31

stress and deformation. This is why it is
unlikely that polyhead assembly would
be a first-order morphopoiesis. Such rea-
soning provides theoretical support for
the experimental results based on ge-
netics.

xs for the mode of action of the mor-
“ % phopoietic factors, our evidence is
not yet conclusive. We do have some evi-
dence against the idea that such factors

POLYHEADS PRODUCED (MICRONS PER BACTERIUM)

30-100

26

24

NONE

VERY FEW, MALFORMED

20

NONE

DOUBLE-MUTANT experiment showed which genes must contribute their product to form
polyheads. When only gene No. 20 was mutated, 30 to 100 microns of polyhead were formed
per bacterium. Polyheads were formed in spite of double mutants except in the cases of
genes No. 23, 66 and 31, so clearly those three genes are needed to make polyheads.
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are elements of the capsid itself. We
isolated and purified normal and abnor-
mal capsids and broke them down into
subunits by treating the preparations
with acetic acid or other agents. Then
we analyzed the proteins by the tech-
nique of electrophoresis and established
that the normal capsid contains two
minor components in addition to the
major component produced by gene No.
23. We were unable, however, to iden-
tify either of these minor proteins as the
product of any known head gene. It
therefore seems certain that the two
known morphopoietic factors, the prod-
ucts of genes No. 66 and No. 20 that re-
spectively govern elongation and round-
ing-up, are not present in the capsid.

The other possibility is that they are
elements of a core that guides the assem-
bly of subunits. We are far from proving
this hypothesis, but the evidence for it is
highly suggestive. Our electron micro-
graphs indicate that all heads, normal
and abnormal, do contain a core, wheth-
er or not they contain DNA. This is
sometimes difficult to perceive, because
cores that are not associated with DNA
are severely affected by the process of
fixation and staining for electron micros-
copy. For example, when polyheads are
examined outside the bacterial cell (that
is, after the cell in which they grew has
burst and dissolved), most of them ap-
pear to be empty. When bacterial cells
containing polyheads are fixed with
great care and embedded in other ma-
terial so that thin sections of them can
be cut, the micrographs show that the
polyheads have something inside them.
The contents of the polyheads vary in
appearance according to the method of
fixation, but the polyheads in cells pre-
pared in just the right way do show a
definite architecture [see top illustration
on opposite page]. This high degree of
order indicates that what we are seeing
is not just coagulated cell sap but a spe-
cialized structure.

Similar structures are visible in the
particles produced when the product of
gene No. 21 is nonfunctional [see bot-
tom illustration on opposite page]. These
particles are smaller than normal virus
heads and contain no DNA or only a
very small amount of it. They have a
similar prolate shape, however, and each
of them has a well-organized core.

One other point is pertinent in this
connection. In the past the fact that virus
preparations always contain some empty
particles has led some observers to con-
clude that capsids can be built without
the help of a core. The existence of
empty shells does demonstrate that cap-



sids can remain stable without the per-
manent aid of a scaffolding device, but
it does not rule out the need for such a
device during the process of assembly.
The emptying of a capsid is an experi-
mental artifact that occurs frequently
and is hard to avoid. The presence of
empty viruses in electron micrographs
therefore has no weight in any argument
about the possibility that capsids can be
built without a core.

To sum up, the larger a virus capsid

is and the more elaborate its shape is,
the more independent bits of informa-
tion are required to prescribe the shape.
Only the simplest virus shells can be the
result of a single bit of information con-
tained in subunits of a single type. For
more complex shells such as the capsid
of the T4 virus more information is
necessary, and that information is stored
in morphopoietic genes. In the T4 virus
the functions of three such genes are
known. Gene No. 23 is responsible for
the major protein subunit, No. 66 for
elongation and No. 20 for closing the
prolate icosahedron. Although the path-
ways by which this information is ex-
pressed have yet to be defined, the idea
of a structural scaffolding is supported
by the observation of organized cores
inside virus head structures. At this
point we have a good idea of what prob-
lems remain to be solved and how to
attack them.

The mechanism of shape-making in
virus capsids is probably common to all
structures made up of protein molecules.
What we learn should therefore apply to
such protein structures as the whiplike
flagella and cilia possessed by many
cells. The next important problem in this
area is to understand the assembly and
functioning of biological membrane, the
principal structural element of cells and
many of their components. Membranes
consist of a double sheet of lipids, or
fatty molecules, layered with one or two
sheets of protein. If these proteins exist
in lattice structures, whatever we learn
about capsids will be applicable to mem-
branes. Knowledge of the genetic con-
trol of shape in protein structures will
not be enough, however, to explain the
origin of shape in higher organisms. In
multicellular systems cells differentiate
into specialized groups. The shape of
such an organism depends on the dif-
ferential growth of specialized cells, and
that growth is regulated in part by the
interaction of cells. For such regulation
one must look to more complex mecha-
nisms, including genes that control the
activity of other genes.

CORE MATERIAL is difficult to observe in polyheads. Bacteria were infected with T4 mu-
tant in gene No. 20, then fixed and embedded with various techniques. With good preserva-
tion the content is seen to fill the polyheads homogeneously (top). In the best micrographs
the content is seen to have fine structure (bottom), implying that it represents a specialized
structure. The micrographs were made by Boy de la Tour; enlargement is 130,000 diameters.

ORGANIZED CORES are also visible in the headlike bodies called “21 particles” that are
synthesized by viruses mutant in gene No. 21. The particles in this micrograph made by
Boy de la Tour, enlarged 280,000 diameters, are in a bacterium infected by such a mutant.
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The Problem of the Quasi-stellar Objects

The observational evidence on these strange celestial objects

presents many mysteries. The central question is still whether

they are at the edge of the universe or relatively close to us

t is now nearly four years since cer-
I tain starlike objects, previously iden-

tified as strong sources of radio en-
ergy, were shown to be receding at
velocities comparable to those of the
most distant galaxies. The combination
of small size, enormous energy output
and apparent remoteness quickly made
these quasi-stellar radio sources, as they
first were called, the most interesting
and widely discussed subject in astrono-
my. As they were observed more closely
a further mystery developed: many of
them were found to vary in brightness
and in radio output over periods as short
as months, weeks or even days. If they
were as distant as they seemed to be, and
therefore so enormously radiant, how
could their energy output fluctuate so
rapidly? Some astronomers began to
question if the quasi-stellar objects were
really as far away as the observational
evidence seemed to indicate. Perhaps
they were not at such “cosmological”
distances at all but were comparatively
close to us—objects ejected, perhaps, at
high velocity from our own or neighbor-
ing galaxies.

The evidence that the quasi-stellar
objects are receding from us at high ve-
locity is inferred from their spectra,
which show that the light they emit is
shifted in wavelength toward the red,
or long-wavelength, end of the spec-
trum. This can be determined because
each chemical element, when heated to
incandescence, emits light at a series of
characteristic wavelengths. If the radiat-
ing elements are in a star or other object
that is moving away from the observer,
these characteristic wavelengths will ap-
pear to have lengthened. If, on the other
hand, the object is approaching the ob-
server, the wavelengths will appear to
have shortened and thus to have shifted
toward the blue end of the spectrum. So
far no quasi-stellar object has exhibited
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a blue shift. As we shall explain, if a blue
shift were to be detected, a large part
of the mystery surrounding these objects
would be dispelled.

As matters stand, all one can be sure
of is that the quasi-stellar objects, re-
mote or not, are powerful emitters of ra-
diant energy. They are so small as to be
almost indistinguishable from stars, and
if they are indeed very remote, they are
smaller by far and much brighter than
normal galaxies observed at the same
distance.

The problem of quasi-stellar objects

arose just six years ago this month
when Allan R. Sandage of the Mount
Wilson and Palomar Observatories an-
nounced that his photographic plates
showed what seemed to be a star at the
precise position ussigned to a strong ra-
dio source known as 3C 48 (source No.
48 in the Third Cambridge Catalogue).
If Sandage’s object was indeed a star, it
would be the first radio star ever discov-
ered. Most radio sources are either gal-
axies or extended regions of very hot gas
within our own gulaxy. To see what they
could learn about this strange object,
Sandage and subsequently other astrono-
mers recorded its spectrum and found it
to be quite unlike that of any known
star.

In early 1963 another radio source,
3C 273, was identified with a starlike
object even brighter than the one identi-
fied with 3C 48. The accurate radio po-
sition for 3C 273 that made possible this
second discovery was provided by Cyril
Hazard, then at the University of Syd-
ney, and his colleagues, who worked
with the 210-foot radio telescope of the
Commonwealth Scientific and Industrial
Organisation in Australia [see “Locating
Radio Sources with the Moon,” by R. W.
Clarke; SCIENTIFIC AMERICAN, June].
Maarten Schmidt of Mount Wilson and
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Palomar obtained a spectrum of 3C 273
and perceived that several faint lines in
the spectrum occupied positions that
would coincide with those of a well-
known series of hydrogen lines (the Bal-
mer series) if they had been shifted
toward the red by 16 percent. With this
clue he identified lines of magnesium
and oxygen similarly displaced. Immedi-
ately Jesse L. Greenstein and Thomas A.
Matthews of Mount Wilson and Palomar
identified the features in the spectrum of
3C 48 that had been so puzzling and
showed that the object had a red shift
of 37 percent [see “Quasi-stellar Radio
Sources,” by Jesse L. Greenstein; ScIEN-
TIFIC AMERICAN, December, 1963].

Since 1963 the identification of quasi-
stellar objects has proceeded so rapidly
that more than 120 such objects are now
known. By the latter part of 1965 only
about 10 red shifts had been published;
tcday the number of known red shifts
exceeds 65.

Nonastronomers should not worry if
they have found the terminology confus-
ing. The objects were first called quasi-
stellar sources or quasi-stellar radio
sources. The term “quasar” was also
coined and applied to them, but this
rather ugly word has not become popu-
lar with astronomers. Along the way
Sandage isolated a class of objects that
were not listed as radio sources but were
in all other respects similar to the quasi-
stellar sources. At first he called these
objects “interlopers,” then “blue stellar
objects” and later “quasi-stellar galaxies.”
In this article we have adopted the term
“quasi-stellar objects” to cover all ob-
jects that are starlike and have spectra
with large red shifts, whether or not
they are strong radio sources.

Because quasi-stellar objects radiate
strongly in the ultraviolet part of the
spectrum, Sandage attempted to make a
general search for them using filter pho-



tography and photoelectric photometry
to pick out objects with an abnormally
strong flux of ultraviolet radiation. The
next step was to see if the objects so
identified had red-shifted spectra. Of six
objects Sandage selected as candidates
on the basis of accurate color measure-
ments, three were found to have red
shifts, and of these two were sufficiently
starlike to qualify as quasi-stellar ob-
jects; the third must be disqualified be-
cause it has a slightly fuzzy image.

On the basis of coarse sky surveys
that had previously been made for blue
objects, Sandage estimated that quasi-
stellar galaxies (as he referred to them at
the time) might be 500 times as plenti-
ful as the quasi-stellar objects that are
known to be radio sources. These esti-
mates were severely criticized and it is
now generally agreed that Sandage’s es-
timate was too high. A reasonable esti-
mate is that quasi-stellar objects that are
not known to be radio sources may be
about 100 times as plentiful as the ob-
jects that are strong radio emitters. This
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implies that if one were to count all
quasi-stellar objects down to a photo-
graphic magnitude of 18, one might find
such an object for every square degree
of sky, or some 40,000 in all. (A change
of five magnitudes represents a hundred-
fold change in brightness; thus an ob-
ject of zero magnitude, corresponding to
the brightest stars, is 16 million times
brighter than one of 18th magnitude.)
So far very few of these “silent” quasi-
stellar objects have been investigated in
detail, and red shifts are still known for
only three or four of them. These are
included among the 65 or so for which
red shifts have been determined.

The known red shifts range from the

16 percent found for 3C 273 up to
values greater than 200 percent. (The
greatest red shift yet observed for a non-
quasi-stellar object is about 46 percent.)
A 200 percent shift means that the Ly-
man-alpha line of hydrogen, which has
a laboratory wavelength of 1,216 ang-
strom units in the ultraviolet part of the
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spectrum, is shifted to a wavelength of
3,648 angstroms (1,216 plus 2 X 1,216),
which lies in the ultraviolet just beyond
the extreme blue end of the visible spec-
trum. The shortest wavelength normally
recordable by a spectrograph attached to
an optical telescope is about 3,100 ang-
stroms. Thus a red shift of at least 145
percent is needed to make the Lyman-
alpha line observable. During the first
year following Schmidt’s discovery of the
red shift of 3C 273 all the spectroscopic
work on quasi-stellar objects was carried
out with the 200-inch telescope on Palo-
mar Mountain. Starting in 1964, how-
ever, E. Margaret Burbidge and T. D.
Kinman began recording the spectra
with the 120-inch reflector at the Lick
Observatory and C. R. Lynds and his
associates began using the 84-inch re-
flector at the Kitt Peak National Observ-
atory near Tucson, Ariz.

What are the characteristics of the
spectra of quasi-stellar objects? In gen-
eral they exhibit broad, weak emission
lines [see illustration on next page].
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SPECTRUM OF QUASI-STELLAR OBJECT 3C 191 was among
the first to show strong absorption lines, raising the question of
where the absorbing material is located. The spectrum indi-
cates that the absorbing material is a shell of cooler gas expanding
outward from the central object. The absorption lines are shifted to
the red end of the spectrum only slightly less than the emission
lines in the spectrum, which are less easily seen. The numbers be-
side the names of the various elements give the laboratory, or un-
displaced, wavelength in angstrom units for the various absorption

lines. Because 3C 191 is evidently receding from us at nearly 80 per-
cent of the speed of light, these lines are all red-shifted sharply, as
indicated by the wavelengths in the reference spectrum (top). The
magnitude of the red shift is normally computed by dividing the
line displacement by the undisplaced wavelength; for 3C 191 this
value is 1.946. This can also be regarded as a red shift of 194.6 per-
cent. The spectrum was made by C. R. Lynds and A. N. Stockton of
the Kitt Peak National Observatory, who used an image-tube spec-
trograph attached to the observatory’s 84-inch reflecting telescope.
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Among the elements identified in these
spectra are hydrogen, helium, carbon,
oxygen, nitrogen, neon, magnesium, sili-
con, argon and sulfur. The strength of
the lines provides a crude indication of
the temperature and density of the gas in
which the lines are produced. The tem-
peratures indicated by the electrons in
the gas are on the order of a few tens
of thousands of degrees Kelvin (degrees
centigrade above absolute zero). The
density of the gas ranges from about
10* to about 107 particles per cubic cen-
timeter. For purposes of comparison,
the temperature of the surface of the
sun is about 6,000 degrees K. and the
density of particles in the same region
is about 1016 particles per cubic centi-
meter. One unexpected feature of quasi-
stellar objects is that they appear to
have a normal composition of elements,
rather like that found in stars and gas-
eous nebulas in our own galaxy.

An important new feature of the
quasi-stellar objects, discovered only in
the past year, is that some of their spec-
tra show absorption lines, indicating that
radiation is being absorbed by cooler
material lying somewhere between the
emitting source and our galaxy. As we
shall see, the location of this absorbing
material is of fundamental importance.
It bears directly on the nature of the
quasi-stellar objects and may help to
decide whether or not they are at cos-
mological distances.

]jt us therefore describe briefly the pos-

sibilities concerning the nature of
the quasi-stellar objects. When their
large red shifts were first discovered, it
was realized that there were only two
possible explanations compatible with
the known laws of physics. The red
shifts meant either that the objects were
receding at high speed or that the light
was being emitted in gravitational fields
far stronger than any previously known.
The second possibility follows from the
general theory of relativity, which pre-
dicts that radiation must “do work” in
escaping from a gravitational field and is
thereby lengthened in wavelength. The

kind of gravitational fields needed to pro-
duce the observed reddening would re-
sult if the mass of the sun were com-
pressed into a sphere a few kilometers
in diameter. In that case, however, the
gravitational field would be so enormous
that the particles would be drawn quick-
ly into a sphere of smaller and smaller ra-
dius, the phenomenon known as gravita-
tional collapse. As an explanation of the
red shift observed in quasi-stellar ob-
jects, gravitational collapse is unsatisfac-
tory on two main counts. First, the dura-
tion of the phenomenon would be too
short. Second, the density of the objects
would far exceed the 10* to 107 particles
per cubic centimeter indicated by the
spectroscopic evidence.

Thus the red shifts almost certainly
indicate that the quasi-stellar objects are
receding from us. Since the time of the
pioneering work on Mount Wilson of Ed-
win P. Hubble and Milton L. Humason,
who showed that the red shifts of galax-
ies increase with their distance, it has
been clear that the galaxies are receding
from us and from one another as part
of the general expansion of the universe.
The constant in the velocity-distance
relation is called the Hubble constant.
The most distant galaxy we know (the
radio galaxy 3C 295) shows a red shift
of 46 percent, indicating that it is about
five billion light-years away.

It was natural, therefore, that the
large red shifts of the quasi-stellar ob-
jects were quickly taken to mean that
some of the objects were even more dis-
tant in time and space than the faintest
galaxies for which red shifts had been
measured. It follows that they must be
extraordinarily bright, since they are
similar in appearance to the fainter stars
in our own galaxy. If their red shifts are
taken as a measure of their distance, they
must be emitting on the average about
40 times as much energy in the photo-
graphic part of the spectrum as the
brightest galaxies. This is most astonish-
ing, since a typical large galaxy contains
100 billion stars.

There is, however, another explana-
tion of the red shifts that does not re-

SERIES OF SPECTRA of quasi-stellar objects is arranged from top to bottom in order of
increasing red shift. The magnitude of the red shift and the name of the object are given at
the left of each spectrum. A reference spectrum appears at the top of opposite page. Note
that the scale of the first three spectra is different from that of the last five. The first, second,
third, fifth and eighth spectra were made by Lynds and Stockton at Kitt Peak. The others
were made by E. Margaret Burbidge, using the 120-inch reflector at the Lick Observatory.
The letters “N.S.” stand for “night sky” and indicate lines emitted by the earth’s upper atmo-
sphere and by gases in city lamps. The quasi-stellar object 3C 280.1 is the first in this series
that has a red shift large enough so that the Lyman-alpha line of hydrogen (rest wavelength,
1,216 angstroms) is shifted into the visible region. It appears at 3,233 angstroms. In the three
succeeding spectra it is shifted still farther: to 3,663, 3,776 and 3,792 angstroms. These
three quasi-stellar objects have the largest red shifts yet recorded: 2.012, 2.107 and 2.118.
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quire the quasi-stellar objects to be so
luminous. In 1964 James Terrell of the
Los Alamos Scientific Laboratory pro-
posed that they might be comparatively
nearby objects that somehow had ac-
quired enormous speed. The “somehow”
is not a trivial matter; an object with a
red shift of 200 percent must be flying
away from us at 80 percent of the speed
of light. Terrell proposed that the quasi-
stellar objects had been ejected by some
unknown force from the center of our
own galaxy. In this connection, we had
ourselves suggested somewhat earlier
that an explosion had occurred in the
center of our galaxy about 10 million
years ago.

About a year ago we were led to con-
sider this “local” hypothesis from a dif-
ferent standpoint and suggested as an
alternative to the cosmological hypothe-
sis that perhaps the objects were ejected
from one or more of the nearby radio
galaxies in which there is evidence that
highly energetic explosions have oc-
curred. We accordingly suggested that
the quasi-stellar objects might lie at dis-
tances measured only in millions or per-
haps tens of millions of light-years rather
than in billions of light-years. On this hy-
pothesis they would be less luminous by
a factor of at least 10%, that is, they
would have the brightness of only about
100 million suns or less. Obviously the
local hypothesis presents its own prob-
lems.

In any case it is clear thatwhat we need
is an observational test that can show
unambiguously whether quasi-stellar ob-
jects are local or cosmological. Schmidt’s
discovery in 1965 that the Lyman-alpha
emission line was shifted to 3,663 ang-
stroms in the spectrum of 3C 9 immedi-
ately raised the hope that such a test was
at hand. Peter Scheuer of the University
of Cambridge and two investigators at
the California Institute of Technology,
James E. Gunn and Bruce Peterson,
pointed out that if 3C 9 is indeed very
distant, some of its ultraviolet radiation
shorter than 1,216 angstroms (or 3,663
angstroms as received) would be ab-
sorbed in traveling through the interga-
lactic medium, provided that the medi-
um contains neutral atoms of hydrogen.
These atoms, being in a low-energy state,
would readily absorb photons whose
wavelength on reaching them corre-
sponded to that of the Lyman-alpha
wavelength of 1,216 angstroms. For re-
gions of space close to 3C 9 the radia-
tion absorbed by the intergalactic hydro-
gen would have left 3C 9 at a wave-
length only slightly shorter than 1,216
angstroms. But the hydrogen just outside
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our galaxy would absorb radiation that
had originally been much shorter (in the
vicinity of 400 angstroms) and that had
been reddened to 1,216 angstroms as a
consequence of the expansion of the uni-
verse during the several billion years
from the time the radiation began its
journey. Thus what one should see in the
spectrum of 3C 9 is a general deficien-
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cy of ultraviolet radiation shorter than
3,663 angstroms. After examining spec-
tra of 3C 9, Gunn and Peterson thought
they could detect the beginning of this
long absorption trough in the region be-
tween 3,663 angstroms and about 3,100
angstroms, where the ultraviolet absorp-
tion of the earth’s atmosphere intervenes
and cuts off the record. The absorption
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trough was significantly less than ex-
pected, however, so they concluded that
only a fantastically small amount of in-
tergalactic gas was in the form of neutral
hydrogen: about one atom per 10,000
cubic meters, or 10-** gram per cubic
centimeter. Most theoretical models of
the universe require a density roughly
100,000 (105) times higher for the inter-
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RED-SHIFT DISPLACEMENT for the principal emission lines
found in the spectra on page 42 can be more easily visualized with
the aid of a diagram in which the undisplaced wavelengths are
plotted along the top and the displacements, corresponding to vari-
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ous red shifts, are plotted below. The Roman numerals indicate
the state of ionization of the emitting element; the numbers are
one greater than the number of electrons missing from the atom.
Lyman-alpha and carbon III lines (color) show up in four spectra.
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galactic medium, unless large amounts
of matter are present in a form not easily
detected, for example in stars too dim
and teo dispersed to be seen. The Gunn-
Peterson finding might also be explained
if the intergalactic gas were present not
as neutral hydrogen but as ionized hy-
drogen, which cannot absorb Lyman-
alpha radiation. Indeed, some theoreti-
cians have accepted the Gunn-Peterson
results as evidence that most of the hy-
drogen is in ionized form.

Subsequent observations of 3C 9 and
other quasi-stellar objects with compara-
ble red shifts have led to the conclusicn
that there is really no evidence for Ly-
man-alpha absorption at all and that the
early interpretation by Gunn and Peter-
son is incorrect. The new studies indi-
cate that the density of intergalactic neu-
tral hydrogen is incredibly low (less than
1035 gram per cubic centimeter); this
implies either that virtually all of it is
ionized or that the quasi-stellar objects
are so near that no significant absorption
can be expected. To some the improba-
bility of the first alternative would seem
to provide a convincing argument that
the objects are local and not cosmologi-
cal, but enough other possibilities remain
so that the debate continues.

One such possibility was pointed out
by John N. Bahcall of the California In-
stitute of Technology and E. E. Salpeter
of Cornell University. They suggested
that the intergalactic gas might not be
distributed uniformly but might exist as
condensations, for example in associa-
tion with clusters of galaxies. In that case
one might find a number of separate ab-
sorption lines in the spectra of quasi-stel-
lar objects, indicating where their radia-
tion had intersected one or more clusters.
One might also expect to find absorption
lines due to energy transitions in atoms
other than hydrogen.

Soon after this proposal was made the
quasi-stellar object 3C 191 was observed
for the first time by Margaret Burbidge
at the Lick Observatory and by Lynds
and A. N. Stockton at Kitt Peak. Its spec-
trum exhibits many absorption lines, and
it was thought at first that they might
support the Bahcall-Salpeter hypothesis.
It was shown, however, that all the lines
could be attributed to absorption by ion-
ized atoms associated with the object it-
self [see illustration on page 41]. The
evidence for this conclusion was that the
absorption lines and the emission lines
had almost the same red shift: 195 per-
cent. Evidently the absorption lines are
produced in a slightly cooler envelope of
material that is part of 3C 191, probably
a shell of gas that has been ejected from
the quasi-stellar object.
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COLOR-MAGNITUDE DIAGRAM shows the general location of quasi-stellar objects
(light area) compared with the general location of normal stars (white curve). As-
tronomers measure the magnitude, or brightness, of stars through three filters: ultraviolet,
blue and yellow (or visual). When differences between the ultraviolet and biue magnitudes
are plotted against differences between blue and visual magnitudes, the normal stars over
the entire range of temperatures lie on or near a well-defined curve. The hottest stars lie at
the upper left corner of the curve, the coolest at the lower right. The quasi-stellar objects
lie well above this curve, separated from it by their intense ultraviolet radiation,
which moves them upward in the diagram. Some white dwarfs also lie in this region, but
since they do not have large red shifts they can be distinguished from quasi-stellar objects.

Absorption lines have now been seen
in other quasi-stellar objects. In all cases
but one the lines can be interpreted as
being produced by a shell of gas whose
velocity differs from that of the emissive
core by no more than a few thousand ki-
lometers per second—velocities that are
no larger than those observed in the ex-
plosions of supernovas. The one excep-
tion is a spectrum in which the velocities
appear to be considerably higher, pre-
senting the possibility that the absorbing
medium is not part of the quasi-stellar
object but is somewhere in intergalactic
space. The arguments for this possibility
are in our opinion not conclusive. Thus
although absorption features may even-
tually demonstrate that quasi-stellar ob-
jects are at cosmological distances, all
the evidence to date is compatible with
the conclusion that they are nearby and
that when absorption lines are seen, they
are due to material associated with the
object.

We turn now from the spectroscopy

of the quasi-stellar objects to their
very important property of variability.
Following the initial identification of 3C
273, Harlan ]. Smith and E. Dorrit Hof-
fleit, then at Yale University, examined
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the Harvard College Observatory collec-
tion of astronomical plates, which dates
back more than 70 years, to see if the
“star” now identified as 3C 273 had
varied in brightness. They found not
only that it had varied significantly over
the years but also that some bright flash-
es had lasted a month or less [see top il-
lustration on next two pages]. Apart
from 3C 273 and 3C 48 (also found to
vary), none of the quasi-stellar objects
is bright enough to be traced back in a
similar fashion. In the brief period since
they have been discovered, however, al-
most all the quasi-stellar objects that
have been observed on several occasions
have exhibited variations in brightness.
In one extended study Kinman and D.
Goldsmith of the Lick Observatory fol-
lowed 3C 345 from June to October,
1965, and found that its brightness var-
ied as much as 40 percent in a period as
short as a few weeks. A single observa-
tion made later in October by Sandage
showed its brightness to be three times
the brightness measured in June. Subse-
quently Sandage observed that another
quasi-stellar object, 3C 446, has bright-
ened by three magnitudes, or a factor
of about 15, in a few months. Recently
Kinman and his colleagues at the Lick
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BRIGHTNESS CHANGES IN 3C 273, the second quasi-stellar
object to be identified, were plotted by examining plates of vari-
able stars in the collection of the Harvard College Observatory.

Observatory have observed a twofold
change in brightness in 24 hours.

In the summer of 1965 a variation in
the radio emission of 3C 273 was report-
ed by William A. Dent of the University
of Michigan. (An earlier Russian report
of a variation in another quasi-stellar ob-
ject, CTA 102, was not confirmed by
other observers and is generally dis-
counted.) Dent’s measurements, made
at a wavelength of 3.75 centimeters,
showed that the intensity of 3C 273 had
increased by about 40 percent in two
and a half years. Since then it has been
found that quite a number of quasi-stel-
lar objects show variations at wave-
lengths of a few centimeters [see illus-
trations on pages 48 and 49].

Only 3C 273 is bright enough so that
its radiation can be measured in the in-
frared region of the spectrum. Harold L.
Johnson and Frank J. Low of the Uni-
versity of Arizona, who have studied 3C
273 at wavelengths of 2.2 and 10 mi-
crons (a micron is 10,000 angstrom
units), have detected no variation in its
infrared luminosity. Surprisingly their
measurements show that a large part of
the object’s total energy is being emitted
in this region of the spectrum. In the ad-
jacent millimeter-wavelength region of
the spectrum, which has been observed
by Eugene E. Epstein of the Aerospace
Corporation and his colleagues, the emis-
sion of 3C 273 is again found to be vary-
ing rapidly.

The importance of the observed varia-
bility in quasi-stellar objects is that it
sets an upper limit to the size of the re-
gion from which their energy can be
emitted. Unless the objects are in a state
of continuous explosion at enormous
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speeds (and there is no hint of this in
their spectra), the period of variation is
fixed by the time it takes for light to trav-
el the diameter of the radiating object.
The observed variations in quasi-stellar
objects mean that the size of the region
where much of their radiation originates
must be no greater than the distance
light can travel in a month—in the case
of 3C 446, in a day. A light-month is
equal to about 10'7 centimeters, or
roughly 100 times the diameter of the
solar system. Moreover, this dimension is
independent of distance; it is the same
whether quasi-stellar objects are nearby
or extremely remote, and thus it has a
great bearing on the models one can de-
vise to explain their energy output. If
they are remote, they must radiate some-
thing like 10,000 times more energy per
unit of volume than if they are close
to us.

If 3C 273 is a remote object, it is emit-
ting about 1.5 X 107 ergs of energy per
second across the entire electromagnetic
spectrum; if, on the other hand, it is a
local object, its emission is reduced to
about 1.5 X 103 ergs per second or less,
depending on the actual distance. The
higher value represents a radiation den-
sity comparable to that in a laser,
the most intense artificial light source
known. The problem of explaining such
huge fluxes of energy is very difficult and
has not been solved. With rather simple
arguments, however, one can limit the
models that are compatible with the ob-
servations.

Iﬂrom lines in the spectra produced by

quasi-stellar objects one can infer the
presence of a hot plasma, one whose
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The record of fluctuations in 3C 273, the brightest quasi-stellar
object yet found, was traced back more than 70 years by Harlan
J. Smith and E. Dorrit Hoffleit, then at Yale University. The ver-

temperature is perhaps 30,000 degrees
K. Although such a plasma will give rise
to some continuous radiation as well as
to discrete lines, it cannot account for the
strength of the background radiation
found in the spectra of quasi-stellar ob-
jects. And ordinary thermal processes
certainly cannot account for the energy
emitted by such objects in other parts of
the electromagnetic spectrum. The bulk
of the energy is almost certainly emitted
by the “synchrotron” process, in which
highly energetic electrons emit radiation
while spiraling around the lines of force
in a magnetic field.

Now, the conditions under which the
synchrotron process can be effective are
narrowly restricted if quasi-stellar ob-
jects are at cosmological distances in
addition to being small in diameter. In
this case the density of radiation in them
must be extremely high: about 1016 pho-
tons per cubic centimeter. If high-energy
electrons are injected into a radiation
field of such high intensity, they may
lose most of their energy through colli-
sions with low-energy photons before
they can radiate much energy through
the synchrotron process. The synchro-
tron process can be dominant only if the
magnetic field is on the order of 100
gauss, or some 50 times as strong as the
magnetic field on the surface of the sun.
(This is the result if the object has a di-
ameter of about a light-month. If it is
only a light-day across, the field would
have to be about 10,000 gauss.) More-
over, the electrons injected into such a
strong field will radiate for only a few
seconds or minutes before their energy
is depleted by the synchrotron process.
That is far too brief a time for them to
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tical bars show the range in brightness for
series of plates taken within 100-day periods.
Single dots represent isolated observations.

travel across the diameter of a quasi-stel-
lar object, a trip that would take from
one to several weeks. This means that
quasi-stellar objects must contain not one
or even a few hundred but millions of
separate points where electrons are in-
jected into a strong magnetic field.

It is possible, of course, that the syn-
chrotron process is not responsible for
the bulk of the energy radiated by quasi-
stellar objects. One can imagine that
some kind of strange “machine” gen-
erates a radiation field of low-energy
photons even more intense than the one
we have described. If enough electrons
with the right spectrum of energy were
injected into such a field, collision
processes alone might give rise to the re-
quired flux. This appears to us, however,
to be a most unlikely possibility.

Before considering the theories that

have been proposed to account for
the quasi-stellar objects, we should like
to touch briefly on other observational
data that bear on the fundamental point
of whether they are local or cosmologi-
cal objects. At one time it was hoped
that by plotting the red shift of quasi-
stellar objects against their apparent op-
tical brightness one might be able to tell
something about the large-scale struc-
ture of the universe and the kind of cos-
mological model that best fits the ob-
servations. To be useful such a plot
would have to yield a more or less
straight-line relation between red shift
and brightness, and would itself provide
prima facie evidence that the red shifts
are indeed a function of distance. It has
turned out, however, that the plot has
a large scatter in which only a weak

trend is apparent [see top illustration on
page 50]. The scatter evidently arises
from the fact that quasi-stellar objects
differ greatly in intrinsic brightness.
Therefore no simple relation between
red shift and brightness can be expected,
even if the objects are at cosmological
distances.

The scatter does not necessarily lend
support to the local hypothesis, because
then one must account for the absence of
blue shifts. One way to do this is to im-
agine that most, if not all, of the quasi-
stellar objects were ejected from a near-
by radio galaxy. If enough time has
elapsed since the explosion, even those
objects initially headed in our direction
will have passed through (or close to) our
galaxy and will now be receding on the
other side. It should be noted, however,
that if blue-shifted objects exist, it may
be more difficult to identify their spec-
tral lines than is the case for red-shifted
objects. There are fewer lines in the red
than there are in the blue part of the
spectrum and they are intrinsically weak-
er; thus they would be more easily hid-
den by the continuous radiation in the
background.

Recently Halton C. Arp of the Mount
Wilson and Palomar Observatories has
presented evidence indicating that radio
sources, including several quasi-stellar
objects, tend to lie in the vicinity of
certain unusual-looking galaxies called
“peculiar” galaxies. He suggests that the
quasi-stellar objects were ejected from
them. One consequence of Arp’s sugges-
tion is that we should see more blue-
shifted objects than red-shifted ones,
even if equal numbers were headed
toward us and away from us. The ex-
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planation is that those approaching
should appear brighter than those reced-
ing and thus seem to be more numerous
when counted down to the same limiting
magnitude. Since no blue-shifted objects
have been seen at all, some astronomers
have summarily rejected Arp’s idea. The
rejection may be too hasty. One must
consider the possibility that an object
may not radiate spherically in symmet-
rical fashion if it is moving through
the intergalactic medium at relativistic
speed: a speed close to the velocity of
light. Then there would be no guarantee
that approaching objects will be easier to
see (that is, brighter) than receding ones.
If Arp’s hypothesis were to be rigorously
established, one might be forced to find
still other explanations for the absence
of blue shifts. It is possible, for example,
that the red shifts do not represent a
recession of the objects but are due to
the relativistic motion of gas contained
within them.

Another kind of test is to see if quasi-
stellar objects are to be found within
clusters of galaxies. It has been estab-
lished, for example, that many radio gal-
axies lie in such clusters and that they
are frequently the brightest objects pres-
ent. If even a few quasi-stellar objects
were found in clusters, one could try to
see if the red shift of the quasi-stellar ob-
ject matched that of the cluster. If so, the
cosmological nature of these objects
would be established. The observational
difficulty associated with this test is that
the fainter quasi-stellar objects are so
much brighter than the clusters of gal-
axies in which they might be situated
that the surrounding galaxies would be
difficult to detect and their spectra more
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BRIGHTNESS CHANGES IN 3C 345, a quasi-stellar object some 4.5 magnitudes fainter
than 3C 273, were recorded over a period of about 100 days in mid-1965 by T. D. Kinman
and D. Goldsmith at the Lick Observatory. The maximum variation is about 100 percent.
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RADIO-FLUX CHANGES IN 3C 273 were compiled from a num-
ber of sources by Alan T. Moffet and P. Maltby of the California In-

difficult still to record. In the case of the
brighter objects such as 3C 273 and
3C 48, however, the test can be made.
It is negative: the objects are not asso-
ciated with clusters of galaxies. There is
optimism that the test can be extended
to fainter objects by using sensitive new
photographic plates that enable the 200-
inch telescope to photograph objects
with an apparent magnitude of 24.

We turn now to a discussion of dia-

grams in which one plots the red
shift of quasi-stellar objects against radio
magnitude, expressed as the radio flux
(S) at a particular frequency. We have
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RADIO-FLUX CHANGES IN 3C 279 were recently reported by K.
Kellerman and K. Pauliny-Toth of the National Radio Observatory
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selected a frequency of 178 megacycles
because the most extensive catalogues of
radio sources have been compiled at that
frequency. One can see from the diagram
at the bottom of page 50 that there
is little or no correlation between red
shift and radio magnitude. This is un-
derstandable on the basis of the local
hypothesis because it implies no strong
correlation between red shift and dis-
tance, unless all the quasi-stellar objects
were ejected at one particular moment
from one galaxy.

How can the diagram be understood
if one assumes the cosmological hypothe-
sis? The fact that there is no significant
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stitute of Technology. The measurements at 3.75 centimeters were
made by William A. Dent of the University of Michigan, who

drop in radio flux with increase in red
shift can be interpreted to mean that
the more distant objects are intrinsically
more powerful than the nearer ones. If
this is true, it should have important sig-
nificance for cosmological theories. Let
us see if it is a realistic possibility.

For some years now radio astronomers
have made counts of sources and pre-
sented them in the form of “log N-log S”
curves, where N is simply the number of
galaxies with a radio flux greater than
some value S. As one would expect, there
are many more galaxies of weak flux than
there are of strong flux. In fact, radio
astronomers have found an essentially
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in Green Bank, W.Va., who assembled their own measurements
with those made by Dent. The sharpest change took place at a
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obtained the first conclusive evidence that
quasi-stellar objects vary in radio emission.

straight-line dependence between the
logarithm of N and the logarithm of S.
The precise slope of this line is of great
interest because it should help to pro-
vide a test between different models of
the universe. For example, a slope of
—1.5 is the one expected if all sources
had the same intrinsic power and were
uniformly distributed in a Euclidean
universe. The value —1.5 results from
the following considerations. The num-
ber N of sources brighter than a par-
ticular value of S is proportional to the
volume of space, that is, to d?, where d is
such that a source at distance d has a
flux equal to the assigned S. The flux
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wavelength of two centimeters; the radio flux approximately dou-
bled over a period of a few months between late 1965 and early 1966.

S, in turn, varies according to the inverse
square law; thus S is proportional to d-*
(that is, to one over d2). The ratio of
log N to log S, therefore, is simply the
ratio of the exponents of d, or the ratio
of 3 to —2. This gives the value —1.5.

It is easy to show that the same value,
—1.5, is also the one to be expected in
a steady-state universe. The slope that
is actually observed for all extragalactic
radio sources is about —1.8, and al-
though this value is hard to explain it
has been used as evidence against the
steady-state cosmology.

One of us (Hoyle), who has been close-
ly associated with the steady-state cos-
mology, has always objected to this argu-
ment on the grounds that a counting of
a class of objects whose physical nature
is unknown cannot be regarded as a
satisfactory procedure. Before the dis-
covery of quasi-stellar objects, however,
it could be argued that all radio galaxies
were more or less alike and thus could
be counted as objects of a single class.
This position is no longer tenable. One
must consider the slope of the log N-log
S curve for radio galaxies alone and for
quasi-stellar objects alone. When that is
done, what is the result?

A critical study of this kind was re-

cently conducted at the Mount
Wilson and Palomar Observatories by
the French astronomer Philippe Véron.
He classified all the sources in the Third
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Cambridge Catalogue according to the
nature of their optically visible counter-
parts in every case where an optical
identification had been made. The re-
vised version contains 328 radio sources,
of which 32 probably lie within our own
galaxy and another 42 are so obscured
by galactic absorption that little of value
can be deduced from them. Among the
remaining 254, Véron finds 144 radio
galaxies (100 certain and 44 probable)
and 60 quasi-stellar objects (39 certain
and 21 probable), leaving only 50
sources that have not yet been identi-
fied. One can safely assume that these
50 objects, since they are only 20 per-
cent of the total, are not likely to upset
Véron’s conclusions regardless of their
ultimate classification. We should like to
emphasize, moreover, that Véron’s study
embraces the only “first class” data that
exist at the moment relevant to the
source-count problem. By “first class”
we mean data that are both reasonably
complete and technically good.

Véron’s finding is this. The radio
galaxies, certain and probable together,
essentially fit a slope of —1.5. Since
the radio galaxies are not extremely far
away (maximum red shift, 46 percent),
this is the slope to be expected in any
cosmological theory. The steep slope of
—1.8 shown by all 3C sources is due in
large measure to the quasi-stellar com-
ponent, which has the very steep slope
of —2.2 [see illustration on page 51].

;
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In this illustration and in the one at the top the flux density is
given in units of 10-26 watt per square meter per cycle per second.
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RED SHIFT V. OPTICAL MAGNITUDE is plotted for all quasi-stellar objects (dots) and
N-type galaxies (open circles) for which data are available. N-type galaxies resemble quasi-
stellar objects in spectral features and in having large red shifts, but they are not quite star-
like. According to the cosmological hypothesis the greater the red shift of quasi-stellar ob-
jects, the more distant they are. Thus if quasi-stellar objects all had about the same intrinsic
brightness, one would expect to see a strong correlation between red shift and apparent mag-
nitude. Its absence suggests that the objects differ considerably in intrinsic brightness. An al-
ternative hypothesis suggests that they are not distant objects at all but local ones, in which
case the scatter could indicate either variations in brightness or random distribution.
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RED SHIFT V. RADIO MAGNITUDE is shown for 35 quasi-stellar objects, most of those
for which information exists. The correlation is slim between red shift and magnitude.
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It is obvious that if quasi-stellar objects
are actually nearby, their slope of —2.2
has no bearing on the cosmological prob-
lem.

But—and this is the surprise toward
which we have been working—the slope
is equally irrelevant to cosmology even
if quasi-stellar objects are at cosmologi-
cal distances. This follows from the scat-
ter diagram at the bottom of this page,
which shows that there is at best only a
weak correlation between the radio flux
of quasi-stellar objects and their distance
—assuming now that distance is propor-
tional to the observed red shifts. It fol-
lows that the —2.2 slope of the log
N-log S curve for quasi-stellar objects
cannot be interpreted as a distance ef-
fect. Rather the curve exhibits a “lumi-
nosity function” effect, which can be
described as follows.

Imagine a group of objects of different
intrinsic brightness all placed at exactly
the same distance from our galaxy. If
there are many more faint objects than
there are bright ones, N will be signifi-
cantly larger for a small observed radio
flux, S, than it is for a large flux, and we
shall obtain a curve that runs from lower
right to upper left in the log N-log S dia-
gram. By adjusting the distribution of
objects with respect to brightness (that
is, the luminosity function) we can in-
deed obtain any slope we please. The
fact that quasi-stellar objects are actu-
ally arrayed at various distances (in all
likelihood) does not alter the principle
involved; it is important only that they
have a spread of intrinsic luminosities.
In fact, they can have a spread that pro-
duces a slope of —2.2 in a log N-log S
curve.

Finally we turn to the theoretical mod-

els that have been proposed to explain
the quasi-stellar objects. We should first
say something, however, about ordinary
radio galaxies. By 1956 it was shown that
these sources frequently lie in clusters of
galaxies whose red shifts are well estab-
lished; radio galaxies are therefore cos-
mological objects. The source of their
radio emission is assumed to be the syn-
chrotron process. On this basis one can
calculate that the minimum total ener-
gy released by a large radio galaxy is
on the order of 108 ergs. To obtain
that much energy by the most efficient
conversion process known—the annihi-
lation of matter—would require the dis-
appearance of a mass equivalent to
the mass of 107 suns for the duration
of the outburst. Moreover, there are a
number of reasons why it is probable
that far larger amounts of energy are ac-
tually released.



A variety of processes were suggested
to explain energy releases of such mag-
nitude. The earliest suggestion was col-
lisions between galaxies, but this could
be ruled out on observational grounds.
A later idea was that multiple explosions
of supernovas might be responsible.
This does not seem to be efficient
enough. Then in 1962, before the dis-
covery of quasi-stellar objects, one of
us (Hoyle) and W. A. Fowler of the
California Institute of Technology con-
sidered how the collapse of a large mass
might account for the energy released
in strong radio sources. It was supposed
that the energy released in such a gravi-
tational collapse might be a significant
fraction of the rest-mass energy.

With the discovery of 3C 273 in 1963
Fowler and Hoyle proposed that such
objects, if cosmological, might represent
objects with a mass of about 10% suns—
superstars—whose luminous energy re-
sults from standard thermonuclear proc-
esses. (The stability of such giant stars
and their possible evolution have since
been considered by Fowler and others.)
It was suggested that the superstar
spends about a million years in this high-
ly luminous phase and then collapses, re-
leasing a large amount of gravitational
energy that in some fashion is converted
into high-energy electrons together with
a suitable magnetic field so that the
synchrotron mechanism can operate.
According to this model a quasi-stellar
object is really two objects: a still-burn-
ing superstar to provide luminosity and
a collapsed superstar to supply the vast
flux of particles needed to account for
the radio emission. The proposal pre-
sents many difficulties, chief among
which is understanding how a collapsing
Object can emit energy amounting to a
significant fraction of its rest mass. Since
the conventional theory of relativity
suggests that this cannot happen, Hoyle
and J. V. Narlikar have considered
modifications of the field equations that
may permit the possibility.

A number of theorists have considered
how a superstar of the type needed
might be formed. George B. Field, now
at the University of California at Ber-
keley, has proposed that quasi-stellar
objects are galaxies in the process of
formation and that much of the radiation
we observe is gravitational energy re-
leased by the contraction of a vast cloud
of gas. Along the way stars form, release
thermonuclear energy and finally ex-
plode as supernovas. The quasi-stellar
object, Field believes, is a manifestation
of all these processes and at the end the
mass will probably condense to form a
superstar. It does not appear to us, how-
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“LOG N-LOG S” CURVES tend to show a simple straight-line dependence between log N,
the number of objects above a certain radio magnitude, and log S, the selected magnitude
in units of radio flux. Thus the lowest point on the quasi-stellar curve (black) shows that
there are only two objects with a radio magnitude, or flux, above 60 units (log,, 60 =1.778).
The point at upper left shows that there are 30 objects with a flux above 9 units (log,,
9 = .954). The slope of the log N-log S curve for these 30 objects is close to —1.5. For all
quasi-stellar objects, however, the slope is about —2.2. For all radio sources in the Third
Cambridge (3C) Catalogue the slope is —1.8. In a simple Euclidean universe the expected
slope is —1.5. Evidently the —1.8 value for all radio sources reflects the steeper slope of
the quasi-stellar component. The implications of these slopes are discussed in the text.

ever, that this model can supply the
required energy.

Another provocative idea is the one
proposed by Thomas Gold and W. Ian
Axford of Cornell University and Stanis-
law M. Ulam of the Los Alamos Scien-
tific Laboratory. They suggest that in
some galaxies the density of stars in
the nucleus has become so high that the
stars begin to collide with increasing
frequency. Conceivably the energy re-
leased in such collisions could account
for cosmological quasi-stellar objects.
We do not consider this very likely for
a number of reasons; for one, the time
during which these events might take
place would be quite short. On the other
hand, the collisions might lead to an
agglomeration process that could pro-
duce the kind of superstar we have in
mind for our model.

Recently Stirling A. Colgate of the
New Mexico Institute of Mining and
Technology has proposed a model in
which large stars (about 10 solar masses)
are formed by the collision of smaller
ones. These giant stars evolve and final-
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ly explode as supernovas. Colgate be-
lieves that such explosions might release
much more energy—through gravitation-
al collapse—than is normally observed in
a supernova explosion and that the sum
would be enough to explain the energy
released by quasi-stellar objects placed
at cosmological distances. According to
Colgate, however, the initial density of
small stars that is required in this mod-
el is about 500 million per cubic light-
year.

In all these theories it is recognized
that quasi-stellar objects are both small
and very massive. No one really knows
if such an object can be formed from
low-density matter spread throughout
the universe. Thus some people have
suggested that quasi-stellar objects are
truly cosmological in the sense that their
origin is connected with the way in
which matter enters the universe. For
example, they may be miniature ex-
panding “universes” that have only re-
cently begun to expand. Alternatively,
on the steady-state hypothesis, matter
may be created in regions of the highest
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density, such as the nuclei of galaxies;
according to this model quasi-stellar ob-
jects are blobs of new matter that have
been ejected from galactic nuclei. A
radio galaxy might be a galaxy that is
giving birth to such objects. Models of
this kind would serve to explain quasi-
stellar objects whether they were at
cosmological distances or much closer.
It is still necessary, however, to ex-
plain how the energy released is chiefly
in the form of particles moving at rela-
tivistic speeds. An attractive possibility
is to suppose that matter as originally
created, whether in a single “big bang”
or in a steady-state universe, is largely

in the form of the hypothetical massive
particles known as quarks. It has been
suggested that such particles may form
the basic building blocks of the more
familiar elementary particles: the bary-
ons that decay into nucleons and the
various mesons. If quarks do exist, they
are more massive than baryons; three
quarks are needed to create a baryon
and a quark-antiquark pair is needed
to create a meson.

If primordial matter appears in the
form of quarks, one can see how im-
mense energy is released when the
quarks give rise to lighter particles, in-
cluding photons and neutrinos. The par-

KITT PEAK 84-INCH REFLECTOR is the one used by Lynds and Stockton in studying
the spectra of quasi-stellar objects. Examples of their work appear on pages 41 and 42,
Margaret Burbidge records quasi-stellar spectra with the 120-inch reflector at the Lick Ob-
servatory. The first quasi-stellar object, 3C 48, was discovered in 1960 by Allan R. Sandage
with the 200-inch Hale telescope on Palomar Mountain. Working with the same instrument
in 1963, Maarten Schmidt established the first red shift in a quasi-stellar object, 3C 273.
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ticles will be endowed at birth with tre-
mendous amounts of kinetic energy,
which could account for the relativistic
speeds of matter that are observed in
quasi-stellar objects.

\K/That if the quasi-stellar objects are

local rather than cosmological phe-
nomena? In that case the energy they
release can be less by a factor of about
104, a condition much easier to satisfy.
Now, however, a plausible model must
offer a mechanism for setting the objects
in motion at the velocities indicated by
the red shifts—and this requires consid-
erable energy. Let us imagine that gal-
axies explode from time to time and
in the process are transformed into ra-
dio galaxies. Conceivably the explosion
could throw a cloud of objects out into
space, and it is these we see as quasi-
stellar objects. Such a process might re-
quire on the order of 10%* ergs per ex-
plosion; moreover, the energy must be
emitted in coherent lumps so that each
object is provided with a dense enough
core to hold itself together when ejected
at relativistic speeds. We do not know
precisely how this can occur, but it
seems that in the process of gravita-
tional collapse very large amounts of
energy must be released in relativistic
form, and this is required in any case
to explain the radio galaxies.

Some have objected to this admittedly
sketchy model on the grounds that when
they calculate the energy required to ex-
plain the cloud of objects moving at rela-
tivistic speeds, it is too high by some cri-
terion (of unspecified nature) concerning
what is reasonable. We reply that any
theoretical arguments marshaled for or
against one or another quasi-stellar hy-
pothesis on the basis of energy consider-
ations are entirely fallible. In the absence
of any real understanding of the mecha-
nism that gives rise to the colossal ener-
gy output of radio galaxies, which are
known to be at cosmological distances,
we are in a poor position to say what is
reasonable or even possible.

There can be no doubt that at present
most astronomers would like to conclude
that the quasi-stellar objects are cos-
mologically distant. As we have tried to
emphasize, the question is still open be-
cause there is no conclusive argument
one way or the other. In fact, we may
be in for many more surprises on the
observational side. Regardless of the
outcome, the problem of understanding
the quasi-stellar objects and the im-
mense fluxes of energy they and the
radio galaxies release is one of the most
important and fascinating tasks in all of

physics.



Solvents and solvatochromic compounds

Fifteen years ago we suggested (J.A4.C.S., 73:5350)* that cer-
tain dyes be used as indicators of solvent polarity, but it fell to
another investigator (/bid., 80:3253) to bring the idea off.
The dye he chose, 4-Carbomethoxy-1-ethylpyridinium lodide,
we now offer as EASTMAN 9765, which shifts its absorption
band toward the blue with increasing solvent polarity. Put it
into some solvents, look through a band-pass filter that re-
moves the distractions of color, and arrange in the order of
decreasing wavelength instead of by dielectric constant. You

now have a series that may relate better to the intermolecular
forces that govern solvation behavior than does dielectric con-
stant (Angew. Chem., internat. Edit. [English), 4:29).

A dye that shifts its absorption band in the opposite direc-
tion, i.e., toward the red with increase in solvent polarity, is the
merocyanine, N,N-Dimethylindoaniline (EASTMAN 9766).

Here is another solvatochromic dye, Pyridinium Cyclo-
pentadienylide (EASTMAN 10009), seen through a filter that
passes only one of its four absorption bands, the one that is
most sensitive to a change in solvent polarity (J.4.C.S.,81:856):

,{cu.e:u, CHyCN

, \uﬂ"‘“ -

ErOH

There is also [Bis(2-hydroxyethyl)aminol-p-benzoquinone
(EAsTMAN 9967). Not only is it solvatochromic but also piezo-
chromic, thermochromic, fluorescent, and soluble in both
acid and base (J.0.C., 30:4107).

There must be plenty of occasions in chem labs when it would be
handy to look into an eyepiece to find out whether Solvent A is more
polar than Solvent B. If this pops an idea into somebody’s head, he’d
better note that the compounds here mentioned can be ordered from
Distillation Products Industries, Rochester, N.Y. 14603 (Division of
Eastman Kodak Company), which has recently issued a new catalog of
its EASTMAN Organic Chemicals.

What’s an opticist, Pop?

Many employers are seeking persons qualified in optics and
optical engineering. But for fear of sacrilege, they’d pray
heaven to send them. In relation to demand, applied optics
and optical engineering seem among the most severely under-
manned of professions. Bright kids in school don’t seem to
find out about this (or to believe it if told) until after commit-
ting themselves to other disciplines. As a result, many of
today’s optical designers and engineers have to admit to them-
selves in black moments that they really aren’t.

To spot a genuine pro in thefield, try asking him if he knows
a man named Rudolf Kingslake. Most reassuring would be a

5;0223‘““6 recent publication on the subject from our laboratories, see J.4.C.S.,
12443,

The hope of doing each other some good prompts these advertisements

reply to the effect that not only does he know Dr. Kingslake
but has taken courses under him and made good grades.

Kingslake came to the University of Rochester in 1929 from
Imperial College of Science and Technology in London. In
1937 he also joined us and has been our full-time head of
optical design since 1939. In the past two years he and his
staff have been far busier than ever before, though we are not
at liberty to disclose on what. Nevertheless, by skillfully using
what little time his industrial and teaching undertakings leave
him, he has managed during these same two years to bring
out the first three volumest of a five-volume comprehensive
treatise entitled “Applied Optics and Optical Engineering”
(Academic Press, New York and London).

Under his editorship, 29 of the projected 50 chapters are
now in print, a few written by him and the rest by people from
our own and 17 other organizations. Where this crew found
the ambition and the devotion to scholarly obligation re-
mains a mystery explicable only in terms of the resilience of the
human spirit. Probably it is too much to hope that their effort
could retread any significant numbers of physicists, electrical
engineers, or mechanical engineers into opticists.

We could use a few more opticists ourselves. Indeed we could.
They’d be in stimulating company. The address of our Director of
Technical Personnel is simply Eastman Kodak Company, Rochester,
N.Y. 14650.

Clean out your paper

The little box can
hold 49,000 pages of
reports, journal arti-
cles, and whatever
other forms of tech-
nical information
normally stuff book-
cases and cabinets
when on paper. In-
side the little box it
is on sheets of film
around 414" x 6,
known as filmcards
or microfiches. The upper part of each microfiche may carry
an abstract of the item that can be read comfortably without
optical aid, while the lower part carries the complete text and
illustrations for reading on devices that we offer in a range be-
tween $147.95 and $212.50. The exact dimensions and arrange-
ment of the material can conform to the cosATI specification
now required for all Federal agencies and their contractors, or
to any other specification you please.

You can get yourself all wound up in the complexities of
this subject without really being interested in it. We hope you
have other uses for your time and energies. We therefore offer
you the following service:

You can turn all the paper over to a nearby branch office of ours,
and we’ll put it on RECORDAK Filmcards of size and format you sug-
gest or ask us to suggest. If the material is of a nature to require fre-
quent change, we can set up a system to make and distribute replace-
ment microfiches for you every time you send us new paper. If you
would rather not let the paper out, we can sell you equipment to make
it unnecessary. Write Eastman Kodak Company, Business Systems
Markets Division, Rochester, N.Y. 14650.

Prices subject to change without notice.

tVolume I: Volume II: Volume III:
photometry the eye and vision lens design
light sources for stereoscopy optical manufacturing

optical devices the photographic photographic objectives

filters emulsion microscope objectives
atmospheric effects combination of lens the testing of complete
optical materials and film objectives
basic geometrical optics illumination in optical spectacle lenses

images
electro-optical devices
television optics
infrared detectors
infrared equipment

diffraction

interference and coating
polarization

projection screens
precision and accuracy

mirror and prism systems

mirror coatings

eyepieces and
magnifiers
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“Anesthetic...
clamp...
diamond.”

Diamonds, the workhorses of industry, are now
finding intriguing uses in the operating room.

A Wilmington ophthalmologist and a New York
plastic surgeon have uniquely and successfully
used diamond instruments. The ophthalmologist,
Dr. Davis G. Durham, developed a new
technique in cataract surgery. The technique

is based on a surgical knife with a
microscopically perfect cutting edge formed
from gem-quality diamond. The blade
measures less than 100 Angstroms in thickness.

“The advantage of the diamond knife,” says

Dr. Durham, “is that it makes a perfect beveled
corneal incision, which results in faster healing.”
To date he has performed over 70 successful
cataract removals with the diamond knife.

Dr. James W. Smith, a plastic surgeon,
specializes in the repair of peripheral nerves.
He uses precision forceps whose tips have
been embedded with diamond dust.

These new forceps can grasp very fine tissue
firmly, without damaging it. Also, the
surgeon can grip sutures more securely
when tying damaged tissues together.

But you don’t have to work in an operating
room to reap the benefits of diamond tools.
Natural and synthetic diamond tools are
routinely used for a multitude of jobs in optics,
metalworking and road-building.

Don’t be frightened by the cost of diamond tools.
Because if you cut, sharpen, or smooth
anything in your business, you can probably
use diamonds profitably. Your tool and

wheel maker can show you how.

Or write to this magazine for more information.

De Beers 1 - World’s leading source

of natural and synthetic diamonds
_ for industry . . . backed by
the Diamond Research Laboratory

Shannon, Ireland s
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The Nobel Prizes

‘““No man possesses a genius
so commanding...that he can
attain eminence, unless a
subject suited to his talents
should present itself, and an
opportunity occur for their
development.”’

he will of Alfred Nobel, which es-
I tablished the Nobel prizes, speci-
fies that the prizes be given “to
those persons who shall have contributed
materially to benefit mankind during the
year immediately preceding.” This has
never been practical for the prizes in sci-
ence. Indeed, the science prizes have
seemed to fall into two general cate-
gories: those awarded for recent work
(although seldom for work during the
year immediately preceding) and those
given for work that was done many years
ago and has already become part of the
tradition of science. This year the prizes
are almost entirely of the latter kind.

The prize for physiology and medi-
cine was shared by Peyton Rous, 87, of
Rockefeller University and Charles B.
Huggins, 65, of the University of Chi-
cago. The chemistry prize was awarded
to Robert S. Mulliken, 70, also of the
University of Chicago, and the physics
prize to Alfred Kastler, 64, of the Ecole
Normale Supérieure in Paris.

In 1910 Rous, who had just been in-
vited to the Rockefeller Institute, began
studying sarcomas, a type of malignant
tumor, in hens. He wanted to see if the
tumors could be transmitted from one
hen to another. He soon discovered that
a cell-free filtrate obtained from ground
tumors would induce sarcomas when in-
jected into healthy hens. The infective
agent was evidently a virus—a type of
organism then little understood. For
some 40 years viruses appeared to be
an oddity among cancer-causing agents.
In 1951, however, a type of leukemia in
mice was traced to a virus. Since then,

—Pliny.

Against a panorama of severe
technical challenge, Lockheed has
mounted one of the largest and
broadest R&D programs in the
country. Lockheed's far-reaching
land, ocean and space activities in-
clude: Advanced technology satel-
lites, bioastronautics, cryogenics,
advanced concepts of re-entry,
advanced materials, manned and
unmanned exploration of distant
planets. Unique land vehicles,
natural resources systems, micro-
particles, underground nuclear
tests, command systems for the
military services, new concepts in
tactical missiles, state and hospital
information systems. Deep
Submersible RescueVehicles,under-
water imaging systems, commer-
cial development of the ocean
bottom. If you feel that you can
contribute to one of these programs
write, R. C. Birdsall, Professional
Placement Manager, P.O. Box 504,
Sunnyvale, Calif. or, call collect
(408) 743-2200, until midnight
Pacific Coast Time. Lockheed is
an equal opportunity employer.

LOCKMHEED

MISSILES & SPACE COMPANY

A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION
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SGIENGE AND

according to the committee that award-
ed the prize, “the significance of Rous’s
initial discovery...has been enhanced
with every passing year.”

Huggins work was also concerned
with cancer. In the early 1940’s he found
that female sex hormones would effec-
tively retard the growth of prostate can-
cer in men by causing the prostate tis-
sue to atrophy. This was the first non-
radioactive substance to be effective in
the control of cancer and launched a
general search for chemotherapeutic
agents.

Mulliken’s contributions to chemistry
are embodied in some 200 papers dat-
ing back to 1919. His principal work in-
volves “molecular orbitals,” the concept
that the valence electrons in molecules
are not bound to a particular atom but
travel in orbits around two or more
atomic nuclei.

Following the rise of quantum me-
chanics in the late 1920’s Mulliken be-
gan applying its teachings to the under-
standing of the chemical bond. He is
credited with unraveling the complex
spectra of molecules by means of argu-
ments based on symmetry principles,
aided by an intuitive feeling for molec-
ular structure. At about the same time
John C. Slater of the Massachusetts In-
stitute of Technology developed a par-
allel interest in molecular orbitals and
developed their mathematical theory.
Because Slater published exclusively in
physical journals his work is less well
known to chemists than Mulliken’s is.
Prior to the development of high-speed
computers the theory of molecular or-
bitals was too complex to apply to prob-
lems of practical interest to chemists.
In the past 10 years, however, the the-
ory has been used successfully to predict
molecular behavior and has been con-
firmed by experiment.

Kastler received the physics prize for
his development of “optical pumping,” a
method for raising atoms to particular
energy levels previously inaccessible for
detailed study. Normally when atoms ab-
sorb energy they are raised to a variety
of excited states from which they subse-
quently fall at random to lower states.
Optical pumping provides a method for
obtaining a large population of atoms in
a particular excited state so that one can
study the spectrum of the radiation they
emit in falling to a lower energy state.
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Basically Kastler’s method involves
shining circularly polarized light into a
rarefied gas of the atoms to be studied.
After being pumped to higher energy
states the atoms fall to lower states,
which gives rise to a population distribu-
tion that is no longer the equilibrium
mixture that existed before pumping.
By applying radio-frequency energy to
this nonequilibrium mixture it is possible
to alter the population again, thereby
acquiring information about the fine
structure of atomic spectra. In describ-
ing his work some years ago Kastler
generously credited a 1949 paper by
Francis Bitter of the Massachusetts In-
stitute of Technology with providing
“the starting point of all research on op-
tical detection of radio-frequency reso-
nance.”

Optical pumping not only proved
fruitful for studying the fine structure
of atomic states but also, in the hands
of others, contributed to the develop-
ment of precise atomic clocks, to sensi-
tive magnetometers now used in space
exploration and to lasers.

Congress and Science
A Congressional subcommittee, while
calling attention to the growing role
science and technology must play in
meeting national problems, has empha-
sized the need for “careful and improved
methods” of utilizing technical knowl-
edge. “Otherwise,” according to the
House Subcommittee on Science, Re-
search, and Development, “we may
strangle in the coils of an unplanned, un-
wanted, but unstoppable technocracy.”
In a report to the parent Committee on
Science and Astronautics the subcom-
mittee, whose chairman is Emilio Q.
Daddario of Connecticut, summarized
its first three years™ activities. Then it
went on to delineate 12 major problem
areas, each of which “will demand a
greater appreciation by the public and
a greater understanding by public ser-
vants before it can be treated with logic
and effect.” These were some of the
areas:

Protecting the natural environment—
controlling  pollution, understanding
weather, developing natural resources.
“The rate at which we are altering our
environment and consuming our re-
sources,” stated the subcommittee re-

The Air Force checks and
replaces airplane engines at set
intervals—whether or not they
need to be.

Yet even this stringent
procedure sometimes fails to
find and correct potentially
dangerous conditions.

It costs a lot of money, too.
As does the entire Air Force
maintenance program.

But an airborne experiment
now under way may change all
that. It's called Project ““Lead the
Force,” and it uses six Lockheed
C-141 jettransportsas flying
guinea pigs.

Each planeis equipped witha
digital tape recorder; a device
that gathers data directly,
without the need for telemetry.

As the planes ply the skies
(for 8 to 10 hours at a stretch),
the recorders monitor changes
in 91 functions: 80% of which
relate to engine performance;
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Why are we keeping the Air Force's maintenance program
up in the air?

20% to structural conditions
and flight characteristics.

If theory holds in practice
(3,300 reels of Audev computer
tape—50,000 hours of informa-
tion—await analysis), it may be
possible to extend maintenance
intervals. The data may even lead
to digital recorders on every
plane, evaluation after every
flight (all Air Force bases soon
will have the necessary com-
puter), and a thankful savingin
lives and money.

Was Audev computer tape
picked by the Air Force because
21 of the top 25 companies in
the U.S. buy fromus? Is it
because we're tape specialists?

Probably. One thing you can
be sure of when trying to get
your next program off the ground:
itwas a down-to-earth decision.

Aucdev COMPUTER TAPE

BY AUDIO DEVICES, INC.
235 E. 42 ST., NEW YORK 10017
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port, “may be the most serious blight
affecting contemporary civilization.”

Application of computers and provid-
ing the new computer management sys-
tems with “more efficient coupling to hu-
man control.”

Stimulating industrial research and
development, which the subcommittee
finds has lagged in relation to the total
U.S. effort.

Diminishing urban congestion and de-
veloping, through technology and the
social sciences, ways of maintaining a
dignified living environment and “a rea-
sonable degree of personal freedom and
living room.”

Upgrading the quality of education.
“Too often individual needs are neglect-
ed.... Technology is partially respon-
sible for some of the systems that
produce this result—but better technol-
ogy ...should be able to overcome it.”

The seven other areas were providing
new sources of energy, managing infor-
mation storage and retrieval, innovating
in transportation, providing adequate
housing, improving food production and
distribution, alleviating crime and pro-
tecting national health, with particular
attention to mental health and geriatrics.

Governmental effectiveness in such
areas, the report suggested, requires two
special attributes. One is a new ability
to deal with problems whole rather than
treating symptoms. The other is the link-
ing of social sciences with physical sci-
ences and engineering: “We need to
know a great deal more about the be-
havior and motivations of humanity ...
to apply our growing technology with
accuracy and maximum results.”

The subcommittee warned that there
is no longer time to deal with “the dan-
gerous side effects” of applied technol-
ogy after they appear; they must be fore-
seen and forestalled. The report listed
some “obvious” examples:

Technology has produced automatic
machines; the side effects include not
only unemployment but also fundamen-
tal shifts in demands for skills, imbal-
ances of manpower and even the concen-
tration of population in urban centers.
Technology has produced pesticides; the
side effects are chemical pollution of the
soil and trace concentrations of pesti-
cides in human beings—possibly with
adverse effects. Technology has enor-
mously improved the efficiency of lum-
bering and of fishing; the side effects are
the depletion of forests and fishing
grounds.

Some less obvious examples were cited
as being of even greater significance.
Progress in utilizing nuclear energy has
not been matched by techniques for
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disposing of toxic by-products, so that
widespread use of nuclear fuels may be
impractical; should we be working hard-
er on radioactive waste disposal or de-
veloping alternative new energy sources?
Such diverse factors as highway con-
struction, strip-mining and increased
numbers of automobiles, airplanes and
human beings may be upsetting the
earth’s balance between oxygen and car-
bon dioxide; might this affect life cycles
or alter weather patterns?

The subcommittee proposed the con-
sideration of two procedural innovations.
One is the establishment in Congress of
science and technology “study groups”
that would make comprehensive surveys
of broad problems before individual
House committees consider legislation
on aspects of those problems. The other
is the establishment of an early-warning
system for new technology: a Technol-
ogy Assessment Board to keep tab on
“the potential dangers, as well as the
benefits, inherent in new technology.”

Pleistocene Overkill

hat caused the extinction in North

America of large mammals such as
the mammoth, the mastodon, the giant
sloth and the camel? A change in climate
has been the favored hypothesis. Now
Paul S. Martin of the University of Ari-
zona has undertaken to show that the
cause was another change in the animals’
environment: the coming of man.

The remains of 35 mammal genera,
Martin writes in Nature, have been re-
covered from California’s Rancho La
Brea tar pits; they are some 15,000 years
old. By 6,000 years ago none of these
animals had survived. There is no evi-
dence, however, that there was any cat-
astrophic change in grazing conditions
in that period. Moreover, the changes in
vegetation that did accompany the last
retreat of the Pleistocene ice sheet in
the same period had taken place several
times before without affecting North
America’s mammal population. Martin
argues that the significant event was not
the warming climate but the arrival in
the New World of well-armed hunting
bands from Asia about 11,000 years ago
(see “Elephant-hunting in North Amer-
ica,” by C. Vance Haynes, Jr.; Scien-
TIFIC AMERICAN, June).

An argument that has been advanced
against the view that man was respon-
sible for the disappearance of North
America’s largest animals is that Africa,
a continent long inhabited by human
hunters, still has abundant big game.
What this argument overlooks, Martin
writes, is the fact that at least 25 genera
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of large mammals (including two genera
of primitive elephants and seven or more
genera of cattle) became extinct in Af-
rica between 50,000 and 100,000 years
ago. The antiquity of this event rules out
any possibility that a late Pleistocene
change in climate could have been a fac-
tor in it.

In recent years the remains of many
extinct African mammals have been
found in association with large, crude
stone hand axes, scrapers, cleavers and
other tools. These tools, which are
among the earliest specialized human
artifacts, belong to a stone-tool industry
named the Acheulean (after Saint
Acheul, an early Paleolithic site in
France). Acheulean industries seem to
have disappeared from Africa about 50,-
000 years ago—at about the same time
by which all but three of the extinct Af-
rican genera of large mammals had van-
ished. Proposing that hunters armed
with Acheulean weapons did to the
fauna of Africa what Paleo-Indian hunt-
ers appear to have done in the New
World, Martin concludes that in both
cases the primary instrument of extinc-
tion was “Pleistocene overkill.”

Automatic Insulin

Insulin has been synthesized by an auto-
matic process. The sequence of amino
acid units in the insulin molecule had
been determined by Frederick Sanger
in 1954; the molecule consists of two
linked peptide chains, one of 30 amino
acid units and the other of 21. In the past
three years the hormone has been syn-
thesized by groups in Germany, the
U.S. and China. Now it is the first com-
plex protein to be synthesized by the
“solid phase” method of peptide synthe-
sis developed by R. B. Merrifield and
his associates at Rockefeller University.

The problem in peptide synthesis is to
form a series of peptide bonds between
the successive amino acid units of the
chain while at the same time preventing
unwanted reactions involving various
sites on each amino acid. In standard
methods the most difficult part of the
process is isolating and purifying each
intermediate product before it can be
used for the next step in the synthesis;
the separations take time and painstak-
ing effort, and they sharply reduce the
final yield. The German process for in-
sulin synthesis, for example, required
221 steps and took many months.

In the solid phase method the grow-
ing peptide chain is formed with one end
of the chain attached to an insoluble
solid support: a tiny bead of polystyrene.
The peptide itself thus becomes insolu-
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This engineer is developing a way
to send talk down a pipeline of light.

What's he doing at IBM?

The usual channels of long-distance communication, namely, wires, radio and
microwave, aren’t looking so roomy these days.
At the rate we are transmitting talk, pictures, and information between our
cities and into space we may one day need new means of communicating.
One new means appears to be the laser.
A laser beam, in theory, can transmit more information than all the radio
channels currently in use.
The engineer in our picture is one of IBM’s team which is inventing ways
to get information on the beam at one end and off at the other.
IBM’s interest in the laser grows out of its interest in anything
that makes information more useful for people.
IBM has already demonstrated a laser device that can
shoot check-out signals directly into a launch vehicle
standing on the pad. Another IBM team is devel-
oping a laser for communicating with the astro-
nauts, earth to spacecraft, planet to planet.
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It all comes under the heading of
making information easier to get, which
is step one in making it more useful.
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4 Spectra-Physics Model LT-2 Transit-Lite
g projects an intense. narrow (6 inches
wide at 1 mile) beam across the water,
easily visible day or night, enabling
dredge operator to accurately control his
position. Beam is fan-shaped, spreads
6° in elevation, only 12 arc-seconds in
azimuth; can be turned 90° to horizontal
to give dredgers precise measurement
of tidal condition.

Laser transits
help tunnelers make ends meet

When the ends meet in the middle of the 4-mile-long under-bay
crossing engineered for the San Francisco Bay Area’s new rapid
transit system, they’ll be right on the money. Thanks to a new laser
instrument, the contractors are keeping their dredges in line, and
their trenches within stringent specifications, by the use of a net-
work of laser beams to outline the boundaries of the excavation
path.

From points on shore, where they operate unattended, Spectra-
Physics Transit-Lite™ instruments project narrow, fan-shaped
beams, visible day and night (and even through the light fogs
which, rumor has it, sometimes visit the Bay). On board the
dredges, an operator sights a beam and adjusts his position
accordingly. Another beam, fanned out horizontally instead of
vertically, strikes a calibrated staff on the dredge, enabling the
operator to control his depth of cut to compensate for the Bay’s
7-foot tidal variations.

Transit-Lite, for trenching, tunneling, grading, and precision flight-
path control, is typical of many new instruments based on laser
technology. For information about applying the laser transit or
other laser instruments to your own operations, write us at 1255
Terra Bella, Mountain View, California 94040. In Europe, Spectra-

Physics, S.A., 18, rue Saint
E Spectra-Physics

Pierre, Box 142, 1701 Fri-
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bourg, Switzerland.

| ble and is able to withstand simple filter-

ing and washing operations that purify
it as it is formed; the completed chain is
simply cleaved from the supporting plas-
tic chemically. The solid phase method
lends itself to automatic control because
the reactions can all take place within
one vessel. Merrifield’s group devised an
automatic system in which the proper
reagents and solvents are pumped into
the vessel and out again on schedule by
an automatic programmer. The device
methodically adds one amino acid after
the other at the rate of six a day.

By this method several short, biologi-
cally active peptides were synthesized,
and now Arnold Marglin and Merrifield
have reported in the Journal of the
American Chemical Society the synthesis
of the two chains of cattle insulin, which
closely resembles human insulin. The
30-unit chain was produced “by hand”
and the 21-residue chain by the fully
automatic process, but the method was
essentially the same in both cases. A
compound containing the first amino
acid in a chain, with its reactive sites
“protected,” was bound to a particle of
the plastic. Then the protective group
was removed from the site at which the
first peptide bond was to be formed and
a compound containing the second ami-
no acid was allowed to react with the
first. To make the 30-unit chain the
process was repeated 28 times, after
which the completed peptide chain was
cleaved from the plastic. This portion of
the process took 11 days; the yield at
that point was 64 percent (based on the
amount of the first amino acid that had
been bonded to the plastic). After fur-
ther steps to remove protective groups
the yield was 21 percent. The other
chain took eight days to synthesize and
showed a final yield of 37 percent. To
test the chains the investigators com-
bined them with each other and with
complementary natural chains and test-
ed them for biological activity. The
chains compared well in this respect
with chains synthesized by standard
methods. Marglin and Merrifield suggest
that “the remarkable simplicity of op-
eration, the short time required for the
synthesis and the high yields” emphasize
the advantages of their method.

The Seduction of Bark Beetles

he bark beetle, an insect that annual-

ly destroys five times more timber in
the U.S. than all forest fires combined,
can be added to the list of insect pests
subject to biological controls. The fore-
most candidates among insects for con-
trol by natural processes are the more



than 230 species, distributed among 14
insect orders, that secrete complex vola-
tile substances to attract members of the
opposite sex. In 175 species the female
produces the sex pheromone; in 60
others the male is the producer. More
than 20 of the insects whose sexual be-
havior is chemically mediated are serious
economic pests. Natural or synthetic sex
pheromones are now being used both for
survey and control purposes against six:
the gypsy moth, the pink bollworm, the
codling moth, the sugarcane borer, the
fall armyworm and the cabbage looper.
Gary B. Pitman and J. A. A. Renwich
of the Boyce Thompson Institute for
Plant Research (working with Jean
Pierre Vité of the University of Gottin-
gen) and Robert M. Silverstein and J.
Otto Rodin of the Stanford Research
Institute in California have announced
their independent isolation and identifi-
cation of the sex attractant produced by
bark beetles of the genus Ips. Silverstein
and Rodin reported at a recent meeting
of the Canadian Entomological Society
at Banff that they have also synthesized
the Ips pheromone. The male bark
beetles secrete the substance in the hind
gut as they feed on host plants; their
excretions then attract the females. Sev-
eral other genera of bark beetles do the
same, sometimes the male producing the
pheromone and sometimes the female.
Identification and synthesis of other bark
beetle pheromones should greatly en-
large the opportunities for using phero-
mones to lure the insects into traps.

Enzymes on the Rocks

he notion that freezing offers the key

to the preservation of biological
materials, including human organs, is
thrown into question by experiments
showing that certain enzymatic proc-
esses go faster in frozen solutions than
in liquid solutions. N. H. Grant and
Harvey E. Alburn of the Wyeth Labora-
tories report in Nature that a number of
reactions that are catalyzed by the en-
zyme trypsin proceed faster at —23 de-
grees centigrade than at 1 degree C.

Grant and Alburn were prompted to
make their study by earlier reports that
a wide range of catalyzed reactions, in-
cluding hydrolysis, aminolysis, dehydra-
tion and oxidation are accelerated by
freezing. In those experiments the cata-
lysts were not enzymes but inorganic
compounds of various kinds.

As a result of their findings Grant and
Alburn conclude “that enzyme reactions
may speed up or change their pathway
in the frozen state, despite decreased
kinetic energy and probable restricted

diffusion. Between zero C. and —70 de-
grees C. the liquid-water component in
frozen systems is highly structured. We
are now testing theidea that frozen solu-
tions might offer a useful model for in-
vestigating how agents which make and
break water structure influence biologi-
cal processes.”

The Electric Automobile (Cont.)

Further evidence that the electric auto-

mobile is being seriously considered
as an alternative to the internal-combus-
tion car is provided by the recent an-
nouncement by the General Motors Cor-
poration that it is working on electric
vehicles. Other companies, notably the
General Dynamics Corporation and the
Ford Motor Company, have stressed the
development of novel batteries for such
vehicles (see “The Electric Automobile,”
by George A. Hoffman; ScienTIFIC
AMERICAN, October). General Motors
has produced two actual machines.

The two vehicles are a battery-pow-
ered Corvair and a small truck that gets
its electricity from a fuel cell. The “Elec-
trovair II” has a top speed of 80 miles per
hour and a range of between 40 and 80
miles. Its 286 silver-zinc batteries cost
$15,000 and can be recharged only
about 100 times. The truck has a range
of between 100 and 150 miles; there-
after the liquid oxygen and liquid hydro-
gen of its fuel cell must be replenished.
General Motors is investigating an alter-
native power source: a battery utilizing
lithium and chlorine that might prove
both inexpensive and efficient.

Photocopying by Radioactivity

Neutron activation, the technique by
which nonradioactive atoms are
made radioactive by neutron bombard-
ment, has found an unusual application
in the restoration of early photographs.
Faced with the severe deterioration of a
number of century-old prints made by
the pioneer photographer W. H. F. Tal-
bot, the Smithsonian Institution has suc-
cessfully copied several of them by
rendering the silver of the images ra-
dioactive. The process, described in
Science by Eugene Ostroff, was used
instead of more conventional methods
of restoration because the chemical
characteristics of the prints were not
known.

Each print was exposed to a fairly in-
tense flux of neutrons in a nuclear reac-
tor. The bombardment converted some
of the silver atoms in the image to the
radioactive isotope silver 108, which has
a half-life of 2.3 minutes and emits
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high-energy beta rays. The irradiated
print was then placed in contact with a
fine-grain high-contrast X-ray negative,
which captured the original image even
though little or nothing remained visible
on the print itself.

Against Streptococcus

An experimental vaccine has been de-

veloped that shows some promise
of combating streptococcal infections.
These infections can lead to rheumatic
fever, rheumatic heart disease and kid-
ney disease. The process by which they
do so is still not clear, but it is thought to
involve a form of hypersensitivity (see
“Rheumatic Fever,” by Earl H. Frei-
mer and Maclyn McCarty; ScienTIFIC
AMERICAN, December, 1965). Antigens
in the streptococcus apparently stimu-
late antibodies that attack certain tis-
sues of the infected host as well as the
bacterium itself; the presence of these
antigens has made it impossible to de-
velop a vaccine by using the whole bac-
terium.

In the cell wall of the streptococcus,
however, there is a so-called M protein
that accounts for much of the germ’s
virulence: it inhibits phagocytosis, the
process by which defending white blood
cells dispose of invading organisms. Spe-
cific antibody to this M protein neutral-
izes the protein and renders the bac-
terium vulnerable to the body’s defense
system. Unfortunately there are some 50
different types of M protein, and anti-
bodies to one are not effective against an-
other. Moreover, it is hard to isolate M
protein in a form that is potent but not
harmful to the host’s tissues.

In the Journal of Immunology Eugene
N. Fox of the University of Chicago has
reported making vaccines with M pro-
teins that do not damage heart tissue,
according to tests performed at Rocke-
feller University. By combining three
different proteins he made a vaccine
that, when tested in animals, appears
to offer protection against three types of
streptococcus; one of the three strains is
currently responsible for many strepto-
coccal infections and for most strepto-
coccal kidney disease. Another vaccine,
which has had a preliminary test in hu-
man beings, conferred protection against
only one type of streptococcus. Fox and
his associates, Albert Dorfman and M. K.
Wittner, hope to make a vaccine that will
protect against four to six types, which
they feel would account for nine out of
10 infections. Several years of testing
with large numbers of human beings will
be necessary to prove the safety and
efficacy of such a vaccine.
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NOISE

There 1s widespread concern that the noisy environment of modern man

not on],y 1S distracting but also causes damage to the ear. What are

the facts of the matter, and how can noise be brought under control?

ankind seems destined to live in
M an increasingly noisy environ-
ment. The growth of population
and the proliferation of machines are
steadily raising the noise level, not only
in our cities but also in the countryside.
Moreand more we are exposed to a babel
of technological noises that disturb our
sleep, make conversation difficult, create
anxiety and in many cases may result
in a permanent impairment of hearing.
Although the noise problem has been
widely discussed and studied for many
years, it has not yet been dealt with
in any thoroughgoing way. In several
sectors of our technology, however, it
has recently presented itself in an acute
form. A crisis was precipitated for a
considerable part of U.S. industry by a
court decision in the state of New York
in 1948. Matthew Slawinski, a drop-
forge worker, had filed a claim against
his employer for compensation for par-
tial deafness caused by the high noise
level in the shop where he worked.
Eventually the New York State Court
of Appeals upheld his plea that he had
suffered an occupational disability (al-
though he was able to continue at full
pay as a drop-forge worker), and he
was awarded $1,661.25. The decision
was soon followed by the filing of hun-
dreds of claims against employers by
workers in noisy industries in many oth-
er states. Management alarm in these
industries—textile mills, drop-forge and
metal-fabricating shops, steel mills, met-
al-container plants and others—rose to
near-panic proportions, and a member
of the Wisconsin Industrial Commission
estimated that the total of claims for oc-
cupational loss of hearing in the U.S.
might rise to billions of dollars.
Industry was given a reprieve by later
judicial elaboration, in New York and
elsewhere, of the original ruling. It is
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now held that to establish a claim a work-
er must retire from his noisy occupation
for some months in order to determine
whether or not his hearing loss is per-
manent. Since most workers do not wish
to give up months of wages (or their oc-
cupation) for the chancy opportunity to
sue for a compensation award, the surge
of claims has subsided.

Nevertheless, industry has not entire-
ly recovered from its scare, and other
noise sources—notably the rising din of
automobile and airplane traffic—are cre-
ating active public concern and demands
for remedies. It is clear that the basic
problem is essentially incurable; noise is
an unavoidable price we must pay for a
machine civilization. But if we cannot
eliminate the noise of modern technolo-
gy, we can at least control it to minimize
its effects. The problem of control has
three main aspects: technical, economic
and political.

Effects on Hearing

Let us consider first what has been
learned about the effects of noise on
the human organism. The most obvious
effect, of course, is on the hearing organ.
Everyone knows that a very loud noise,
such as the explosion of a large fire-
cracker, will produce momentary deaf-
ness. Permanent hearing loss, however,
develops only from repeated or con-
tinuous exposure to high noise levels.
The relation between such exposure and
hearing impairment has been investi-
gated carefully in a number of studies.

To understand the results of these
tests one must know something about the
methods of measurement. The intensity
of sound is measured in decibels, and a
person’s hearing is measured in terms
of the threshold decibel levels at which
his ear can detect sounds at given fre-
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quencies. The amount of an individual’s
“hearing loss” can therefore be gauged
by comparing his acuity with an average
or standard of hearing sensitivity; if,
for instance, a sound must be raised to
15 decibels above the standard for him
to hear it, he is said to have suffered a
15-decibel hearing loss. In the U.S. the
standard for average hearing has been
established by the American Standards
Association on the basis of tests of a large
group of people between 18 and 30 years
of age without hearing difficulties.

As is well known, the audibility and
quality of sounds depend a great deal
on frequency. The frequencies up to
3,000 cycles per second are the most
important for understanding speech.
Higher frequencies are generally judged
“noisier” and more annoying (although
they are essential for full enjoyment of
music). It is at the higher frequencies
that hearing losses become most marked
with advancing age or in the impair-
ment due to exposure to noise. Hearing
tests generally examine the subject’s sen-
sitivity in a series of bands; each band
consists of an octave, that is, the highest
frequency in it is twice that of the lowest.

Here are the results of a classic study
of 400 men engaged in a noisy occupa-
tion. They had worked daily at a noise
level averaging 90 decibels in each of
the six octave bands between 100 and
6,000 cycles per second, some of them
for periods of up to 40 years. On the
average the men suffered substantial
hearing losses, particularly at the higher
trequencies and during the early vears
of their exposure. Some of those who
had been exposed for 10 vears, even
voung men of 30, had so much impair-
ment that they found it difficult to un-
derstand speech.

The study showed that individuals dit-
fer considerably in their vulnerability



SONIC BOOM, one of the many new noises plaguing man today,
is produced when an airplane that is traveling at supersonic
speed generates a cone-shaped shock wave such as the one seen in
this schlieren photograph. When such a shock wave drags along the

ground, it causes an abrupt change in air pressure that may ex
ceed two pounds per square foot. The photograph, which shows a
test model of an airplane nose, was made in a high-speed wind tun-
nel at the research center of the Lockheed Aircraft Corporation.
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to noise: among those who had been ex-
posed for 25 years or more there was
a spread of about 30 decibels in the
amount of hearing loss at the higher fre-
quencies. The variation in vulnerability
suggests that it should be possible to dis-
cover at a fairly early stage those persons
who are particularly susceptible to hear-
ing impairment and transfer them to
quieter jobs. The damaging effect of
noise is especially marked and prompt in
showing itself at the frequency of 4,000
cycles per second; hence this test should
be a good indicator for identifying noise-
susceptible people. By way of compari-
son, a separate study of individuals who
pursued quiet occupations has shown
in detail how hearing at the high fre-
quencies deteriorates with age. Among
men in their 60’s the average loss of hear-
ing at these frequencies is about 30 deci-
bels, and in the 70’s the loss rises to
some 40 decibels or more.

Psychological Effects

When we move into other realms of
noise effects, such as the psychological
consequences, it is hard to find a basis for
measurement. The noises of our daily
life have been blamed variously for the
high divorce rate, social conflict, indiges-
tion and other organic disabilities, ner-
vous breakdown, high blood pressure,
heart failure and even insanity. Most of
these allegations arise from overvivid
imaginations, but one cannot rule out
the possibility that some people are par-
ticularly sensitive to noise just as others
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are allergic to nuts, eggs or household
dust. As far as controlled social observa-
tions go, however, we can only say that
the demonstrable and important biologi-
cal effects of loud noise are—in addition
to the impairment of hearing—interfer-
ence with speech communication, dis-
traction of people from work requiring
concentration, interference with sleep
and a subjective reaction of annoyance.

Studies of the annoyance effect have
been conducted among people living in
noisy areas: in central London, near the
London airport and in several U.S. cities,
some of them near military air bases.
Thousands of people were interviewed,
and some interesting statistics have
emerged. In any noisy environment,
whatever the intensity of the noise, about
a fourth of the inhabitants say they are
not perturbed by the noisy activities.
These people apparently are able to live
happily next to elevated railroads, truck-
ing routes, airplane flight paths and oth-
er loud noise sources. At the other ex-
treme, about a tenth of those interviewed
seem to be disturbed by almost any noise
not of their own making, regardless of
how faint it may be. (The interviews
elicited the fact that the same people
were dissatisfied with many other things
in their environment.)

In areas where a specific source (such
as airplanes) produces a constant din,
about a third of the people said they
tended to get used to the noise; on the
other hand, a fourth said they were in-
creasingly bothered by the noise as time
went on. Personal reactions to noise did
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not appear to be correlated to any sig-
nificant extent with age, sex, income or
education. Many people were, however,
influenced by specific fears: many of
those who lived next to traffic routes said
they were sensitive to the noise because
of fear for the safety of their children;
many of those near airports dreaded the
noise because of the possibility of plane
crashes. We should not minimize the
annoyance effect of noise. Some physi-
ologists assert that annoyance is a bi-
ological protective mechanism (like the
discomforts of fatigue, hunger or cold)
that impels the organism to avoid noise
as it does other signals of disturbance.

Noise Control

Let us turn now to what has been
done, and what can be done, to control
noise in the areas of greatest concern.
Foremost among these areas, of course,
is industry, where continual exposure
may seriously damage the workers’ hear-
ing.

The first need is to determine what the
tolerable levels are, and a number of
studies have been devoted to this ques-
tion. A committee of the American
Standards Association, in an investiga-
tion that is still under way, has arrived
at some preliminary ideas on permissible
limits of noise exposure for a worker at
his daily job. The test applied by the
committee is that after 10 years of the
daily exposure a worker should not have
suffered any appreciable impairment of
his ability to understand speech at nor-



mal voice levels. On the basis of this cri-
terion the committee investigators have
determined permissible daily “quotas” of
exposure, that is, the number of minutes
of exposure per day that can be tolerated
at various decibel levels and for various
sound frequencies. The committee’s ten-
tative conclusion is that over an eight-
hour working day 85 decibels (for each
of the octave-band frequencies above
700 cycles per second) is about the limit
people can tolerate without substantial
damage to their hearing. A study by the
U.S. Navy has suggested that a higher
figure is permissible; testing naval per-
sonnel, it found that daily exposure up
to 90 decibels did not impair the men’s
ability to understand speech.

The noisy industries themselves have
begun to take steps to reduce the risk of
hearing loss. Most of the employers in
these industries now test the hearing of
workers when they are hired and at in-
tervals afterward. They often require
workers in the noisy locations to wear
earplugs, earmulfls or both. Many fac-
tories are applying mufflers and other
noise-reducers to their machines, build-
ing enclosures around them and cover-
ing the room walls with sound-absorb-
ing materials. Some companies go so far
as to specify, when buying new machin-
ery, that the machines must not generate
noise above a stated level.

At the political level a few states have
adopted legislation requiring employers
in noisy plants to provide earplugs or
earmuffs for their workers. In California
the state Department of Industrial Rela-
tions has issued a noise-control safety
order specifying the circumstances under
which ear protection must be worn. It
is required, for example, if the worker is
exposed for more than five hours a day
to 95 decibels or more in any one of the
octave-band frequencies above 300 cy-
cles per second.

A number of states now have laws that
give workers the right to claim compen-
sation if they have suffered a loss of abil-
ity to understand speech, even though
this may not have meant the loss of their
jobs. The Council of State Governments
has recommended a uniform law for all
the states that would specify the condi-
tions for compensation claims. It defines
noise-induced hearing loss as a compen-
sable disability and establishes a disabil-
ity scale based on the average of the
hearing loss measured at 500, 1,000 and
2,000 cycles per second. The compen-
sable loss would be that beyond 15 deci-
bels, after deducting the natural loss due
simply to aging (which is specified as
half a decibel per year after the age of
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FREQUENCY (THOUSANDS OF CYCLES PER SECOND)

HUMAN HEARING extends over a considerable range of frequencies and can accommo-
date to a surprisingly wide range of sound pressures. The sound pressure is measured in
decibels, or tenths of a bel (a logarithmic unit used to express ratios). Zero on the decibel
scale indicates the barely audible sound produced by a pressure of .0002 microbar (one
microbar equals one dyne per square centimeter, or about a millionth of a standard atmos-
phere) alternating at the rate of 1,000 cycles per second. Sound intensity increases exponen-
tially: a 10-decibel sound is only twice as loud as a one-decibel sound, but a 20-decibel sound
is four times louder and a 100-decibel sound is 1,000 times louder. The light gray area in-
cludes the range of frequencies and intensities that the normal human voice produces; the
broken line dividing this area follows the average speech level for a male standing three
feet away. Signals with pressures below the bottom curve are usually inaudible. Signals with
pressures above the top curve, in turn, so overload the human ear as to be unintelligible.
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EAR COVERS protect a pharmaceutical-plant employee from the 100-decibel din of a pul-
verizing machine. Hearing protection is recommended for all workers who are consistently
exposed to noise louder than 85 decibels in frequency bands above 150 cycles per second.

40). The recommended legislation also
includes provisions designed to protect
employers: workers could file claims only
after six months of separation from ex-
posure to noise and the employer’s re-
sponsibility would be limited to the
amount of hearing loss incurred by the
worker with this employer (that is, ex-
cluding losses in previous jobs).

Noise and Speech

I want at this point to discuss in a little
more detail the loss of the ability to un-
derstand speech, to which I have al-
ready referred so often in this article.
The word-comprehension test has proved
to be a remarkably useful aid to noise
research, not only because it provides a
convenient way to measure hearing loss
but also because it serves as a criterion
for establishing permissible noise limits
in almost all types of situation. The anal-
ysis of speech sounds and of effects of
noise on speech comprehension has there-
fore given usinvaluable information.

Laboratory studies with sound-record-
ing devices tell us that speech is made
up of a great variety of sounds at various
frequencies and intensities. Each letter
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or syllable, as normally enunciated, car-
ries a mixture of tones, each with a cer-
tain characteristic intensity. Consider the
word “sit.” The sound of “s” consists of
relatively high-pitched tones at a moder-
ate intensity level; “i” is lower-pitched
and stronger in intensity; “t” is made up
mainly of high-frequency tones at low
intensity, so that its sound is compara-
tively faint. Now, to understand the
word when it is spoken a listener must
hear and unambiguously identify each
letter. If he fails to catch the “t,” he may
mistake “sit” for “six”; if he misses the “i”
sound, he cannot tell whether the word
is “sit” or “sat.” Laboratory tests have in
fact demonstrated that to understand
English speech perfectly one needs to
hear essentially all its sounds over the
frequency range from 200 to 6,000 cy-
cles per second. It has been found that
this spectrum can be divided into some
20 bands, all of which prove to be equal-
ly important for speech intelligibility. It
also turns out that within each band the
intensity of the various speech sounds
(for letters and syllables) as they are or-
dinarily enunciated varies over a range
of about 30 decibels (from the faintest to
the most intense). We can therefore plot
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on a graph the region of speech intelligi-
bility, in terms of the necessary decibel
levels for the various frequencies.

As a standard for reference we can
plot the “speech region” in the case of a
young male speaker talking at a normal
voice level and standing about three feet
from the listener. If the speaker talks
softly, the entire speech region moves
down about six decibels (that is, all the
sounds are that much fainter); if he
raises his voice above the normal level,
the region rises six decibels above the
standard; if he shouts, the region moves
up another six decibels. The sound level
for the listener also varies with distance
between the speaker and the listener: for
each doubling of the distance the speech
sounds become six decibels fainter, and
for each halving of the distance they be-
come six decibels louder.

Now, if we plot on the same graph the
threshold levels of audibility of sounds
for persons with average or normal hear-
ing, we can readily measure the effects
of loss of hearing ability. Whenever a
person’s hearing loss is such that his au-
dibility threshold rises into the normal
speech region, he will fail to hear the
speech sounds at the affected frequen-
cies and to that extent will suffer a loss
of speech comprehension.

The effects of interfering noise can be
shown even more graphically. Noises at
decibel levels within the speech region
will mask, or blot out, the speech sounds.
There are continuous-spectrum noises,
such as those of a waterfall, a jet engine
or a moving train, that will overwhelm
the speech region at all frequencies.
Thus a railroad train approaching a sta-
tion where two persons are talking makes
it more and more difficult for the two to
understand each other, and at its peak
the train noise may make speech impos-
sible. By raising their voices and moving
closer together, thereby elevating their
speech region, the two speakers may be
able to achieve a slight measure of com-
munication. There is a level, however, at
which speech can be too loud to be un-
derstood. A person shouting into a listen-
er’s ear may so overload the ear that the
speech sounds become unrecognizable.

From the type of analysis I have been
describing we can derive information
that enables us to set up definite criteria
for noise control in our various working
and living spaces: offices, conference
rooms, shops, homes and outdoor loca-
tions. In our laboratory at Bolt, Beranek
and Newman, Inc., we have worked out
a scale of speech-interference level (SIL)
that can be used as a guide for determin-
ing the permissible limits of background



noise in given situations. The scale de-
fines background noise in terms of a kind
of decibel specially created for the pur-
pose: the SILAB. This unit is an average
of the decibel readings in the three oc-
tave bands between 600 and 4,800 cy-
cles per second. For instance, in the case
of two persons six feet apart outdoors,
one speaker will readily make himself
understood by speaking in a normal voice
if the interfering noise level is no louder
than 49 SILdB; against a background of
55 SILdB he will have to raise his voice;
at 67 SILdB he must shout.

Using this scale, we have derived the
following criteria for specific situations.
In a private office or small conference
room, where the people may be sepa-
rated by distances of 10 to 25 feet, the
speech-interference level of the back-
ground noise should be no higher than
30 to 35 SILdB, so that conversation
can be carried on at normal voice levels.
In large engineering and drafting rooms,
where people may stand closer together
(about six feet apart) and be willing to
raise their voices, a noise level of 40 to
50 SILdB is tolerable. In the home, if
we apply a standard of quietness that
would allow the television or radio to
be understood comfortably at moderate
levels of loudness, the interfering noise
level should be no more than 30 to 35
SILdB. For telephone conversation the
interfering noise should be no more than
45 SILdB; above that level background
noise begins to make telephone commu-
nication difficult, and when it reaches 75
SILdB use of the telephone may be-
come impossible. In all situations the
highest noise level that will allow any
intelligible communication is about 90
SILdB; against this background the
speaker must shout into the listener’s ear
from a distance of three to six inches.

Quieter Buildings

What can be done to make our build-
ings, particularly dwellings, quieter?
Certainly we must give more thought
to their basic design. In contemporary
architecture the primary emphasis seems
to be not on function but on aesthetics.
Two of the principal ideals are transpar-
ency and continuity—in physical terms,
glass and the open plan. Unfortunately
continuous structures and open plans are
inimical to quiet living. Many modern
dwellings are acoustical torture cham-
bers!

In apartment buildings the errors of
design are compounded by economic
pressures that have resulted in a too
ﬂimsy separation between apartments.

Many new high-rise apartment buildings
in New York are so noisy that their oc-
cupancy rates have fallen below the
profitable level. Apartment hunters have
been known to carry portable radios with
them so that they can test the noise trans-
fer from one apartment to thenext. Some
owners of cooperative apartments are
compelled to spend large sums to in-
sulate their dwellings more satisfactorily
against the noise of their neighbors.
The difficulty is not that techniques

for making dwellings quiet are unavail-
able. Noise can be controlled by erect-
ing heavier or multilayered walls be-
tween apartments, by floating floors or
hanging ceilings from vertical structural
members, by installing nearly silent bath-
room fixtures, by designing ventilation
ducts to minimize the transmission of
noise and by using quiet systems of air
conditioning. Indeed, it is possible with
present techniques to build apartments
(or offices, libraries and hospitals) that
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LOSS OF HEARING is a natural result of aging (bottom curve and scale), but a much more
severe loss can result from exposure to an excessively noisy environment (top curve and
scale). High-frequency hearing suffers the most. Both curves are for 4,000 cycles per second.
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CUMULATIVE DEAFNESS, due to years of exposure to a noise level averaging 90 decibels
in each frequency band, shows two peaks. The maximum hearing loss at frequencies of 3,000
cycles per second and above is reached in about 15 years. Loss of hearing at frequencies of
2,000 cycles and below, however, does not reach its maximum until after 30 years or more.
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INTENSITY OF COMMON NOISES at various frequencies is

demonstrated for the bells of a telephone and an alarm clock and
the various moving parts of an electric typewriter and a sewing ma-
chine. The most intense noise of all is one peak (between 1,000 and
2,000 cycles per second) of the telephone bell: it reached 76 deci-
bels at the loud setting. The bell of the alarm clock shows five

are actually too quiet—so silent that even
faint noises from outside become obtru-
sive and disturbing. In that case there is
a simple and pleasant remedy: one can
introduce a gentle, steady, “white” noise
—a noise “perfume” that masks the in-
trusive noises and has a soothing effect.

In Europe long experience in apart-
ment living and a popular taste for gra-
cious living (in preference to gadgets)
have led to careful attention to noise
control in the construction of multiple-
family dwellings. Britain, the Nether-
lands, Germany, Sweden and the
U.S.S.R. have well-developed acoustical
building codes that have been applied to
the large-scale program of the rebuilding
of housing since World War II.

Studies have shown that the noises
apartment dwellers consider most annoy-
ing are radio or television noise from
neighboring apartments and impact
noises, as from people moving about on
the floor above. It is not possible to
achieve accurate control of the transmis-
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sion of such noises simply by specifying
construction requirements for walls and
floors, because noise can travel from one
room to another along continuous walls
and through cracks, ventilation ducts,
electric boxes, pipes, conduits or medi-
cine cabinets. Therefore the codes focus
on specifying limits for the amount of
noise that may be transmitted, leaving it
to the builders to devise means of com-
plying with these limits. The amount of
transmission is tested by devices such as
a pounding machine that hammers on a
floor so that the reception of noise in a
room below can be measured. A general
formula for rating the insulating value
of floors, ceilings and walls has been de-
vised: it is based on the difference in
noise level (at 16 significant frequencies)
between the room where the noise origi-
nates and the one where it is received.
The Netherlands code specifies, for
example, that a loud noise must be so
muffled that the noise level at 2,000
cycles per second is 54 decibels lower
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peaks of noise, as does the telephone bell, and one of these is
higher in frequency. The typewriter proves to be uniform in noise
level over most of its range. The sewing machine rivals the tele-
phone bell in sound pressure and outdoes it in range. Ray Donley
of Goodfriend-Ostergaard Associates in Cedar Knolls, N.J., re-
corded the noises and made the sound-pressure analyses shown here.

in the receiving room. (Less attenuation
of noise is required, however, at lower
frequencies.) In Britain, which has sep-
arate standards for Grade I and Grade
II (less expensive) structures, the mini-
mum absorption requirements for noise
at 2,000 cycles per second are 56 and 51
decibels respectively.

In the U.S. such codes are entirely
lacking, and only New York is seriously
considering one. A proposed code for
that city would set the insulation re-
quirement (at 2,000 cycles per second)
at 45 decibels—six decibels less satisfac-
tory than even the Grade II code in Brit-
ain. Even so, the proposed New York
standard would be an improvement over
present conditions there. In many of its
present apartment buildings the noise
insulation is 10 or more decibels worse
than the proposed code.

The control of apartment noise in the
U.S. will be a most difficult matter.
Building codes are strictly local; each of
the nation’s 6,000 cities and towns writes



its own code. Labor is slow to accept new
building techniques. Builders, under the
pressure of competition, are governed
primarily by economic considerations.
Many argue that to attain in the U.S. the
standards of quietness now enjoyed in
modern apartments in Europe (where
building costs are much lower) would re-
quire the development of new types of
lightweight apartment structures that
would be cheaper to build in terms of
materials and labor costs.

Nevertheless, it seems that the time
is near when we can expect noise-control
codes throughout the nation. The Fed-
eral Housing Administration is support-
ing a comprehensive study of the control
of noise in multiunit dwellings. This
study may in time lead to Federal noise-
control requirements for housing built
under FHA mortgages. Moreover, if
New York adopts a noise code, other
cities undoubtedly will follow its lead. It
seems likely that public demand, ex-
pressing itself through codes and in the
marketplace through a deliberate search
for quiet in apartment-hunting, will
compel increasing attention to noise con-
trol in apartment construction. Among
other things, it should stimulate research
on reducing the cost of building quiet
into our dwellings.

Vehicular Noise

We consider next the noise of our ve-
hicles. In retrospect the clip-clop of
horses and the rumbling of carriages
seem the sounds of an idyllic way of life.
Our drive to be continually on the move
and to travel ever more rapidly has cre-
ated a noise nuisance that already has
reached awesome proportions and be-
comes increasingly difficult to live with.
In a British government survey of resi-
dents of central London, in which some
1,400 people were questioned, traffic
noise stood at the top of the list of things
in the environment that people would
most like to change. The din of motor-
vehicle traffic was considered more an-
noying than all other noises put together;
four to seven times as many people were
disturbed by this noise as by the noise
of airplanes, trains or industry.

It is abundantly clear, therefore, that
if city living is to be made tolerably
quiet, the first efforts must be directed to
reducing the noise of motor traffic. We
cannot banish the automobiles, buses
and trucks; they are a necessary part of
our lives. It does not follow, however,
that we must put up with all the noise
now created by these machines.

The levels of noise produced by vari-

ous types of motor vehicle have been
measured carefully on the basis of their
irritating effect on hearers. This measure
depends not only on the physical energy
of the noise but also on the hearer’s per-
ception of its loudness, or “noisiness.”
Noise-measuring instruments have a
standard setting—the “A” scale—that
gives extra weight to the higher fre-
quencies; these variations in sound pres-
sure are recorded in special units called
dBA. Using the A scale, a study of mo-
tor traffic on California freeways showed
that the noisiness level of passenger cars
(for a hearer nearby) ranges from about
60 to 78 dBA at 30 miles per hour and
rises to about 72 to 90 dBA at 70 miles
per hour. The wide spread is due to the
fact that old cars, with their worn muf-
flers, are considerably noisier than new
ones. The study showed in quantitative
terms that the main noisemakers on the
freeways are trucks, buses, motorcycles
and sports cars. The average truck at 60
miles per hour is about twice as noisy as
a steady stream of passenger-car traffic,
and its noise may be well above 100
dBA. The irritating effect of these vehi-
cles is heightened by the startling im-
pact of their loud bursts of noise as they
arrive at unpredictable intervals in the
traffic stream.

The state of California is considering
legislation that would prohibit noise lev-
els above 82 dBA for passenger cars and
92 dBA for trucks and buses. In Britain
the national government proposes to
limit the maximum permissible noise to
85 dBA for passenger cars and trucks
and 90 dBA for motorcycles and other
two-wheeled vehicles. France has al-
ready established limits of 83 dBA for
passenger cars and small trucks, 86 dBA
for motorcycles and 90 dBA for large
trucks and buses.

It must be said that leaving the prob-
lem to state and local legislation in the
U.S. would not be effective. So much
motor traffic, particularly trucking, is in-
terstate today that national laws are
plainly called for. Motor-vehicle noise is
one form of hubbub that should not be
too difficult to control. Highway builders
today have available materials for pro-
ducing quiet road surfaces. The latest
passenger cars generally have effective
mufflers and quiet tire treads. Trucks can
be equipped with adequate mufflers and
noise-damping housing for their engines.
We can have quieter as well as safer
vehicles.

What can be done about airplane
noise? There is no doubt that we shall
soon be exposed to a greatly increased
volume of noise from this source as air

© 1966 SCIENTIFIC AMERICAN, INC

traffic and airports multiply, helicopters
become more widely used and super-
sonic airplanes usher in an era of sonic
booms. It is difficult to determine what
the tolerable levels of airplane noise are,
because they vary widely among indi-
viduals and are conditioned by people’s
attitudes, such as their fear of crashes,
their feelings on the subject of whether
or not the airlines and airports are con-
cerned about their welfare, and so forth.
My own interpretation of the studies
that have been made among people liv-
ing near airports is that for most people
the noise begins to become unbearably
annoying when the airplane noise peaks
(in 20 to 40 daytime flyovers per day)
exceed a “perceived noise” level (mea-
sured in another special unit) around
115 PNdB. Annoyance rises (or toler-
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AUTOMOBILES on a California through-
way make noises heard at a distance of 25
feet with the indicated range of intensities.
Cars moving at 70 miles per hour are from
two to fourtimes noisier than at 30 miles per
hour. At 50 miles per hour trucks (color)
were as noisy as planes at takeoff. The
colored blocks mark the maximum allow-
able noise levels proposed by highway offi-
cials for cars (light) and trucks (dark).
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POUNDING MACHINE is used to determine the amount of insulation against impact noise
that is provided by floor-ceiling construction in multiple dwellings. Each of its hammers
weighs 1.1 pounds; they fall 1.6 inches in succession and deliver 10 impacts per second.

ance declines) if the number of flyovers
or the duration of noise in each flyover
is increased, and tolerance also drops
sharply at night. Some studies indicate
that a flyover seems to sound 10 or more
PNdB noisier after 10:00 p.M. than it
does during daytime hours.

The London airport and Kennedy In-
ternational Airport in New York have
set up noise limits for jet airplane take-
offs (but not landings) that are in accord
with these figures. In London the take-
off is supposed not to exceed 110 PNdB
during the hours between 7:00 a.m. and
11:00 p.M., and after 11:00 p.Mm. the al-
lowance is lowered to 102 PNdB. At
Kennedy the permissible limit for take-
offs over land is 112 PNdB; at night the
jets are usually required to take off over
water.

The Federal Aviation Agency, which
operates the Washington National Air-
port, has been experimenting with take-
off patterns designed to minimize noise
in the surrounding residential areas. Jet
airplanes are required to climb as steep-
ly as possible to an altitude of about
1,500 feet and then coast on minimal
power up to 3,000 feet. To avoid flying
directly over houses in the early part of
the takeoft the plane is also required to
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follow the Potomac River as it climbs.

For the noisy landings of jet airplanes,
made particularly irritating by the whine
of their engine-intake compressors, ame-
liorating maneuvers are not yet feasible.
Most pilots believe for safety’s sake they
must come in to the landing strip at a
low glide angle. To approach at a steeper
angle—say six or eight degrees instead of
three degrees—would require, they in-
sist, several improvements in airplane
design: better instrumentation (perhaps
computer control of the landing), better
engine response and better plane-han-
dling qualities.

Many things could be done to de-
sign airplanes for less noisy operation.
Prompted by regulations of the Port of
New York Authority, operator of Kenne-
dy and other airports, airplane manufac-
turers have fitted silencing devices to
the exhaust ports of turbojet engines.
The new turbofan type of engine has
increased thrust greatly without a pro-
portional increase in noise (but unfor-
tunately it cannot be quieted apprecia-
bly by silencers). Some manufacturers of
jet airplanes are studying the possibility
of mounting the engine nacelles above
instead of under the wings, so that the
wings will prevent much of the noise
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How to make a television camera human

(from a lecture by Dr. H. de Lang of Philips
Research Laboratories, Eindhoven, The Neth-
erlands)

Science and Technology are constantly trying
to improve on Nature. But when it comes to
color discrimination, the plain old-fashioned
human eye takes a lot of beating.

In the early days of color television (a couple
of years ago), many people viewed it with a
jaundiced eye. There tended to be a harshness
in the tinted images, an over-emphasis of
strong color and a washing out of the lighter
ones. One of the main reasons was that the
color separation in the cameras depended
largely on a system of dichroic mirrors con-
sisting of interference layers deposited on flat
glass plates. There are a number of inherent
drawbacks with this system: the mirrors take
up a relatively large amount of space, the ob-
jective fitted to the camera has to have a
fairly large back focus, the support plates
cause aberrations, the mirrors are exposed to
damage, and large angles of incidence have
to be reckoned with. This last named draw-
back is associated with spurious color grada-
tion across the image, unsatisfactory color
separation and unfaithful color rendering
when the incident light is polarized.

To overcome these problems, Bouwhuis and
I developed a new system in which the color
interference layers are enclosed in a cement-
ed assembly of prisms and which appreciably

reduces the effective angles of incidence.

The whole idea of this camera was to match
the color discrimination of homo sapiens -
since homo sapiens was the species that was

going to do the viewing (sundry cats and dogs
excluded).

Our camera contains three Plumbicon* pick-
up tubes, one for each primary color, with
spectral sensitivities approaching that of the
human eye. Each pick-up tube has the same
sort of surface area as the human eye and -
apart from noise in the amplifier chains - is
just about as sensitive. Thescene to be trans-
mitted is conveyed by three ,,optical’’ chan-
nels to the photosensitive layers consisting of
a vapour-deposited porous film of tiny lead
monoxide crystal plates with dimensions in
the order of 1 micron or less. The blue, green,
and red target images of the scene are all
observed from the same point, having a com-
mon entrance pupil (like the human eye) to
avoid parallax phenomena which would affect
the congruity of the three images. For the
actual focussing of the target images, similar
objective lenses are used to those for black
and white television.

For separation, use is made of color-selective
interference filters having the property of
reflecting a pre-determined part of the spec-
trum, and transmitting the complementary
part. Such filters consist of a number of very
thin transparent layers of alternatingly high
and low refractive indices deposited on a glass
surfaceby evaporation in vacuo. In our device
the glass surfaces are those of a prism system.
A number of such systems were designed and
oneofthemisshown on the blackboard above.
The colour-selective interference layers are
at Sg and SR, where the faces of the prism
sections are cemented together to protect the
layers against dust and moisture. To keep the

angle of incidence on the interference filters
as small as possible, thin air layers are provid-
ed that cause total reflection of the blue and
red rays at faces 1 and 2 respectively. The
green rays pass straight through the system.
For each of the colored beams the system
behaves as a plane-parallel plate placed at
right angles to their optical axes. Before
leaving the system, each component passes
through an absorption filter, which is cement-
ed on to the prism, to remove any unwanted
wave length that might still be present. In
this compact design we take special precau-

tions against glare from spurious reflections.

One practical form of this prism system is
shownabove. Here the part at theright of the
vertical dotted line in the blackboard version
has been rotated 90° with respect to the part
on the left. The shaded faces carry the inter-
ference layers.

In actual practice we use a system which re-
duces the effective angle of incidence for the
most critical separation - red/green - from 40°
to 20°

How effective this innovation is can be easily
seen when Plumbicon television cameras
swing into action. There is no harshness in
the tinted images, there’s a nice subtlety in
the color balance and some beautifully sub-

dued tones.

So the camera sees eye to eye with its view.
ers... humanly speaking, that is.

*Registered Trade Mark of N.V. Philips’
Gloeilampenfabrieken of The Netherlands
for television camera tubes.

The Philips Research Laboratories carry out research in many fields of fundamental science. Among these: Acoustics,
Chemistry, Cryogenics, Perception, Plasma, Material testing, Nuclear physics, Solid state physics, Telecommunications.

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

trust in pl‘"“ Ps is world-wide

PHILIPS
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Deep Sky Photography with

The Celestron 10

Schmidt Cassegrain Telescope as shown
here equipped with astro camera adap-
tor and the Celestron 4 Guide Scope.
You will be able to capture on film
exquisite details of the moon and
planets at exposure times of 1/10 to
1/100 second. For deep sky exposures
of faint nebulae, the Celestron 10 is
guided with a Celestron 4 Guide Tele-
scope at typical magnifications of 600X,
Visually or photographically, the Celes-
tron 10 is the ideal telescope for
educational institutions or the serious
amateur astronomer.

"'Observational Astronomy’’ — a complete
lab manual — free to educational institu-
tions,

For more details on the Celestron 10 and
other telescopes from 4” to 36” write to:

Celestron Pacific

13214 Crenshaw Blvd., Gardena, Calif.
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WFF'N PROOF

Can you solve
this problem?
1.There are three numbered statements in this box.
2. Two of these numbered statements are not true.
3. The average increase in 1.Q. scores of those who
learn to play WFF 'N PROOF is more than 20 points.

Is statement No. 3 true?

WFF ‘N PROOF: The GAME of
MODERN LOGIC $6.00
$.50 postage and handling)
EQUATIONS: The GAME of CRE-
ATIVE MATHEMATICS $3.00
(plus $.50 postage and handling)

ON-SETS: The GAME of SET
THEORY $4.00 (plus $.50 post-
age and handling)

by ProfessorLlayman E Allen

>

(plus

d00¥d N.d:M H002d N.d4dM

Box 71-LI

New Haven,
Conn.

.-WFF ‘N PROOF

v .. ON-SETS EQUATIONS
| enclose $ and understand
that if | am not completely satisfied, |
can return the games in 10 days for a full
refund of the purchase price.

Please send me

Name
Address
City ... State ... Zip..

Refund and return privileges guaranteed!
Dealer Inquiries Invited

WFF'N PROOF
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from reaching the ground. Designers
can also think of ways to control noises
by modifications of the engines, nacelles
and wings, and it is believed refinements
of design would allow airplanes to climb
and land at steeper angles. These cost-
incwiring antinoise improvements are
not likely to be undertaken, however,
until the Federal Aviation Agency forces
their adoption by spelling out limits on
the noise that will be tolerated from
new airplanes.

Supersonic-Airplane Noise

Ahead of us lies the prospect of sonic
booms from the next generation of air-
planes—the supersonic transport (SST).
The coming of supersonic travel is in-
evitable; we must prepare to control its
effects. The tests that have been con-
ducted so far suggest that sonic booms
need not be destructive and that people
may be more apprehensive about the
phenomenon than they need to be.

When an airplane moves faster than
the speed of sound, it produces shock
waves that trail in the wake of the plane
like the disturbances in the water wake
of a rapidly moving boat. The shock
waves generate a pressure wave that
constitutes the sonic boom. On the
ground a typical sonic boom from a high-
flying airplane represents a series of
rapid changes in air pressure lasting half
a second: the pressure suddenly rises by
as much as two pounds per square foot,
then drops below atmospheric pressure
by about the same amount and finally
jumps back to normal pressure. The
noise of the boom usually consists of two
closely spaced, explosive reports.

The sonic-boom “wake” behind the
airplane, fanning out in the shape of a
cone, spans an area on the earth below
that depends on the height at which the
plane is flying. Typically the path of the
boom on the ground is about 33 miles
wide when the plane is at an altitude of
three and a half miles and 50 miles wide
when it is flying at a height of nine miles.
The higher the plane flies, the weaker is
the intensity of the boom at the ground.

The U.S. Government has conducted
a number of studies of the effects of
sonic booms, the most elaborate of which
was a six-month test, from February to
July of 1964, in the Oklahoma City area.
The area was subjected to a total of
1,250 sonic booms from airplanes (dur-
ing daytime hours). The average inten-
sity of the booms in the early weeks of
the test was 1.13 pounds per square foot
and eventually it was raised to 1.6
pounds per square foot. Samplings of the

© 1966 SCIENTIFIC AMERICAN, INC

public reaction showed that most of the
people living within eight miles of the
center line of a boom path were dis-
turbed by the sonic booms. About a
fourth of the people interviewed at the
end of the six-month trial said that eight
booms a day at the intensity of 1.6
pounds per square foot was more than
they could learn to accept.

It appears that the main source of
complaint was fear of damage to struc-
tures—cracks in plaster walls, weaken-
ing of the construction and so forth.
More than 40 percent of the people in-
terviewed in Oklahoma City believed
their homes had been damaged by the
sonic booms. Yet careful surveys of many
houses showed no visible evidence of
damage. In areas of the country where
military airplanes regularly carry out su-
personic flights, often producing strong
sonic booms of more than two pounds
per square foot, few damage claims have
been filed by residents. On the whole
the available evidence suggests that pub-
lic apprehensiveness about sonic booms
will be greatly reduced if people receive
credible guarantees that their homes
will not be damaged within specified
limits of exposure and if these limits are
strictly enforced. It is important, there-
fore, that the Federal Government pre-
pare for the arrival of supersonic travel
by establishing tolerable limits for sonic
booms—limits that will not damage prop-
erty or be seriously disturbing to people’s
peace of mind.

For man in the present “advanced”
stage of civilization noise is no longer
a trivial problem. It is ironic that the
U.S., with its genius for creating tech-
nical marvels and solving technological
problems, allows this most unpleasant
affliction to debase its culture. We could
improve the quality of our environment
enormously by allocating a portion of
our energy and wealth to controlling
noise. With some ingenuity and at mod-
erate cost we can hush our noisiest in-
dustries to save the hearing of workers.
We can mitigate the roar of traffic—on
the ground and in the air—by instituting
and enforcing noise codes, by improving
the design and operation of vehicles,
interposing bufter zones to separate resi-
dential areas from airports and super-
highways (through zoning and condem-
nation) and by sealing buildings against
noise where proximity to noise is un-
avoidable. With a willingness to pay the
extra price in construction costs we can
also have quiet homes. It appears that
we shall have to pay these costs if we
are to make a tolerable adaptation to
the noises of civilization.
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On joining

“non-stick” plastics

Untreated polyethylene sample (top three photos) and CASING-treated sample (bottom
three photos) joined to metal plates. As tension is applied, left to right, untreated
sample quickly pulls away from lower piece of metal. With treated sample, however,
polyethylene-metal joints hold as plastic stretches and breaks.
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Simplified cross-section shows relatively short molecules at surface of a plastic (wavy
lines at top in drawing) and longer molecules underneath. CASING process strengthens
surface layers by cross-linking (dashed lines), forming tough surface ‘‘skin.”
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Two Bell Telephone Laboratories
scientists have found a way to
greatly improve the joint strength
between ordinary adhesives or
printing inks and PTFE (polytetra-
fluoroethylene), polyethylene, and
certain other plastics. The process
is a safe, fast, and inexpensive
surface treatment for these plastics
...one which does not affect the
tendency for them to be wet by
liguids, and which permits the for-
mation of strong joints without
melting the plastics. Also, it does
not change their unique bulk
chemical, physical, or electrical
properties.

The difficulty with such plastics
has been the tendency of relatively
short polymer molecules to collect
near the surface. This results in a
weak layer that cannot produce
a strong joint. The answer is to
strengthen this region. In the new
process, this is done by exposing
the plastics to a flow of electrically
excited inert gases. The gases re-
move some hydrogen or fluorine
atoms from molecules near the
surface, which thus become poly-
mer radicals. The chemically reac-
tive sites in these radicals combine,
by cross-linking, to form a strong
surface layer.

With this new method, conven-
tional epoxies will adhere to such
surfaces on PTFE with up to 1500
psi tensile shear strength; for poly-
ethylene the figure is 3500 psi.
These strengths are about ten
times those of untreated plastics.

The inventors, R. H. Hansen and
H. Schonhorn, call this process
CASING (cross-linking by activated
species of inert gases).

m
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The New
Instant X—Ray.

Polaroid now has a translucent X-ray film
that develops in 44 seconds.

In the operating room, not the darkroom.

Polaroid’s latest X-ray film, Type TLX, is a 3000-speed film that produces
a 1ox12-inch translucent radiograph in 45 seconds. (Our earlier instant
X-ray films produced opaque prints.) Because it is translucent, the picture
is sharply detailed and can be read from a light box. Because of its
sensitivity, exposures can be made with about half the radiation required
for conventional X-rays.

The importance of TLX film is that it brings the advantages of instant
radiography

rapid viewing, minimal radiation—to many more medical
procedures. Instant X-rays can now be used as a diagnostic tool where
detail analysis is critical. And most important, they can provide detailed X-ray
information in the operating room.

The surgeon can now use instant radiography to examine the bile
ducts during gallbladder surgery (this is the type of X-ray you see here).
And in operations that require accurate X-ray control of surgical maneuvers
(many neurosurgical procedures and orthopedic surgery such as hip pinnings).

In these latter procedures, where each surgical move is determined
by a continuing series of pictures, the advantages of TLX hlm are most
dramatic. A move is made. Then a picture is taken. Then studied. And the
next move is made. And so on. TLX film reduces the pauses to at least half the
time needed for the fastest-developing wet-process X-ray film (which also
requires bulky, expensive processing equipment). A hip pinning can be
shortened by half an hour.

Now that TLX is here, many existing surgical procedures have been made
easier, faster, and safer. We believe it will also make new procedures possible.

POlarOid TLX X—Ray Film Polaroid Corperation, Cambridge, Massachusetts
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The Visual World of Infants

Does an infant see things in the same general way adults do, or must

he learn to do so? The question is taken up by means of conditioning

experiments with infants, in which the reward is a cheery “peekaboo™

hat does an infant see as he
gazes at the world around him—
an ordered array of stable ob-

jects or a random flux of evanescent
shadows? There are proponents of both
answers. Some psychologists have main-
tained that the ability to perceive the
world is as much a part of man’s genetic
endowment as the ability to breathe;
others have contended that perception
is an acquired capacity, wholly depen-
dent on experience and learning. The na-
tivists have argued that a baby sees
about what adults see; empiricists have
held that an infant’s visual world must
be—in William James’s words—“buzzing
confusion.”

At the heart of the argument there is
a genuine scientific question: how to
account for the discrepancy between
the richness of perception and the pov-
erty of its apparent cause—the momen-
tary retinal image. First of all, there is
the problem of space perception. The
world as perceived seems to have one
more dimension—the dimension of depth
—than the retinal image does. Then there
are the spatial “constancies,” the tenden-
cy of an object to retain its size regard-
less of changes in viewing distance (even
though the size of the retinal image
changes) and to retain its shape even
when its orientation (and therefore its
retinal image) is changed. In other
words, perception seems faithful to the
object rather than to its retinal image.

Most psychologists have given empiri-
cist answers to the problems of space
perception and constancy. They have as-
sumed that the infant’s perceptual world
mirrors the sequence of momentary reti-
nal images that creates it. The chaotic
two-dimensional ensemble of changing
shapes is slowly ordered, in this view, by
various mechanisms. The retinal image
contains many cues to depth; for exam-
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by T. G. R. Bower

ple, far-oft objects are projected lower on
the retina than nearby objects (which is
why they appear higher to us). Suppos-
edly a baby learns that it must crawl or
reach farther to get to such a higher im-
age, and so comes to correlate relative
height with relative distance. A similar
correlation is presumably made in the
case of the many other distance cues.

Once these theories have accounted
for space perception they must go on
to endow infants with the constancies.
The oldest theory of constancy learning
stems from Hermann von Helmholtz. He
argued that by seeing an object at differ-
ent distances and in a variety of orienta-
tions one learns the set of retinal projec-
tions that characterize it, so that on
encountering a familiar retinal projection
one can infer the size, shape, distance
and orientation of the object producing
it. According to this theory, however,
there could be no constancy with an un-
familiar object. To avoid this prediction
a different (but still empiricist) theory
was developed from a suggestion made
by the Gestalt psychologist Kurt Koftka.
It assumes that a child who has acquired
space perception will notice that there
is a predictable relation between the
distance of an image and its size, and a
predictable relation between the orien-
tation of an image and its shape. Once
these relations have been inferred the
child should be able to predict the size
an image would have if its distance were
changed and the shape it would have
if its orientation were changed. The
child could achieve shape constancy by
predicting what shape a slanted image
would have if it were rotated to lie di-
rectly across his line of sight. This means
that the constancies could be attained
with any object, familiar or not.
Note that this theory makes an asser-
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tion about the course of perceptual de-
velopment that is also an assertion about
the sequence of events in perception:
Before an infant can attain size and
shape constancy he must be able to regis-
ter distance or orientation and projective
size or shape; before an adult can com-
pute true size or shape he must register
projective size and shape and distance
and orientation. There were many at-
tempts to validate this theory of develop-
ment by testing adult subjects. In a typi-
cal experiment adults were shown shapes
in various orientations and asked to re-
port true shape, projective shape and
orientation. If the theory were correct,
one should be able to predict a subject’s
true-shape judgments from the other
two. This turned out to be impossible.
Subjects” judgments of true shape were
often far more accurate than any deduc-
tion from their judgments of projective
shape and slant could have been; they
often got the true shape right and, say,
the orientation completely wrong. This
apparent disproof of the theory was ex-
plained away by supposing the process
of deduction from retinal projection and
orientation to true shape had become so
automatic with long practice that the
premises of the deduction had become
subconscious.

So-called completion effects are an-
other puzzle created by the characteris-
tics of the retinal image. If one object
is partly occluded by another, the two-
dimensional retinal image of the first ob-
ject is transformed in bizarre ways. Koft-
ka argued that when an adult looks at a
book on a table, he can see the table
under the book. Similarly, if one looks at
a triangle with a penci] across it, one can
still see that there is a triangle under the
pencil. In the retinal image, of course,
there is a gap in the table and a gap in
the triangle. Empiricists argue that ex-



perience and learning are necessary for
these retinal deficiencies to be corrected.
They argue that one learns the shape of
a triangle, after which, on seeing a partly
covered triangle, one can infer what the

hidden parts look like.

This short review of problems will give
- the reader some idea of what the
perceptual world of the infant should be
if empiricist theory is correct. William
James’s description of it as buzzing con-
fusion is then too mild; it should be a
chaotic, frightening flux in which noth-
ing stays constant, in which sizes, shapes
and edges change, disappear and re-
appear in a confusing flow. Yet the theo-
ries described above are at least serious
attempts to handle the problems of space
perception, spatial constancies and com-
pletion effects. Nativist theories in con-
trast make a rather poor showing. Too
often a nativist theory has merely been
an argument against empiricism, not an
attemptat genuine explanation.

The nativism-empiricism issue has re-
mained open largely because there have
seemed to be no ways to investigate
the perceptual world of infants. How is
one to get an answer from an organism
as helpless as a young human infant,
capable of few responses of any kind and
of even fewer spatially directed re-
sponses? One obvious solution is the
use of the operant-conditioning meth-
ods that were devised by B. F. Skinner:
one selects some response from an
organism’s repertory and delivers some
“reinforcing” agent contingent on the
occurrence of that response. If rein-
forcement is delivered only in the pres-
ence of a certain stimulus, the response
soon occurs only in the presence of that
“conditioned” stimulus. It is then pos-
sible, among other things, to introduce
new stimuli to be discriminated from the
conditioned stimulus. Using manipula-
tions of this kind, one can discover a
great deal about the perceptual worlds
of pigeons, fishes and even worms.

For some years, first at Cornell Uni-
versity and more recently at Harvard
University, I have been applying op-
erant-conditioning techniques to inves-
tigate perception in human infants. The
major block to applying these meth-
ods to infants had been the necessity of
a reinforcing agent. The agent is ordi-
narily either food or water, and it is
usually withheld for some time before
the experiment; a pigeon working for
grain is kept at 80 percent of its normal
body weight. One could hardly inflict
such privation on infants. Fortunately
less drastic methods are available. As

OPERANT-CONDITIONING technique requires that an infant be trained to respond to the
presentation of a certain stimulus. In this experiment in shape perception the stimuli are
plywood rectangles and trapezoids placed at various angles to the infant’s line of sight. The
object is to see how well the infant can differentiate among the shapes and orientations.

“REINFORCEMENT,” part of the training program, is delivered when the infant responds
correctly. The usual reinforcement in animal experiments is food or water. The author uses
a “peekaboo”: as shown, an experimenter pops up, cooing and smiling, then disappears.
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RETINAL IMAGE varies with distance. Objects A and B are the same size but 4 projects a
larger image on the retina. In spite of this, adults usually see such objects as being the same
size. One of the author’s objectives was to see if infants too have this “size constancy.”

Skinner pointed out, any change in sur-
roundings, even the simple rustling of a
newspaper, seems to reinforce an in-
fant’s responses. The reinforcement we
use is a little game that adults often play
with infants called “peekaboo™ the
adult pops out in front of the infant,
smiling and nodding, and speaks to him
(sometimes patting him on the tummy if
he is unresponsive) and then quickly dis-
appears from view. Infants between two
and 20 weeks old seem to find this event
highly reinforcing and will respond for
20 minutes at a time to make it occur.
The situation can be made even more
reinforcing by altering the schedule of
reinforcement.

A lesser problem is deciding what re-
sponse to use. Infants have few responses
available; most of these require substan-
tial effort and would quickly tire the sub-
ject of an experiment. The one used in
the present investigations is a turn of the
head. The infant reclines with his head
between two yielding pads. By turning
his head as little as half an inch to the
left or right he closes a microswitch that
operates a recorder. This response re-

quires scant effort; even infants as young
as two weeks old can give 400 such re-
sponses with no apparent fatigue.

rFhe first experiment carried out with
* these techniques was aimed at dis-
covering whether or not infants can per-
ceive distance and are capable of size
constancy. An infant between six and
eight weeks old, too young to be ca-
pable of the spatial behavior of reach-
ing and crawling, reclined in an infant
seat on a table, with the peekabooing ex-
perimenter crouching in front of him
and the stimuli beyond the experimenter.
A translucent screen could be raised for
rest periods and stimulus changes. The
conditioned stimulus in the first experi-
ment was a white cube 30 centimeters
(12 inches) on a side, placed one meter
from the infant’s eyes.

After training an infant to respond
only in the presence of the cube, we
gradually changed the reinforcement
schedule to a variable one in which every
fifth response, on the average, was rein-
forced. After one experimental hour on
this schedule we began perceptual test-

CONDITIONED TEST STIMULI
STIMULUS 1 2 3
TRUE SIZE @ @
TRUE DISTANCE 1 3 1 3
RETINAL SIZE @ a @
RETINAL DISTANCE CUES DIFFERENT SAME DIFFERENT

SIZE CONSTANCY was investigated with cubes of different sizes placed at different dis-
tances from the infants. The conditioned stimulus was 30 centimeters on a side and one
meter away, test stimuli 30 or 90 centimeters on a side and one or three meters away. The

chart shows how test stimuli were related to the conditioned stimulus in various respects.
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ing by introducing three new stimuli.
These were the 30-centimeter cube
placed three meters away, a 90-centi-
meter cube placed one meter away and
the same 90-centimeter cube placed
three meters away. These three stimuli
and the conditioned stimulus were each
presented for four 30-second periods in
counterbalanced order and the number
of responses elicited by each stimulus
was recorded. During the testing period
no reinforcement was given.

On any theory, the conditioned stimu-
lus could be expected to elicit more re-
sponses than any of the other stimuli.
The stimulus eliciting the next highest
number of responses should be the one
that appears to the infant to be most
like the conditioned stimulus. If the
empiricist hypothesis that infants do
not perceive distance and do not have
size constancy is correct, the stimulus
that should have appeared most similar
was the third stimulus, the 90-centimeter
cube placed three meters away; it was
three times the height and width of the
conditioned stimulus but also three times
as far away, so that it projected a retinal
image of the same size. If infants can
perceive distance but still lack size con-
stancy, stimulus 3 should still have
seemed more like the conditioned stimu-
lus than stimulus 1, the 30-centimeter
cube at three meters. Both were at the
same distance, but stimulus 3 projected
a retinal image with the same area as the
conditioned stimulus, whereas stimulus
1 projected an image with only one-
ninth the area. If the infants had been
unable to discriminate distance at all,
stimulus 2 would have elicited as many
responses as stimulus 1, since stimulus 2
projected an image with nine times the
area of the conditioned stimulus and
stimulus 1 projected an image one-ninth
as large. It they had been sensitive to
distance or its cues but had lacked size
constancy, stimulus 2 would have elic-
ited more responses than stimulus 1,
since stimulus 2 was at the same distance
as the conditioned stimulus. If, on the
other hand, the infants had been able to
perceive distance and had size constan-
cy, stimuli 1 and 2 should have elicited
about the same number of responses,
since stimulus 1 differed from the condi-
tioned stimulus in distance and stimulus
2 differed in size; stimulus 3 should have
elicited the lowest number of responses,
since it differed from the conditioned
stimulus in both size and distance [see
illustration at left].

To sum up the predictions, according
to empiricism stimulus 3 should be as
effective as or more effective than stimu-



LEFT EYE RIGHT

BINOCULAR PARALLAX is one of two “primary” cues to dis-
tance. Because the right and left eyes are some distance apart, each

registers a somewhat different view of the same scene. In the two
drawings at the left the lower, or nearer, cube is farther to the left

MOTION PARALLAX also provides different perspectives that

FUSED IMAGE

EYE
in the right eye’s view than in the left eye’s view. If the two images

are combined stereoscopically (with the aid of a prism to superpose
one image on the other, for example), the scene acquires a third
dimension. The result is simulated by the drawing at the right.
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on a distant point, the nearer object (4) appears to move to the

vary with distance. If the head moves left and the eyes are kept fixed
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right farther and faster than the more distant object (B) does.
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lus 2, which should in turn get more re-
sponses than stimulus 1; if retinal dis-
tance cues are not taken into account, 3
should be clearly superior to 2. Accord-
ing to nativism the order should be the
reverse: more responses to 1 than to 2,
more to 2 than to 3. What happened was
that the conditioned stimulus elicited an
average of 98 responses; stimulus 1, 58
responses; stimulus 2, 54 responses, and
stimulus 3, 22 responses. It therefore
seems that the retinal image theory can-
not be correct. These infants’ responses
were affected by real size and real dis-
tance, not by retinal size or by retinal
distance cues.

hat stimulus variables were being

used by these infants to gauge
depth? Two cues, binocular parallax and
motion parallax, are called “primary” be-
cause they are the most reliable of all the
cues. The first of these is available be-
cause a human being’s eyes are set
some distance apart and therefore re-
ceive slightly different views of the same
scene. This binocular disparity produces
an immediate impression of distance, at
least in adults. Motion parallax is a sim-
ilar cue: by moving one’s head from side
to side, one picks up a sequence of slight-
ly differing perspectives of a scene.
Moreover, near objects are displaced far-
ther and faster than far objects. Are
binocular parallax and motion parallax
“primary” in a developmental sense,
however? The presumptive cause of per-
ception is the momentary retinal image
of a single eye. As soon as two eyes are
introduced for binocular parallax there
arises the problem of integrating the two
images; as soon as a sequence of images
is brought in for motion parallax there is
the question of how the visual system in-
tegrates multiple images spread out over
time. Since these presumably complex
integration processes must come into
play before the two kinds of parallax can
acquire spatial meaning, it is little won-
der that these variables have seemed
poor candidates for development early
in infancy. This drawback does not apply
to the host of pictorial cues that are im-
plicit in the momentary retinal image of
a single eye. These are the cues—shad-
ing, perspective, texture and so on—a
painter exploits to produce the illusion
of depth on a canvas without benefit of
the parallaxes. It has seemed possible
that these cues are recognized early in

development as having differential value
EXPERIMENTAL PROCEDURE begins with conditioning. The infant is trained to re- P o & ‘
. - . soos “ and so become endowed early with spa-
spond to a rectangle seen in a certain orientation and the response is reinforced by a “peek- . .
aboo” (top). Then a screen is interposed between the infant and the stimulus area while the tia mezu'nng. .
experimenter changes the orientation (center). With the screen removed, the experimenter To discover which cues should be
watches a recorder to see whether or not the infant responds to the test stimulus (bottom). called primary, we tested three new
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...to the superb sound of Sony solid-state stereo.

MODEL 530 QUADRADIAL SOUND TAPE SYSTEM, MODEL 260 RADIAL SOUND COMPACT TAPE SYSTEM, MODEL 660 E.S.P.-REVERSE TAPE SYSTEM,
UNDER $399.50 UNDER $249.50 UNDER $575

MODEL 250A TAPE DECK RECORDER, MODEL 200 PORTABLE COMPACT TAPE SYSTEM, MODEL 350 THREE-HEAD TAPE DECK RECORDER,
UNDER $149.50 UNDER $199.50 UNDER $199.50

FOR INFORMATION ON ANY OF THE MODELS ILLUSTRATED, WRITE SUPERSCOPE, INC.,. SUN VALLEY, CALIFORNIA, DEPARTMENT T.59

S ONY The Tapeway to Stereo
®

AMERICA'’S FIRST CHOICE IN TAPE RECORDERS
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One of a series briefly deseribing GM’s research in depth

Sometimes it takes
a light touch
to make plastics.

To make a plastic—take a monomer, add an initiator, and
then add some energy to kick off the reaction. When it’s
over, you have polymer molecules—a plastic. The needed
energy often comes from heat. But heat can evaporate
the monomer before it has a chance to polymerize.

Or it can damage a material being plastic coated.

A good alternate energy source is light. Just recently,
our chemists discovered an initiator that is particularly
effective in forming acrylic polymers on exposure to
ultraviolet light.

It’s triphenylphosphine. Several other triphenyl
compounds are known as effective polymerizing agents
at about 200°C. But we've found that these, and

the phosphorus derivative, can also initiate
photopolymerization. And triphenylphosphine is effective
at room temperature.

Suppose you want to “pot” a delicate electronic circuit
that would be harmed by heat. Take a methacrylate
monomer to which our new initiator has been added.
Drop the electronics into a bowl of this watery liquid and
expose it to ultraviolet light. In a few minutes the
circuit is encapsulated in a clear, solid plastic that is
potentially very stable. (Many initiators leave a

residue in the polymer that hastens its degradation.
Triphenylphosphine doesn’t.)

The suggested explanation of how and why all this
happens gets into molecular complex formations and
electron exchanges. Detailed discussion is available on
request. It’s all part of our continuing search for

a better way.
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groups of infants on the size-constancy
test. Infants in one group wore a patch
over one eye so that they could not regis-
ter binocular parallax but could register
only motion parallax and pictorial cues.
A second group viewed, instead of the
real cubes, projected slides that were
rich in pictorial cues but lacked both
binocular and motion parallax entirely.
A third group of infants wore special-
ly constructed stereoscopic goggles and

RESPONSE in these experiments was a head-turning motion that
operated a switch in the cushions at the infant’s head. At first the

¥

PLEASURE at the peekaboo reinforcement was manifest (left),
and was sufficient to keep infants responding up to 20 minutes be-

viewed projected stereograms of the
various scenes; their presentation con-
tained binocular parallax and pictorial
cues but lacked motion parallax. The
results were interesting. The monocular
group performed just as the unrestricted
group of the first experiment had. The
conditioned stimulus elicited an average
of 101 responses; stimulus 1 (the same
cube farther away), 60 responses; stimu-
lus 2 (the large cube at the distance of

d;ﬂ"
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the conditioned stimulus), an average of
53 responses; stimulus 3 (the large cube
set to be projectively equivalent to the
conditioned stimulus), only 22 responses.
The infants who viewed the slides per-
formed quite differently: they produced
94 responses to the conditioned stimulus,
52 to stimulus 1, 44 to stimulus 2 and
96 to stimulus 3. Their behavior suggest-
ed that their responses were determined
solely by the projective size of the cubes

el

infants gave exaggerated responses (left); later they responded
more economically, keeping their eyes on the stimulus (right).

tween reinforcements. The problem in experiments with infants is
boredom after a while even the peekaboo loses its charm (right).
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SHAPE CONSTANCY is illustrated by shapes in different orientations. A rectangle pre-
sented in the parallel plane (left) projects a rectangular image on the retina (bottom) and
is seen as a rectangle. Presented at a slant, it projects a trapezoidal image (center), yet is usu-
ally seen as a rectangle. A trapezoid in the parallel plane projects the same shape (right).

in the various presentations; the pictorial
distance cues in the slides were obvious-
ly not even being detected (or stimulus 3
could not have elicited as many respon-
ses as the conditioned stimulus), much
less serving as cues to distance and size
constancy. The infants in the stereogram
group were different again. Their re-
sponses suggested some size constancy
but less than the responses of either the
unrestricted infants or the monocular
group did. The values were: conditioned

STIMULUS REAL SHAPE
1 SAME
2 DIFFERENT
3 DIFFERENT

stimulus, 94 responses; stimulus 1, 44
responses; stimulus 2, 40 responses, and
stimulus 3, 32 responses. It therefore ap-
peared that motion parallax was the most
effective cue to depth, followed by bin-
ocular parallax. The static pictorial cues
in the retinal image seemed to be of no

value.

"_\ second set of experiments was car-
+* ried out to investigate shape con-
stancy and slant perception. The sub-

ORIENTATION RETINAL SHAPE
DIFFERENT DIFFERENT
DIFFERENT SAME

SAME DIFFERENT

TEST STIMULI in the first shape-constancy experiment described in the text differed from
the conditioned stimulus as shown. Retinal shape was expected to be the governing factor.
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jects were infants between 50 and 60
days old. The conditioned stimulus in
this investigation was a wooden rec-
tangle 25 by 50 centimeters (about 10
by 20 inches) placed two meters away
and turned 45 degrees from the “fronto-
parallel plane,” a plane at a right angle
to their line of sight. The test stimuli
were (1) the same rectangle placed in
the infant’s parallel plane, or at a right
angle to the line of sight; (2) a trapezoid,
placed in the parallel plane, that pro-
jected a retinal image of the same shape
as the rectangle in the 45-degree posi-
tion, and (3) this same trapezoid placed
in the 45-degree position. The three test
stimuli differed from the conditioned
stimulus as shown in the bottom illustra-
tion on this page.

If infants are capable of shape con-
stancy, stimulus 1 should be more effec-
tive than stimulus 3, which should be
about the same as stimulus 2. If they are
controlled by retinal shape only, on the
other hand, stimulus 2 should get more
responses than 3 or 1. The results were
that the conditioned stimulus elicited
an average of 51 responses; stimulus 1,
the same rectangle in a different orienta-
tion, elicited 45.13 responses; stimulus 2,
which projected the same retinal image
as the conditioned stimulus, elicited only
28.50 responses, and stimulus 3 elicited
26 responses. There was no doubt that
these infants had learned to respond to
real shape, not retinal shape. Statistical
analysis showed, moreover, that there
was no significant difference between the
number of responses elicited by the con-
ditioned stimulus and the number elic-
ited by test stimulus 1. It therefore ap-
peared that the infants were responding
to true shape and displaying shape con-
stancy without having discriminated be-
tween different orientations of the same
object.

This last result was extremely puz-
zling and we modified the experiment to
examine it in more detail. There were
three groups of infants aged 50 to 60
days, each with a different set of stim-
uli. One group was trained with the rec-
tangle turned five degrees away from
the parallel position. The three test stim-
uli were the same rectangle turned 15
degrees, 30 degrees and 45 degrees from
the parallel plane. The second group of

infants was trained with a trapezoid
placed in the parallel plane whose shape
was projectively equivalent to the rec-
tangle in its five-degree position. The
three test stimuli were trapezoids set up
in the parallel position and projectively
equal to the three test stimuli used for
the first group. For the third group the



Seeing double at Western Electric

Western Electric isn’t in the optical
supply business. But we don’t back
off if a new kind of optical instru-
ment will help us do our job better
in any way.

As it happened, we needed a spe-
cial dual-viewing stereomicroscope
that would let two people simul-
taneously view an object with the
same depth perception, magnifica-
tion and image quality. We wanted
a sturdy, portable, reasonably-
priced adaptation of a standard
20-80 power stereomicroscope.

But such a microscope wasn’t
on the market. So engineers at our
Engineering Research Center
stepped out of their customary

roles and built one. They wrote the
specs, constructed a prototype,
evaluated and tested it.

In our new microscope a simple
beam-splitter divides both beams
of light transmitted by the primary
objective to the primary eyepieces.
Three mirrors, four achromatic
doublet lenses, and two collector
lenses relay each split beam
through a 20-inch long tube to sec-
ondary eyepieces. Only 149 illu-
mination is lost; distortion is
8.39%; resolution is maintained
close to 0.0001 inch, or better than
160 cycles per millimeter.

Today, a number of Western
Electric and Bell Laboratories loca-
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tions use them to train assemblers
of microelectronic components; to
make time-and-motion studies of
microscopic operations; and to ob-
tain agreement between two in-
spectors, or between the buyer and
seller of miniscule parts. Because
of our enthusiasm, two optical
houses now manufacture models
similar to our design to supply un-
anticipated demand from other
companies.

It is with such flexibility and de-
termination that Western Electric
engineers help their teammates in
the Bell System continue to bring
you the world’s most modern tele-
phone service at a reasonable cost.

Western Electric

MANUFACTURING & SUPPLY UNIT OF THE BELL SYSTEM




rectangles used for the first group were
hidden by a screen with a rectangular
hole cut in it so that the body of the rec-
tangle was visible but its edges were not;
the only information available on the dif-
ference between the conditioned stimu-
lus and the test stimuli was therefore
given by variations in orientation. To
summarize the three viewing conditions,
the stimuli viewed by group 1 varied in
projective shape and orientation, with
real shape constant. Those viewed by
group 2 varied in real shape and projec-
tive shape, with orientation constant.
Those viewed by group 3 varied in ori-
entation only, with real shape and pro-
jective shape remaining constant.

This was a multipurpose experiment.
It was intended, first of all, to discover
whether or not infants can discriminate
among different orientations of the same
shape; hence group 1. If the answer
to that question were negative, the ex-
periment should show whether or not
such infants could discriminate orienta-
tion as such; hence group 3. Moreover, a

comparison of group 1 with groups 2 and
3 would bear on the idea, mentioned
earlier, that spatial constancies are at-
tained by a prediction from one retinal
image in a perceived orientation to an-
other image in another orientation. If it
were true that infants see an object in
space as a projective shape with an orien-
tation, the infants in group 1 would give
far fewer responses to the test stimuli
than the infants in the other two groups,
since the first group, viewing an object
rotated in space, would have both pro-
jective shape and orientation available
to differentiate test stimuli from condi-
tioned stimulus, whereas the other two
groups would have only one of these dif-
ferentiating variables at their disposal.
On the contrary, the infants in group
1 showed the poorest discrimination;
they responded as if the three test stim-
uli looked the same as the conditioned
stimulus. The infants in groups 2 and 3
showed good discrimination, indicating
that variations in real shape (and there-
fore in projective shape) can be regis-

COMPLETION EXPERIMENT was conducted with these objects. The conditioned stimu-
lus was a triangle with a bar attached to it, thus interrupting its shape. Of the test stimuli,
3 and 4 are more like the conditioned stimulus than I and 2 are. Actually infants seem to
complete objects as adults do, as shown by the fact that 1 was the most effective stimulus.
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tered by infants and that variations in
orientation can also be registered. The
poor discrimination shown by group 1
can only mean that real shape—which
was the same in all four of the stimuli—
was perceptually more salient than ei-
ther orientation or projective shape. This
ﬁnding seems very important, since it is
a blow not only against .empiricism but
also against the idea (common to nativ-
ists and empiricists) that perception of
simple variables is in some way develop-
mentally earlier than perception of com-
plex variables.

A third set of experiments was con-
cerned with completion problems. Again
the subjects were infants between 50
and 60 days old. The conditioned stimu-
lus was a black wire triangle with a black
iron bar placed across it. After training
as before, four wire test stimuli were pre-
sented [see illustration on this page].
The complete triangle elicited an aver-
age of 42 responses. The other test stim-
uli elicited 18.25, 17.25 and 20 respon-
ses respectively. This can only mean that
these infants saw the conditioned stimu-
lus as a triangle with a bar over it. Since
none of these infants had ever seen a tri-
angle before the experiment, and since
during the experiment it was only seen
with a bar over it, the empiricist reliance
on learning and experience cannot be
justified. In a second experiment in
which slides of these triangular objects
were presented rather than the wire ob-
jects, the result was quite different: there
was no preference for one test figure over
any other. As in the case of space percep-
tion, the infants” performance appeared
to depend not on static retinal cues but
rather on the information contained in
variables, such as motion parallax, that
are available only to a mobile organism
viewing a three-dimensional array.

Our investigation was originally direct-

ed to the nativism-empiricism con-
troversy. The eight-week-old infants
certainly were more capable of depth
discrimination, orientation discrimina-
tion, size constancy, shape constancy and
completion than an empiricist would
have predicted. On the other hand, the
babies were also less capable than a strict
nativist would have predicted. They
could not discriminate pictorial cues and
they could not maintain shape constancy
and orientation discrimination simulta-
neously. It cannot be stated, therefore,
that the experiments have resolved the
issue one way or another. Nor do they
seem merely to indicate that the true po-
sition is a compromise—that there are
some innate abilities and that these are



Who built
two of the Army’s
most advance
radar systems?

Sylvania did. We offer total capa-
bility for any kind of radar. Search-
ing or tracking. Long or short
range. Mobile or stationary. Our
heavyweight experience assures ef-
ficient operation at high resolution
—across the spectrum of required
frequencies.

That's why the Army Missile
Command chose Sylvania for two

big new radar systems: RONDO
and ALTAIR. Both systems are
procured by the Army in the
Department of Defense Advanced
Research Projects Agency.

The RONDO system tracks mis-
siles using two mobile 30-foot
antennas—plus Sylvania receiving
and digital processing equipment.

The ALTAIR system starts with
a dish antenna 150 feet across—
and ends with precision data pro-
cessing. This Sylvania system, to
be located on Kwajalein Atoll, ex-
tends range instrumentation in the
far Pacific. It will provide new
data acquisition and tracking ca-
pabilities—plus greater sensitivity
and additional range resolution.

In projects like these, Sylvania

works from concept to completion,
and provides the full range of lo-
gistic support services. From site
selection through design, develop-
ment, construction, installation,
operation and maintenance.
That’s how Sylvania directs the
worldwide system capabilities of
GT&E toserve the nation.Quickly,
effectively, economically.
Sylvania Electronic Systems,
Division of Sylvania Electric Prod-
ucts Inc.,40 Sylvan Road,Waltham,
Massachusetts 02154.
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beat at Chess?

Here’s your chance.

Bobby Fischer, the U.S. Champion
Chess player can teach you his tacticsto
winning chess in just 10 hours.

You learn by a revolutionary
breakthrough in chess instruction
created by Xerox Education Division.

It works.

After you take Bobby Fischer’s Chess
Course, you will have learned to think the
same way he does.

This course puts you in increasingly
complex situations that require you to think
out your own and your opponent’s moves, 1,
2, 3 and even 4 moves in advance. Moves
that win games.

You actively participate in this course.
There is no Chess notation. And there is very
little to read. But there’s plenty to think
about. You make your own decisions. You
act. And you continually check yourself
against the moves Bobby Fischer would
make. This way, you learn.

When you sit down to play that oppo-
nent you've always wanted to beat, you'll
find yourself thinking out moves with the
same tactics Bobby Fischer used to become
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elaborated by experience and learning.
My impression is rather that these stud-
ies have added to the growing body of

l evidence that the whole controversy is

based on false premises.

The most notable set of false premises
stems from the belief that perception is
caused by the momentary retinal image.
What the experiments seem to show is
that evolution has tuned the human per-
ceptual system to register not the low-
grade information in momentary retinal
images but rather the high-fidelity infor-
mation in sequences of images or in
simultaneous complexes of images—the
kind of information given by motion par-
allax and binocular parallax. The infants
in these studies were obviously able to
register variables containing complex in-
formation. Yet they were unable to use
the information in the slide presentations
of the first and third sets of experiments.
This failure must surely mean that in-
fants are not sensitive to the kind of
information that can be frozen on the
plane of a picture or locked into a mo-
mentary retinal image. A similar conclu-
sion can be drawn from the fact that in
none of these experiments did retinal
similarity seem to make for more re-
sponses. Rather than being the most
primitive kind of perceptual ability, it
would seem, the ability to register the
information in a retinal image may be a
highly sophisticated attainment and may
indeed have to be learned.

These results suggest a theory of per-
ceptual and perceptual-motor develop-
ment. It is obvious that an adult is
capable of some responses these infants
apparently lacked. For example, the in-
fants in the second shape-constancy ex-
periment seemed to be unable to register
real shape and orientation simultaneous-
ly but able to register orientation in the
case of a surface without limiting con-
tours. The most plausible hypothesis
is to assume that infants have a lower
processing capacity than adults—that
their perceptual systems can handle si-
multaneously only a fraction of the in-
formation they register. Infants can reg-
ister the real shape of an object and they
can also register its orientation. If they
have limited processing capacity, how-
ever, they may be able to process only
one of these variables even when both
are present and are registered. This
makes sense of the discrepancy between
the behavior of group 1 and that of
group 3 in the shape-constancy experi-
ment. The infants of group 1 were pre-
sented with a real shape in various ori-
entations, but they could process only
the shape, which remained invariant,
and so their discrimination appeared
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poor. Those in group 3 viewed a surface
whose retinal shape stayed the same but
whose orientation varied, and by choos-
ing to process orientation and ignore
retinal shape they were able to show
good discrimination.

If capacity is limited, it also seems
plausible that the infant perceptual sys-
tem should give priority to information
that has definite survival value. On
this reasoning one would expect the
shape of an object to have greater prior-
ity than its orientation and the orienta-
tion of a surface to have greater priority
than its shape. Objects must be respond-
ed to, and their shape will often indicate
the proper response, whereas surfaces
are things to be landed on or used as sup-
ports, and their orientation is surely their
most important attribute. One would
also predict low priority for retinal shape
and size, variables that are of no survival
value except to a representational artist.

This evolutionarily oriented line of
reasoning may also help one to under-
stand the problem of perceptual-motor
learning. The fact that infants will initial-
ly misreach has often been taken to show
that they cannot perceive depth. If they
can in fact perceive depth, the misreach-
ing remains to be explained. A clue to an
explanation is given by the fact that the
most obvious change in an infant as he
develops is a change in size. It seems
likely that an infant who misreaches does
so not because of poor depth perception
but because he simply does not know
how long his arm is. Since arm length is
going to change drastically during de-
velopment, it would be uneconomical—
indeed, positively maladaptive—if the
perceptual—motor system were geared at
birth for a particular arm length.

r]*he overall picture of perceptual de-

- velopment that is emerging is very
different from traditional ones. It has
long been assumed that perceptual de-
velopment is a process of construction—
that at birth infants receive through their
senses fragmentary information that is
elaborated and built on to produce the
ordered perceptual world of the adult.
The theory emerging from our studies
and others not reported here is based on
evidence that infants can in fact register
most of the information an adult can
register but can handle less of the infor-
mation than adults can. Through ma-
turation they presumably develop the
requisite information-processing capac-
ity. It this view is correct, the visual
world of the infant may well be over-
whelming at times, but it is probably not
the meaningless buzz it has long been

thought to be.
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VACUUM COATED STEELS

An idea borrowed from the electronics field, “vacuum evaporation”,

has multiplied the number of potential steel coatings to create a

new generation of valuable products.

s if to emphasize the technological
changes which are taking place
in many of its processing opera-
tions, the steel industry recent-
ly borrowed an idea from the electron-
ics field, scaled it up a hundred times
and introduced a new steel coating proc-
ess. The technique, used in the pro-
duction of transistors and other space
age electronic components, consists of
evaporating metallic or non-metallic
materials in high vacuum and condens-
ing them onto a prepared substrate to
form a coating. Youngstown Steel has
been working with this process for the
past four years, exploring its general
utility. In many cases, special surface
properties have been obtained on steel
strip which could not have been eco-
nomically achieved by other means, and
from this work a new gencration of
coated steel products has emerged.

Research has reached a stage where
a high speed pilot line is being used to
prepare coils of steel with different
coatings for customer evaluation. A key
feature of the system is a series of re-
markably effective roll seals. These seals
enable a clean strip to pass continuously
from the atmosphere into the high vac-
uum evaporation chamber operating at
a pressure below 10™* Torr, and out
again. Inside the evaporating chamber,
a specially designed crucible containing
the coating material is heated by a
beam of high energy electrons to some
characteristic temperature at which
large quantities of vapor are rapidly
evolved. For example, with aluminum
this temperature is about 1700°C. The
vapor is immediately condensed onto
the moving steel strip to form the de-
sired coating. A number of individual
evaporators is used in order to increase
the operating speed and to produce a
coating on both sides of the strip rang-
ing in thickness from 0.001 to 1.0 mil
The use of the electron beam as a heat-
ing device permits the evaporation of
a wide range of coating materials in-
cluding those with very high evapora-
tion temperatures.

One of the important technical prob-
lems in this field is that of obtaining
good adhesion between the condensate
and the steel substrate. Procedures vary
for each material; however, again tak-
ing aluminum as an example, the steel
must be pickled and subsequently pre-
heated to a temperature of 400°C in
vacuum before deposition of the coat-
ing. Electron diffraction studies of the

by R. P. Morgan, Research Manager

interface between the steel and the
aluminum have shown that a magnetite
film is present at substrate temperatures
below about 350°C, (see illustration)
and is accompanied by poor adhesion.

Fez Als
>450°C

FeO-(Fe,Al),05
350°C-450°C

Fe3Oq4
<350°C

VARIATIONS IN INTERMEDIATE LAYER BETWEEN
VACUUM DEPOSITED ALUMINUM AND STEEL

As the substrate temperature is in-
creased towards 450°C, an alumina
spinel of varying composition is formed
and the adhesion and corrosion resist-
ance of the coating increase markedly.
At temperatures above 450°C, an
Fe.Al, phase can be detected. Adhe-
sion at this point is excellent but rapid
total conversion of thin films to the
brittle intermetallic can occur. This
operating range is therefore generally
avoided. Other coating metals of low
melting point and high vapor pressure,
such as zinc, require more critical con-
trol of substrate temperature. In addi-
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tion, they require the use of an inter-
mediate layer of a second metal to se-
cure acceptable adhesion.

Other aspects of the process are un-
der investigation including those con-
nected with the control of coating prop-
erties and those related to the develop-
ment of new equipment designs for
more efficient operation. Data are
steadily being accumulated through
operation of the pilot facility and this
information will eventually be used to
further the construction of full scale
production equipment.

Much of the work which has already
been carried out points to the unusual
flexibility of the new technique and the
commercial significance of the prod-
ucts. For example, the “tin” can which is,
of course, basically a “steel” can could
be manufactured by substituting another
metal for tin. Aluminum or chromium
are contenders in this respect. They
provide an attractive finish, are readily
available, and have chemical proper-
ties which encourage their use in cer-
tain food containers.

There are many additional examples
of ways in which vapor deposited
coatings can be used to broaden the
performance of a steel product. Zinc,
for special automotive applications, and
stainless steel for architectural usage
are both promising materials. Experi-
ments have already shown that stain-
less steel compositions can be evap-
orated and condensed to form finishes
with great corrosion resistance. The ap-
plication of metals such as copper for
brazability, or titanium for chemical
inertness is also under consideration.

A great deal of additional research
and development will be necessary to
create the systems which will econom-
ically process a hundred thousand tons
of these new strip products a year.
Nevertheless, it is apparent at this time
that the steel industry in its search for
effective new techniques has discovered
in vacuum evaporation a method with
significant potential.

Steel and steel application problems
are continually under investigation at
Youngstown’s research center in support
of Youngstown’s position as a major
supplier of a wide variety of low carbon
and low alloy products. The work on
coated products represents only a small
part of the 24 hour a day research effort.
If you think Youngstown can help you,
call at your convenience, or write De-
partment 221 E6.



Plies in rubber:
the fewer the better.

Single-ply (right) is comparable to six-ply conveyor belting (left). Although 40 percent lighter, single-ply belting lasts longer.
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Uniroyal discovered that
one plyof heavy cord is better

than many plies of lighter fabric.

Thesingle-ply conveyor belt
is tougher and lasts longer.

To make rubber stronger, manufacturers add
“plies’’ of cotton or synthetic fabrics.

But plies can cause problems, too. Heat build-up
at the point where rubber and fabric meet is the
reason why rubber products sometimes come apart
at the plies. (*‘Ply separation’’ is one of the most
common reasons for failure of a rubber product
like conveyor belting.)

That's why the single-ply conveyor belt was
developed by Uniroyal (you might know us as United
States Rubber Company).

The patented Uniroyal invention shown here
made it possible. By arranging fibers in parallel
planes, rather than interweaving them, larger dia-
meter fibers can be used more efficiently. A single
ply of the new construction can do the job of sixand
as many as eight plies of conventional design.

Conveyor belts with the new single-ply construc-
tion have demonstrated the many customer benefits
of the idea. Sold by Uniroyal under the registered
tradename of ““UsFlex,”’ they are handling some of
the toughest jobs in industry. More than 1,500 miles
of single-ply belting are moving tons of products like
coal, crushed ore, hot coke, sharp rocks, slag,
cement, sand and gravel.

A conveyor belt nomore than 5 feet wide might
move some 600 tons of material an hour as far as
one mile ina single “lift" or carry.

Conveyor belting represents a capital investment
of considerable magnitude. Belting for a single
installation might cost as much as half a million
dollars.

That's why industries that use heavy-duty con-
veyor belting thoroughly investigated Uniroyal
claims for single-ply belting before using it.
Industries like mining, iron and steel, chemical
process, public utilities. Here’s what they found:

O T T e
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Unique construction (top) makes single-ply belting practical.
Length and crosswise *‘strength’” members are in parallel
planes, not interwoven as in conventional ply (bottom).

Strength member from single-ply belt (top) retains much
more of its inherent strength because it is not crimped
and bent during weaving like conventional ply (bottom).

Although single-ply belting is lighter and thinner
than equivalent multiple-ply belting, it consistently
gives longer life.

Single-ply belting virtually eliminates problems of
separation and delamination.

Single-ply belting is considerably more flexible.

A 20-inch pulley may do the job of a 30-inch pulley
required by a multiple-ply belt. Capital costs may
be reduced by using smaller head and tail pulleys,

lighter supporting structures and 2
smaller horsepower motors. Continued...
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Pliesinrubber: o _
newest development is a bi-constituent fiber, tougher than nylon.

Single-ply conveyor belting at Amherst Coal Company mine near Logan, West Virginia, spans a distance of more than 1%z miles.




Although other manufacturers have not yet
developed a comparable single-ply conveyor belt,
Uniroyal is not sitting around waiting for the rest of
the industry to catch up.

A new “‘bi-constituent’’ fiber developed by Allied
Chemical will make Uniroyal conveyor belts more
resistant to heat, moisture and chemicals.

Tougher than nylon, this new bi-constituent
fiber is actually an intimate mixture of nylon and
polyester. (About 70 percent nylon and 30 percent
polyester.)

The mixture combines the best properties of both
fibers. It combines the strength of nylon with the
moisture resistance, heat resistance, and chemical
stability of polyester. (Nylon alone loses some of its
strength when it's wet.)

Conveyor belting made with the new fiber
stretches less than conventional nylon-reinforced
belting. This can mean big savings to an operator
who counts on running 24-hours-a-day. When a
belt stretches beyond the ability of the take-up
rollers to compensate, the conveyor line has to be
shut down up to eight hours for “‘resplicing.”” This
can cost thousands of dollars in lost production.

The advantages of this new ply material have
been thoroughly proven in the laboratory. And the
dynamic belting tester in the Uniroyal laboratory is
almost as big as many field installations. Sixty-five
feet long, it weighs more than a hundred tons and is
capable of testing belts at speeds up to 2,000 feet
per minute.

After we were satisfied with our tests, we tried
the belting in actual service conditions. After more
than a year of duty in a number of trial installations,
there hasn't been a single failure. In every way it
has outperformed the best belting previously
available.

You may never need a conveyor belt. But some-
day one of our rubber, chemical or plastic products
may be able to do something for you that nobody
else’s can. Then we urge you to write to:

Uniroyal Technical Advisory Service, 1230 Avenue
of the Americas, New York, N.Y. 10020.
We think we can help you. We may not be the

biggest rubber company, but we're the most inventive.

And we have almost 1500 patents to prove it.

NIROYA

U.S.RUBBER

Single-ply conveyor belting is now tougher than ever.
A new bi-constituent fiber used by Uniroyal combines
the strength of nylon with the stability of polyester.

o

"- !"‘- .E‘%"_‘ ‘..‘"in' ¥ L
Dyed photomicrograph shows cross section of a single
filament of the new bi-constituent fiber. ‘“Fibrils’ of
polyester (yellow) are embedded in nylon matrix (brown).

Uniroyal holds more patents
than any other rubber company.
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PELLA : CAPITAL OF ANCIENT MACEDONIA

The city where Euripides died and Alexander the Great was

born 1s gradually being uncovered by Greek archaeologists.

Among their most striking finds are mosaics made of pebbles

For the past 10 years Greek archae-
ologists have been excavating a city
that was once the center of Helle-
nism but then suffered such a complete
eclipse that today its very name is un-
familiar. The city is Pella in Macedonia,
where the playwright Euripides died and
Alexander the Great was born. Pella was
the capital of Macedonia from the time
of Archelaos, who ruled from 413 to
399 B.c., until the Roman conquest in 168
B.c. Under a succession of Macedonian
rulers, from Archelaos to Alexander, Pel-
la became rich and powerful. Yet when
large-scale archaeological work began
there in 1957, little remained to mark
the city’s location. Even after a decade
of work only the outline of imperial Pella
has begun to emerge. In one of the city’s
residential districts, however, a series of
superb mosaics has been uncovered.
Some of these Hellenic works of art may
well have originated with one of the mas-
ter painters of Athens.

Ancient accounts provide some details
of Pella’s former splendor. When Arche-
laos succeeded to the throne, the capital
of Macedonia was Aegae (today called
Edessa), a city that had strong natural
defenses but also had the disadvantage
of being far inland. Pella, situated near
a bay of the Aegean Sea, was much
more accessible. To Archelaos, who
wanted his growing kingdom to have a
centralized administration, this was a
consideration that outweighed the site’s
vulnerability to attack and its proximity
to malarial swamps. To compensate for
the lack of natural defenses, fortifications

by Ch. J. Makaronas

were built that gave Pella the reputation
of being the strongest city in Macedonia.
According to the historian Xenophon,
Archelaos sought to make it also the
greatest city, and provided it with nu-
merous and varied public buildings. The
almost level plain lent itself to city plan-
ning and future expansion. Archelaos
had his capital laid out on a square-
block plan, probably under the influence
of the advanced theories of the architect-
philosopher Hippodamos of Miletos.

Although the Greeks of the city-states
to the south regarded the Macedonians
as being rude and uncouth, Archelaos
was an active patron of the arts. The
royal palace was famous for the paint-
ings done by the Athenian artist Zeuxis,
who is said to have been the first to use
light and shade to achieve a three-
dimensional effect in the painting of fig-
ures. Zeuxis’ reputation among contem-
porary painters was such that a charming
fable survives: In a contest to see who
could paint the most realistically Zeuxis
won the prize when his painting of a
bunch of grapes attracted passing birds.

Pella had a well-known theater. It is
almost certain that the dramas of Eurip-
ides were performed there—particular-
ly Archelaos, which was of course named
for the playwright’s royal patron. So pre-
sumably were the plays of another of
Archelaos’ protégés, the tragic poet Aga-
thon. At the height of Pella’s career the
theater was remodeled so that it could
seat 10,000 spectators.

Under the rule of Archelaos the Mace-
donian kingdom prospered. Commerce

GOD AND KING are the subjects of pebble mosaics unearthed at Pella, a city that was
once the center of the Hellenic world. The top illustration on the opposite page shows the
deity of wine, Dionysos, and may be a copy of a painting by the fifth-century-.c. Athenian
artist Zeuxis. The bottom illustration depicts an event in the life of Alexander the Great.
Both mosaics, which are composed of water-smoothed pebbles, were made before 300 B.c.
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thrived, the merchant fleet grew larger
and close economic ties were established
with nearby colonies of the southern
Greek city-states. As Macedonia grew
in wealth and power, so did its capital;
in the reign of Philip II, Alexander’s fa-
ther, it was the most important city in
the Greek world. Even after Alexander’s
empire broke up, Macedonia and Pella
continued to flourish. When Macedonia’s
Roman conquerors divided it into four
districts, however, the decline of Pella
began. The city was reduced to the
status of a district capital and the most
important city in Macedonia became
Thessalonike. By the beginning of the
Christian era Pella’s population was
much smaller. Quite apart from its di-
minished political importance, the city
apparently had suffered an encroach-
ment of its surrounding marshes and an
increase in malaria. Toward the end of
the first century a.p. the historian Dion
Chrysostomos wrote that Pella had vir-
tually disappeared,; its sole remaining in-
habitants were a few impoverished fami-
lies living amid heaps of broken tiles.

he recent excavations at the site have

uncovered significant traces of Pella’s
ancient glory. First it is necessary to say
what we have not found; so far noth-
ing has been uncovered of Archelaos’
great fortifications, of his palace, of the
theater, of any other big public building
or, with one exception, of Pella’s temples.
This is largely an economic problem
rather than an archaeological one. There
are two major acropolises, or areas of
high ground, at the site. The one to the
east is covered by the modern town of
Palaia Pella, and so it is impractical to
dig there. The acropolis to the west is
mostly held by private owners and ex-
cavation is prohibited. In the parts of
the western acropolis where it has been
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SEIZURE OF HELEN by the Athenian hero Theseus is depicted in served than the rest. This event preceded Helen’s marriage to
another mosaic at Pella, discovered in 1961 and less perfectly pre- Menelaos and her more famous abduction by Paris, prince of Troy.

KILLING OF A STAG is the subject of a second mosaic found at of light and shadow and the general three-dimensional quality of
Pella in 1961, which bears the name of its creator, Gnosis. The use the figures suggest that Gnosis was influenced by mural painters.
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possible to work, wall foundations and
other intricate structures have been un-
covered. They are evidently the remains
of substantial buildings dating from the
period after Alexander. In all probability
one of these structures was a temple;
numerous stone pedestals of the kind
used to support devotional monuments
and tripods have been found nearby.
Before more can be learned about this
section of Pella, government action to ac-
quire some of the privately owned land
will be necessary.

One feature of Pella that is mentioned
by ancient writers has been identified on
a rise of ground about a kilometer from
the main excavations. This is the Phakos,
a small fortress that stood on a knoll com-
pletely surrounded by marsh and was
connected to the city by a bridge. Arche-
laos and his successors used the Phakos
both as a treasury and as a place of de-
tention for distinguished prisoners and
hostages. Trial excavations of this high
ground have revealed traces of a forti-
fied enclosure and other structures. They
also indicate that the knoll was inhabited
by men long before the time of Arche-
laos; in the lower strata were found pot-
sherds typical of the late Bronze Age
(roughly 'the second half of the second
millennium B.c.).

The tract of land lying between the
Phakos and the main excavations is cur-
rently the focus of much interest. When
this was first examined four years ago, a
circular edifice 30 meters in diameter
was uncovered. Although the building
apparently had been roofless, there is
evidence that inside it there had been a
covered walk, or portico. Along the pe-
riphery of the larger structure are the re-
mains of three smaller circular rooms,
less than six meters in diameter. These
rooms evidently had had roofs. Each
has a doorway connecting it to the main
structure, and on the floor of one room is
a mosaic. The artifacts associated with
this strange and as yet unexplained clus-
ter of buildings indicate that it belongs
to the period of Pella’s ascendancy dur-
ing the fourth century B.c. Further work
at the site may reveal what purpose the
structures served.

"T"he main excavation at Pella is 800

meters or so to the south of the mod-
ern town, astride the highway that runs
from Thessalonike, 40 kilometers to the
east, to Edessa [see bottom illustration
on page 104]. The first few weeks” work
here in 1957 clearly showed that this
part of the city followed Hippodamos’
rectangular plan. The excavation re-
vealed straight streets that intersected at

right angles to form oblong blocks. A
main street running from east to west
was nine meters wide; several north-
south streets were six meters wide. Be-
low the surface of the narrower streets
were pottery pipelines, equipped at in-
tervals with large clay pots. These were
evidently conduits supplying fresh wa-
ter to the neighborhood; the pots served
as settling tanks so that cleaner water
would be delivered. Just at the surface
of the main street [street No. 3 in bottom
illustration on page 104] and running
down its middle was a stone-lined trench
that presumably acted as a sewer.

It was soon clear that each of the
oblong blocks was occupied by a house

or houses, and that each house was built
on a classical plan. An enclosed court-
yard formed a central rectangle; sur-
rounding it were stone columns forming
a peristyle [see illustration on next two
pages]. Surrounding the peristyle, in
turn, were the house’s reception rooms,
living quarters, storerooms and the like,
their doors opening inward and their
blank outer walls facing the street. In
some of the houses the peristyle had cyl-
indrical stone columns, Doric or Ionic in
manner. In others it had square corner
posts, usually made of stone but some-
times of wood. Up to a height of half a
meter the walls of the houses were built
with stone and above that with sun-dried

THESSALONIKE

MODERN TOWN of Palaia Pella, 40 kilometers west of Thessalonike on the road to Edessa,
covers part of the ancient city of Pella, which King Archelaos made Macedonia’s capital.

& wAceooNA

MEDITERRANEAN

SEA

BLACK
THRACE

HELLENIC SPHERE during the rise of Macedonia extended from Crete in the south to the
Thracian coast in the north and from the Greek colonies in Italy and Sicily in the west to
Ionia, the Propontis and the Black Sea in the east. During the rule of Philip II the Hellenic
power center shifted from rival Athens and Sparta northward to the capital of Macedonia.
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mud brick. Although mud brick scarcely
seems an aristocratic building material,
the houses were of good workmanship
and were elaborately decorated. The
walls were faced with plaster in a variety
of vivid colors, the wooden doors bore
handsome bronze bosses and the roofs

RECTANGULAR LAYOUT of ancient Pella is evident in this
aerial photograph (see plun on puge 104).The house that yielded the

102

were tiled with slabs of fired clay, some
of which had been stamped with the
city’s name.

The first buildings to be excavated lay
in the block bounded on the east and
west by the streets marked No. 1 and
No. 2 in the bottom illustration on page
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104. In two of the large rooms along the
west side of the middle house [C and D
in the illustration], at an average depth
of one meter below the surface of the
ground, were floors made of water-worn
pebbles of contrasting colors. These peb-
bles formed elaborate mosaics in which

mosaics of Dionysos and Alexander is in the foreground. The rooms
that held the mosaics are just above the partially restored peristyle;




an ornamental border surrounded a live-
ly scene in the center. Both mosaics are
shown in color on page 98; the illustra-
tion on the cover of this issue is a de-
tail from one of them. It is apparent
in these illustrations that the figures of
men and animals are rendered in vari-

the dark rectangle in each room shows the
area originally occupied by the mosaic. Toronto 12’ Ontario, Canada.

Getting there
is half the fun

Analytical Engineers
Convalr in San Diego, the home of
Atlas, Centaur, and a broad spectrum
of widely acclaimed aerospace pro-
grams, is currently engaged in develop-
ment of new space-vehicle technologies,
and urgently needs engineers to work
on these programs.

Please send a detailed resume to Mr.
J. J. Tannone, Supervisor, Professional
Placement and Personnel, GENERAL
DYNAMICS, CONVAIR DIVISION,
5579 Kearny Villa Road, San Diego,
California 92112.

GENERAL DYNAMICS
Convair Division

San Diego, California
An Equal Opportunity Employer

Specific Openings

GUIDANCE ANALYSIS

Advanced degrees in engineering, mathematics and
physical science with two or more years experience
in guidance analysis and computer simulation develop-
ment to develop guidance system requirements and
guidance software for advanced weapon systems and
space vehicles. This work includes the development
of guidance system functional requirements including
system interfaces, research on advanced software
technology to support the development of advanced
systems, and the development of complete opera-
tional guidance software and demonstration of system
performance by means of digital, analog, or hybrid
computer simulation.

THERMODYNAMICS

BS or MS in ME or AE and one or more years
applicable experience required, to develop analytical
techniques, perform theoretical studies and conduct
experimental programs related to the following areas:

1. Long-Term cryogenic storage including insula-
tion systems, cryogenic stratification, tank pres-
surization and venting, and propellant behavior
during boost and low-gravity conditions.

2. Boost and entry heating and vehicle heat pro-
tection systems, including real gas effects, reac-
tion kinetics, flow fields and ablation
phenomena.

3. Temperature control of vehicle systems and
subsystems exposed to the environments of
space, including thermal isolation and heat
sink effects.

AEROBALLISTICS

BS or MS in engineering or physics with one or more
years experience in trajectory and performance anal-
ysis. Position offers opportunity for both powered and
orbital flight mechanics analysis associated with earth
orbital, lunar and interplanetary missions.

AERODYNAMICS

BS or MS in AE with experience in stability and
control, handling qualities and performance estimates
from subsonic to hypersonic flight regimes on
V/STOL and recoverable boost/re-entry vehicles as
well as related technological studies.

The Canadian Peace Research [ A MA TE UR |

and Education Association
which was formed at the
Learned Societies Meeting at
Sherbrooke, Quebec in June
1966, and which will hold an-
other meeting with the
Learned Societies in June
1967, invites members of the
academic community who are
interested in peace research
and/or peace education to
apply for membership. The
membership fee is $12.00 (for
students: $5.00). Application
should be sent to the Mem-
bership Chairman,

Professor Fred Knelman,
York University,
2275 Bayview,
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TELESCOPE
MAKING

Edited by Albert G. Ingalls

| Book One

497 pages, 300 illustrations
$5.00 postpaid. $5.35 foreign

! Book Two

650 pages, 361 illustrations
$6.00 postpaid. $6.35 foreign

‘ Book Thiree

644 pages, 320 illustrations
$7.00 postpaid. $7.35 foreign

Send postcard
for descriptive circular

SCIENTIFIC
AMERICAN

415 Madison Avenue, New York, N.Y. 10017
(Residents of New York City please add 5% sales tax)

(Other NYS residents please add 29, state sales
tax plus local tax)
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ous shades of gray against a dark back-
ground, and that pebbles of pink or
yellow stone are used for color accents.
These two mosaics, together with two
lesser ones that decorated the thresholds
of the rooms, are the oldest that have yet
been unearthed at Pella; they were prob-
ably executed somewhat before 300 B.c.,
or soon after the reign of Alexander.

The mosaic that decorates the center
of the smaller room represents Dionysos,
the god of wine and fecundity, riding on
the back of his favorite animal, the pan-
ther. His right arm encircles the neck of
his mount; in his left hand is the thyrsus,
the beribboned ceremonial staff tradi-
tionally associated with the deity. Fine
details of the mosaic, such as Dionysos’
profile, eye, hands and feet, were em-
phasized by the insertion of strips of lead
among the pebbles.

The mosaic in the center of the larger
ROYAL OFFERING, unearthed at Pella, dates from the years just before the Roman con- ~ 00M is not devoted to mythic figures,
quest of Macedonia. Philip V (221-179 B.c.) ordered the dedicatory inscription to Zeus. although the incident it depicts may well
be fictional. Two youths are holding a

lion at bay; the animal appears to have
been on the point of attacking the hunter
at the left when his attention was di-
LA D oy r verted by the hunter at the right, whose
ima R sword is raised. Meanwhile the hunter
| | 2 at the left prepares to thrust his spear
STREET NO. 3 F_ home. This is no ordinary lion hunt; the
mosaic illustrates a tale about Alexander

the Great during his years of conquest in
Asia. There, as it was related by contem-
porary writers, Alexander was attacked
by a lion and was saved by his friend, the
general Krateros. The clue to Alexan-
y G : - der’s identity is the helmet-like head-
e =y J dress worn by the figure at the left. This
/ headdress, the kausia, was worn exclu-

i sively by Macedonian kings and princes;
- here the wearer must be Alexander him-
_j self. It the youthfulness of the two fig-
ures seems surprising, one needs only
to recall that Alexander succeeded his
father at the age of 20 and was no more
than 22 when he began his Asian cam-

paigns.
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_l : & '_ . * During the 1961 excavating season at

( Pella other pebble mosaics were dis-
: covered on the floor of a house two
' 4 blocks to the west of the first house. One
of these depicts a deer hunt; in composi-
tion it is not unlike the lion hunt, even
to the point of including another head-
dress. In this mosaic, however, the head-
dress is in midair, doubtless dislodged
in the excitement of the chase [see bot-
tom illustration on page 100]. A hound
MAJOR EXCAVATION at Pella has exposed parts of six city blocks, separated by wide has buried its teeth in the deer’s side and
east-west streets and narrower north-south streets. Modern roads and buildings are indicated ~ the two hunters are about to dispatch
in white. The mosaics discussed by the author were located in the rooms marked by letters:  their quarry. Along the upper margin,
(A) Helen’s abduction, (B) the stag hunt, (C) Alexander’s hunt and (D) Dionysos’ portrait. near the headdress, the artist has written
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with understandable pride: “Gnosis cre-
ated this work.” It is intriguing that the
hunter to the left wears a sword but is
about to strike the deer with a double-
bladed axe, a rather unusual weapon for
the chase. Perhaps this mosaic, like the
one of the lion hunt, portrays a cele-
brated event of the time. If so, we have
no clue to the event or its participants.
The fourth and last of the mosaics
from Pella that I shall describe presents
no such problem, even though it is some-
what damaged. Twenty-four feet long
and nearly nine feet high, it decorates
the floor of an adjacent room in the same
house. The incident it portrays is the
forcible seizure of Helen by Theseus, the
legendary hero-king of Athens whose ad-
ventures in Crete are among the best-
known of the Greek myths. The episode
occurred early in Helen’s life, before her
marriage to Menelaos of Sparta and her
abduction by Paris. Each actor in the
scene is identified by a name written
nearby: from left to right these are the

TWO TYRANNICIDES, Aristogeiton (left)
(right) , were young Athenians who killed the brother of the tyrant
Hippias in 514 B.c. Statues were later made in their honor; these,

charioteer Phorbas, Theseus, Helen and
a friend or relative of Helen’s named
Del[i]ane[ira] (the letters in brackets are
missing).

The two mosaics discovered in 1961
are sufficiently different in technique to
indicate that they are not both the work
of Gnosis. In the deer hunt the landscape
is realistic and the ground under the
hunters’ feet is irregular. The figures are
richer in color than those in the mosaic
showing the seizure of Helen; they are
rendered more in light and shadow and
have more three-dimensionality. One
has the impression that the mosaic was
copied from a painting. In the seizure-of-
Helen mosaic the strong outlining and
the cautious use of light and shadow sug-
gest that the artist was under the influ-
ence of those painters who decorated
pottery, using a bold but essentially flat
style. In any case, the mosaics discov-
ered in 1961 are more advanced in style

and certainly later in date than the ones
found in 1957.

and Harmodios
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Both the question of artistic influ-
ences and the possibility that one of the
later mosaics was a copy of a painting
have added significance when one spec-
ulates on the inspirations that gave rise
to the mosaics of Dionysos and Alexan-
der’s lion hunt. Observing the composi-
tion of the lion hunt, for example, one
cannot help but be reminded of the fa-
mous sculptures called “The Tyranni-
cides,” which were executed in the fifth
century B.c. [see illustration below].
The Dionysos mosaic too could have
been modeled after an earlier work of
art. Is it possible that the artist of the
mosaic was working from one of the wall
paintings with which Zeuxis embellished
the royal palace of Archelaos? If so, the
mosaics of Pella have done a double
service. Not only do they hint at the lux-
urious life of Macedonia’s capital city in
post-Alexandrian times but also they
have preserved an early work of art that
would otherwise have been lost alto-

gether.

now in the Naples Museum, may be the originals. The author sug-
gests that the postures of Alexander the Great and Krateros in the
lion-hunt mosaic may have derived from the tyrannicides’ postures.
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Numerical Taxonomy

The computer has made it possible to consider large numbers

of characteristics in classifying many phenomena, notably living

organisms, fossil organisms and even imaginary organisms

lassification is one of the funda-
C mental concerns of science. Facts

and objects must be arranged in
an orderly fashion before their unify-
ing principles can be discovered and
used as the basis for prediction. Many
phenomena occur in such variety and
profusion that unless some system is
created among them they would be un-
likely to provide any useful informa-
tion. Chemical compounds (particularly
organic ones), groups of stars and the
two million or so species of living orga-
nisms that inhabit the earth are exam-
ples of such phenomena.

The development of high-speed
electronic computers has had a pro-
found impact on the methods of clas-
sification in many scientific fields. The
rapidity of the computer’s operation
has made it possible for the first time to
consider large numbers of characteris-
tics in classifying many phenomena.
The writing of computer programs for
such work has led to a renewed interest
in the principles of classification, reviv-
ing such old questions as: What makes
one classification better than another?
What is a “natural” classification? What
is similarity, and can it be quantified?
The inquiry has progressed furthest in
the field of taxonomy, or biological clas-
sification. The methods of numerical
taxonomy (as this new field has come to
be called), the conceptual revolution it
has wrought, the nature of the con-
troversy surrounding it, some future
prospects for the field and its relevance
to problems of classification in other sci-
ences will be discussed in this article.

7i\/lany of the new procedures of nu-

merical taxonomy and their the-
oretical justification have been the
subject of intense disagreement be-
tween numerical taxonomists and sup-
porters of traditional taxonomic prac-
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tices and principles. Controversy, of
course, is nothing new in science. Time
and again the introduction of a new
concept or the development of a new
technique has aroused the passions of
scientists representing conﬂicting points
of view. Although debate about nu-
merical taxonomy has not been as ac-

rimonious as some debates in the histo-
ry of science, it has certainly been
spirited and continues undiminished.
At recent biological conferences the
symposiums on numerical taxonomy
have been unusually well attended, of-
ten by people only remotely interested
in the field who have heard that “a

IMAGINARY ANIMALS, called Caminalcules after their creator, Joseph H. Camin of
the University of Kansas, are used in experiments on the principles and practices of tax-
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good fight” was about to take place in
that session. What is all the shooting
about?

In the early days of modern science,
and for special purposes even today,
classifications were based on a single
property or characteristic, the choice of
which might be quite arbitrary. Metals
are divided into conductors and non-
conductors, other substances into those
that are soluble in water and those that
are not; organisms are divided into uni-
cellular ones and multicellular ones.
Some of these classifications are arbi-
trary in the sense that there is a con-
tinuum of properties—as in the case of
solubility, for which the line between
soluble substances and insoluble ones
is not distinct. In contrast one can al-
most always say whether an organism is
unicellular or multicellular, so that with
properties such as these the decisions
can be quite clear-cut. Classifications
based on one or only a few characters
are generally called “monothetic,”
which means that all the objects allo-
cated to one class must share the

onomy, or biological classification. The 29 “recent” species of the
organisms, depicted on these two pages, were generated by Camin

character or characters under consid-
eration. Thus the members of the class
of “soluble substances” must in fact be
soluble.

Classifications based on many charac-
ters, on the other hand, are called
“polythetic.” They do not require any
one character or property to be universal
for a class. Thus there are birds that lack
wings, vertebrates that lack red blood
and mammals that do not bear their
young. In such cases a given “taxon,” or
class, is established because it contains
a substantial portion of the characters
employed in the classification. Assign-
ment to the taxon is not on the basis of
a single property but on the aggregate
of properties, and any pair of members
of the class will not necessarily share
every character.

It is obviously much more complicat-
ed to establish classifications based on
many characters than it is to establish
classifications based on only one charac-
ter. The human mind finds it difficult to
tabulate and process large numbers of
characters without favoring one aspect
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or another. The comparative subjectivi-
ty of traditional approaches and the
inability of taxonomists to communi-
cate to one another the nature of their
procedures have contributed to making
taxonomy more of an art than a science.

The arrival of the computer has re-
versed this trend, and a new field with
many possibilities for objective and
explicit classification has opened up.
Computer techniques have indeed been
a principal force behind the gradual
adoption of an operational approach in
taxonomy; in order to use such tech-
niques, classificatory procedures must
be outlined in such a form that any sci-
entist or a properly programmed com-
puter can carry out the indicated opera-
tions and, given the same input data,
arrive at the same results. This would
preclude the often arbitrary decisions of
conventional taxonomists, epitomized by
the statement that “a species is whatever
a competent taxonomist decides to call a
species.”

Before proceeding further I should
remove a possible source of confusion.

according to rules known so far only to him. The drawings are
based on Camin’s originals, with slight modifications in perspective.
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TAXONOMIC RELATIONSHIPS can be viewed from three distinct aspects. “Phenetically”
(based on overall similarity among the objects to be classified) organism B is more closely
related to organism A than it is to organism C, even though C evolved much later than 4
as a branch of stem B. “Cladistically” (based on common lines of descent) organisms B and
C are closer to each other than either is to A4, since they have an ancestor (B’) in common
before either has a common ancestor (A4’) with 4. “Chronistically” (based on time) 4, B and
C are closer to one another than any of them is to B’, since they occupy same time horizon.

SIMILARITY CAN BE REPRESENTED as the distance between the objects to be classified
(called operational taxonomic units, or OTU’s for short) in a multidimensional space. In
this example the similarity between all possible pairs taken from four objects is estimated
on the basis of three characters, which are represented by the three coordinates axes X, Y
and Z. The OTU’s (black balls) are then plotted into this three-dimensional space according
to their state, or value, for the three characters. Similar objects are plotted much closer to
one another than dissimilar ones. In any real case there will, of course, be more than three
characters and a multidimensional space—called a “hyperspace”—would be necessary.
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This is the difference between the
terms “classification” and “identifica-
tion.” When a set of unordered objects
has been grouped on the basis of like
properties, biologists call this “classifi-
cation.” Once a classification has been
established the allocation of additional
unidentified objects to the correct class
is generally known as “identification.”
Thus a person using a key to the known
wild flowers of Yellowstone National
Park “identifies” a given specimen as a
goldenrod. Some mathematicians and
philosophers would also call this second
process classification, but I shall strictly
distinguish between the two. Here I am
principally concerned with classification
in the biologist’s sense.

The purpose of taxonomy is to group

the objects to be classified into
“natural” taxa. Naturalness has been
variously defined, but underlying the
several definitions is the common idea
that members of a natural taxon are
mutually more highly related to one an-
other than they are to nonmembers.
This leads us to try to define what we
mean by “taxonomic relationship.” Con-
ventional taxonomists wish to equate
taxonomic relationships with evolution-
ary relationships, but numerical tax-
onomists have pointed out that taxo-
nomic relations are actually of three
kinds. “Phenetic” relationships are those
based on overall similarity among the
objects to be classified. “Cladistic” rela-
tionships are based on common lines
of descent. Although close cladistic
relationship  generally implies close
phenetic similarity, it is not always
the case. Differences in evolutionary
rates may give rise to lineages that di-
verged long ago but appear more simi-
lar than a subsequently diverged pair
of stems, one or both of which has un-
dergone rapid evolution [see top illus-
tration at left]. The third kind of tax-
onomic relationship is the “chronistic,”
or temporal, relation among various
evolutionary branches. Cladistic rela-
tionships for most organisms are known
scantily, if at all, and are generally in-
ferred from phenetic evidence. The
“phylogenetic” classifications of conven-
tional taxonomy are usually based on an
undefined mixture of phenetic and clad-
istic relationships, and often merely rep-
resent an overall similarity among the
classified organisms disguised in evolu-
tionary terminology.

In view of these considerations nu-
merical taxonomists propose to base
classifications entirely on resemblance,
defining natural classifications as those



yielding taxa whose members are in
some sense more similar to one another
than they are to members of other taxa.
It follows from this concept of natural-
ness, which is based on the ideas of J.
S. L. Gilmour, a botanist at the Univer-
sity of Cambridge, that a natural taxon
will be most predictive. If a classifi-
cation is based on many correlated
characters, predictions about the states
of other characters in various groupings
of the classification should be more suc-
cessful than if the taxonomy were based
on few characters. Furthermore, it is like-
ly that a classification based on a great
variety of characters will be of general
utility to biology as a whole, whereas a
classification resting on only a few char-
acters is less likely to be generally use-
ful, except for the special purposes rele-
vant to the chosen characters. Thus a
classification of animals into “swamp
dwellers” and “animals not living
in swamps” may be very useful for a
study of the ecology of swamps but
not for general zoology.

Overall phenetic similarity is based
on all available characters without any
differential weighting of some charac-
ters over others. A substantial part of
the controversy about numerical tax-
onomy has centered on this point. Con-
ventional taxonomists usually employ
only a few characters in classification
and weight these in terms of their pre-
sumed evolutionary importance. Nu-
merical taxonomists contend that evo-
lutionary importance is undefinable and
generally unknown and that no consist-
ent scheme for weighting characters
before undertaking a classification has
yet been proposed. To weight charac-
ters on the basis of their ability to dis-
tinguish groups in a classification, as is
frequently advocated, is a logical falla-
cy. Since the purpose of employing the
characters is to establish a classification,
one cannot first assume what these
classes are and then use them to
measure the diagnostic weight of a
character.

"The nature of similarity is, of course,

- a fundamental problem of taxon-
omy, whatever one’s theoretical ap-
proach. This ancient philosophical
problem has recently become acute in
a variety of fields because of the in-
troduction of automata for classification
and identification. What is the meaning
of the statement “A is similar to B”?
Only when qualified to the effect that
“A is similar to B in such and such a re-
spect” has this statement any meaning.
It is one of the underlying assumptions
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PHENOGRAM is a convenient two-dimensional representation of the results of a numerical
classification, in this case the results of classifying the 29 recent species of Caminalcules de-

picted on pages 106 and 107. The various species are indicated by the numbers at the tips of
the branches. Phenograms tend to distort the original multidimensional relationships.
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of numerical taxonomy that quantifica-
tion of degrees of similarity is possible.
The establishment of comparative
similarities—for - example “A is more
similar to B than it is to C”—is funda-
mental to any attempt at clustering ob-
jects into homogeneous groups.
Similarity can be established only on
the basis of homologous, or corre-
sponding, characters. Hence it is not
possible to compare the forelimbs of
vertebrates without prior agreement on
what to call a forelimb in each of the
vertebrates to be compared, and on the
Correspondences between constituent
parts of the appendages. Homology, as
interpreted by numerical taxonomists,
is the existing overall similarity in struc-
ture rather than similarity due to com-
mon ancestry, although this may often
be the underlying cause. To describe
such essential similarity one needs to
base it on numerous “unit characters”
of the structures to be compared. Nu-
merical taxonomists regard unit charac-
ters as those that cannot be subdivided
into logically or empirically indepen-
dent characters. This is a complex sub-
ject, however, since the same set of bi-
ological characters can be described
in innumerable slightly varying ways.
One would not wish to use all these de-
scriptions, yet how can one avoid re-
dundancy by choosing the best ones?
Another problem is how many
characters to choose for describing
phenetic ~ similarities. Is there an
asymptotic similarity among organisms
that is approached as more and more
characters are measured, or will each
additional set of characters contribute
a new dimension to similarity, making
the taxonomic structure of a group in-
herently unstable? All the evidence on
this complicated question is not yet in.
It might be assumed that if one knew
the genetic fine structure of organisms,
one could then develop an overall
measure of similarity among organisms
based on similarity of genetic structure.

SIMILARITY MATRIXES have been
shaded to show the degree of similarity be-
tween pairs of 27 OTU’s (in this case indi-
viduals from seven species of nematode
worms). The darker the squares, the greater
the similarity. The matrix at top has the
OTU’s arranged according to an arbitrary
sequence of code numbers. The matrix at
bottom has been rearranged to yield clus-
ters of similar OTU’s. The dark triangles
along the diagonal indicate species; larger,
less dark triangles represent genera. OTU
13 is not closely related to any of the other
OTU’s (see illustration on opposite page) .



Yet even this would present complica-
tions, since the genetic code as it is
now understood is in the nature of a
program, certain portions of which
come into play at different times during
the development of an organism. Simi-
larity in the programs might not reflect
similarity in the products, and it is by
no means certain whether genes or
their effects should form the basis of a
classification.

Moreover, since we do not as yet
have measures of similarity between
different genetic codes (except for cer-
tain limited instances), we are forced
to resort to the morphological and
physiological characters employed in
conventional taxonomy. Recently we
have found that although different
types of characters in a taxonomic
study may be correlated, this correla-
tion is not sufficiently strong for a clas-
sification based on one set of characters
(for example external characters) to
agree fully with a classification based
on a second set (for example internal
characters). Thus a taxonomy of males
may differ somewhat from one of fe-
males, and a classification of skeletal
parts may not agree entirely with one
based on soft parts. This is a necessary
consequence of phenetic classification,
and in order to obtain valid measures
of overall similarity one has to use as
many and as varied sets of characters as
possible.

If classifications are to be established
on overall similarity, numerical taxon-
omy is required to put the procedures
on an operational and quantitative ba-
sis. Some of the procedures of numeri-
cal taxonomy were developed as early
as the beginning of this century, but
before the introduction of digital com-
puters they never caught on, presuma-
bly because of the insuperable compu-
tational difficulties. The philosophical
origins of the present development
in taxonomy derive from the work
of Michel Adanson, an 18th-century
French botanist, who first rejected a
priori assumptions on the importance of
different characters and proposed bas-
ing natural taxa on his essentially
phenetic concept of “affinity.”

r[‘he recent development of numerical

taxonomy starts with the almost si-
multaneous publication in 1957 of pa-
pers advocating this method by Peter
H. A. Sneath, a British microbiologist,
and by Charles D. Michener and myself,
both entomologists at the University of
Kansas. Two further independent stud-
ies by workers at the University of Ox-
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NEMATODE PHENOGRAM is based on the similarity matrix at bottom of opposite page.
The brackets and lettering correspond to similar brackets and lettering in the similarity
matrix. Broken vertical lines are “cutoff lines” for recognizing species and genera, which are
indicated by their full names at right. Code numbers for OTU’s are at tips of branches.
Rearrangement of first two species has no effect on the taxonomic relationship illustrated.
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ford and at the New York Botanical
Garden followed in 1958 and 1960 re-
spectively. Since that time the litera-
ture and the number of workers in the
field have grown rapidly. At last count
there were at least 200 published papers
on numerical taxonomy, with more than

69 papers applying numerical taxonomy
to diverse groups cf organisms.

How does one produce a classifica-
tion by numerical taxonomy? The ob-
jects to be classified are called “opera-
tional taxonomic units,” or OTU’s for
short. They may be individuals as such,

individuals representing species or high-
er-ranking taxa such as genera or fami-
lies of plants or animals, or statistical
abstractions of the higher-ranking tax-
onomic groups.

Classifications by numerical taxon-
omy are based on many numerically
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DIFFERENT CLUSTERING TECHNIQUES yield different classi-
fications of the same taxonomic units. The numbered black dots
represent eight species of mosquitoes described by pupal charac-
teristics only (drawings at top). Species 30 belongs to the genus
Mansonia; the others are species of Anopheles. For convenience of
representation, distances among OTU’s are shown in two-dimen-
sional space only. Linkages between OTU’s and clusters and be-
tween pairs of clusters are shown by solid-colored lines, previously
established clusters by light-colored shading of the area occupied
by the clustered OTU’s. As clustering proceeds step by step the
criteria for joining become less stringent; in other words, the
distances between prospective joiners and established clusters in-
crease. The single-linkage method (left) starts with the shortest dis-
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tance between any pair of OTU’s and takes up the other distances
in order of magnitude. In average linkage (center) an OTU will
join a cluster if the average distance between it and the “center of
gravity” of the cluster is less than for any other such distance in the
study. In complete linkage (right) joining takes place only when
the relationships between a candidate for joining and established
members of the clusters are all at the minimum criterion for a
given clustering cycle. Although the initial clustering step is the
same for all three methods and the final cluster, including all the
OTU’s, must necessarily also be the same, the intermediate cluster-
ing steps are obviously quite different at roughly equivalent stages.
The results depicted here will not necessarily agree with com-
parable studies that include additional closely related OTU’s.
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recorded characters. These may be
measurements that are appropriately
represented numerically, or they may be
coded in such a way that the differ-
ences between them are proportional
to their dissimilarity. For example, a
character called “hairiness of leaf”
might be coded as follows: hairless, 0;
sparsely haired, 1; regularly haired, 2;
densely haired, 3. By this coding sys-
tem we imply that the dissimilarity be-
tween densely haired and hairless is
approximately three times the dissim-
ilarity between sparsely haired and
hairless. In some fields, such as micro-
biology, characters are almost always
expressed by only two states corre-
sponding to the presence (1) or the
absence (0) of a given character, for ex-
ample an enzyme.

All the characters and the taxonomic
units to be classified are arranged in a
data matrix, and the similarities be-
tween all possible pairs of OTU’s are
then computed based on all the charac-
ters. We shall not concern ourselves
here with the variety of mathematical
coeflicients that have been devised to
represent similarity between objects.
One way of representing similarity (ac-
tually dissimilarity) is the distance be-
tween OTU’s in a multidimensional
space. Suppose the similarity between
all possible pairs taken from four ob-
jects is to be estimated on the basis of
three characters. We can visualize
these characters as representing three
coordinate axes [see bottom illustration
on page 108]. Each OTU is then plotted
into this three-dimensional space ac-
cording to its state, or value, for the
three characters. Those objects that are
very similar will be plotted close to
each other; dissimilar ones will be con-
siderably farther apart. The computa-
tion of such straight-line distances is
quite simple. In any real case there
will, of course, be more than three
characters and a multidimensional space
would be necessary. Although it is not
possible to represent such a “hyper-
space” pictorially, the computation of
distances within it is still quite simple.
Thus we can view the objects to be clas-
sified as clusters of points in multidimen-
sional space.

The similarities between pairs of
OTU’s are evaluated by a computer
and printed out in a “similarity matrix,”
which shows the similarity value of
each OTU with respect to every other
one. Rather than give such a numerical
table here, I have illustrated it graphi-
cally on page 110, indicating the magni-
tude of the similarity coefficient by
depth of shading. Unless the OTU’s to
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GENETIC CONTINUITY was accomplished in the generation of the Caminalcules by trac-
ing the drawing of the primitive species (bottom) from sheet to sheet, making possible the
preservation of all characters except for the desired morphological modifications (color).

be classified have been ordered previ-
ously, the pattern of shading in the sim-
ilarity matrix is likely to be complex.
We can attempt, however, to alter the
arrangement of the OTU’s in such a
way that the dark-shaded areas (high-
similarity values) will condense in tri-
angular groups along the diagonal of
the table. This procedure will yield a
rough classification of these OTU’s into
groups.

For more precise classifications a va-
riety of numerical clustering proce-
dures have been developed, and these
procedures are routinely carried out on
the computer after the similarity matrix
has been calculated. There is no gener-
ally accepted clustering method. Dif-
ferent methods will yield different re-
sults, depending on the underlying
“similarity structure” of the objects to
be clustered [see illustration on opposite
page]. Attempts are being made cur-
rently to define an “optimal” classifica-
tion mathematically so that the results of
a numerical classification can be evalu-
ated by this criterion.

The results of a numerical classifica-
tion are usually represented by means
of a “phenogram.” These treelike dia-
grams indicate the similarity between
OTU’s or stems bearing more than one
OTU along one axis. Because pheno-
grams collapse multidimensional rela-
tionships into two dimensions, there is
appreciable distortion of the original
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relationships as shown in the similarity
matrix. Estimates of the degree of dis-
tortion in a given phenogram are made
routinely in numerical taxonomic studies
as a precaution. Representing phenetic
relationships by three-dimensional mod-
els of OTU’s avoids some of the distor-
tions encountered in phenograms. Since
such models cannot be circulated wide-
ly, the possibility of publishing comput-
er-produced “stereograms”—two-dimen-
sional projections of three-dimensional
models—is currently being investigated.

Describing the similarities among or-
ganisms is only one aim of taxono-
my. Another is to trace the evolutionary
lineages that gave rise to the diversity
of organic life that exists today. To
reconstruct the taxonomic relation-
ships and evolutionary trends among a
group of organisms one would need to
describe their phenetic relationships
through all points in time. One would
also have to describe the group’s
“cladistics,” the branching sequences in
the evolutionary trees. Finally, one
must furnish a correct time scale to the
evolutionary reconstruction. At the mo-
ment there is no known way—short of a
multidimensional reconstruction, which
is impossible of practical achievement—
to incorporate these elements into a uni-
fied system without large distortion of
the phenetic relationships.
Some substantial recent advances in
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CLADOGRAMS, diagrams that delineate the branching sequences
in an evolutionary tree, are shown here for a group of fossil horses.

A computer program developed by Camin and the aathor con-
structs cladograms with the fewest number of evolutionary steps.

The cladogram at top shows an early stage in the procedure; the
one at hottom shows the most parsimonious solution, in which the

14

SECUNDUS { ‘
j- PLIOHIPPUS

—\ ({ mexcanus |
|' /)

35 steps at top have been reduced to 31 steps. The cladogram at
bottom corresponds to evolutionary branching sequence generally
accepted by paleontologists. The evolutionary steps for various
numbered skeletal and dental characters are marked on the
branches. In the bidirectional evolution of a character one di-
rection is shown by lines across branches, the other by X marks.
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techniques for reconstructing cladistic |
sequences grew out of an experiment
on the principles and practices of tax-
onomy carried out by a group of gradu-
ate students and faculty members at the
University of Kansas. The study was
based on a group of imaginary animals
generated by Joseph H. Camin accord-
ing to rules known so far only to him
but believed to be consistent with what
is generally known of evolutionary prin-
ciples. Genetic continuity was accom-
plished by tracing the drawings of the
animals from sheet to sheet, permitting
the preservation of all characters except
for the modifications that were desired.
All 29 “recent” species of these “orga-
nisms,” irreverently named Caminal-
cules by the graduate students, are
shown on pages 106 and 107. Detailed
studies of the assemblage of hypothetical
animals by orthodox phylogenetic meth-
odology by various team members re-
sulted in differing, but internally con-
sistent, cladistic schemes, the choice
among which was not easily apparent.
Comparison by Camin of these various
schemes with the “truth” led him to the
observation that those trees that most
closely resembled the true cladistic se-
quence invariably required for their
construction the fewest number of postu-
lated evolutionary steps for the charac-
ters studied.

Our experiments were based on
three working assumptions: first, that
character states could be numerically
coded according to their presumed
evolutionary trends; second, that evolu-
tion is irreversible, so that when a
character evolves to state 2, it will not
revert to state 1; third, that nature is
fundamentally parsimonious, so that
the diversity in character states within
a given group was achieved at or close
to the minimum number of evolution-
ary steps. From these assumptions Ca-
min and I developed a computational
technique that constructs the most par-
simonious cladistic tree, or cladogram,
from an original data matrix. A comput-
er program carries out these computa-
tions. The cladograms on the opposite
page illustrate the type of change that is
routinely carried out by the computer
program. The cladograms estimate the
branching sequences that occurred in
the evolutionary history of a group of
fossil horses. These methods have also
given apparently meaningful results in
studies of bees, vipers, certain plants,
fossil protozoa and the structural re-
arrangements of chromosomes in black-
flies and drosophila.

The computer program also evalu-
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AUTOMATIC SCANNING of organisms for the purpose of estab-
lishing phenetic classifications was proved to be feasible in a recent
experiment performed by F. James Rohlf and the author in which
they successively placed 25 punch cards, each perforated with 25
randomly chosen holes, over drawings of a group of Caminalcules.
One of the punch cards is shown at left superposed over a drawing

ates the compatibility of each charac-
teristic with all the other characters
and weights it in terms of this criterion.
It points out inconsistencies and has re-
peatedly discovered errors in coding,
transcription or interpretation of the

data.
A major impetus for the development
and application of numerical tax-
onomy is the current introduction of
automatic sensing and data-recording
devices. The development of such in-
struments has proceeded very rapidly
in recent years. Most prominent among
the devices likely to be useful in tax-
onomy are optical scanners, which digi-
tize drawings, photographs, microscope
preparations and results of biochemical
analysis. The veritable flood of infor-
mation that will flow from these auto-
matic sensors will require computer-
based processing and classification,
since the human mind is not able to di-
gest these data by traditional means.
Recently F. James Rohlf and I have
shown that data of this kind, collect-
ed in a quite unsophisticated manner,
can be used to form adequate phe-
netic classifications. We employed the
straightforward approach of recording
agreement in visible structures over
randomly selected minute areas of the
images of pairs of organisms. Such a
procedure would be feasible by means
of optical scanners. Random masks,
made from 25 punch cards each perfo-
rated with 25 randomly chosen holes,
were placed over black-and-white draw-
ings of two groups of “organisms.” One
group consisted of the 29 recent species
of the Caminalcules; the second com-
prised published illustrations of the
pupae of 32 species of mosquitoes. Each
illustration was overlaid with all the
masks, and each of the 625 holes was
scored 1 when a black line appeared
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through it and 0 when no black showed
[see illustration above]. Illustrations
were compared on the basis of match-
ing scores for corresponding masks and
holes. A numerical classification of the
images was surprisingly similar to studies
by conventional taxonomy or by nu-
merical taxonomy based on the detailed
description of characters. Whenever
phenetic taxonomies are acceptable, au-
tomatic scanning and classification may
provide a rapid and reliable approach.
Problems of the size and orientation of
the organisms remain to be worked out,
but they should not present insuperable
technical difficulties. The implications of
the success of this method are that ex-
perience and insight into the presumed
biological and phylogenetic significance
of characters may be less important for
obtaining satisfactory classifications than
had been generally supposed.

Thus there is every reason to believe
that classifications from automatically
obtained characters are possible. This
finding will, of course, lead not only to
automatic classification but also to
automatic identification, which should
be one of the more exciting prospects
for research workers faced with routine
identification problems.

Numerical taxonomists working in bi-

ological taxonomy are continually
surprised and impressed by the applica-
bility of their principles in numerous sci-
ences and other fields of human ac-
tivity. They marvel at the rapidity
with which this knowledge is spread-
ing throughout the biological, medical,
geological and social sciences, as well
as the humanities. Numerical taxonomy
has been employed to classify soils and
diseases, politicians and plant commu-
nities, archaeological artifacts and oil-
bearing strata, socioeconomic neigh-

borhoods and psychological types,
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of a Caminalcule belonging to species 1. In making the composite
at right each of the 625 holes was scored 1 when a black line ap-
peared through it and 0 when no black showed. (Actually fewer
than 625 holes are visible here, since many holes on different cards
coincided.) The illustrations of the organisms were compared on
the basis of matching scores for corresponding masks and holes.

languages and television programs—to
name just some of the applications.
Sneath has even used it to solve a jig-
saw puzzle. This broad spectrum of ap-
plications for numerical taxonomy
should not surprise us. After all, the
precise categorization of human experi-
ence is one of the foundations for a sci-
entific understanding of the universe.
We should not, however, be overly im-
pressed by the similarities in approach
in these various sciences. There are ap-
preciable differences in the principles
of classification in diverse fields, and it
is necessary to know when the prob-
lems of one discipline part company
with those of another. Nonetheless, the
common fund of basic ideas on similari-
ty and classification is great enough to
serve as the basis for a general science
of taxonomy.

Biological taxonomy will be affected
by the computer in many ways besides
numerical taxonomy. Automatic data
processing will revolutionize the stor-
age and retrieval of taxonomic infor-
mation for museums and catalogues.
The approaches of numerical taxon-
omy have already done much to
de-emphasize the often legalistic and
sterile aspects of naming organisms. It
is likely that developments in automat-
ic data processing will rapidly relegate
problems of nomenclature to the posi-
tion of relative unimportance they mer-
it. Some of the birth pangs of automa-
tion will be felt in taxonomy as in other
fields, and traditionally-minded work-
ers will presumably resist the changes.
The controversy about numerical tax-
onomy will doubtless continue for some
time to come until a new “synthetic”
theory of taxonomy, accepting what is
soundest from various schools, becomes
established. The revolution the com-
puter has wrought in taxonomy has only
just begun.



RECENT
findings

RESEARCH LABORATORIES

Heart of the new sodium-sulfur battery recently an-
nounced by Ford Motor Company is a highly ionically
conducting poly-crystalline ceramic, based on the com-
pound beta alumina NasO « 11A1,03. This compound
exhibits unusual two-dimensional diffusion and ion
exchange properties.

A summary of the ion exchange properties of beta
alumina when in equilibrium with mixtures of molten
nitrates of monovalent cations is shown in Figure 1. The
symbol X designates the cation shown with each curve.

100 -

% CONVERSION OF BETA ALUMINA Ng — X

Nuf\‘lO3 ) 1'\: y
LIQUID COMP

Fig.1 Equilibria between beta alumina and various bimary nitrate melts containing
NaNQ3 and another meltal nitrate at 300-350°C.

No anions of the molten salt enter the solid beta alu-
mina phase. The equilibrium is unfavorable with cesium
because the cesium ion is larger than the volume avail-
able at the cation location in the beta alumina, and is
unfavorable for the lithium ion because this small ion
can coordinate closer to the anions of melt than of the
beta alumina.

In spite of the fact that beta alumina is a robust
material with a melting point approaching 2000°C and
a demonstrated resistance to molten salts, the diffusion
rate of sodium ions in this material is as fast as the best

PROBING DEEPER FOR BETTER

Ionic conduction study
leads to new concept
In energy conversion device
at Ford Motor Company.

solid inorganic ionic conductors known. For example,
when a 2mm diameter single crystal of this material is
placed in molten sodium nitrate at 300°C, it will ex-
change one half of its sodium ions with the sodium ions
of the melt in 60 seconds. In more scientific terms, the
diffusion coeflicient for the sodium ion in the crystal is
~1x10~5cm?/sec at300°Cand 4.0x10—7cm?2/sec ai 25°C.

The two-dimensional character of the diffusion is
strikingly shown in Figure 2. The sodium ions of this
thin single crystal of beta alumina were originally
completely exchanged with the lithium isotope Li®.

Fig.2 Partially exchanged (~ 60%) Li6 single crystal of beta alumina. The area
of high Lié concentration has become dark under neutron irradiation (~ 1013 neu-
trons per cm2 for 1 hour).

The crystal was then exchanged for a short period of
time with molten Li’NOj; which resulted in a replace-
ment of part of the Li® atoms with Li? atoms. The
crystal was then irradiated with neutrons in the
Phoenix reactor of the University of Michigan which
caused the area containing a large amount of Li® atoms
to turn dark in color. As can be seen in the photograph,
the center portion contains the unexchanged Li®. This
is a direct visual indication that the exchange is two
dimensional in the plane of this thin crystal.

Science is always interested in findings that indicate
a potentially new form of energy conversion. The
development of this high-energy secondary battery
system is a significant step in that direction.

IDEAS
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ICE

At the molecular level the seemingly rigid perfection

of a crystal of ice 1s disrupted l)y an astonishingly

busy traffic of molecules and migrating lattice faults

many of the foremost scientists of

modern times. Chemists, physicists,
mathematicians and even biologists have
been drawn to the investigation of its
somewhat mysterious crystal structure
and its peculiar properties. Their explo-
ration of the problems presented by ice
have yielded a better understanding of

Ice is a substance that has fascinated
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by L. K. Runnels

the hydrogen bond (present in many im-
portant molecules, including proteins)
and of the activity that goes on within a
seemingly rigid crystal. The investiga-
tion of ice is a good example of how
much can be learned from close study
of a most commonplace object.

Let us begin by examining the struc-
ture of a single water molecule—say a

MOLECULE OF WATER has four “arms” (actually clouds of electrons) extending from
the central nucleus of the oxygen atom. Two of the arms contain hydrogen nuclei (protons)
and are positively charged. The other two arms contain no protons and hence are nega-
tively charged. In subsequent illustrations the negative arms of molecules will be omitted.

118

© 1966 SCIENTIFIC AMERICAN, INC

molecule of water vapor in the air. The
easiest way to visualize the molecule is
to place it in an imaginary cube with
the nucleus of the oxygen atom at the
center of the cube and the two hydrogen
nuclei at opposite corners of the cube’s
base [see illustration on this page].
Actually the shape of the figure is not
exactly cubic—the “cube” should be
slightly distorted—because the angle of
attachment of the hydrogen atoms to
the oxygen is 104.5 degrees, whereas in
a perfect cube the lines from the corners
to the center form an angle of 109.5 de-
grees. For our purpose, however, the
cube figure is accurate enough. Of the
oxygen atom’s eight electrons two are
held near the oxygen nucleus while an-
other pair joins with two electrons from
the hydrogen atoms in binding them to
the oxygen; this leaves two “arms” of
unshared electrons that point from the
oxygen nucleus to other corners of the
cube, as the illustration indicates.

When water molecules are not isolated
but packed together, as in the liquid
state, these negatively charged arms
serve to attach molecules to one another.
Each negative arm attracts a hydrogen
nucleus in a neighboring water mole-
cule, and the hydrogen atoms thus act to
join the molecules with what are called
hydrogen bonds. The molecules tend
to combine in clusters [see “Water,”
by Arthur M. Buswell and Worth H.
Rodebush; SciENTIFIC AMERICAN, April,
1956].

In the liquid state the normal thermal
motion of the molecules is sufficient to
break the bonds as the molecules jostle
one another; consequently the clusters
are continually being split up and re-
formed. When water is cooled to the
freezing point, however, the thermal
motion is so reduced that the molecules
form large, stable clusters: the crystals



of ice. The first thing that interests us
about these crystals is their structure.
How are the water molecules arranged
in an ice crystal?

M["he study of ice by the technique of

* X-ray diffraction showed many years
ago that the molecules in the crystal are
arrayed in a hexagonal pattern [see illus-
tration at right]. This accounts for the
six-sided form of snowflakes. More sig-
nificantly, the analysis revealed that
there is a good deal of empty space be-
tween the molecules: the crystal has a
rather open structure. This finding clear-
ly explained one of the most unusual
properties of ice: the fact that, in con-
trast to almost all other substances, water
is less dense in the solid state than in
the liquid state, with the result that ice
floats on liquid water. In frozen water, it
can be seen, the molecules are more
loosely packed than in the liquid. When
a crystal of ice melts, the breakdown of
its structure allows molecules to fill some
of the open spaces.’

The X-ray studies succeeded in reveal-
ing the arrangement of molecules in ice
because the oxygen atoms in the mole-
cules serve to deflect the X rays. The
technique failed, however, to locate the
positions of the hydrogen atoms; their
power to deflect X rays is too low. For
more than 30 years investigators in Eu-
rope and the U.S. have been pursuing
the intriguing problem of finding out just
where the hydrogen atoms are in the ice
crystal, as this information is crucial to
understanding the complete structure of
ice and some of its most important prop-
erties.

The effort took its cue from a sugges-
tion made in 1933 by the British physi-
cists J. D. Bernal and R. H. Fowler. They
argued that in all likelihood the orienta-
tion of the molecules in the ice crystal is
such that each molecule forms good hy-
drogen bonds with its four nearest neigh-
bors; that is, in each case the molecule’s
two hydrogen nuclei (protons) are
pointed toward its neighbors’ negative
arms and its own two negative arms are
pointed toward its neighbors™ protons.
This suggestion was accepted as reason-
able. Unfortunately, however, it left the
problem wide open. It did not specify
any particular arrangement of the mo-
lecular orientations; indeed, one could
picture many different arrangements
that would satisfy Bernal and Fowler’s
rule. Some of these possibilities are
shown in the top illustration on the next
page, which for the sake of convenience
is presented in only two dimensions (in-
stead of the three dimensions of a real

WATER MOLECULES IN ICE CRYSTAL were shown many years ago by the technique of
X.ray diffraction to be arrayed in a hexagonal pattern, viewed here from above (top) and
from the side (bottom). The X-ray analysis revealed that there is a good deal of empty space
between the molecules, which explains why ice floats on liquid water. The technique failed
to locate the positions of hydrogen atoms, because their power to deflect X rays is too low.
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TWO DIFFERENT ORIENTATIONS of water molecules in an ice
crystal (a, b) both satisfy the requirement that every pair of neigh-
bors be joined by a hydrogen bond formed when a positive proton
faces a negative arm (the hydrogen-bond rule). For convenience the
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crystals are presented in only two dimensions instead of the three
dimensions of a real crystal. A total of 2,604 different arrangements
is possible for such an ice crystal containing only nine molecules. In
¢ a hypothetical arrangement is shown with a repeating “unit cell.”

crystal) but nevertheless illustrates the
essential point.

Does ice have one fixed, invariable
structure? In most solids the atoms
are arranged in a certain definite order
with each type of atom assigned to a
particular location in the unit cell, or
repeating molecular structure, that
makes up the crystal. Experiments on ice
soon turned up indirect evidence, how-
ever, that its hydrogen atoms are not re-
stricted to a single basic pattern. The
evidence had to do with entropy.

The entropy of a system, which funda-

(£

mentally is defined in terms of its heat
capacity (the amount of heat required
to raise its temperature), is a measure of
the lack of order, or the presence of ran-
domness, within the system. The higher
the entropy, the more random the dis-
tribution of particles or molecules con-
tained in the system. Now, as a sub-
stance is cooled, the reduction of the
motions of the molecules within it results
in a greater order and a decrease of
entropy. At absolute zero the entropy of
most substances is zero: they are “frozen”
in a certain predictable state of order.
Some compounds, however, do not give

up all their entropy even when they are
cooled to the lowest attainable tempera-
ture (almost absolute zero). In one way
or another they retain some randomness
—a “residual entropy.” A good example
is carbon monoxide (CO). With a carbon
atom at one end and an oxygen atom at
the other, this molecule is slightly polar-
ized (the electric charge of one end is
slightly more positive than that of the
other), but the difference is so small that
there is little distinction between the
positive and the negative ends of the
molecule. Consequently when the sub-
stance is cooled to very low tempera-
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BOLTZMANN RELATIONSHIP, named after the 19th-century
Austrian physicist Ludwig Boltzmann, predicts that the entropy (or
randomness defined in terms of heat capacity) of any system in
which the molecules are independent of one another will be pro-
portional to the natural logarithm of the number of equally likely
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orientations of the molecules. The values for w of 1.5, 2, 4 and 6
correspond respectively to ice, carbon monoxide, deuterated meth-
ane and ice without the hydrogen-bond rule. The experimental
value of S/k = 4, obtained by measuring the heat capacity of ice to
very low temperatures, substantiates hydrogen-bond rule for ice.
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tures, the orientation of the molecules in
the crystal is ruled largely by chance,
some molecules pointing in one direction
and others in the opposite direction. For
this reason carbon monoxide is said to
have a residual entropy at absolute zero.

Bernal and Fowler in their discussion
of the structure of ice implied that there
might be no energy considerations dic-
tating a particular arrangement of the
hydrogen atoms. Amplifying this idea,
Linus Pauling at the California Institute
of Technology argued that ice (like car-
bon monoxide and a few other com-
pounds) should have a residual entropy
at low temperature. Indeed, this had al-
ready been observed experimentally by
W. F. Giauque and ]. W. Stout of the
University of California at Berkeley. By
measurement of the heat capacity of ice
down to very low temperatures they
found that the crystals actually did re-
tain a certain amount of entropy.

t became clear, then, that in the crys-
tals of ice the molecules are oriented
in more than one way. Could the mea-
sured residual entropy shed any light on
just how many different arrangements
are actually present? A means of tackling
this question was available: it was the fa-
mous entropy formula of the 19th-cen-
tury Austrian physicist Ludwig Boltz-
mann, one of the founders of statistical
mechanics. Boltzmann’s formula predicts
that the entropy (S) of any system in
which the molecules are independent of
one another will be proportional to the
natural logarithm of the number of
equally likely orientations of the mole-
cules. In symbolic terms the formula is
S =k log w, with w standing for the
number of possible orientations and k
for the celebrated Boltzmann constant.
In the case of carbon monoxide w is 2
(each molecule has two possible orienta-
tions), and the formula predicts that the
residual entropy divided by the constant
(S/k) should therefore be .69. The mea-
sured value of carbon monoxide’s residu-
al entropy agrees satisfactorily with this
figure.

Suppose now we apply the formula to
ice. In the ice crystal a molecule has six
possible orientations: its hydrogen atoms
can be oriented in six different ways.
According to the Boltzmann formula,
with w = 6 the residual entropy (more
precisely, S/k) should have the value 1.8
[see bottom illustration on opposite
page]. Actually in the experimental mea-
surements the value turns out to be only
.4. The discrepancy is not surprising; in
the Boltzmann formula, as we have
noted, w is the number of independent
alternatives. The orientations of the
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ENTROPY AND DISORDER are closely related, the more random arrangement of a sys-
tem (right) having a higher entropy than the more orderly one (left). The three typical
entropy-increasing processes shown here are the vaporization of a solid (top), the mixing of
two gases (middle) and the helix-to-random-coil transition of protein molecules (bottom).
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HYDROGEN ATOMS IN ICE CRYSTAL appear to be oriented at random, even at very
low temperatures. There is no unit cell in the crystal for hydrogen nuclei. This conclusion
is based on measurements of the residual entropy of ice. Crystal is viewed from above (top)
and from the side (bottom). The molecules are somewhat reduced in size for clarity.
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water molecules in ice are not indepen-
dent of one another. Once we have se-
lected a particular orientation for one
molecule there are only three possible
ways a second molecule can orient itself
to form a good hydrogen bond with the
first, and the molecules that join up with
the first have other neighbors that in turn
restrict the orientation choices still fur-
ther. Pauling calculated that the average
number of orientation choices for the
system (that is, the value of w) is about
1.5 per molecule.

This estimate agreed well with the
measurements Giauque and Stout had
obtained for the residual entropy of ice;
with w = 1.5, the value of S/k would
be almost exactly .4. Lars Onsager of
Yale University suggested in 1939 that
it was important to compute as precise
a value as possible for the average num-
ber of possible orientations. Pauling’s
estimate of 1.5 was the lower limit for
this figure; Onsager noted that the ac-
tual value must be somewhat higher.
The reason it was important to calculate
the number exactly was that, if w turned
out to be significantly higher than 1.5, it
would indicate that there was some or-
dering influence within the ice crystals;
in other words, that the possible orienta-
tions of the molecules were not all equal-

ly likely.

For more than 30 years chemists and
mathematicians have struggled with
this interesting mathematical puzzle, at-
tempting to determine just how many
geometric orientations are open to a col-
lection of ice molecules. So far the prob-
lem has defied the most sophisticated
assaults. Two years ago, however, John
Nagle, a student of Onsager’s at Yale,
pursued some ideas suggested by Ed-
mund A. DiMarzio and Frank H. Stillin-
ger, Jr., of the Bell Telephone Labora-
tories and arrived at a reliable estimate
that narrows the area of uncertainty to
very close limits. Nagle found that the
exact value must lie between 1.5065 and
1.5068. This result, bringing the theoret-
ical prediction of ice’s residual entropy
into close agreement with the experi-
mental measurements, shows that if
there are any ordering forces in the crys-
tals favoring one arrangement over an-
other, they must be extremely weak.

We have been considering an ideal
picture in which the structure of ice is
governed strictly by the known rules—in
particular the hydrogen-bond rule of
Bernal and Fowler, which would lock
the molecules in a fixed pattern. Now
we must look into certain complications
that lead to a surprising new view of
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ICE CRYSTALS BECOME POLARIZED when they are placed in
an electric field between positively and negatively charged metal

plates (left). When the field is shut off, the crystals gradually
return to their normally “relaxed,” or depolarized, state (right).

L FAULT

IMPERFECTIONS in the crystal lattice of ice explain how the
molecules rotate. The two defects at left, proposed by the Danish
chemist Niels Bjerrum in 1951, represent occasional violations of
the hydrogen-bond rule. In a D fault the positively charged hydro-
gen arms of two adjacent molecules point toward each other. In an

L fault the two negatively charged electronic arms do so. At right a
D fault is shown wandering through a hypothetical two-dimensional
crystal, leaving behind a chain of reoriented molecules. The de-
cay of polarization (or dielectric relaxation) illustrated at the top
of the page results from the migrations of such Bjerrum faults.
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MOLECULAR IONS are additional defects present in an ice crystal. The positive ion at top
is called a hydronium ion (H;0*). The negative ion at bottom is a hydroxyl ion (OH™).

what actually goes on inside the crystals
of ice.

The first of these complications was
the discovery many years ago that when
ice crystals are placed in an electric
field between positively and negatively
charged metal plates, the crystals be-
come polarized—negative on the side to-
ward the positive plate, positive on the
side toward the negative plate. When
the field is shut off, the crystals gradually
return to their normally depolarized
state. Obviously in the polarized condi-
tion a majority of the molecules must
point a positively charged hydrogen arm
toward the negative plate and a nega-
tive electronic arm toward the positive
plate, and the orientations must become
random again when the crystal is de-
polarized [see top illustration on preced-
ing page]. The late Peter J. W. Debye
of Cornell University, a pioneer in the
chemistry of polar molecules, concluded
that the molecules in ice must be able
somehow to shift their orientations!

How could they do so? It was difficult
to see how the individual molecules
could rotate in the interlocked crystal
system, where each molecule’s orienta-
tion is fixed by the hydrogen bonding
with four neighbors. In 1951 the Danish
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chemist Niels Bjerrum found a reason-
able explanation. It is well known that
many crystals are subject to imperfec-
tions, and Bjerrum suggested a form of
imperfection in ice crystals that could
account for the molecules’ ability to
change their orientation. In occasional
instances, he said, molecules might vio-
late the Bernal-Fowler rule: hydrogen
arms of two adjacent molecules might
point toward each other, or electronic
arms might do so [see bottom illustration
on preceding page]. He named the first
case a D fault (from the German word
for “doubled,” doppelt, signifying a dou-
bling of the bond) and the second case
an L fault (from leer, “empty,” indicating
the absence of a proton). The presence of
these faults would enable the molecules
involved to pivot and so change their
orientation.

There are some who object to Bjer-
rum’s theory, principally on the ground
that the electrical repulsion between
hydrogen nuclei is too strong to allow a
D fault to occur. The hypothesis has
proved eminently workable, however,
and it seems likely to stand up in its
basic features. Among other things, it
shows how such a fault, passed from one
molecule to the next, can cause many
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molecules in a crystal to shift their orien-
tation.

Experiments suggest that in ice at a
temperature just below the melting point
one molecule in a million is likely to be
involved in a Bjerrum fault. Because of
the rapid migration of faults this is
enough to effect the polarization of an
ice crystal by an applied electric field,
and also the “relaxation,” or depolariza-
tion, of the crystal after the field has been
removed. Indeed, the movement of
faults and the attendant rotation of mole-
cules in ice crystals have been detected
even without the use of electric fields.
It has been found that when the molecu-
lar orientations in ice are changed by
the application of mechanical pressure,
which affects some orientations more
than others, the orientations return to
the normal distribution after the stress is
removed. Measurements of the relaxa-
tion time indicate that this form of re-
covery, like electric depolarization, is
brought about by the migration of Bjer-
rum faults.

The most startling finding in the elec-
tric-polarization experiments is that in a
crystal of ice just below the melting point
the “half-life” of the decay of polariza-
tion after the shutoff of the electric field
is about a hundred-thousandth of a sec-
ond. We are forced to the conclusion
that every molecule in such a crystal
normally rotates at the rate of about
100,000 times per second!

There are other indications that ice,
far from being a quiescent system,
seethes with activity. One is its electrical
conductivity. It is true that ice is not
a very good conductor, but there are
worse; in fact, the conductivity of pure
ice is about the same as that of liquid
water, although water is much more
abundantly supplied with ions as charge
carriers. A potential of 200 volts im-
pressed across a one-inch cube of ice
will produce a flow of a millionth of an
ampere of current through the cube.

In metals and semiconductors electric
current is carried by mobile electrons;
in ice, as in some other solids and in
liquids, it is carried by charged ions. It is
convenient to think of theionsinice as a
kind of defect associated with the Bjer-
rum faults. The ions in ice are the hydro-
nium ion (H;O*) and the hydroxyl ion
(OH™); these are also present in liquid
water. Onsager and Marc Dupuis have
suggested that their role in carrying cur-
rent in ice resembles the transmission of
Bjerrum faults. The hydronium ion, for
instance, can transmit current by trans-
ferring its extra proton to the next ice
molecule, which in turn will pass a pro-
ton to the next and so on [see illus-



FIRST U.S. spacecraft to orbit the moon, to photograph earth
from the moon and to photograph far side of moon, was
NASA'’s Boeing-built Lunar Orbiter, shown above. Orbiter flew
and maneuvered flawlessly throughout its mission. It photo-
graphed thousands of square miles along moon’s equator to
help NASA select level, safe landing sites for America’s Apollo

astronauts. In addition, Orbiter data revealed exact shape of
moon and its gravitational characteristics. Astronomers report
Orbiter sent back more moon information than had been
learned in the past 50 years. Designed and built by Boeing for
NASA, Orbiter’s first flight began 28 months, 15 days after
contract signing, shortest span ever for a major U.S. spacecraft.

Capability has many faces at Boeing

DASH, torpedo-carrying anti-submarine helicop-
ter, operational with U.S. Navy, is powered by
Boeing TS50 gas turbine engine.

CH-47A, Boeing Chinook helicopters are deployed
to Vietnam with 1st Cavalry Division (Airmo-
bile). In its 30-foot payload compartment, the
Chinook can transport a fully-equipped combat
platoon, combat vehicles, infantry support weap-
ons, or, as in recent rescue operation, 170 refugees.

SST. Boeing supersonic transport design features
variable-sweep wing. Retracted, as shown above,
wing and horizontal tail form integrated surface
for maximum efficiency at supersonic speeds. Ex-
tended, wing provides added span and high-lift
devices for maximum stability and control during
low-speed approaches and landings.

BOEING
1916 * 50th Anniversary Year * 1966
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HYDRONIUM ION MOVES at an extremely high speed through
the crystal lattice of ice because the entire ion need not jump,

tration above]. The ions are extremely
rare in ice; according to Manfred Eigen
and L. De Maeyer of the University of
Gottingen, there are only one hydroni-
um ion and one hydroxyl ion for about
every million million molecules. The ions
move so fast, however, that they convey
an appreciable amount of current. Fur-
thermore, in ice a “catcher” is always in
position to catch the proton “pitched”
by its neighbor, whereas in liquid, amor-
phous water there may be a wait for a
molecule to arrive in a position to re-
ceive the pitch. This compensating fac-
tor enables ice to conduct electricity
about as well as water even though it
contains fewer ions.

Ice can be called a semiconductor.
Since its current-carriers are protons,
whereas in the better-known semicon-
ductors the carriers are electrons, Eigen
describes ice as a “protonic” semicon-
ductor. Indeed, Eigen has shown that ice
can act as a transistor. The usual prac-
tice in making a transistor is to “dope”
the semiconducting element with traces
of impurities to add extra electrons.
Eigen doped ice with small amounts of
acids or bases (such as hydrogen fluoride,
ammonia or lithium hydroxide) that
increased the number of mobile protons,
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INTERSTITIAL MOLECULE is another type of imperfection in
ice crystals. Normal thermal vibrations may occasionally cause a
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and he was able to construct a p-n junc-
tion device that rectified current.

Several years ago two Swiss chemists,
W. Kuhn and M. Thiirkauf of the Uni-
versity of Basel, reported a curious find-
ing that has led to the discovery of still
another kind of movement in the ice
crystal. They used labeled molecules of
water, tagged with a heavy isotope of
hydrogen (deuterium) or an uncommon
heavy isotope of oxygen (oxygen 18),
as tracers whose travels in the crystals
could be followed. Rather surprisingly
it turned out that the rate of diffusion
through the crystal was the same in both
cases: the spread of deuterium was as
rapid as that of oxygen 18. This indicat-
ed that the tagged atoms moved about in
the crystal primarily as members of in-
tact molecules, not as separate hydrogen
or hydroxide ions.

How can complete molecules move in
the crystal lattice? The most satisfactory
explanation seems to be that they are
able to make their way through the open
spaces, or channels, within the lattice.
The normal thermal vibrations of the
molecules may occasionally cause a mol-
ecule to jump out of its lattice site into
an interstitial space between other mole-
cules. From there it may either jump
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just the extra proton (arrows). Because of the great mobility o1 its
protons, ice shares many properties with electronic semiconductors.

back or begin to wander about in the in-
terstices of the lattice, perhaps to wind
up kicking another molecule out of posi-
tion and taking its place.

From various experiments, including
measurements of the “relaxation” of nu-
clear magnetic resonance, which is a
very sensitive indicator of molecular mo-
tion, we can derive an estimate of how
often these jumps occur. The calcula-
tions lead to the conclusion that in ice at
a temperature just below the melting
point the average molecule jumps out of
its lattice position about once every mil-
lionth of a second, and it travels an aver-
age distance of about eight molecules
before regaining a normal lattice site.
Thus the process takes place some 10
times faster than the in-place rotations
described earlier!

The placid and symmetrical appear-
ance of a crystal of ice is certainly de-
ceiving. Inside, at the molecular level,
the perfection is punctuated by imper-
fections, the order is disrupted by fas-
cinating varieties of disorder, and an
astonishingly busy traffic of molecules
and defects is continuously charging
about through the lattice. In short, there
is a great deal more to ice than meets the
eye.

molecule to jump out of its lattice site and begin to wander about
through the channels, or open spaces, within the crystal lattice.
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Adding B
another term
to Bernoulli’s equation

There is nothing quite as excit-
ing and potentially useful in
science as demonstrating ex-
perimentally the effect of add-
ing a new term to a familiar old
general equation. Avco, for ex-
ample, has added a magnetic
term to Bernoulli’s classic
equation for behavior of incom-
pressible fluids, with the result-
ing promise of new advances in
control systems, communica-
tions, computers and energy
conversion.

This was made possible when
a team of Avco scientists per-
fected a process that enables us
to suspend tiny single-domain
magnetic particles in liquids
without having the particles
stick together or “flocculate.”

Here is how the resulting
“'super-generalized” version of
Bernoulli’'s equation looks:

OLD TERMS
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The new term accounts for
the effect of magnetic fields (H)
on our ferrohydrodynamic
(FHD) fluids with their magneti-
zation properties, M.

How will the equation predict
the behavior of the new fluids?
We use the same two-by-two
pairing of terms that engineers
have always used in applying
the Bernoulli equation. Remem-
ber, for example, that if you
want to find the pressure in-
crease with depth in a tank of
still liquid, you pair terms 1 and
3, like so:

Now we pair our new term 4
with the old terms 1, 2 and 3.

1—Increase of Pressure

Pair terms 1 and 4 to find out
how a magnetic field can in-

crease the pressure of a ferro-
fluid. The field can float a heavy
non-magnetic object that for-
merly sank to the bottom. The
new term’s definite integral is
taken from zero field to strength
of field at any point pressure is
desired. The magnetization of
fluid may vary as a function of H.

This effect could be used to
devise a ‘‘no-mechanical-
contact” journal bearing, for in-
stance.

2—Increase Velocity

Pair terms 2 and 4 to find how
magnetic field can locally
speed up the flow of a free jet
(like a stream from a hose). The
jet will also neck down at
speed-up point to maintain con-
stant mass flow.

This effect could be used to
provide communication be-
tween conventional electronic
and new fluidic computers.
3—Increase Height

Pair terms 3 and 4 to find that
magnetic field can effect the
surface height of ferrofluid. This
was responsible for the odd

spikes coming up out of the
surface of the ferrofluid in the
photo at top of these columns.
There, the spikes represented
the fluid’s way of achieving a
minimum-energy balance sur-
face energy and the new
“fourth-term’’ energy.

This effect could be used to
convert electrical signals into
patterns for novel pattern-
recognition schemes.

Other uses:

At this time, the FHD appli-
cation nearest to realization is
a hermetically-sealed viscous
damper for satellites. But we
also see applications ranging
from magnetic printing inks to
direct thermal-to-mechanical
energy conversion.

FHD should provide a field
day for inventors.

Avco has openings for many
qualified scientists and engi-
neers—to work in such reward-
ing fields as scientific satellites,
penetration aids, boron fibers,
lasers, artificial human organs,
super-conducting magnets, and
many others. If you are inter-
ested in knowing more, write:
Avco Corporation, 750 Third
Avenue, New York, N. Y. 10017,

An equal opportunity employer.
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MATHEMATICAL GAMES

The multiple charms

of Pascal’s triangle

by Martin Gardner

arry Lorayne, a professional ma-
H gician and memory expert who
lives in New York, has recently

been puzzling his friends with an un-
usual mathematical card trick of his own

invention. A spectator is given a deck
from which the face cards and tens have

been removed. He is asked to place any
five cards face up in a row. Lorayne im-
mediately finds a card in the deck that
he puts face down at a spot above the
row, as shown in the illustration below.
The spectator now builds a pyramid of
cards as follows:

Each pair of cards in the row is added
by the process of “casting out nines.” If
the sum is above 9, 9 is subtracted. This
can be done rapidly by adding the two

digits in the sum. For example, the first

S
4P

~4

The apex card trick
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two cards in the bottom row of the illus-
tration add to 16. Instead of subtracting
9 from 16, the same result is obtained by
adding 1 and 6. The sum is 7; therefore
the spectator puts a seven above the first
pair of cards. The second and third cards
add to 8, so an eight goes above them.
This is continued until a new row of four
cards is obtained, and the procedure is
repeated until the pyramid reaches the
face-down apex card. When this card is
turned over, it proves to be the correct
value for the final sum.

The trick can be done with any num-
ber of cards in the initial row, although
if there are too many there may not be
enough cards to supply all the needed
values for the pyramid. The computa-
tions can, of course, always be done on
paper. A good version of the trick is to
ask someone to jot down a row of 10
random digits. You can calculate the pyr-
amid’s apex digit quickly in your head if
you know the secret, and it will always
turn out to be correct. How is the apex
digit determined? One’s first thought is
that perhaps it is the “digital root” of the
first row—the sum of the digits reduced
to a single digit by casting out nines—but
this is not the case.

The truth is that Lorayne’s trick oper-
ates with simple formulas derived from
one of the most famous number patterns
in the history of mathematics. The pat-
tern is known as Pascal’s triangle because
Blaise Pascal, the 17th-century French
mathematician and philosopher, was the
first to write a treatise about it: Traité du
triangle arithmétique (Treatise on the
Arithmetic Triangle). The pattern was
well known, however, long before 1653,
when Pascal first wrote his treatise. It
had appeared on the title page of an
early 16th-century arithmetic by Petrus
Apianus, an astronomer at the university
in Ingolstadt. An illustration in a 1303
book by a Chinese mathematician also
depicts the triangular pattern, and recent
scholarship has traced it back still earlier.
Omar Khayyam, who was a mathemati-
cian as well as a poet and philosopher,
knew of it about 1100, having in turn
probably got it from still earlier Chinese
or Indian sources.

The pattern is so simple that a 10-
year-old can write it down, yet it con-
tains such inexhaustible riches, and links
with so many seemingly unrelated as-
pects of mathematics, that it is surely one
of the most elegant of all number arrays.
The triangle begins with 1 at the apex
[see illustration on opposite page]. All
other numbers are the sums of the two
numbers directly above them. (Think of
each 1, along the two borders, as the
sum of the 1 above it on one side and 0,
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or no number, on the other.) The array is
infinite and bilaterally symmetric. In the
illustration the rows and diagonals are
numbered in the customary way, begin-
ning with 0 instead of 1, to simplify ex-
plaining some of the triangle’s basic
properties.

Diagonal rows, parallel to the trian-
gle’s sides, give the triangular numbers
and their analogues in spaces of all di-
mensions. A triangular number is the
cardinal number of a set of points that
will form a triangular array:

This sequence of triangular numbers
(1, 3, 6, 10, 15...) is found in the trian-
gle’s second diagonal. (Note that every
adjacent pair of numbers adds to a
square number.) The first diagonal, con-
sisting of natural numbers, gives the
analogues of triangular numbers in one-
dimensional space. The zero diagonal
gives the analogue in zero-space, where
the point itself is obviously the only pos-
sible pattern. The third diagonal contains

Pascal’s triangle

tetrahedral numbers: cardinal numbers
of sets of points that form tetrahedral ar-
rays in three-space. The fourth diagonal
gives the number of points that form hy-
pertetrahedral arrays in four-space, and
so on for the infinity of other diagonals.
The nth diagonal gives the n-space an-
alogues of triangular numbers. We can
see at a glance such curious facts as that
10 cannonballs will pack into a tetrahe-
dral pyramid and also a flat triangle, and
that the 56 hypercannonballs in a five-
space tetrahedron can be rearranged on
a hyperplane to form a tetrahedron (but
if we try to pack them on a plane in tri-
angular formation, there will be one left
over).

To find the sum of all the numbers in
any diagonal, down to any place in the
series, simply look at the number direct-
ly below and left of the last number in
the series to be summed. For example,
what is the sum of the natural numbers
from 1 through 9? Move down the first
diagonal to 9, then down and left to 45,
the answer. What is the sum of the first
eight triangular numbers? Find the
eighth number in the second diagonal,
move down and left to 120, the answer.

© 1966 SCIENTIFIC AMERICAN, INC

If we put together all the balls needed
to make the first eight triangles, they will
make exactly one tetrahedral pyramid of
120 balls.

The sums of the more gently sloping
diagonals, indicated by colored lines,
form the familiar sequence of Fibonacci
numbers, 1, 1, 2, 3, 5, 8, 13..., in which
each number is the sum of the two num-
bers preceding it. (Can you see why?)
The Fibonacci sequence often turns up
in combinatorial problems. To cite one
instance, consider a row of n chairs. In
how many different ways can you seat
men and women in the chairs provided
that no two women are allowed to sit
next to each other? When n is 1, 2, 3,
4..., the answers are 2, 3, 5, 8... and so
on in the Fibonacci order. Pascal appar-
ently did not know that the Fibonacci
series was embedded in the triangle; it
seems not to have been noticed until late
in the 19th century.

And not until late this year was it
noticed that by removing diagonals from
the left side of the triangle one obtains
partial sums for the Fibonacci series. The
discovery was made by Verner E. Hog-
gatt, Jr., a mathematician at San Jose
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State College who edits The Fibonacci
Quarterly, a fascinating journal that has
published many articles about Pascal’s
triangle. If the zero diagonal on the left
side is sliced off, the Fibonacci diagonals
have sums that are the partial sums of
the Fibonacci series (1 =1; 1 + 1 =2;
1+414+2=4;1414+2+4+3=7 and
so on). If diagonals 0 and 1 are eliminat-
ed from the left side, the Fibonacci diag-
onals give the partial sums of the partial
sums (1=1;14+2=3;14+2+4=7
and so forth). In general, if k diagonals
are trimmed, the Fibonacci diagonals
give the k-fold partial sums of the Fibo-
nacci series.

Each horizontal row of Pascal’s tri-
angle gives the coefficients in the ex-
pansion of the binomial (x + y)". For ex-
ample, (x + y)* = x% 4 3x%y + 3xy? +
y3. The coefficients of this expansion are
1, 3, 3, 1 (a coefficient of 1 is customarily
omitted from a term), which is the third
row of the triangle. To find the coeffi-
cients of (x + y)", in proper order, mere-
ly look at the triangle’s nth row. This
basic property of the triangle ties it in
with elementary combinatorial and prob-
ability theory in ways that make the tri-
angle a useful calculating device. Sup-
pose an Arab chief offers to give you any
three of his seven wives. How many dif-
ferent selections can you make? You
have only to find the intersection of diag-
onal 3 and row 7 to get the answer: 35.
If (in your eager confusion) you commit

the blunder of looking for the intersec-
tion of diagonal 7 and row 3, you will
find that they do not intersect, so that
the method can never go wrong. In gen-
eral the number of ways to select a set
of n elements from a set of r distinct ele-
ments is given by the intersection of
diagonal n and row r.

The connection between this and
probability is easily seen by considering
the eight equally possible outcomes of
getting heads or tails when flipping three
pennies: HHH, HHT, HTH, HTT,
THH, THT, TTH, TTT. There is one
way to get three heads, three ways to get
two heads, three ways to get one head
and one way to get no heads. These
numbers (1, 3, 3, 1) are, of course, the
triangle’s third row. Suppose you want
to know the probability of exactly five
heads showing if you toss 10 pennies in
the air. First determine how many dif-
ferent ways five pennies can be selected
from 10. The intersection of diagonal 5
and row 10 provides the answer: 252.
Now you must add the numbers in the
10th row to obtain the number of equal-
ly possible cases. You can short-cut this
addition by remembering that the sum
of the nth row of Pascal’s triangle is al-
ways 2. (The sum of each row is obvi-
ously twice the sum of the preceding
row, since every number is carried down
twice to enter into the numbers of the
row below; therefore the sums of the
rows form the doubling series 1, 2, 4,

Pascal’s triangle with numbers represented by dots, the odd numbers by black dots
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8....) The 10th power of 2 is 1,024. The
probability of getting five heads is 252/
1,024, or 63/256. (There is a mechanical
device for demonstrating probability,
often exhibited at science fairs and mu-
seums, in which hundreds of small balls
roll down an incline through a hexagonal
array of obstacles to enter slots and form
an approximation of the bell-shaped nor-
mal-distribution curve. For a picture of
such a device, and a discussion of how
Pascal’s triangle underlies it, see “Prob-
ability,” by Mark Kac; Screntiric
AMERICAN, September, 1964.)

If we represent each number of the
triangle by a small dot and then blacken
every dot whose number is not exact-
ly divisible by a certain positive in-
teger, the result is always a striking pat-
tern of triangles. Patterns obtained in
this way conceal many surprises. Con-
sider the binary pattern that results when
the divisor is 2 [see illustration on this
page]. Running down the center there
are colored triangles of increasing size,
each made up entirely of even-numbered
dots. At the top is a “triangle” of one
dot, then the series continues with tri-
angles of 6, 28, 120, 496... dots. Three
of those numbers—6, 28 and 496—are
known as perfect numbers because each
is the sum of all its divisors, excluding
itself (for example, 6 =1 4 2 + 3). It is
not known if there is an infinity of perfect
numbers, or if there is one that is odd.
Euclid managed to prove, however, that
every number of the form 27-1(2" — 1),
where (2" — 1) is a prime (primes of this
form are called Mersenne primes), is
an even perfect number. Leonhard Euler
much later showed that all even perfect
numbers conform to Euclid’s formula.
The formula is equivalent to

PP +1)
=,

where P is a Mersenne prime. The above
expression happens also to be the for-
mula for a triangular number. In other
words, if the “side” of a triangular num-
ber is a Mersenne prime, the triangular
number is also perfect. Going back to
the even-odd coloring of Pascal’s trian-
gle, it can be shown that the formula for
the number of dots in the nth central
triangle, moving down from the apex, is
2n=1(2n — 1), the formula for perfect
numbers. All even perfect numbers ap-
pear in the pattern, therefore, as the
number of dots in the nth central trian-
gle whenever 2" — 1 is prime. Because
2% — 1 =15, which is not a prime, the
fourth colored triangle is not perfect.
The fifth triangle of 496 dots is perfect
because 25 — 1 = 31, a prime. (The sixth



colored triangle is not perfect, but the
seventh, with 8,128 dots, is.)

One final curiosity. If rows 0 through
4 are read as single numbers (1, 11, 121,
1,331 and 14,641), they are the first five
powers of 11, starting with 110 = 1. The
fifth row should be 115 = 161,051, but
it is not. Observe, however, that this is
the first row with two-digit numbers. If
we interpret each number as indicating
a multiple of the place value of that spot
in decimal notation, the fifth row can
be interpreted (reading right to left)
as (1 X 1)+ (5% 10) + (10 X 100) +
(10 x 1,000) + (5 x 10,000) + (1 X
100,000), which gives the correct val-
ue of 11°. Interpreted this way, each
nth row is 117,

Almost anyone can study the triangle
and discover more properties, but it is
unlikely they will be new, for what is
said here only scratches the surface of a
vast literature. Pascal himself, in his
treatise on the triangle, said that he was
leaving out more than he was putting in.
“It is a strange thing,” he exclaimed,
“how fertile it is in properties!” There
are also endless variants on the triangle,
and many ways to generalize it, such as
building it in tetrahedral form to give the
coeflicients of trinomial expansions.

If the reader can solve the following
five elementary problems, all to be an-
swered in this department next month,
he will find his understanding of the tri-
angle’s structure pleasantly enriched:

1. What formula gives the sum of all
numbers above row n?

2. How many odd numbers are there |

in row 2567

3. How many numbers in row 67 (in
honor of the coming year) are evenly
divisible by 677

4. If a checker is placed on one of the
four black squares in the first row of an
otherwise empty checkerboard, it can
move (by standard checker moves) to
any of the four black squares on the last
(eighth) row by a variety of different
paths. One pair of starting and ending
squares is joined by a maximum number
of different routes. Identify the two
squares and give the number of different
ways the checker can move from one to
the other.

5. Given an initial row of n cards, in
the pyramid trick described at the begin-
ning, how can one obtain from Pascal’s
triangle simple formulas for calculating
the value of the apex card?

he answers to last month’s problems

follow:

A tesseract of side x has a hypervol-
ume of x*. The volume of its hypersur-
face is 8x3. If the two magnitudes are

'QUESTAR TAKES TELESCOPIC MOVIES

We’ve been saying for years that a heavy movie camera attached to the miniature Questar would be like the tail
wagging the dog, and to couple and support such a combination, most difficult. But now we are eating our words—tail
and dog are in beautiful balance with our new Camera Cradle shown here with Questar and Beaulieu 16 mm. A
Questar C-Mount Adapter makes the connection. Cradle is adjustable for all cameras and adapts also to the New
Field Model Questar. Here it is shown mounted on our Linhof Heavy Duty Professional Tripod and Pan Head.

“‘Capturing Questar’s superb resolution on
| movie filmis very exciting work!”’ This comment
is from the Davises in Sarasota, Florida, who
have been doing some experimental work with
their Questar and the Beaulieu 16 mm. ‘““Using
Questar with a suitable movie camera can be
completely successful,”” they said, ‘‘if one remem-
bers that with Questar’s enormous magnification
the problems of vibration and ‘seeing’ conditions
must be dealt with, just as in high-resolution still
photography.”

They approve our Camera Cradle solution to
the heavy camera problem and suggest that tele-
scope and camera be coupled as closely as possible,
also that pictures be taken in bright sunlight, with
Plus-X and Ektachrome E.M.S. the most satis-
factory films, at 16 and 24 frames per second for
general work. Further, they point cut that a pre-
cision-made tripod designed for cine photography
is mandatory for such high powers.

The Questar C-Mount Adapter is designed to
provide minimum separation between ’scope and
camera. This promotes rigidity, makes possible a
lower F-stop, permits shorter exposures and finer
grain emulsions, and enhances image brightness,
thereby making sharp focusing casier. The
adapter will fit all 16 mm. cameras.

The Davises found Questar’s finder system
extremely useful in locating and identifying the
objects to be photographed. With a little practice
they were able to find their subject and refocus
quickly in the camera.

We are proud now to add the Beaulieu 16 mm,
movie camera to our growing list of superbly
crafted and suitable accessories that not only
enhance the enjoyment of the Questar telescope
but more fully utilize its superb optical system.

Yellow-shafted flicker o N ¥
on its nest in dead
palm, photographed
with Questar-Beaulieu
combination at 150’ on
Plus-X 16 mm. nega-
tive film (to permit en-
largement). Cover shot
madewith25 mm. lens.

WORLD’S FINEST, MOST VERSATILE SMALL TELESCOPE. FROM $795.
SEND ONE DOLLAR FOR 40-PAGE BOOKLET TO ANYWHERE IN NORTH
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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Puacking a square in a cube

equal, the equation gives x a value of 8.
In general an n-space “cube” with an
n-volume equal to the (n — 1)-volume of
its “surface” is an n-cube of side 2n.

The largest square that can be fitted
inside a unit cube is the square shown
in the illustration above. Each corer of
the square is a distance of 1/4 from a
corner of the cube. The square has an
area of exactly 9/8 and a side that is
three-fourths of the square root of 2.
Readers familiar with the old problem of
pushing the largest possibie cube
through a square hole in a smaller cube
will recognize this square as the cross
section of the limiting size of the square
hole. In other words, a cube of side not
quite three-fourths of the square root of
2 can be pushed through a square hole
in a unit cube.

The illustration at the right shows the
11 different hexominoes that fold into a
cube. They form a frustrating set of the
35 distinct hexominoes, because they
will not fit together to make any of the
rectangles that contain 66 unit squares,
but perhaps there are some interesting
patterns they will form.

So many letters are still being received

on the September problem of pack-
ing squares of sides 1, 2, 3...24 into a
square of side 70 that I shall postpone
publishing the best solution until next
month.

A large number of readers sent com-
ments on the science puzzles of Au-
gust. Several believed the impact of fall-
ing sand in the hourglass paradox might
play a role in keeping a buoyant hour-
glass at the bottom, but this is not true.
The force of impact of a falling grain is
balanced by its loss of weight in free
fall, with a zero net effect.
Maya and Nicolas Slater wrote from
London to say that, in the boat-carriage
problem, if one abandons Lewis Carroll’s
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proviso that elliptical wheels opposite
each other must have their major axes at
right angles, there is a way to make
the carriage pitch and roll without any
wheel’s leaving the ground. The wheels
must be geared so that diagonally oppo-
site wheels keep their major axes at right
angles. Regardless of the angle between
the two front wheels, all four wheels re-
main on the ground at all times. If the
front wheels are at a 90-degree angle,
the carriage rolls without pitching; if the
angle is zero, it pitches without rolling.
All intermediate angles combine rolling
and pitching. “Our preference is for 45
degrees,” the Slaters wrote. “Our only
problem is keeping our coachman.”

Many alternate solutions for the rope-
stealing problem were received; some
made use of knots that could be shaken
loose from the ground, others involved
cutting a rope partway through so that
it would just support the thief’s weight
and later could be snapped by a sudden
pull. Several readers doubted that the
thief would get any rope because the
bells would start ringing.

A number of readers corrected the
statement that a peeled hard-boiled egg
is drawn into a milk bottle by a vacuum
created by the loss of oxygen when
matches are burned inside. Oxygen is
indeed used up, but the loss is compen-
sated by the production of carbon di-
oxide and water vapor. The vacuum is
created solely by the quick cooling and
contracting of the air after the flames go
out.

The coiled-hose paradox is more com-
plicated than was indicated. If the fun-
nel end of the empty hose is high
enough, water poured into it will be
forced over more than one winding to
form a series of “heads” in each coil.
The maximum height of each head is
about equal to the coil’s diameter. The
diameter, times the number of coils,
gives the approximate height the wa-
ter column at the funnel end must be
to force water out at the other end.
(This was pointed out by John C. Bryn-
er, Jan Lundberg and J. M. Osborne.)
W. N. Goodwin, Jr., noted that for
hoses with an outside diameter of 5/8
inch or less the funnel end can be as
low as twice the height of the coils and
water will flow all the way through a
series of many coils. The reason for this
is not yet clear.

Several readers thought of a second
way, albeit a temporary one, to make a
cork float at the center of the surface
of a glass of water. Create a vortex with
a spoon, then drop in the cork.

John Friedlein, who teaches mathe-
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matics at a high school in St. Charles,
IlI., observed that not only does Christ-
mas equal Halloween, as pointed out
last month (Dec. 25 = Oct. 31 when
the abbreviations are taken for the deci-
mal and octal systems), but also Thanks-
giving if it falls, as it sometimes does,
on Novem. 27.

. e
T = N -4

The 11 hexominoes that fold into cubes



A handful of people like Mary Carnwath
are trying to keep our promise to the Indians.

But they won’t make it without you. .

The Hopi Indians' village of
Shipaulovi in Arizona sits on land
so poor, infertile and inhospitable
that so far nobody has tried to take
it away from them.

Electricity has not yet reached
the Hopis. Water must be hauled
from three miles away. Jobs are few
and far away. Only poverty and des-
pair are close-by and in abundance.

Yet for the first time in genera-
tions, Mary Carnwath and people
like her are stirring hope among the
Hopis.

Mary Carnwath works and
lives two thousand miles away, in
Manhattan. Her own daughter is
now grown-up, and through Save
the Children Federation she is spon-
soring one of the village girls, 8-year-
old Grace Mahtewa.

The Mahtewas (two parents,
three children, one grandmother
and a sister-in-law) live tightly
packed in a tiny rock and mud
house. The father who knows ranch
work but can’t find any most of the
year, isn't able to provide the family
with even the bare necessities.

Grace, bright,
ambitious and in-
dustrious, would
possibly have had
to quit school as
soon as she was
old enough to do
a day’s work. But,

: because of Mary
Carnwath, that won’t be necessary.

The $12.50 a month contrib-
uted by Mary Carnwath is provid-
ing a remarkable number of things
for Grace and her family,

Grace will have a chance to con-
tinue schooling. The family has
been able to make its home a little
more livable. And with the money
left over, together with funds from
other sponsors, the village has been
able to renovate a dilapidated build-
ing for use as a village center. The
center now has two manual sewing
machines that are the beginnings of
a small income-producing business.
It's only a small beginning. More
money and more people like Mary
Carnwath are needed. With your
help, perhaps this village program

will produce enough money to end
the Hopi’s need for help. That is
what Save the Children is all about.

Although contributions are de-
ductible, it's not a charity. The aim
is not merely to buy one child a few
hot meals, a warm coat and a new
pair of shoes. Instead, your contribu-
tion is used to give the child, the fam-
ily and the village a little boost that
may be all they need to start helping
themselves.

Sponsors are desperately needed
for other American Indian children
—who suffer the highest dis-
ease rate and who look for-
ward to the shortest life span
of any American group.

As a sponsor you will re-
ceive a photo of the child, regu-
lar reports on his progress and,
if you wish, a chance to corre-
spond with him and his family.

Mary Carnwath knows

world. If there are enough Mary
Carnwaths. How about you?

Save the Children Federation is
registered with the U.S. State Depart-
ment Advisory Committee on Vol-
untary Foreign Aid, and a member
of the International Union of Child
Welfare. Financial statements and
annual reports are available on
request.

National Sponsors (partial list)

Faith Baldwin,Mrs. James Bryant Conant,
Joan Crawford, Hon. James A. Farley,
Jerry Lewis, Henry R. Luce,

Frank Sinatra, Mrs. Earl Warren

- Save The Children Federation
NORWALK, CONNECTICUT 06852
| WISH TO SPONSOR AN AMERICAN INDIAN CHILD.
ENCLOSED IS MY FIRST PAYMENT OF:

{ [0$12.50 MONTHLY
0 $75 SEMI-ANNUALLY

| CAN'T SPONSOR A CHILD, BUT I'D LIKE TO HELP.

0 $37.50 QUARTERLY
J$150 ANNUALLY

ENCLOSED IS A CONTRIBUTION OF $
{J SEND ME MORE INFORMATION.

NAME

that she can’t save the world ADDRESS

for $12.50 a month. Only a
small corner of it. But, maybe
that is the way to save the
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NewAlcoaresearch
paper evaluates
methods of testing
weldments for
susceptibility

to stress-corrosion
cracking.

Practically all commercial aluminum
alloy weldments are resistant to
stress-corrosion cracking. However,
the search for ever-stronger alumi-
num alloys, such as for armor plate,
leads investigators into complex
alloy systems for which the resist-
ance to stress-corrosion cracking is
a necessary consideration.

What causes stress-corrosion
cracking?

Change for the better with
Alcoa® Aluminum

Stress-corrosion cracking is
crackingthat is initiated by localized
corrosion synergized by sustained
tensile stress at the surface.

According to the theories devel-
oped by Alcoa in 1940 and 1944,
stress-corrosion cracking of alumi-
num alloys begins at the grain
boundaries of the metal. Hence,
stress-corrosion cracking of alumi-
num alloys is characteristically
intergranular. Stress-corrosion
cracking can occur when three
conditions are present:

Susceptible composition and
metallurgical structure « High
tensile stress at the surface *
Specific environment

Alcoa’s basic research in stress
corrosion and tests of new alloys and
applications have employed various
methods of testing weldments. Our
evaluation of these methods, as well
as test results, is presented in a new
17-page paper. The investigated
techniques for applying tension

include the use of both constant-
load and constant-deformation
methods. Four types of specimen
are evaluated: simple beam, U-bend,
tensile specimen and residual-stress
specimen. Besides evaluating test
methods, the paper also includes
the results of testing seven struc-
tural alloys, including three from

the 7000 series, as well as five weld-
filler alloys. This paper documents
another addition to the thousands

of man-years that Alcoa has spent
on aluminum research.

When you want authoritative
answers about aluminum, come to
Alcoa. Would you like to learn more
about testing weldments for stress
corrosion? Write Aluminum
Company of America, 904-M Alcoa
Building, Pittsburgh, Pa. 15219. Ask
for the paper Evaluation of Various
Techniques for Stress-Corrosion
Testing Welded Aluminum Alloys by
M. B. Shumaker, R. A. Kelsey,

D. O. Sprowls and J. G. Williamson.

)

|
aluminum |

BALCOA
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Conducted by C. L. Stong

mong the various kinds of experi-
A ment undertaken by amateurs,
experiments in animal behavior
are fairly rare. The reason may be that
the potential experimenter, being himself
a member of the animal kingdom, realiz-
es that animals are complex systems and
rather unpredictable. The fact remains
that experiments in animal behavior can
be profitably performed by the am-
ateur, provided he is modest and real-
izes that his results may not be as
conclusive as, say, an elementary ex-
periment in physics.

A case in point is an experiment in
the behavior of chicks performed last
year as a science-fair project by Eliz-
abeth Neville of Calgary, Alberta. At
the time Miss Neville was only 13! In
describing her experiment it will be
helpful to consider first two similar
kinds of experiment in the literature of
animal behavior.

A traditional question about animal
psychology concerns whether or not an-
imals perceive colors the way human
beings do. In one classic experiment
Karl von Frisch of Austria demonstrated
that honeybees can distinguish be-
tween blue and white. The insects were
first trained to feed on sirup that had
been placed against a blue background.
Sirup was then applied to a blue square
set in a checkered design of gray
squares that ranged in tone from near-
white to near-black. Frisch reasoned
that the intensity of light reflected by a
particular gray square of the series
would match the intensity of the blue
square. Unless the bees were endowed
with a color sense they would be unable
to distinguish the blue square from the
matching gray square. When the insects
were released, the majority flew direct-
ly to the colored square, a positive re-
sponse indicating that honeybees do

THE AMATEUR SCIENTIST

An amateur’s experiment in animal behavior

and a study of the salty rain of Venezuela

perceive blue. In subsequent experi-
ments other investigators substituted
translucent windows of various colors
for Frisch’s opaque squares. These ex-
periments indicated that bees are blind
to deep red but sensitive to bands of
color in the yellow-green, blue-green
and blue regions of the spectrum, and
to ultraviolet radiation that is not
perceived by the human eye.

Similar questions can be asked about
how animals perceive form. Robert L.
Fantz of Western Reserve University
has described an experiment for deter-
mining the preference of newly hatched
chicks for food particles of certain
shapes, principally with the objective
of discovering if such preferences are
partly innate [see “The Origin of Form
Perception,” by Robert L. Fantz; Sciex-
TIFIC AMERICAN, May, 1961]. He first
made up synthetic particles about the
size of seeds in various two-dimensional
and three-dimensional shapes. The two-
dimensional particles ranged in form
from circles to triangles and the three-
dimensional ones from spheres to pyra-
mids. To eliminate the influence of such
factors as touch, taste and smell he en-
closed each particle in a transparent
capsule of plastic. The capsules were
attached to sensitive switches in an elec-
trical counting apparatus and arranged
along one wall of a box within easy
pecking reach of the chicks. The chicks
were hatched in total darkness and test-
ed before they encountered any food.
More than 1,000 birds served as subjects.
They pecked 10 times oftener at the
sphere than at the pyramid. Objects
about an eighth of an inch in diameter
were preferred to other sizes. Among
the flat forms circles were preferred to
triangles. These results demonstrate that
the chick is endowed with an inborn
ability to discriminate shape and with
the tendency to peck at those shapes that
resemble the shape of its natural food.

Miss Neville’s experiment took up
the perception of both color and form.
Do chicks have an innate preference for
color as they do for form? If so, does the
preference for color take precedence
over preference for shape? As subjects
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for the experiment she selected 12
chicks about 20 hours old that had never
eaten before. Her apparatus consisted
of a box 24 inches long, 15 inches wide
and six inches high. The food particles
used in the experiment were made of
moistened white bread pressed to a
thickness of about one millimeter, dyed
with food coloring and cut or molded
into spheres, disks and equilateral tri-
angles three millimeters in diameter.
Another group consisted of triangles 1.5
millimeters thick but with the same di-
ameter. She dyed 120 particles of each
shape brown and 60 particles red.

Before running the first test Miss Nev-
ille checked the materials and proce-
dure by offering the food particles to a
group of chicks that was not used in the
subsequent experiment. The check re-
vealed that isolated birds refused to eat
and that the particles were somewhat
too large. The particle size was reduced
to two millimeters. The experimental
birds were then put into the text box in
groups of six along with 120 dry
brown food particles equally divided
among spheres, disks and thin and thick
triangles. The various shapes were
mixed and distributed uniformly on the
floor of the box. The birds refused to eat
the food. They were removed after 15
minutes and the food was moistened. On
being returned to the box the chicks be-
gan to eat and were allowed to do so for
five minutes. During this interval they
consumed 11 spheres, nine thin tri-
angles, three thick triangles and two
disks. Because of the strong preference
shown for spheres and thin triangles the
box was then stocked with 30 each of
these two shapes in red and brown. The
remaining six chicks were placed in the
box for five minutes. The consumption
was nine brown triangles, eight brown
spheres, one red triangle and no red
spheres. Statistically there is less than
one chance in 100 that random pecking
could account for this score.

Both experiments were repeated 24
hours later. Meanwhile the chicks had
been given normal “starter” feed for
20 hours. The preference for brown
spheres and brown thin triangles per-
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sisted, as in the first experiment. A sec-
ond group of birds was then placed in
the box along with 15 particles each of
all shapes and both colors. The chicks
ate with such vigor that they had to be
removed at the end of two minutes.
The score: 15 brown spheres, 12 brown
disks, 12 brown thin triangles, 13 brown
thick triangles, 11 red spheres, 11 red
disks, seven red thick triangles and four
red thin triangles.

“From these results,” writes Miss Nev-
ille, “it appears that, when form is held
constant, chicks show a significant pref-
erence for brown over red, which may
be explained by an inborn preference
for the natural color of seeds. The pref-
erence for brown over red was dis-
played even more prominently during
the second experiment than the data
suggest, because the birds pecked at the
brown shapes first and did not start on
the red ones until the brown became
scarce. In the matter of preference for
form the results do not agree with
Fantz’s observation that chicks prefer
spheres to pyramids. This disagreement
might be explained by the fact that
spheres tended to roll out of the beaks
of my newly hatched chicks, although
they pecked at them frequently. The
results of my second experiment are
more closely in accord with Fantz’s. By
then the birds had developed some skill
in eating. The experiments suggest that
newly hatched chicks have an inborn

preference for color and that their pref-
erence for color is stronger than it is for
form. I should like to recheck these con-
clusions by an experiment based on a
different concept but so far I have not
succeeded in designing one.”

A tew years ago Guillermo Zuloaga, a

geologist who lives in Caracas, Ven-
ezuela, took time off from his profes-
sional work to make a study of the thick
haze known as the calina that annually
reduces visibility to almost zero along
the northern coast of South America
(see “The Amateur Scientist,” SCIENTI-
FIC AMERICAN, October, 1961). Zuloaga
has now made a similar study of another
aspect of the Venezuelan climate: the
periodic wind called the alisio that
blows the calina away.

“This story,” he writes, “is about the
surprising content of marine salts I
found in the water of the first rains that
fall after the long dry season in Vene-
zuela, and the relation of these salts
to the trade wind known in Spanish as
the alisio.

“All along the coast of Venezuela,
which stretches more than 1,000 kilome-
ters at the southern edge of the Carib-
bean Sea, the alisio blows steadily from
the northeast most of the year. The influ-
ence of this wind on our climate is enor-
mous. Because of it we have a very mild
climate. Were it not for the alisio Ven-
ezuela would be as hot and humid as

countries in Africa and Asia at the same
latitude. The name alisio comes from
the Greek aliso, which means ‘salting.’
Possibly some erudite conquistador in
the distant past gave this fitting name to
our wind. It is about its ‘salting’ charac-
teristic that I wish to comment.

“The calina forms when airborne
droplets of water from the sea partially
evaporate and leave microdrops of
brine suspended in the lower atmo-
sphere. The presence of the calina does
not increase the relative humidity as
measured by either the hair hygrometer
or the wet-and-dry-bulb thermometer,
but it creates the impression of high hu-
midity; the air feels ‘thick,” yet the rela-
tive humidity may measure less than 50
percent.

“Now we come to the study with
which I have been lately amusing my-
self. On the afternoon of April 14 this
year the air in Caracas was stifling. The
temperature in my house reached 90 de-
grees Fahrenheit, almost a record for
the city. The relative humidity was 50
percent. As I was driving downtown
two or three drops of rain fell on the
windshield of my car; I noticed that
they dried almost immediately, leaving
white spots. This sparked my curiosity.
I hurried back home, attached a num-
ber of clean microscope slides to a little
board and attached the board to the car
so that the slides would be exposed to
the air as I drove. For two hours I drove

Progressive crystallization of sodium chloride and gypsum in a drop of salty rain
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back and forth, but not another drop of
rain fell. Fortunately our wet season
was due, and on the afternoon of April
19 we had our first rain. It was not
abundant, but I was ready for it and col-
lected 250 milliliters of rainwater in
trays and many drops on microscope
slides. Some friends who were spending
the day at the beach knew of my interest
and collected additional specimens in
clean ashtrays.

“The drops that fell on the micro-
scope slides left patches of white when
they dried, and I hurried to examine
the patches under the microscope. In
addition to a little ash and dust there
were abundant crystals of common salt
together with other crystals that took
me some time to identify. These crys-
tals turned out to be hydrated calcium
sulfate, more commonly known as gyp-
sum [see illustration on opposile page].
The collected water was filtered and
boiled down to about a third of its vol-
ume. I sent some to a friend for spectro-
scopic examination; with the remainder
I made drops and let them dry. In every
case | obtained abundant salt crystals.
The smaller crystals were gypsum, and
there were still smaller ones I could not
positively identify.

“The presence of gypsum came as
something of a surprise. I had not iden-
tified it in the calina. Following the lead
that the calina originates in the sea, I
drove down to the beach and collected
a specimen of seawater. The drops
crystallized on the microscope slide as I
watched—a fascinating phenomenon to
observe. Crystallization proceeds not in
the order of the abundance of the dif-
ferent salts but in the order of their de-
creasing solubility. To identify the re-
spective substances I had to refresh my
memory on the chemical composition of
seawater and the solubility of its con-
tents. When about 80 percent of sea-
water has evaporated, gypsum begins to
crystallize out of it. Gypsum makes up
only about 2.5 percent of the solids in
solution. Common salt, or sodium chlo-
ride, appears when the volume of the
water has been reduced about 90 per-
cent. Actually I found a considerable
overlap in the crystallization process.
The retreating edge of the drops, as
seen in the microscope, had a rapidly
growing band of both common salt and
gypsum, the salt in cubes and the gyp-
sum in thin plates. Both large cubes of
common salt and the branching crystals
called dendrites were forming in the
center of the drop at the same time as
the gypsum. Quantitative analysis of
the rainwater indicated a sodium con-

Third stage of crystallization
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— A

hydrauvlic
head equals

The fountain of Hero in modern form

centration of 17 parts per million; this
concentration, added to the concentra-
tion of chlorine, would make a solution
about 1,000 times more dilute than sea-
water. Other elements present in the
rainwater were calcium, magnesium,
zing, silicon, boron, iron, aluminum and
other metals found in seawater.

“For the last experiment in the series
I picked up a few drops of morning dew
from the grass in my garden. On letting
these dry I was amazed to find a high
concentration of salts, and particularly
to observe how deliquescent they were.
I had to put the slides on a hot plate for
two hours before even partial crystal-
lization occurred. Evidently our dew
contains a higher proportion of magne-
sium chloride to sodium chloride than
rainwater does.

“As the alisio developed and more
rains came I collected drops from a se-
ries of rains. It would seem that the al-
isio does not simply blow the calina
away; the rains that come with the al-
isio wash the calina out of the air. The
calina is not entirely washed out by a
few short rains,. When the alisio dimin-

138

ished and the weather cleared for a few
days, the concentration of salt in the at-
mosphere built up. The last traces did
not disappear until the rainy season was
in full swing.

“One is tempted to speculate on what
effect the salty rains of the alisio have
on the vegetation in this part of the
world. One might at first assume that
the effect would be uniformly adverse.
That this assumption may be wrong is
suggested by two recent conversations I
have had with botanists. Plants do, after
all, require not only water but also small
quantities of mineral nutrients. One
botanist remarked that the salt content
of the alisio rains might at last explain
why Venezuela has such thriving epi-
phytes: plants that grow not in the soil
but aloft on trees or even on telephone
wires. The mineral nutrients needed by
the epiphytes may be airborne in the al-
isio rains. The other botanist simply
mentioned a saying of the local farmers:
‘A good rain after the dry season is bet-
ter than a thousand waterings.””

A’l amusing device that appears to defy

gravity can be assembled in a few
minutes from a pair of stoppered bot-
tles, a funnel, a pair of glass tubes and a
short length of rubber hose. First two
holes are made in each stopper. The
funnel is thrust through a hole in one
stopper so that the spout comes close to
the bottom of the bottle. A length of
glass tubing is heated at one end and
stretched to form a nozzle about a mil-
limeter in diameter. The open end of
the tube is pushed through the second
stopper so that it comes close to the bot-
tom of that bottle. The remaining holes
in the stoppers are used for intercon-
necting the air spaces in the two bottles
through glass nipples and the rubber
tubing, as shown in the illustration on
this page. All the connections must be
airtight. The bottle that contains the noz-
zle is filled with water and supported
so that it is about a foot higher than the
empty bottle.

Now for the action. Prime the appa-
ratus by pouring an ounce or two of wa-
ter into the funnel. A slender stream
will promptly spout from the nozzle and
rise several inches higher than any part
of the apparatus. If the stream is direct-
ed into the open mouth of the funnel,
the level of the water in the funnel will
thereafter remain constant, apparently
circulating endlessly through the appa-
ratus. Can this be perpetual motion?
The explanation will soon become evi-
dent to those who perform the experi-
ment. The inventor of this ingenious
fountain, Hero the Elder of Alexan-
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dria, enjoyed puzzling friends with it
some 2,000 years ago. The effect can be
made more pleasing by directing the
nozzle straight up from the center of
the funnel. The jet then functions as a
classical fountain. This modification re-
quires a longer glass tube for the noz-
zle, and two bends. If you do not hap-
pen to have a funnel of the type shown
on this page, just extend the spout of
an ordinary funnel by coupling a glass
tube to it through a short length of
rubber hose.
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N.Y. 10008; Bayard Ewing, 15 Westminster Street, Provi-
dence, R.1. 02903; Sidney R. Garfield, M.D., Kaiser Founda-
tion Hospitals, 1924 Broadway, Oakland, Calif. 94612;
Nathan W. Levin, c/o The Chase Manhattan Bank, P.O.
Box 1508, Church Street Station, New York, N.Y. 10008;
Frasier W. McCann, Room 726, 10 Rockefeller Plaza, New
York, N.Y. 10020; Piel & Co., c/o Scientific American, Inc.,
415 Madison Avenue, New York, N.Y. 10017; Barbara K.
Rosenwald, ¢ /o The Chase Manhattan Bank,P.O. Box 1508,
Church Street Station, New York, N.Y. 10008; Julius
Rosenwald II, c/o The Chase Manhattan Bank, P.O. Box
1508, Church Street Station, New York, N.Y. 10008;
Lessing J. Rosenwald, ¢/o The Chase Manhattan Bank, P.O.
Box 1508, Church Street Station, New York, N.Y. 10008;
Rowe & Co. (for Rhode Island Charities Trust), ¢/o Indus-
trial National Bank of Rhode Island, Trust Department, 100
Westminster Street, Providence, R.I. 02901; I. M. Scott,
c/o The Chase Manhattan Bank, P.O. Box 1508, Church
Street Station, New York, N.Y 10008; Joan Rosenwald
Scott, c/o The Chase Manhattan Bank, P.0O. Box 1508,
Church Street Station, New York, N.Y. 10008; Sydney S.
Spivack, Far Hills, N.J. 07931; John Hay Whitney, 110
West 51 Street, New York, N.Y. 10019. 8. Known bond-
holders, mortgagees, and other security holders owning or
holding 1 percent or more of total amount of bonds, mort-
gages or other securities: none. 9. Paragraphs 7 and 8 in-
clude, in cases where the stockholder or security holder
appears upon the books of the company as trustee or in any
other fiduciary relation, the name of the person or corpora-
tion for whom such trustee is acting, also the statements in
the two paragraphs show the affiant’s full knowledge and
belief as to the circumstances and conditions under which
stockholders and security holders who do not appear upon
the books of the company as trustees, hold stock and securi-
ties in a capacity other than that of a bona fide owner. Names
and addresses of individuals who are stockholders of a
corporation which itself is a stockholder or holder of bonds,
mortgages or other securities of the publishing corporation
have been included in paragraphs 7 and 8 when the interests
of such individuals are equivalent to 1 percent or more of
the total amount of the stock or securities of the publishing
corporation. 10. A. Total number of copies printed (net
press run): average number of copies each issue during
preceding 12 months, 449,367; single issue nearest to filing
date, 478,506. B. Paid circulation: 1. Sales through dealers
and carriers, street vendors and counter sales: average
number of copies each issue during preceding 12 months,
82,882; single issue nearest to filing date, 108,190. 2. Mail
subscriptions: average number of copies each issue during
preceding 12 months, 328,238; single issue nearest to filing
date, 328,674. C. Total paid circulation: average number of
copies each issue during preceding 12 months, 411,120;
single issue nearest to filing date, 436,864. D. Free distribu-
tion (including samples) by mail, carrier or other means:
average number of copies each issue during preceding 12
months, 15,604; single issue nearest to filing date, 17,202.
E. Total distribution (sum of C and D): average number of
copies each issue during preceding 12 months, 426,724;
single issue nearest to filing date, 454,066. F. Office use,
leftover, unaccounted, spoiled after printing: average num-
ber of copies each issue during preceding 12 months, 22,643;
single issue nearest to filing date, 24,440. G. Total (sum of
E and F—should equal net press run shown in 4): average
number of copies each issue during preceding 12 months,
449,367; single issue nearest to filing date, 478,506. I certify
that the statements made by me above are correct and com-
K/l[ete. Donald H. Miller, Jr., Vice-President and General
anager.
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BORON FILAMENT

AND OTHER ADVANCED
AIRCRAFT AND SPACE PROGRAMS

These are a few of the long range programs at
the Fort Worth Division of General Dynamics.
Here you will find a highly diversified engineering
and research organization assigned to the
above 111 programs or other advanced aircraft
projects; missile assignments, space

systems, mission analysis, or other R&D.

You'll enjoy living in modern, metropolitan Fort
Worth where superior housing, cultural
advantages, a variety of sports and other
recreation, graduate studies at one of three
major universities, and mild weather

are all part of an attractive package.

Call collect—817-PE 2-4811 extension 3551
or send a resume of your education and
experience to J. B. Ellis, Industrial Relations
Administrator, Engineering, General Dynamics,
Fort Worth Division, P. O. Box 748C, Fort Worth,
Texas. An equal opportunity employer.

Propulsion Analysis & Internal
Aerodynamics

Aerodynamics & Flight Mechanics
Thermodynamics and Aerothermodynamics

Structures Analysis — Stress, Criteria,
Dynamics

Nuclear Weapons Effects

Operations Research

Reliability and Maintainability —
Electronics

Additionally, important openings
exist in the areas listed below:

e Design e Avionics
e Information Sciences

GENERAL DYNAMICS
Fort Worth Division
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The Library of Science

Take 3 books for only$42>

(values to $50.75)
when you enroll as a member of

e Choose Any 3 Books for $4.95.
Choose from these authoritative, signifi-
cant books on every major area of science
and technology, including mathematics,
physics, chemistry, astronomy, computer
science, natural history, many others.
Many are indispensable references in the

field.

o Introductory Offer. This unusual of-
fer will introduce you to the benefits of
membership in THE LIBRARY OF SCI-
ENCE, a professional, highly selective
source of the best scientific reading.

e Substantial Savings. As a member,
you save up to 40% on the books you
must have in your professional library.

e Wide Range of Selections. Each
month you receive information about
current Selections. Yet you need buy as
few as 3 more Selections during the next
12 months. And you receive a FREE
Bonus Book of your choice for every 4
Selections purchased.

e Why Not Enroll Today? Fill in and
return the Membership Application be-
low, indicating the 3 books you want for
only $4.95.Your books will be sent with-
out delay.

Membership —=
Application

The Library of Science L73-U

Front & Brown Sts., Riverside, N.J.

Please enroll me as a member and send me at
once the 3 Selections circled below, for which
you will bill me only $4.95, plus postage. As a
member, I need take as few as 3 more Selec-
tions during the next 12 months, always at
reduced Member’s prices. I will receive a free
Bonus Book of my choice after every fourth
Selection.

1 2 3 4 6 7 8
9 10 11 12 13 14 15 16
Name I
A ddrt‘.‘.& — e ——
City __ State Zip Code_____
Please be sure to insert correct zZip code.
e e
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CONTEMPORARY PHYSICS

Two books count as one Selection.

1. ALBERT EINSTEIN AND THE COSMIC WORLD ORDER/

Cornelius Lanczos’ lucid, remarkable evaluation of
Einstein’s contributions. Plus David Park’s new work
“which succeeds admirably in showing how our present
picture of the physical world has evolved.”—Science.

List price $8.90

2. THE DEVELOPMENT OF MODERN CHEMISTRY.
Aaron J. Ihde. Magnificently recreates the
events, discoveries, and men that have made
chemistry one of the most influential sci-
ences. Abundantly illustrated. ‘‘Scholarly
and well written.”’—Scientific American. List
price $13.50.

3. WATCHERS OF THE SKIES. Willy Ley. The
popular science writer’s splendid informal
history of astronomy. “If there is a royal
road to the understanding of unmathemati-
cal astronomy, it is this lucid book.”—Ger-
ald Wendt. List price $8.50.

4. THE NATURE OF THE CHEMICAL BOND.
Linus Pauling. Revised, enlarged edition of
the celebrated work that conveys the scope,
fascination, and power of the field of struc-
tural chemistry. List price $8.95.

5. A HISTORY OF TECHNOLOGY: Volume Four.
Edited by Charles Singer and others. A com-
prehensive account of that crucial period
in technological development—the Indus-
trial Revolution (c. 1750-1850). 761 pages.
471 illustrations. List price $26.90.

6. INTRODUCTION TO PROBABILITY AND STA-
TISTICS. Lindgren & McElrath. Clearly pre-
sents the basic ideas of statistics and proba-
bility, illustrated with dozens of easily
understood problems from many disciplines.
List price $7.95.

1. THE SEX LIFE OF THE ANIMALS. Herbert
Wendt. Astonishing book on the vast and
often incredible processes of reproduction
in the animal world—from the amoeba to
the elephant. With over 100 striking photo-
graphs and drawings. List price $7.95.

8. THE ARCHITECTURE OF MOLECULES. Linus
Pauling. The distinguished Nobel Prize win-
ner’s exceptionally clear exploration of the
world of electronic structure. With 57 full-
page drawings in color by Scientific Ameri-
cz;r{z) oilolustrator Roger Hayward. List price

9. MATHEMATICS DICTIONARY. Edited by
Glenn & R. C. James. This indispensable
dictionary in the field defines over 7,000
terms, concepts, and relationships. With
four-language index of basic terms. Revised,
enlarged edition. List price $15.00.

The Library of Science
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10. THE REBUILT MAN. Fred Warshofsky. The
first complete report on a bold frontier in
modern medicine—transplant surgery. Re-
veals all the major attempts man has made
t;;_ g}place damaged body parts. List price

11. THE EARTH. Carl O. Dunbar. The dean
of American geologists reviews all that we
know about the development of the earth
and the perennial mystery of its origins.
Many remarkable maps, diagrams, drawings,
and photographs. List price $12.50.

12. INTRODUCTION TO LASER PHYSICS. Bela
A. Lengyel. Complete overview of one of
this century’s most striking inventions—the
laser—and its many applications. “An im-
portant tool for further exciting laser de-
;t(:gl(;};mems.”——Charles H.Townes. List price

13. PROBABILITY THEORY AND ITS APPLICA-
TIONS: Volume One. William Feller. Impor-
tant introduction to probability theory and
its fundamental concepts. Extensively il-
lustrated with problems in recurring events
theory, stochastic processes, many other
areas. List price $9.75.

14, MODERN SCIENCE AND TECHNOLOGY.
Edited by Robert Colborn. A vast spectrum
of the achievements in modern physics,
mathematics, computer technology, elec-
tronics, chemistry, astronomy, and space
sciences, by distinguished leaders in each
field. 584 illustrations. List price $22.50.

15. MATHEMATICS FOR THE PHYSICAL SCI-
ENCES. Herbert S. Wilf. Seven major math-
ematical disciplines central to the physical
sciences are integrated in this unique book.
Covers each discipline from theory to com-
putational techniques. List price $7.95.

16. HUMAN BEHAVIOR. Bernard Berelson &
Gary Steiner. The famous “inventory” of
scientific findings about how man behaves.
1,045 substantiated facts on politics, educa-
tion, sex, religion, etc. List price $13.25.

Front & Brown Streets
Riverside, N.J. 08075



by Philip and Phylis Morrison

children’s books about science in

the December issue of Scientific
American has for many years been a
valued guide to teachers, parents and
all other friends of children. Here we
continue his work. As Newman often re-
marked, it is not possible for any such
collection of reviews to be all-inclusive.
We have reviewed about one book out
of six actually received, and out of many
more known to us by claim or title. For
each book we mention we omitted one
we judged to be nearly as good. Still,
the books we do mention are to our taste
the best.

There is one general comment to be
made. We were struck by the fact that
some of the books we received were ex-
cellent in choice of topic, admirable in
appearance but misleading or even mis-
taken in content. These books regularly
turned out to be the product of authors
who did not have a background in the
subject. It would appear that such books
originate with the uninformed hopes
of the publisher rather than with any
knowledge and enthusiasm on the part
of the author, and perhaps they are not
worth publishing. Of course there are
exceptions. We know excellent children’s
books about science written by gifted
nonexperts who love the subject and
have taken the trouble to steep them-
selves in it, and we have seen bad books
written by professional masters of the
subject.

Happily there are so many admirable
books that we need dwell no further on
the unsuccessful ones.

l ames R. Newman’s annual survey of

Physical Sciences

THE FirsT Book oF Mags, by David
C. Knight. Franklin Watts, Inc. ($2.65).
REPORT FROM MARS: MARINER IV 1964~
1965, by the Jet Propulsion Laboratory
of the California Institute of Technology.
U.S. Government Printing Office (50

BOOKS

A Christmas survey of new books

about science for younger readers

cents). MARINER IV 1o Mags, by Willy
Ley. New American Library, Inc. (60
cents). Knight’s book—brief, handsome,
with a ground-based color photograph
of the planet—is meant for readers from
12 up. It is the only one of the three to
show all 21 of the Mariner 1V photo-
graphs. He tells the stories well: the
Orson Welles radio program, the mis-
named “canals,” the strange little moons,
the polar caps (with a long sequence of
photographs). The book fulfills its title
splendidly.

The Jet Propulsion Laboratory has
produced a booklet of which the Gov-
ernment Printing Office can be proud.
Good color photographs of Mariner IV
in the making and at launch complement
a text centered, quite properly, around
the hardware, the design and the for-
tunate events of the voyage. For readers
of high school age and older.

Willy Ley has written another of his
rich accounts, dwelling on the history
of our knowledge and error about Mars.
Among the fresh and fascinating sources
quoted are a recent eyewitness to what
may have been a meteorite impact on
Mars and early European novels about
Mars. The book is a best buy; it deserves
a more lasting format than this news-
stand paperback. Also for readers of
high school age and up.

Tue MaTHEMATICS OF SpACE Ex-
PLORATION, by Myrl H. Ahrendt. Holt,
Rinehart & Winston, Inc. ($2.95). THE
Puysics oF Space, by Richard M. Sut-
ton. Holt, Rinehart & Winston, Inc.
($2.95). Aimed at high school students
seriously interested in space, these two
books are outstanding members of a
series sponsored by the National Aero-
nautics and Space Administration.
Ahrendt presents clear, brief chapters
built around the main algebraic formulas
involved in understanding space flight.
For example, he gives formulas for free
fall, distance to the horizon, the atmo-
spheric pressure-height relation, rocket
velocity as a function of mass ratio, and
elliptical orbits. He gives the needed
data and then a list of problems, chiefly
numerical. The answers are given in the
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back of the book. A group of students
who worked at this book would learn
solidly. For high school students and
enthusiasts of the seventh and eighth
grades.

The Sutton book is a series of supple
and attractive chapters based mainly on
small experiments and demonstrations.
This is not a problem-book like the first;
it has complete guidance for a series of
demanding but practicable projects re-
lated to space, to the earth and to the
physics of space flight. The same kind of
readers will be well served. Grown peo-
ple who are not space experts will find
both books of value, although Ahrendt is
rather too difficult if you do not like to
calculate.

TueE CHrisTMAS SKY, by Franklyn M.
Branley. Thomas Y. Crowell Company
($3.75). The Star of Bethlehem is here
sought by reason. Page by page in this
clear and gentle book the possibilities
are explored. It was not a meteor, be-
cause it endured; it was not a comet, be-
cause it was welcome; it was not a nova.
The birth of Jesus is carefully and con-
vincingly dated from the circumstances
of history. It is assigned to the spring
(the flocks are not in the fields at the
winter solstice), probably of the year 6
B.C. In that very season there was a rare
close triple conjunction of Mars, Jupiter
and Saturn in the constellation Pisces,
where a similar event had traditionally
heralded the birth of Moses. Magi,
comets, blazing suns and intricate plane-
tary configurations, city walls and
bearded kings lead up to a “Holy Family
Receiving Gifts,” set forth in a glow of
colored block prints by Blair Lent in an
artful, up-to-date version of a simple,
reverent and antique style.

THE CHEMISTRY OF A LEMON, by A.
Harris Stone. Prentice-Hall, Inc. ($3.50).
Bound between lemon yellow covers,
with lemon yellow endpapers and many
pen-and-ink drawings each bearing
somewhere its telltale yellow mark, this
novel and charming books deals, as al-
most no others of its kind do, with reality.
Here reality is a lemon. There are two
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dozen genuine experiments to be done
with the fabric and the acid and the oil a
lemon provides, all of them described in
the right way—by questions. There are
things simple enough for a beginner of
eight or nine, yet it is not likely that any-
one but a professional will be able to
carry out all the investigations implied.
A pioneer work, a success, a beauty. Its
editors have not understood it, and have
somewhat marred its clarity by errors of
layout, but this book is strong enough to
dissolve such minor stains.

GeoLoGY ILLUSTRATED, by John S.
Shelton. W. H. Freeman and Company
(310). The proud title of this eye-filling
book is justified. Four hundred photo-
graphs, mostly stunning aerial views
taken by the author himself in the West,
with accompanying drawings by his car-
tographer brother, present the basis of
physical geography in the field. With a
rare skill at explanation and a delicate
sense of evidence, Shelton argues for the
work of thrust and uplift, ice and water,
and unites the processes in a dozen type
localities crowned by the Grand Canyon.
Here is physical geology remade as fresh
as it was a century ago, into a triumph of
direct observation and clear thought, not
a set of conventional assertions with for-
mal names. An outstanding book for self-
study or for a college text. It is also suit-
able for interested readers in high school
or in the home.

EarTHQUAKE CounTRY, by Robert
Iacopi. Lane Magazine and Book Com-
pany ($5.95). All about the earthquakes
of California, this magazine-style ac-
count, lithographed with plenty of maps
and photographs, is an exploration of the
great fault systems of the most populous
state. The San Andreas Fault is the star,
and it is surveyed from the Salton Sea
north to Point Arena. Its past is re-
counted, its physics sketched, its shaky
future prophesied in part. Also treated
are how earthquakes cause damage, how
to measure quakes, how to build against
them. The slip across the square lattice
of an Imperial Valley orange grove is
one unforgettable picture. The book is
on a wholly popular level, but its con-
creteness and thoroughness lift it above
many rivals. For any touring California
family with an interest in the earth and
its motions.

WaaTt Is RELaTIVITY?, by L. D. Lan-
dau and G. B. Rumer. Fawcett Publica-
tions, Inc. (60 cents). Disdaining the pre-
tense that only algebra makes meaning
clear, two Russian physicists write in
completely nonmathematical prose a
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brief, witty and never superficial intro-
duction to the topic. This paperback re-
print of a successful book has a fine new
introductory essay by R. S. Cohen.

WHAT’s THE BIGGEST?, by Barbara R.
Fogel, illustrated by Barbara Wolff. Ran-
dom House ($3.50). This is a joy of a pre-
physics text, for children or for reading
aloud. From stars to craters, from sports
stadium to tall human being, you learn
the biggest—both the quantitative facts
and a start at understanding the reasons
for them. There are formal works on the
philosophy of physics less pertinent than
this book. Excellent drawings.

Biological Sciences

TueE MammaLs: A GUIDE TO THE Liv-
ING SPEcIES, by Desmond Morris. Har-
per & Row, Publishers ($12.95). There
are about 4,000 extant species of mam-
mals. They are all listed here, and a
photograph plus a page of description
are supplied for 300 representatives.
From the only freshwater seal to the
smelly naked bat of Borneo the animals
are fascinating. The work is complete,
and technical enough for specialists; it is
a treasury for children who like animals.

HowMmeE Is THE SEA: For WHALES, by
Sarah R. Riedman and Elton T. Gustaf-
son. Rand McNally & Company ($4.50).
Dolphins as acrobats and pilots, the cap-
ture of killer whales, the beat of the great
cetacean heart, the whale fetus and its
delivery—this book is a well-informed
account of the entire order. It is serious,
compact, well illustrated. The California
gray whales were called “devil fish” be-
cause of their “savage defense of their
young” against whalers! The authors are
not firm enough on the urgency of pro-
tection for whales. A model of exposi-
tion, second in depth only to the stan-
dard references and more up-to-date
than they are. For youngsters of junior

high school age and up; fine for adults.

THE WORLD OF THE PORCUPINE, by
David F. Costello. J. B. Lippincott Com-
pany ($4.95). An eloquent defense of this
maligned woods creature by a man who
rears them, pats them and notices that
they unexpectedly require more light to
photograph well because of that remark-
able quilly texture. The book is deeply
knowing, with a genuine scientific bibli-
ography of research papers. It is pro-
fusely illustrated with the author’s first-
class photographs.

Foxes Live HERrg, by Irmengarde
Eberle. Doubleday & Company, Inc.
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($3.25). A direct and simple narrative of
a pair of red foxes and their pups over
the cycle of a year. Fine full-page photo-
graphs on nearly every other page. For
reading to young children.

Rosins, by Edwin A. Mason. Follett
Publishing Company ($1). A primary
reader, with the faults of its simplicity.
The depth of its way of looking at the
very familiar, however, sets it apart from
its usually dreary genre.

SEA Horses: STory AND PHOTO-
crapHs, by Lilo Hess. Charles Scribner’s
Sons ($3.25). Large closeup photographs
of these heraldic creatures, full-grown
and tiny replicas alike, studding an in-
formal text aimed at those who would
keep a sea stable.

THE GuLL’s Way, by Louis Darling.
William Morrow and Company, Inc.
(86.50). In the unity of his color photo-
graphs, free pencil drawings and poetic
text Darling has created a true work of
art. With a scientist’s eyesight and a
poet’s vision he has joined the two cul-
tures in this beautiful slender book, rich
and yet humble. A six-week watch on a
Maine coastal islet provided the data for
the book; a full heart has written it, out
of a sense of the continuity of all life. It
will probably become a classic.

ABouT EcGs, AND CREATURES THAT
Harcu THEM, by Melvin John Uhl, illus-
trations by Madeline Otteson. Melmont
Publishers, Inc. ($2.50). EcGs—aND
WaAT HappExs INSIDE THEM, by Mar-
garet Cosgrove. Dodd, Mead & Com-
pany, Inc. ($3.25). Two embryologies for
children. The first, for the youngest read-
ers, is a rather sketchy view. The second,
for somewhat older ones, pictures and
describes the unborn chick and child and
much else.

InseEcTs, by Ross E. Hutchins. Pren-
tice-Hall, Inc. ($6.95). Cappis INSECTS,
by Ross E. Hutchins. Dodd, Mead &
Company, Inc. ($3.25). THE TRAVELS OF
MonarcH X, by Ross E. Hutchins, illus-
trated by Jerome P. Connolly. Rand
McNally & Company ($3.08). Hutchins
is an entomologist, a splendid photogra-
pher (particularly of small scenes) and a
writer of clarity and directness. These
three excellent books are diverse. The
first is a handsome general book of in-
sects meant for adult readers or inter-
ested high school students. The second
is a small special study, with fascinating
photographs, of the Western near-moths
whose aquatic larvae spin seine nets and
build dwellings of stone, logs and shin-



gles. These structures are of course on a
tiny scale and quite stereotyped, yet they
are remarkable examples of tool-using.
Ten- to 12-year-olds could read the sim-
ple text. Hutchins™ third book, whose
pages are awash with color, is a true tale
of the migration of one fragile tagged
monarch butterfly from Canada to Mexi-
co. It is an exciting story that can be read
to young children or by somewhat older
ones. It has an index and a helpful in-
vitation to would-be butterfly-taggers.

MoTtHs AND BUTTERFLIES AND How
TrEY L1vE, by Robert M. McClung. Wil-
liam Morrow and Company, Inc. ($2.95).
SaLLY's CATERPILLAR, by Anne and
Harlow Rockwell. Parents’ Magazine
Press ($2.95). Two good books. The first
is a general account, with notes on col-
lecting. The second, prettily illustrated
in a Continental style, is a tale of a girl
who brings her pet from its home on
Martha’s Vineyard to New York.

Dip A BEar Just WALk THERE?, by
Ann Rand, illustrated by A. Birnbaum.
Harcourt, Brace & World, Inc. ($3.75).
A book with a few lines on each brightly
painted page, celebrating the heart of
science: asking questions.

How 10 BE A NATURE DETECTIVE, by
Millicent E. Selsam, pictures by Ezra
Jack Keats. Harper & Row, Publishers
($2.95). This ingenious book, for chil-
dren in the early grades, asks questions
and answers them logically from the
tracks of animals. A problem walks out
across the last page.

StrAIGHT HaIR, CURLY HAIR, by Au-
gusta Goldin, illustrated by Ed Em-
berley. Thomas Y. Crowell Company
($3.25). This original and merry little
book tells about the cross-sectional shape
of hair and about its follicles. It presents
genuine experiments youngsters can do.
You need your own hair, Scotch tape,
keys and some curiosity. Delightful.

How AnxmymaLs COMMUNICATE, by Bil
Gilbert, illustrated by Chet Reneson.
Pantheon Books ($3.95). A set of per-
sonal and instructive essays on bee and
dolphin, ape and dog and their lan-
guages. It is a particularly handsome
book, with beautiful and apt drawings.
For junior high and high school biolo-
gists.

TriumpHs OF Brorocy, by Philip
Goldstein. Doubleday & Company, Inc.
($4.95). Here a hard problem is extreme-
ly well solved: six great themes in biolo-
gy from Abraham Trembley and John

Dalton to Linus Pauling and Arthur
Kornberg are described in long citations
from original papers. The arrangement,
drawings and annotations are so well
done that the result is readable, human,
exciting and richly instructive. A first-
rate book for high school students.

RAISING LABORATORY ANIMALS: A
HaNpBoOK FOR BiorocicaL AND BEe-
HAVIORAL RESEARCH, by James Silvan.
The Natural History Press ($4.95). The
husbandry of two dozen species, from
the amoeba to the hamster and the opos-
sum, is here described in working detail.
The author plainly has the requisite wet,
grassy or furry thumb. More than that,
he has a sympathetic but unsentimental
fondness for his creatures. He throws
in many questions, problems and conjec-
tures for experiment, and a list of sources
of animals and supplies. Amateurs and
high schools can hardly do without this
sound and attractive book. A paperback
edition is available for $1.45.

THE ATLANTIC SHORE: HUMAN AND
NaTuraL History FROM LONG ISLAND
To LABRADOR, by John Hay and Peter
Farb. Harper & Row, Publishers ($6).
The chapters of this book discuss the
several ecologies of the coast and dilate
on birds. A list of 50 places along the
coast worth a visit is included. An excel-
lent family book for Easterners who
know, or want to know, the shore.

NATURE AS DESIGNER: A BoTANICAL
ArT STUDY, by Bertel Bager. Reinhold
Publishing Corporation ($12.50). Beau-
tiful photographs of the sculpture of
pods and fruits and stems, enlarged some
fivefold. The book lies on that frontier of
art closest to science—or is it the other
way around?

Dixosaur HunT, by George O. Whit-
aker and Joan Meyers. Harcourt, Brace
& World, Inc. ($3.50). This thin book is
both fascinating and beautiful. Its au-
thors are a museum collector and pre-
parator—who first worked in his present
laboratory as a young, unpaid volunteer
—and a poet, the daughter of a famous
paleontologist. The text is a luminous
narrative of a real expedition to Ghost
Ranch on the high New Mexico pla-
teau, where in 1947 Whitaker found the
intact skeletons of primitive little dino-
saurs. The story is always concrete, spe-
cific, intimate. Jeep, air hammer, scalpel
and shellac are used before your eyes in
that mixture of surgery and quarrying
which brings us the evidence of the re-
mote past. The maps, photographs and
loving line drawings so well complement
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the words that the book draws the reader
into the triumph of the happy, hard-
working field party. Detailed enough for
the professional, the account can be read
by sixth-graders. It should guide more

than a few careers.

Famous FossiL Finps, by Raymond
Holden. Dodd, Mead & Company
($3.50). Here we do not follow a single
party day by day through its work but
instead find a small story on each of a
dozen of the great finds in which paleon-
tology takes pride. We have the La Brea
tar pits, the coelacanth, the giant sloth,
the frozen mammoth, the dinosaur eggs,
the “dragon’s teeth” of the Hong Kong
apothecaries, and more. The tales are
smoothly told and illustrated with nice
pencil sketches. This is a generalized
bird’s-eye view, made for dipping into by
young readers. The stories are well
worth telling and their results are sen-

sibly appraised.

TaLes ToLp By FossiLs, by Carroll
Lane Fenton. Doubleday & Company,
Inc. ($4.95). Here the story is not of find-
ing evidence but of telling what the evi-
dence reveals. Fenton himself has drawn
some 200 attractive and admirably de-
tailed pictures to accompany his text,
which is a simplified systematic paleon-
tology from Precambrian algae to Homo
sapiens and his early art. For each epoch
and surrounding Fenton describes in 10
pages the best-known forms, their way
of living, their evolutionary story. The
account is warm, with allusions to the
men and events behind the data, but it
is always centered on the plants and
animals of geological history. There is a
book list of outstanding usefulness, and
a couple of pages directing readers to
where the real thing can be seen in mu-
seums throughout the U.S. and Canada.
Deftly and expertly done for reading and
for long-time reference.

SCIENCE AND THE SECRET OF MAN’s
Past, by Franklin Folsom. Harvey
House, Inc. ($5). In an unusual book,
written very simply and well illustrated
with pencil drawings, a single theme is
followed through a set of short and loose-
ly connected chapters. The theme is dat-
ing the past, on the scale of the last
couple of million years. Stratigraphy and
the classification of artifacts are de-
scribed with care. The physical methods,
from fluorine to radiocarbon and even
the recent fission-track scheme, are ex-
plained understandably if sketchily. Pol-
len census, clay varves, tree rings and the
rest are not forgotten. The text is for any
reader older than a sixth-grader who will
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THE SCIENCE
OF GEMS
P. J. Fisher

An introduction to the new sci-
ence of gemmology, which is con-
cerned with the identification,
grading, evaluation, and fashion-
ing of gem stones. Over 100 illus-
trations in color and black and
white. Appendixes, Glossary, Bib-
liography, Index. $7.95
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MATHEMATICS
ON VACATION

Joseph S. Madachy

The best problems from Rec-
reational Mathematics Maga-
zine, chosen by its editor, and
other original and outstand-
ing puzzles, including geo-
metric dissections, chessboard
placement problems, flexa-
gons, magic squares and anti-
magic squares, alphametics,
and many others. For the in-
terested layman and the pro-
fessional mathematician.
Over 150 diagrams. $6.95
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accept a style featuring short paragraphs
and quick transitions. The book is reli-
able throughout.

Social Sciences

HuMmaN BecinNiNGs, by Olivia Vla-
hos. The Viking Press, Inc. ($5.95). Writ-
ten with what must be called unerring

| informality and charm, this loving and
serious account of physical and cultural
anthropology divides into two distinct
parts. In the first part evolution and its
time scale are outlined in a clear and
brief way, ending with a more extensive
account of the past million years. There
is an up-to-date account of Olduvai find-
ings—Homo habilis, Homo erectus and
the rest—that does not overstate the case.
The second part is a similarly attractive
summary, telling about the growth of
culture from its beginnings with tools,
fire and kinship up to the invention of
writing and the rise of cities. Across the
text, in the margins and around the para-
graphs spread the strong pen-and-ink
drawings of Kyuzo Tsugami, showing
everything from the tree shrew to Zin-
janthropus, from a Neanderthal bear-
cult shrine to a steel furnace of the Su-
dan. A book that will be cherished by
readers 12 and up.

Raven’s Cry, by Christie Harris.
Atheneum Publishers ($3.95). Here is a
novel, suitable for young readers, per-
| haps from 10 up. The story is so thor-
oughly immersed in the life of the Haida,
the remarkable industrial Indians of Brit-
ish Columbia (they built and traded
great cedar canoes along 1,000 miles of
coast), that the book is first-rate ethnog-
raphy. The generations of a great Haida
family are followed from the first visit
of the Iron Men, come from Boston in
their great flying white-winged canoe,
until today. The story is poignant: fire-
arms, Bible, gold, whiskey and smallpox
play their traditional roles. But the
Haida are so like us in their determina-
tion to excel—in skill, in trade, in wealth,
in status—that the story is much richer
than the pastoral tragedy of so many
tribes. Nor is Haida culture wholly bro-
ken: its art, powerful and unified, lives. It
can be seen in this beautiful book in the
block prints of Bill Reid, a modern and
innovative Canadian artist, working con-
sciously to enlarge the tradition of his
own Haida heritage.

INTRODUCTION TO ARCHAEOLOGY, by
Shirley Gorenstein. Basic Books, Inc.,
Publishers ($4.50). An archaeologist
who has dug in Mexico and the U.S.

| Southwest writes a connected narrative
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outlining the way she and her expert col-
leagues do their work. She tells what
they look for, how to find a place to dig,
how to keep records, how to analyze the
data and finally, as the crown of the
work, how to reconstruct a culture. She
has written a smooth book—serious, help-
ful and teacherly. Diagrams from the
professional literature are among the
illustrations.

THE ARCHAEOLOGY OF SAN FRANCIS-
co, by Robert C. Suggs. Thomas Y.
Crowell Company ($3.50). THE ARCHAE-
oLocy oF NEw York, by Robert C.
Suggs. Thomas Y. Crowell Company
(33.50). On the shoreline at LaGuardia
Airport and near the flats of Emoryville
on the East Bay diggers have found and
studied the signs of those who lived in
Queens and Oakland long before Colum-
bus set sail. In these two similar books a
dozen sites in each metropolitan area are
described, with the story of how they
were excavated. The ways of life of the
old West Coast shell-collectors and the
Algonkians of New York are reconstruct-
ed in a freely imagined but controlled
way. The people and their artifacts are
drawn in a striking scratchboard tech-
nique by Leonard Everett Fisher. Fine
books, which left a faint disappointment
in the lack of pinpoint locations of the
sites themselves so that city folk could
see the very places of the old way.

ArricaN Kincpowms, by Basil David-
son and the Editors of Time-Life Books.
Time Incorporated ($3.95). The fresh-
ness, timeliness and sympathy of this ex-
pert story of the ancient cultures of the
once-dark continent distinguish it among
the many books of this Time-Life series.
Half a dozen sets of photographs, large-
ly in color, display among other things
the stunning rock paintings of the Sahara
and the great bronze sculpture of Benin.

Mathematics

A New Look AT GEOMETRY, by Ir-
ving Adler. The John Day Company
(37.95). With a decent respect for his-
tory, and a sense of search for enjoyment,
the experienced author has here pro-
duced a substantial book traveling deep
into modern mathematics. There is no
more accessible and understanding study
of what spaces are, and of the relation
between physical and mathematical
space. It contains a quick and compact
look—but not a breathless one, and there
are good problems set for the reader—at
the old geometry of Euclid and before,
at analytic, vector, group-theoretic and
projective geometry. Newton and Ein-



stein are examined by way of Euclidean
and non-Euclidean spaces, and the book
closes with topological spaces and a
small flourish of axiomatics. Not for the
dilettante or the expert, the book is
aimed right at high school mathematics
teachers, practicing or prospective, and
their best students.

MATHEMATICS OF CHOICE, OR How TO
Count witHOUT COUNTING, by Ivan
Niven. Random House ($1.95). From
PytHAGORAS TO EINsTEIN, by K. O.
Friedrichs. Random House ($1.95). Niv-
en writes an informal, clear algebra of
combinatorics for high school students
and mathematical amateurs. It is by no
means elementary by the end of the
book, with generating functions, induc-
tion and nonassociative products. All the
usual formulas are here and well de-
rived. The Friedrichs book is much less
problem-centered; it is a set of lectures
on the theme of the famous theorem. He
causes the theorem to flow easily from
the idea of vectors [(a + D)?] after pre-
senting the more geometrical proofs.
Then he goes on to show the rise of four-
vectors at the heart of the theory of spe-
cial relativity. These are two recent
paperbacks of a generally excellent series
sponsored by the School Mathematics
Study Group.

CHIPS FROM THE MATHEMATICAL
Log, edited by Josephine P. Andree. Mu
Alpha Theta, University of Oklahoma
($1). A paperback anthology of problems
and commentary from the journal of the
national high school and junior college
mathematics clubs. First-rate problems
at a penny a page.

ARe You Square?, by Ethel and
Leonard Kessler. Doubleday & Com-
pany, Inc. ($3.50). A gay and witty book
whose rich night sky may well contain a
square moon and square stars. Did you
ever ride in a round train all the way to
Bangor, Maine? These authors are not
square, and their book is a true pregeom-
etry for small children on the way to first
grade.

WaAT SHAPE Is IT?, by Charles
Hatcher. Duell, Sloan & Pearce ($2.95).
A crowded, swift book for children in the
grades who might want to use a paper-
clip plumb line or spin a cardboard tri-
angle into a whirling cone. Somehow it
is about the physics of geometry.

THE Mysterious FLEXAGONs, by
Madeline Jones. Crown Publishers, Inc.
($1.95). A cutout book with clear, simple
directions for making flexagons—very

handsome ones in strong, colorful de-
signs. Three hexahexaflexagons crown
the work. If anyone of any age in your
tamily likes papery puzzles, or if you
know about the flexagon, the book is
waiting for you.

Technology

WoNDERs oF THE MODERN WoORLD, by
Joseph Gies. Thomas Y. Crowell Com-
pany ($5.95). The Japanese Bullet Train,
the Chicago sewage system, the Dutch
plan to reclaim the Rhine delta from the
sea, and 10 more projects are described
in nontechnical language with plenty of
facts and figures. Photographs of each
and an appendix listing, among other
things, the biggest dams, bridges and
tunnels complete the book, which is
much too interesting to put down. For
readers of 14 and up, but some 12-year-
olds will read it excitedly.

ToHE Fimmst Book oOF BRIDGES, by
Creighton Peel. Franklin Watts, Inc.
($2.65). Brinces, by Robert Silverburg.
Macrae  Smith Company ($4.50).
Bripces, written and illustrated by
Henry Billings. The Viking Press, Inc.
($3.56). Three excellent books, all up-to-
date, listed in order of increasing depth.
The first two have splendid photo-
graphs, the last no less splendid draw-
ings. The Billings book, first published a
decade ago and now revised, has the
strongest discussion both of the social
environment of a bridge and of the anal-
ysis of stress.

Roman Roaps, by Victor W. Von
Hagen. The World Publishing Company
($4.95). Maps, line drawings and fine
photographs abound in this lightly writ-
ten and thorough history of the great
network of 53,000 miles of road with
which was woven an empire over Eu-
rope and North Africa. There is even a
Roman poet’s account: “First comes the
task of preparing the ditches...” until
finally “...others go ahead to drain the
pools, bridging those thirsty streams that
lie ahead.” What Latin scholar over 12
would not welcome this book?

BuiLpING THE Suez CANAL, by the
Editors of Horizon. American Heritage
Publishing Co., Inc. ($4.95). Between
the marvelous contemporary endpaper
drawings, the text and 100-odd pictures
carry the reader through Ferdinand de-
Lessep’s struggle past dizzy pickaxes
and steam dredges to a brief account
of the campaign of the Franco-British
forces in 1956 and a final stunning Gemi-
ni photograph in color. Here is a century
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McGraw-Hill’s
new books
move

heaven and

earth for
young
science-lovers

WEATHER ALL AROUND

By Tillie S. Pine and Joseph Levine
Illustrated by Bernice Myers. $2.50

ANTS AND TERMITES

By Dr. Gwynne Vevers
lllustrated in color by Colin Threadgall. $2.95

ATOMS TODAY AND TOMORROW

Third edition by Margaret O. Hyde
Illustrated by Clifford N. Geary. $3.50

OFF INTO SPACE!

Revised edition by Margaret O. Hyde
lllustrated by Bernice Myers. $2.75

PUSH AND PULL

The Story of Energy

Revised edition by Paul E. Blackwood *
Illustrated by William D. Hayes. $3.25

McGraw-Hill Junior Books
McGraw-Hill Book Company

330 West 42nd St., N.Y. 10036
Send for illustrated catalog.
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Inside
the atom...
inside the
living cell

THE NATURE
OF MATTER

Physical Theory from Thales to
Modern Times

by Ginestra Amaldi

“. .. possibly the best available
popular account of recent re-
search into the structure of the
atom, its binding forces and the
nature of sub-atomic particles.
Several of her chapters on these
abstruse subjects are miracles
of exposition.”—Times (London)
Literary Supplement $5.95

ANATOMY OF
THE CELL

by Bjorn Afzelius
This popular exposition is in-
tended for students and for
specialists in other fields. It de-
scribes the most important
known components of the cell
and also serves as a useful intro-
duction to the biological appli-
cations of the electron micro-
scope. Illustrated with 36 plates.
$5.50

75th Year

1891-1966

UNIVERSITY OF

CHICAGO PRESS
Chicago and London

In Canada:
University of
Toronto Press
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in cartoon, exposition, engineers” draw-
ings and personal anecdote. The illus-
trations outdo the readable text.

ELecTrRONIC BraINs, by Rolf Lohberg
and Theo Lutz. Sterling Publishing Co.,
Inc. ($4.95). Two German authors (“a
mathematician with journalistic interests
and a journalist with technical ones”)
published this book in Stuttgart in 1963.
It is a breezy and cheerful work, aimed
at people who have little patience with
technical language, and having no lit-
erary pretensions. The book’s first sen-
tence quite reasonably asserts that there
are no such things as electronic brains.
This vein of common sense runs through-
out. The book is filled with happy meta-
phors (music boxes for programs, lamp
cords with multiple switches for the logic
circuitry) and clear explanation. It gets
down to cases with surprising detail, in-
cluding full-page flow sheets for spe-
cific payroll computations. All of this is
reached by easy steps. For the reader
over 12, or indeed for anyone of a prac-
tical turn of mind who is not much at
reading but is fascinated by computers,
this book is thoroughly appropriate.
There are good photographs and free-
hand drawings, although the volume is
not handsome.

WE BuiLt Our OwN COMPUTERS,
edited by A. B. Bolt. Cambridge Univer-
sity Press ($3.95). Five sixth-formers
from the Exeter School in England ex-
plain and describe half a dozen com-
puters they have in fact built for them-
selves. The computers range from arrays
of matchboxes with buttons—which can
“learn”—to a general-purpose analogue
computer and a digital arithmetic ma-
chine. Ticktacktoe and nim machines are
here. No machine called for a budget of
more than $40 (although there was much
scrounging) except for the analogue ma-
chine, which cost some $200. The de-
tails of the British milieu require some
translation, but it is not very difficult.
For Tottenham Court Road read Canal
Street.

A History oF Knives, by Harold
L. Peterson. Charles Scribner’s Sons
($3.50). A knowing and enthusiastic
monograph for 10-year-old boys and
their elders, the book tells of knives from
the days of the flint hand axe through the
bowie knife, the machete and the Gur-
kha kukri to an elegant design made for
astronauts. There are excellent pencil
drawings of many knives and of some of
their users. Two pages of reasonable cau-
tion on the care and handling of knives

| close the book, with the engaging re-
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mark that these are “the same rules, in
all particulars, that a Roman citizen
would have given his son two thousand
years ago.”

Go oNx WHEELS, by Julius Schwartz,
pictures by Arnold Roth. McGraw-Hill
Book Company ($2.50). They may have
cows and grass and the like in the coun-
try, but city kids have wheels. They have
roller skates, bicycles, cars and 10-wheel
trailers roaring by. They can make their
own wheels of paper plates and try them
out. In an easily read metrical style, with
genuine enjoyment amid cheerfully
rough pictures, there are suggestions for
things small children can do for them-
selves: silly wheels, mismatched wheels,
square wheels. A piece of real pre-
science by an author of insight. For
readers of age four to eight.

EarLy Bicycres, by Philip Sumner,
illustrated by Alan Osbahr. Stephen
Greene Press ($10). A dozen large prints
—about 11 by 16 inches—of lovingly ren-
dered bicycles, functional or bizarre. A
brief text describes each one.

TuE Look oF Cars, by Henry B. Lent.
E. P. Dutton & Co., Inc. ($4.95). It was
the Ford Model-A that gave us our first
look at the work of Detroit stylists. This
book tells how they model cars full size
in clay and “paint” them by applying a
thin plastic film, what cars looked like in
the past, what ideas the stylists play with
for the future, even how to train for the
profession. A list of schools of design is
included. The book does not blink at
obvious failure: it describes the rise of
tail fins, a form suggested by the P-38
fighter, and the fall of the Edsel. Lent is
a retired advertising executive; this book
is clearly from the Establishment side.
The public taste is seen as the cause and
the arbiter. Maybe it is. Written for read-
ers of 12 and up, it is good reading for all
who stare at cars. Not much about what
is inside.

Biography

JuLEs VERNE: PORTRAIT OF A PrOPH-
ET, by Russell Freedman. Holiday House
($3.95). Sent to study law in Paris, Verne
read Poe instead. He was befriended at
the lavish house called Monte Cristo by
its owner, the prince of successful au-
thors, Alexandre Dumas. The literary
life had won young Jules, and he soon
saw actors perform his first work, a do-
mestic farce. The law behind him, he
wrote a Poe-influenced adventure story
around the then very topical subject of
ballooning. Its success led to his deter-



Now available as a book:

the contents of the September 1966 issue
of SCIENTIFIC AMERICAN —which was

devoted to a comprehensive review

of the extraordinary new technology Hii Informatlon

SCIENTIFIC
A AMERICAN Book
]nfm mation

® An authoritative, comprehensive review of the com-
puter revolution and its impact on science, technol-
ogy, commerce and administration, and education

m Contains all of the articles and many of the illustra-
tions from the September 1966 issue of SCIENTIFIC
AMERICAN, which quickly became a collector’s item

® Certain to become a standard handbook for all
scientists, engineers, educators, administrators, and
businessmen who would avail themselves of the
new technology of information

® Indispensable reading for any thoughtful person
who has ever wondered how the computer will
change the quality of life in our society

® Clothbound, illustrated, $5.00

— o — — — — o — S — — — f—

- SCIENTIFIC
Information, A {3 prican BOOK

I enclose paymentof $_ (California residents
add 4% sales tax).

Send me, postpaid, ____ copy(ies) of Information.
I understand that if I am not satisfied, the book may be
returned for full refund within 10 days after it is received.

NAME
ADDRESS

®
®
@
L]
®
2
®
®
®
®
L3
®
L]
®
®
]
Li
@
L
2

At your bookseller’s now.

= W. H FREEMAN AND COMPANY

= . 660 Market Street, San Francisco, California 94104 / Warner House, 48 Upper Thames Street, London, E. C. 4

147

© 1966 SCIENTIFIC AMERICAN, INC



P

Recommended
for
young
scientists

New in 1966

FLASH: The Life Story
of a Firefly

Louise Dyer Harris and Norman
Dyer Harris; illustrated by Henry
B. Kane. Nature facts that read
like a fairy tale. Ages 6-8. $2.95

THE MANY '
HUMAN SENSES

Robert Froman; illustrated by
Feodor Rimsky. A readable, scien-
tific account of how our senses
function. Ages 12 up. $4.50

ALFRED WALLACE
Explorer and Naturalist

Joseph Cottler;.illustrated by John
Kaufmann. A biography of the sci-
entist whose discoveries matched
Darwin's. Ages 12 up. $4.50

As reviewed in
Scientific American

HOW SCIENTISTS
FIND OUT

William D. Lotspeich; illustrated
by John C. Menihan. ‘‘The respec-
tive roles of chance, purposeful
planning, tenacity, imagination,
and other factors in the advance
of scientific knowledge.” Ages 14
up. $3.95

SECRETS OF
INLAND WATERS

Boris Arnov, Jr.; illustrated with
photographs. ‘‘Arnov surveys the
subject [limnology] knowledgeably
in an easy narrative style quick-
ened by many unusual and little-
known facts.’”” Ages 14 up. $4.50

STEAMBOAT UP
THE COLORADO

Alexander L. Crosby; illustrated by
Lorence Bjorklund. A ‘‘simple, un-
affected and graphic’’ version of
Lt. Joseph Christmas Ives’ journal
of his exploration of the Colorado
River. Ages 12 up.

At all bookstores.
Complete catalog available
on request from

LITTLE, BROWN & COMPANY

\34 Beacon St., Boston, Mass. 02106/
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mination to write of the new world of
science and technology to come. He
wrote his father that he would no longer
“linger on well-trodden paths, when sci-
ence is performing miracles.”

Fifty years of wonderful tales, based
on thorough (if not unerring) research,
followed. Around the World in 80 Days
was an 1874 play in Paris, a wildly suc-
cessful extravaganza complete with an
elephant. During its first serial publi-
cation steamship firms privately sought
to entice the hero Phileas Fogg to travel
his last transatlantic lap on their ships;
Verne instead had him buy a small
steamer of his own.

In this entertaining biography one can
also read of Verne’s darker side; not all
was progress and delight. War, weap-
onry, secrets, pollution were in his later
books. Men had then, as they still have,
to choose between life and death. There
are adult biographies of Verne; this brief
one is good reading for anyone from 12
up. It is only a little fictional in form.
There are several good photographs and
many endearing period engravings tak-
en from the books.

SEEKER OF SEAWAYS: A LIFE OF MAT-
THEW FONTAINE MAURY, PIONEER
OCEANOGRAPHER, by Janice ]. Beaty.
Pantheon Books ($3.95). A landbound
naval officer, Maury learned the winds
and currents so well that the first sailing
captain to follow his charts cut the four-
month round trip from Baltimore to Rio
de Janeiro by five weeks. A Virginian,
Maury resigned his commission after
Fort Sumter and died a broken but hon-
orable rebel. A well-written, fresh and
timely biography for readers of 12 and
older.

Various

SCIENCE BENEATH THE SEA: THE
StorY oF OCEANOGRAPHY, by William
M. Stephens. G. P. Putnam’s Sons
(83.29). A survey of a whole science from
the Challenger to Commander Scott Car-
penter, submarine astronaut, this book is
unfailing in taste and temper. Waves as
big as a Coast Guard cutter, diatoms un-
der the microscope, horrid and marvel-
ous anglerfish, and the buoy-vessel Flip
that can float on end are all splendidly
presented in word and picture. Most
such stews are indigestible mixtures;
this is a grand paella. We learn, com-
plete with citation, that cherry Lifesav-
ers are the best slow-dissolving release
for a certain deep-sea instrument, and
the more fundamental facts are no less
interesting and unexpected. For readers
of 12 and up, all the way up. Other books
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“like” it abound, but one should accept
no substitute!

Surr’s Up! AN ANTHOLOGY OF SURF-
ING, edited by H. Arthur Klein and M.
C. Klein. The Bobbs-Merrill Company,
Inc. ($5). This book assembles a couple
of dozen pieces on this dazzling sport,
brought to California in Theodore
Roosevelt’s time from its home in Ha-
waii. Cartoon columns from California
papers make argot such as ho-dad and
cowabunga clear to the uninitiate. Slick
magazine pieces are here side by side
with Byron, Mark Twain, Jack London
(who really tells a great deal about the
sport) and Snoopy. Sticking mostly to
history and the subculture, the book in-
cludes some physics of waves, boards
and surfers. The celebrated print of Ho-
kusai is echoed here by a great wave
photographed from surfboard by Don
James; the photographs are perhaps the
best thing in this exciting volume.

BETWEEN HEAVEN AND EARTH, by
Gaston Rebuffat, photographs by Pierre
Tairraz.  Oxford  University  Press
($12.50). As surfing is all dynamics, sud-
den decision, timing and bravura, so
mountaineering is all statics, patience,
deliberate skill and exaltation after long
endurance. Based on the famous film of
1961 about the work of an Alpine guide,
the book recounts the story of film mak-
ing in the peaks, presents the poetic
script of that documentary and gives
what amount to step-by-step narratives
of great Alpine climbs: Matterhorn,
Mont Blanc, Aiguille du Midi, Aiguille
de Drus. There are 100 photographs, re-
produced in a beautiful rotogravure, and
half a dozen handsome color plates. Men
on pinnacles, vistas of frozen magnifi-
cence and rainbow glories are all here.
For mountaineers of any literate age.

THE STORY OF THE BLUE NILE, by
Alan Moorehead. An abridgment by
Lucy Moorehead. Harper & Row, Pub-
lishers ($3.95). Even in this smooth
abridgment for literate junior high
school students, Moorehead’s prose spar-
kles and flows across a century. He tells
as well as anyone can ever tell the tale
of the Scots explorer James Bruce, who
found the Nile’s source in the Ethio-
pian plateau, of Napoleon’s expedition
against Egypt and her Mameluke caval-
ry, and of the British campaign against
the Emperor of Ethiopia three genera-
tions before Mussolini. A garish jacket
and cover grate on the eye, but the writ-
ing is proof against false embellishment.
The illustrations inside the book are
splendid; French scientists are shown in



an engraving climbing all over the still-
buried and mysterious Sphinx to mea-
sure her outcropped head.

THE Rio GrANDE, by Alexander L.
Crosby. Garrard Publishing Company
($2.19). Bringing life to the desert, the
Rio Grande is the most romantic of
American rivers. The ancient Pueblo
peoples, the knights of Coronado, the
Mexican army, the Texas gunfighters—
all knew these banks. This simple book,
written by a man who has traveled the
river and read its marvelous literature,
relates the history and a little of the pres-
ent of the Rio Grande. The photographs
by Laura Gilpin, whose book on the river
a generation ago broke the path, are here
in quantity. Here also is Elfegio Baca,
a two-gun teen-age lawman who out-
matched an armed mob and lived to
keep the peace in Socorro for a long life-
time. Physically this is a durable, plain
school book; it is nonetheless a first-class
example, and it is easily read.

Roap RackE ROUND THE WORLD: NEW
York TO Paris, 1908, by Robert B. Jack-
son. Henry Z. Walck, Inc. ($3.25). Trav-
eling across the U.S. from Times Square,
by ship to Asia and then on wheels all
the way to Paris, three out of six auto-
mobiles made it. This is a brief narrative
of their hardships and triumphs. The
Thomas Flyer—the moral if not the ac-
tual winner—made it in 170 days. She is
preserved today in gleaming dignity in a
Reno collection. For readers of nine and
older.

NorTH, SoutH, EasT, AND WEST, by
Franklyn M. Branley, illustrated by Rob-
ert Galster. Thomas Y. Crowell Com-
pany ($3.25). The simple text and cheery,
strong drawings of this book on naviga-
tion show how to tell the cardinal points
by using your own shadow. For readers
old enough to know right from left and
under nine.

Brain BoosTeERs: A Book orF Exas-
PERATING NATURE AND SciEnce Puz-
zLES, by David Webster. The Natural
History Press ($3.50). Three hundred of
them, from ice cube structure to flash-
light circuitry. Answers are given, which
limits the exasperation.

WonbpERFUL TiME, by Phyllis McGin-
ley, illustrated by John Alcorn. J. B. Lip-
pincott Company ($3.50). More meta-
physics than physics, the verses each
have a full-page line drawing in a cheer-
fully grotesque style to confront them
with their own metaphors. For readers
under eight but not for every taste.

INDEX OF ADVERTISERS

DECEMBER 1966

AIR REDUCTION COMPANY.
Agency : Fuller & Smith & Ross Inc.

..Back Cover

M & T CHEMICALS INC. ...... Inside Front Cover

Agency: Marsteller Inc.

ALLEN-BRADLEY COMPANY . ...... 14, 15 MARTIN MARIETTA CORPORATION ... .. 10, 11
Agency : Fensholt Advertising, Inc. Agency: Redmond, Marcus & Shure, Inc.
ALUMINUM COMPANY OF AMERICA 134 McGRAW-HILL BOOK COMPANY
Agency: Fuller & Smith & Ross Inc. McGRAW-HILL JUNIOR BOO'KS 145
AUDIO DEVICES, INC. ... 57 Agency: The Zlowe Company Inc.
Agency: Friend-Reiss Advertising, Inc.
AVCO CORFORATION. THE 127 OXFORD UNIVERSITY PRESS 154
gency: McCann/ITSM
Agency : Denhard & Stewart, Inc.
AVIS RENT A CAR SYSTEM, INC. 17
Agency: Doyle-Dane-Bernbach-Inc.
PANTHEON BOOKS 154
BELL TELEPHONE LABORATORIES 77 Agency: Sussman & Sugar, Inc.
Agency: N. W. Ayer & Son, Inc. PHILIPS RESEARCH LABORATORIES 75
BOEING COMPANY ... 125 Agency: TAG de la Mar—Intermarco
Agency : Campbell-Ewald Company POLAROID CORPORATION, THE . 78 79
Agency: Doyle-Dane-Bernbach-Inc.
CELESTRON PACIFIC CO. 76
Agency : Eastman Advertising Agency
CHASE MANHATTAN BANK, THE 59 QUESTAR CORPORATION  ................ 131
Agency : Compton Advertising, Inc.
RIEGEL PAPER CORPORATION ... 4
OF TOIVISION o PIAMOND ga, 55 Axeney: Wo L Towne Company, Ine.
Agency: N. W. Ayer & Son, Inc.
SAVE THE CHILDREN FEDERATION 133
EASTMAN KODAK COMPANY.. 53 Agency: Fladell, Winston, Pennette, Inc.
Ageney: Rumsill- Hoyt, Ine. SCRIBNER'S, CHARLES, SONS ... 144, 153
EDMUND SCIENTIFIC CO. 156 Agency: Franklin Spier Incorporated
Agency : Walter S. Chittick Company, Inc.
SPECTRA-PHYSICS INC. 64
Agency: Hal Lawrence Incorporated
FORD MOTOR COMPANY ... ... ......... 17
Agency : Grey Advertising, Inc. SPRINGBOK EDITIONS, INC. 74
FOUR CONTINENT BOOK CORP. 154 Agency: Tobias, Meyer & Nebenzahl
Agency : Michael Fain Advertising SUPERSCOPE, INC. 85
Agency: Audio Advertising Associates
GENERAL DYNAMICS CORPORATION ..18, 19 SYLVANIA ELECTRONIC COMPONENTS
Agency: Ogilvy & Mather Inc. GROUP, SYLYANIA ELECTRIC
PRODUCTS INC., SUBSIDIARY OF
CENEENVAIR Bivision T ORATION: g GENERAL TELEFHONE & ELECTRONICS
Agency : Knoth and Meads Company R CORP;)R)ATI?‘N- & Kt . 20
GENERAL DYNAMICS/FORT WORTH gency : Tatham-Lair udner, Inc.
DIVISION .............. . ... ... ... 139 SYLVANIA ELECTRONIC SYSTEMS,
Agency: Glenn Advertising, Inc. DIVISION OF SYLVANIA ELECTRIC
PRODUCTS INC., SUBSIDIARY OF
N RS ORATORIES oM 8  GENERAL TELEPHONE &
Agency : Campbell-Ewald Company ELECTRONICS CORPORATION 9l
Agency : Tatham-Laird & Kudner, Inc.
HALL OF SCIENCE BOOK CLUB 9
HERTZ SYSTEM, INC. L6, 7 UNION CARBIDE CORPORATION ... 60, 61
Agency : Carl Ally Inc., Advertising Agency: Young & Rubicam, Inc.
UNIROYAL/U. S. RUBBER CO.,
INDUSTRIAL CREDIT PLAN, INC. 74 MECHANICAL PRODUCTS
Agency: R. H. Mix Associates DIVISION ... ............ 94, 95, 96, 97
INFORMATION SCIENCE INCORPORATED . § Agency: Ries Cappiello Colwell, Inc.
Agency : Wunderman, Ricotta & Kline, Inc. UNIVAC DIVISION OF SPERRY RAND
INTERNATIONAL BUSINESS MACHINES CORPORATION
CORPORATION . ..................... 62, 63 Agency : Daniel and Charles, Inc.
Agency: Ogilry & Mather Inc. UNIVERSITY OF CHICAGO PRESS 146
INTERNATIONAL BUSINESS MACHINES Agency : Franklin Spier Incorporated
CORPORATION, DATA PROCESSING
DIVISION 13
Agency: Marsteller Inc. WATTS, FRANKLIN, INC., A DIVISION
OF GROLIER INCORPORATED ... 152
KLH RESEARCH & DEVELOPMENT CORP. . 1 Agency : Russel D. Hamilton Advertising
Agency : Solow/Wexton, Inc.
WESTERN ELECTRIC COMPANY . 89
Agency: Cunningham & Walsh Inc.
LIBRARY OF SCIENCE, THE 140
Agency : Smith, Henderson & Berey, Inc. WFF'N PROOF 76
LITTLE, BROWN AND COMPANY .. 148
Agency: Franklin Spier Incorporated XEROX/BASIC SYSTEMS, INC. 92
LOCKHEED MISSILES & SPACE COMPANY 56 Agency : Papert, Koenig, Lois, Inc.
Agency : McCann-Erickson, Inc.
LOS ALAMOS SCIENTIFIC LABORATORY
OF THE UNIVERSITY OF YOUNGSTOWN SHEET AND TUBE
CALIFORNIA ... .......... Inside Back Cover COMPANY 93
Agency: Toppino-Golden Agency Agency : Campbell-Mithun, Inc.
149

© 1966 SCIENTIFIC AMERICAN, INC




ANNUAL
INDEX

The following index lists all the au-
thors and articles that appeared in Sci-
ENTIFIC AMERICAN during 1966. Also
indexed are “Mathematical Games,”
“The Amateur Scientist” and the prin-
cipal book review in each issue.

AUTHORS

Ambroggi, Robert P. WATER UNDER
THE SAHARA; May, page 21.

Arditti, Joseph. oORrcHIDS; January,
page 70.

Badash, Lawrence. HOW THE “NEWER
ALCHEMY” WAS RECEIVED; August,
page 88.

Baker, Peter F.
March, page 74.
Beach, Frank A. Human Sexual Re-
sponse, by William H. Masters and
Virginia E. Johnson (book review);
August, page 107.

Beranek, Leo L.
page 66.

Berlyne, Daniel E. CONFLICT AND
AROUSAL; August, page 82.

Boulding, Kenneth E. The Scientific
Estate, by Don K. Price (book re-
view) ; April, page 131.

Bower, T. G. R. THE VISUAL WORLD OF
INFANTS; December, page 80.

Bowers, Raymond. A SOLID-STATE
SOURCE OF MICROWAVES; August, page
22.

Briggs, Asa. Selections from “London
Labour and the London Poor,” by
Henry Mayhew. Edited by John L.
Bradley (book review); July, page
123.

Bullard, Sir Edward. THE DETECTION
OF UNDERGROUND EXPLOSIONS; July,
page 19.

Burbidge, Geoffrey. THE ORIGIN OF
CcOsMIC RAYS; August, page 32.

Burbidge, Geoffrey, and Fred Hoyle.
THE PROBLEM OF THE QUASI-STELLAR
OBJECTS; December, page 40.

Bustad, Leo K. PIGS IN THE LABORATORY;
June, page 94.

Cairns, John. THE BACTERIAL CHROMO-
SOME, January, page 36.

Carter, Anne P. THE ECONOMICS OF
TECHNOLOGICAL CHANGE; April, page
25.

Clarke, R. W. LOCATING RADIO SOURCES
WITH THE MOON; June, page 30.

Comroe, Jr., Julius H. THE LUNG; Feb-
ruary, page 56.

Coons, Steven Anson. THE USES OF
COMPUTERS IN TECHNOLOGY; Septem-
ber, page 176.

Cooper, Louis Z.
July, page 30.

Corbato, F. J., and R. M. Fano. TIME-
SHARING ON COMPUTERS; September,

THE NERVE AXON;

NOISE; December,

GERMAN MEASLES,

page 128.

Crick, F. H. C. THE GENETIC CODE: III;
October, page 55.

150

Dales, George F. THE DECLINE OF THE
HARAPPANS; May, page 92.

Dowling, John E. NIGHT BLINDNESS;
October, page 78.

Easby, Jr., Dudley T. EARLY METAL-
LURGY IN THE NEW WORLD; April, page
72.

Echlin, Patrick. THE
ALGAE; June, page 74.
Edwards, R. G. MAMMALIAN EGGS IN
THE LABORATORY; August, page 72.
Emlen, John T., and Richard L. Pen-
ney. THE NAVIGATION OF PENGUINS;

October, page 104.

Etkin, William. HOW A TADPOLE BE-
COMES A FROG; May, page 76.

Evans, Clifford, and Betty J. Meggers.
A TRANSPACIFIC CONTACT IN 3000 B.c.;
January, page 28.

Evans, David C. COMPUTER LOGIC AND
MEMORY; September, page 74.

Evans, Howard E. The Natural History
of Flies, by Harold Oldroyd; A Cata-
log of the Diptera of America North
of Mexico, under the direction of
Alan Stone, Curtis W. Sabrosky,
Willis W. Wirth, Richard H. Foote
and Jack R. Coulson (book reviews) ;
January, page 123.

Fano, R. M., and F. J. Corbat6é. TIME-
SHARING ON COMPUTERS; September,
page 128.

Fowler, T. K., and Richard F. Post.
PROGRESS TOWARD FUSION POWER; De-
cember, page 21.

Gates, Marshall. ANALGESIC DRUGS;
November, page 131.

Gibor, Aharon. ACETABULARIA: A USE-
FUL GIANT cELL; November, page
118.

Gorini, Luigi. ANTIBIOTICS AND THE GE-
NETIC CODE; April, page 102.

Greenberger, Martin. THE USES OF
COMPUTERS IN ORGANIZATIONS; Sep-
tember, page 192.

Hawkins, David. Unsafe at Any Speed:
The Designed-in Dangers of the
American Automobile, by Ralph
Nader (book review); May, page
1317.

BLUE-GREEN

Haynes, Jr., C. Vance. ELEPHANT-
HUNTING IN NORTH AMERICA; June,
page 104.

Heacock, R. L., H. M. Schurmeier and
A. E. Wolfe. THE RANGER MISSIONS
TO THE MOON, January, page 52.

Herreshoff, Halsey C., and J. N. New-
man. THE STUDY OF SAILING YACHTS;
August, page 60.

Hoffman, George A. THE ELECTRIC AU-
ToMOBILE; October, page 34.

Holley, Robert W. THE NUCLEOTIDE SE-
QUENCE OF A NUCLEIC AcCID; February,
page 30.

Howe, Mark DeWolfe. The American
Jury, by Harry Kalven, Jr.,and Hans
Zeisel, with the collaboration of
Thomas Callahan and Philip Ennis
(book review); September, page
295.

Howells, William W.
November, page 46.

Hoyle, Fred, and Geoffrey Burbidge.
THE PROBLEM OF THE QUASI-STELLAR
OBJECTS; December, page 40.

Hughes, Vernon W. THE MUONIUM
AaToM; April, page 93.

HOMO ERECTUS;

Irving, Laurence. ADAPTATIONS TO
coLp; January, page 94.
James, J. N. THE VOYAGE OF MARINER

1v; March, page 42.

© 1966 SCIENTIFIC AMERICAN, INC

Jensen, David.
ary, page 82.

Kahn, David.
July, page 38.

Kellenberger, Edouard. THE GENETIC
CONTROL OF THE SHAPE OF A VIRUS;
December, page 32.

Kennard, C. H. L., and Don B. Sullen-
ger. BORON CRYSTALS; July, page 96.

Kosambi, D. D. SCIENTIFIC NUMIS-
MATIcs; February, page 102.

LaChapelle, Edward R. THE CONTROL
OF SNOW AVALANCHES; February,
page 92.

Langbein, W. B., and Luna B. Leopold.
RIVER MEANDERS; June, page 60.

Langenberg, Donald N., Douglas J.
Scalapino and Barry N. Taylor. THE
JOSEPHSON EFFECTS; May, page 30.

Ledley, Robert S., and Frank H. Rud-
dle. CHROMOSOME ANALYSIS BY COM-
PUTER; April, page 40.

Leighton, Robert B. THE PHOTOGRAPHS
FROM MARINER 1V, April, page 54.

Leopold, Luna B., and W. B. Langbein.
RIVER MEANDERS; June, page 60.

Levine, Seymour. SEX DIFFERENCES IN
THE BRAIN; April, page 84.

Levinthal, Cyrus. MOLECULAR MODEL-
BUILDING BY COMPUTER; June, page 42.

Lewis, Oscar. THE CULTURE OF POVER-
TY; October, page 19.

Linder, Forrest E. THE HEALTH OF THE
AMERICAN PEOPLE; June, page 21.

Lipetz, Ben-Ami. INFORMATION STOR-
AGE AND RETRIEVAL; September, page
224.

THE HAGFISH; Febru-

MODERN CRYPTOLOGY,

Livingston, William C. MAGNETIC
FIELDS ON THE QUIET SUN; November,
page 54.

McCarthy, John.
tember, page 64.

Maclnnis, Joseph B.
SEA; March, page 24.

McVay, Scott. THE LAST OF THE GREAT
WHALES; August, page 13.

Makaronas, Ch. J. PELLA: CAPITAL OF
ANCIENT MACEDONIA; December, page
98.

Meeuse, Bastiaan J. D.
LILY; July, page 80.

Meggers, Betty J., and Clifford Evans.
A TRANSPACIFIC CONTACT IN 3000 B.c.;
January, page 28.

Melnick, Joseph L., and Fred Rapp.
THE FOOTPRINTS OF TUMOR VIRUSES;
March, page 34.

Miller, Stewart E. COMMUNICATION
BY LASER; January, page 19.

Minsky, Marvin L. ARTIFICIAL INTEL-
LIGENCE; September, page 246.

Mulvaney, D. J. THE PREHISTORY OF
THE AUSTRALIAN ABORIGINE; March,
page 84.

Muyderman, E. A.
page 60.

Nevers, Noel de. TAR SANDS AND OIL
SHALES; February, page 21.

Newman, J. N, and Halsey C. Herres-
hoff. THE STUDY OF SAILING YACHTS;
August, page 60.

Oettinger, Anthony G. THE USES OF
COMPUTERS IN SCIENCE; September,
page 160.

O’Neill, Gerard K. PARTICLE STORAGE
RINGS; November, page 107.

Penney, Richard L., and John T. Em-
len. THE NAVIGATION OF PENGUINS;
October, page 104.

Peterson, Lloyd R.
ORYy; July, page 90.

INFORMATION; Sep-

LIVING UNDER THE

THE VOODOO

BEARINGS; March,

SHORT-TERM MEM-



Phillips, Anthony. TURNING A SURFACE
INSIDE OoUT; May, page 112.

Phillips, David C. THE THREE-DIMEN-
SIONAL STRUCTURE OF AN ENZYME
MOLECULE; November, page 78.

Pierce, John R. THE TRANSMISSION OF
COMPUTER DATA; September, page 144.

Pimentel, George C. CHEMICAL LA-
SERS,; April, page 32.

Pirie, N. W. Science in History, by J. D.
Bernal (book review),; March, page
131.

Pollack, Gerald L.
October, page 64.

Post, Richard F., and T. K. Fowler.
PROGRESS TOWARD FUSION POWER; De-
cember, page 21.

Powers, Charles F., and Andrew Rob-
ertson. THE AGING GREAT LAKES; No-
vember, page 94.

Rapoport, Anatol. The Strategy of
World Order Volume I, Toward a
Theory of War Prevention; Volume
II, International Law; Volume III,
The United Nations; Volume IV, Dis-
armament and Economic Develop-
ment. Edited by Richard A. Falk and
Saul H. Mendlovitz (book review);
October, page 129.

Rapp, Fred, and Joseph L. Melnick.
THE FOOTPRINTS OF TUMOR VIRUSES;
March, page 34.

Ravetz, Jerome R.
COPERNICAN REVOLUTION;
page 88.

Reba, Imants. APPLICATIONS OF THE
COANDA EFFECT; June, page 84.

Reines, Frederick, and J. P. F. Sells-
chop. NEUTRINOS FROM THE ATMO-
SPHERE AND BEYOND,; February, page
40.

Robertson, Andrew, and Charles F.
Powers. THE AGING GREAT LAKES;
November, page 94.

Ruddle, Frank H., and Robert S. Led-
ley. CHROMOSOME ANALYSIS BY COM-
PUTER; April, page 40.

Runcorn, S. K. CORALS AS PALEONTO-
LOGICAL cLOCKS; October, page 26.

Runnels, L. K. 1cE; December, page
118.

Sahlins, Marshall D. Structural An-
thropology, by Claude Lévi-Strauss
(book review) ; June, page 131.

Savory, Theodore H. FALSE SCORPIONS;
March, page 95.

Scalapino, Douglas J., Donald N. Lan-
genberg and Barry N. Taylor. THE
JOSEPHSON EFFECTS; May, page 30.

Schubert, Jack. CHELATION IN MEDI-
CINE; May, page 40.

Schurmeier, H. M., R. L.. Heacock and
A. E. Wolfe. THE RANGER MISSIONS
TO THE MOON* January, page 52.

Sellschop, J. P. F., and Frederick
Reines. NEUTRINOS FROM THE ATMO-
SPHERE AND BEYOND; February, page
40.

Shapiro, Gilbert. POLARIZED ACCELERA-
TOR TARGETS; July, page 68.

Shapley, Harlow. Explorer of the Uni-
verse: A Biography of George El-
lery Hale, by Helen Wright (book
review) ; November, page 153.

Shinbrot, Marvin. FIXED-POINT THE-
OREMS; January, page 105.

Sloan, Richard K. THE SCIENTIFIC EX-
PERIMENTS OF MARINER 1v; May, page
62.

Sokal, Robert R. NUMERICAL TAXONO-
MY; December, page 106.

SOLID NOBLE GASES;

THE ORIGINS OF THE
October,

Spain, David M.
August, page 48.

Strachey, Christopher. SYSTEM ANALY-
SIS AND PROGRAMMING; September,
page 112.

Sullenger, Don B., and C. H. L. Ken-
nard. BORON CRYSTALS; July, page
96.

Suppes, Patrick. THE USES OF coM-
PUTERS IN EDUCATION; September,
page 206.

Sutherland, Ivan E. COMPUTER INPUTS
AND OUTPUTS; September, page 86.
Swann, Peter R. STRESS-CORROSION

FAILURE; February, page 72.

Taylor, Barry N., Donald N. Langen-
berg and Douglas J. Scalapino. THE
JOSEPHSON EFFECTS; May, page 30.

Toulmin, Stephen. Aspects of Scientific
Explanation and Other Essays in the
Philosophy of Science, by Carl G.
Hempel (book review); February,
page 129.

Uchida, Genko. TECHNOLOGY IN CHINA;
November, page 37.

Wilson, Victor J. INHIBITION IN THE
CENTRAL NERVOUS SYSTEM; May, page
102.

Wilson, Wilbor O.
TION; July, page 56.

Wolfe, A. E,, H. M. Schurmeier and
R. L. Heacock, THE RANGER MISSIONS
TO THE MOON; January, page 52.

Wolfgang, Richard. CHEMISTRY AT
HIGH VELOCITIES; January, page 82.

YounNG, ROBERT A. THE AIRGLOW; March,
page 102.

ATHEROSCLEROSIS;

POULTRY PRODUC-

ARTICLES

ACCELERATOR TARGETS, POLARIZED, by
Gilbert Shapiro; July, page 68.

ACETABULARIA: A USEFUL GIANT CELL, by
Aharon Gibor; November, page 118.

ADAPTATIONS TO cOLD, by Laurence Ir-
ving; January, page 94.

AIRGLOW, THE, by Robert A. Young;
March, page 102.

ALGAE, THE BLUE-GREEN, by Patrick Ech-
lin; June, page 74.

ANTIBIOTICS AND THE GENETIC CODE, by
Luigi Gorini; April, page 102.

ARTIFICIAL INTELLIGENCE, by Marvin L.
Minsky; September, page 246.

ATHEROSCLEROSIS, by David M. Spain;
August, page 48.

AUSTRALIAN ABORIGINE, THE PREHISTORY
OF THE, by D. J. Mulvaney; March,
page 84.

AVALANCHES, THE CONTROL OF SNOW, by
Edward R. LaChapelle; February,
page 92.

BACTERIAL CHROMOSOME, THE, by John
Cairns; January, page 36.

BEARINGS, by E. A. Muyderman; March,
page 60.

BORON CRYSTALS, by Don B. Sullenger
and C. H. L. Kennard; July, page
96.

CHELATION IN MEDICINE, by Jack Schu-
bert; May, page 40.

CHEMISTRY AT HIGH VELOCITIES, by Rich-
ard Wolfgang; January, page 82.

CHINA, TECHNOLOGY IN, by Genko Uchi-
da; November, page 37.

COANDA EFFECT, APPLICATIONS OF THE, by
Imants Reba; June, page 84.

COMPUTER, CHROMOSOME ANALYSIS BY,
by Robert S. Ledley and Frank H.
Ruddle; April, page 40.

COMPUTER DATA, THE TRANSMISSION OF,

© 1966 SCIENTIFIC AMERICAN, INC

by John R. Pierce; September, page
144.

COMPUTER INPUTS AND OUTPUTS, by Ivan
E Sutherland; September, page 86.
COMPUTER LOGIC AND MEMORY, by David

C. Evans; September, page 74.

COMPUTER, MOLECULAR MODEL-BUILDING
BY, by Cyrus Levinthal; June, page
42.

COMPUTERS IN EDUCATION, THE USES OF,
by Patrick Suppes; September, page
206.

COMPUTERS IN ORGANIZATIONS, THE USES
OF, by Martin Greenberger; Septem-
ber, page 192.

COMPUTERS IN SCIENCE, THE USES OF, by
Anthony G. Oettinger; September,
page 160.

COMPUTERS IN TECHNOLOGY, THE USES OF,
by Steven Anson Coons; September,
page 176.

COMPUTERS, TIME-SHARING ON, by R. M.
Fano and F. J. Corbat6; September,
page 128.

CONFLICT AND AROUSAL, by Daniel E.
Berlyne; August, page 82.

COPERNICAN REVOLUTION, THE ORIGINS OF
THE, by Jerome R. Ravetz; October,
page 88.

CORALS AS PALEONTOLOGICAL CLOCKS, by
S. K. Runcorn; October, page 26.

COSMIC RAYS, THE ORIGIN OF, by Geoffrey
Burbidge; August, page 32.

CRYPTOLOGY, MODERN, by David Kahn;
July, page 38.

DRUGS, ANALGESIC, by Marshall Gates;
November, page 131.

ECONOMICS OF TECHNOLOGICAL CHANGE,
THE, by Anne P. Carter; April, page
25.

ELECTRIC AUTOMOBILE, THE, by George
A. Hoffman; October, page 34.

ELEPHANT-HUNTING IN NORTH AMERICA,
by C. Vance Haynes, Jr.; June, page
104.

ENZYME MOLECULE, THE THREE-DIMEN-
SIONAL STRUCTURE OF AN, by David C.
Phillips; November, page 78.

FIXED-POINT THEOREMS, by Marvin
Shinbrot; January, page 105.

FROG, HOW A TADPOLE BECOMES A, by
William Etkin; May, page 76.

FUSION POWER, PROGRESS TOWARD, by
T. K. Fowler and Richard F. Post;
December, page 21.

GENETIC CODE: III, THE, by F.H.C. Crick;
October, page 55.

GERMAN MEASLES, by Louis Z. Cooper;
July, page 30.

GREAT LAKES, THE AGING, by Charles F.
Powers and Andrew Robertson; No-
vember, page 94.

HAGFISH, THE, by David Jensen; Febru-
ary, page 82.

HARAPPANS, THE DECLINE OF THE, by
George F. Dales; May, page 92.

HEALTH OF THE AMERICAN PEOPLE, THE,
by Forrest E. Linder; June, page 21.

HOMO ERECTUS, by William W. Howells;
November, page 46.

IcE, by L. K. Runnels; December, page
118.

INFORMATION, by John McCarthy; Sep-
tember, page 64.

INFORMATION STORAGE AND RETRIEVAL,
by Ben-Ami Lipetz; September,
page 224.

INHIBITION IN THE CENTRAL NERVOUS
SYSTEM, by Victor J. Wilson; May,
page 102.

JOSEPHSON EFFECTS, THE, by Donald N.

151



NOW THERE ARE 26

Imymortals
of Science

BIOGRAPHIES FOR YOUNG
SCIENTIFIC AMERICANS

B R ERRA R AR RN

SCIENTIFIC AMERICAN
especially liked —
- ALESSANDRO

VOLTA

by BErRN DIBNER. “Excep-
tionally well illustrated
and well written.”

CARL FRIEDRICH

GAUSS

by WILLIAM L. SCHAAF,
“Highly recommended . . .
not only because it gives
an admirably succinct ac-
count of Gauss’s ad-
vances . . . but also be-
cause it presents the
material so that an adoles-
cent can grasp its mean-
ing and appreciate its
profundity and beauty.”

L bbbt LLL L LI LD UL L L L LS L)

ISAAC ASIMOV says:
“Those ‘Immortals’ I have seen are uni-
formly good . . . worth while indeed for
those who view science not as an abstrac-
tion but as the product of men.”

ASTRONOMY & MATHEMATICS

1 ARCHIMEDES Jeanne Bendick

2 COPERNICUS David C. Knight
‘“‘Biography seriously taken as a back-
ground against which to teach the history
of science. No teen-ager seriously inter-

sEmsnenny

ested in astronomy should miss this
book.”—Isaac Asimov
3 EUCLID Estelle de Lacy
4 GAUSS William L. Schaaf
5 KEPLER David C. Knight
6 NEWTON David C. Knight
BIOLOGY & MEDICINE
7 DARWIN Alice Dickinson
8 HARVEY Rebecca B. Marcus
9 HIPPOCRATES Herbert S. Goldberg
10 JENNER Irmengarde Eberle
11 KOCH David C. Knight
The only biography in English of the
great bacteriologist!
12 MENDEL Robert N. Webb
13 PASTEUR Mary Jane Burton
CHEMISTRY
14 BOYLE Harry Sootin
“The only juvenile biography of Boyle
. . . Recommended.”’—Library Journal.
15 DAVY Elba O. Carrier

16 LAVOISIER
17 PRIESTLEY

Rebecca B. Marcus
Rebecca B. Marcus

PHYSICS

18 THE CURIES Elizabeth Rubin

19 FARADAY Charles Paul May

20 GALILEO Rebecca B. Marcus

21 GIBBS Benedict A. Leerburger, Jr.

The only Gibbs biography for young peo-
ple “can be read with understanding by
any high school student.”—Sci. Teacher.
22 MAXWELL Charles Paul May

23 VOLTA Bern Dibner Ong';

GENERAL SCIENCE 2—

24 ARISTOTLE Glanville Downey

25 FRANKLIN Irmengarde Eberle EACH,

26 DA VINCI Henry S. Gillette CLOTH
BOUND

Your bookseller or direct from DEPT. SA
Franklin Watts Division of Grolier
575 Lexington Ave., N.Y.C. 10022

Send IMMORTALS OF SCIENCE biographies (circle
numbers wanted) postpaid @ $2.95 each, for
$ - check or money order enclosed.

My money back without question on book or
books returned in ten days.

1 2 3 45 6 7 8 910111213
14 15 16 17 18 19 20 21 22 23 24 25 26

-
T T T T L L T L T T T e T LT LT TR TR T

Name
Address
City State

sUSSEEsEREAEANAANRRARSIREEsRREsRRERERES

L L LT LT E

152

Langenberg, Douglas J. Scalapino
and Barry N. Taylor; May, page 30.
LASER, COMMUNICATION BY, by Stewart

E. Miller; January, page 19.

LASERS, CHEMICAL, by George C. Pimen-
tel; April, page 32.

LUNG, THE, by Julius H. Comroe, Jr.;
February, page 56.

MAMMALIAN EGGS IN THE LABORATORY,
by R. G. Edwards; August, page 72.
MARINER 1V, THE PHOTOGRAPHS FROM, by
Robert B. Leighton; April, page 54.
MARINER IV, THE SCIENTIFIC EXPERI-
MENTS OF, by Richard K. Sloan; May,

page 62.

MARINER IV, THE VOYAGE OF, by J. N.
James; March, page 42.

MEMORY, SHORT-TERM, by Lloyd R.
Peterson; July, page 90.

METALLURGY IN THE NEW WORLD, EARLY,
by Dudley T. Easby, Jr.; April, page
72.

MICROWAVES, A SOLID-STATE SOURCE OF,
by Raymond Bowers; August, page
22.

MUONIUM ATOM, THE, by Vernon W.
Hughes; April, page 93.

NERVE AXON, THE, by Peter F. Baker;
March, page 74.

NEUTRINOS FROM THE ATMOSPHERE AND
BEYOND, by Frederick Reines and
J. P. F. Sellschop; February, page
40.

‘““NEWER ALCHEMY” WAS RECEIVED, HOW
THE, by Lawrence Badash; August,
page 88.

NIGHT BLINDNESS, by John E. Dowling;
October, page 78.

NOBLE GASES, soLID, by Gerald L. Pol-
lack; October, page 64.

NOISE, by Leo L. Beranek; December,
page 66.

NUCLEOTIDE SEQUENCE OF A NUCLEIC ACID,
THE, by Robert W. Holley; February,
page 30.

NUMISMATICS, SCIENTIFIC, by D. D. Ko-
sambi; February, page 102.

ORCHIDS, by Joseph Arditti; January,
page 70.

PARTICLE STORAGE RINGS, by Gerard K.

O’Neill; November, page 107.

PELLA: CAPITAL OF ANCIENT MACEDONIA,
by Ch. J. Makaronas; December,
page 98.

PENGUINS, THE NAVIGATION OF, by John
T. Emlen and Richard L. Penney;
October, page 104.

PIGS IN THE LABORATORY, by Leo K.
Bustad; June, page 94.

POULTRY PRODUCTION, by Wilbor O. Wil-
son; July, page 56.

POVERTY, THE CULTURE OF, by Oscar
Lewis; October, page 19.

PROGRAMMING, SYSTEM ANALYSIS AND,
by Christopher Strachey; Septem-
ber, page 112.

QUASI-STELLAR OBJECTS, THE PROBLEM OF
THE, by Geoffrey Burbidge and Fred
Hoyle; December, page 40.

RADIO SOURCES WITH THE MOON, LOCAT-
ING, by R. W. Clarke; June, page 30.
RANGER MISSIONS TO THE MOON, THE, by
H. M. Schurmeier, R. L.. Heacock and

A. E. Wolfe; January, page 52.

RIVER MEANDERS, by Luna B. Leopold
and W. B. Langbein; June, page 60.
SAILING YACHTS, THE STUDY OF, by Hal-
sey C. Herreshoff and J. N. Newman;

August, page 60.

SCORPIONS, FALSE, by Theodore H. Sa-

vory; March, page 95.

© 1966 SCIENTIFIC AMERICAN, INC

SEA, LIVING UNDER THE, by Joseph B.
Maclnnis; March, page 24.

SEX DIFFERENCES IN THE BRAIN, by Sey-
mour Levine; April, page 84.

STRESS-CORROSION FAILURE, by Peter R.
Swann; February, page 72.

SUN, MAGNETIC FIELDS ON THE QUIET, by
William C. Livingston; November,
page 54.

SURFACE INSIDE OUT, TURNING A, by
Anthony Phillips; May, page 112.
TAR SANDS AND OIL SHALES, by Noel

de Nevers; February, page 21.

TAXONOMY, NUMERICAL, by Robert R.
Sokal; December, page 106.

TRANSPACIFIC CONTACT IN 3000 B.c., A, by
Betty J. Meggers and Clifford Evans;
January, page 28.

TUMOR VIRUSES, THE FOOTPRINTS OF, by
Fred Rapp and Joseph L. Melnick;
March, page 34.

UNDERGROUND EXPLOSIONS, THE DETEC-
TION OF, by Sir Edward Bullard;
July, page 19.

VIRUS, THE GENETIC CONTROL OF THE
SHAPE OF A, by Edouard Kellenber-
ger; December, page 32.

VISUAL WORLD OF INFANTS, THE, by
T. G. R. Bower; December, page
80.

VOODOO LILY, THE, by Bastiaan J. D.
Meeuse; July, page 80.

WATER UNDER THE SAHARA, by Robert P.
Ambroggi; May, page 21.

WHALES, THE LAST OF THE GREAT, by
Scott McVay; August, page 13.

MATHEMATICAL GAMES

Dr. Matrix returns, now in the guise of
a mneo-Freudian psychonumerana-
lyst; January, page 112.

Escher, The eerie mathematical art of
Maurits C.; April, page 110.

Fliess and his theory of male and fe-
male life cycles, Freud’s friend Wil-
helm; July, page 108.

Four-dimensional figure?, Is it possi-
ble to visualize a; November, page
138.

Infinities and the problems it spawns,
The hierarchy of; March, page 112.
Mathematical one-uppery, How to
“cook” a puzzle, or; May, page 122.
Mrs. Perkins’ quilt, and answers to last
month’s puzzles, The problem of;

September, page 264.

Numismatics, or a purse of coin puz-
zles, Recreational;, February, page
112.

Pascal’s triangle, The  multiple
charms of; December, page 128.

Puzzles that can be solved by reason-
ing based on elementary physical
principles; August, page 96.

Shuffling of cards (and other apparent-
ly random events) be reversed?, Can
the; October, page 114.

Trisect the angle, The persistence (and
futility) of efforts to;, June, page
116.

THE AMATEUR SCIENTIST

Animal behavior and a study of the
salty rain of Venezuela, An ama-
teur’s experiment in; December,
page 135.

Electrical signals produced by micro-
scopic animals, How to record and
listen to the; February, page 120.



Electric welding, one using a carbon
arc torch and the other a rattrap,
Two devices for; November, page
144.

Gas chromatograph and wuse it to
separate the components of mix-
tures, How to build a; June, page
124.

Machine to record observational data
automatically, An inexpensive; July,
page 114.

Rain gauge, a fluid flip-flop, a sundial
and a way of seeing crystals as they
grow, A; May, page 128.

Slime molds and perform experiments
on them, How to cultivate the; Jan-
uary, page 116.

Snow crystals by catching snowflakes
in dissolved plastic, On preserving
the shapes of; March, page 120.

Spectrograph, On the making of an in-
expensive diffraction-grating; Sep-
tember, page 277.

Stimulating plant growth with ultra-
sonic vibrations; electrical dischar-
ges in a gas; August, page 100.

Tissue culture, How to perform experi-
ments with animal cells living in;
April, page 122.

Wind tunnel that achieves supersonic
speeds with a vacuum system, How
to build a; October, page 120.

BOOKS

American Jury, The, by Harry Kalven,
Jr., and Hans Zeisel, with the cotlaov-
oration of Thomas Callahan and
Philip Ennis. Reviewed by Mark
DeWolfe Howe; September, page
295.

Aspects of Scientific Explanation and
Other Essays in the Philosophy of
Science, by Carl G. Hempel. Re-
viewed by Stephen Toulmin; Feb-
ruary, page 129.

Bernal, J. D. Science in History. Re-
viewed by N. W. Pirie; March, page
131.

Bradley, John L. Selections from
“London Labour and the London
Poor,” by Henry Mayhew. Edited
by. Reviewed by Asa Briggs; July,
page 123.

Catatog of the Diptera of America
North of Mexico, A, under the direc-
tion of Alan Stone, Curtis W. Sa-
brosky, Willis W. Wirth, Richard
H. Foote and Jack R. Coulson. Re-
viewed by Howard E. Evans; Janu-
ary, page 123.

Explorer of the Universe: A Biography
of George Ellery Hale, by Helen
Wright. Reviewed by Harlow Shap-
ley; November, page 153.

Falk, Richard A., and Saul H. Mendlo-
vitz. The Strategy of World Order:
Volume I, Toward a Theory of War
Prevention; Volume II, International
Law; Volume III, The Un.ted Na-
tions; Volume IV, Disarmament and
Economic Development. Edited by.
Reviewed by Anatol Rapoport; Oc-
tober, page 129.

Hempel, Carl G. Aspects of Scientific
Explanation and Other Essays in the
Philosophy of Science. Reviewed by
Stephen Toulmin; February, page
129.

Human Sexual Response, by William
H. Masters and Virginia E. Johnson.

Reviewed by Frank A. Beach; Au-
gust, page 107.

Johnson, Virginia E., and William H.
Masters. Human Sexual Response.
Reviewed by Frank A. Beach; Au-
gust, page 107.

Kalven, Jr., Harry, and Hans Zeisel,
with the collaboration of Thomas
Callahan and Philip Ennis. The
American Jury. Reviewed by Mark
DeWolfe Howe; September, page
295.

Lévi-Strauss, Claude. Structural An-
thropology. Reviewed by Marshall
D. Sahlins; June, page 131.

Masters, William H., and Virginia E.
Johnson. Human Sexual Response.
Reviewed by Frank A. Beach; Au-
gust, page 107.

Mayhew, Henry. Selections from “Lon-
don Labour and the London Poor.”
Edited by John L. Bradley. Reviewed
by Asa Briggs; July, page 123.

Mendlovitz, Saul H., and Richard A.
Falk. The Strategy of World Order:
Volume I, Toward a Theory of War
Prevention; Volume II, Internation-
al Law; Volume III, The United Na-
tions; Volume IV, Disarmament and
Economic Development. Edited by.
Reviewed by Anatol Rapoport; Oc-
tober, page 129.

Nader, Ralph. Unsafe at Any Speed:
The Designed-in Dangers of the
American Automobile. Reviewed by
David Hawkins; May, page 137.

Natural History of Flies, The, by Har-
old Oldroyd. Reviewed by Howard
E. Evans; January, page 123.

Oldroyd, Harold. The Natural History
of Flies. Reviewed by Howard E.
Evans; January, page 123.

Price, Don K. The Scientific Estate. Re-
viewed by Kenneth E. Boulding;
April, page 131.

Science in History, by J. D. Bernal. Re-
viewed by N. W. Pirie; March, page
131.

Scientific Estate, The, by Don K. Price.
Reviewed by Kenneth E. Boulding;
April, page 131.

Selections from “London Labour and
the London Poor,” by Henry May-
hew. Edited by John L. Bradley. Re-
viewed by Asa Briggs; July, page
123.

Strategy of World Order, The: Volume
I, Toward a Theory of War Preven-
tion; Volume II, International Law;
Volume III, The United Nations;
Volume IV, Disarmament and Eco-
nomic Development. Edited by Rich-
ard A. Falk and Saul H. Mendlovitz.
Reviewed by Anatol Rapoport; Oc-
tober, page 129.

Structural Anthropology, by Claude
Lévi-Strauss. Reviewed by Marshall
D. Sahlins; June, page 131.

Unsafe at Any Speed: The Designed-in
Dangers of the American Automo-
bile, by Ralph Nader. Reviewed by
David Hawkins; May, page 137.

Wright, Helen. Explorer of the Uni-
verse: A Biography of George Ellery
Hale. Reviewed by Harlow Shapley;
November, page 153.

Zeisel, Hans, and Harry Kalven, Jr.,
with the collaboration of Thomas
Callahan and Philip Ennis. The
American Jury. Reviewed by Mark
Howe; September, page 295.
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OTTO
HAHN

A Scientific
Autobiography

The father of nuclear chem-
istry— Nobel Prize winner
for his work on atomic fis-
sion, and co-winner of the
$50,000 Enrico Fermi
Award for 1966 —reviews
the pioneer days in which a
whole new science was
created.

“Otto Hahn began his scien-
tific work at a time when
‘Big Science’ was still un-
known. He made his appara-
tus with his own hands and
did his measurements with-
out the help of electronic
gadgets. Thus he became a
great scientist and laid the
foundations of the atomic
age through his discovery
of nuclear fission....Here is
the fascinating story of his
scientific life, written by
himself in a most charming
manner.”—MAX BORN, 1954
Nobel Prize winner in Physics

Translate.d and edited by
Willy Ley

Introduction by

GlennT.Seaborg

Chairman of the United States
Atomic Energy Commission

Photographs and
diagrams
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The Mammals
of Eastern Canada

By RanNpoLF L. PETERSON, Curator of the
Department of Mammalogy, Royal Ontario
Museum, Toronto. This book describes the
measurements, distribution, habitat and hab-
its, life history, and the role in the environ-
ment of all mammals, land and marine, that
are known to have appeared in recent times
within the boundaries of eastern Canada.
There are 233 line drawings illustrating all
the species described, and detailed distribu-
tion maps. Synopses cover 102 native species,
nine introduced, ten domestic, and two extinct
species; counting the geographic races, there
are 235 forms listed. $15.95

Wildlife Heritage
of South Africa

By DouGLAs HEy, Director of Nature Con- |

servation, Province of the Cape of Good Hope.
The abundant South African wildlife-plants,
invertebrates, insects, fishes, reptiles, birds,
and mammals-are all within the scope of this
book. Mr. Hey, through careful description
and many illustrations, seeks to stimulate
interest in the flora and fauna of South
Africa in order to gain support for their
conservation. His descriptions of the animals
include comments on physical features, nat-
ural habitat, feeding, behavior, and useful-
ness to man. $11.30

Sequences
Volume I

By H. HALBERSTAM, University of Nottingham,
and K. F. RoTH, University of London. This
is the first of two volumes concerned with a
substantial branch of number theory of which
no connected account appears to exist. The
arithmetical properties of particular integer
sequences constitute an important field of
investigation in classical number theory.
While properties usually depend on the
special structure of each particular sequence,
there are some general principles that apply
to all, or to wide classes of, integer sequences
—-and it is these general principles that this
book describes. $10.10

The Life of
William Harvey

By SIR GeorrrREY KEYNES. This is the first
definitive biography of William Harvey
(1578-1657) in a century. The work covers
fully the development of Harvey’s revolu-
tionary ideas on the heart and circulation of
the blood, making a valuable contribution
to an important period in medical history.
The author also describes in detail Harvey’s
relations with his colleagues, with his friends
and patients, and with the two kings he
served. 36 plates, | map. $14.40

Oxford University Press
New York
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Readers interested in further reading on
the subjects covered by articles in this
issue may find the lists below helpful.

PROGRESS
TOWARD FUSION POWER

AN INTRODUCTION TO THERMONUCLEAR
ResearcH. Albert Simon. Pergamon
Press, 1959.

Puysics oF FuLLy Ionizep Gasks. Ly-
man Spitzer, Jr. Interscience Pub-
lishers, 1962.

Prasma TurpuLENCE. B. B. Kadomtsev.
Academic Press, 1965.

Tue Status oF WorLp Fusion. Harold
P. Furth in Nucleonics, Vol. 23, No.
12, pages 64-69; December, 1965.

I THE GENETIC CONTROL
OF THE SHAPE OF A VIRUS

ASSEMBLY AND STABILITY OF THE To-
BACCO Mosaic  VIRUS PARTICLE.
D. L. D. Caspar in Advances in Pro-
tein Chemistry: Vol. XVIII, edited
by C. B. Anfinsen, Jr., M. L. Anson
and John T. Edsall. Academic Press,
1963.

CoNTROL MECHANISMS IN BACTERIO-
PHAGE MorpHorolesis. E. Kellen-
berger in Principles of Biomolecular
Organization, edited by G. E. W.
Wolstenholme and Maeve O’Connor.
J. & A. Churchill Ltd., 1966.

PHysicaL PrINCIPLES IN THE CONSTRUC-

|  TIoN OF REGULAR VIRusEs. D. L. D.
Caspar and A. Klug in Cold Spring
Harbor Symposia on Quantitative Bi-
ology: Vol. XXVII. Cold Spring Har-
bor Laboratory of Quantitative Biolo-
gy, 1962.

PuysioLocicaL STupies oF CONDITION-
AL LETHAL MUTANTS OF BACTERIO-
pHAGE T4D. R. H. Epstein, A. Bolle,
C. M. Steinberg, E. Kellenberger,
E. Boy de la Tour, R. Chevalley, R. S.

| Edgar, M. Susman, G. H. Denhardt

and A. Lielausis in Cold Spring Har-
bor Symposia on Quantitative Biolo-
gy: Vol. XXVII1. Cold Spring Harbor
Laboratory of Quantitative Biology,
1963.

THE PROBLEM

OF THE

| QUASI-STELLAR OBJECTS
| THE ExiSTENCE OF A Ma Jor NEW Cox-
STITUENT OF THE UNIVERSE: THE
Quasi-SsTELLAR GALAXIES. Allan Sand-
age in The Astrophysical Journal, Vol.
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Are You
Studying Russian
or about Russia?

There’s a store in N.Y.C. which
has many books, scientific
journals and magazines to
offer in many categories—
from the U.S.S.R., in both lan-
guages—Russian and English.

There are books on the arts, biol-
ogy, chemistry, education, engi-
neering, foreign relations, geog-
raphy, history, law, literature
(classics and contemporary),
mathematics, medicine, music,
philosophy, physics, theatre, Rus-
sian language study courses, Rus-
sian-English and English-Russian
dictionaries, records.

SUBSCRIBE NOW FOR 1967
Subscriptions to magazines and
newspapersin Russianand English
accepted. Also available Russian
lithographs and art reproductions.

Write for free catalogs.
Mail crders filled.
Phone: (212) CH 2-4500

FOUR CONTINENT BOOK CORP.

DEPT. 645, 156 FIFTH AVENUE, NEW YORK, N.Y. 10010

Introduce your

budding scientist to

the true fascination

of mathematics!

From primitive finger-counting
to electronic computers, this de-
luxe volume reconstructs the
story of mathematics through the
lives and ideas of the great math-
ematicians. Over 200 photos, di-
agrams, reproductions. Ages 11
and up.

BY JAMES T. ROGERS

Designed by Will Burtin
$4.95, now at your bookstore

,@) PANTHEON




141, No. 4, pages 1560-1578; May
15, 1965.

ON THE INTERPRETATION OF THE LINE
SPECTRA OF QUASI-STELLAR OBJECTS.
G. R. Burbidge, M. Burbidge, F.
Hoyle and C. R. Lynds in Nature,
Vol. 210, No. 5038, pages 774-778;
May 21, 1966.

RELATION BETWEEN THE RED-SHIFTS OF
Quasi-sTELLAR OBJECTS AND THEIR
Rapio anp OpticaL. MAGNITUDES. F.
Hoyle and G. R. Burbidge in Nature,
Vol. 210, No. 5043, pages 1346-
1347; June 25, 1966.

NOISE

Noise Repbuction. Leo L. Beranek.
McGraw-Hill Book Company, Inc.,
1960.

PRIMER OF NOISE MEASUREMENT. Fred-
erick Van Veen. General Radio Com-
pany, West Concord, Mass., 1966.

SoME EFFECTS OF SPECTRAL CONTENT
AND DURATION ON PERCEIVED NOISE
LeverL. Karl D. Kryter and Karl S.
Pearsons in Journal of the ‘Acoustical
Society of America, Vol. 35, No. 6,
pages 866-883; June, 1963.

THE VISUAL WORLD
OF INFANTS

NAaTivisM AND EMPIRICISM IN PERCEP-
TION. J. E. Hochberg in Psychology
in the Making: Histories of Selected
Research Problems, edited by Leo
Postman. Alfred A. Knopf, Inc., 1962.

THE PERCEPTION OF THE VISUAL
WogLp. James J. Gibson. Houghton
Mifflin Company, 1950.

SLANT PERCEPTION AND SHAPE CON-
sTANCY IN INFanTs. T. G. R. Bower
in Science, Vol. 151, No. 3712, pages
832-834; February 18, 1966.

PELLA: CAPITAL
OF ANCIENT MACEDONIA

ARCHAIOLOGIKON DELTION. National Ar-
chaeological Museum, Athens, 1962.
(In Greek.)

NUMERICAL TAXONOMY

A MeTnon ror DEDUCING BRANCHING
SEQUENCES IN PHYLOGENY. Joseph H.
Camin and Robert R. Sokal in Evolu-
tion, Vol. 19, No. 3, pages 311-326;
September, 1965.

NUMERICAL PHENETICS AND TAXONOMIC
TreORY. Ernst Mayr in Systematic
Zoology, Vol. 14, No. 3, pages 237—
243; September, 1965.

PriNciPLES OF NUMERICAL TAXONOMY.
Robert R. Sokal and Peter H. A.

In more and more schools...

PARTNERS IN THE CLASSROOM

A GOOD TEXTBOOK AND  SUENTIFIC | QFFPRINTS

AMERICAN

In more and more classrooms scientiFic american Off-
prints are being adopted side by side with the textbook.
(Presently in use in more than 900 college and university
courses — 80% increase over the number at this time
last year!)

The textbook supplies the foundation of the course. The
Offprints provide the latest bulletins from the frontiers of
research, complementing and reinforcing the basic ma-
terial contained in the textbook.

Teachers who have used them find that their students
respond with a better grasp of the whole subject and
with more enthusiasm for the assigned readings.

The more than 500 articles that are presently available
cover a broad spectrum of current thought and research
in the life sciences, the physical sciences, and the social
sciences. Each Offprint, still only 20c.

Send for a free descriptive brochure to:

W. H. Freeman and Company
660 Market Street, San Francisco 4, California

Warner House, 48. Upper Thames Street, London, E.C.4
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MAIL

oo SHOPPING MART ...

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.

GIFTS!

3" ASTRONOMICAL
TELESCOPE

See stars, moon, phases of Venus,
planets close up. 60 to 180 power
—famous Mt. Palomar reflecting
type. Aluminized & overcoated 3”
diameter f/10 primary mirror, ven-
tilated cell. Equipped with 60X
eyepiece and mounted 3X finder
scope, hardwood tripod. FREE:
“STAR CHART’; 272-page
“HANDBOOK OF HEAVENS";
‘HOW TO USE YOUR TELE-
SCOPE"” book. $29.95 Ppd. Order
Stock No. 85,0508. Edmund
Scientific Co., Barrington, N.J.
08007.

Yo
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WOODEN
SOLID PUZZLES

Here’s a fascinating assortment of
12 different puzzles to provide
hours of pleasure and stimulate
ability to think and reason. Ani-
mais 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 prub-
lems. Order yours now. $3.00 P
Order Stock No. 70,2058. Ld-
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. comple-
ments carries, memorizes. Colored
plastlc parts easlly assembled. 12”7x
31%”x434”. Incld. step-by-step as-
sembly diagrams, 32-p. instruction
book covering operation, computer
language (binary system) pro-
gramming, problems & 15 experi-
ments. $5.98 Ppd. Order Stock
#70,683S. Edmund %menmﬁc Co.,
Barrington, N.J. 0800

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 bargains.
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 Scientific Co., Barrington,
N. J. 08007.
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GIANT
SURPLUS BALLOONS

“Balls of fun” for Kkids, 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
cleaner or auto air hose; or locally
available helium for high rise. 8’
diam. $2.00 Ppd. Order Stock No.
60,568S. Edmund Scientific Co.,
Barrington, N.J. 08007.

JUNIOR ROCKET AND
SPACE CAPSULE

Parachute-equipped Rocket and
Space Capsule soar to 600 ft., then
with 2 parachutes float to earth.
Fully controlled—11 time delays
to choose from. Launch again and
again. No chemicals, explosives.
Extra. strong rubber sling pro-
vides power. Capsule and para-
chute, rocket body and parachute,
laumhlng pad, sling and instruc-
tions. $3.50 Ppd. Order Stock No.
70,845S. Edmund_Scientific Co.,

Barrington, 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, polanz-
ing filters, compass, one-way
mirror ﬁlm dlﬂractlon %ratmg,
many other items.

Order Stock No. 70, 342b Delu‘(e
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.

WFF'N PROOF—
GAMES OF LOGIC

Practice abstract thinking and
math logic. Developed by Yale
prof. If you think learning should
be fun, try WFF'N PROOF
brain-to-brain combat! 21 games
of progressive difficulty. Starts
with simple games mastered by
6-year-olds, ends with subtle
logic for challenge to professional
logicians. 8 14” x 534" case contains
logic cubes, playing mats, timer &
224-p. book. $6 Ppd. Order Stock
No. 60,5258. Edmund Scientific
Co., Barrington, N.J. 08007.

‘H
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NEW POPULAR SCIENCE
FUN CHEST

Here are Edmund’s 9 top selling
science toys and curiosities in one
fascinating low-cost package.
Hours of fun. Bargains galore.
Perfect gift item. Incl.: Radio-
meter; Bobbing Bird: Mercury
Puzzle; Ceramic Magnets; Burn-
ing Glass; Magnetic Dog &
Spinning Ball; Diffraction Grat-
ing; Pik-up Ring; Booklet. ‘‘As-
tronomy and You’. $5.50 Ppd.
Order Stock No. 70,787S. Ed-
mund Scientific Co., Barrmgton
New Jersey 08007.

STUDENTS’ ANALOG
COMPUTER KIT

Demonstrates basic analog com-
puting principles. Can be used for
multiplication, division, powers,
roots, log operations, trig 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., Barrmg—
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. 414” diam.,

E 754 thlck $8.00 Ppd. —Order
# 6” dlam.. 1”7 thick,
$12'9 d —#7 ; 8” diam.,

0,004
134" thl(k $21 00 Ppd. —#70 005S;
10”7 diam., 13" ‘thick, $34.25
FOB—#70,006S. Edmund Scien-
Blé"l(;:OCo Barrington, New Jersey

CAR OF THE FUTURE

HERE NOW!

One of most impressive science
toys we've seen. Low friction air
car rides a fraction of an inch
over any surface, including water.
Graphically demonstrates same
principles that apply to Ford's and
Curtiss-Wright's new wheelless
aircars. Sturdy red and yellow
plastic. 8” wide, 9” deep, 2” high
with 4” mopeller Operates on 2
flashlight batteries (not incl.).
48” control line, battery case.
$2.98 Ppd. Order #70,307S. Ed-
mund Scientific Co., Barrington,
New Jersey 08007.
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LASL photograph by William H. Regan

Research Physicist Darragh Nagle
. enjoys this view as he crosses
A V|eW the Los Alamos bridge en route
5 to work in the Meson Physics
From The Brldge Division. Dr. Nagle conducts
research leading toward final design
of the Los Alamos Meson Physics
Facility (LAMPF), the world’s
first proton linear accelerator in
the 800 MeV energy range.
l The 2,600-foot-long accelerator
will produce an average beam
4 current of 1 milliampere, manifestly
higher than other machines of
' comparable output energy. If you
would like to join Dr. Nagle and
r other LASL scientists and engineers
| in exciting new ventures,
send your resume to:

Director of Personnel
Division 66-120

los alamos

SCIENTIFIC LABORATORY
OF THE UNIVERSITY OF CALIFORNIA
1 LOS ALAMOS, NEW MEXICO

An Equal Opportunity Employer. U.S. Citizenship Required.
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joining dreams with reality

Where venturesome minds meet, you find Airco...
joining the metals that turn imaginative dreams
into constructive reality.

Strong, welded vehicles for undersea explora-
tion. High-strength, welded frames for revolution-
ary new 160-mph trains. Space-exploration vehi-
cles. Soon, the giant frames of supersonic trans-
ports. Smooth, welded rails that say goodbye to
clickety-clack. Welded pipelines...buildings...
subways...bridges...ships...the great and small
machines of a hundred industries.

Airco’s contributions to joining are advanced
metallurgical and welding methods. The laser
microwelder. The AX-140 (140,000 psi) electrode
for welding high-strength steels. Numerical
tape-controlled flame-cutting equipment to pre-
cisely contour metal parts for joining. Pulsed Arc
welding-radical new method thatincreases weld-
ing productivity while producing stronger welds.

Joining metals by welding is the business of
Airco Welding Products Division. If you are “join-
ing dreams with reality,” Airco experience can
help you realize your ambition far more imagina-
tively. For welding systems, engineering, or re-
search, write or call “Welding”... Air Reduction
Company, 150 E. 42nd St., New York, N.Y. 10017.

AIR REDUCTION
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