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The cover story of the March
issue of SCIENTIFIC AMERICAN
takes you inside a typical small
electronic calculator. While it is
well known that the hand cal-
culator’s working turns on a
tiny microelectronic ““chip,” few
realize that the chip contains the
major elements of a big computer
—a central processor and
an active memory. And what
about the twinkle (that lights the
light-emitting diodes) and the
read-only memories called in by
the function keys and the 250-kHz
main clock (12,000 clock cycles for
a simple instant addition)?

“For millions of people,” says
Eugene W. McWhorter, computer
engineer and author of the article,
“arithmetic will never be the
same again.”

For the regular readers of
SCIENTIFIC AMERICAN, McWhorter
supplies the latest installment in
a continued story. Starting with
““The Transistor’’ in 1948, we have
informed our readers step-by-

step of the advances in hard-
ware and software that have

culminated in this hand-held
revolution.

The same is true on all the other
frontiers of science. Our readers
have kept up-to-date with such
diverse and profound develop-
ments as the recognition of conti-
nental drift, the unlocking of the
genetic code, the new close-up
vision of the solar system, the
multiplicity of elementary par-
ticles, the discovery of the tool-
making ancestors of man, the
nerve circuitry that structures
human perception.

SCIENTIFIC AMERICAN is the one
magazine that offers the reader
direct access to the contemporary
work of science, written in the
language of educated men and
women by scientists who did the
work reported. (No less than 63
Nobel prizewinners have written
for our magazine, most often in
advance of their recognition
in Stockholm.)

From the twinkle
in its eye, to the
clock in its heart

..an intimate look
at small electronic
calculators.

That is why The New York
Times calls SCIENTIFIC AMERICAN,
“This country’s and perhaps the
world’s outstanding forum for
communication between scien-
tists and the intelligent public.”

And that is why you will want
to join our more than 600,000
regular readers.

Use the adjacent postpaid card
to begin enjoying the diversity of
articles in each monthly issue. A
one-year subscription is only $15.
A two-year subscription is $27, a
saving of $3. And a three-year
subscription, at$37, saves you $8.

Send no money now. We’ll bill
you later.

SCIENTIFIC
AMERICAN

415 Madison Avenue,
New York, N.Y. 10017

If the card is missing, simply write to
Dept. M, at the address above.



Digital can make
your labwork easier by making
your lab worlk harder.

Digital can help make your
job easier by making your lab
more efficient. No matter whether
you're doing experiment monitor-
ing and control. Materials testing.
Or spectral analysis.

We offer a complete range of
lab hardware. Backed by our
Laboratory Applications soft-

; ware. And DECnet
networking software.
| In fact, we offer
| everything you need
| to get the most out of

our sys-

% g»_ temsand
™ your lab.

For low-cost data acquisi-
tion, we offer the PDP-11/04.
It's a small yet sophisticated

is hardware and software compat- PDP 11/70 can gather data from

ible with the complete Digital 11
family. And that
means you can
simply add on to your
system whenever
you'reready. You
canevenuseitasa
satellite terminal in
your lab network.
Forreally high
speed FORTRAN
number crunching,
we offer the PDP-11T55. The
11T55is designed to give you
both fast response time and
sophisticated program develop-
ment. It includes two removable

~ disks with 2.4 megabytes each

for off line storage of programs
and data. A fast floating point
hardware processor. And 300
nanosecond cycle time. The
11T55is ideal for applications
that require fast FORTRAN or
assembler execution speed.

system for data acquisition and
analysis on a tight budget. You
can use the 11/04 as a smart com-

And you can tie everything
together with DECnet.

munication node. A remote data
collector. An intelligent terminal.
Or a completely independent

data acquisition system. With
the 11/04, where and how you ==
useit depends on you. \
We also offer the GT44
graphics system. 1
The GT44 combines the power |
and performance of our disk
based PDP-11/40 computer
system, intelligent display
processor and 17" CRT. It gives
you a fast, flexible system for all
your interactive graphics
applications. The GT44
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With DECnet, small systems

like our 11/04 can tap the power
and memory of larger systems.

b5 or

_ Larger systems like our

small computers connected to
instruments. Systems can
even swap information and
share costly storage devices.
In short, DECnet gives you
the ability to easily design
« your own net-
workinany
configuration
you choose.
So you could
save money
by (1) sharing
resources and
(2) making a system you have
work harder.

When you put our cost-
effective hardware together with
our application and network
software, you'll find Digital has
a solution to just about any lab
application. Even yours.

We’d like to proveit. Just
return the coupon below. Digital
Equipment Corporation, Marl-
borough, Mass. 01752, Telephone
617-481-9511, extension 6947.
European headquarters: 81 route
del’Aire, 1211 Geneva 26.

Tel: 4279 50. Digital Equipment
of Canada, Ltd.

50,000 Computers Saving

Managers Millions.

-
11/04,GT44,11T55, DECnet ad.

Digital Equipment Corporation, Marlborough, Mass. 01752

[1Iaminterested. But my need is long-range. Please send me

literature.

[]Iaminterested. Please have a sales engineer contact me as soon

as possible.
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Dancer in an origin myth ceremony
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rearranging islands of floating grass
which are the land. Iatmul, Tabunanam
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son, 1938. See page 903. [Source for
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edition, by Gregory Bateson (Stanford
University Press, Stanford, 1958)]



as in birds or the uropotagium (tail mem-
brane) in bats. The Late Cretaceous rep-
tiles appear to have been highly efficient
and uniquely structured slow, but ma-
neuverable, flapping animals—the product
of 150 million years of reptilian adaptation
to flight.

Ross S. STEIN
Department of Geology,
Stanford University,
Stanford, California 94305
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I read with interest the exchange be-
tween Greenewalt and Lawson regarding
the wing design of the “Texas pterosaur”
(Quetzalcoatlus northropi). Lawson is
quite correct in pointing out the struc-
tural dissimilarity between the wings of
birds, bats, and pterosaurs. Fhe struc-
ture of the latter for the specific case of
Pteranodon ingens and the corresponding
aerodynamic and operational con-
sequences have been fully discussed by
Bramwell and Whitfield (/). No bird or bat
appears to be an adequate paradigm for
deducing pterosaur structure or perform-
ance.

What [ find surprising in these dis-
cussions is that no one seems to have
noticed that the wings of large pterosaurs
appear to be direct natural counterparts of
the National Aeronautics and Space Agen-
cy’s high aspect ratio cylindrically cam-
bered Rogallo wing, examples of which
have been extensively flown as hang gliders
for several years (2). The largest man-
carrying hang glider of this type is pres-
ently the “Cronk V”* with a span of 11.8
meters and loaded mass of 100 to 120
kilograms.

I have great respect for Greenewalt’s
earlier work (3) and have made extensive
use of it in my own research (4) related to
clarifying the interface between natural
and low-speed, man-made flying devices
(for example, hang gliders, man-powered
aircraft, and sailplanes). On the basis of
Greenewalt’s data and mine, it appears
that there is a remarkably good “square-
cube law” relation between wing area (S,
in meters) and loaded mass (M, in kilo-
grams) for devices covering 12 orders of
magnitude in mass (that is, small insects
through large transport aircraft). The gen-
eral trend for ‘“‘conventional” flying de-
vices is approximately

M = 158
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.

However, for low-wing loading ‘‘ul-
tralight” types (for example, butterflies,
the zinonia seed, Pteranodon, and hang
gliders) the corresponding relation is

M = (1.2 +0.6) 52
For soaring birds and sailplanes the rela-
tion is about

M = (10 £ 2) S

The relation between mass and wing
area is directly related to flying speed
[V «< (M/S)"2], and is thus somewhat
more significant in evaluating flight char-
acteristics than the relation between mass
and wingspan, which has mainly to do with
vehicle drag and lateral (roll) control char-
acteristics. The point is that, based on the
laws of applied aerodynamics, it seems the
bird is a poor model on which to base pter-
osaur flight characteristics, while the hang
glider appears to be a direct counterpart. It
should be noted, however, that no current
hang glider has gliding performance ap-
proaching that estimated for Pteranodon
(2) (and presumably Quetzalcoatlus).

Provided their estimates of meteoro-
logical conditions during the Cretaceous
are correct, the flight modes of the large
pterosaurs deduced by Bramwell and
Whitfield are well verified by S years of op-
erational experience with several thousand
Rogallo wing hang gliders. Two major
questions require further clarification,
however. (i) How did the large pterosaurs
take off if no hill or cliff was available to
“leap” from? (ii) What is the maximum
feasible size (specifically wingspan and
mass) of a device of pterosaur configura-
tion?

Both questions can probably be resolved
rather economically by construction of
full-sized models, perhaps rigged as a hang
glider. On the question of maximum fea-
sible size, it should be noted that the 12-m
span Cronk V has poor lateral control
characteristics, although it uses a spoiler
system for control rather than the ptero-
saur system of differential sail billow. On
the basis of this consideration and the gen-
eral problem of making very low speed
banked turns with *“‘large”-span wings, I
tend to favor Lawson’s alternative esti-
mate of an ll-m span for Quetzalcoat-
lus.

JoHN H. MCMASTERS
School of Aeronautics and
Astronautics, Purdue University,
West Lafayette, Indiana 47907

References

1. C. Bramwell and G. Whitfield, Philos. Trans. R.
Soc. London Ser. B 267, 503 (1974).
2. J. H. McMasters, Soaring (June 1975), p. 22.
3. C. H. Greenewalt, Smithson. Misc. Collect. 144
(No. 2), 1 (1962).
4. .:917'15 McMasters, Tech. Soaring 3 (No. 4), 17 (Fall
).

PROFESSIONAL
DISCOUNT
PRICES
AVAILABLE ON

‘@Texos
Instruments

Engineering
Calculators

PHONE TOLL-FREE
800-638-8906

FOR THE OURRENT LowW DISCOUNT PRICE
OF THE LATEST MODEL TEXAS
INSTRUMENTS CALCULATOR OF

YOUR CHOICE

Texas Instruments SR-52

Programming power from Texas
Instruments. Easy hand held
programming for scientists, en-
gineers, students — anyone who
works with advanced mathemat-
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THE SCIENCE REPORT
ON CANCER RESEARCH

SEEDS OF DESTRUCTION

THOMAS H. MAUGH 11
AND JEAN L. MARX

American Association for the Advancement of Science

Now, from the pages of Science, comes a
report on what is really occurring in cancer
research. Two investigative reporters, Tom
Maugh and Jean Marx, found .out from the
experts what they think and what they're doing.
And it's all down in language easily understood
by nonprofessionals. This book—based on
months of intensive research, and drawing on
hundreds of interviews with leading specialists
—gives the answers to such urgent questions
as:

# What is cancer?

m How does it kill?

#® Do chemicals cause cancer?

B What about viruses?

m Does the body try to fight cancer naturally?
H Can radiation cure some cancers?

m Do drugs work? ’

®m What about leukemia?

The reader tours with the authors through

laboratories here and abroad discovering past

trends and what's happening right now. For
example, they show that scientists who previ-
ously sought the cause of cancer in isolated
viruses are now searching for ways of detect-
ing traces of viruses within the human tumor
itself.

In exciting detail, all the fascinating paths
taken by scientists to discover how chemicals
interact with cells, whether the body can create
its own defense against cancer, and how physi-
cians are trying new ways of treating cancer

patients—all this and more is found in this

impressive account.

Itis a must for anyone who has ever wondered

what cancer is and what is being done to find
out how it starts and how to cure it.

An ideal text!

Students of cancer and cancer research

at every level will welcome Seeds of
Destruction.

The book presents a clearly stated defini-
tion of the etiology of the disease and
reviews past and present research and
methodology. Benefiting from clear, jar-
gon-free language and thirty illustrations
plus twelve tables, the student is fully
prepared to carry on his own investiga-
tions. This text also provides a glossary
of terms which stands as the best avail-
.able dictionary of cancer terminology.

This highly practical and valuable aid is
a “‘must’ on the bookshelf of every stu-
dent and researcher.

Published in cooperation with the American
Association for the Advancement of Science.

- $17.95

" PLENUM PUBLISHING CORPORATION

227 West 17th Street, New York, N.Y. 10011

In United Kingdom: 8 Scrubs Lane. Harlesden,
London NW10 6SE. England

Prices subject to change without notice.
Prices slightly higher outside the U.S.




5 March 1976, Volume 191, Number 4230

AMERICAN ASSOCIATION FOR
THE ADVANCEMENT OF SCIENCE

Science serves its readers as a forum for the presentation
and discussion of important issues related to the advance-
ment of science, including the presentation of minority or
conflicting points of view, rather than by publishing only
material on which a consensus has been reached. Accord-
ingly, all articles published in Science—including editori-
als, news and comment, and book reviews-—are signed and
reflect the individual views of the authors and not official
points of view adopted by the AAAS or the institutions
with which the authors are affiliated.

Editorial Board
1976

FRANK PRESS
FrRANK W. PUTNAM
MAXINE SINGER
ARTHUR M. SQUIRES

1977

DONALD KENNEDY
NEAL E. MILLER
RAaymoND H. THOMPSON

ALFRED E. BROWN
JaMes F. Crow
HANS LANDSBERG
EDWARD NEY

WARD GOODENOUGH
CLIFFORD GROBSTEIN
H. S. GuTowsky

N. BRUCE HANNAY

Editorial Staff

Editor
PHILIP H. ABELSON

Publisher Business Manager
WiLLiam D. CAREY HaNs NussBauM

Managing Editor: ROBERT V. ORMES
Assistant Editors: ELLEN E. MURPHY, JOHN E. RINGLE
Assistant to the Editors: RICHARD SEMIKLOSE

News and Comment: JouN WALSH, Editor; PHILIP M.
BoFFEY, LUTHER J. CARTER, BARBARA J. CULLITON, ROB-
ERT GILLETTE (on sabbatical), CONSTANCE HOLDEN,
DEBORAH SHAPLEY, NicHOLAS WADE. Editorial Assistant,
SCHERRAINE MACK

Research News: ALLEN L. HamMMOND, WILLIAM D.
MEeTz, THoMAS H. MAUGH 11, JEAN L. MARX, ARTHUR L.
ROBINSON, GINA BARI KOLATA, FANNIE GROOM

Book Reviews: KATHERINE LIVINGSTON, LYNN MAN-
FIELD, JANET KEGG

Cover Editor: GRAYCE FINGER

Editorial Assistants: JOHN BAKER, ISABELLA BOULDIN,
MARGARET BURESCH, ELEANORE BuTZ, MARY DORFMAN,
SYLVIA EBERHART, JUDITH GIVELBER, CAITILIN GORDON,
CORRINE HARRIS, NANCY HARTNAGEL, OLIVER HEAT-
WOLE, CHRISTINE KARLIK, MARGARET LLOYD, JEAN
RockwooD, LEAH RYAN, Lois SCHMITT, YA L1 SWIGART,
ELEANOR WARNER, ROBERTA WEDGE

Guide to Scientific Instruments: RICHARD SOMMER

Membership Recruitment: GWENDOLYN HUDDLE; Sub-
scription Records and Member Records: ANN RAGLAND

Advertising Staff

Director Production Manager
EARL J. SCHERAGO MARGARET STERLING

Adbvertising Sales Manager: RICHARD L. CHARLES

Sales: NEw YORk, N.Y. 10036: Herbert L. Burklund, 11
W. 42 St. (212-PE-6-1858); Scotch PLAINS, N.J. 07076: C.
Richard Callis, 12 Unami Lane (201-889-4873); CHICAGO,
ILL. 60611: Jack Ryan, Room 2107, 919 N. Michigan Ave.
(312-DE-7-4973); BeEveRLY HiLLs, CALIF. 90211: Winn
Nance, 11 N. La Cienega Blvd. (213-657-2772); DORSET,
27515105251: Fred W. Dieffenbach, Kent Hill Rd. (802-867-
)

EDITORIAL CORRESPONDENCE: 1515 Massachu-
setts Ave., NW, Washington, D.C. 20005. Phones: (Area
code 202) Central Office: 467-4350; Book Reviews: 467-
4367; Business Office: 467-4411; Circulation: 467-4417,
Guide to Scientific Instruments: 467-4480; News and Com-
ment: 467-4430; Reprints and Permissions: 467-4483; Re-
search News: 467-4321; Reviewing: 467-4443. Cable: Ad-
vancesci, Washington. Copies of “Instructions for
Contributors™ can be obtained from the editorial office.
See also page xi, Science, 26 September 1975. ADVER-
TISING CORRESPONDENCE: Room 1740, 11 W. 42
St., New York, N.Y. 10036. Phone: 212-PE-6-1858.

SCIENCE

A Global Rush Toward Nuclear Energy

Perhaps the most important sequel to the Arab oil embargo has been move-
ment toward widespread adoption of nuclear energy. Some 38 cbuntries outside
the United States have a total of 260 power reactors either operating, under
construction, or on order. Although the United States still has a major role in
nuclear matters, it is rapidly losing its technological and political supremacy.

The situation is complex; one approach toward insight is to concentrate on a
single country—France. This nation has little indigenous coal and oil. In 1950
its energy consumption was the equivalent of 87.5 million metric tons of coal
(MTec), 65.3 million coming from coal and 15.5 million from oil. By 1973 ener-
gy use had tripled, but consumption of coal had fallen by a third while use of pe-
troleum had increased more than 11-fold to 175.6 MTec. Thus, France had be-
come dependent on oil imports for about two-thirds of its energy. In contrast,
the United States obtains about 14 percent of its energy from foreign sources. If
there is need for the United States to attain energy independence, there is des-
perate need for France to do so.

The French, who have abundant domestic reserves of uranium, have chosen
to place emphasis on nuclear energy, in which they have developed considerable
expertise. Their first research reactor went critical in 1948 and the first power
reactor in 1958. (Later they obtained extensive know-how from Westinghouse
and General Electric.) They have in operation a small gaseous diffusion plant
for separation of uranium isotopes and nuclear fuel processing plants to pro-
duce plutonium, and they are well along with techniques for handling radioac-
tive waste. They have now had nearly two years’ successful experience with a
250 Mwe breeder reactor and in this respect are far ahead of their U.S. counter-
parts.

Before the embargo, France was obtaining 8.5 percent of its electricity from
nuclear reactors. The plan for 1985 calls for 72 percent nuclear, 14 percent hy-
droelectric, and 14 percent thermal power, with almost all of the latter coming
from domestic coal. France is likely to reach these goals. The time required for
planning and constructing a power reactor there is about half that in the United
States.

France is also a major participant in an international consortium which is
building a very large isotope separation plant to produce enriched uranium for
power reactors. The partners include groups from Belgium, Italy, Spain, and
Iran. The plant is scheduled to begin operation in 1979 and reach full produc-
tion in 1981. It will have an annual production capacity of 10.8 million separa-
tive work units (SWU), or 2670 metric tons of enriched uranium having an as-
say of 3.15 percent 2*U. A second large plant is in the planning stages with con-
struction dependent on obtaining orders for nuclear fuel. Present U.S. capacity,
which is being upgraded, is 16.6 million SWU.

In addition to the consortium, others, including an English-Dutch-German
combine and the Russians, are producing and selling enriched uranium for reac-
tors. The virtual monopoly of the United States is about to end. There has been
talk on Capitol Hill of shutting off exports of enriched uranium, but this would
merely lead to expediting the construction of separation plants elsewhere and to
a further loss of U.S. influence.

The oil embargo forcefully reminded many nations that oil reserves are limit-
ed and oil supplies are vulnerable to other interruptions. The quadrupling of the
price of oil made nuclear energy look very attractive from the viewpoints of cost
and balance of payments. The embargo also came at a time when a number of
industrialized countries had accumulated some experience in the design, con-
struction, and operation of nuclear power reactors.

A country possessing power reactors is a step along the way toward nuclear
weapons. However, irradiated fuel that contains plutonium also contains tre-
mendous quantities of fission-product radioactivity. To obtain weapons-grade
plutonium requires a complex processing plant. The best hope for holding down
weapons proliferation is to bring spent-fuel processing plants under inter-
national control. Attaining such an objective should be a major and urgent goal
of U.S. foreign policy.—PHiLip H. ABELSON
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AAAS has brought together 19 recognized authorities in a new audiotape
album—CANCER. Interviewed by two science journalists, these experts
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public.

Facts and fallacies about cancer’s warning
signals.

Crucial factors in diagnosis.

New progress in tailor-made therapy.
Why the statistics are so grim.

Where basic research is leading.

These and many more cancer topics are covered in four one-hour cassettes.
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