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, Never buy a Bordeaux by the bottle. 
Buy a great, velvety Bordeaux by the label. 

PONTET-LATOUR 

The B&G label. 
B&G. 250 years of wz'nemakz"ng hzstory from all lhe greal wz'ne regz'ons of France: 

Bordeaux� lhe Loz're Valley� Beaujolaz'sJ Cotes du Rhone and Burgundy. 
Now B&G brz'ngs you Pontel-Latour, a greal velvelY wz'ne from Bordeaux. 

Superb. BUl affordable. 
JUSl buy z"t by lhe label. B&G. 

L-________ Lellers of recommendatz'on from France. ________ ---' 
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Neller before 
halle you seen 

micro
photography 

like this' 
In these books, for the first time, 

you can observe insect and under
water life as they are known to the 
field biologist. Through photographic 
processes unique to Oxford Scientific 
Films-hailed by the London Times 
as "the most technically advanced 
biological film unit in the world"
even micro-organisms are shown in 
their true environmental surround
ings and with full-color detail never 
before possible. The texts are scru
pulously accurate presentations by 
writer-scientists in each field. Each 
book has nearly 300 full-color photo-

graphs, many full-page size. Knowl-
edge and beauty have seldom been 
so successfully combined. 

UNDERWATER LIFE 

By Peter Parks 

A view of both ocean and fresh 
water life, from micro-organisms in· 
side a drop of water to the greatest 
depths of the ocean. 

8%" x 11�" 128 pages $9.95 

INSECT LIFE 

By Theodore Roland-Erthvisde 

Reveals how insects use color as 
camouflage, presents whole life cy-
cles-including mating and repro-
du c t  i o n-f r o m  l a r v a l  f o r ms t o  
metamorphosis into the adult stage. 

8%"x11�" 128 pages $9.95 

Wherever books are sold 

@ Rand M�Nally 
P.O. Box 7600· Chicago. Illinois 60680 

THE COVER 

The painting on the cover shows a piece of sheet metal that has been marked 
with a grid of circles and then formed into a domed shape by stamping in a 
press (see "The Forming of Sheet Metal," page 100). The metal is low-carbon 
steel of the type used for making automobile parts; before stamping it was a flat 
piece about six inches square. At that time the circles were each 2.5 millimeters 
(.1 inch) in diameter. After stamping the change in the size of the circles that 
were affected by the stamping provides a measure of the amount of deforma
tion that occurred in each section of the sheet. The circle-grid method is there
fore useful in testing metal for its ability to take the forces of forming and in 
monitoring starn pings made on the production line. The domed shape was 
made in a laboratory process called a punch-stretch test, in which metal is de
formed by a hemispherical punch to test its capacity to stretch during stamping. 
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The handcrafted watch. 
Eric Sloane; painter, writer, recorder and re-creator of the American past. 

Rolex; enduring time teller; exquisite machine, and handcrafted work of art. 

.� 
ROLEX 

The Rolex Oyster Perpet�al Superlative Chronometer (1002/202). In stainless steel with matching bracelet $350. Also in Hkt. gold with matching bracelet (1002/402) $1,-+65. 
Write for free color brochure. Rolex Watch U.S.A., Inc., Rolex Building, 665 Fifth Avenue, New York, New York 10022. 
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LETTERS 
Sirs: 

I have read with much interest RUdi
ger Wehner's "Polarized-Light Naviga
tion by Insects" [SCIENTIFIC AMERICAN, 
July]. I should like to bring to his atten
tion a point he may have overlooked. 
Professor Wehner states in the first sen
tence of his article: "The eyes of insects 
are sensitive to a natural phenomenon 
that man is blind to: the polarized light 
of the daytime sky." Actually the hu
man eye is capable of responding to 
the polarization properties of light in 
the phenomenon known as Haidinger's 
brushes. 

When one looks at a source of polar
ized light, one can observe faint yellow 
and blue brushlike patterns that are re
lated to the direction of polarization. A 
simple way of observing Haidinger's 
brushes is to look at a bright cloud 
through a sheet of Polaroid; as one ro
tates the sheet the yellow and blue pat
terns appear and rotate with it. Haiding
er's brushes can also be observed, with 
some practice, with the unaided eye: one 
looks at the blue sky and sees the faint 
yellow and blue brushes, with the yellow 
brush generally pointing toward the sun. 
The contrast of the patterns is low, and 
it takes some time to recognize them. 
The phenomenon is also subject to visu
al fatigue, so that one cannot observe it 
too long in any one session .. .. 

BERNARD M. JAFFE 

Professor of Physics 
Adelphi University 
Garden City, N.Y. 

Sirs: 
Professor Jaffe is quite right in ob

serving that some people are capable of 
perceiving a rather faint pattern that is 
caused by polarized light and is known 
as Haidinger's brushes: a small yellow 
and blue Maltese cross that appears in 
the center of the visual field. The yellow 
brushes are darker than the surround 
and are perpendicularly oriented to the 
direction of polarization. 

This' phenomenon, however, is so 
close to the borderline of perception 
that none of the undergraduate students 
I have asked about it in courses had ever 
seen it. Even after the phenomenon had 
been described to them in detail most of 
them had difficulty observing it with the 
unaided eye in natural skylight. Even 
Wilhelm von Haidinger, who first de
scribed "these fiying phantoms of yel
lowish color" in 1844, could not observe 
the phenomenon without specially cut 
mineral crystals. Although Haidinger's 
brushes are of no functional significance 
for human vision, they reveal some 

LET HIM GROW WITH A QUESTAR 
A child's wonder at the world about him can hold a promise. for many 
a scientist can remember that his present preoccupation with the uni
verse began with an intense curiosity early in life. 

Such a child will learn to master many tools. and the telescope. that 
prime tool of science. should be the first. A flawless tool is an exten
sion of the mind and hand. and a fine telescope should combine such 
mechanical and optical perfection that it can serve for a lifetime and 
never become a frustration whatever the critical job at hand. Questar. 
the very finest. is such a tool and its lovely versatility adds an extra 
dimension to many fields: astronomy. of course. but also to disciplines 
that are terrestrial in nature. Whether it will be .used for research. or 
simply for the pure enjoyment of natural phenomenon. even indoors. 
perhaps. where its high powers can focus on the web-spinning of a 
house spider at a distance of ten feet. it is a gift for ever. And its easy 
portability can take it wherever one travels. 

What other tool could you buy a child that not only would enchant 
and amuse him in his early awakening. but would continue to serve 
him all his life? 

The Standard Questar with its beautiful star 
chart is shown above; at right is the Duplex 
in the leather carrying case which complements 
both models. 

QUESTAR, THE WORLD'S FINEST, MOST VERSATILE 

TELESCOPE IS PRICED FROM $865. SEND FOR OUR 

BOOKLET IN FULL COLOR WITH 150 PHOTOGRAPHS 

BY QUESTAR OWNERS. $1 COVERS MAILING ON THIS 

CONTINENT; BY AIR, TO SOUTH AMERICA, $3.00; 

EUROPE AND NORTH AFRICA, $3.50: ELSEWHERE, $4. 

Box 20G. New Hope. PA 18938 
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Show and tell 
... professionally 
High schoolers whose science fair exhibits won their way to 
the International Science and Engineering Fair at Denver this 
spring may already have learned some lessons about com
municating science that many a professional has yet to learn. 
They have succeeded in a format that is catching on fast. 

There is nothing sacred about standing up in front of a 
seated audience and delivering a lecture. Major professional 
gatherings now permit an alternative-poster sessions. Here 
the audience strolls by, sampling visually. When one sees 
something interesting, one stops. Conversation ensues at what
ever level of depth the parties can handle. Information is 
traded. Boredom is minimized. 

How to make your story stand up and attract interest can 
be learned young. Good photography is a great help. A big 
print can snap the passerby to attention and convey the heart 
of the matter. Good science that goes unnoticed might as well 
be bad science. That's reason enough for a career scientist to 
get into photography while still in high school. 

Our package of photographic hints for science fair con
testants is free for the asking from Kodak, Department 841, 
Rochester, N.Y. 14650. 

striking properties of the foveal region 
of the human eye. 

As I wrote in my article. the visual 
cells of the human retina are not sensi
tive to polarized light. As early as 1869. 
however. Hermann von Helmholtz 
made the assumption that the yellow 
pigment overlying the receptors in the 
foveal region of the retina was dichroic 
and hence could act as a polarizer. To
day it is generally agreed that the mole
cules of the yellow pigment are (at least 
to a certain extent) circumferentially 
oriented within the foveal region. Look
ing through a polarizer at a brightly 
lighted blue surface will therefore re
veal a dark brush oriented at right an
gles to the direction of polarization. The 
reason is that the dichroic pigment pref
erentially absorbs blue light. The yellow 
brushes of the Maltese cross appear in
stead of the dark brushes when a white 
source of polarized light is viewed. 

The preferential alignment of the yel
low pigment molecules in the foveal re
gion is only part of the story of Haiding
er's brushes. As various workers have 
suggested, and as C. C. D. Shute of the 
University of Cambridge has shown, the 
birefringence of the collagen fibrils in 
the cornea influences the orientation of 
the brushes. By using retardation plates 
to observe the Maltese cross in his own 
visual field, Shute was able to determine 
the direction of alignment and the 
amount of birefringence of the collagen 
fibrils in his cornea. Thus Haidinger's 
"flying phantoms" have turned out to be 
useful tools for studying the optical 
properties of the human eye. They are 
far too faint and unreliable, however, to 
be able to serve for polarized-light navi
gation in man. 

RUDIGER WEHNER 

Zoological Institute 
University of Zurich 
Zurich 

Sirs: 
In "The Geometry of Soap Films and 

Soap Bubbles," by Frederick J. Alm
gren, Jr., and Jean E. Taylor [SCIENTIFIC 
AMERICAN, July], the authors note that 
the first person to have investigated the 
subject systematically and formulated 
the governing rules was the 19th-centu
ry Belgian physicist Joseph A. F. Pla
teau. It is of interest that when Plateau 
did this work, with its painstaking exper
iments, he was blind. 

The 11th (1910) edition of the Ency
clopaedia Britannica states in its bio
graphical article on Plateau that in 1829 
(when Plateau, who was born in 1801, 
would have been 28) "he imprudently 
gazed at the midday sun for 20 seconds, 
with the view of studying the after ef
fects. The result was blindness for some 
days." He recovered, but then his sight 
gradually deteriorated over a period of 
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What's new in group theory ... 
organic reaction mechanisms ... structural geology .. . 

applied mathematics ... astrophysics ... graph theory .. . 
for your own reading pleasure or as a gift. 

Take any 3 books 
for only $3.95 
(Values to S59.85) 
II you will join now for the trial period and 
agree to accept only 3 more books-at member 
discount prices-within the next 12 months. 

(Publishers' Prices shown) 

66570. AN OUTLINE OF STRUCTURAL 
GEOLOGY. Bruce E. Hobbs, Winthrop D. 
Means alld Paul F. Williams. Up-to-date ac
count of every aspect of structural geology
from the nature of stress and strain to the 
latest information on plate tectonics. $16.95 
56590. INTRODUCTORY GROUP THE
ORY AND ITS APPLICATION TO MO
LECULAR STRUCTURE. John R. Ferraro. 
Includes derivation of selection rules, poten
tial force fields, and added emphasis on 
space symmetry and point symmetry. $19.95 
41640. DATA COMMUNICATIONS DIC· 
T10NARY. Charles J. Sippi. Over 14,500 
definitions and explanations of data process
ing and communications terms, acronyms, 
concepts and abbreviations. $19.95 
55000. THE ILLUSTRATED ENCYCLO· 
PEDIA OF ASTRONOMY AND SPACE. 
Ian Roxbllrgh. Covers the full range of astro
nomical knowledge and space exploration, 
from ancient times to now. $16.95 
49470 FUNDAMENTALS OF ORGANIC 
REACTION MECHANISMS. J. Milton Har
ris and Carl C. Wamser. Gives theoretical 
descriptions of organic molecules, major 
types of reaction mechanisms, methods for 
determination of reaction mechanisms. $16.95 
49267. FRONTIERS OF ASTROPHYSICS. 
Edited by Ellgene Avrett. A contemporary 
source on astrophysical topics from recent 
solar research, to neutron stars, supernovae 
and intergalactic matter. Counts as 2 of your 
3 books. $20.00 
5 0 3 8 0. G L O S S A R Y  OF C H E M I C A L  
TERMS. Clifford A .  Hampel and Gessner G. 
Hawley. Over 2,000 concise definitions: all 
major chemical groups, important functional 
terms, basic phenomena and processes, all the 
chemical elements, and more. $14.95 
34140. APPLIED ANALYTICAL MATHE· 
MA TICS FOR PHYSICAL SCIENTISTS. 
James T. Cushing. Deals with topics ranging 
from spectral analysis of linear operations to 
complex variables, to group theory. $19.95 
61530. MATHEMATICS DICTIONARY. 
Fourth Edition. Edited bv Robert C. James 
and Edwill F. Beckenbac·h. Revised and ex
panded edition of this leading mathematics 
dictionary offers clear, accurate definitions of 
more than 8,000 terms. $17.95 
70190. PRINCIPLES OF OPERATIONS 
RESEARCH. Second Edition. Har\,ev M. 
Wagner. This 1039-page book offers a com
plete overview of all the fundamental con
cepts. $19.95 
69330. PLANETS, STARS, AND GALAX· 
IES. Fourth Edition. Stuart J. Inglis. Splendid 
account of just about everything astronomers 
know or theorize about the solar system, the 
Milky Way, and the universe. $14.95 

48705. FORECASTS, FAMINES AND 
FREEZES. John Gribbin. Probes the earth's 
climatic changes and how they affected our 
future. Explores snch fascinating topics as 
the greenhouse effect, a new ice age and 
shifting magnetic poles. $9.95 
54600. THE IDEA OF MAN. Floyd W. Mat
son. An important new book that looks at the 
nature of man as he has been interpreted by 
Darwin, Freud, Lorenz, Skinner and others. 

$8.95 
52190. HANDBOOJ( OF APPLIED MATH· 
EMATICS. Edited by Carl Pearson. Over 
1000 pages of vital and practical techniques 
for scientists and engineers who use mathe· 
matics as a tool. Counts as 2 of your 3 books. 

$37.50 
49340. FUNDAMENTAL AST-RONOMY: 
SOLAR SYSTEM AND BEYOND. Frank
lyn W. Cole. Traces our assault on the mys
teries of the universe from the earliest 
sensory-oriented glimmerings to modern as
tronomical thought. $16.50 
81780. SYMMETRY DISCOVERED. Joe 
Rosell. Fascinating look into one of the most 
beautiful and practical of the sciences. 

$1l.95 

How the Club Operates' The Book Club 
News, describing the coming Main Selec· 
tion and Alternate Selections, will be sent 
to you 15 times a year at 3-4 week inter
vals . •  If you wish to purchase the Main 
Selection, do nothing and it will be shipped 
to you automatically . •  If you prefer one 
of the Alternates, or no book at all, simply 
indicate your decision on the reply form 
always enclosed with the News and mail 
it so that we receive it by the date speci· 
fied . •  The News is mailed in time to allow 
you at least 10 days to decide if you want 
the coming Main Selection. If, because of 
late mail delivery of the News, you should 
ever receive a Main Selection without hav· 
ing had the 10 day consideration period, 
that Selection may be returned at Club ex
pense . •  Continued membership past the 
trial period brings you the added benefits 
of our Bonus Book Plan-an important 
way to save even at least 70% off publish· 
ers' prices. 

-

THE LIBRARY 
OF SCIENCE 

53585. A HOUSE IN SPACE, Henry S. F. 
Cooper, Jr. Exciting documentation of Sky
lab's unique experiments and observations as 
well as a behind-the-scenes look at the astro
nauts' experiences, joys and horrors of pio
neering in outer space. $10.00 
50560. GRAPH THEORY 173�1936. N. L. 
Biggs, E. K. Lloyd, R. J. Wilson. 37 extracts 
and explanations taken from the original writ
ings of these pivotal mathematicians who laid 
the foundations for graph theory. Brilliant. 
Counts as 2 of your 3 books. $22.50 
64145. T H E  N EW D I C T I O N A R Y  O F  
PHYSICS. Edited b y  H .  J .  Gay and Alan 
Isaacs. Over 9,000 entries in 600 pages. A 
monumental reference that is intermediate 
between a strict dictionary and an encyclo
pedia. About 25 % greater than the 1958 edi
tion, it reflects all major changes characteris
tic of the field, Counts as 2 oj YOllr 3 books. 

$35.00 
55445. THE INNOVATION MILLION. 
AIRES. Gene Bylillsky. A look into the ex
expanding industrial growth of scientific 
firms, large and small, which have taken basic 
research ideas and turned them into big busi
ness, making the inventors millionaires in the 
bargain. $9.95 
r--------------, 

The Library of Science 2-4AG 

Riverside, New Jersey 08075 
Please accept my application for mem
bership and send me three volumes indi
cated, billing me only $3.95 for all three. 
I agree to purchase at least three addi
tional Selections or Alternates during 
the first 12 months I am a member, 
under the club plan described in this ad. 
Savings range up to 30% and occasion
ally even more. My membership is can
celable any time after I buy these three 
books. A shipping and handling charge 
is added to all shipments. 

3 books for $3.95 
Indicate by number the 3 books you want. 

,----, '--_-----'I L...I __ --,I 'L... __ �--' 
A few expensive books (noted in book 
descriptions) count as 2 choices. 

Name __________________________ _ 

Address ___________ _ 

City State Zip __ _ 

(Offer good in Continental U.S. and Canada 
only. Prices slightly higher in Canada.) Book 
selections purchased for professional pur� 
poses may be a tax-deductible expense. 

L. _____________ _ 
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There's nothing like STABILO BOSS to get attention 
fast! 6 highly fluorescent colors make people read 
what you want them to read. Styled like a sleek 

pocket lighter. Available in single units of yellow, 
orange, green, rose, red, and blue. Also in a wallet 
of 4, or a special calendar box of all 6 brilliant colors. 

Fun to use. Saves time, too. Show 'em who's the boss, 
with STABILO BOSS. 

Available at quality 

stationery stores. Swan Pencil Company, Inc. 
221 Park Avenue South 
New York, N.Y. 10003 (212) 254-7950 

(in time for Christmas for everybody!) 

THE UNIQUE EDMUND 
4%" NEWTONIAN RICHEST 

FIELD REFLECTOR TELESCOPE. 
Clearest, brightest, most spectacular wide 
angle views of moon. stars, comets, galaxies 
ever-and portable! 

Compact portable sets up In seconds (pre·collimated, ready to 
use). Pop the eyepiece in, focus-and zing! Its eye-popper 3V2 

field of view gives you more stars in a single view than any other type 'scope! 
Bright. crisp. finely resolved images. For sky gazing and earth gazing! Take it 
anywhere (only 17", 10 lb.). Easiest-ta-use telescope ever-over your shoulder. 
in your lap, on a tripod. Or just rotate the spherical base on its own mount for 
use on a table. car hood. Top quality optical system features 4%", 1/4 parabolic 
primary mirror (Va wave, 17" F.L.); pre·aligned Va wave diagonal on coated 
optical window that seals optics from moisture and dust: std. 28mm Kellner 
eyepiece (gives 15X. higher with other eyepiece or Barlow). Fast focusing (25' 
to infinity). Bright Scharfanian red (doesn't impair night vision) with adjustable 
carrying strap. There is no other telescope like it. $129 95 STOCK NO. 2001S ......... ONLY • Ppd. 

Special Introductory Price! Goes to $149.95 Dec. 25, 1976. 

COMPLETE AND MAIL COUPON NOW 
-----------------.. 

EDMUND SCIENTIFIC CD. 300 Edscorp Bldg., Barrington, N. I. 08007 I 
Send me: I __ unique Edmund Telescope(s) 

NEW 164 Pages 
Over 4,500 Un· 
usual Bargains 
for Hobbyists. 

I Industry 05ENo FREE 
(5149.95 after Dec. 24. 1976) 

I �!!MJ 
#20015 introductory priced @ 5129.95 ea. :>--. 

164 PG. CATALOG" 5 . Service & Handling Charge � 
JUST CHECK 

COUPON' 

EDMUND 
SCIENTIFIC CO. 
lDD EDSCORP BUILDING 

Barrington, N. J. 08007 

1609) 547-l488 

America's Gleatest 
Science. Optics. Hobby Mart 
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I 
0 BankAmericard 0 Master Chg. 

For TOTAL of $----

I Interbank No. 
Signature -----------

I Card No. Name I 
Expiration Date (Please Print) 

I 30· DAY MONEY-BACK GUAR. Address I 
I ANT£(. You musl be sat IS' I lied or return any purchase City -------------

L..:" 30 days for full relund. State - Zip ___ -_ I - ----------- - - -- -
HELPING TO DEVELOP AMERICA'S TECHNOLOGY FOR OVER 30 YEARS. 

14 years, "and in 1843 he became per
manently blind." 

"This calamity," the Encyclopaedia 
Britannica article continues, "did not in
terrupt his scientific activity," which he 
carried on with the help of others, in
cluding his wife, his son and his son-in
law, up to the time of his death, aged 82, 
in 1883. Plateau "direct[ed] the course 
of the experiments which they made for 
him, and interpret[ed] the bearing of the 
results." 

"Even more extraordinary," the arti
cle observes, "were this blind man's in
vestigations about molecular forces 
[including the soap-bubble forms], em
bracing hundreds of novel experiments 
whose results he saw only with others' 
eyes. These form the subject of his great 
work Statique experimentale et theorique 
des liquides soumis aux seules forces mo
leculaires ( 1873), a valuable contribu
tion to our knowledge of capillary phe
nomena." 

The photographs by Fritz Goro ac
companying the Almgren-Taylor article 
graphically emphasize the complexities 
of the subject matter with which Plateau 
labored, not only without the aid of 
modern knowledge and techniques but 
also lacking the most fundamental of all 
aids, sight. 

KENYON J. ROBERTS 
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As your introduction to membership in the BOOK-OF-THE-MONTH CLUB® 

The most comprehensive 
encyclopedia of philosophy 
ever publishe�d;:.: ... �::::;;1 
FORONLY 

You simply agree to buy 
four Club choices within a 
ytar at substanttal savings 

on most books you choose. 

$1750 THE SUGGESTED TRIAL 

PUBLISHER'S 
LIST PRICE: $99.50 

The complete contents of 
the original 8-volume $219.50 

edition now in a handsome 
4-volume reader's edition 

O
NE OF THE GREATEST repositories of 

philosophical information available 
anywhere, The Encyclopedia of Philosophy 
is the only major philosophical reference 
work published in English since 1901. 

In this unique 5,000,000-word work can 
be found clear, authoritative answers to al
most any question concerning philosophy -
ancient, medieval and modern, Eastern as 
well as Western. And because the work rep
resents the collaboration of more than 500 
philosophers and philosophical scholars from 
twenty-four countries, every shade of opinion 
is represented. No thinker or movement is 
dismissed as too radical, no issue is scanted as 
too controversial. There are articles, for ex
ample, that discuss such contemporary mat
ters as the ethics of suicide and euthanasia 
and the benefits and dangers of computing 
machines. 

SPECIAL FEATURES 

AND EDITORIAL FACTS 

• 5,000,000 words .4200 pages 

Clearly, The Encyclopedia of Philosophy 
belongs in every personal library, particular
ly in homes where there are high school or 
college students. Up to now its high price has 
kept it out of the reach of most families. But, 
as a new member of the Book-of-the-Month 
Club, you may own it for less than a tenth of 
the cost of the original eight!volume edition. 
Because only a limited number of sets have 
been set aside for this offer, you are advised 
to act quickly. 

• ISS-page index 
• Paul Edwards, editor in chief 

• Editorial Board of 153 international 
scholars 

BOOK-OF-THE-MONTH CLUB, INC. 
Camp Hill, Pennsylvania 17012 

• Nearly 1500 articles, including 
900 on individual philosophers 

• Contributors: 500 specialists 
from twenty-four countries 

A SMALL SAMPLING OF THE IDEAS 

AND PHILOSOPHERS IN THESE VOLUMES 

Atheism Semantics Good and Evil Nonsense Pain 

Free Will The Absolute Existentialism Humanism Truth 

CONFUCIUS 

ERASMUS 

SARTRE 

LOCKE 

SANTAYANA 

SPINOZA 

THOMAS AQUINAS 

WITTGENSTEIN 

DESCARTES 

HEGEL 

CAMUS 

KIERKEGAARD 

KANT 

NIETZSCHE 

ARISTOTLE 

PLATO 

Nothing 
Linguistics 

RUSSELL 

EINSTEIN 

NEWTON 

PIAGET 
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Hear the 
light. 

Today, communications may be 
at the threshold of another revolution 
in technology. 

Someday soon, when you make 
a phone call, your voice may be car
ried between telephone offices as 
pulses of light over a hair-thin glass 
fiber. 

We call this new technology 
lightwave communications. 

Less Cost, Less Space: 

Lightwave communications has 
the potential for carrying enormous 
quantities of information -from phone 
calls to business data to TV pro
grams-at low cost. And it can do it 
in much less space. 

Right now, we're testing an ex
perimental system that can carry 
nearly 50,000 phone calls in a cable 
of glass fibers not much thicker than 
a clothesline. It could do the work of 
several copper cables, each as thick 
as your arm. 

T hat will allow us to save space 
in the crowded cable ducts under the 
streets of many of our cities. Which 
in turn will lessen the need to add 
new cable ducts to expand service. 

But even carrying that many 
calls uses only a fraction of a light 
beam's capacity. 

So it will give us plenty of room 
to grow. 

To make lightwave communica
tions possible, the people at Bell Labs 
and Western Electric attacked a 
number of problems simultaneously. 

What Had to be Done: 

What kind of problems? 
Creating some of the most trans

parent glass the world has ever known. 
Developing techniques to draw 

the glass into highly precise fibers 
which, despite their tiny size, have a 
complex internal structure that keeps 
the light from leaking out. 

Devising ways to protect the 
delicate fibers from damage , to make 
them into cables strong enough to 
pull through underground ducts, and 
to splice them-a hundred or more 
at a time. 

To generate the light carried by 
the fibers, they developed a tiny, 
solid·state laser smaller than a grain 
of salt. (Today's design is expected 
to operate continuously for ten years 
or more.) 

To put information onto the light 
beam, they designed equipment that 
turns the tiny laser on and off millions 
of times a second. 

And they developed repeaters to 
regenerate the light signal along its 
way, as well as photodetectors 

trical signal that can travel throughout 
the telephone network. 

We think lightwave communi
cations may prove a long step forward 
in the development of communica
tions. 

We may put it to use in the 
early 1980's to relieve cable conges· 
tion between major switching centers. 
For special applications, we may use 
it even sooner. 

And it may someday carry 
business data, visual communication 
services and facsimile transmission 
into your home and office. 

Seeing to It: 

Innovations from Bell Labs and 
Western Electric are put to work by 
your Bell telephone company. T hat's 
another reason you have the most 
reliable, least expensive telephone 
service in the world. 

To keep it that way, one of the 
things we're doing is seeing to it 
that before long you'll be hearing 
the light. 

One of a series of messages to 
keep you informed of how telecom· 
munications technology is changing 
our world -and the part Bell Labs, 

at the receiving end to convert 
the light back into an elec- @ 

Western Electric and YOllr 
Bell telephone company 
are Playing in it. 

Bell Laboratories/Western Electric 
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[}fJJ(y�J1Jg 
h"nd seleeted ... 
for perfeetion 
in qu"'it�, size, 
"nd eolor 

���� ROYAL � ROYAL GRAPEFRUIT 
RIVIERA" PEARS MOUNTAIN APPLES Bigger'n grade A ostrich ROYAL. ORANGES 

America's rarest and finest Huge red rascals. Grown up eggs, juicy as Oregon rain JUICY aristocrats descend�d 
fruit. �o big and juicy you eat here where the cold nights clouds, and so sweet they from the fab�lous Bahia 
'em with a spoon. make 'em crackling crisp and don't need sugar. orang�s of BrazIl. Sweet and 
Net weight 6·3/4 Ibs. juicy. Net weight 7·1/2 Ibs. Net to Ibs. tempting! Net wt. 5·tl2 Ibs. 

� � 
HAWAIIAN 

PINEAPPLES 
Two hulapaloozers. Fully 
ripened the way mainlanders 
hardly ever taste 'em. 
Net weight 9 Ibs. 

WILD 'N RARE" 
PRESERVES 

Our prize-winning homemade 
pure fruit preserves. No ar
tificial flavors, colors, or pre
servatives. Four 3/4-lb. tins. 

June 

~ 
HOME-CANNED FRUIT 
Uncanny! Orchard fresh, in 
extra-heavy syrup. Baked 
Pears, Summer Delight Pears 
and Oregold Peaches. No. 2-
1/2 cans. Net wI. 5·1/2 Ibs. 

GIANT KIWI BERRIES 
Wonderful new fruit from 
N e w  Ze a l a n d .  De l i c a t e  
strawberry-banana-watermel
on flavor. Rich in vitamin C, 
too. Net weight 2·1/2 Ibs. 

e4u,ust September Oetober November 

�����" 
EXOTIC NECTARINES OREGOLD® PEACHES LAVALLE GRAPES Smooth as butter, spicy 
Plum peachy. Big and blush- Family and friends'll never Big, velvety black Belgian sweet. We grow 'em here at 
ing. A sure-fire summer sen- forget these huge Oregon hothouse type. Make store- Bear Creek where this extra-
sation ... look good on the beauties. We rush 'em har- bought grapes look like bird- fancy fruit reaches its peak. 
figure, too. Net weight 5 Ibs. vest fresh. Net wI. 6 Ibs. shot' Net weight 4 Ibs. Net weight 6 Ibs. 
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JUtcy they'll eat 'em with a 
spoon! Handsome gifts you'll never hear the 
last of! Beautifully gift boxed. Available 
from Nov. 10 to Jan. 25. 
Gift No.1 (10·14 huge pears) .... $945delv·d 
Gilt No.3 (23-25 smaller pears) .. $1145delv'd 
Gift No.5 (8·9 gigan tic pears) ... $1195delv'd 

Month after month, a parade of the world's rarest and 
finest fruit. These famous Clubs keep you in warm, 
friendly contact with family, friends, people important 
to you or your business. Sent direct from the orchard 
- each gift box wjth your greetings. All announced by 
a handsome, gold·embossed Certificate of Membership. 

3·BOX CLUB: Surprise 'em wi th gorgeous gift boxes for 
Christmas, January and February. 

Gift No. 111 .. . $2495 delv'd 
5·BOX CLUB: Keeps coming and coming! Chris1mas, 
January, February, May and Sep tember! 

Gift No. 141 .. . $3995 delv'd 
8·BOX CLUB: Deligh t 'em to pieces again and again! 
Christmas, Jan., Feb., May, August , Sept., Oc t., Nov. 

Gift No. 151 .. $6695 delv'd 
12·BOX CLUB: Flabbergasting! A gorgeous gif t every 
single mon th of the year! 

Gift No. 201 . .. $9995 delv'd 

EASY TO ORDER: Just send us your list. Enclose 
check or money order (no COD's please). Tell us 
how to sign your greetings for each gift. �OU'O'd.':, l>aord#®.� 

Box 5�Medford, Oregon 97501 
@'976 Haffy and DavId ® 

50 AND 100 
YEARS AGO 

NOVEMBER, 1926: "We now know 
that every atom is a complex structure. 
consisting of a positive electric charge 
of known amount and a definite num
ber of negatively charged electrons ar
ranged around the positive charge. The 
remarkable definiteness of the spectrum 
of each kind of atom at once suggests 
something very definite in the structure 
or behavior of the atom. These 'some
things' are the 'states' of the atom, and 
experiments show that light is emitted or 
absorbed by the atom only as it changes 
its internal structure from one of the 
states to another. The state of least ener
gy, which we can take as the zero energy 
state, is the 'normal' state of the atom, 
that is, the state at which all the atoms 
are found unless some source of energy 
is acting to increase their energy to that 
of the other states, which are called 
'excited' states. The differences between 
states are known to be due to differences 
in the arrangement of the electrons out
side the nucleus, probably in the shape 
and size of their elliptical orbits. Every 
change of an atom from a state of higher 
energy to a state of lower energy is 
accompanied by the emission of light 
whose vibration frequency (the recipro
cal of the wavelength) is directly pro
portional to the difference in energy be
tween the two states. Thus if W2 and Wi 
are the energies of the two states, the 
change from state 2 to state 1 gives rise 
to the emission of light of frequency v 
given by W2 - Wi = hv. where h is 
known as Planck's constant." 

"Wings with slots at the leading edge 
and slotted rear flaps are now being used 
in at least four aircraft in England and 
Germany. In the trials of the Hand
ley Page 'Hendon,' a torpedo-carrying 
plane equipped with these devices, some 
surprisingly slow-speed landings and 
glides on a steep path with the fuselage 
almost horizontal were recently made. 
In this aircraft when the front slot is 
open, the slotted rear flap is depressed. 
The lift coefficient of the wing is the reby 
increased between 75 and 100 per cent 
over its normal maximum value. The 
landing speed can be reduced corre
spondingly, adding appreciably to the 
safety of the craft. The particular ad
vantage of this device. besides increas
ing the lift, lies in the fact that the aile
rons continue to be effective when the 
wing is at a large angle of incidence be
yond the 'burble,' or stalling. point; con-
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Introducing the NV-8030: Panasonic's new time lapse VTR. 
It lets you keep an eye on everything from microorganisms, 
to supernovas, to your own laboratory door-the way 
your eyes can't! For up to 108 hours, 72 hours, 18 hours, 
9 hours or 1 hour at normal speed. On one reel of tape. 

With an optional microscope adapter, you can use the 
NV-8030 to record things too small for your eyes to see. So 
even when you're not around to witness cell division, 
the NV-8030 will be. 

And if you happen to fall asleep during the next lunar 
eclipse-:-don't get up. Because, with an optional telescope 
adapter, you can use the NV-8030 for time lapse recordings 
of the planets, the stars or virtually anything that moves 
through spac�. 

You can also monitor anything or anyone that moves 
through your lab. Because, when used with Panasonic 
sequential switchers (optional), the NV-8030 will accept 
inputs from 6 to 10 different camera locations. That means 
you can keep an eye on your experiments, your equipment 
and pe'ople, All at the same time, 

In playback, the NV-8030 can stop the moon dead in its 
orbit, or a red blood cell dead in its plasma. Push the one 

field button for a perfect still-frame and perfect stop-action. 
So whatever you have that needs watching, get the 

,high quality of film as well as the low cost and instant 
results of tape, with the NV-8030. 
r-------,--'----,--l 

I Panasonic Company, Video Systems Division, Dept. 401 I One Panasonic Way, Secaucus, N,J. 07094., 

I 0 Send me technical information on the NV-8030. I o Have a Panasonic video specialist call to demonstrate
'
how the 

I NV-8030 can be used in my company. I 
I Name Title I Please Print 

Company ______________________________ ____ __ 

I�� I 
, City State Zip__ I 

: pana$oni<:. .: 
'L just slightly ahead of our time. I 

-----__________ J 
In Canada, contact Panasonic Video Systems Department, 40 Ronson Drive. Aexdale, Ontario M9W 185. 

© 1976 SCIENTIFIC AMERICAN, INC



Holiday Ham, a taste sensation. Cooked to the desired temperature 
by the Automatic Chef Control In GE's Microwave Oven. 

General Electric's Automatic Chef Control 
creates a whole new world of microwave 
cooking. Instead of cooking by time alone, it 
cooks many foods by temperature control. 

Food is cooked to your selection every 
time. No more watching or guessing. 

Another plus, it's backed by Customer 
Care ... Service Everywhere.' 

GENERAL . ELECTRIC 

Authors ... 

LOOKING 
FORA 
PUBLISHER? 
Learn how to have 
your book published. 
You are invited to send for a free illus· 
trated guidebook which explains how 
your book can be published, promoted 

and marketed. 
Whether your 
subject is fico 
tion, non·fiction 
or poetry, sci· 
entific, scholar· 
Iy, specialized, 
(even contro· 
ve rsial) this 
han d s ome 52· 
page brochure 
will show you 
how to arrange 
for prompt pub· 
lication. 

De Re Metallica 
One of the great scientific books of 

the ages! Published in 1556 by 

Georgius Agricola and translated 

by ex·pres ident Herbert Hoover 

and Lou Henry Hoover 

In a remarkable new edition ... $15 
One of the first books based on 

field research & observation of min· 

ing, refining, prospecting, survey· 

ing, glassmaking, metallurgy & al· 

chemy. Contains all 289 original 

wood cuts and 5 facsimile Latin 

pages. 672pp. 63/4 x 10%. Cloth· 

bound. 
Please enclose your check with order. 

Add $1.25 for shipping ($2.00 outside U.S.) 
New York residents, please add sales tax. 

Unpublished authors, especially, will 
find this booklet valuable and inform. 
a tive. For your free copy, write to: � Herbert Shprentz Company 
VANTAGE PRESS, Inc. Dept. F·53 
516 W. 34 St., New York, N.Y. 10001 
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ventional ailerons beyond the stall be· 
come ineffective and produce a danger. 
ous tendency to turn the machine in a 
direction that does not correspond with 
the desired bank." 

"One of the first hospitals in this coun· 
try to depart from the customary white 
operating room is st. Luke's Hospital in 
San Francisco. When the new hospital 
was constructed, the floor and wainscot 
of one of its operating rooms were fin· 
ished in green tile. This was the idea of 
the chief surgeon, who called attention 
to the fact that the particular shade of 
green is the complementary color to 
'blood' red. In this fact is to be found the 
reason for departing from the conven· 
tional white as an environment for the 
surgeon. Its dazzling brightness is blind· 
ing to the surgeon's eyes when he raises 
them from an operating field where the 
predominating color is red. Comple· 
mentary colors afford the greatest eye 
relief, and dark green proves to be the 
most efficient in combatting the color 
fatigue to which the surgeon is subject· 
ed. In addition to lessening color fatigue 
complementary colors also intensify 
their opposites. Thus the operating field 
stands out more clearly in the surgeon's 
vision after he gazes for a moment at 
green." 

"The decision of Judge Thompson of 
the Federal District Court in holding 
Lee De Forest to be the first and original 
inventor of the feed· back circuit and the 
oscillating audion will have a far·reach· 
ing effect in the radio industry. Twelve 
of the claims of the celebrated Patent 
No. 1,113,149, issued to Edwin H. Arm· 
strong, are held to be invalid." 

NOVEMBER, 1876: "The Centenni· 
al Exposition has closed, and so our 
grand celebration passes into the history 
of the country. That the Centennial has 
been successful beyond all previous 
world's fairs is plainly evident. The ex· 
hibits collectively were splendid repre· 
sentations of the resources and skill of 
the contributing nations. What a mag· 
nificent proof of the efficiency of our 
railroads to be able to point to the fact 
that eight million people were transport· 
ed to Philadelphia from every portion of 
the country, and that there was but one 
casualty in which life was lost! Eleven 
years ago these eight million people 
were engaged in a bitter internecine war. 
Now great national gatherings take 
place month after month, unmarred by 
sectional strife or ill feeling. For three 
years the nation has been suffering from 
a shrinkage of values and a final stress 
that has brought ruin to thousands, and 
from whose evil effects no one has es· 
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WEAR THE WATCH' 
OF THE FUTURE ... TODAY 
timepiece . . .  calendar . . .  stopwatch ... 
plus continuous splay"=,,, -= c::;:.o. . c:;:::::tI' �<::::=> 

THE WORLD'S MOST 
REVOLUTIONARY WATCH 

The first continuous display timepiece that 
combines a precision calendar with an advanced $8 
digital stopwatch . . .  at an unbelievably low price. . 995 

WHY WAIT ANY LONCER TO OWN 
A DICITAL WATCH? 
At a price that was unheard of just a few months 
ago, you can now buy one of the most advanced 
digitar watches available anywhere . . . at any 
rrice. The Microma chronograph is a revolutionary 
timepiece that combines the latest and most sought 
after advancements in electronic watch technology. 

DON'T BE A BUTTON PUSHER 
When you look at your watch, you want to see the 
time. Unfortunately, this is not the case with most 
digital watches available today. In general, they 
are awkward to operate. On many you have to 
push a button or flick your wrist just to see the 
time. Have you ever tried to push a tiny button 
when you're carrying a package or briefcase in 
your opposite hand? The button pushers will tell 
you that it's no easy trick. 

The Microma doesn't make you a button pusher. 

NO BUTTONS TO PRESS NO WRIST 
TO FLICK, THE TIME AND DATE ARE 
ALWAYS THERE 
The Microma is years ahead in features and design. 
It contInuously dIsplays the hours, minutes, and 
date at the same time in large, easy to read black 
digits. If you need to see the seconds, simply touch 
the command button and they will appear in place 
of the date. 

EASY TO READ, .. INDOORS OR OUT 
DAY OR NICHT 

' 

While other display companies are still trying to 
perfect the awkward light emitting diode display 
(LED), Microma gives you the most advanced 
digital display available. The chronograph's easy 
to read large black digits are formed by reflecting 
room hght or sunlight off a liquid crystal matrix. 
This Liquid Crystal Display (LCD) is extremely 
clear

. �
nd readily visible in virtually any lighting 

condlt"�n. In dIrect sunlight, the display actually 
gets bnghter! (The red LED displays of most 
dIgItal watches are nearly impossible to read in 
sunlight.) 

For totally dark areas, a built-in dial light 
bnghtly hghts the display. 

&:cause the chronograph relies on reflected light 
to dIsplay the digits, the continuous display uses 
almost zero battery power. A Single battery will 

operate the display for well over a year. (In battery
killing push button watches, (with LED), batteries 
can be exhausted in a month if you need to see the 
time frequently.) 

FOUR FUNCTION STOPWATCH 
You may never need your chrono
graph for anything more than the 
time and date, and at our low 
price, you'll have the finest digital 
timepiece available. But the 
Microma is also an accurate 

S.op w.". d;'pl." digital stopwatch. If you need to 

minutes. seconds, time a long distance phone call, a 
tenths of seconds. cab ride, a horse race, a lab exper· 

iment, or even a Grand Prix race, 
the chronograph has 4 selectable 
timing modes to provide you with 
the flexibility to time almost any 
kind of event. 

This unqiue timepiece provides Total Elapsed 
Time; timing from start to finish of one event plus 
3 variations of split timing: Flyback, for consecu
tive event time, e.g. successive lap times, Lap 
Accumulate, accumulates consecutive lap or event 
times,Pause Accumulate, provides total time allow
ing for timeouts or interruptions. When you select 
one of these four modes, it is indicated on the dis
play by a mode-in-use symbol. Times are displayed 
in minutes, seconds and tenths of seconds. 

UNSURPASSED QUALITY 
The Microma chronograph is manufactured by 
Intel, recognized throughout the world as a leader 
in digital watch technology and components. It 
comes with a one year warranty for parts and 
labor. 

You could spend up to $2,000 for a gold mechan
ical watch with a jeweled movement, but you 
wouldn't have a timepiece as accurate and as 
functional as the Microma. And periodically, you'd 
have to take your mechanical watch in for cleaning 
and adjustment (that becomes expensive). 

NO MECHANICAL PARTS MEANS 
NO MAINTENANCE 
The Microma has no mechanical parts that require 
cleaning .. . ever. And its electronic circuitry with 
quartz crystal timebase will keep your chronograph 
accurate to within 15 seconds per month. (Some 
mechanical watches aren't accurate to 15 seconds 
per week.) This advanced circuitry keeps the 

chronograph to a mere 11 mm thin (also shock 
and water resistant). 

If your Microma ever does need adjusting during 
its first two years, (a highly unlikely event), simply 
return it to Chafitz' Service Facility and we'll 
adjust it to its designed accuracy ... FREE. There 
is no charge for this service, just send us the watch 
and we'll return it to you at our expense. 

W EAR IT FOR THIRTY DAYS 
We know that at such a low price, the Microma 
chronograph sounds too good to be true. Yet we're 
so absolutely convinced that you will find it the 
finest, most advanced watch for the price that we'll 
let you wear it for 30 days. If you don't agree that 
it's the best timepiece available for the money, 
merely return the complete package, undamaged, 
for a prompt refund . . . without question or 
hesitation. 

The Microma chronograph - truly the watch of 
the future. Order yours today. 

••••••••••••••••••••• I PLEASE RUSH ME A DELUXE I = MICROMA CHRONOCRAPH. = 
I ����;:::e ��;Oa�d��a';;:e?RDERIN

G) 
$89.95 I I I I Gold plated case and bracelel $99.95 I 

• PLEASE rush me __ Chronograph(s). Enclosed is my • I check for including $2.50 for shipping and I handling. I COLOR: Gold __ Black __ Silver __ I 
• Md. residents remit 4% sales tax. • 
• Or. charge to my credit card: BankAmericard. • • 

�a
a
r�
e
�
;harge. American Express. Diner's Club (circle one) • I I M.e. Inl. Bank No. -- -- -- -- II Exp. date ______ ______ _ I �- I I Company I I �ct I I Cily Slate I I Zip 

Orde:��': _ Toll Free I 
= 800 638-8280 = 
I 

Md .. ����oo I 
I Your electronic specialty center I I 856 Rockville Pike Dept. 167 Rockville, Md. 20852 I 
••••••••••••••••••••• 
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ISan 

unnecess 

To hear music beautifully repro
duced in the home is one of life's most 
pleasurable experiences. 

It's also a pleasure 
that 8 out of 10 
Americans have never 
experienced. 

Unfortunately. 
Good for news. most people still 

Bad at music. I' t t 
. 

played through dinky 
kitchen radios that 
weren't intended 
for accurate 
music reproduc
tion in the first 
place. 

Or they 
invest in 
·'magnificent 
mediterranean 
fruitwood stereo 
consoles" which 
may be easy on 
the eyes but are 
Cu.s. PIONEER £U:CTRONICS CORI'., 1976. 
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IS en o mUSIC 

• 
generally a blight on the ears. 

Some people pick up nifty all-in-one 
stereo compacts they believe will give 
them good, high-fidelity sound. But 
a visit to a reputable high-fidelity dealer 
will quickly shatter that belief. Because 
only there will you hear true high 
fidelity and come to realize just how 
inadequate everything else is. 

The simple truth is that only real 
high fidelity will give 

you real high-fidelity 
sound. That means 

�parate co!llponent 
pIeces; receIvers, 
turntables, tape 
decks and speakers, 
each designed to do 
its job perfectly. 

Pioneer makes 
more different 

The $900 worth of 
fruitwood looks good. The 
$200 worth of electronics 
sounds bad. 
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Avoid buying cheap "rw-name" 
stereo in a place like this 

or you'll end up with rw-quality sound . 

high-fidelity components than any body. 
In fact. we�re the leading high-fidelity 
manufacturer in the world today. 

If y ou don�t own some Pioneer 
components� or some of similar quality 
(such as that made by Marantz, 
Kenwood, Sansui and a handful of other 
dedicated companies) you�re probably 
listening to bad sound. And it� so 
unnecessary. Today, in 1976. good hi-fi 

This may be stereo . 
But its rwt high fidelity. 

components (as opposed to bad 
I."no-name" stereo systems which are 
ridiculously low-priced and provide 
sound to match) cost no more than 
many unsatisfactory alternatives. 

True� you can assemble a super 
Pioneer system that costs more than an 
automobile. But thafs equipment 
designed for the high-fidelity purist to 
whom expense is no object. 

On the other hand, the Pioneer 
receivel� turntable and speakers shown 
here cost about the same as the console 
pictured at left. And when it comes to 
sound, there's no comparison. 

Pioneer also makes equipment that 
costs still less. So for a few dollal\s more 
than a plastic compact, you can have 
life-size and life-like sound the compact 
could never deliver. 

You see� bad sound is not only 
unnecessary. It� unjustifiable. 

J!�s THRIFT HI·FI 

u.S. Pioneer Electronics Corp., 
75 Oxford Drive, Moonachie, New 
Jersey 07074. 

F or a brochure describing the full 
line of Pioneer high-fidelity components 
and their capabilities, write us. To hear 
our sound with your own ears, visit your 
Pioneer dealer. 

(1.D PIONEER 
Anyone can hear the difference. 
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The new Olympus OM-2 can do things 
that no other 35mm SLR camera can 
do ... things that make picture taking 
easier but, more important, help you 
take better pictures. 

1. Automatic exposure controL 
The OM-2 has a unique automatic 

exposure control system. Unlike 
other cameras, the OM-2 determines 
exposure times automatically by 
reading the light that is actually reflec
ted from the film. You set the aperture 
and the OM-2 sets the exposure. If the 
light changes while the picture is 
being taken, the OM-2 changes the 
exposure time for a perfect picture. 
Other cameras are blind while the 
exposure is being made. 

2. Greater exposure range . 
The OM-2 has an automatic 

exposure range of 1/1000 of a second 
to long, long exposures up to about 
60 seconds ... much greater than other 
cameras. It can take pictures 
automatically that are impossible 
for the others. 

3. Smaller, lighter. 
The new OM-2 is about one·third 

smaller and lighter than conventional 
35mm SLR cameras, yet has a larger, 
brighter viewfinder. It is so rugged and 

dependable that more and more photo
journalists and commercial photog
raphers are switching to Olympus. 

4. Quieter. 
Inside is a unique air dampening 

system which absorbs vibration and 
noise. The OM-2 is uncannily 
quiet, a feature the pros especially like. 

A complete system. 
The OM-2 is part of a complete 

photographic system with over 200 
accessories. You can start with the 
OM-2 camera, and as you advance in 
photography add elements of the 
system like extra lenses from an 8mm 
"fisheye" to a 1000mm telephoto lens, 
interchangeable viewing screens, motor 
drives, and dozens of specialized 
professional and scientific accessories. 
No matter how far you go in photog
raphy, you'll never outgrow Olympus. 

OLYMPUS 
� OM-2 

Marketed in the U.S.A. by Ponder &Best, Inc. Corporate Offices: 1630 Stewart St .. Santa Monica, CA 90406. 
C>Ponder & Best, Inc., 1976 
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caped. Yet in the midst of these priva
tions a vast national enterprise not only 
has been successfully carried through 
but also has included such a representa
tion of the fruits of American industry 
as has never before been seen. In extend
ed commerce due to the closer inter
course with other nations. in the con
sequent impetus to our industries and 
educational system. and in a broader 
cosmopolitan spirit diffused over the 
entire country. we look for the best re
sults yet to be gained from the Centen
nial Exposition." 

"Cellulose prepared from wood is 
now made for paper manufacturers in 
very large quantities. As far back as 
1868 a company made paper from this 
material alone. without the addition of 
rags. Three years afterward five large 
mills were started (by an English com
pany) in Sweden. and in Germany at the 
present time there are six factories in 
which the same process is carried out. It 
is somewhat as follows: the wood of 
pine and fir trees (oak is of no use what 
ever) is cut into small pieces a little less 
than an inch long by half an inch wide 
and a third of an inch thick. which are 
comminuted by passing them into a ma
chine very like a large coffee mill. The 
wood is then boiled. under a pressure of 
10 atmospheres. in a solution of caustic 
soda for about four hours. The residue 
is well washed. bleached. pressed and 
lastly dried and cut up into sizes suitable 
for packing." 

"We have taken pains to enquire into 
a good many cases of alleged spiritual 
manifestation of the objective sort. and 
have failed to discover anything to justi
fy the spiritual hypothesis. Every case 
that has been subjected to real scrutiny 
has been demonstrated to be a more or 
less clever fraud. abetted by a positive 
delusion on the part of the receivers of 
it. and the probability is overwhelming 
that the untested cases-if there are 
any-are of like character. Here is 
where we differ from those who used to 
dispute the theory of gravitation. in
cluding the great German poet and 
philosopher Goethe. They disputed. 
or willfully remained in ignorance of. 
an enormous mass of evidence verifi
able by instrumental and mathematical 
means. evidence that could be verified 
every time by believers. unbelievers and 
the indifferent alike. evidence too that 
no other theory so easily. simply and 
completely satisfied. We. on the other 
hand. refuse to accept the spiritualist in
terpretation of a mass of facts. so called. 
most of which have been proved fraudu
lent or delusive over and over again; 
while for the small residue of fact that 
may be verified the spiritualist hypothe
sis is inadequate. inconsistent with the 
rest of our knowledge and enormously 
difficult of comprehension." 
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NEW books ANd bEST sELLERS 
FROM Ou.t\LiTY PAPERbACk Book CLub 

HERE ARE �� books ThAT QUALiTy 
PAPERbACk Book CLub MutbERS ARE REAdiNG. 
SEE bElow fOR dETAiLs ON how TO GET 

133.1 HE DECLINE AND FALL 
OF THE ROMAN EMPIRE bv 
Edward Gibbon. Abridgment' 
bv O.M. Low. (3 Vois., Boxed) 

54.95 

322. DOSTOEVSKY 
REMINISCENCES bv 
Anna Dostoevskv 

-

Translated and edited bv 
Beatrice Still man 

. 

Photographs. $5.95 

175. MARILY N: A Biography by 
Norman Mailer. More than 100 
photographs. 56.95 

261. BIRDS OF NORTH 
AMERICA; A Personal 
Selection by Elliot Porter 
Photographs. 58.95 ANY} FOR oNly '1 EACk. •• 

r� 
, f . 
ll�Q�---'-

198.58.95 321. 54.50 

356. THE NATURE OF 
ALEXANDER by Mary 
Renault. S7.95 

183. THE ALEXANDRIA 
QUARTET by Lawrence 
Durrell. (4 Vols .. Boxed) 57.95 

283. BURR by Gore Vidal. S3.95 

126. THE FALL. THE PLAGUE 
and THE STRANGER by Albert 
Camus. (3 Vols.) Pub prices 
total 55.55 

114. THE COM PLETE 
GRIMM'S FAIRY TALES 
Introduction by Padraic Caluln 
Illustrated. 55.95 

316. EXILES and PASSAGE 
TO ARARAT by Mich'acl J. 
Arlen. ( I VoL) 54.95 

333.56.95 347.57.95 
119. THE TEACHINGS OF 
DON JUAN. A SEPARATE 
REALITY and JOURNEY TO 
I XTLAN bv Carlos Castaneda 
(3 Vois., Boxed) 58.85 

215. THE HAMMOND WHOLE 
EARfH ATLAS. New Census 
Edition Including Zip Codes 

54.95 

294. TffE EDEN EXPRE%, A 
Personal Account of 
Schizophrenia by Mark 
Vonnegut. 53.95 

338. GETTYSnURG, The 
Final Furv bv Bruce 
Catton. S3.95 

296. HOW TO FIX ALMOST 
EVERYTHING bv Stanlcv 
Schuler. New Rev"ised Edftion 
Illustrated. 55.95 

. � - ---:-1\ ... ::. ..... ::: ... ::: ... _. 

M�ilJFl�� 
VOL' ·1�'}.t*\ICII.� � 

210.511.90 

177. FIFTY Y EARS OF 
RUSSIAN PROSE: From 
Pasternak to Solzhenits\'n 
Edited by Krystyna POrTlOrska 
(2 Vols.) Pub prices total 57.90 

339. THE MAN WHO LOVED 
CHILDREN bv Christina 
Stead.54.95 -

326. THE MIDDLE OF THE 
JOURNEY bv Lionel 
Trilling. 53.95 

231. TROPIC OF CANCER and 
TROPIC OF CAPRICORN bv 
Henrv Miller. (2 Vols.) Pub ' 
prices total 59.90 

328. MOSCOW FAREWELL 
by George Feifer. 54.95 

251. 57.95 270.55.95 

-

151. S8.95 

329. THE BEST SHORT 
STORIES OF RING LARDNER 
S3.95 

340. SALAMBO bv Gustave 
Flaubert. 53.95 . 

341. THE SOUND OF THE 
ONE HAND 281 Zen Koans 
With Answers. Translated. 
with a Commentary bv 
Yoel Hoffman. 54.95 . 

132. CATS CRADLE. 
SLAUGIHERHOUSE-FIVE 
and BREAKFAST OF 
CHAMPIONS by Kurt 
Vonnegut. (3 Vols.) 
Pub prices total 58.35 
115. FINNEGANS \¥AKE and 
ULYSSES by James Joyce. (2 
Vols.) Pub prices tOlal 58.90 
331. ALMOST HOME 
Collected Stories by 
Jonathan Schwartz. 53.95 
304. AMERICA IN 
1876: The Way We ""ere 

by Lally Weymouth 
Designed by Milton 
Glaser. 57.95 
330. THE APARTMENT 
FARMER: The Hassle·Prce 
Way to Grow Vegetables 
Indoors. on Balconies. 
Patios. Roofs and in 
Small Yards by Duane 
Newcomb. Illustrated 

54.95 
222. THE AMERICANS by 
Daniel J. Boorstin. (3 Vols. ) Pub 
prices total 514.85 

318. THE SPORTS BOOK 
An Unabashed 
Assemblage of Heroes. 
Strategies. Records & 
Events. Edited bv Min S. 
Yee and Designed by 
Donald K. Wright 
Illustrated. S6.95 

334. TASSAJARA COOKING 
A Vegetarian Cooking 
Book and THE TASSAJARA 
BREAD BOOK bv Ed\.vard 
Espe Bmwn. (r Vols.) 
Illustrated. Pub prices 
tolal 58.90 

336. V ICTORIAN STUDIO 
PHOTOGRAPHS by Bevis 
Hillier. 57.95 

239. PSYCHOTHERAPY EAST 
& W EST. NATURE. MAN. AND 
WOMAN and THE WAY OF 
ZEN bv Alan Watts. (3 Vols.) 
Pub pr'ices total $5.85 

�---

�. 
S4.95 

274. X-RAYING THE 
PHARAOHS by James E. 
I-Iarris and Kent R. Weeks 
Photographs. 54.95 

279. ZEN AND THE ART OF 
MOTORCYCLE 
MAINTENANCE: An Inquiry 
into Values by Robert M. Pirsig 
54.95 

352. AGAINST OUR WILL 
Men. Women and Rape by 
Susan Brownmiller. $4.95 

228.511.90 

353. THE BOOK OF ABIGAIL 
AND JOHN: Selected Letters 
of the Adams Family. 1762-1784 
Edited by L H. BUlierfield. 
Mal'c Friedlaender and M:lry-Jo 
Kline. $4.95 

354. THE LADY AND HER 
TIGER by Pat Derby with 
Peter S. Beagle. Photos. 
S4.50 

348. PEANUTS JUBILEE 
My Life and Art with 
Charlie Bro·wn and Others 
by Charles M. Schulz 

57.95 

355. SAVING THE QUEEN 
bv William F. Bucklev, Jr. 

54.50 
. 

297. THE JUNI PER TREE 
AND OTHER TALES FROM 
GRIMM. Translated bv 
Lore Segal and Randafl 
Jarrell. Pictures bv 
Maurice Sendak. S4.9S 

357. SUNFLOWER 
SPLENDOR: Three Thousand 
Years of Chinese Poetry 
Co-edited by Wu-chi Liu and 
Irving Yucheng Lo. 56.95 

312. S4.95 305.54.95 

QUALITY PAPERBACK 
BOOK CLUB, INC. 

The Book Club of the '70s 

USE This FORM TO SELECT ANY J books OR SETS 
FOR oNLySl EACh •••. 

QUA LITY PA PERBACK BOOK CLUB. INC. 
Middletown. Pennsylvania 17057 6-0B170-11 

Please enroll me as a member of the Quality Paperback 
Book Club and send me the three books or sets whose 
numbers I've indicated in the boxes at right. Bill me only 
$3 for all three, plus shipping. As a member, J am not 
required to buy another book but for every Main Selection 
I do buy for which there is an established publisher's list 
price, I will receive a 20�o discount of such list price. You 
will send me the QPB Review for at least six months with 
the understanding that you may cancel m�T membership 
at any time thereafter if I have not made -and paid 
for-at least one purchase in any six-month period. A 
shipping charge is added to all shipments. 

INDICATE 
BY NUMBER 

YOUR 
THREE BOOKS 

OR SETS 

Mc l ____________________ �----�--���----------------�1"'6 
Ms. (Please print plainly) 

Address _____________________________________ I\pt. __________ __ 

City & 
State ____________________________________ .1.7i p ______________ _ 

0.34 A 

with no obligation to buy another book ... 
and as a member you'll immediately qualify 
for our Free Book Plan 

HOW MEMBERSHIP WORKS 
I. You will receive the QPB Review fifteen times a year- about every 312 
weeks. This informative catalog describes the Main Selection plus ap
proxi mately one hundred Alternates. On any Main Selection you decide 10 
take, for which there is an established publisher'S list price. you will 
receive a discount of 20% of such Jist price. 

• 

2. If you want the Main Selection, do nothing. It will be shipped to you 
automatically. If you want one or more of the Alternates -or no book. at 
all-just indicate your decision on the reply form always enclosed with 
the Review and return it by the date specified. 
3. Free books. For every book or set you· buy (exclusive of your three 
introductory choices for Sl each), you earn at least one Bonus Point. and 
the Bonus Points you accumulate entitle you to free books and sets. (You 
pay only shipping charges.) 
4. Return privilege. If your Review is delayed in the mail and therefore 
you receive the Main Selection without having had ten days to notify us if 
you did not want it. you may return that Selection at our expense. 

5. Cancellatio.n privilege. You may ca.ncel your membership �henever 
you wish simply by notifying us. We Will send you the QPB Revtew for at 
least six months with the understanding that we may cancel your mem
bership at any time thereafter if you have not made-and paid for-at 
least one purchase in any six-month period. 
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Do Better Woodwork 
with Garrett Wade Tools 

Your woodworking tools are your constant 
companions In your leisure bours. Pick them 
as carefully as you do your friends - for 
tbelr good qualities and compatiblUty. 

Your frlendsblp wltb your Garrett Wade 
tools will last for years, whetber you make 
your own furniture, carve, sculpt, do oc· 
caslonal repairs, or are a cabinet-maker. 
Garrett Wade offers you "a beautiful and 
extepslve line of Imported band tools" and 
"tbe most complete selection" of work
bencbes in tbe U.S. (Popular Mechanics, 
Marcb,1976.) 

It takes fine tools to do your best wood
work. Get your copy of Garrett Wade's 
Yankee Wood Craftsman Catalog-packed 
witb exciting gift Ideas, and information for 
beginner and expert. 

SEND TODAY FOR FREE 64-PAGE FULL
COLOR CATALOG/WOODCRAFT MANUAL 
Garret Wade Company, Inc., Dept. 7 KK 

I 302 Flftb Avenue, New York 10001 I 
I DYes, I want a FREE Garrett Wade Cat- I 
I .� I 
I D I'm in a burry; send It first class mall. I 
I 

I enclose 51.00 postage and handling. I I Name I 
I Address I 

\�!!;--- --_.!.:.-;;;;-.!!!_-_/ 
HOW COLD WAS IT-OF orOC? 
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NEWEST GIFT IDEA! 
Tells what the temperature IS 

Tells what the temperature WAS 

#7413 

This Maxi-Mini thermometer with two scales 
simplifies the coming change-over to the Metric 
system. The present temperature is easy to read 
accurately at the jet black pointer. II moves the 
red Max and Min indicators along. as the tem
perature rises and falls. They always show the 
hOliest and coldest experienced. To reset them 
just rotale the stem below. Beautiful red, white, 
and blue case 2�" diameter. With mounting 
bracket. Thermometer # 7413 sent postpaid 
$7.50 each, 3 for S 18.50. N.Y. residents add sales 
la:\. ForO F only scale specify # 741 O. 

GIANT OIAL THERMOMETER 
Easil� readable 12" diameter �.o5000 
dual C and ·30 to l200r scale. '1�0."'-:' eo 
White aluminum case with red ( 0 _ • eo 

pointer. #7469 sent postpaid '�!, �'. '1I� 
$9.95. For or scale specify '30 . 120 

#7466. #7469 

HUMIDITY INDICATOR 
Wet and dry bulb thermometcrs 
give room temperature and humid
ity computation on hingcd front 
face. Brown and gold plastil' case 
4 x 10" includes water reservoir. 
#7438 sent postpaid $9.40. 

Money Back Guarantee 

BROOKL YN THERMOMETER CO. INC. 

Oept_ A·61 Farmingdale, N. Y. 11735 

THE AUTHORS 
SIDNEY D. DRELL and FRANK 

VON HIPPEL ("LiIl).ited Nuclear War") 
are respectively physicists at Stanford 
University and Princeton University. 
Drell is professor. deputy director and 
executive head of the department of the
oretical physics at the Stanford Linear 
Accelerator Center. He is also chairman 
of the High Energy Physics Advisory 
Panel of the Energy Research and De
velopment Administration (ERDA) and 
a consultant for the Office of Technolo
gy Assessment (OTA). the National Se
curity Council and the Arms Control 
and Disarmament Agency. He has been 
at Stanford since 1956. seven years after 
he received his Ph.D. in physics from 
the University of Illinois. Von Hippel is 
research scientist at the Princeton Cen
ter for Environmental Studies. After re
ceiving his doctorate from the Universi
ty of Oxford in 1962 he became a re
search associate at the Fermi Institute at 
the University of Chicago. Later he was 
a member of the physics' department at 
Cornell University and at Stanford. and 
he has worked at the Lawrence Radia
tion Laboratory of the University of 
California and in the High Energy Phys
ics Division of the Argonne National 
Laboratory. Drell and von Hippel came 
to collaborate on their article through 
their association with the Office of Tech
nology Assessment. Von Hippel worked 
with the staff of the OT A on the original 
calculations on the effects of limited nu
clear warfare. Drell also worked with 
the OT A staff. and he testified on limited 
nuclear warfare before the Senate Com
mittee on Foreign Relations. 

T. G. R. BOWER ("Repetitive Proc
esses in Child Development") is cur
rently visiting professor of psychology 
at the Free University of Brussels. He 
was graduated from the University of 
Edinburgh in 1963 and received his 
Ph.D. from Cornell University in 1965. 

For four years he worked at Harvard 
University on problems of perception. 
ontogenetic and phylogenetic develop
ment. and animal behavior. In 1969 he 
returned to Edinburgh to become lec
turer in the department of psychology. 
In 1974 and 1975 he was a fellow at 
the Center for Advanced Study in the Be
havioral Sciences in Palo Alto. Calif. 

YOICHIRO NAMBU ("The Con
finement of Quarks") is chairman of the 
department of physics at the University 
of Chicago. Born in Japan. he received 
both his undergraduate and graduate 
degrees in physics from the University 
of Tokyo. In 1952 he was invited to the 
Institute for Advanced Study in Prince
ton. "It was a turning point in my life." 
he writes. "because I have been in this 
country ever since." He spent two years 

at the institute before joining thefaculty 
at Chicago. In 1971 he was elected to the 
National Academy of Sciences_ 

D. P. McKENZIE and FRANK 
RICHTER ("Convection Currents in 
the Earth's Mantle") are respectively 
geophysicists at the University of Cam
bridge and the University of Chicago. 
McKenzie is assistant director of re
search in the department of geodesy and 
geophysics at Cambridge. Since receiv
ing his Ph.D. from Cambridge he has 
spent substantial periods at the Scripps 
Institute of Oceanography. the Califor
nia Institute of Technology. the Massa
chusetts Institute of Technology and the 
Woods Hole Oceanographic Institution. 
This year he was elected a Fellow of 
the Royal Society. Richter is assistant 
professor of geophysics at Chicago. 
where he received his Ph.D. in 1972. For 
the next two years he was a research 
associate at M.l.T. During the 1974-

1975 academic year he was a Guggen
heim Fellow; he spent the year in the 
Cambridge department of geodesy and 
geophysics before joining the faculty at 
Chicago. 

MITCHELL GLICKSTEIN and 
ALAN R. GIBSON ("Visual Cells in 
the Pons of the Brain") are at the Walter 
S. Hunter Laboratory of Psychology at 
Brown University. Glickstein is profes
sor of psychology at Brown and a senior 
visiting research fellow in the depart
ment of physiology at the University of 
Oxford. After receiving his Ph.D. in 
psychology from the University of Chi
cago he worked at the California Insti
tute of Technology and Stanford Uni
versity. Before joining the faculty at 
Brown in 1967 he was associate profes
sor at the University of Washington 
School of Medicine. holding a joint ap
pointment in the departments of physi
ology and anatomy. "My principal in
terest is neural science." he writes. "par
ticularly the structure and the function 
of the brain as they relate to the control 
of visually guided movement." Gibson 
is working on a postdoctoral traineeship 
at Brown. He went to Brown after re
ceiving his Ph.D. from New York Uni
versity. 

S. S. HECKER and A. K. GHOSH 
("The Forming of Sheet Metal") are re
spectively metallurgists at the Los Ala
mos Scientific Laboratory and the Sci
ence Center of the Rockwell Interna
tional Corporation. They met at the 
Research Laboratories of the General 
Motors Corporation. where they were 
doing the work on which much of their 
article is based. Hecker worked at the 
General Motors Laboratories from 
1970 through 1973. Since that time he 
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has been doing research at Los Alamos 
that he hopes will "lead to a better ap
preciation of materials problems in nu
clear and new energy ventures." Ghosh 
joined the Physics Department at the 
General Motors Laboratories in 1972 

after receiving his Ph.D. in metallurgy 
and materials science from the Massa
chusetts Institute of Technology. Be
.fore coming to the U.S. from his native 
India, he was graduated in 1966 from 
the engineering school of the Univer
sity of Calcutta. 

THOMAS S. ELIAS and HOWARD 
S. IRWIN ("Urban Trees") are respec
tively the assistant director of the Cary 
Arboretum of the New York Botanical 
Garden and the executive director of the 
New York Botanical Garden. Elias re
ceived his bachelor's and master's de
grees at Southern Illinois University, 
majoring in botany and minoring in zo
ology. He was awarded his Ph.D. at 
Saint Louis University and the Missouri 
Botanical Garden. Before joining the 
Cary Arboretum he was assistant cura
tor of the Arnold Arboretum of Har
vard University and an extension lectur
er. His main interests are trees and 
shrubs, and at the New York Botanical 
Garden he has developed a program for 
the study of shade trees and street trees. 
Irwin joined the Botanical Garden as a 
research associate in 1960 after receiv
ing his Ph.D. in botany from the Univer
sity of Texas. He became associate cura
tor of the Botanical Garden in 1963, cu
rator and herbarium administrator in 
1966, head curator in 1968 and execu
tive director in 1971. 

JAMES A. TUCK and ROBERT J. 
McGHEE ("An Archaic Indian Burial 
Mound in Labrador") are anthropolo
gists at the Memorial University of 
Newfoundland. Tuck is professor of 
archaeology at Memorial University, 
where he has been since 1968, when he 
received his Ph.D. from Syracuse Uni
versity. For the past eight years he has 
been doing archaeological work in the 
northeastern U.S. and in eastern Cana
da, principally in Newfoundland and 
Labrador. During the academic year 
1975.-1976 he was on sabbatical leave 
sponsored by the Canada Council and 
Memorial University. He is currently ex
cavating a stratified Indian and Paleo
Eskimo site on the northern peninsula of 
Newfoundland. McGhee received his 
undergraduate education at the Univer
sity of Toronto and was awarded his 
Ph.D. by the University of Calgary in 
1968. After graduation he accepted the 
position of Arctic archaeologist at the 
Museum of Man of the National Muse
ums of Canada. In 1971 he joined the 
anthropology department of Memorial 
University, where he remained for five 
years. This year he returned to the Mu
seum of Man to become High Arctic 
Archaeologist. 

THE NATURAL TASTE OF MEAD, 
REDISCOVERED 

iJ � N THEFIFTH 
" [,,· YCENTUR� � / , MEAD CAME 

(1 'J ?J TO THE BRITISH 
ISLES AS THE DRINK 0, e OF THE ANGLO, i ) � SAXON AND JUTE 'I' INVADERS: Cit- . 

�A potent, zesty 
and pleasing spirit' 
touched with natural 
overtones of honey, 
herbs and spices. 

,t1Yet, even before 
its arrival in Britain, 
man had an unquench-
able thirst for the = =
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natural taste of mead. Irish Mist. ,jJf It had marched 
with Rome's legions. ,jJ Truly, it is lithe 

natural taste of mead, 
,-l1Ridden with rediscovered:' 

Hannibal across the 
Alps. ,gYou'll find it 

completely unlike any 
,UWas the Viking's other imported liqueur. 

IIDrink of the Gods." Jt-Try it after dinner. 
" f!And the legend-

,gOr on-the-rocks. ary cup of Beowulf. 
,UThen, unaccount- ,it-It is a drink of 

ably, the legendary exceptional character. 

taste of mead became ,i/ With a zest and 
lIa legend lose' smoothness all its own. 

,jJ!Lost for centuries. ,jj Indeed, the perfect 
balance of potency and 

$Until, many years good taste you'd expect 
ago, a legendary Gaelic' . from liThe Legendary 
Chieftain's seven hun- Spirit of Man." 
dred year old recipe for 
the essence of mead ,it-Imported Irish Mist. 
passed into our hands. ,it Rediscover it. 

IRISH MIST: THE LEGENDARY SPIRIT OF MAN 
IMPORTED IRISH MIST"LlQUEUR, 80 PROOF, 01976 HEUBLEIN, INC, HARTRJRD, CONN., U.S.A 
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"A lot of advances in surgery have been 
made possible by better anesthesia -better 
trained personnel-better monitoring equipment" 

Dr. Casey Blitt 
University of Arizona, Health Sciences Center, Tucson 

Anesthesiologist Dr. Casey Slitt, right, administers anesthesia for 
Surgeon Dr. Charles Witte at the Health Sciences Center, Tucson. 
Technological advances in physiological monitoring equipment, 
like this Tektronix monitor, have helped doctors to increase their 
standards of patient care. That's what monitoring is all about. 

Dr. Casey Blitt recalls that as recently 
as ten years ago "if you were dOing 
open-heart surgery. you had a huge, 
$10,000 to $20,000 monitor that was 
about the size of a door with a screen 
the size of a postage stamp, and you 
were lucky if you saw the trace at all. 
If you needed a monitqr for a second 
patient, you were out of luck." 
Tektronix has responded to the need 
for physiological monitors that are 
smaller, easier to read, offer multiple 
functions, have hard-copy capabili
ties, are reliable, and priced to allow 
widespread usage. 
"In Tucson at the present time, and 
in a lot of cities that I know of," com
ments Dr. Blit!, "continuous electro
cardiogram monitoring of every patient 
in the operating room is now th'e anes
thesiology standard of care." Dr. Blit! 
uses a monitor even during routine 
operations, like hernias and gall blad-

ders, because he doesn't want to miss 
critical information. "There are trends 
that can be followed, and followed 
more easily with a continuous monitor
ing device." 
The big operations - open-heart 
cases, big vascular cases, neurosurgi
cal cases, kidney transplants-would 
not be possible without the advances 
in anesthesia, in the training of anes
theSiologists, and in monitoring equip
ment. The problem is not always that 
the surgical procedure is so technical
ly difficult in itself. The surgeon must 
have confidence in the anesthesiolo
gist's ability to keep the patient alive 
during the trauma of surgery. One 
neurosurgical operation in San Diego, 
for example, went on for an incredible 
33 hours. People are being given new 
leases on productive lives. This is 
modern medicine. 

A flotation catheter 
entering the right 
atrium produces this 
characteristic wave· 
form' on the monitor's 
screen. 

, , 

",..-.... ,.,.,.-.... � ............m 
I I J j 

� , 

Now the doctor knows 
that the catheter has 
floated on, and is 
entering the pulmo· 
nary artery. 
• Expanded scale 

What a doctor sees 

The upper waveform is the electro
cardiogram (heart rhythm), an elec
trical signal generated by the heart, 
The lower waveform is a pressure 
trace, produced in this case by the 
flotation catheter. Dual pressure 
traces.on the Tektronix 414FA being 
used by Dr. Blitt yield even more cri
tical information, He can also select 
a digital readout of heart rate (de
rived from the ECG trace), systolic or 
diastolic blood pressure (from the 
peaks and valleys of the pressure 
trace), mean blood pressure, or tem
perature, 
Tektronix' physiological monitors 
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evolved from its oscilloscope tech
nology. What you see on an oscillo
scope screen is the graph of some 
electrical event, or any of a variety of 
phenomena that can be converted to 
electrical signals-heat, sound, pres
sure, strain, velocity, nuclear events, 
acceleration, biomedical signals .... 

Making the big operations possible. 
Doctors think of the heart as two or
gans, or two pumps, right and left. 
Both can fail independently. Since it's 
often extremely important to know 
which is failing, both sides must be 
monitored. 
Pulmonary artery catheterization, 
commonly called "the Swan-Ganz 
technique," is one answer to a safe 
way to monitor the left side of the heart 
-from the right side, rather than en
tering from the left, which has always 
been more invasive. A balloon-tipped, 
flotation catheter is inserted into a 
large vein, such as the internal jugular 
in the neck, and advanced into the 
right side of the heart, traversing the 
right ventricle, and then advanced into 
the pulmonary artery. The inflated bal
loon lodges in a vessel smaller than its 

Newborn babies in trouble are trans
ported from outlying hospitals by med
ical personnel trained by Neonatologist 
Dr. Tom Harris, Tucson. Neonatology is 
a pediatric subspecialty. Nationwide, re
gionalization of newborn care has dra
matically increased the need for trans
port services. Dr. Harris and his staff 

own diameter. The resulting "wedge" 
pressure allows the doctor to monitor 
the integrity of the left side of the heart. 
Continuous pressure-waveform dis
play is mandatory when inserting a 
pulmonary artery catheter. 

More than an operating room need. 
Compact monitoring units that clearly 
displayed pressure waves changed 
medical practices and improved pa
tient care. Now there are monitors in 
recovery rooms, intensive-care units, 
and they're used in transport situa
tions, including in-hospital transport. 
In moving patients from room to room, 
floor to floor, up and down ramps, vital 
signs can be monitored second by 
second. It's the early warning system 
that might make a critical difference in 
patient care. 
The trend in monitoring appears to be 
away from large, centralized systems. 
The concern is the cost of the failure 
of the whole system. Many hospitals 
are working toward each room being 
able to stand on its own. 
Lower monitor prices make it possible 
for smaller hospitals to expand their 
health care capabilities. Dr. Blitt points 
out that "there are an awful lot of 
rural and community hospitals that 
have a need for intensive-care capa
bilities." Even if it's only to stabilize 
the patient's condition before transport 
to a major medical center. 

depend heavily upon physiological moni
tors for continuous information about the 
vital signs-a newborn baby's condition 
can deteriorate extremely fast. The bat
tery-operation feature of the Tektronix 
414 monitor can be a lifesaver in trans
port situations. 

Tektronix has been working to remove 
the cost barriers to the even wider use 
of superior patient monitors. For ex
ample, the new Tektronix 414 Portable 
P a t i e n t  M o n i t o r ,  s h o w n  b e l o w ,  i s  
priced at $2,700, sometimes enabling 
a hospital to have four monitors for the 
price of a competitive unit with com
parable features. 
The optional 400 Series Recorder at
taches directly to the monitor and pro
vides permanent, paper-strip copies 
of monitored data. 
These are just two of the over 835 
Tektronix products serving the test, 
measurement, and information display 
needs of customers worldwide. For 
additional information about our medi
cal products, contact Reagh Stubbs, 
Medical Products Marketing Manager, 
Tektronix, Inc., P. O. Box 500, Beaver
ton, Oregon 97077. By phone - call 
free by using our Medical Products 
WATS line 800-547-4804. 

TEKTRONIX,;; 
committed to excellence 

© 1976 SCIENTIFIC AMERICAN, INC



Engineering, performance, luxury, comfort. The Lancia standard for 70 years. 
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Limited Nuclear War 

The U.S. may be committing itself to preparing for a war limited 

to attacks on military bases, with relatively few civilian casualties. 

Would the casualties really be few, and could the war stay limited? 

by Sidney D. Drell and Frank von Hippel 

F
or more than a decade U.S. strate
gic policy has been dominated by 
the recognition and acceptance of 

a few simple facts: We and the Russians 
are each other's nuclear hostages; in the 
event of nuclear war neither this country 
nor the U.S.S.R. would be able to de
fend itself against virtual annihilation; 
even if one side were to initiate the war 
with a massive preemptive attack, the 
other would retain an "assured destruc
tion" capability, the ability to devas
tate the attacker. In one form or another 
this recognition has underlain most of 
the past quarter century of mutual de
terrence. 

It has also been recognized, however, 
that nuclear weapons might be launched 
with restraint on both sides, with less 
than devastating results. President Nix
on emphasized in 1 970 the importance 
of having options other than "massive 
retaliation" for replying to a small (and 
possibly accidental) attack. That formu
lation of flexible response was nothing 
new. U.S. leaders have for many years 
had the option of launching a limited 
nuclear attack rather than an all-out 
one. The requirements of flexible re
sponse were expanded, however, by for
mer Secretary of Defense James R. 
Schlesinger in Congressional testimony 
on March 4, 1974. According to his for
mulation, the U.S. should include in its 
flexible-response repertory the possibili
ty of replying to a limited nuclear attack 
with selected strikes, notably "counter
force" strikes targeted against enemy 
military installations. Schlesinger ar
gued that such strikes would be qualita
tively different from intentional attacks 
on population centers, reducing the 
probability that a limited nuclear war 
would escalate into a massive exchange 
resulting in large civilian casualties, and 

that a flexible capability would make 
the possibility of a U.S. nuclear attack 
more credible and would thus increase 
the leverage provided by U.S. nuclear 
forces in international confrontations. 

Since 1 974 Schlesinger and other de
fense spokesmen have emphasized what 
they now seem to regard as two neces
sary new ingredients of a flexible-re
sponse strategy. One is the development 
of intercontinental ballistic missiles 
(ICBM's) capable of destroying "hard
ened" Russian military targets, such as 
missiles emplaced in blast-resistant un
derground silos. The other is a major 
expansion of the civil defense program, 
which has been largely inactive since the 
early 1 960's. The purpose of the civil 
defense program would be to improve 
the credibility of the U.S. limited-nucle
ar-war posture by protecting the civilian 
population from the effects of limited 
Russian nuclear attacks. The new em
phases give more weight to achieving a 
capability for fighting and "winning" a 
limited nuclear war. 

This proposed shift in strategy and the 
weapons-development and civil defense 
measures being sought to support it 
have come under attack on two broad 
grounds. First, detailed calculations 
based on the properties of nuclear weap
ons of the coming decade suggest that 
the casualties from any militarily signifi
cant nuclear counterforce strike would 
be so devastatingly high that this con
cept of limited nuclear war loses mean
ing. Second, a counterforce strategy 
founded on the ability to destroy ene
my ICBM's increases the chances of nu
clear war. 

In his testimony before a subcommit
tee of the Senate Committee on For

eign Relations in March, 1974, Schles-

inger supported his advocacy of such a 
counterforce capability by suggesting 
that a counterforce strike against the 
U.S. might result in "hundreds of thou
sands" of civilian casualties "as opposed 
to tens and hundreds of millions," which 
could result from an all-out nuclear ex
change. Several senators were skeptical 
that a militarily significant strike could 
cause so few casualties; Senator Clifford 
P. Case of New Jersey in particular 
asked that the basis for the casualty cal
culations be further explained. In Sep
tember, Schlesinger returned with De
partment of Defense computer calcula
tions on the consequences of limited nu
clear war. The figures indicated that if 
extensive civil defense protection were 
available and taken advantage of, a Rus
sian attack on all 1 .054 Minuteman and 
Titan ICBM's, with one one-megaton 
warhead targeted on each silo, would 
cause about 800,000 civilian deaths. 
Schlesinger concluded from this that 
"the likelihood of limited nuclear at
tacks cannot be challenged on the as
sumption that massive civilian fatalities 
and injuries would result." 

Some senators were still skeptical. 
and the Congressional Office of Tech
nology Assessment (OT A) was asked to 
review the Defense Department calcula
tions. An expert panel including one of 
the present authors (Drell) reported 
back in February, 1975, that "the casu
alties calculated were substantially too 
low for the attacks in question as a result 
of a lack of attention to intermediate 
and long-term effects" of the nuclear ex
plosions. Pointing out that the Russian 
strike postulated by the Defense Depart
ment was "evidently not designed to 
maximize destruction of U.S. ICBM's," 
the panel insisted that a real Russian ef
fort to cause maximum damage to U.S. 

27 

© 1976 SCIENTIFIC AMERICAN, INC



MINUTEMAN III missile combat-crew commander's console con
trols the launching of a flight of 10 missiles. The keyboard (fore-

-

II 

MINUTEMAN II console shown here is that of the deputy combat
crew commander. The consoles are in underground launch-control 
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ground) is that of the Command Data Buffer system, which makes 
possible the resetting of targets in on-board computers in 36 minutes. 

centers. The U.S. has 450 Minuteman II's and 550 Minuteman Ill's, 
the latter with multiple independently targetable reentry vehicles. 
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strategic forces with weapons currently 
deployed or under development would 
in fact "inflict massive damage on U.S. 
society." The panel raised specific ques
tions about some of the assumptions un
derlying the Defense Department's cal
culations, and it also asked for estimates 
of the probable degree of damage to 
U.S. military targets for postulated at
tacks. This is a critical point, since it 
would be specious and misleading to 
calculate a low casualty figure for some 
imagined trivial-and therefore unlike
ly-counterforce attack. 

In response to the panel's critique De
fense Department analysts tested the 
sensitivity of their calculations to the as
sumptions challenged by the panel and 
estimated the effectiveness of various 
possible Russian strikes. In what follows 
we shall consider these issues and some 
of the underlying technical factors. We 
shall draw in part on the Defense De
partment's results, which were reported 
in July, 1975, and also on an indepen
dent analysis, produced by Henry C. 
Kelly of the staff of the Office of Tech
nology Assessment in collaboration 
with Richard L. Garwin and one of us 
(von Hippel), presented to the Commit
tee on Foreign Relations that Septem
ber. What emerges is this: Strikes caus
ing relatively few casualties would be 
militarily insignificant; strikes inflicting 
appreciable damage on U.S. strategic 
forces would cause very large civilian 
casualties; even the most comprehen
sive counterforce attack that was postu
lated would leave the U.S. with such 
massive retaliatory capability as to 
make the counterforce strategy appear 
to be ineffective from the Russian point 
of view. 

We begin by examining the tech
niques for calculating the civilian 

casualties resulting from a nuclear at
tack. Casualty levels depend sensitively 
on many factors, such as the nature of 
the attack, weather conditions and civil 
defense protection. The basic physics of 
warhead effects, however, is fairly well 
established and widely known; it is set 
forth most comprehensively in The F;!
feets of Nuclear Weapons, a publication 
of the Department of Defense and the 
Atomic Energy Commission, edited by 
Samuel Glasstone, that was published 
originally in 1957 and in revised form 
in 1 962. 

For a low-altitude nuclear explosion 
releasing the energy equivalent of a mil
lion tons (one megaton) of TNT the im
mediate effects of blast, heat and nu
clear radiation would extend over an 
area around ground zero with a radius 
of about 10 miles. At military targets 
near populated places, such as naval 
shipyards, missile-submarine bases and 
some command centers, the Defense 
Department calculated that blast fatali-

ties alone would be between 50,000 and 
100,000 per one-megaton warhead ex
ploded high enough so that local radio
active fallout would not be a hazard. 
For military targets in places with a 
low population density, casualties from 
these immediate effects would be much 

lower. For such targets it is radioactive 
fallout that would account for most of 
the civilian casualties, and the fallout 
from a Russian attack on a Minuteman 
base could be lethal many hundreds of 
miles downwind. Considering the weap
ons that are deployed today or are likely 

10 MILES 

CAUSE EFFECT 

THERMAL 
BURNS AND FIRES, POSSIBLE FIRE STORM 

RADIATION 

� BLAST 
CASUALTIES FROM BUILDING COLLAPSE 

AND FLYING GLASS 

� NUCLEAR RADIATION DEATHS 
RADIATION 

IMMEDIATE EFFECTS of a nuclear explosion are due to the initial nuclear radiation, the 
air blast and the thermal radiation. The approximate radii at which the various effects would 
be significant are given here for a one-megaton nuclear warhead exploded near the surface. 

DOSE (IN REMS) 

IF DELIVERED IF DELIVERED EFFECT 

OVER ONE WEEK OVER ONE MONTH 

150 200 
THRESHOLD FOR 

RADIATION ILLNESS 

250 350 5 PERCENT MAY DIE 

450 600 50 PERCENT MAY DIE 

BIOLOGICAL EFFECTS of nuclear radiation vary with the rate at which a dose is delivered. 
The dose unit, the rem, takes into account the relative effectiveness of the type of radiation. 
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1 "bHELIUM 
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(1 SECOND) (25 MINUTES) 

MOLYBDENUM 104 TELLURIUM 131 

(1.6 MINUTES) 

TECHNETIUM 104 IODINE 131· 

(18 MINUTES) (8 DAYS) 

RUTHENIUM 104 XENON 131 

FISSION PRODUCTS, the source of fallout radiation, are produced in the chain of events fol
lowing a nuclear explosion, in this case a typical fission-fusion-fission explosion. Heated by an 
initial fission explosion, the hydrogen isotopes deuterium and tritium fuse to form helium, re
leasing an energetic neutron (colored arrow). The neutron enters the nucleus of a uranium-
238 atom, making it unstable; it fissions, releasing four neutrons and two radioactive daughter 
nuclei, or fission products. The fission products emit beta rays, or electrons (broken ar
rows), and gamma rays (wavy arrows), thus decaying to form new products. Each decay chain 
ultimately terminates in a stable isotope. For each transition there is a characteristic half-life, 
which tends to become longer as the stable stage is approached. Other decay chains, not illus
trated here, produce the important long-lived radioisotopes strontium 90 and cesium 137. 
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to become available in the next decade. 
such an attack might be delivered by one 
megaton or two megatons of nuclear ex
plosive fuzed to detonate near the sur
face at each of the 1 50 or 200 hardened 
ICBM silos at the base. 

Radioactive fallout originates with 
the thousands of tons of soil. rock and 
other material that would be melted or 
vaporized by the heat of each explosion 
and mixed with its radioactive by-prod
ucts. This debris would be carried to a 
height of some eight miles with the ris
ing fireball. In the stratosphere the fire
ball would cool and the larger particles 
would descend to the ground within a 
day or so. over an area extending some 
hundreds of miles downwind. as "local" 
fallout. The smaller particles would 

- drift great distances and eventually de
scend as global fallout. 

The hazards of local fallout were 
dramatized by the events that followed 
the first U.S. test of a fission-fusion-fis
sion bomb (with a yield of 15 megatons) 
at Bikini Atoll on March 1. 1 954 [see 
illustration on opposite page]. Fishermen 
80 miles downwind received radiation 
doses that ultimately killed one of them. 
At the south end of Rongelap Atoll. 1 00 
miles downwind. people suffered severe 
short-term and long-term radiation ef
fects. If they had been living at the north 
end of the atoll. the higher radiation lev
els there would almost surely have 
killed them. 

If people in the local-fallout zone did 
not (as the residents of Rongelap did) 
ingest contaminated food and water. the 
principal hazard would be external radi
ation from radioactive particles. (Most 
of the particles in local fallout would be 
too large for inhalation into the lungs.) 
If people did not stay outdoors and 
come into direct contact with fallout. 
thereby sustaining burns caused by beta 
particles (the short-range electrons 
emitted by radioactive nuclei). the ma
jor hazard would be the more penetrat
ing gamma radiation. 

In order to determine the distribution 
and consequences of local fallout one 

needs to know the fission yield and 
height of burst of each warhead. the bio
logical effects of a given absorbed radia
tion dose. the dependence of the fallout 
pattern on weather conditions. the de
gree to which the population is sheltered 
and the geographic distribution and to
tal megatonnage of the attack. Predic
tions of fatalities and injuries are sensi
tive to the assumptions one makes about 
each of these factors. which we shall 
consider in turn. 

The radioactivity in the fallout would 
come mostly from fission. A "thermo
nuclear" weapon is typically a fission
fusion-fission device. A "small" fission 
explosive (one of the chain-reacting iso
topes uranium 23 5 or plutonium 239) 
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HAZARDS OF LOCAL FALLOUT downwind from a tbermo
nuclear explosion were dramatized by tbe U.S. test of a IS-megaton 
fission-fusion-fission bomb on Bikini Atoll on Marcb 1, 19S4. Tbe 

measurements (black numbers) give tbe total dose, in rems, tbat 
bad accumulated 96 bours after tbe explosion. Contour lines calcu
lated on tbe basis of tbose measurements outline tbe fallout pattern. 

triggers a fusion explosion involving, 
for example, the hydrogen isotopes deu
terium and tritium. The high-energy 
neutrons emitted by the fusion reactions 
then fission the nuclei of a large amount 
of the non-chain-reacting isotope urani
um 238, releasing more fission energy 
[see illustration on opposite page]. In the 
Defense Department calculations 50 
percent of the energy release was as
sumed to be due to fission, and that is a 
representative fraction. 

The biological consequences of gam
ma radiation depend on the total dose 
received and the time period over which 
it is delivered. The median lethal radia
tion dose was taken by Defense Depart
ment analysts to be 450 rems for doses 
received within a few days. (The rem, 
standing for "roentgen equivalent man, " 
is a unit of the biological effect of radia
tion.) For doses delivered over a longer 
time the lethal dose was taken to be 
somewhat higher because, given time, a 
biological system can repair a consider
able amount of radiation damage. The 
effective dose suffered by the exposed 
population when the rate of repair just 
balances the rate of damage being done 
by the decaying ambient field of radia
tion would be the "maximum biological 
dose" and would determine the lethality 
of the 'exposure. 

Death from radiation sickness would 
be neither quick nor painless. As de
scribed in the Glasstone book, "the ini
tial symptoms are ...  nausea, vomiting, 
diarrhea, loss of appetite and malaise." 
Beginning two or three weeks after the 
exposure "there is a tendency to bleed 
into various organs, and small hemor
rhages under the skin ...  are observed." 
Spontaneous bleeding from the mouth 
and intestinal tract is common. "Loss 

of hair ... also starts after about two 
weeks. . .. Ulceration about the lips 
may ...  spread from the mouth through 
the entire gastrointestinal tract." Even
tually "the decrease in the white cells of 
the blood and injury to other immune 
mechanisms of the body ... allow an 
overwhelming infection to develop." 
One has only to multiply that descrip
tion by the millions to get a partial pic
ture of the possible consequences of 
"limited" nuclear attacks on the U.S. 
and the U.S.S.R. 

I f the fresh fission products from one 
megaton of fission were spread uni

formly over a perfectly flat area of 1 ,000 
square miles, the gamma-ray dose rate 
one meter above the ground would be 
about 250 rems per hour after 1 0  hours. 
For human beings the median lethal 
dose at such a high dose rate is about 
450 rems. The gamma-ray dose rate 
would decrease about sixteenfold for 
every tenfold increase in time for the 
first six months after the explosion and 
more rapidly thereafter. In our example 
the radiation intensity would be down to 
about 1 5  rems per hour after four days 
and about one rem per hour after 40 
days. For a person remaining in the ra
diation zone, however, the cumulative 
dose would continue to rise significantly 
for quite a long time. Consider the local 
fallout beginning about 10 hours after 
an explosion, which is a typical time for 
the fallout to reach ground level. A full 
40 percent of the dose accumulating af
ter that time would remain to be deliv
ered after four days, and 25 percent of it 
would still remain to be delivered after 
40 days. 

The height of burst of the warheads, 
which has an important influence on the 

amount of fallout deposited downwind, 
would be affected by the choice of tar
get. In the counterforce attacks envi
sioned by the Defense Department most 
of the mega tonnage would be directed 
against underground Minuteman silos. 
The Department reported that the Min
uteman-killing effectiveness of surface 
bursts and of airbursts at the "optimum 
height of burst" would be about equal. 
(The optimum height of burst is the 
height that, for a given yield, provides a 
blast pressure exceeding a certain value 
over the largest area; for a one-megaton 
yield and an overpressure of 1 ,000 
pounds per square inch it would be 
about 1 ,000 feet.) The attacker would 
thus be faced with a trade-off. On the 
one hand a surface burst does not have 
to be as precisely placed as an airburst 
(an important consideration, since at
tacks on hardened targets put a high pri
ority on accuracy). On the other hand, 
Defense Department calculations show 
that, other things being equal, for an at
tack on the U.S. ICBM's fallout fatali
ties could be four times higher for sur
face bursts than for airbursts. 

The fireball from a one-megaton nu
clear explosion and the fission products 
it contains rise rapidly until the top of 
the cooling fireball cloud enters the 
stratosphere, about six miles above sea 
level at middle latitudes. At a height of 
about eight miles the cloud stabilizes, 
with its fission products spread over an 
area about four miles in diameter. An 
average settling time for the local fall
out from a one-megaton explosion 
might be about eight hours. The settling 
time and the average speed of the winds 
between the top of the fireball cloud and 
the ground determine how far the parti
cles drift downwind. For a typical aver-
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age wind velocity of 20 miles per hour 
the average drifting distance would be 
1 60 miles. (The settling time also deter
mines the extent to which short-lived ra
dioactive isotopes decay harmlessly be
fore reaching the surface.) The width of 
the fallout pattern is determined primar
ily by the differences in the speed and 
direction of the winds to which particles 
are subjected at various heights in the 
cloud. For a typical wind shear of one 
mile per hour per mile of height and 
an average wind speed of 20 miles per 

2 
100 �--------�M�IS�S� O�U7.R�I--------,-���� ----------------------r---, 

ill" SPRINGFIELD 
-' . � 50 KANSAS CITY------------------'...,...----------�--------------_+--__i 
o 
z 
3: -=::.=-=..-:..-------

� OH-----�------------------_; 
o 
a: 
u 
w 
U 
z 50�------------------------------��----------------_7L-----__1 � 
(/) 
Ci 

100WL ______________________________________ � ________ L_ ________ ___' 

hour, the pattern of fallout 1 00 miles 
downwind from ground zero would be 
about 25 miles wide. 

Clearly the number of casualties de
pends to a considerable degree on what 
weather conditions are assumed. In the 
Defense Department calculations the 
total casualties from one postulated at
tack were three times higher with typical 
March winds blowing than they were 
with typical June winds. Such variations 
are largely due to changes in wind direc
tion and wind speed that cause the fall
out pattern to cover certain densely pop
ulated areas or miss them. Consider the 
fallout pattern downwind from the Min
uteman wing at Whiteman Air Force 
Base in central Missouri after a Russian 
attack by two one-megaton surface 
bursts (with 50 percent of the yield from 
fission) on each of the base's 1 50 silos. 
With an average wind velocity of 20 
miles per hour the lethal fallout zone 
for people indoors would stretch to the 
Illinois-Indiana border; with an aver
age wind velocity of 60 miles per hour 
(which is not an unusual speed high 
in the troposphere, where the fallout 
would be for most of the time before it 
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DIST ANC E DOWNWIND (MILE S) 

FALLOUT PATTERNS are shown for attacks by one-megaton 
warheads (with 50 percent of their explosive yield from fission) ex
ploded at the surface on ICBM's at Whiteman Air Force Base in 
Missouri, The contours correspond to maximum biological doses of 
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1,350 rems outdoors, or 450 rems (50 percent fatalities) inside an av
erage residence (solid line); 450 rems outdoors (broken line), and 
150 rems outdoors (dotted line), the approximate threshold for fatali
ties. The four patterns are for a single warhead (1), for one warhead 
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settled to the ground) it would stretch all 
the way to the Virginia border [see illus
tration on these two pages]. The area with
in the lethal-dose contour would be very 
large: about 2 percent of the land area of 
the continental U.S. 

There are six Minuteman bases from 
which comparably massive fields of le
thal radiation would extend, and three 
IS-missile Titan bases as well. Hence 
in the event of a counterforce strike 
against U.S. missiles a substantial por
tion of the U.S. would be covered by the 
downwind radiation patterns from the 
thousands of nuclear explosions. And a 
significant fraction of the population, 
including the residents of many major 
Middle Western cities, would be in the 
zones of lethal radiation [see illustration 
on next page]. Presumably a map of the 
U.S.S.R. would show a similar pattern 
for a U.S. counterforce attack on that 
country. 

The consequences of being caught in 
the fallout pattern downwind from a 

low-altitude or surface fission explosion 
would depend, of course, not only on 
the level of ground contamination but 
also on where one took refuge. Current
ly the U.S. civil defense program re
quires that for a shelter space to be iden
tified as such it must shield against all 
but 1 to 2 percent of the fallout gamma 
radiation. The degree of protection a 
given shelter provides is characterized 
by its "protection factor, " which is the 
reciprocal of the fraction of radiation 
that penetrates it. The current require
ment is therefore a protection factor of 
50 to toO. That degree of shielding can 
be provided by cover of approximately 
two feet of dirt or 1 6  inches of concrete. 
Those parts of a single-story residence 
that are above ground level have a pro
tection factor of 3. The basement of the 

residence may have a protection factor 
of 20 to 40 if it is completely below 
ground level and therefore receives 
gamma radiation almost entirely from 
fallout that lands on the roof of the 
building. 

In the Defense Department calcula
tions the postulated distribution of pro
tection factors corresponds to assuming 
that about 60 percent of the people in 
the U.S. would seek and reach the best 
shelter available in their area [see top 
illustration on page 35]. The 40 percent 
who did not seek shelter or for whom 
shelter was not available were assigned 
a protection factor of 3, that of an aver
age residence. It was found that halv
ing the protection factors increased 
the number of deaths by more than 50 
percent. 

It is important to note that the De
fense Department analysts assumed that 
people would remain sheltered for 30 
days. At the current level of civil de
fense preparation it is highly unlikely 
that the population could remain so well 
sheltered for such a length of time. For a 
limited nuclear war to be taken seriously 
as a policy option-as a realistic threat 
in a confrontation with the U.S.S.R.
it would be necessary to make much 
better shelter arrangements. In other 
words, the U.S. would have to embark 
on a greatly enlarged civil defense pro
gram. 

Indeed, the development of civil de
fense procedures requiring the massive 
evacuation and relocation of popula
tions during crises has recently been 
proposed in the annual U.S. defense 
budget request as a necessary adjunct to 
the new strategy. The preparations re
quired for such mass movements and 
for the support of the population for 
long periods away from home would 
have a major impact on U.S. peacetime 

society. Identified shelter spaces and 
evacuation plans by themselves would 
not constitute an effective civil defense 
program; a total system would have to 
be organized and woven into civilian life 
through training programs, rehearsals 
and volunteer activities. 

An idea of the magnitude of a civil de
£\. fense program that could achieve 
high shelter occupancy and maintain it 
for several weeks or longer can be 
gained from the system envisioned by 
the 1962 U.S. civil defense guide. The 
plans, which were never implemented, 
contemplated that for every shelter ac
commodating 100 civilians there should 
be an operating cadre of 25 ,  of whom 
10 or 12 would need training. That is. 
10 percent of the sheltered population. 
or 20 percent of the adult population. 
would have to be trained. To recruit 
such a large cadre the Government 
would have to look beyond existing 
community safety personnel such as po
licemen, firemen and National Guard 
units. 

One task of these trained people 
would be to operate communication 
systems over substantial distances in or
der to deal with any local shortage of 
food, water or medical supplies. They 
would also have to know how to use 
radiation dosimeters, because in the im
mediate postattack period the fallout 
levels could vary greatly from one place 
to another. (Like snow, radioactive de
bris accumulates where it is driven, de
pending on the wind, the weather and 
the topography, including buildings. 
There could be pockets of relative safety 
in the midst of areas with lethal levels of 
radiation.) The trained cadre would 
have to provide leadership in the long 
period of extreme social duress after the 
attack and reestablish services for a so-
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DISTANCE DOWNWIND (MILES) 

on each of the 10 silos in a flight (gray circle) of Minutemen (2) and 
for two warheads on each of the 150 silos in Whiteman's 15 fligbts 
(3 and 4). The large difference between the bottom two patterns is 
the resnlt of a change in the assumed wind speed. In all fonr cases the 

wind. is assumed to blow toward the east. In the first three examples 
the wind speed is assumed to be constant at 20 miles per hour. In the 
bottom example the wind speed is assumed to be 60 miles per hour 
(averaged at altitudes between the surface and the stratosphere). 
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ciety with a large population of sick. in
jured and dying citizens. It should be 
noted that Defense Department calcula
tions of the consequences of limited nu
clear war are almost certainly serious 
underestimates. For example. the calcu
lations omit any estimate of what may 
be one of the gravest consequences of 
all: the disruption of the intensely inter
dependent components that enable a 
modern society to function. The difficul
ties imposed on a society trying to re
cover with totally unprecedented levels 
of mortality and morbidity, with insuffi
cient medical care and with profound 
dislocations in the supply of food and 
water are simply ignored. Moreover, the 
calculations omit any consideration of 
long-term consequences such as the mil
lions of genetic defects and cases of 
cancer that would occur worldwide in 
the decades after the postulated nuclear 
attack. 

A higher level of public awareness 
and concern and a willingness to partici
pate in repeated civil defense exercises 
would be required if the U.S. intended 
to develop a viable system for a massive 
evacuation and shelter. In the absence of 
sustained preparation chaos and panic 
would surely ensue at the time of an 
attack. It is difficult to see how commit-

DAVIS-MONTHAN 

ment to such plans could be obtained 
without a deliberate and sustained in
tensification of public apprehension 
concerning a nuclear war. One of the 
lessons of the relatively ineffective civil 
defense program of 1961 and 1962 was 
that the large expenditures for civil 
defense and the inconveniences of a 
major shelter program could only be 
made plausible to the American public 
by exaggerating the probability of nu
clear war. 

Today we are again hearing allega
tions that the U.S.S.R. is developing and 
rehearsing civil defense plans involving 
the evacuation and relocation of large 
populations. along with the dispersal 
and hardening of industry. These pro
grams are cited to indicate that the U.S. 
may be losing its deterrent and to spur a 
renewed U.S. civil defense effort. What 
evidence is there in support of these alle
gations? 

The Russians have written much on 
the subject and have given their people 
more intensive exposure to civil defense 
than Americans have received. Appar
ently they have also spent much more 
money on plans and organizations and 
have involved in exercises small num
bers of individuals with key skills. In 
view of the unprecedentedly large scale 

- -- --
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of the nationwide disaster being consid
ered. however, an effective civil defense 
program would surely have to include 
among its essential components full
scale rehearsals and survival-living ex
ercises involving the population. If there 
had been any such rehearsals. we would 
have heard about them. They would be 
very difficult to conceal, and many peo
ple who would have participated in 
them or would have had knowledge of 
them have now left the U.S.S.R. and 
would have called attention to them. 
Yet no evidence of such exercises has 
been presented. The editor of the U.S. 
Government translation of the official 
Russian civil defense manual for 1974 
comments that "the Soviet Union has 
not conducted mass shelter living exper
iments or even simulated ones as has 
been done in the U.S. " Plans and manu
als are very different from an effective 
operating system. 

The Defense Department's response 
of July, 1975,  presented new casu

alty figures and also estimates of the 
military effectiveness of the postulated 
attacks. According to the new calcula
tions, a strike with two 5 50-kiloton war
heads, one a surface burst and the other 
an airburst, against each of the 1.054 

COUNTERFORCE ATTACK o n  all Titan (white squares) and 
Minuteman (color squares) ICBM bases, with two one-megaton sur
face bursts (50 percent fission yield) per silo, could produce these 

patterns. Each inner contour delimits a 450-rem dose indoors (50 
percent fatalities) and each outer contour a ZOO-rem dose indoors 
(50 percent hospitalized). Typical March wind speeds are assumed. 
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U.S. ICBM silos would cause 5 .6 mil
lion fatalities (assuming a 25 percent re
duction of the population-protection 
factors given above) and destroy only 42 
percent of the silos. A heavier strike 
with two three-megaton warheads, one a 
surface burst and the other an airburst, 
directed at each silo would cause 18.3 
million fatalities and destroy 80 percent 
of the silos. A "comprehensive" attack, 
with two one-megaton surface bursts on 
each ICBM silo and strikes against the 
46 Strategic Air Command (SAC) bases 
and the two bases for ballistic-missile 
submarines, would cause 16.3 million 
fatalities and destroy 57 percent of the 
ICBM's, 60 percent of the bombers 
caught on the ground and 90 percent of 
the missile submarines in port [see bot
tom illustration at right]. 

The effectiveness of all these attacks 
would be somewhat higher if one as
sumed that the incoming missiles were 
more accurate and would be somewhat 
lower if one assumed that the attacking 
force was less than 100 percent reliable. 
An additional factor in a massive attack 
involving many warheads arriving at 
about the same time in the same area is 
"fratricide" among the incoming mis
siles. In a concentrated attack the atmo
spheric disturbances created by the first 
warheads to arrive must necessarily de
stroy, disable or deflect many of the 
warheads that arrive later. Only the al
most perfect synchronization of the ar
rival of warheads that are aimed at the 
same silo or nearby silos can avoid this 
effect. 

In any case it is clear that even with a 
massive attack resulting in enormous 
devastation, including the direct death 
of 20 million Americans, the U.S.S.R. 
would have accomplished little of stra
tegic military value. After the heaviest 
of the anti-ICBM strikes considered by 
the Defense Department, more than 200 
ICBM's would survive: an overwhelm
ing retaliatory force even if one ignores 
the SAC bombers, the missile subma
rines and the thousands of U.S. tactical 
nuclear weapons deployed overseas and 
on aircraft carriers. It is therefore at 
least misleading to suggest that a suc
cessful and strategically effective coun
terforce attack could be carried out with 
low civilian casualties. 

Amajor danger associated with a poli
cy reorientation that emphasizes 

preparations for actually waging a limit
ed counterforce war is that it would tend 
to undermine the stability of the strate
gic balance. Flexibility is one thing and 
an efficient hard-target kill capability is 
another. Flexibility is inherent in the 
wide range of U.S. strategic weapons, 
which are targeted on a variety of urban, 
industrial and military objectives. Any 
one or any 100 of these weapons could 
be launched selectively. Furthermore, 
each missile or bomber has multiple tar-
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PROTECTION FACTORS 

"SHELlER POSTURE" assumed in Department of Defense calculations is given by bars 
showing what percent of the population is in shelters that have given "protection factors" (the 
inverse of the proportion of outside gamma radiation penetrating the shelter). A protection 
factor of 3 is roughly that provided on the ground floor of a one-story residence; the basement 
of a one-story frame house could provide a factor of 15 to 20, that of a two-story brick house 
as much as 50. A trench covered by two feet of earth provides a protection factor of about 100. 
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FATALITIES estimated for five postulated Russian counterforce attacks are shown: one 
one-megaton airburst on each U.S. ICBM silo (A); the same attack with surface bursts (B); 
two 550-kiloton warbeads per silo, one airburst and one surface burst (C); two three-megaton 
warheads per silo, one airburst and one surface burst (D); a "comprehensive" attack, with two 
one-megaton surface bursts per silo and with airbursts over all 46 Strategic Air Command 
bases and the two ballistic-missile submarine bases (E). In the last three cases the shelter pos
ture shown in the iUustration at the top of the page is "degraded" by 25 percent and March 
winds are assumed instead of August winds. Also in the last three cases Defense Department 
evaluated effectiveness of attack: 42 percent of the ICBM's destroyed (C); 80 percent de
stroyed (D); 57 percent of the ICBM's destroyed as well as heavy damage to aircraft on 
ground or flying within eight miles of a base and to submarines in port and base facilities (E). 
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RUSSIAN SHELTER DESIGNS, from a 1970 U.S.S.R. handbook, are for simple structures 
to be built by people "using available materials and their own labor." A dugout (top) in firm 
clay soU is roofed by rows of fascines (bundles of brushwood, canes or reeds) covered with 
compacted clay and 30 inches of soU. Rings of fascines are required in looser soU (bol/om). 
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get options. The new Command Data 
Buffer system currently nearing comple
tion makes possible the remote resetting 
of targets in the on-board computers of 
Minuteman III missiles from launch
control centers in 36 minutes. 

As a result of all this flexibility the 
U.S. also already has a substantial coun
terforce capability even without highly 
accurate warheads. There are, for exam
ple, "soft" military targets such as air
fields and submarine bases that could be 
selectively destroyed with a few war
heads. Even hard missile silos could be 
destroyed by hitting each one with a 
number of Minuteman missiles. The 
Defense Department nonetheless wants 
more: the ability to deliver counterforce 
strikes efficiently and with high confi
dence against hardened Russian ICBM 
silos. As Schlesinger put it in his 1976 
appropriation request: "I believe we 
should improve our hard-target kill 
capability so as to have higher confi
dence of executing limited hard-target 
attacks." Indeed, the U.S. is currently 
progressing toward that goal with fund
ed programs. 

These developments clash directly 
with the need for strategic stability. A 
U.S. missile force with multiple inde
pendently targetable reentry vehicles 
(MIRV's) or with the maneuverable re
entry vehicles (MARV's) now being de
veloped, and with a demonstrated com
bination of very high reliability, very 
accurate guidance and high-yield war
heads would suggest to Russian leaders 
the possibility of a U.S. preemptive 
strike against their ICBM silos. It would 
further suggest to them that in a time of 
confrontation they should not be caught 
with their missiles in their silos, that at 
such a time they should either strike first 
or adopt a "hair trigger," or launch-on
warning, policy. The same arguments 
apply with the U.S. and Russian roles 
reversed. The current national debate 
indicates that there is widespread con
cern, as there should be, about the possi
bility that the U.S.S.R. might be devel
oping a hard-target counterforce capa
bility, particularly in view of the larger 
size of the Russian ICBM's. 

To be sure, it is impossible to envision 
a disarming first strike that would really 
threaten the retaliatory capacity of the 
U.S.S.R. (or of the U.S.), if only because 
missile submarines at sea and bombers 
in the air or on alert are not subject to 
destruction in a preemptive attack. In 
order to maintain a stable strategic envi
ronment such as the one that now exists 
for the two superpowers, however, there 
should be neither a real nor a "per
ceived" vulnerability of any major com
ponent of the strategic deterrent forces 
on either side. (From the Russian point 
of view this is true in particular of the 
land-based ICBM component, since it 
constitutes a much larger fraction of 
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12 INCHES OF EARTH 
ON ROOF OR FLOOR 

WINDOW 

EARTH PILED AGAINST 
EXPOSED BASEMENT WALLS 

WDOD.BABBI.EB A WINDOW 

VENT IL ATION 

U.S. SHELTER DESIGN, redrawn from an illustration published 
by tbe Defense Civil Preparedness Agency, is for an "expedient shel
ter" intended primarily to accommodate evacuated populations. In 

order to provide adequate fallout protection in a basement that is 
only partially below ground level it is necessary to put a 12-inch lay
er of earth overhead and to pile earth against exposed basement walls. 

their deterrent power: roughly 75 per
cent compared with 25 percent for the 
U.S.) The deployment of missiles with 
hard-target capability would therefore 
create tension, because each side would 
fear that such deployment might lead to 
the possibility of an effective first-strike 
threat against its force of silo-based 
ICBM's. The fact that formidable tech
nical and operational difficulties, such 
as the fratricide problem, lead many 
people to challenge the feasibility of 
achieving such a capability is almost be
side the point; there would still be seri
ous concern about the ability of land
based ICBM's to survive a preemptive 
first strike. 

U S. officials recognize the danger of • seeming to threaten Russian retal
iatory capacity, and so they couple pro
posals for an improved hard-target kill 
capability with announcements that de
ployment of new offensive weapons 
would be limited, at least for the time 
being. But can one acquire just a little 
hard-target counterforce without bring
ing on the ill effects of a lot? After all, it 
is no more than the fear of a possible 
future Russian ICBM counterforce 
threat against U.S. Minutemen that has 
been cited in support of the ongoing pro
grams for improving U.S. missiles. It 
has been argued that we must be able to 
respond in kind against each and every 
perceived potential threat. Schlesinger 
said that there should be "no perceived 
asymmetries in levels or capabilities of 
force-conventional or nuclear."  

The danger in this logic is  that 'we will 
almost inevitably find our own develop
ment program triggering a Russian 
commitment to the very program we 
fear (and vice versa, of course). All prec
edents, including in particular the histo
ry of MIRV deployment on both sides, 
indicate that once the technology has 
been developed and tested for attacking 
hardened counterforce targets with high 
confidence, the dynamics of the nuclear 
arms race will take over and make it 
difficult if not impossible for the U.S. to 
refrain from deploying the new weap-

ons extensively and for the U.S.S.R. to 
refrain from responding in kind. 

Neither side has yet developed weap
ons designed specifically as hard-target 
killers: weapons that have a high proba
bility of destroying a hardened military 
target, such as an underground silo, with 
a single warhead. Research-and-devel
opment programs directed toward that 
goal are, however, funded in this year's 
U.S. defense budget. Before both coun
tries are committed further and perhaps 
irrevocably to reciprocally stimulated 
and mutually reinforcing programs for 
developing such weapons, the hard 
questions should therefore be faced up 
to. Do we really want or need them? 
What is the value of being able to de
stroy an enemy silo (which may be emp
ty by the time our warhead arrives) in 
response to an attack on our own silo? If 
a small response is wanted, will not an 
air base or a naval base or a military 
storage depot do as a target? Is not our 
current broad flexibility adequate? Will 
hard-target counterforce weapons make 
a compelling military contribution to 
national security or does their justifica
tion rest solely on ephemeral politico
strategic argument? 

We have argued that such weapons 
would complicate the problem of main
taining strategic stability. It would 
therefore seem that it would serve the 
security of both the U.S. and the 
U.S.S.R. to avoid their development and 
deployment. A significant precedent for 
restraining new weapons in the interest 
of stability is the treaty, negotiated in 
the first round of the strategic-arms limi
tation talks, stringently limiting anti
ballistic-missile defenses. Now again the 
U.S. and the U.S.S.R. each have a crit
ically important opportunity to limit 
their traditional technological arms 
competition by restraining the testing 
and deployment of new weapons de
signed to destroy hardened ICBM silos. 

In the three decades since Hiroshima 
and Nagasaki there have been many 

crises involving the two superpowers. 
and the U.S. has fought two major land 

wars in Asia. Yet the armed nuclear 
truce has persisted. Why has neither side 
launched a single one of the thousands 
of nuclear warheads that each has had 
deployed? Surely it is because of the 
overwhelming fear of political leaders 
and citizens on both sides that once a 
nuclear weapon is detonated there will 
be an answering detonation, with subse
quent exchanges escalating until both 
nations are destroyed and hundreds of 
millions of people are dead and dying. 
The issue created by the new emphasis 
on a selective, hard-target counterforce 
strategy accompanied by intensive civil 
defense efforts is whether or not there is 
any real prospect of escaping this "bal
ance of terror."  Should the assumption 
that a general nuclear war is prevented 
by the certainty of mutual destruction 
be abandoned in favor of the objective 
of fighting, winning and "surviving" a 
limited nuclear war when the evidence 
indicates that even a limited war would 
cause many millions of fatalities? 

In the 1 960's the U.S. adopted a stra
tegic policy giving top priority to the 
prevention of nuclear war through de
terrence rather than to preparation for 
fighting nuclear wars if - deterrence 
should fail. Since then weapons technol
ogy has progressed, so that new and 
more sophisticated kinds of limited 
counterforce strikes, including attacks 
on hardened military targets. can be se
riously considered. The political reality 
of deterrence. however, remains un
changed. New technology and new 
strategy do not significantly reduce the 
risk of all-out nuclear war breaking out 
once the first nuclear weapon has been 
fired. 

It is important to recognize that once 
the nuclear firebreak has been crossed 
the decision to keep a war limited is no 
longer in the hands of one side alone; it 
has to be made by both-Or all-partici
pants in the conflict. As Secretary of 
State Henry A. Kissinger wrote in 1 965:  
"N 0 one knows how governments or 
people will react to a nuclear explosion 
under conditions where both sides pos
sess vast arsenals."  
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Repeti ti ve Processes 
in Child Development 

As an infant grows he acquires certain skills, loses them and then 

acquires them again. How does this phenomenon fit the concept 

that behavioral growth is roughly comparable to physical growth? 

F
or many years students of child de
velopment have conducted their 
research and formed their theories 

on the basis of one major assumption: 
that as a child gets older and progres
sively bigger he also gets progressively 
better at any kind of perceptual, intel
lectual or motor task set for him. That 
assumption underlies the entire concept 
of intelligence tests. Such tests are con
structed on the notion that the average 
nine-year-old can do everything the av
erage eight-year-old can do, plus some
thing more, and that the average eight
year-old can do everything the average 
seven-year-old can do, plus something 
more, and so forth. 

The assumption of progressive devel
opment seems to be quite obvious. After 
all, if one looks at children at various 
stages in their development, they always 
get bigger. Although growth is not a 
continuous or steady process, it never 
happens that a child who is four feet tall 
one year shrinks back to a height of 
three feet six inches the next year. Since 
such a regression is never seen in physi
cal growth, we would hardly expect to 
'see an analogous regression in behavior
al or intellectual growth. Or would we? 

Numerous studies, particularly sever
al undertaken in recent years, appear to 
indicate that behavioral and intellectual 
development may not be strictly cu
mulative and incremental. Such studies 
seem to imply that the pattern of psy
chological growth may be quite differ
ent from the pattern of physical growth. 
One familiar example is the develop
ment of walking. Newborn infants, if 
they are properly supported, will march 
along a fiat surface, an ability that dem
onstrates the remarkable sensory-motor 
coordination of the newborn infant. Yet 
the ability normally disappears at the 
age of about eight weeks. Walking of 
any kind will not usually be seen again 
until the end of the child's first year. 

On a somewhat more· complex level, 
during the first few weeks of life infants 
can reach out to touch visible objects 
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and will occasionally even grasp them. 
That eye-hand coordination also disap
pears at the age of about four weeks and 
will not be seen again until the age of 
some 20 weeks. Similarly, young infants 
have appreciable ear-hand coordina
tion. They are quite willing and able to 
reach out and grasp objects they can 
hear but not see, whether they are blind 
or have normal vision. That ability, 
which is of obvious practical use to the 
blind infant in particular, disappears 
when the infant reaches five or six 
months, and for the blind infant it may 
not return at all. 

In the area of sensory-motor coordina
tion but at a still higher level of com

plexity one must include the fact that 
newborn infants show an extraordinary 
capacity for imitating the behavior of an 
adult. For example, they are quite able 
to imitate an adult sticking out his 
tongue, opening his mouth or widening 
his eyes. Indeed, this ability is the most 
remarkable example known of the com
petence of the newborn infant's percep
tual system. Consider what is involved 
in imitating someone's sticking out his 
tongue. The infant must identify the 
thing he sees in the adult's mouth as be
ing a tongue. (I shall ask the reader to 
bear with me in my not saying "he or she 
sees," which makes this kind of dis
course unduly cumbersome.) He must 
realize that the thing he cannot see but 
can feel in his own mouth is also a 
tongue, the homologue of the thing he 
sees. He must then execute fairly com
plex muscular movements in order to 
imitate what he sees. The activity of imi
tation seems to be basically a social abil
ity. The infant and his mother become 
raptly involved with each other as they 
play games of imitation. In spite of the 
fact that the ability manifests itself so 
early in life it soon seems to fade away, 
reappearing only toward the end of the 
child's first year. 

The apparent loss of abilities is not 
limited to sensory-motor skills. It is also 

not limited to the period of infancy. The 
pattern of loss and reacquisition of ca
pacities extends to abstract intellectual 
abilities and persists all the way through 
childhood. For example, adults know 
perfectly well that the weight of a lump 
of modeling clay does not change with 
changes in its shape. This is a fact a child 
must discover not once but three times 
in the course of his development. 

If a one-year-old child is presented 
with a ball of modeling clay, he will 
probably misjudge its weight the first 
time he picks it up. After he has been 
presented with the ball two or three 
times, however, his behavior will clearly 
show that he knows the weight of the 
object. He can pick it up without his arm 
wavering and put it unerringly wherever 
he wants. Suppose'that the ball of clay 
is then rolled into the shape of a sausage 
with the child watching. What happens 
when he picks up the sausage? Typically 
his arm will fiy up over his head, indicat
ing that he thinks the object has become 
much heavier because it has become 
longer. He makes the opposite kind of 
mistake if the experimenter begins with 
a sausage-shaped piece of clay and then 
molds it into a ball. In short, a one-year
old child has not mastered the concept 
of the conservation of weight. 

If one gives the same child the same 
task at 18 months, he makes no mistakes 
at all. If his behavior is taken to be an 
index of what he knows, one can say that 
the I8-month-old child knows that the 
weight of an object does not change 
when the shape of the object is changed. 
In short, an I8-month-old child does ap
prehend the concept of the conservation 
of weight. 

If the same child is asked two years 
later what happens to the weight of a 
ball of clay when it is rolled into the 
shape of a sausage, he will probably an
swer that the sausage is heavier than the 
ball because it is longer. Furthermore, if 
the child is then presented with the iden
tical behavioral test he was given as an 
infant, he will once again make the mis-
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takes he made at the age of a year-mis
takes he did not make at 18 months. 
Again if the child's behavior is taken as 
an index of what he knows. it seems as 
though he has once more lost the con
cept of the conservation of weight. 

Normally the child reacquires the 
concept of the conservation of weight. 
exhibited both behaviorally and verbal
ly. at the age of seven or eight. The ac
quisition of the concept. however. is not 
complete at that stage. If the child is 
given the same test at 1 1  or 12. he will 
again give the wrong verbal response. 
just as he did at the age of four. It is not 
known whether his performance in the 
behavioral test will decline as well. be
cause no one has yet tested it. It seems 
likely. however. that it would decline. 
because behavior usually follows lan
guage. Not until age 13 or 14 does the 
child arrive at a stable concept of the 
conservation of weight. 

Observations such as those I am de-

scribing seem to be at odds with the view 
that psychological growth is a continu
ous incremental process like physical 
growth. Abilities seem to appear and 
then disappear. leaving the child worse 
off than he was when he was younger. 
perhaps even no better off than he was as 
an infant. 

There is evidence. however. that the 
various phases of development are con
nected. It has been shown. for example. 
that if an infant practices walking at the 
very early phase. the experience will ac
celerate the appearance of walking lat
er. It has been suggested that the acqui
sition of certain concepts in infancy is 
necessary for the permanent emergence 
of those concepts later in life. and that a 
child who does not acquire normal con
cepts during infancy may be permanent
ly unable to acquire them. There are 
data that appear to support this sugges
tion. It would therefore seem that the 
study of repetitive processes in de vel-

opment has a practical value. The obser
vations. however. complicate the theo
retical puzzle. How can something that 
disappears be critical for subsequent de
velopment? 

I personally have been fascinated by 
repetitive processes in development 

for many years. When I began studying 
them. I made the nai've assumption that 
a repetition is a repetition. and that 
studying any specific type of repeti
tion. either sensory-motor or cognitive. 
would ultimately yield a general theory 
of repetition in development. Therefore 
I concentrated on the simplest and 
quickest of the repetitive processes: 
reaching. 

There are two obvious questions in
volved in studying any repetitive proc
ess. First. why does the earliest phase of 
gaining an ability-let us call it Phase 
l-come to an end? Second. what is the 
relation between Phase 1 and Phase 2 or 

NEWBORN MALE INFANT REACHES out and touches a bell 
with no hesitation at the age of 10 days, demonstrating the remark
able organization of the newborn perceptual system and a high de
gree of eye-hand coordination. Yet when the infant attains the age 

of four weeks, the ability will disappear, and it does not reappear for 
another four months. These photographs, which read from left to 
right and top to bottom, are frames from a motion picture of the in
fant made in the author's laboratory at the University of Edinburgh. 
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SIX-DAY-OLD FEMALE INFANT WALKS much like an older child if she is properly 
supported on a flat surface. This remarkable sensory-motor ability disappears at the age of 
about eight weeks and does not reappear in any form until the end of the child's first year. 

SIX-DAY-OLD FEMALE INFANT IMITATES her mother's protruding her tongue. The 
ability to imitate is a much more complex achievement than either reaching or walking: it 
requires the infant to recognize that what she sees in her mother's mouth is a tongue (left) and 
that what she feels in her own mouth but cannot see is also a tongue. Then the infant must ex
ecute complex muscular actions required for her to protrude her own tongue (right). The 
ability to imitate also seems to disappear early, reappearing only near the age of one year. 
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any succeeding phase? On the basis of 
the methods of study available it is in 
fact difficult to establish that there is any 
relation between two phases of behavior 
that are separated in the full span of 
development. About the only paradigm 
that is of any value is the hypothesis of 
early practice; if one can show that prac
ticing one type of behavior in Phase 1 
affects the emergence of Phase 2 of that 
behavior. then one has made a case in 
favor of the hypothesis that the two 
phases are connected. It is not a water
tight case. to be sure. but it is a case. 

Accordingly I gave several groups of 
infants intensive practice in reaching 
during Phase 1. the first four weeks of 
life. The results were moderately clear 
and were in accord with what earlier in
vestigators had concluded from studies 
of walking: the more the behavior was 
practiced in Phase 1. the earlier it ap
peared in Phase 2. In my own studies 
there were even cases where reaching 
ability was not lost after Phase 1. 

S
uch results pointed to the possibility 

that the reason abilities disappear is 
that they are not exercised. Given prac
tice and reinforcement. I hypothesized. 
the abilities might not disappear at all. If 
they did not. that would confirm the tra
ditional theory that psychological de
velopment is a continuous and incre
mental process'like physical growth. 

To test this hypothesis my colleagues 
and I at the University of Edinburgh ad
ministered a selection of various tasks to 
a number of infants only days or weeks 
old and gave them intensive practice in 
performing the tasks as soon as their 
abilities appeared. The results were 
mixed. to say the least. For example. 
practice of ear-hand coordination in 
Phase 1 actually accelerated the disap
pearance of the coordination and re
tarded its reappearance in Phase 2. This 
seemed to be true both for normal in
fants tested in darkness and for one 
blind infant. On more cognitive tasks 
the results were inconsistent. Sometimes 
practice during the early phase of an 
ability accelerated the reappearance of 
that ability. but increasing the amount 
of practice did not increase the rate of 
acceleration. 

As an example. one task we gave the 
infants was a counting problem that in
volved a form of conservation. A child 
was shown candies in pairs of rows in 
which the length of the rows. the spacing 
between the candies and the number of 
candies varied. The child was then al
lowed to choose the row he wanted. If he 
always chose the row with more can
dies. it was concluded that he had a 
primitive ability to count. A high pro
portion of children between the ages of 
two and two and a half can give correct 
verbal responses to the problem. There
after they are unable to respond correct-
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ly until they are nearly five. Even before 
the age of two there is a phase in which 
children can respond correctly to such 
tasks (although at that age they cannot 
respond verbally). It was this initial 
phase that we investigated. With prac
tice the children's choice responses be
came quite exact. Yet at the usual age of 
two or two and a half. when other chil
dren can give correct verbal responses. 
only a small proportion of the children 
with practice responded correctly. The 
proportion of the children who finally 
did acquire the ability to give correct 
verbal responses by age five. however. 
did not seem to be affected. 

Disappointed that our first explana
tion of repetitive processes in develop
ment had failed. we decided to return to 
our previous study of reaching and to 
reexamine the characteristics of reach
ing in Phase 1 with respect to the charac
teristics of reaching in Phase 2. We had 
found that the infants who had practiced 
reaching in Phase 1 were better at reach
ing when the ability reappeared in Phase 
2 than infants who had not been given 
any practice in Phase 1. Specifically. 
they were' more skilled than untrained 
infants at seizing dangling objects pre
sented in a variety of positions. They 
were particularly good at reaching un
der conditions of visual distraction. 

In one study we fitted the infants with 
specially constructed glasses consist

ing of two thin wedge prisms instead of 
lenses. The prisms displace the apparent 
location of an object with respect to its 
real location. Normal infants who had 
had no practice in reaching would reach 
toward the apparent location of the ob
ject. thereby missing it. Then they would 
lie still for a time. with both the object 
and their hand in their visual field. be
fore pulling their hand back. reaching 
again and missing again. These infants 
seemed quite incapable of using the 
sight of their hand to correct their be
havior in reaching. 

In contrast. older infants who had had 
no practice in reaching and somewhat 
younger ones who had been given early 
practice would first reach toward the in
corl"ect location and then as soon as 
their hand came into view would correct 
its motion and home in on the object 
with perfect accuracy. They were thus 
able to use the visible position of their 
hand to correct its motion. Normal in
fants who have had no practice acquire 
this ability at an average age of 24 
weeks. whereas the infants who had 
been given early practice succeeded at 
the task at an average age of 19 weeks. 

This accelerated flexibility was ac
quired at a price. as a second experiment 
soon showed. For the experiment the in
fants were put in an illuminated but 
light-tight room. They were shown a toy 
but were kept from reaching for it until 
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CONCEPT OF THE CONSERVATION OF WEIGHT may be acquired not just once but 
three times in the course of a child's development. If a one-year-old child is handed a ball of 
modeling clay, he will typically misjudge its weight the first time it is presented to him (1). Soon, 
however, his behavior indicates that he has learned to estimate the weight of the object before 
he holds it (2). The ball of clay is then rolled into the shape of a sausage with the child watch
ing (3). When the child holds the sausage, typically his arm flies up (4), indicating that he 
thinks the sausage is heavier than the hall because it is longer. This erroneous behavior disap
pears by the age of about 18 months, only to reappear and disappear twice more much lat
er. A child finally acquires a stable concept of the conservation of weight early in his teens. 

after the room lights had been switched 
off. They therefore had to reach for it in 
the dark. Their behavior in the dark was 
monitored with an infrared television 
camera. The younger infants. as one 
might expect from our wedge-prism ex
periment. were not distracted by the 
darkness: their hands went straight out 
to grasp the object. The older infants 
and the accelerated ones were quite un-

certain. Although they too reached out. 
their reaching was not at all direct; they 
fumbled for the object instead of grasp
ing it. It seemed that their ability to em
ploy visual guidance had brought them 
to rely on it. so that without visual guid
ance they were lost. 

If the main change in the develop
ment of a child's ability to reach is the 
acquisition of visual control, how did 

WEDGE PRISM 

PERCEIVED 
LOCATION 

OF OBJECT 
• 

WEDGE PRISM fitted to glasses displaces the apparent location of an object from its actual 
location. The effect of wedge prisms on infants can be seen in illustrations on next two pages. 
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YOUNG INFANT WEARING WEDGE PRISMS reaches toward the place where he per
ceives an object to be and misses. After resting for a while with both his hand and the object in 
his field of view, he reaches and misses again. He seems unable to use his vision to correct the 
position of his hand. Horizontal lines across photograph are scan lines of television camera. 
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practice during Phase 1 of reaching ac
celerate the appearance of visual con
trol in Phase 2? It is clear that reaching 
for an object with visual guidance calls 
for more attention than reaching with
out such guidance: for the infant to at
tend to both his hand and the object will 
take up more of his attentional space 
than if he simply attends to the object. 
It is also clear that infants cannot initial
ly attend to both their hand and an ob
ject. At some age the hand and the ob
ject actually seem to compete for atten
tion. The early practice would therefore 
result in the hand's being in the visual 
field much more often than it was with
out such practice. For the accelerated 
infants the hand would thus be a more 
familiar sight. It is known from many 
other studies that familiar objects re
quire less attentional space than unfa
miliar ones. Hence it is possible that 
practice during Phase 1 of reaching ac
celerated the appearance of Phase 2 of 
reaching by making the infants more fa
miliar with the sight of their own hand. 

Even if this explanation for the devel
opment of reaching is correct, there is 
no reason to expect that the same expla
nation will apply to the repetitive ap
pearance of abilities other than reach
ing. It seemed necessary to look for 
additional explanations for the other 
repetitions, thereby forsaking the hope 
of constructing a general theory of repe
tition in development. Indeed, different 
specific explanations for different spe
cific abilities were readily forthcoming. 
For example, the remarkable ability of 
newborn infants to imitate adults disap
pears at a certain age. Colwyn Trevar
then of Edinburgh has pointed out, how
ever, that infants in the age group that 
will not imitate adults are nonetheless 
delighted if they themselves are imitat
ed. If an infant is to recognize that he is 
being imitated, he must have at his dis
posal exactly the same perceptual tools 
he would need in order to be able to 
imitate someone else. The decline in an 
infant's imitative behavior hence may 
not imply any loss of ability but rather 
may indicate a change in motivation. 
The infant still has the ability to imitate, 
but he chooses to employ it to detect 
others' imitation of him. 

Including changes in motivation in the 
list of possible hypotheses for seem

ing repetitions in development led us to 
what I believe is the correct explanation 
for the sometimes permanent decline in 
ear-hand coordination. The explanation 
stems from the difference between the 
normal conditions of visual stimulation 
and those of auditory stimulation. The 
situation of the infant with respect to 
visual stimulation is normally an active 
one: he can look at things that interest 
him and he can look away from things 
that bore or disturb him. He can close 
his eyes if he wants to. His situation with 
respect to auditory stimulation is quite 
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different: it is a passive one. The infant 
cannot switch on sounds he likes or 
switch off sounds he dislikes. There is no 
way for him to shut his ears as he can 
shut his eyes. In short, he has no control 
over auditory input. 

Passive situations of this type have 
important effects on development. The 
classic experiments on the effects of pas
sivity were done with vision, using kit
tens as the subjects [see "Plasticity in 
Sensory-Motor Systems," by Richard 
Held; SCIENTIFIC AMERICAN, Novem
ber, 1965]. Kittens that were raised for 
as short a period as 30 hours in condi
tions where they were not allowed to 
respond actively to visual stimulation 

became functionally blind. When they 
were presented with any type of visual 
stimulation, they showed no response. 

The results of the kitten experiments 
suggested to us that the reason human 
infants lose their auditory-manual coor
dination is that they are passive in the 
presence of auditory stimulation. How 
could we present auditory information 
to the infant in such a way as to give him 
an active role? 

After some trial and error we found 
Il. that the answer was to fit the infant 
with an ultrasonic echo-location device. 
The device sent out pulses of sound 
waves at ultrasonic frequencies in a 

cone with a width of 80 degrees. Since 
the frequency of the sound was so high, 
the pulses could not be heard. Ultrason
ic echoes bounced off any object in the 
field of the device. The device itself con
verted the ultrasonic echoes into audible 
sounds that were channeled directly into 
the ears of the infant. The closer the 
object was to him, the lower the pitch of 
the sound he heard was, and the larger 
the object was, the louder the sound 
was. Objects to the right of the infant 
produced a louder sound in his right ear, 
and objects to the left produced a louder 
sound in his left ear. Objects that were 
straight ahead produced sounds that 
were equally loud in both ears. Hard 

OLDER INFANT WEARING WEDGE PRISMS reaches toward 
the apparent location of an object and also starts to miss the object. 

As soon as his hand enters his field of view, however, he uses his vi
sion to correct its trajectory and to accurately home in on the object. 
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BLIND INFANT WEARING SONAR DEVICE has active control over his auditory inputs, 
much as a normal infant can control his visual inputs by closing his eyes or looking away. The 
device sends out ultrasonic waves that are reflected from objects. The echoes are then convert
ed by the device itself into audible tones. The nature of the tones depends on the distance, size 
and texture of the objects. In this sequence of photographs when the blind infant is moved by 
an adult toward a metal pole, he puts out his hands as he gets close, as a normal child would. 
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objects made a clear sound and soft ob
jects made a somewhat fuzzier one. 

The most important characteristic of 
the device. however. is that anyone 
wearing it has direct control over the 
sounds it channels to his ears. The wear
er can focus on interesting objects; he 
can turn away from boring objects and 
thereby silence them; he can inspect ob
jects by moving past them. and so on. In 
other words, the wearer has active con
trol over at least this type of auditory 
stimulation. If our hypothesis about the 
disappearance of normal auditory-man
ual coordination is correct. behavior 
guided by the ultrasonic device should 
not disappear. 

The device has been tested only on 
one infant who is congenitally blind. 
The results, however, were quite satis
factory. Not only did auditory-manual 
behavior not decline but also the infant 
actually developed some skills compa
rable to those acquired by a normal in
fant of the same age. Furthermore, the 
experiment clearly showed the flexibil
ity of the newborn infant's perceptual 
system. No organism in the history of 
life had ever received the inputs this in
fant was given, yet he began making 
sense of the sounds within seconds after 
the device had been put on. 

O
f the major types of repetitive proc

esses I have described, the only 
type for which I have offered no expla
nation is the cognitive repetitions. We 
do. in fact, have an explanation for 
them, but it is extremely complex. Some 
of the experiments we have devised to 
test the explanation, however, have shed 
a most intriguing light on the nature of 
intellectual development, particularly 
that in infancy. 

Our explanation for the repetitions in 
cognitive development is based on data 
from experiments on short-term percep
tual development. Consider a simple ex
periment on habituation. If one shows 
an infant a cube in a constant orienta
tion 10 times for a period of 30 seconds 
each time, he will look at the cube pro
gressively less and less. This decreasing 
level of attention indicates that the in
fant has recognized that he is seeing the 
same object each time. Suppose one 
now shows the infant a cube 10 times 
but each time the cube is in a different 
orientation. The result is that the in
fant shows exactly the same decline in 
the amount of time he spends looking at 
the cube. 

This phenomenon yields a great deal 
of information about how an infant re
members objects. Clearly the infant can
not have in his memory a very specific 
image of the cube in a specific orienta
tion, because every time the cube is pre
sented the orientation is different. This 
means that the infant must remember 
from one presentation to the next what 
shape a cube is without remembering 
the orientation of the cube. This kind of 
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COUNTING TASK, administered to children old enough to talk, 
involves the concept of number. The experimenter first shows the 
child two equally long rows of candy (a) and makes sure that the 
child agrees there are the same number of pieces of candy in each 
row. Then the child is shown a different pair of rows (b or c) and is al-

lowed to pick whichever row he wants. The object is to see whether 
or not he will choose the row with more candies in it without regard to 
how long the row is and how close together the candies are. If child 
always chooses row with more candies in it regardless of arrange
ment of pieces, one can assume that he has a primitive ability to count. 

memory is actually rather abstract; in
deed. it must be almost as abstract as a 
word is. It also lacks the details of the 
object. even details as important as ori
entation. Nevertheless. if the infant is 
given enough time. he can internally 
work up a quite detailed description of 
the object. so that even a very slight 
change in it will arrest the decline in 
his looking behavior. Thus the infant's 
internal description of an object can 
change from being rather abstract to be
ing quite specific. 

My colleagues and I propose that 
there is a similar kind of process

' 
un

derlying cognitive development: as the 
child grows older he progressively elab
orates his internal descriptions of events 
to make them more specific. Such a 

change in favor of more specific descrip
tion acts to decrease the likelihood of a 
smooth transfer from one skill to anoth
er. thereby increasing the likelihood of a 
seeming repetition. Consider the prob
lem presented to an infant by the sight of 
an object entering one end of a tunnel 
and emerging from the other end. Ini
tially the infant may refuse to look at 
this kind of display. Once he has recog
nized that the object he sees at either end 
of the tunnel is the same object. which is 
no easy feat. he must then figure out 
what is happening to the object when it 
is out of his sight [see "The Object in 
the World of the Infant." by T. G. R. 
Bower; SCIENTIFIC AMERICAN. October. 
1971]. 

I propose that the infant's first discov-

ery is that one object can go inside an
other and still exist. That is a relatively 
abstract hypothesis about the world; it 
will not particularly improve the in
fant's skill at tracking the object through 
the tunnel. What the hypothesis will do 
is allow the infant to shift his under
standing from the tracking situation to 
other situations. Suppose an infant who 
understands this hypothesis now sees a 
toy placed under one of two cups. He 
should now know that the toy is under a 
specific cup and therefore be. able to re
trieve it. If the toy is placed under the 
other cup. he should be able to retrieve 
it from under that cup. That is exactly 
what happens if the infant is given this 
transfer task. 

If the infant is then given more prac-

TRACKING TASK presents an infant with an object going into one 
end of a tunnel and then after several seconds reappearing at the 
other end. At first infants may be surprised and disturbed by this 
kind of display (three panels at top). They may even refuse to look 

at it until they learn that one object can go inside another and still ex
ist. After they acquire the concept they can with practice track the 
object so accurately that they can move their eyes uuerringly to in
tercept the object at any point in space (three panels at bottom). 
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tice with the tunnel-tracking task. how
ever. something quite different happens. 
After a while he readily works out spe
cific sensory-motor rules enabling him 
to track the object quite efficiently. He 
shows by his behavior that he knows 
that in order to see the object that has 
vanished at the left end of the tunnel he 
must look for it at the right end of the 
tunnel after x seconds. His knowledge of 
the spatial and temporal nature of the 
tracking task becomes very detailed in
deed. Infants who have had weeks of 

experience with tracking tasks do not 
spend much time looking at the display. 
but they can move their eyes unerringly 
to catch the object at any point in space. 

I f such infants are again given the toy
under-the-cup transfer task. they do 

better than infants with no experience in 
the tracking task. They do not do as 
well. however. as other infants who are 
given the transfer task after having had 
some tracking experience but not as 
much as they had had. In particular. if 

the infant watches the toy being placed 
under the second cup after a few trials of 
seeing it placed under the first cup. he 
will still tend to look for it under the first 
cup. Thus the infant seems to repeat a 
phase in his development. failing to un
derstand for a second time the relation 
between two objects when one is inside 
the other. What causes such a repetition. 
I suggest. is that with so much practice 
at tracking an object going through the 
tunnel the infant has evolved such spe
cific rules in dealing with the tracking 

TRANSFER TASK makes use of the concept that one object can go 
inside another and still exist, acquired in the tracking task. An infant 
watches an adult place a toy under one of two cups and then is en-

couraged to choose the cup concealing the toy. A child with some 
tracking experience does very weD (three photographs at top). A child 
with a great deal of tracking experience, however, does less well, al-
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task that he is actually hampered by 
them when he is faced with a similar but 
not identical situation. An infant who 
has had less practice with tracking has 
the initial conceptual discovery (one ob
ject can go inside another and continue 
to exist) still at the front of his mind to 
help him perform the transfer task. 

This kind of model of cognitive devel
opment can explain puzzling instances 
of repetitive processes in which young 
children give correct verbal responses 
to a problem whereas somewhat older 

children give incorrect responses. Here 
the underlying concept has been ac
quired late in infancy. When the verbal 
tests are first given. there has not been 
enough time for the initial discovery to 
have been specified to the extent that the 
child is incapable of applying the dis
covery to other situations. With older 
children. however. the initial discovery 
has been made highly specific. The re
lation between the initial problem and 
the new problem is therefore obscured. 
They must dredge the initial discovery 

from their memory. erring until they do. 
and they will seem to repeat an earlier 
phase of their cognitive development. 

T
he various explanations of repetitive 
processes in development thus seem 

to differ depending on the specific repe
tition to be explained. What all the ex
planations have in common. however. is 
that they preserve the assumption that 
psychological growth. in spite of its 
apparent reversals and repetitions. is a 
continuous and additive process. 

though he performs better than a child without tracking experience. 
In particular, if the child watches the toy being placed under the sec
ond cup after seeing it placed under the first cup a few times, he will 

still tend to look for it under the first cup (three photographs at bot
tom), Concept acquired in tracking task has become so specified 
with practice it actually hampers child in performing transfer task. 
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The Confinement of Quarks 
How is it that these elementary particles of matter that explain 

so much about other particles are not seen? It may be that they 

are held inside other particles by forces inherent in their nature 

An elementary particle of matter. 
..l'l. strictly defined. is one that has no 

internal structure. one that can
not be broken up into smaller constitu
ent particles. In the past decade or so it 
has become apparent that many parti
cles long thought to be elementary. in
cluding such familiar ones as the proton 
and the neutron. are not elementary at 
all. Instead they appear to be composite 
structures made up of the more funda
mental entities named quarks. in much 
the same way that an atom is made up of 
a nucleus and electrons. 

The quark model amounts to an im
pressive simplification of nature. In the 
initial formulation of the theory there 
were supposed to be just three species of 
quark. and those three were enough to 
account for the properties of an entire 
class of particles with several dozen 
members. Every known member of that 
class could be understood as a combina
tion of quarks; moreover. every allowed 
combination of the quarks gave rise to a 
known particle. The correspondence be
tween theory and observation seemed 
too close to be coincidental, and experi
ments were undertaken with the aim of 
detecting the quarks themselves. 

If the quarks are real particles. it 
seems reasonable that we should be able 
to see them. We know that the atom con
sists of a nucleus and a surrounding 

. cloud of electrons because we can take 
the atom apart and study its constituents 
in isolation. We know that the nucleus in 
turn consists of protons and neutrons 
because the nucleus can be split into 
fragments and the constituent particles 
identified. It is easy to imagine a similar 
experiment in which particles thought to 
be made of quarks. such as protons. are 
violently decomposed. When that is at
tempted. however. the debris consists 
only of more protons and other familiar 
particles. No objects with the properties 
attributed to quarks are seen. Physicists 
have searched high and low. but free 
quarks have not been found. 

It is possible. of course. that no exper
iment has yet looked in the right place or 
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with the right instruments. but that now 
seems unlikely. It is also possible that 
the quarks simply do not exist. but phys
icists are reluctant to abandon a theory 
that carries such explanatory force. The 
successes of the theory represent com
pelling evidence that quarks exist inside 
particles such as the proton; on the other 
hand. the repeated failure of experimen
tal searches to discover a free quark 
argues that the quarks do not exist in
dependently. This paradox can be re
solved. but only by making further theo
retical assumptions about the quarks 
and the forces that bind them together. 
It must be demonstrated that quarks ex
ist. but that for some reason they do not 
show themselves in the open. Theorists. 
who invented the quarks in the first 
place. are now charged with explain
ing their confinement within the particles 
they make up. 

The particles thought to be made up 
of quarks are those called hadrons; 

they are distinguished by the fact that 
they interact with each other through 
the strong force. the force that binds to
gether the particles in the atomic nucle
us. ("Hadron" is derived from the Greek 
hadros. meaning stout or strong.) No 
other particles respond to the strong 
force. 

The hadrons are divided into the two 
large subgroups named the baryons and 
the mesons. These two kinds of particle 
differ in many of their properties. and 
indeed they play different roles in the 
structure of matter. but the distinction 
between them can be made most clearly 
in the context of the quark model. All 
baryons consist of three quarks. and 
there are also anti baryons consisting of 
three antiquarks. The proton and the 
neutron are the least massive and the 
most familiar of the baryons. Mesons 
have a different structure: they consist 
of a quark bound to an antiquark. The pi 
meson. or pion. is the least massive of 
the mesons. 

The properties of the hadrons can per
haps be best illustrated by considering 

them in contrast with the remaining ma
jor group of particles: the leptons. The 
leptons are not susceptible to the strong 
force (or else they would be hadrons). 
There are just four of them: the elec
tron. the muon. the electron-type neutri
no and the muon-type neutrino (along 
with the four corresponding antiparti
cles). The leptons seem to be truly ele
mentary: they have no internal struc
ture. Indeed. they apparently have no 
size. They can be represented as dimen
sionless points. so that it would not seem 
possible for them to have an internal 
structure. 

The hadrons differ from the leptons in 
many respects. and they give several 
clues to their composite nature. The 
hadrons have a finite size. even if it is 
exceedingly small: about 10-13 centime
ter. Experiments in which protons or 
neutrons collide at high energy with oth
er particles give fairly direct evidence of 
an internal structure: electric and mag
netic fields and the field associated with 
the strong force all seem to emanate 
from point sources within the particles. 
Finally. there are a great many hadrons. 
Well over 100 are known. most of them 
very short-lived. and there is every indi
cation that many more exist and have 
not yet been observed only because the 
particle accelerators available today 
cannot supply enough energy to create 
them. There is no obvious limit to the 
number of hadrons that might be found 
as larger accelerators are built. 

It was the great multiplicity of the 
hadrons that led to the formulation of 
the quark model. Without some orga
nizing principle such a large collection 
of particles seemed unwieldy. and the 
possibility that they might all be ele
mentary offended those who hold the 
conviction. or at least the fond wish. that 
nature should be simple. The quark hy
pothesis replaced the great variety of 
hadrons with just three fundamental 
building blocks from which all the had
rons could be constructed. It was pro
posed in 1963. independently by Mur
ray Gell-Mann and George Zweig, both 
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of the California Institute of Technolo
gy. It was Gell-Mann who supplied the 
name quark, from a line in James 
Joyce's Finnegans Wake: "Three quarks 
for Muster Mark!" 

The immediate inspiration for the 
quark hypothesis was the discovery, 
made by Gell-Mann and by Yuval Ne'e
man of Tel-Aviv University, that all the 
hadrons can be grouped logically in 
families of a few members each. The 
mesons form families of one particle 
and of eight particles; the baryons form 
families of one, eight and 10. 

The classification of particles is made 
easier by tabulating their properties in 
numerical form. Each number refers to 
a single property, and it can assume only 
certain discrete values. Since the num
bers are assigned in discrete units, or 
quanta, they are called quantum num
bers. A complete list of a particle's 
quantum numbers identifies it uniquely 
and defines its behavior. 

TEST PARTICLE 
:> 10' ELECTRON VOLTS 

Electric charge is a typical quantum 
number. The fundamental unit of mea
surement is the electric charge of the 
proton or the electron, and in those units 
the charges of all observed particles can 
be expressed as simple integers (such as 
0, + 1 and -I). Another quantum num
ber is called baryon number. Baryons 
are arbitrarily assigned a value of + 1 
and antibaryons a value of -1. Mesons 
have a baryon number of O. Strangeness. 
the property of hadrons introduced in 
the 1950's to explain the strangely long 
lifetimes of some massive particles, is 
also accounted for through a quantum 
number with only integer quantities. 

One of the most important quantum 
numbers is spin angular momen

tum. Under the rules of quantum me
chanics a particle's state of rotation is 
one of its intrinsic properties, and the 
particle must therefore always have a 
specified and unvarying angular mo-

mentum. (The angular momentum is 
measured in units of Planck's constant 
divided by 27T, Planck's constant be
ing 6.6 X 10.27 erg-second.) A crucial 
distinction is made between particles 
whose spins have a half-integer value 
(that is, half an odd integer, such as 112 
or 312) and those with integer spin (such 
as 0, 1 or 2). As we shall see, this distinc
tion determines the behavior of the par
ticles when they are brought together in 
a bound system, but for now it is enough 
to note that all baryons have half-inte
ger spins and all mesons have integer 
spins. 

The families of hadrons defined by 
Gell-Mann and Ne'eman are related by 
spin angular momentum. All the mem
bers of a given family have the same 
quantity of spin. Within the families the 
members are distinguished from one an
other by two other quantum numbers: 
isotopic spin and hypercharge. In spite 
of its name, isotopic spin has nothing to 
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STRUCTURE OF MATTER has been examined at progressively 
finer scale by a process of violent decomposition. The atom can be 
reduced to its component parts by striking it with a projectile carry
ing relatively little energy: a few electron volts. This is the process 
called ionization, and in the extreme case it results in the isolation of 
free electrons and a nucleus. The nucleus can also be dismembered, 
although higher energy is required. The nucleus splits into free pro
tons and neutrons, which are collectively called nucleons. Nucleons 

in turn seem to be composed of the pointIike entities called quarks, 
and it would seem that the quarks migbt be liberated by smashing a 
nucleon with a test particle of sufficient energy. When that experi
m ent is attempted, however, free quarks are not seen, even at tbe 
highest energies now attainable (a few hundred billion electron volts). 
Instead other ordinary particles are created, including many that are 
thought to be made up of quarks. A possible explanation of this ef
fect is that the quarks are permanently confined within the nucleon. 
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do with angular momentum; it is deter
mined by the number of particles in
cluded in a given group. Hypercharge is 
determined by the electric charges of 
those particles, and it is also related to 
both baryon number and strangeness. 
From the various possible combinations 
of the values that these two quantum 
numbers can assume it is possible to 
construct an array for each family of 
hadrons. These arrays, having in each 
case one, eight or 10 positions, predict 
the existence of all the known hadrons 
and of no others. The formation of these 
arrays can be described formally in the 
branch of mathematics called group 
theory. The arrays are said to be rep
resentations of the symmetry group 
SU(3), which stands for special unitary 
group for matrixes of size 3 X 3. 

The quarks are also described by an 
SU(3) symmetry group. Gell-Mann des
ignated the quarks by the arbitrary la
bels u, d and s. for "uP." "down" and 
"sideways." All of them have the same 
spin angular momentum, 1!2 unit. and 
in the SU(3) group they form a family of 
their own; it is. obviously, a family of 
three. The three members of the quark 
family are distinguished by having dif
ferent values of isotopic spin and hy
percharge. and they differ in other quan
tum numbers as well. The electric 
charges assigned to them are particular
ly unusual. The u quark has a charge of 
+ 2/3. and the d quark and the s quark 
each have a charge of -1/3. The bary
on numbers of the quarks are also frac
tional: all the quarks have a baryon 
number of + 113. Strangeness. on the 
other hand, remains an integer quantum 
number; the u and d quarks have zero 
strangeness and the s quark has a 
strangeness of -1. For the correspond
ing antiquarks, whose symbols are it. J 
and s. the magnitude of each of these 

quantum numbers is the same but the 
sign is changed. 

The fundamental rule for the con
struction of hadrons from quarks is dis
armingly simple: it states that all the 
quantum numbers of the hadron can be 
found by adding up the quantum num
bers of the constituent quarks. The pro
ton, for example, consists of two u 
quarks and one d quark, a configuration 
written uud. The electric charges are 
therefore 2/3 + 2/3 - 113, for a total 
value of + 1. The baryon number is 
113 + 113 + 113, or + 1, and since the 
strangeness of each of these quarks is 
zero, the total is also zero. All the sums 
are in accord with the measured proper
ties of the proton. 

The positively charged pi meson is 
made up of a u quark and a J antiquark. 
The electric charges of the quarks are 
+ 2/3 and + 113, for a total of + 1, and 
the baryon numbers are + 1/3 and 
-113, for the total baryon number of 
zero required of a meson. The strange
ness again is zero. The spin-angular-mo
mentum quantum number calls for a 
slightly more elaborate calculation be
cause the spins of the quarks can be 
aligned in either of two ways, and the 
alignment determines the signs that 
must be supplied for the spin quantum 
numbers when they are summed. In all 
possible cases, however. combinations 
of three quarks or three antiquarks 
(baryons and anti baryons) must have 
half-integer spin, whereas combinations 
of a quark and an antiquark (mesons) 
must have integer spin. 

The great strength of the quark model 
is that through this simple additive pro
cedure the model correctly predicts all 
the quantum numbers of the known 
hadrons. In particular it should be point
ed out that all allowed combinations of 
the quarks yield integer values of e1ec-
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PROPERTIES OF QUARKS are accounted for by assigning them quantum numbers, which 
can assume only certain discrete values. In the original quark model there were three kinds of 
quark, labeled u and d (for '�up" and "down") and s (for "sideways" or "strange"). There is now 
evidence for a fourth quark species, labeled c (for "charm"). The quarks have fractional electric 
charge and fractional values of baryon number, a quantum number that distinguishes between 
two groups of particles. The spin quantum number reflects the intrinsic angular momentum of 
the quarks; the strangeness and charm quantum numbers recognize special properties of sand 
c quarks respectively. For each quark there is an antiquark with opposite quantum numbers. 
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tric charge and baryon number, and that 
no other combinations do so (except in 
the trivial case of multiples of the al
lowed combinations). Furthermore, all 
the known hadrons can be constructed 
out of either three quarks or a quark and 
an antiquark. 

In the past few years it has become 
apparent that there may be a fourth spe
cies of quark. bearing a new quantum 
number somewhat similar to strange
ness and given the arbitrary name 
charm. The new quark (labeled c) adds 
another dimension to the symmetry 
group that describes the hadrons, and it 
predicts the existence of a multitude of 
new particles, some of which may al
ready have been found. The addition of 
charm to the quark model. which seems 
increasingly to be justified by the experi
mental evidence, has a number of at
tractive features and can be considered 
to strengthen the model. but it has little 
effect on the problem of quark confine
ment. 

I
n many respects quarks are like lep

tons. Both kinds of particle can ap
parently be represented as dimension
less points, and if they are without ex
tension, they are also presumably with
out internal structure. All the quarks 
and all the leptons also share the proper
ty of having a spin of 1!2 unit. Finally. if 
the charm hypothesis is correct, then 
there are four members of each group: 
indeed, the appeal of that symmetry was 
one of the principal motivations for in
troducing the concept of charm. (On the 
other hand. four need not be the ulti
mate number of quarks and leptons. 
Both groups could have additional. un
discovered members.) 

The resemblance between quarks and 
leptons is not a superficial one, but there 
are important differences between these 
two kinds of fundamental particle. In 
the first place, quarks participate in 
strong interactions, whereas leptons do 
not. The quarks also form aggregations 
of particles (hadrons). whereas there 
are no analogous composite structures 
made up of leptons. Why is it, however. 
that the quarks form only certain well
defined aggregations, those made up ei
ther of three quarks or of a quark and 
an antiquark? Many other combina
tions are conceivable-four quarks, 
two quarks, a quark and two anti
quarks, even states made up of hun
dreds or thousands of quarks-but there 
is no evidence that any of them exist. A 
state of particular interest is the one rep
resented by a solitary quark. Isolated 
leptons are commonplace; what dis
tinguishing property of quarks prohibits 
them from appearing in isolation? 

The concept that has provided the 
first. speculative answers to these ques
tions was introduced in order to mend a 
conspicuous flaw in the quark theory. 
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The flaw involves an apparent conflict 
between the behavior of the quarks and 
one of their quantum numbers. spin an
gular momentum. The assignment of a 
spin of 112 unit to each of the quarks is 
essential if the spins of the hadrons are 
to be predicted correctly. Quantum me
chanics. however. specifies rules for the 
behavior of particles with half-integer 
spins. and the quarks do not seem to 
obey them. 

The quantum-mechanical rules pos
tulate a connection between the spin of a 
particle and its "statistics." the set of 
rules that mandates how many identical 
particles can occupy a given state. Parti
cles with integer spin are said to obey 
Bose-Einstein statistics. which allow an 
unlimited number of particles to be 
brought together in one state. Particles 
with half-integer spins obey Fermi-Di
rac statistics. which require that no two 
identical particles occupy a state. This is 
the exclusion principle formulated by 
Wolfgang Pauli. the quantum-mechani
cal equivalent of the intuitive notion 
that no two things can be in the same 
place at the same time. 

The most familiar application of Fer
mi-Dirac statistics and of the related ex
clusion principle is in atomic physics. 
There it governs the way electrons 
(which. being leptons. have a spin of 
112) fill the orbitals. or energy levels. 
surrounding the nucleus. If an orbital 
contains one electron. one more can be 
added. provided that its spin is aligned 
in the direction opposite to that of the 
first electron·s. With opposite spins the 
electrons do not have identical quantum 
numbers. and so they can occupy the 
same state. in this case an atomic orbit
al. Since there are only two possible di
rections for the spin. however. all oth
er electrons are permanently excluded 
from the orbital. 

The connection between spin and sta
tistics is not well understood at a theo
retical level. but it is not in doubt. In 
fact. formal proofs have been presented 
showing that the exclusion principle 
must be obeyed by all particles with 
half-integer spin. without exception. 
Like electrons. quarks move in orbitals. 
although their motion is measured not 
with respect to a nucleus but with re
spect to one another or to their common 
center of mass. For the least massive 
families of hadrons all the quarks 
should be in the same orbital: the small
est one. It follows that no two quarks in 
a hadron can have exactly the same 
quantum numbers. 

In the quark model of the meson the 
requirements of Fermi-Dirac statistics 
can readily be accommodated. The two 
particles that compose a meson are a 
quark and an antiquark. and their quan
tum numbers are therefore different (in 
some cases they are exactly opposite). In 
the baryon. however. spin and statistics 
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ADDITIONAL QUANTUM NUMBER of quarks is called color, and it can assume three pos
sible values, represented here by the primary colors red, green and blue. In contrast to color the 
original quark designations u, d, sand c are sometimes called quark flavors. (Both color and 
flavor are arbitrary terms; they do not have their usual meaning.) Each flavor of quark is as
sumed to exist in each of the three colors. In one model (white boxes) red, green and blue quarks 
of a given flavor are indistinguishable; they have the same values of electric charge (Q) and 
baryon number (B) and of all other quantum numbers. In an alternative theory (gray boxes) 
proposed by the author and M.-Y. Han quarks of different colors differ in electric charge and 
baryon number, and these quantum numbers can be given integer values. The Han-Nambu 
model cannot be excluded with certainty, but in this article fractional charges are assumed. 

issue conflicting imperatives. In at least 
three baryons (uuu. ddd and sss) all three 
quarks have identical quantum num
bers. Because there are three particles in 
the baryon, at least two of them must 
have their spins aligned the same way. 
and in many cases all three spins must 
point in the same direction. The exclu
sion principle seems to be violated. 

A strategy for avoiding this uncom
fortable conclusion was first proposed 
by O. W. Greenberg of the University of 
Maryland. Greenberg suggested that the 
quarks might not obey Fermi-Dirac sta
tistics but could instead be governed by 
an unconventional set of rules he called 
para-Fermi statistics of order 3. Where
as in Fermi-Dirac statistics a state can 
be occupied by only one particle. in 
para-Fermi statistics it can be occupied 
by three particles. but no more. 

Another approach to the problem was 
later suggested by M.-Y. Han of Duke 
University and me. and independently 
by A. Tavkhelidze of the Joint Institute 
for Nuclear Research in the U.S.S.R. 
and Y. Miyamoto of the Tokyo Univer
sity of Education. Instead of changing 
the rules we changed the quarks. By as
signing each quark an extra quantum 
number with three possible values. it is 
possible to arrange for all the quarks in a 
baryon to be of different species and 
therefore in different quantum-mechan
ical states. All that is necessary is some 
mechanism that will ensure that in every 
case each quark has a different value of 

the new quantum number. This extra 
quantum number has come to be known 
as color. For the three values of the 
quantum number it is convenient to 
adopt the three primary colors red, 
green and blue; the antiquarks have 
anticolors. which can be represented 
by the complements of the primaries. 
respectively cyan. magenta and yellow. 
(None of these terms. of course, has any 
connection with its conventional mean
ing; they are arbitrary labels.) 

The para-Fermi statistics can be re
garded as a special case of the color hy
pothesis. The two theories are equiva
lent if the assumption is that color is 
completely unobservable. In that case 
quarks of different colors would appear 
to be identical in all their properties, and 
since there would be no way of telling 
one from another it would seem that 
identical quarks were obeying uncon
ventional statistics. Color would be in
visible. or. to put it another way. nature 
would be color-blind. The color hypoth
esis allows. however, for the possibility 
that color might be visible under some 
circumstances. 

The introduction of color necessarily 
triples the number of quarks. If only the 
original three quarks are considered. 
then with color there is a total of nine; if 
the charmed quark is included. it too 
must have red, green and blue varieties. 
and the total number of quarks is 12. 
The number of hadrons. however. is not 
increased; the color hypothesis does not 
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predict any new particles. The number 
of hadrons is unchanged because of the 
special way the colors are allotted to the 
quarks in a hadron. If the colors are to 
solve the problem of quark statistics. it 
is essential that a baryon contain one 
quark of each color; if a baryon could be 
made of three red quarks. for example. 
then the quantum numbers of all the 

quarks could well be identical. Only if 
all three colors are equally represented 
can obedience to the exclusion principle 
be ensured. Since we have assigned the 
quarks primary colors such a combina
tion could be termed white. or colorless. 
As we shall see. the theory implies that 
all hadrons. both baryons and mesons. 
are colorless. The baryons are made up 

PROPERTIES CONSTITUENT QUARKS HADRONS 
PROTON (p) 

SPIN (J) 

ELECTRIC CHARGE (Q) 

BARYON NUMBER (B) 

STRANGENESS (S) 

CHARM (C) 

SPIN (J) 

ELECTRIC CHARGE (Q) 

BARYON NUMBER (B) 

STRANGENESS (S) 

CHARM (C) 

SPIN (J) 

ELECTRIC CHARGE (Q) 

BARYON NUMBER (B) 

STRANGENESS (S) 

CHARM (C) 

SPIN (J) 

ELECTRIC CHARGE (Q) 

BARYON NUMBER (B) 

STRANGENESS (S) 

CHARM (C) 

SPIN (J) 

ELECTRIC CHARGE (Q) 

BARYON NUMBER (B) 

STRANGENESS (S) 

CHARM (C) 

u u d 

(V2'y2) + (V2.V2) + (V2. -V2) 

2/:) + 2/:) - V, 

V3 + V, + V3 

0 + 0 + 0 

0 + 0 + 0 

u a 

(V2'y2) + (V2.-V2) 

2/3 + V3 

V3 - V3 

0 + 0 

0 + 0 

u a a 

(V2. -V2) + (V2. V2) + (V2.%) 

_2/:) + V3 + V3 

-v, - '13 - '13 

0 + 0 + 0 

0 + 0 + 0 

u d s 

(V2. V2) + (V2. -V2) + (V2'y2) 

2!J - V3 - V3 

'13 + V3 + V3 

0 + 0 - 1 

0 + 0 + 0 

c 

(112.%) + (V2. -V2) 

213 - 2/3 

V3 - V3 

0 + 0 

1 + 0 

= (112,Y2) 

= +1 
= +1 
= 0 
= 0 

= (0.0) 
= +1  
= 0 
= 0 
= 0 

ANTINEUTRON (ii) 
= (V2'y2) 

= 0 
= -1 
= 0 
= 0 

LAMBDA (N) 
= (112.%) 

= 0 
= +1  
= -1 
= 0 

CHARMED MESON (0') 
= (0.0) 
= 0 
= 0 
= 0 
= +1 

QUARKS COMBINE t o  make u p  the class o f  observed particles called hadrons. Two kinds 
of quark combination are possible. In one of them three quarks bind together to form a baryon 
(such as the proton) or three antiquarks bind to form an antibaryon (snch as the antineutron). 
In the other kind of qnark binding a quark and an antiquark make up a m eson (such as the 
pion). The properties of these hadrons are determined by the simple rule that the quantum 
numbers of the hadron are the sums of the quark quantum numbers. All the allowed combina
tions of quarks give integer values of electric charge. The baryon numbers add in such a way 
that all baryons have a value of + 1, antibaryons -1 and mesons O. Strange particles, such as the 
lambda baryon, are those that have at least one s quark; charmed particles have at least one c 
quark. The spin quantum number is a vector and requires a more complicated arithmetic, but 
the result of the addition is that all baryons and antibaryons have half-integer spin and all 
mesons have integer spin. The great success of the quark theory is that all the !lllowed com
binations yield known hadrons and no other combinations do so. The problem of quark con
finement is why only these combinations should exist, and why solitary quarks are not observed. 
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of equal quantities of red. green and 
blue; the mesons are equal mixtures of 
each color with its anticolor. 

The formal treatment of the quark 
colors involves postulating another 
SU(3) symmetry group. exactly analo
gous to the one that determines the other 
properties of the quarks. The two quan
tum numbers that determine the quark 
colors are named. again by analogy to 
the original SU(3) group. color isotopic 
spin and color hypercharge. The proper
ties determined by the original SU(3) 
symmetry are sometimes called quark 
flavors. and flavor. unlike color. is readi
ly observed in experiments; it is. as it 
were. tasteable. The labels u. d. sand c 
represent the quark flavors. and they de
termine all the observable properties. 
such as electric charge. of the hadrons 
they compose. The symmetry among 
the flavors is not a perfect one. and 
quarks that differ in flavor have slightly 
different masses. Color. on the other 
hand. is an exact symmetry; in the usual 
formulation of the theory a quark of a 
given flavor has the same properties and 
the same mass regardless of its color. 

Color was introduced into the quark 
theory as an ad hoc element to 

solve the problem of quark statistics. It 
has since become a central feature of the 
model. In particular it is thought to de
termine the forces that bind quarks to
gether inside a hadron. and hence to 
have a profound influence on quark con
finement. In this context the qualitative 
distinction between quarks and leptons 
begins to seem comprehensible. An im
portant element in the distinction is that 
leptons do not form strongly bound 
states. If it is the color quantum number 
that is responsible for binding quarks 
together. then the absence of strong 
binding in leptons is readily understood. 
since the leptons do not have color. 

In order to understand the forces be
tween quarks it is helpful to consider 
first a more familiar force: electromag
netism. The electromagnetic force is de
scribed by Coulomb's law. which states 
that the force between two charged bod
ies declines as the square of the distance 
between them. For example. the force 
between a proton in the nucleus of an 
atom and one of the electrons surround
ing the nucleus is described by this law. 
The force can be regarded as being 
transmitted by a field or by discrete par
ticles: photons. the quanta of the elec
tromagnetic field. Ultimately both the 
field and the force are derived from the 
electric charges of the particles; since 
those charges are unlike. the force is at
tractive. 

The forces between quarks are in 
many respects similar. but they are 
somewhat more complicated. In the 
case of the electromagnetic field only 
one quantum number (electric charge) 
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is involved in generating the field; the 
fields between quarks are generated by 
two quantum numbers: color isotopic 
spin and color hypercharge. To contin
ue the analogy with electromagnetism. 
these quantum numbers can be regarded 
as two varieties of "color charge." 

If a combination of quarks is to be 
stable. it is obvious that the forces be
tween them must be attractive. That can 
be arranged by ensuring that the quarks 
in a baryon. for example. are all of dif
ferent colors. since the quarks will then 
have unlike values of the two kinds of 
color charge. A red quark and a green 
quark will be bound together because 
their color-isotopic-spin numbers are of 
opposite sign; the blue quark will be 
bound to both of the others because of a 
difference in the sign of the color-hy
per charge quantum number. A similar 
mechanism generates an attractive force 
between a quark of one color and an 
antiquark of the corresponding anti
color. as in a meson. The forces favor 
just those combinations that have been 
identified as white. or colorless. 

Actually the situation is still more 
complicated. Whereas the electromag
netic force is transmitted by a single 
kind of particle. the photon. the force 
associated with quark colors requires 
eight fields and eight intermediary parti
cles. These particles have been named 
gluons because they glue the quarks to
gether. Like the photon. all of them are 
massless and have a spin of 1; like the 
quarks themselves. they have not been 
detected as free particles. 

The eight gluons can be regarded as 
having composite colors. made up of the 
various combinations of three colors 
and three anticolors. All together there 
are nine such combinations. but one of 
them receives equal contributions from 
red combined with antired. green com
bined with antigreen and blue combined 
with antiblue. Since that combination is 
effectively colorless it is a trivial case 
and is excluded. leaving eight colored 
gluons. 

Quarks interact by the exchange of 
gluons; when they do so. they can 
change their colors but not their flavors. 
At all times a baryon contains red. green 
and blue quarks. but because gluons are 
continually exchanged it is not possible 
to say at any given moment which quark 
is which color. Similarly. a meson al
ways consists of a quark of one color 
and an antiquark of the complementary 
anticolor. but the three possible combi
nations of color and anticolor are equal
ly represented. In quantum mechanics 
we can have no certain knowledge of 
quark colors; rather. we can know only 
the probability that a quark is a given 
color. If all hadrons are colorless. the 
probabilities for the three colors are 
equal. 

The model of hadrons in which these 
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CLASSIFICATION OF QUARKS is governed by a fundamental symmetry of nature. Tbe 
quark flavors are determined by two quantum numbers, isotopic spin and bypercharge; each 
quark or antiquark represents a unique combination of these numbers. Color is determined by 
two other quantum numbers, named by analogy color isotopic spin and color hypercharge. Both 
flavor and color can be described by m eans of the concept of a symmetry group. Flavor is a 
"broken symmetry" because quarks with different flavors differ in properties such as mass and 
electric charge. Color is an exact symmetry: two quarks of the same flavor but of different 
colors differ only in their colors and are otherwise indistinguishable. The quark colors are 
thought to generate forces binding quarks together. These forces result from two kinds of field, 
or color charge, associated with quantum numbers color isotopic spin and color hypercharge. 
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COLORED GLUONS are the particles that transmit forces between colored quarks; they are 
the quanta of the fields generated by the color quantum numbers just as the photon is the quan
tum of the electromagnetic field. The gluons can be regarded as combinations of color and auti
color. In the first analysis there are nine possible combinations of three colors and three anti
colors; six of these combinations (white squares) are straightforward but three require special 
treatment (gray squares). The three involve combinations of a single color with the correspond
ing anticolor, and in each combination all quantum numbers cancel out. States with null quan
tum numbers can be combined at will, but only three of these combinations of combinations 
needbeconsidered.OneisRR + GG + BR, in which the quantum numbers are still null; the case 
is trivial and can be eliminated. The remaining two are R"R - GG and RR + GG - 2BB, which 
can be treated like the other six gluons except that numerical correction factors are required. 
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QUARK COLORS ( BARYONS) ANTIQUARK ANTICOLORS (ANTI BARYONS) 

MESONS MESONS MESONS 

COLORLESS HADRONS are formed by properly combining tbe 
colored quarks. A baryon consists of three quarks, one eacb of red, 
green and blue color. (Tbe quarks can bave any flavor, and tbeir fla
vors determine all tbe observable properties of tbe particle.) Similarly, 
an antibaryon is made up of three antiquarks baving eacb of tbe three 
anticolors. Tbe anticolors are sbown bere as tbe complements of tbe 
corresponding primary colors. In mesons tbe colors and anticolors 

are equally represented. In eacb of tbese combinations tbe net color 
quantum numbers are zero; in figurative terms tbe badrons are wbite 
or colorless. No otber combinations of colors can give tbe same result. 
It is tbus possible to explain wby only tbese combinations of quarks 
exist in nature, and wby single quarks are probibited, by postulating 
tbat only colorless particles are observable. Tbe problem of quark con
finement is tben reduced to tbe problem of explaining tbis postulate. 
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EXCHANGE OF GLUONS binds togetber tbe quarks in a badron 
and can simultaneously cbange tbeir colors. In tbese diagrams tbe 
vertical dimension represents tbe spatial separation between tbe 
quarks and tbe borizontal dimension represents time. At eacb vertex 
wbere a gluon is emitted or absorbed tbe color quantum numbers 
must balance. Hence at tbe upper left, wbere a blue quark emits a 
blue-antired gluon, tbe "bluisbness" of tbe quark is carried off by tbe 
gluon, and tbe quark cbanges to red, balancing tbe antired of tbe glu
on. Wben tbe gluon is absorbed, tbe antired of tbe gluon and tbe red 
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of tbe absorbing quark annibilate eacb otber, and tbe quark is left 
witb a net color of blue. Tbe gluons at tbe far rigbt, wbicb bave null 
quantum numbers, do not cbange tbe quark colors, and no gluons 
bave any effect on quark flavors. At all times tbe baryon contains a 
red, a green and a blue quark; in tbe m eson tbe color of tbe quark is 
balanced at eacb of tbe instants sbown bere by tbe anticolor of tbe 
antiquark. In practice it is not possible to determine tbe colors of 
tbe quarks; only tbe probability of eacb color can be calculated. In 
badrons tbat are colorless tbe probabilities of tbe colors are equal. 
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particles are composed of quarks bound 
together by the exchange of gluons can 
be given an elegant mathematical for
mulation. The model is an example of a 
non-Abelian gauge theory, a kind of the
ory invented by C. N. Yang of the State 
University of New York at Stony Brook 
and Robert L. Mills of Ohio State Uni
versity. A gauge theory is one modeled 
on the theory of electromagnetism de
veloped by James Clerk Maxwell. A 
characteristic of such theories is that 
any particle carrying a given quantum 
number, or charge, generates a long
range field whose strength is proportion
al to the quantum number. In Maxwell's 
theory the quantum number in question 
is electric charge; in the model of had
ron structure there are two such num
bers, those associated with the quark 
colors. 

Maxwell's theory is an Abelian gauge 
theory; non-Abelian gauge theories are 
distinguished from it by the fact that the 
fields themselves carry quantum num
bers. A field can therefore act as a 
source of itself. Einstein's theory of 
gravitation is also a non-Abelian gauge 
theory in that the gravitational field it
self generates gravity. Electromagne
tism and the weak force, which is re
sponsible for certain kinds of radioac
tive decay, have recently been combined 
in another non-Abelian gauge theory by 
Steven Weinberg of Harvard University 
and by Abdus Salam of the Internation
al Centre for Theoretical Physics in Tri
este. The colored-quark model could 
now provide a similar framework for 
understanding the strong force. These 
four forces-strong, weak, electromag
netic and gravitational-are the only 
ones known in nature. It would bring 
great aesthetic satisfaction if all four 
could be understood through the same 
kind of theory. 

B
efore describing schemes for the con

finement of quarks it would be well 
to consider the possibility that they are 
not confined at all. Perhaps they have 
been there all the time but we have not 
been able to detect their presence, or 
perhaps we have confused them with 
some ordinary particle. If a fractionally 
charged quark could escape from a had
ron, it would almost certainly be stable 
in isolation. One quark might decay to 
yield another quark, perhaps alorig with 
some ordinary particles, but at least one 
quark species-the one with the smallest 
mass-must be stable. It could not decay 
because all particles other than quarks 
have integer charges, which cannot be 
created from the decay of a fractionally 
charged quark. 

Such free, stable quarks could well 
come to rest among the atoms of ordi
nary matter. Similarly, if they can es
cape, they should be found in the debris 
produced by high-energy collisions of 
hadrons, both in particle accelerators 

and when cosmic rays collide with at
oms in the atmosphere. The principal 
argument against the existence of such 
free quarks is that they have not been 
found in ordinary matter, even in mi
nute concentrations, and they have not 
been seen in the aftermath of hadron 
collisions. 

If fractionally charged quarks were 
present, they could readily be detected 
and recognized. Charged particles are 
detected by the ionization they cause in 
the atoms surrounding them. The extent 
of the ionization is proportional to the 
square of the particle's electric charge. 
Thus a quark with a charge of 1/3 
would produce only one-ninth the ioni
zation of a particle with a charge of I, 
and it could easily be distinguished from 
ordinary particles. 

Perhaps, however, the quarks do not 
have fractional charges. With the addi
tion of color to the quark theory it be
comes possible to assign each quark in
teger values of both electric charge and 
baryon number, and Han and I pro
posed such a model in 1965. The model 
has the effect of making color visible, in 
the sense that quarks of different colors 
carry different masses, electric charges 
and baryon numbers and can therefore 
be distinguished. For each flavor of 
quark all the electric charge (+ 1 or -1) 
would be assigned to one color, and the 
other two colors would have zero 
charge. If all colors must be represented 
equally, then the total charge of the had
ron would be correct. If the quarks do 
have integer charges, then a free quark 
in the laboratory would not look much 
different from an ordinary baryon and 
might easily be misidentified. This pos
sibility cannot yet be excluded with cer
tainty. 

Another hypothesis suggests that it is 
difficult to extract quarks from hadrons, 
but not impossible. Perhaps they are 
simply very massive and the accelera
tors operating today are not powerful 
enough to liberate them. That hypothe
sis, however, requires that the mass of a 
free quark and that of a bound quark be 
quite different. Indeed, a single isolated 
quark might be more massive than a 
baryon composed of three quarks, a no
tion that is difficult to understand if it is 
not inconceivable. 

The color theory of hadron construc
tion leads naturally to at least a partial 
confinement of the quarks. An atom is 
stablest when it is electrically neutral. 
that is, when it has attracted just enough 
electrons to balance the positive charge 
of the nucleus. Any attempt to add an 
extra electron or to remove one of those 
already bound is resisted. In the same 
way a system of quarks is stablest when 
all three colors, or a color and an anti
color, are present; then the hadron is 
neutral with respect to the two kinds of 
color charge. This result is hardly sur
prising: the color quantum numbers 

were introduced precisely in order to 
achieve an equal representation of the 
colors in baryons. It follows that since 
an isolated quark is necessarily a col
ored particle, it is an energetically unfa
vorable configuration. Free quarks will 
tend to associate to form colorless had
rons, just as free electrons and ionized 
atoms will tend to recombine. This as
pect of the quark colors does not ex
clude the possibility of there being free 
quarks, but it does strongly inhibit their 
formation. It requires that a free quark 
or any other colored state be less stable, 
or more massive, than colorless states. 

The quark model has changed signifi
cantly and grown far more elaborate 

since it was proposed in 1963. There is 
every reason to believe it will go on 
evolving, and it is entirely possible the 
present perceived need to explain the 
confinement of quarks will be altered by 
subsequent events-including, perhaps, 
the discovery of a free quark. The fact 
remains that experimental searches for 
quarks, guided by reasonable conjec
tures about their properties, have failed 
to reveal their presence. The consistent
ly negative results demand explanation. 
One approach is to postulate a mech
anism that permanently confines the 
quarks to the interior of a hadron, so 
that free quarks are not merely dis
couraged but are absolutely prohibited. 
Several theories can provide such a 
mechanism, and some of them exhibit 
exceptional ingenuity. 

One of these ideas grows directly out 
of the underlying gauge theory of the 
interactions between colored quarks. 
Once again the principle can be effec
tively illustrated by considering first the 
analogous phenomena observed in elec
tromagnetic interactions of matter. 

The inverse-square relation of Cou
lomb's law has been verified with great 
precision at large distances, but it is not 
valid when the force between charged 
particles, such as electrons, is measured 
at extremely short range. The discrepan
cy is caused by the spatial distribution 
of the electron's charge. At the core of 
the electron there is a negative charge, 
called the bare charge, of very large 
magnitude; indeed, it may well be infi
nite. This charge induces in the vacuum 
surrounding it a halo of positive charge, 
which almost cancels the bare charge. 
The effective charge of the electron, 
when measured from a distance, is sim
ply the difference between these two 
charges. A test particle able to approach 
the electron at close range will penetrate 
the shielding of positive charge and will 
begin to perceive the large bare charge. 

Electromagnetism, it will be remem
bered, is an Abelian gauge theory, 
whereas the colored-quark theory of the 
strong force is a non-Abelian one. In this 
context the distinction is a crucial one, a 
fact that has been demonstrated by H. 
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INFRARED SLAVERY, one proposed explanation of quark con
finement, is a concept derived directly from the field theory that de
scribes interactions of colored quarks and gluons. The theory holds 
that quarks at large distances (about the size of a hadron, 10-13 centi
meter) are bound tightly together and move in concert. The long
distance behavior of the quarks is examined by low-energy probes of 
the hadron, and indeed at these energies the hadron appears to be a 

cohesive, unified body. When the quarks are close together, on the 
other hand, they are only weakly bound and can move independent
ly. The forces between quarks at this range are investigated by high
energy probes, and such experiments have observed centers of mass in 
the hadron that seem to move freely. The names infrared slavery and 
ultraviolet freedom were applied to these phenom ena through anal
ogy with the relative energies of infrared and ultraviolet radiation. 

David Politzer of Harvard and David 
Gross and Frank Wilczek of Princeton 
University. In the non-Abelian theory 
the bare charge does not induce a shield
ing charge but an "antishielding" one. 
Thus a quark with a color charge induc
es around it additional charges of the 
same polarity. As a result the color 
charge of the quark is smallest at close 
range; as a particle recedes from the 
quark the charge gets larger. The corre
sponding force law is dramatically dif
ferent from Coulomb's law: as the dis
tance separating two color-charged par
ticles increases, the force between them 
could remain constant or could even in
crease. 

A test particle colliding with a hadron 
at high energy inspects the behavior of 
the constituent quarks over very small 
distances and during a very brief inter
val. This fact is established mathemati
cally by the uncertainty principle, which 
relates the time and distance in which a 
measurement is performed to the energy 
and momentum of the test particle. It 
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can be understood intuitively by re
membering that a high-energy particle 
moves at nearly the speed of light and 
that it "sees" the quarks for only a brief 
moment, during which they can move 
only a short distance. The non-Abelian 
gauge theory predicts that such a high
energy probe will reveal the quarks to be 
essentially free particles, moving inde
pendently of one another, since at small 
distances the color charge declines and 
the quarks are only loosely bound to
gether. 

A low-energy investigation of a had
ron, on the other hand, should see 
quarks that are rigidly tied together and 
therefore move as a unit. At these com
paratively low energies the quarks are 
being observed during a more extended 
period, and they can interact over great
er distances. Hence the more powerful 
long-range effects of the color gauge 
fields grip the quarks and bind them to 
one another. 

Since the theory is a non-Abelian one, 
the gluons are subject to the same con-

straints as the quarks, and they are con
fined just as efficiently. The gluons, or 
the fields they represent, generate fields 
of their own that have the same charac
ter as the color fields of the quarks. The 
resulting behavior of the gluons con
trasts sharply with that of photons, the 
quanta of the gauge fields in the Abelian 
theory of electromagnetism. Photons do 
not themselves give rise to an electro
magnetic field, and they escape from 
such a field without hindrance. 

These two opposing aspects of the 
color gauge theory have been given the 
picturesque names infrared slavery and 
ultraviolet freedom. The terms do not 
refer to those particular regions of the 
electromagnetic spectrum but are sim
ply intended to suggest low-energy and 
high-energy phenomena respectively. 
Ultraviolet freedom is also known as 
asymptotic freedom, because the state 
of completely independent movement is 
approached asymptotically and never 
actually achieved. The effect may have 
been observed in collisions of electrons 
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with protons. where it has been found 
that at very high energy the proton be
haves as if it were a collection of free 
quarks. 

The concept of infrared slavery pro
vides an obvious means of explaining 
the confinement of quarks. If the effec
tive color charge continues to increase 
indefinitely with increasing distance. 
then so does the energy needed to pull 
two quarks apart. Achieving a macro
scopic separation would require an 
enormous input of energy and would 
surely be a practical impossibility. 

The spatial distribution of the color 
charge is not known. however. for mac
roscopic distances; indeed. nothing is 
known of it for any distance greater than 
the approximate size of a hadron: 10.13 
centimeter. Whether or not infrared 
slavery can account for quark confine
ment . depends on the details of the 
charge distribution. It should be point
ed out. however. that the charge need 
not increase indefinitely to entrap the 
quarks permanently. It need only in
crease to the point where the energy re
quired to further separate the quarks is 
equal to the energy needed to create a 
quark and an antiquark. When that en
ergy is reached. the quark-antiquark 
pair can materialize. The newly created 
quark replaces the one extracted. and 
the antiquark binds to the displaced 
quark. forming a meson. The result is 
that a quark is removed from the hadron 
but is not set free; all we can observe is 
the creation of the meson. 

Akind of charge that increases with 
distance and a force that remains 

constant with distance seem to contra
dict an intuitive sense of how matter 
ought to behave. Quantum mechanics 
has contradicted intuition before. and 
made no apology for it. but in this case 
an explanation. and even a pictorial rep
resentation. of how the effects might 
arise may be possible. This explanation 
is a feature of another model of quark 
confinement. called the string model. 

The string model grew out of mathe
matical formulas introduced by Gabri
ele Veneziano of the Weizmann Insti
tute of Science. In the model hadrons 
are regarded as flexible. extensible 
strings in rapid rotation. The string is 
massless. at least in that it has no materi
al "beads" along its length. although it 
does have potential and kinetic energy. 
The string is given a certain fixed tension 
as one of its intrinsic properties. so that 
the ends of the string tend to pull toward 
each other with constant force. The ten
sion represents potential energy (just as 
the tension of a stretched spring does). 
and the magnitude of that energy is ex
actly proportional to the length of the 
string. If the string were stationary. its 
intrinsic tension would cause it to col
lapse. but the system can be kept in equi
librium by spinning the string. As the 

string spins it stretches. and when its 
length is such that its ends move with the 
speed of light. the centrifugal force bal
ances the tension. (The ends are allowed 
to move with the speed of light. and in
deed are required to do so since they are 
massless.) 

Because of the relations between 
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length. energy and rotation that have 
been built into the string model. the an
gular momentum of the system is pro
portional to the square of the total ener
gy. In this respect the model reflects an 
important observed property of had
rons: When the angular momentum of 
hadrons is plotted against the square of 
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DISTRIBUTION OF THE COLOR CHARGE might explain the effects of infrared slavery 
and ultraviolet freedom. The distribution seems to be quite different from that of the more 
familiar electric charge. The electron has at its core a large and possibly infinite negative charge, 
called the bare charge, which induces in the vacuum surrounding it a positive charge of almost 
equal magnitude; the effective charge of the electron observed at a distance is the difference 
between these charges. The bare color charge, in contrast, is thought to be very small and pos
sibly zero, but it induces a surrounding charge of the same polarity, so that the effective charge 
increases, perhaps without limit, as it spreads out in space. From these charge distributions it 
follows that electrically charged particles obey Coulomb's law: the force between them de
clines as the square of the distance. Particles bearing a color charge, on the other hand, obey 
a very different law: the force between them remains constant, regardless of distance, and the 
energy with which they are bound together (or the energy that must be supplied in order to pull 
them apart) increases with distance. The actual distribution of the color charge has not been 
measured at large distances, so that several continuations of graph are possible (broken lines). 
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STRING MODEL of hadron structure leads to another possible explanation of quark confine
ment. The model assumes that a hadron is made of a massless, one-dimensional string that has 
as one of its intrinsic properties a constant tension per unit length. Because of its tension the 
string tends to collapse, but it can be kept in equilibrium by centrifugal force if it is made to 
spin so that its ends move with exactly the speed of light. These properties of the string imply 
that its energy is proportional to its length and that its angular momentum is proportional 
to the square of its energy, a relation that has been experim entally verified for the hadrons. 
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QUARKS WELDED TO STRINGS might be effectively confined. In order to separate the 
quarks it is necessary to stretch the string, but since the energy of the string is proportional 
to its length the energy required to pull the quarks apart increases in proportion to the separa
tion. A macroscopic separation could be obtained only at the cost of enormous energy. In fact, 
isolation of a quark might not be possible at any energy, since as soon as enough energy had 
been supplied to create a quark and an antiquark the string might snap and these new particles 
appear at the ends. Thus the result is not the liberation of a quark but the creation of a meson. 
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their mass or energy. the result is a series 
of parallel lines. named Regge trajecto
ries after the Italian physicist Tullio 
Regge. The relation between angular 
momentum and energy embodied in the 
string model provides a possible expla
nation for the observation that all the 
Regge trajectories are straight lines. 

Quarks can be incorporated into the 
string model simply by attaching them 
to the ends of the strings. The quarks are 
then

' 
assumed to carry the quantum 

numbers of the hadron while the string 
carries most of the energy and momen
tum. Quark confinement follows as a 
natural consequence of the properties of 
the string. It is assumed that the quarks 
cannot be pulled off. and so the only way 
they can be separated is by stretching 
the string. Any increase in the length of 
the string. however. demands a propor
tionate increase in its energy. so that 
once again large separations are impos
sible. Nevertheless. even if the string 
cannot be stretched without an inordi
nate supply of energy. it might be 
snapped in two. At the breaking point 
a newly created quark and antiquark 
would be welded to the broken ends. 
with the result that a meson would be 
created. In all these interactions the 
string model can be seen to give results 
eq uivalent to those of the infrared-slav
ery hypothesis. even though the under
lying description of the hadron has a 
quite different form. 

What is the stuff of the massless spin
ning string? One appealing interpreta
tion has been proposed by Holger B. 
Nielsen and P. Olesen of the Niels Bohr 
Institute in Denmark; in explaining it we 
shall return again to the consideration of 
electromagnetism. Coulomb's law de
scribes an electromagnetic field in three
dimensional space. and if the field is rep
resented by discrete lines of force. it is 
apparent that the strength of the field 
declines with distance because the lines 
spread out in space. Their density de
creases as the square of the distance. 
giving the familiar force law. If all the 
lines of force could be compressed into 
a thin tube. the lines could not spread 
out and the force would remain con
stant. regardless of the distance. 

The distinctive geometry of the string 
suggests that it might be regarded as 
such a one-dimensional gauge field. The 
properties of the string itself-in partic
ular the inherent tensile force and the 
variation of energy with length-are 
then as predicted by the model. Further
more. the bizarre properties of the color 
gauge field are given a simple and intui
tively appealing explanation. It is no 
longer the force itself that is peculiar ; 
the force is a conventional one. obeying 
the same kind of law as electromagne
tism. The peculiar properties all derive 
from the geometry imposed on the field. 

Fields that are virtually one-dimen
sional can actually be created on a mac
roscopic scale. If a superconductor (an 
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electrical conductor cooled to the super
conducting state) is put into a magnetic 
field. the lines of force are expelled from 
the superconducting medium. If the two 
poles of a magnet are completely im
mersed in a superconductor. the lines of 
force are confined to a thin tube between 
the poles. where the superconductivity 
is destroyed. The tube of flux lines car
ries a fixed amount of magnetic energy 
per unit length. and the amount of mag
netic flux is quantized. An exact analogy 
requires only that we assume that the 
effects of a superconducting medium on 
the magnetic field are duplicated in the 
effects of the vacuum on the color gauge 
field. A theory based on this comparison 
has been described mathematically; in 
it the quarks are likened to the hypo
thetical carriers of magnetic charge. 
the magnetic monopoles. 

The string is a novel and amusing 
model of hadron structure. but at

tempts to make a complete and quanti
tative theory of it have encountered dif
ficulties. The placement of the quarks at 
the ends of the string is rather arbitrary. 
This raises no serious problems in the 
case of the meson. which can be regard
ed as a single hank of string with a quark 
and an antiquark at the ends. but it is not 
clear what structure should be assigned 
to the baryon. Several configurations 
are possible. such as a three-pointed 
star. or a triangle with a quark at each 
vertex. The relation of mass or energy to 
angular momentum is very similar in 
baryons and mesons (that is. their Regge 
trajectories are nearly parallel). which 
implies that the internal dynamics of the 
two kinds of particle are also similar. 
This observation favors yet another pos
sible baryon structure: a single string 
with a quark at one end and two quarks 
at the other end. In such a model. how
ever. the colors can be assigned to the 
quarks in three ways. which are not 
equivalent to one another. Perhaps the 
baryon resonates between these con
figurations. much as the benzene ring 
resonates between its various possible 
structures. 

The color-isotopic-spin and color
hypercharge quantum numbers can be 
accommodated in the string model by 
assuming that there are two kinds of 
string. each carrying the field associated 
with one of the quantum numbers. All 
together. though. there are eight gauge 
fields. represented by the eight color-an
ticolor combinations of the gluons. Are 
there then eight kinds of string also? 
How are we to describe the changes in 
the quark colors resulting from the 
emission or absorption of a gluon? 
These questions have yet to be answered 
satisfactorily. It may be that the simple. 
pictorial character of the string model is 
too naIve for a system in which q uan
tum-mechanical effects are essential. 

The third major attempt to account 
for the confinement of quarks takes a 

ONE ·DI MENSIONAL FIEL D 

GEOMETRY OF THE STRING might be explained throngh an analogy with the behavior of 
a magnetic field in the vicinity of a superconductor. The strength of a magnetic field declines 
as the square of the distance because the lines of force spread out in three-dimensional space. 
The flux lines are expelled by a superconductor, and if two magnetic poles are surrounded by a 
superconducting medium, the field is confined to a thin tube. Under these circumstances the 
force between the poles is constant and the energy required to puU them apart increases linearly 
with their separation. A string might be a similar one-dimensional field, confined not by a super
conducting medium but by the vacuum. Quark confinement could th.en be explained even if the 
color charge does not increase with distance but obeys a law like that of the electric charge. 
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CONFIGURATION OF STRINGS linking quarks is not obvious in all cases and represents a 
serious impediment to the further development of the string model. It is convenient to consider 
two kinds of string, one associated with each of the color quantum numbers, color isotopic spin 
(black) and color hypercharge (gray). The binding together of a quark and an antiquark in a 
meson by these strings is straightforward, but baryons demand a more complex structure, for 
which there are several alternatives. The baryon might resonate between the various possible 
structures, but not all of them are satisfactory. The quarks must be able to interchange their 
colors without altering the mass or other properties of the hadron, but that condition is not in
variably satisfied. Moreover, quark colors actually give rise to eight fields, associated with the 
eight gluons, rather than to two, and there is no obvious way of incorporating all into the model. 

59 

© 1976 SCIENTIFIC AMERICAN, INC



somewhat different approach but reach
es a similar conclusion. This model has 
been proposed by Kenneth A. Johnson 
of the Massachusetts Institute of Tech
nology and by others. It takes as one 
of its given initial conditions that the 
quarks are confined and from that as
sumption attempts to calculate known 
properties of the hadrons. 

To provide containment the model 
employs what is perhaps the most obvi
ous device: the quarks are trapped in
side a bag, or bubble. It is a feature of 
the model that the quarks cannot pene
trate the fabric of the bag, but by exert
ing pressure from inside they can inflate 
it. The energy of the bag itself, however, 
is proportional to its volume, so that 
large and potentially unlimited amounts 
of energy are required to separate the 
quarks. The system reaches equilibrium 
when the bag's tendency to shrink, in 
order to minimize its energy, is balanced 
by the pressure of the quarks inside, 
which move freely like the molecules of 
a gas. Interactions of the quarks inside 
the bag are governed by the standard 
non-Abelian gauge theory. 

From the bag model it is possible to 

r = 1 

t 
• 

QUARK 

ENERGY = 1 

BAG 

compute various properties of the pro
ton and the neutron and of other had
rons with reasonable accuracy. The 
model is not very different in spirit from 
the Nielsen-Olesen description of the 
string. In one case the critical relation is 
between length and energy, in the other 
it is between volume and energy, but the 
effect is the same. The bag might be re
garded as a string that is as thick as it is 
long. Conversely, if a round bag is spun 
fast enough, it elongates, that is, it turns 
into a string. Perhaps the bag will prove 
to be the appropriate model for discuss
ing the ground states of hadrons, and the 
string will be applied to their excited, 
rotating states. 

E
ach of these three models achieves its 

objective: it provides a mechanism 
for sequestering quarks inside hadrons. 
Each model can also account for a few 
properties of hadrons, but none can be 
considered definitive. Perhaps the com
prehensive theory that will ultimately 
emerge will combine features of several 
models; for example, it would be useful 
to have the concept of ultraviolet free
dom in the string models. 
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One approach to such a synthesis is 
being attempted by Kenneth G. Wilson 
of Cornell University. In Wilson's mod
el the continuous space-time of the real 
world is approximated by a lattice in 
which the cells are the size of a hadron. 
Quarks can occupy any of the lattice 
sites and the color gluon fields propa
gate along straight lines (strings) linking 
them. Quark confinement is automatic. 

Quarks are a product of theoretical 
reasoning. They were invented at a time 
when there was no direct evidence of 
their existence. The charm hypothesis 
added an extra quark explaining the 
properties of another large family of 
particles when those particles had them
selves never been seen. Color, a concept 
of even greater abstraction, postulates 
three varieties of quark that may be dis
tinct but completely indistinguishable. 
Now theories of quark confinement sug
gest that all quarks may be permanently 
inaccessible and invisible. The very suc
cesses of the quark model lead us back 
to the question of the reality of quarks. 
If a particle cannot be isolated or ob
served, even in theory, how will we ever 
be able to know that it exists? 

r = 1 . 44 

ENERGY = 3 
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BAG MODEL of hadron structure offers a third mechanism for con
fining quarks, Indeed, in this model confinement is one of the initial 
assumptions: the quarks are assumed to be trapped inside a bag whose 
surface they cannot penetrate. The bag is kept inflated by the pres
sure of the quarks inside it, much as a balloon is inflated by the pres
sure of the gas inside it. The quarks can be separated only by increas-
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ing this inflation. The energy of the bag itself, however, is proportion
al to its volume, so that every increase in the distance between the 
quarks requires an additional application of energy. The bag model 
and the string model are closely related, and the connection between 
them becomes obvious when the bag is rotated rapidly: it then elon
gates to form an object essentially indistinguishable from a string. 
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How many stars 
are there? 
A picture is to be taken. No, several pictures. Guided expo
sures successively longer from "one chimpanzee, two chim
panzees, three chimpanzees" all the way to 5 minutes. In the 
next exciting chapter it will be found that the longer the 
exposure, the more stars. 

The number of stars depends on the kind of film. Here is 
what we found when we tried it ourselves : 
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T h e  o ri g i n  re p resents o n e  of t h e  most avai l a b l e  of 35 mm f i l m s ,  
Kodachrome 25 f i l m ;  KR64, Kodachrome 64 f i l m ;  EX, Kodak 
E ktac h ro m e - X  f i l m ;  EH, Kodak h igh speed E ktac h ro m e  f i l m  d ay
l i g h t  (5033) ; CII, Kodaco l o r  II f i l m  (5035) ; CPL, Kodak E ktaco l o r  
p rofes s i o n a l  f i l m  6 1 02, type L ;  TX, Kodak T r i - X  p a n  f i l m  (5063 ) ;  
1 03a -F, Kodak spectrosco p i c  f i l m ,  type 1 03 a - F ,  acetate re m jet .  
For t h e  f i rst four  of these,  reve rsa l  c o l o r  f i l m s ,  the o rd i n ate re p 
resents t h re s h o l d  f i l m  s peed for  5 - m i n ute expos u res ,  s p e c i f i ca l ly  
t h e  l o g a r i t h m  of t h e  rat i o  of t h e  expos u re req u i red to c reate 
a reve rsed d e n s ity of 3.0 o n  Kodachrome 25 f i l m  to t h at req u i red 
for t h e  same d e n s ity o n  t h e  p l otted f i l m ;  for  t h e  re m a i n i n g  four ,  
negative f i l m s ,  t h e  d iv isor  i s  t h e  expos u re to c reate a d e n s ity of  
0 . 1  above m i n i m u m  d e n sity.  O n l y  t h e  b lue re sponse of t h e  co lor  
f i lms was u s e d ,  a n d  star  cou nts we re made from e n l arged nega
t ive p r i nts beari ng a backg ro u n d  sky d e n s ity of 0 .6 .  T h e  c o l o r  f i l m s  
were p rocessed as reco m m e nded b y  Kodak;  t h e  two b l a c k - a n d 
wh ite f i l m s  were d eve l oped 5 m i n utes i n  Kodak d eve l o p e r  0 - 1 9 .  
A l l  p o i nts wo u l d  fa l l o n  the 4 5 °  l i n e  i f  s t a r  c o u n t  d e p e n d e d  o n ly o n  
f i l m  s e n s i t ivity. 

For astrophotography not requiring accommodation to the 
patience of youngsters and for other technical photography 
calling for long exposure to weak intensity-bioluminescence, 
for example-exposures longer than 5 minutes are often 

needed. Then one becomes more aware of low-intensity rec
iprocity failure, an effect that requires disproportionately 
large increases in exposure time. Emulsions vary in this 
respect, as shown here : 
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B a r  l e n g t h  re p resents logar i thm of speed i n c rease f o r  a 1 - second 
exposure,  as c o m pared with t h e  b l u e - l i g h t  speed of Kod achrome 
25 f i lm for  a 1 000-seco n d  exposu re. The u n s h aded port i o n  of  
each bar re p resents speed gain  when ,the e n e rgy i s  d e l ivered ove r 
o n e  second of t i m e ,  as com pared with 1 000 seco n d s .  S peed 
meas u re m e nts of the color  reversal f i l m s  are o n  t h e  bas i s  of expo
s u re req u i red to y ie ld a n  absol ute d e n s ity of 2 .0 i n  t h e  p rocessed 
f i l m ;  for t h e  n e g ative f i l m s ,  expo s u re to g ive a d e n s ity of 0.6 above 
Om ; o .  Ove r l a p p i n g  of s h aded area in botto m bar i n d i cates f i l m  re 
q u i res s o m ewhat less total e n e rgy w h e n  d e l ivered ove r 1 000 sec
o n d s  than f o r  o n e  seco n d .  Ty p i c a l  va lues but  not  spec i f icat i o n s .  

Kodak spectroscopic film, type 1 03 a-F, may not  be as  
widely stocked as  the others, but  let  those who really need it  
note that at 1 000 seconds it is even "faster" than at  one 
second ! For guidance in obtaining it and for information on 
Kodak spectroscopic plates, type IlIa, which permit further 
improvement in low-intensity speed by baking in nitrogen or 
hydrogen atmosphere ( they are now extending the vision of 
the big optical telescopes to make them in ef
fect very much bigger than when they were 
built ) ,  get in touch with E. 1. Hahn, Scientific 
and Technical Photography, Kodak, Roches
ter, New York 1 4650. 
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SCIENCE AND THE CITIZEN 
The Support of Science 

The emphasis on austerity and re
straint in the growth of Govern
ment spending. reiterated in vary

ing degrees by all sides in this year's 
Presidential and Congressional election 
campaigns. has had a complex and un
even effect on the portion of the Feder
al budget allocated for the support of 
science and technology in the current 
(1977) fiscal year. In a special message 
to Congress in March. President Ford 
stressed the commitment of his Admin
istration to a number of positive fea
tures in the requested budget for re
search and development for the fiscal 
year 1977: an increase of between 10 
and 11 percent in overall Federal spend
ing on research and development (for a 
total of $24.7 billion); a 37 percent in
crease for energy-related research and 
development; a 13 percent increase for 
defense-related research and develop
ment; an 11 percent increase for basic 
research (including a 20 percent rise for 
the National Science Foundation); an 
overall increase of 10 percent for "civil
ian" research and development. and a 
33 percent increase for new research
and-development facilities. 

The Administration's proposed re
search-and-development budget has 
since then run the gantlet of Congressio
nal review. Congress cut some research
and-development funds and increased 
others. with the net effect being that the 
total is virtually unchanged. Exact fig
ures are not yet available. but total Fed
eral funding for research and develop
ment in the fiscal year 1977 is now 
expected to be very close to the $24.7 
billion recommended by the President. 
What trends in the Government's sup
port of research and development do the 
current figures reveal? 

In an effort to clarify the Federal bud
getary process for the benefit of the sci
entific and technological community. 
with particular reference to the funds 
available for research and development. 
the Committee on Science and Public 
Policy of the American Association for 
the Advancement of Science earlier this 
year commissioned a spedal report on 
the research-and-development portion 
of the fiscal year 1977 budget as submit
ted by the President to Congress. The 
report. written by Willis H. Shapley. a 
former official of the Bureau of the Bud
get and. until his retirement last year. 
Associate Deputy Administrator of the 
National Aeronautics and Space Ad
ministration. was completed in April. 
but many of its findings continue to ap
ply to the research-and-development 
budget as it stands at this stage. 
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According to the AAAS-sponsored 
report. the Administration's original 
budget figures for support of research 
and development in the fiscal year 1976. 
which serve as a base line for computing 
the percentage changes represented by 
the new budget figures. must first be up
dated by adding $298 million to take 
into account the overriding by Congress 
of the President's January veto of the 
fiscal year 1976 appropriation bill for 
the Department of Health. Education. 
and Welfare. On this adjusted basis the 
overall increase for research and devel
opment in the President's original bud
get for the fiscal year 1977 came to 
$2.135 billion. or 9.5 percent. 

Taking a closer look at the trends in 
Federal support of research and devel
opment represented by the original fis
cal year 1977 budget figures. the report 
found. for example. that the impressive 
33.7 percent increase in funds provided 
for research-and-development facilities 
primarily reflected three factors: a large 
increase in projected expenditures by 
the Department of Defense to fund the 
new Air Force aircraft-engine test com
plex. a big jump in the Energy Research 
and Development Administration's bud
get for energy-related research-and
demonstration facilities and higher 
funding of NASA's space-shuttle and 
aeronautical-research facilities. The 
overall increase in research-and-devel
opment funding classified as "conduct 
of R&D. " the report estimated. was clos
er to 8.5 percent. 

In analyzing funding trends for "con
duct of R&D. " Shapley pointed out. 
"one must recognize that continuing 
inflation will have an impact on the 
amount of work that can be accom
plished with the dollar amounts in the 
FY 1977 budget." Under the economic 
assumptions projected in the President's 
budget. therefore. Shapley estimated 
the general impact of inflation from the 
fiscal year 1976 to the fiscal year 1977 at 
7.3 percent (including 1.5 percent for 
the "transition quarter":  the period from 
July 1. 1976. through September 30. 
1976. created by the recent shift in the 
fiscal year from July 1 through June 30 
to October 1 through September 30). 
Accordingly in his analysis he assumed 
that "any R&D area increasing more 
than 8 percent is receiving a 'real' in
crease. and any area with less than a 6 
percent increase is getting a 'real' cut; an 
increase between 6 percent and 8 per
cent can be taken as 'leveL 

. .  
· 

On this basis Shapley's report showed 
that only three of the major research
and-development agencies would re
ceive "real" increases in the fiscal year 
1977 budget: the Department of De-

fense. ERDA and NSF. Two "medium
sized" research-and-development agen
cies (the Nuclear Regulatory Commis
sion and the Department of Housing 
and Urban Development) and several of 
the agencies with small amounts of re
search-and-development funding also 
showed "real" increases according to his 
criterion. but he regarded the signifi
cance of percentage changes in these 
amounts as "dubious." On the other 
hand. according to Shapley. seven of the 
major research-and-development agen
cies showed "real" reductions. ranging 
from 2.3 percent to 27.3 percent; the 
seven agencies with less "real" money to 
spend in the proposed fiscal year 1977 
budget are NASA. HEW. the Depart
ment of Agriculture. the Department of 
Transportation. the Department of the 
Interior. the Environmental Protection 
Agency and the Department of Com
merce. 

Thus. the AAAS report concluded. 
"even though the total for conduct of 
R&D shows a small 'real' increase of 1.2 
percent. the average effect of the FY 
1977 budget on all agencies other than 
Defense. ERDA. and NSF is a reduction 
of 0.7 percent in· current dollars. and a 
'real' reduction of 8.0 percent. From this 
analysis. it seems clear that the good 
news for R&D in the FY 1977 budget is 
limited to Defense. ERDA. NSF and 
some of the small R&D agencies. For 
the others. the budget clearly lives up to 
its primary billing for austerity and re
straint." 

In acting on the President's budget 
Congress cut back the proposed boosts 
in research-and-development funds for 
the Department of Defense (by about 
$540 million) and for the National Sci
ence Foundation (by more than $20 mil
lion). but it still allowed both of these 
agencies substantial "real" increases 
over their fiscal year 1976 budgets. 
These cuts and other. smaller ones were 
largely offset. however. by increases of 
more than $100 million for ERDA and 
more than $370 million for HEW. The 
changes. Shapley noted recently. "will 
have a significant impact. but they will 
not materially affect the overall pattern 
except to move HEW from the 'loser's' 
column to join Defense. ERDA and 
NSF as the agencies receiving substan
tial 'real' increases in FY 1977." 

With respect to the unexpectedly 
large 11 percent increase in the funds 
provided for basic research in the Presi
dent's proposed fiscal year 1977 budget. 
Shapley commented in his AAAS re
port. "there is no doubt that the Admin
istration did something special for basic 
research in the FY 1977 budget. Appar
ently there was a specific last-minute de-
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cis ion to add $50 million for basic re
search to the previously decided NSF 
budget allowances. There was also a 
clearly conscious decision to provide for 
a sizable real increase in research, basic 
and applied, supported by the Depart
ment of Defense. Finally, a $20 million 
increase in Agriculture was specifically 
earmarked for basic science related to 
food production. But except in these 
preferred areas, the FY 1977 budget 
outlook for basic research is not so 
rosy." 

Based on his "limited and superficial" 
review, Shapley reckoned that "the pros
pects for basic research in FY 1977 
seem to be something like this: NSF has 
a real increase and will gain back much 
of the ground lost to inflation in the last 
5 years .... The same appears to be true 
in the Department of Defense. [Con
gress's subsequent action reduced but 
did not wipe out the "real" increases for 
NSF and Defense.] ERDA is just hold
ing its own in constant dollars; increases 
in in-house laboratory funds would 
mean reductions in grant and contract 
research. NASA faces a real reduction 
on a constant-dollar basis, and the de
cline in funding for scientific spacecraft 
development could have an impact on 
the level of purely 'scientific' effort in 
future years. HEW will probably come 
out of Congress with an increased bud
get again; whether the veto cycle will 
recur and what its outcome will be i

'
s 

anyone's guess. [Shapley's April as
sumptions here have since been largely 
borne out: Congress increased the HEW 
budget again; President Ford vetoed it 
in September, and Congress promptly 
voted to override his veto.] Inflation 
could rob Agriculture of most of its in
crease, but within the total available a 
significant redirection of effort toward 
the underlying scientific disciplines will 
presumably occur. The prospects for 
'other agencies' are not known, but in 
such a tight budget they are not likely to 
be very bright." 

The Shapley report was originally 
commissioned by the AAAS in part as a 
"trial run" to judge the feasibility and 
the desirability of an annual AAAS
sponsored report on the Federal budget. 
In commending Shapley for performing 
"what amounts to a tour de force in de
scribing and illuminating the Federal 
Government's budgeting processes as 
they produce R&D funding outcomes," 
William D. Carey, executive officer of 
the AAAS, pointed to the dominant role 
played by the Federal Government in 
determining "the thrust and priorities of 
scientific research-and-development ef
fort in the U.S." Taking this dependency 
relationship at face value, he said, "it 
seems important that scientists and engi
neers brush up on their understanding of 
the Government's budgeting process as 
it concerns research and development." 
The growth in the impact of Federal 
funding on the conduct of science and 
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technology in the U.S. is underscored by 
the fact that the Government currently 
provides more than half of all support 
for research and development and about 
two-thirds of the total support for basic 
research. 

The Great Transition 

Students of the human population 
speak of the "demographic transi

tion" as the process whereby the popula
tion of the world may eventually reach a 
level at which it remains stable. In such 
a transition a society moves from a stage 
of high birth and death rates to one of 
low birth and death rates. Usually the 
decline in the birth rate follows the de
cline in the death rate by several gen
erations; during the period when the 
rates differ the population of the society 
goes up. Evidence that the demographic 
transition is at work appears in a re
port, World Population: 1975, published 
by the Bureau of the Census of the 
U.S. Department of Commerce. The 
data were assembled by the Interna
tional Statistical Programs Center of the 
bureau. 

Since 1950, according to the report, 
"death rates have fallen faster than birth 
rates in the less developed regions," with 
the result that their average rate of 
growth increased from 1.8 percent per 
year in the period from 1950 to 1955 to 
2.2 percent per year from 1970 to 1975. 
"In the more developed countries, on 
the other hand, a substantial decline oc
curred in the average annual growth 
rate ... thus largely offsetting the in
crease in the growth rate of the less de
veloped countries." ( The decline was 
from 1.3 percent per year in 1950-1955 
to .8 percent per year in 1970-1975.) 
During the 25-year period, according to 
the report, the world's population rose 
from 2.5 billion to about four billion. 

Among the major regions Latin 
America had the highest annual growth 
rate, which in the 1970-1975 period 
reached 2.8 percent per year. "Exclud
ing Temperate South America (Argen
tina, Chile, the Falkland Islands and 
Uruguay), which the United Nations 
considers a more developed region, the 
population of Latin America more than 
doubled between 1950 and 1975, from 
1 3 9  million to 283 million persons." In 
Africa the average growth rates are rela
tively low for less developed regions, 
but death rates are "still much higher 
than in other areas, and their eventual 
decline portends an even further in
crease in the African growth rate." In 
Asia "it is not so much the growth rate 
that commands attention, but the sheer 
size of the population." In 1950 about 
half of the world's population lived in 
Asia; by 1975 the proportion was 57 
percent. Europe, including the U.S.S.R., 
had the lowest growth rate (1.1' percent 
in 1950-1955 and .7 percent in 1970-
1975), and in North America the rate 

The Celestron 8 (base 
price: $790), most popular 
of the Celestron line of com
pact portable telescopes and 
mirror-lens telephotos, is 
shown here set up for star
gazing. For a closer look 
at this and other Celes
Iron products, ask for 
your free color 
catalog and free 
telephoto book. 

Eagle at 30 ft. 
Photographed 

by W. Beecher 
with the Celes

Iron 1250mm, 
1/10 Multipur

pose Telephoto 
Lens. 

If life is about any one single thing, it's about 
getting closer to the things that interest you. 

Celestron Telescopes help you get closer. 
Whether the subject is the muscular 

structure of an eagle's eye at 30 
feet. Or the planet Saturn -

one hour, 11 minutes away 
at the speed of light. If you 

want to get closer, look into the 
world's best-selling modern telescopes. 

Live a little. 

2835c������7a�nJ��n;��:-,:: Ce/estron 
To"a

n
ce, Calif. 90503 

Incredible scientific statistical calculator at 5995 

offers more than the HP-45, its $175 competitor! 
King,Point's SC-60 has algebraic mode 
entry, two nested parentheses levels and 
Is so much easier to use! With its 40 key 
keyboard and 14 digit display, it operates 
as a system to allow execution of arith
metic, transcendental, advanced mathe
matical and statistical functions. It's the 
dream machine for professionals, statis
ticians, students and college engineering 
seniors. 

Operating Features 
• Algebraic mode entry. Two nested pa
rentheses levels. Number entry in floating 
decimal point or scientific notation. Auto
matic selection of correct notation for re
sult display (scientific or floating decimal 
paint) • 10 digit mantissa; 2 digit exponent 

KlngsPolnt's SC-60 
Complete with. case. AC 
adaptor I charger. recharge
able batteries. 100-page 
Instruction guide 

59.95 
The KingsPolnt SC-60 and 
SC-6010 units are backed by 
a one year warranty on part. 
and labor. Try either one for 
10 days. If not completely 
satisfied, return for a full, 
unconditional refund. 

• Sign selection and display (mantissa The KingsPoint SC-6010 
and exponent) • Fuil chain calculation 

Same as SC.60 but with 9 ad-with any function sequence • Three user . . 
I dd 69 95 addressable memories. "Protected" �IN�n�e�orr:: .. - • 

memory group Includes-Sum-of-memory . 
-Sum-of-squares memory-Index memory 1-'1- - - - - - - - - - - I Morel Systems Corp. Dept. 603 
Functional Features I 540 Madison Ave .. N.Y.C. 10022 (212) 355-0235 1 
• 8asic arithmetic (+. - . x. +) 

I Send ____ SC-60 unit(s) @ $59.95 ea. 1 • Trig functions (sin, cos. Ian) 
• Inverse Trig functions (Sin-I. COS-I, tan-') SC-6010 unit(s) @ $69.95 ea. 1 • Logarithms (In, log). (Anli·logs (eX, lOX) I plus $2.00 per order shipping & handling 
• Exponenliation IxY) I (N.Y.S. & N.J. Residents add applicable sales tax) . 1 • Combinatorial functions (n!, (�), (n)K) 
• Normal Distribution function (pr(x)) 1 Check enclosed for $ I • Gamma function ([(x)) 
'Group operations (I�'<T.x· llxll) 1 Name 1 • Group conlrols (k I. kl. II. II. CLGR,) Address 
• Convenience functions (I/X' X2, v'"i TTl I 

---------------
I • Flexible memory control (STO. RCL. XM) City / State / Zip ____________ _ 

• FaClor reversal (iii!) 1 BANK AMERICARD BUYERS, fiil in and sign I • Degree/Radian selection (Trig or Inverse Trig) 
• Automatic error detection and display I Account No, Expires I 
• Separate Clear operations (CE. CL. CLF. CL GRP) 

LSignature .J Irro_______________ - - - - - - - - - - - -
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Black � White �Brilliant. 
Wherever life is lived with taste and style, you'll find 

the brilliant taste of Black & White. 

Q o� altair'" 
t1::1A �ml)8�ne in low-cost computing. 
� \tI Altair, from Mils, is the number one name in microcomputers for 

-'If) 
home, business, personal and industrial applications. 

� Because the Altair was first, it has set the standard in the industry. 

� More Altair 8800's are now operational than all other 
microcomputers combined. 

�"" 
Whether you buy a $395 complete computer kit' or a multi-disk 

� system for under $10,000; Mits will provide you with thorough and 
� lasting supporl. Satisfied Altair users include schools, corporations, 
"""" small businesses, students, engineers, and hobbyists. 

--... 
Altair hardware includes three microcomputers; the Altair 8800a, �.� 8800b, and 680b. Mits has a complete selection of Altair plug-

• compatible memory and interface options, including the new Altair 

� 16K Static board and Altair multi-port serial and parallel I/O boards. 
Also available is a complete line of Altair peripherals including line 

�--.... printers, CRTs, and multiple disk systems . 
• � Altair software is by far the most complete and best for any 

� microcomputer. Our Extended BASIC and Disk BASIC have 
received industry wide acclaim for programming power and 

...... efficiency. Application packages are available at many Altair 

q� 
Computer Centers�' 

II The Altair computer is a revolution In low cost computing. Shouldn't 

�
YOu write for more information including our free, color catalogue. 

� "The Alta1r 680b turnkey model. 

�V "'Retail Altair computer outlets now opened in many large cities. 

• �) 0iJUDC50 

MITS, Inc. 2450 Alamo S.E_/Albuquerque, New Mexico 87106 

"has steadily declined since 1950," 
reaching .9 percent in 1970-1975. 

In two major countries the level of 
population is already stable or close to 
it: Austria has a growth rate of zero and 
Belgium one of .3 percent The U.S. has 
an annual birth rate of 15 per 1,000 pop
ulation, a death rate of nine per 1,000 
and a growth rate of .8  percent per year
The two Germanies are in the unusual 
position of having birth rates lower than 
death rates: respectively 11 and 14 per 
1,000 in East Germany and 10 and 12 
per 1,000 in West Germany_ 

The survey gives data for every coun
try with a population of at least 2,000, 
although the information is not com
plete in every case_ Among other facts 
that emerge is that Sweden is the nation 
with the longest life expectancy (75' 
years) at birth, Guinea the nation with 
the shortest (27 years). The median age 
of the women who became mothers dur
ing a given year was 23 in the German 
Democratic Republic (East Germany) 
and 3 0  in Pakistan and Ireland_ 

Interferon v. Hepatitis 

E
ver since the discovery in 1957 of in

terferon, a protein that is induced in 
animal cells by a virus and subsequently 
protects other cells against that virus 
and different ones, the obvious hope has 
been that the substance would prove to 
be as effective clinically against viruses 
as antibiotics are against bacteria_ The 
hope has been difficult to fulfill. Inter
feron has turned out to be a complex 
protein that appears in many different 
forms and has a confusing multiplicity 
of effects. Its production by cells can be 
induced by treating either the separate': 
cells or the whole animal, including 
man, with a variety of agents in addition 
to viruses. Attempts to administer an in
ducing agent to human patients and thus 
make the body manufacture effective 
amounts of endogenous interferon have 
so far not been successful, however
Exogenous interferon can be prepared 
most successfully by stimulating human 
white blood cells with Sendai virus. 
Such interferon is very expensive, how
ever, so that although large doses have 
been shown to have some effect on cold 
viruses, interferon is not a practical 
agent for prophylaxis against the com
mon cold_ In recent trials interferon has 
therefore been tested against more seri
ous virus diseases. 

Now a team of physicians at the Stan
ford University School of Medicine has 
reported that treatment with interferon 
seems to have an effect on a serious 
chronic infection associated with acute 
serum hepatitis, or hepatitis B. About 10 
percent of the patients hospitalized in 
the U_S. with hepatitis B become chroni
cally infected; they can suffer repeated 
episodes of active hepatitis, with associ
ated liver damage, and they act as car
riers who can infect other people with 
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It's ingenious, it's simple and it makes 
every other digital watch obsolete. Scientists 
have perfected a digital watch with a self·con
tained automatic light source-a major scien· 
tific breakthrough. 

SELF-CONTAINED LIGHT SOURCE 

The Laser 220 uses laser beams and ad· 
vanced display technology in its manufacture. 
A glass ampoule charged with tritium and 
phosphor is hermetically sealed by a laser 
beam. The ampoule is then placed behind the 
new Sensor CDR (crystal diffusion reflection) 
display. 

The high·contrast CD R display shows the 
time constantly-in sunlight or normal room 
light. But, when the room lights dim, the 
self·contained tritium light source automati· 
cally compensates for the absence of light, 
glows brightly, and illuminates the display. 

No matter when you wear your watch-day 
or night-just a glance will give you the 
correct time. There's no button to press, no 
special viewing angle required, and most 
important, you don't need two hands to read 
the time. 

L 
Replace the battery yourself by just opening 
the battery compartment with a penny. 
Free batteries are provided whenever you 
need them during the five·year warranty. 

A WORRY-FREE WATCH 

Solid·state watches pose their own prob· 
lems. They're fragile, they must be pampered, 
and they require frequent service. Not the 
Laser 220. Here are just five common solid· 
state watch problems you can forget about 
with this advanced space·age timepiece: 

1. Forget about batteries The Laser 220 is 
powered by a single EverReady battery 
that will actually last years without replace· 
ment-even if you keep the 220 in complete 
darkness. I n fact, JS&A will supply you with 
the few batteries you need, free of charge, 
during the next five years. To change the 
battery, you simply unscrew the battery 
compartment at the back with a penny and 
replace the battery yourself. 

2. Forget about water Take a shower or go 
swimming. The Laser 220 is so water·resistant 
that it withstands depths of up to 100 feet. 

3. Forget about shocks A three·foot drop 
onto a sol id hardwood floor or a sudden jar. 
Sensor's solid case construction, dual·strata 
crystal, and cushioned quartz timing circuit 
make it one of the most rugged sol id·state 
quartz watches ever produced. 

4. Forget about service The Laser 220 has 
an unprecedented five·year parts and labor 

Laser Beam 
Digital Watch 

Never press another button, day or night, 
with America's first digital watch that 
glows in the dark. 

' 

Announcing Sensor's new Laser 220-
the first really new innovation 

in digital watch technology. 

warranty. Each watch goes through weeks of 
aging, testing and quality control before 
assembly and final inspection. Service should 
never be required. Even the laser·sealed 
light source should last more than 25 years 
with normal use. But if it should require 
service anytime during the five year warranty 
period we will pick up your Sensor, at 
your door, and send you a loaner watch while 
yours is repaired-all at our expense. 

5. Forget about changing technology The 
Sensor Laser 220 is so far ahead of every 
other watch in durability and technology that 
the watch you buy today, will still be years 
ahead of all others. 

THE ULTIMATE ACHIEVEMENT 

Other manufacturers have devised unique 
ways to produce a watch you can read at a 
glance. The new $300 LED Pulsar requires a 
snap of the wrist to turn on the display, but 
the Pulsar cannot be read in sunlight. The new 
$400 Longine's Gemini combines both an 
LED and liquid crystal display. (Press a 
button at night for the LED display, and view 
it easily in sunlight with the liquid crystal 
display.) But you must still press a button to 
read the time. All these applications of 
existing technology still fail to produce the 
ultimate digital watch: one you can read 
under all light conditions without using two 
hands. Until the introduction of the Sensor. 

PLENTY OF ADVANCED FUNCTIONS 

Sensor's five time functions give you 
everything you really need in a solid·state 
watch. Your watch displays the hours and 
minutes constantly, with no button to press. 
But depress the function button and the 
month and the date appear. Depress the 
button again and the seconds appear. To 
quickly set the time, insert a ball·point pen 
into the recessed time·control switch on the 
side. It's just that easy. 

Sensor's accuracy is unparalleled. All 
solid·state digitals use a quartz crystal. So 
does the Sensor. But crystals change freq· 
uency from aging 'and shock. And to reset 
them, the watch case must be opened and an 
airtight seal broken which may affect the 
performance. In the Sensor, the crystal is first 
aged before it is installed, and secondly, 
it is actually cushioned in the case to absorb 
tremendous shock. The quartz crystal can 
also be adjusted through the battery compart· 

The new exclusive laser·sealed tritium and 
phosphor light source is a thin solid·state tube 
that automatically illuminates the display 
when the lights dim. 

Would you do this 
with your solid-state 
watch? Of course not. 
Most solid·state watch· 
es require care and pampering but not the 
Sensor. You can dunk it, drop it and abuse it 
without fear during its unprecedented five
year parts and labor warranty. 

ment without opening the case. I n short, 
your watch should be accurate to within 5 
seconds per month and ma intain that accura
cy for years without adjustment and without 
ever opening the watch case. 

STANDING BEHIND A PRODUCT 
JS&A is America's largest single source of 

digital watches and other space·age products. 
We have selected the Sensor Laser 220 as the 
most advanced American·made, solid-state 
timepiece ever produced. And we put our 
company and its full resources behind that 
selection. JS&A will warranty the Sensor 
(even the batteries) for five full years. We'll 
even send you a loaner watch to use while 
your watch is being repaired should it ever 
require repair. And Sensor's advanced tech
nology guarantees that your digital watch will 
be years ahead of any other watch at any 
price. 

Wear the Laser 220 for one full month. If 
you are not convinced that it is the ':lost 
rugged, precise, dependable and the finest 
quality solid-state digital watch in the world, 
return it for a prompt and courteous refund. 
We're just that proud of it. 

To order your Sensor, credit card buyers 
may simply call our toll-free number below 
or mail us a check in the amount indicated 
below plus $2.50 for postage, insurance and 
handling. (Illinois residents add 5% sales tax.) 
We urge you, however, to act promptly 
and reserve your Laser 220 today. 

Stainless steel w/leather strap ...... $129.95 
(Add $10 for matching metal band) 

Gold tone w/leather strap . • . • . . . . .  $149.95 
(Add $10 for matching metal band) 

�NATIONAL 
O 

SALES 
GROUP 

Dept. S A  JS&A Plaza 
Northbrook, Illinois 60062 

CALL TOLL-FREE • .  800323-6400 
In Illinois call • . . •  (312) 498-6900 

CJS&A Group, Inc .• 1976 
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hepatitis either through blood transfu
sion or in other ways that are not yet 
well defined. Chronic infection is char
acterized by the continued presence in 
the blood of a hepatitis-B surface anti
gen and sometimes by markers indi-

. cating the presence of Dane particles. 
which are' thought to be the hepatitis vi
rus particles themselves. The markers 
include a particle-core antigen. a spe
cific form of the enzyme DNA polym
erase and a specific circular double
strand DNA. 

The Stanford workers. who reported 
their results in The New England Journal 
0/ Medicine. are Harry B. Greenberg. 
Richard B. Pollard. Larry L. Lutwick. 
Peter B. Gregory. William S. Robinson 
and Thomas C. Merigan. They treated 
four chronic-hepatitis patients. three of 
whom had elevated Dane-particle po
lymerase levels. Brief courses of treat
ment with large doses of human-blood
cell interferon brought about transient 
decreases in the blood levels of Dane
particle polymerase and other markers; 
sustained treatment with rather small 
doses reduced the blood levels signifi
cantly. and the low levels persisted for 
some weeks after treatment was termi
nated. The Stanford investigators con
clude that interferon "appears to be ex
erting a suppressive effect on the pro
duction of Dane particles." that is. it 
seems to be interfering with the multi
plication of the putative virus particles. 
They hope now to do a clinical trial that 
will evaluate interferon's effect on the 
liver disease caused by chronic hepati
tis-B infection and show whether or not 
it can actually improve liver function. 

Fast Clock 

Adecade-old method of measuring 
evolutionary change. based on the 

principle that random mutations occur 
at a constant rate over long periods. has 
failed to fulfill its early promise. The 
method compared mutation-derived 
differences that have accumulated be
tween different animal species in the pri
mary amino acid sequences of such 
blood proteins as hemoglobins. myoglo
bins. immunoglobulins and serum frac
tions. The differences were then used 
to establish sequences of evolutionary 
branching. not only between various an
imal species but also between species in 
the plant and animal kingdoms. For ex
ample. the method placed the appear
ance of an ancestor common to both 
man and bacteria at a time about three 
billion years ago and went on to distrib
ute estimated branching times for vari
ous lines of mammalian descent across 
the 90-million-year period since the first 
mammals appeared during the Meso
zoic era. 

Last year 16 scholars in the fields 
of primate paleontology. anthropology 
and molecular biology. including Emile 
Zuckerkandl of the Marine Biological 
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Laboratory at Woods Hole. met at a 
Wenner-Gren Foundation symposium 
some 1 3  years after Zuckerkandl at a 
previous symposium had coined the 
term "molecular anthropology." They 
compared the branching times for a 
number of related primates. as suggest
ed by the protein clock. with the times 
suggested by the fossil record. The most 
immediate discrepancy involved the ev
olutionary distance between man and 
the chimpanzee. Protein-clock esti
mates pinpoint the separation of these 
two hominoid genera at a time no longer 
ago than three to four million years. The 
fossil record. supported by such indica
tors of absolute age as radioactive-iso
tope ratios. indicates that several proto
humans had already evolved by then. 
The paleontologists at the symposium. 
Elwyn L. Simons of Yale University and 
Alan Walker of Harvard University. 
noted that the ancestral separation of 
man and chimpanzee almost certainly 
antedates the appearance of an anatomi
cally closer relative of man. Ramapithe
cus. in the fossil record some 15 million 
years ago. 

A second discrepancy concerned an 
even earlier branching. that which sepa
rates the majority of primates. the An
thropoidea. into two main divisions: the 
New World monkeys on the one hand 
and the Old World monkeys and homi
no ids on the other. The protein clock 
places this split about 3 5  million years 
ago. The fossil record places it 15 to 20 
million years earlier. a position that cor
responds with current estimates of when 
the American and Eurasian landmasses 
drifted apart. Still a third discrepancy 
appeared with respect to the division of 
the Old World anthropoids into two 
groups: the cercopithecoid monkeys 
and the hominoids. The protein clock 
suggests a split only 20 million years 
ago; the fossil record suggests that it 
may have been twice that long ago. 

Eighteenth-Century Quarks 

The theory that protons and neutrons 
are made up of pointlike entities 

called quarks is one of the newer ideas 
in physics. but it is not without ante
cedents. Phillip M. Rinard of Emporia 
Kansas State College has recently called 
attention to a particularly striking rela
tion between the quark model and the 
ideas of the 18th-century philosopher 
and mathematician Roger Boscovich. 

Quarks have a number of properties 
that set them apart from all other parti
cles; among these distinguishing traits is 
the force that binds quarks together in
side the usual kind of particle. Whereas 
all the familiar forces in nature-such as 
gravitation and electromagnetism-de
cline with increasing distance. the force 
between quarks may remain constant 
or even increase. with the result that 
the quarks are permanently bound (see 
"The Confinement of Quarks." by Yo i-

chiro Nambu. page 48). It is this pecu
liar force law that is foreshadowed in 
the work of Boscovich. 

Boscovich. born in 1711 at Dubrov
nik in what is now Yugoslavia. was a 
Jesuit scholar and professor of mathe· 
matics in Rome. The work for which hc 
is best known today is an elegant theory. 
inspired by the earlier work of Newton. 
describing the structure of matter. Bos· 
covich was able to explain all the forms 
of matter by postulating a single kind of 
elementary particle. a degree of simplic· 
ity not yet approached by modern physi· 
cal theories. The particles were imag· 
ined to be impenetrable. infinitely small 
points floating in a vacuum. Moreover. 
all of them were considered to be identi· 
cal; the varied forms of matter resulted 
from the relative positions and veloci· 
ties of the particles. 

Boscovich determined that at very 
small distances the force between these 
ultimate atoms must be repulsive. and 
that as the distance was reduced to zero 
the force must increase without limit. so 
that the particles could never actually 
touch. At large distances the force was 
attractive and declined as the square of 
the distance: it was equivalent to gravi
tation. At intermediate distances the 
force was alternately attractive and re
pulsive. 

It has been known for some time that 
Boscovich's theory predicts a number of 
phenomena he could not have anticipat
ed. For example. his particles can never 
be absolutely motionless. a constraint 
that applies to real atoms obeying the 
rules of quantum mechanics. Because 
the force between particles alternates 
between attraction and repulsion there 
are several points of stable equilibrium. 
favoring the creation of bound systems 
in which the particles can have certain 
discrete separations. The equilibrium 
points could be regarded as a crude ap
proximation of the quantized orbitals. 
or energy levels. of electrons in an atom. 

Rinard. writing in American Journal 
0/ Physics. points out that Boscovich's 
force law might also describe some of 
the apparent interactions of quarks. 
Like the electrons in atoms. quarks bind 
together in stable. quantized orbitals. 
which could be interpreted in terms of 
the equilibrium points intrinsic to the 
Boscovich theory. Furthermore. be· 
yond each equilibrium point is a region 
characterized by an attractive force. so 
that quarks pulled apart would tend to 
return to their equilibrium configura· 
tion. If the attractive potential were 
large enough (Boscovich did not specify 
its magnitude). the quarks might be per
manently confined. 

Rinard does not suggest that Bosco
vich actually discovered the laws gov
erning the motion of quarks. What is 
remarkable is that the two theories. for
mulated 200 years apart. both depend 
ultimately on the same concepts of sim
ple particles and forces. 
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Introducing Accutrac .. 
The only turntable in the world 

thatlets you tell an LP which selections 
you want to hear, the order you want to hear 
them in , even how many times you want to 
hear each one. 

Sounds like something out of the 21st 
century, doesn't it? Well, as a result of some 
amazing advances in electro-optics, computer 

programming and direct drive engi
neering, Accutrac gives you the 

experience today. 
Just imagine you want to 

hear cuts 5, 9 and 7 on an LP. In 
that order. Maybe you even want to 

hear cut 9 twice, because it's an old 
favorite. Simply press buttons 5, 9, 9 

again, then 7. Accutrac's unique infra-red 
scanning beam, located in the tonearm head, 

reads the surface of the record and directs 
the tonearm to follow your instructions. 

What's more, it can do this, by cordless 
remote control, even from across the room. 

The arm your fingers never have to touch. 
Since Accutrac's tonearm is electroni

cally directed to the record, you never risk 
dropping the tonearm accidently and scratch
ing a record, or damaging a stylus. 

And, since it cues electronically, too, 
you can interrupt your listening and then 
pick it up again in the same groove, within a 
fractionofa revolution. Even the best damped 
cue lever can't provide such accuracy. Or 
safety. 

What you hear is as incredible as what 
you see. 

Because the Accutrac servo-motor 
which drives the tonearm is decoupled the 
instant the stylus goes into play, both hori
zontal and vertical friction are virtually elimi
nated. That means you get the most accurate 
tracking possible and the most faithful 
reproduction. 

You also get wow and flutter at a com
pletely inaudible 0.03% WRMS. Rumble at 
-70 dB (DIN B). A tracking force of a mere 
3/4 gram. And tonearm resonance at the 
ideal 8-10 Hz. 

The Accutrac 4000 system. When you 
see and hear what it can do, you'll never be 
satisified owning anything else. 

The Accutrac'·4000 
I�I 

ADC Profe.sslonal Products Group. A division of BSR (USA) ltd. Route. 303. Blauve.lt, N.Y. 10913 
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Convection Currents 
in the Earth's Mantle 

The steady motion of the plates that form the earth's crust is 

evidence for convection currents on a vast scale. Laboratory 

studies indicate that there should be smaller currents as well 

by D. P. McKenzie and Frank Richter 

GOPhYSicists have long conjec
tured that the rock of the earth's 
mantle, the deep plastic region 

below the earth's rigid crust, must be 
churning slowly in vast convection cells, 
rising in some regions, cooling and sink
ing in others. In the past dozen years, 
with the general acceptance of the con
cept of plate tectonics, the existence of 
convection has become apparent on a 
global scale. The crust of the earth is 
made up of large quasi-rigid plates that 
grow outward from rifts in the ocean 
floor where molten rock wells up and 
eventually plunge back into the mantle 
in the vicinity of deep ocean trenches. 
The motion of the plates from a mid
ocean ridge to a trench provides the visi
ble half of the convection loop. The 
mass of the plunging plate must be con
served and the loop closed by a deep 
return flow of material from the trench 
to the ridge. Since the horizontal dimen
sion of the loop corresponds to the di
merisions of a plate, the complete loop is 
now often called the large-scale circula
tion. In the case of the Pacific plate the 
horizontal dimension reaches 1 0,000 
kilometers. 

Although the large-scale circulation 
can now be accurately described, and 
almost certainly represents a form of 
thermal convection in the earth's upper 
mantle, there is still no satisfactory the
ory explaining how the circulation is 
maintained for tens of millions of years. 
Attempts to answer the question with 
the help of laboratory experiments and 
computer simulation have yielded evi
dence for the possibility of convection 
on a smaller scale, where the convection 
cells would have a horizontal dimension 
comparable to their depth: about 700 
kilometers. The experiments suggest 
that such cells could explain the flow 
of heat under old sections of oceanic 
plates, which is greater than one would 
expect, and perhaps could account for 
gravity anomalies in the ocean floor. 
Small-scale convection cells might also 
provide the rising jets of hot material 
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that create oceanic chains of volcanoes 
such as the Hawaiian Islands. Finally, 
the experiments suggest that the small
scale convection cells may be aligned in 
long parallel cylinders under plates that 
are moving as fast as the Pacific plate. It 
has not yet been possible, however, to 
simulate in the laboratory the large
scale convection that is apparent in the 
overall motion of the plates. 

The Motions of the Plates 

In any effort to understand the forces 
that drive the plates the most straight
forward approach is to start from theo
retical models of worldwide plate mo
tions, which impose some constraints on 
the possible driving mechanisms. Al
most all large earthquakes are triggered 
by plate motions, so that the energy re
leased by earthquakes must be provided 
by the forces driving the plates. Many 
mechanisms have been proposed as a 
source of the energy, but few are ade
quate to account for it. The only mecha
nisms that easily provide enough energy 
are convective flow in the mantle and 
the process of differentiation by which 
iron present in the mantle became disso
ciated from other elements and sank to 
form the earth's core. As we shall see, 
thermal convection can give rise to a 
large variety of flow patterns; the neat 
hexagonal arrangement of convection 

cells so common in textbooks is ex
tremely rare in nature. 

Thermal convection involves the 
transport of heat by the coherent motion 
of material rather than by radiation or 
diffusion. In the type of convection that 
is of interest in plate tectonics the heat is 
transported upward and the flow is driv
en by the difference in density between 
the hot fluid and the cold. Even the most 
conservative estimates of the buoyancy 
forces resulting from plate motions are 
much larger than the forces involved in 
earthquakes. This argument has con
vinced many geophysicists, but by no 
means all of them, that the plate mo
tions are maintained by some form of 
convection. 

Geophysical observations can tell us 
a little about how deep the convective 
flow extends. No earthquake focus has 
yet been accurately located whose depth 
is greater than 700 kilometers. Further
more, the slabs sinking under the arcs 
of islands where plates converge are in 
compression at all depths when their ad
vancing edge extends to depths of more 
than 600 kilometers! whereas they are in 
tension at depths of less than 300 kilo
meters if their leading edge does not 
reach 300 kilometers. The simplest ex
planation of this behavior is that the slab 
meets great resistance to its motion at 
600 kilometers and is unable to pene
trate below 700 kilometers. The in-

SHADOW PATTERNS OF CONVECTION CELLS are seen from above in a laboratory 
apparatus designed to simulate conditions that may produce convection in the plastic rock of 
the earth's upper mantle. The patterns are made visible in the apparatus by shining light 
through a transparent viscous Huid from below (see illustrations on page 80). The rays are re
fracted away from hot regions and toward cold ones, giving rise to light and dark patterns. The 
changes in laboratory conditions responsible for the various patterns can be summarized in 
terms of the Rayleigh number, a dimensionless quantity that is proportional to the tempera
ture difference across the layer of Huid and to several other parameters, including the thick
ness of the layer. When the Rayleigh number is less than about 1,700, there is no convection. 
When the Rayleigh number is between 1,700 and about 20,000, convection takes the form of 
two-dimeusional parallel cylinders, as is shown in the top photograph on the opposite page. At 
Rayleigh numbers between 20,000 and 100,000 two sets of cylinders at right angles to each 
other are generated (middle photograph). This convection pattern is called bimodal How. At 
still higher Rayleigh numbers the How assumes an intricate spoke pattern in which sheets of 
rising hot Huid and sinking cold Huid radiate out from multiple centers (bottom photograph). 
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creas.e in the resistive force is probably 
associated with a change in the crystal 
structure of iron and magnesium sili
cates that occurs at this depth. Whatever 
the explanation. the behavior of sinking 
slabs strongly suggests that the convec
tive circulation of which the plates are a 
part is confined to a region 700 kilome
ters deep. What happens deeper in the 
mantle need not concern us here (al
though it seems likely that convection 
also occurs in the lower mantle). 

It is difficult to say much more about 
the form of the flow from geophysical 
observations alone. The plates are large 
and strong. and their rigid motions con
ceal the more complicated three-dimen
sional motions in the mantle below. It is 
much harder to study convection in the 
mantle than it is to study the circulation 
of the ocean or of the atmosphere. 
There is no drill that can bore through a 
plate; the deepest boreholes sample only 
the top 10 percent of it. And even if 
one could penetrate to the mantle. one 
would have the problem of measuring 
convection currents that move at veloci
ties of only a few centimeters a year. 

The Rayleigh and Reynolds Numbers 

Fortunately mathematical physicists 
have been interested in convection since 
the 19th century. so that there is consid
erable understanding of how convection 

EURASIAN PLATE 

currents behave. Perhaps the most strik
ing finding is how complicated the 
convective flow can be even in a layer 
of fluid uniformly heated from below. 
Undoubtedly convection in the earth's 
mantle is more complicated still. 

Two of the leading contributors to the 
mathematical description of fluid flow. 
including convection. were Lord Ray
leigh and Osborne Reynolds. Largely as 
a result of their work it is possible to 
describe any type of convective flow 
with only a few numbers. named after 
Rayleigh and Reynolds. that are dimen
sionless combinations of various physi
cal parameters such as viscosity. ther
mal conductivity and the coefficient of 
thermal expansion. With the aid of these 
numbers one can simulate the convec
tion in the earth's mantle in a layer of 
fluid a few inches thick. The reason is 
that convection depends on the com
bined properties of the fluid layer and 
not on the properties taken singly. The 
Rayleigh number depends in part on the 
ratio between the cube of the depth and 
the viscosity. so that one can model a 
system such as the upper mantle. which 
has a very high viscosity and a depth of 
hundreds of kilometers. with a fluid of 
moderate viscosity. One can also speed 
up the passage of time so that processes 
that could take millions of years in the 
earth take only a few hours in the labo
ratory model. 

The Rayleigh number is particularly 
significant for modeling convection. It is 
proportional to the temperature differ
ence between the top and the bottom of 
the fluid and to several other parame
ters. In a convecting fluid the Rayleigh 
number is in practice proportional to the 
ratio between the time needed to heat a 
layer of fluid by thermal conduction and 
the time needed for a particle of fluid to 
circulate once around the convection 
cell. A familiar example of a convecting 
fluid with a large Rayleigh number is 
water being heated in a saucepan but 
not yet boiling. The fluid inside an egg 
placed in the pan represents a system 
with a small Rayleigh number because 
the contents of the egg are much more 
viscous than water. (As a result the heat 
that cooks the egg is distributed by con
duction rather than by convection.) 

The Reynolds number is concerned 
not with heat but with momentum. It 
measures the ratio between the forces 
accelerating the fluid and the viscous 
forces resisting its motion. When the 
Reynolds number is small. the inertia of 
the fluid is not important and the flow is 
fairly simple. If the number is large. 
however. eddies are likely to form and 
the flow can become turbulent and 
extremely complex. Examples of flow 
with a high Reynolds number are water 
gushing from a faucet or a mountain 
stream tumbling over rocks. Atmo-

PLATE 

EVIDENCE FOR CONVECTION IN THE MANTLE is supplied 
by the motions of the dozen or so plates into which the earth's crust 
is divided. Material is added to the plates by upwelling of molten 
rock along rifts in the ocean floor that mark the center of a ridge ex
tending continuously for some 40,000 miles through the Atlantic, 
Indian and Pacific oceans. The plates plunge back into tbe mantle at 
subduction zones that coincide with oceanic trenches. Tbe lines with 

arrowheads pointing outward show where plates are moving apart at 
ridges; numbers indicate the relative velocity in centimeters per year. 
The Australia-India, Pacific and Nazca plates are moving the most 
rapidly. Lines with opposed arrowheads show where plates are mov
ing toward each other, usually at trenches. The Himalayas are a ma
jor exception. Plates can also slide past each other along transform 
faults such as San Andreas fault on west coast of North America. 
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SECTION THROUGH THE EARTH depicts in true scale the configuration of plates from 
the Equator to the South Pole along the meridian at 110 degrees east. Plates (color) are created 
at mid-ocean ridges and usually descend into mantle at trenches adjacent to island arcs. Move
ment of plates transports by convection about half of the heat passing through upper mantle_ 

spheric disturbances are another exam
ple. Such flows are difficult to model and 
to understand. 

The viscous material flowing in the 
earth's mantle has a very small Reyn
olds number. about 1 0.10, and the mo
mentum of the flow is negligible. One 
might expect convection in the mantle 
to be strongly influenced by the earth's 
rotation, but it can be shown that rota
tion has no direct effect. The Rayleigh 

a b 

LOW STRENGTH 

INCREASING STRENGTH 

HIGH STRENGTH 

number is of much greater significance 
because it is quite large. Although esti
mates vary, the lower limit is about 1 06• 
and the number could be higher by a 
factor of 10 or more. It is not difficult to 
produce such Rayleigh numbers in the 
laboratory by heating a fluid such as 
glycerin or silicone oil in a layer a few 
centimeters thick confined between two 
plates. 

When the Rayleigh number in such a 

c d 

DESCENDING PLATES meet increasing resistance as they penetrate deeper into the up
per mantle. At a depth of 200 kilometers in a the slab is in tension and pulling apart, as is 
shown by solid dots. In b the upper section is still in tension but the part of the slab below 300 
kilometers is in compression (open circles). In c the tip of the slab, below 600 kilometers, meets 
such resistance that the entire slab is in compression. In some cases (d) pieces of slab break off 
and sink to about 600 kilometers. Such observations suggest that the convective flow involv
ing the motions of the plates is confined to depths in mantle shallower than 700 kilometers. 
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system is less than 1 ,708, thermal con
vection cannot occur; heat travels di
rectly by conduction from the hot lower 
plate to the cool upper plate. If a small 
disturbance is created in the fluid, the 
disturbance dies away with time. Such a 
state is described as stable, but it need 
not be static. When the Rayleigh num
ber is increased to between 1,708 and 
about 20,000, the system becomes un
stable and small disturbances can grow 
into convection cells. The shape of the 
cells and their horizontal arrangement 
in the layer, called the plan form of the 
convection, depend on the form of the 
initial disturbance. 

Types of Cells 

The simplest plan form consists of 
two-dimensional cells: cylinders that 
rotate on their long axes. Three-dimen
sional cells can be produc;ed by a three
dimensional initial disturbance. We 
know that in the range of Rayleigh num
bers between 1 ,708 and 20,000 two
dimensional cylindrical cells are stable 
in the presence of small disturbances. 
We also believe all three-dimensional 
flows slowly evolve toward the two
dimensional configuration. We cannot 
be sure, however, because the evolution 
is very slow. Even experiments lasting 
several months have not completely re
solved the question. 

If the Rayleigh number is increased to 
20,000 or so, two-dimensional cylindri
cal cells are no longer stable. Another 
set of cylinders at right angles to the 
original one grows to give rise to a 
three-dimensional network of rectangu
lar cells, a pattern of flow called bimod
al convection. If these cells are generat
ed with great care in the laboratory, they 
are all virtually identical. Obviously if 
the plan form is not two-dimensional at 
the lower Rayleigh numbers where cy
lindrical cells are stable, there is no sud
den shift to three-dimensional flow as 
the Rayleigh number is increased. 

At Rayleigh numbers larger than 
about 1 00,000 the bimodal pattern 
breaks down in a rather complicated 
way. Where the two sets of cylindrical 
cells cross in the bimodal pattern there 
are points at which the fluid sinks or 
rises faster than it does elsewhere. As 
the Rayleigh number is increased these 
points move together and distort the bi
modal pattern. The resulting plan form 
consists of a number of points of intense 
upwelling joined to one another by ver
tical sheets of sinking fl uid (or points of 
downwelling joined by sheets of rising 
fluid). This plan form is called the spoke 
pattern. 

What happens at still larger Rayleigh 
numbers, comparable to those of the 
material of the earth's mantie? This 
question is difficult to answer because 
the Reynolds number of spoke convec
tion in laboratory experiments is the rel-
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APPARATUS FOR CONVECTIVE FLOW simulates conditions 
thought to prevail in the earth's upper mantle. The convecting Huid 
is a viscous silicone oil, which is heated from below and cooled from 
above. The properties of the oil, in combination with suitable heat 
Hows and depths of Huid, reproduce Rayleigh numbers in the range 
from about 1,700 to 106• The depth of the Huid can be varied from 

about 1.6 to seven centimeters. The convecting region measures 
about 100 centimeters on a side. To simulate the effect of a moving 
plate on the convection patterns a thin sheet of Mylar can be moved 
across the surface of the oil. Usually only a few hours are needed to 
reproduce events that would take millions of years on the scale of the 
earth. Light shining from below makes convection patterns visible. 
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I 
SIMPLE CONVECTION CELLS, conSisting of two-dimensional 
cylindrical cells, seen here end on, make a shadowgraph such as the 
one reproduced at the top of page 73. Parallel rays of light shine 
through the Huid from below. The rays are refracted away from 
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hot regions and toward cold ones. Thus hot, rising sheets of Huid 
are marked by a dark line, which sometimes has a thin bright line 
on each side. Cold, sinking sheets of Huid are marked by a bright 
line. Convection cells in general tend to be as wide as they are deep. 
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atively large number of about I, even 
when the fluid is very viscous, and mo
mentum effects begin to become impor
tant. The convection becomes time-de
pendent, that is, its pattern changes with 
time. It still looks like the spoke pattern, 
but the hubs of the spokes are farther 
apart and the position of the rising and 
sinking sheets is constantly shifting. We 
suspect that this behavior occurs only 
when the Reynolds number is not small. 

The most striking feature of the cylin
drical, bimodal and spoke patterns is 
that the horizontal distance between 
the rising and sinking regions is always 
about the same as the depth of the lay
er. For a given difference in tempera
ture between the bottom and the top of 
the layer, cells that are approximately 
square transport more heat than cells 
with other shapes. This behavior does 
not, however, offer much help in the ef
fort to devise a model of the large-scale 
convection that moves the earth"s plates 
(assuming that the flow in the mantle 
does not extend below 700 kilometers). 
What we should like to produce in labo
ratory experiments is convection cells 
whose width is many times their depth. 

The Heating of the Fluid 

The mantle is not a uniform fluid 
heated from below. It contains radio
active elements, and their decay partly 
heats it from within. Moreover, the vis
cosity of the mantle material and its 
resistance to deformation vary sharply 
with temperature. It is because of this 
variation that the cool, thin plates that 
form out of the material are so rigid. 
Indeed, the variation is so great that 
many geophysicists question whether 
the mantle material can adequately be 
described as a viscous fluid. How seri
ously do such considerations complicate 
the effort to develop a model of the 
mantle's convective flow? It is true that 
most of the work done so far has in
volved fairly simple convection systems 
in which the fluid layer is heated only 
from below. Nevertheless, some signifi
cant discoveries about convection have 
been made, chiefly through experiments 
performed with computers. 

As we have seen, when convection is 
driven by heating from below, heat is 
transported by hot jets or sheets of fluid 
rising from the lower boundary of the 
fluid and by cold fluid sinking from 
the upper boundary. At large Rayleigh 
numbers this type of flow gives rise to a 
thin horizontal layer of hot fluid adja
cent to the lower boundary and a similar 
layer of cold fluid adjacent to the upper 
boundary. Between these two boundary 
layers is a region where there is little 
change in temperature from top to bot
tom. As the Rayleigh number increases, 
the turnover time decreases and the 
boundary layers become thinner. When 
the heat is generated internally, how-

ever, there is no lower boundary layer. 
Heat must be transported to the upper 
boundary by all the fluid's passing close 
enough to it for the heat to be conducted 
out. There is no longer a "passive" re
gion in the center of the cell. 

This state of affairs destabilizes the 

cold upper boundary layer and gives rise 
to complicated time-dependent behav
ior when the Rayleigh number exceeds 
about 40,000. Both jets and sheets of 
sinking fluid materialize spontaneous
ly through instabilities of the upper 
boundary layer. Once they have formed 

EFFECT OF SHEAR ON SPOKE PATTERN has been studied in the apparatus depicted 
on the opposite page. After a convective pattern characteristic of a Rayleigh number of 140,-
000 has become stabilized (first picture) the sheet of Mylar is set in motion to simulate a plate 
moving across the mantle. Successive pictures, made at equal intervals, show the rearrange
ment in pattern resulting from the motion of the Mylar plate as it travels from left to right. The 
shear converts the spoke pattern into cylinders whose axes are parallel to the direction of plate 
motion. The small black bar at upper left in each photograph indicates the depth of the fluid. 
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CONVECTION IN THE MANTLE is thought to involve Rayleigh numbers lying some
where between 106 and 107• Laboratory experiments show that convection patterns develop 
in complexity from cylinders to bimodal flows to spoke patterns as Rayleigh number increases. 

a b 

o 

COMPUTER SIMULATIONS of convection cells show how patterns are affected by varia
tions in fluid viscosity and by the mode of heating. When tbe viscosity is constant and the fluid 
is heated entirely from below (a), the rising and sinking sheets of fluid are nearly symmetrical. 
When the heat is supplied uniformly throughout the interior of a fluid of constant viscosity (b), 
convection consists of thin sinking sheets of cold fluid with hot fluid upwelling everywhere 
else. When the computer simulation is repeated for a fluid whose viscosity decreases markedly 
with temperature, heating from below (c) produces a convection cell in which the hot rising 
sheet is significautly thinner than the cold sinking sheet. When the heat is supplied from within 
variable-viscosity fluid (d), pattern is little changed from that seen when viscosity is constant. 
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they travel toward other sinking regions 
and combine with them in moving 
toward the interior of the fluid. The cy
cle is then repeated. The general form of 
the flow closely resembles the plate mo
tions. with a thin, cold upper boundary 
layer and sinking sheets in motion, but 
the horizontal dimension of the motion 
is once again similar to the depth of the 
convecting layer. 

In all the laboratory experiments the 
hot fluid is less viscous than the cold 
fluid, but this variation in viscosity only 
affects the flow strongly when the hot 
region is less 

'
viscous than the cold re

gion by a factor of 10 or more. When the 
convection is driven by heating from be
low, the hot, low-viscosity, rising region 
becomes thinner and the sinking region 
broader than would be the case if there 
were little difference in viscosity. When 
the heat is supplied from within the 
fluid, there is no pronounced change in 
the form of the flow even where there 
are large differences in viscosity. The 
rather limited experiments on internal 
heating that have been conducted so far 
suggest that such heating has a more im
portant influence on the form of the con
vection than differences in viscosity do. 
Recently computer experiments have 
been performed on convection in fluids 
that not only show variations in viscosi
ty but also behave according to more 
complicated and more realistic laws of 
flow found by deforming rocks at high 
temperature. Somewhat surprisingly the 
introduction of these laws has little in
fluence on the form of the flow. 

Although there is clearly much more 
to be learned about the plan forms of 
convection in fluids of various viscosi
ties or of convection driven by internal 
heating, all convection cells with a width 
five or more times greater than the depth 
of the convecting layer have been found 
to be unstable. Several workers have re
ported generating stable cells, but the 
flow was stable only because boundary
layer instabilities were artificially sup
pressed. 

The Small-Scale Convection 

One obvious way to reconcile the geo
physical observations, which demon
strate that the cells extend at least 
1 0,000 kilometers horizontally, with the 
laboratory and computer experiments is 
to assume that mantle convection ex
tends from the surface to the region 
where the mantle meets the earth's core 
at a depth of 2,900 kilometers. There are 
several objections to such a model. The 
most important is the great resistance 
sinking slabs encounter at a depth of 700 
kilometers. Another objection is more 
complex. If the flow extends throughout 
the mantle, it must be almost entirely 
driven by internal heating. which im
plies a Rayleigh number of at least 50 
million. As we have seen, under these 
conditions many jets and sheets sink 
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from the cold upper surface and the dis
tance between them is only a small frac
tion of the depth of the convecting layer. 
To achieve conditions where this type 
of small-scale flow does not occur one 
must decrease the Rayleigh number by a 
factor of at least 1 ,000, or to about 
50,000. Although our knowledge of the 
physical parameters of the earth's inte
rior is not very precise, there seems no 
way to reconcile a figure of 50,000 with 
the estimated minimum value of 50 mil
lion required for deep convection in the 
mantle. We prefer a model in which the 
convection is confined to the mantle's 
outer 700 kilometers. The flow is then 
driven partly by heat generated within 
the fluid and partly by heat generated in 
the lower mantle and perhaps in the 
core, with the latter heat entering the 
base of the upper mantle by conduction. 

The experimental results clearly im
ply that there is small-scale convection 
in the upper mantle, with a distance of 
about 700 kilometers between the rising 
and sinking regions. In addition, how
ever, there must be a large-scale convec
tion to account for the geophysical ob
servations, in particular the motion of 
the surface plates. Convection involving 
high Rayleigh numbers often occurs on 
several scales. The circulation of the at
mosphere and of the oceans, driven by 
large-scale differences in density, pro
vides familiar examples. In both cases 
large-scale motions are superimposed 
on small-scale convective features. 
Clouds are such a convective feature. 
Convection in the mantle, however, is 
quite different from the convection seen 
in the atmosphere and in the oceans 
because in the mantle the Reynolds 
number is small and momentum is un
important. 

To test the hypothesis that there are 
two scales of convective flow in the 
mantle we need geophysical evidence 
that the small-scale flow exists. One 
would also like to understand how the 
large-scale flow can be stable, as it so 
obviously is. The plan form of the 
small-scale flow probably depends on 
how strongly the surface plates and the 
mantle are coupled. If there is no slip
page between a moving plate and the 
mantle, a substantial layer of the upper 
mantle will be dragged along by the 
plate. In that case the mantle under the 
moving layer will be strongly sheared. 

We can simulate such a condition in 
our laboratory apparatus by arranging 
matters so that a sheet of the plastic My
lar, representing a plate, moves across 
the top of the convecting fluid at a 
steady rate. When the velocity of the 
plastic sheet exceeds a certain low value, 
the convection takes the form of rotat
ing cylinders whose axes are aligned in 
the direction of the shear. The shearing 
merely transports the fluid along the cyl
inder and therefore has no effect on the 
small-scale convection. Convective cyl
inders in sheared flow are often seen in 

PLATE 

FLOW UNDER PLATES may follow either of two general schemes. In one model (top) the 
viscosity of the material under the plates is uniform. Thus a considerable layer of fluid is swept 
along by the plate motion. In order for mass to be conserved there must be a strong reverse 
flow deeper in the mantle. If, however, there is a thin layer of low-viscosity material under the 
plates (bottom), surface motions are decoupled from mantle and basically only mass of plates 
themselves need be carried by return flow. Geophysical observations favor decoupled model. 

the atmosphere. where they take the 
form of cloud "streets": parallel rows of 
puffy clouds all about the same size. The 
shear required to change the three-di
mensional bimodal or spoke patterns 
into cylindrical ones depends on the 
Rayleigh number. In the laboratory 
the cylindrical convection cells develop 
when the speed of the plastic sheet cor
responds to a plate velocity of about 10 
centimeters a year for a convecting lay
er 700 kilometers thick (assuming that 
there is no slippage between the plate 
and the mantle). 

This general understanding of the 
physics of vigorous convection is obvi
ously a great help in understanding con
vection in the earth's mantle. Instead of 
trying to apply the limited geophysical 
observations to guess the form of the 

flow. we can apply them to test models 
that are compatible with laboratory ex
periments. As we noted at the outset. 
however, the plates are so rigid they 
mask most of the effects that might be 
associated with small-scale convection. 
Two of the important effects that are not 
masked are regional variations in gravi
ty and in the depth of the ocean. 

Gravity anomalies extending over a 
distance of 1,000 kilometers or more 
originate with differences of density in 
the mantle and associated deformations 
of the surface. Variations in the depth 
of the ocean are slightly less easy to in
terpret. The most obvious variation 
in depth results from the cooling and 
shrinking of a plate as it moves away 
from the axis of a mid-ocean ridge. 
where the growth of the plate begins 
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with the upwelling of hot material from 
the mantle. Because all plates cool the 
same way the depth of the ocean should 
be a function of the age of the plate ma
terial at that point, unless other forces 
are at work. The expected depth can 
readily be calculated. When this is done 
carefully, regional departures from the 
expected depth are revealed that corre-

RIDGE AXIS 

spond closely to the gravity anomalies. 
There are good reasons to believe the 
variations in depth and gravity are asso
ciated with convection currents at the 
base of the plates. 

The first question we must answer is 
whether the moving plates sweep the up
per part of the mantle along with them 
or whether they are decoupled from the 

POSSIBLE MODEL OF CONVECTION under plates in the vicinity of a mid-ocean ridge vi
sualizes flow on two scales. H the plates are moving apart fast enough, by 10 centimeters or 
more a year, the small-scale convection may be transformed into longitudinal cylinders with 
axes parallel to the plate motion. Exactly how the large-scale convection associated with the 
plate motion would interact with the longitudinal convection cylinders remains to be clarified. 

ACTIVE 
VOLCANOES 

UPPER 
MANTLE 

ALTERNATIVE MODEL OF MANTLE- CONVECTION may explain the creation of 
chains of volcanoes in which the site of active volcanism does not move as fast as the plates. 
This diagram attempts to show only the small-scale convection cells; the large-scale circula. 
tion is omitted. The small-scale flows are somewhat decoupled from the plates by a thin, low
viscosity layer that may be partially molten, Part of the heat needed to drive the small-scale 
circulation comes from the lower mantle I\Ild part from the decay of radioactive isotopes with
in the layer. Since the viscosity decreases with temperature the heat from below produces thin 
rising jets of hot material. The internal heating creates cold sinking sheets and jets, which dom
inate the overall flow. Because of the decoupling layer the hot rising jets can erupt as active 
volcanoes that do not move with the plate, whereas lava cones of extinct volcanoes do move. 
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convective motions in the mantle by a 
thin layer of low-viscosity material. If 
the plate motion sweeps much material 
along with it, there must be some kind 
of return flow at greater depth; other
wise mass would not be conserved. The 
return flow must be driven by a drop 
in pressure between the deep ocean 
trenches, where the plate plunges into 
the mantle, and the mid-ocean ridge. 
The required pressure difference should 
cause the top of the plate to slope. No 
such slope has  been detected, and there 
is no obvious gravity anomaly produced 
by the material being carried into the 
trench and its return flow. Therefore the 
geophysical observations favor the de
coupling of the plate from the mantle by 
a low-viscosity layer. The existence of 
such a layer was proposed independent
ly of plate-tectonic theory to account for 
the observed damping of earthquake 
waves. The layer is conceivably created 
by the partial melting of rock between 
the crust and the mantle. 

The Decoupling of the Plates 

Recent attempts to determine the 
forces acting on plates by analyzing 
their motions in some detail have also 
suggested that they are decoupled from 
the mantle. Little is known, however. 
about the viscosity of the layer responsi
ble for decoupling, which is probably 
less than 50 kilometers thick. If the 
plates and the mantle are indeed decou
pled, the resistance to plate motions is 
greatly reduced, and the various sources 
of convective energy associated with 
plate motions can easily provide enough 
power to drive the large-scale flow at the 
velocities observed. The most obvious 
source of energy is the upwelling of hot 
material from the mantle, which pushes 
the plates apart at the mid-ocean ridges. 
Even more important is the sinking of 
the cold, dense plates back into the man
tle, which would tend to pull the plates 
toward the trenches. 

There is little direct evidence of small
scale flow in the mantle. If the plates and 
the mantle are not decoupled, under 
plates that are moving rapidly such 
flows should take the form of rotating 
cylinders. If a low-viscosity layer pro
vides decoupling, we expect the small
scale flow to be three-dimensional and 
complicated. We expect it to consist of 
both hot rising material and cold sinking 
material in the form of jets and sheets. 
Since roughly half of the convective 
layer's heat comes from conduction 
through the base of the layer and half 
comes from within, we expect more 
sinking regions than rising ones, and we 
also expect the variation of viscosity 
with temperature to make the rising 
flows narrower than the sinking ones. 

Attempts have been made to detect 
the small-scale convection, but they 
have met with only marginal success. 
Not all geophysicists accept the gravity 
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Dialo e 
Notes and observations from IBM that may prove of interest to the scientific and engineering communities. 

The mid-module of an F-14 fighter is wheeled out of the Grumman plant at Bethpage, N.Y. 

211 Integrated Programs 
Speed Aerospace Design at Grumman 

Time is usually in short supply in the 
aerospace i n d u s try. B ecau s e  m o s t  
development contracts call for comple
tion by a fixed date, adherence to the 
planned schedule is crucial. And few 
categories of aerospace engineering are 
more demanding than airframe analysis 
and design; drawings must be released 
on time, and later changes in structure 
are very costly. 

The need for these changes can often 
be traced to faulty communication be
tween groups of engineers working on 
related tasks. Ten years ago Grumman 
Aerospace Corporation of Bethpage, 
N. Y., pioneered a computerized inte
grated engineering system. Today its 
successor, the far more sophisticated 
Rapid Aerospace Veh icle Evaluation 
System (RAVE S), has become an indis-

pensible resource of Grumman's En
gineering Department. 

RAVES is a collection of 211 pro
grams, such as Mission Analysis, Ma
nuever Loads, and Flutter Analysis, 
"chained" or integrated so that each one 
generates data directly usable by the 
programs that follow. They cover the 
design process from preliminary work to 

(continued on next page) 

© 1976 SCIENTIFIC AMERICAN, INC



Advertisement 

Magnavox Gets Precise Fixes with 20-Hour Simulations 

View from the btidge of a large tanker. Ocean-going merchant vessels now 
use shipboard electronic systems, interpreting signals 

from earth satellites, to obtain precise navigational fixes automatically. 

Grumman ... 
(continued from first page) 

release of finished drawings and data. 
Engineers use terminals throughout the 
co mpa ny, guid ed by qu e s tio n -and
answer procedures, to execute programs 
on the IBM System/370 Model 168. 

" B ecause of constant advances in en
gineering and technology, we're doing 
more and more analytical work on each 
new p rojec t, " says Glen Wen nagel, 
RAVES project engineer. "At the same 
time, today's requirements for docu
mentation are far greater. The result 
could have been an explosion in engi
neering man-hours-if it were not for the 
time saved by the computer. 

"Now we have found that c ertain 
a nalysis costs have been reduced by 

75%. Typically, an engineering program 
makes possible enough man-hour sav
ings in less than one year to pay the cost 
of developing it." 

Anoth er set  of p rogra m s, cal led 
Grumman Engineering and Manufactur
ing Systems (GE/M S), interfaces with 
RAVES to develop the actual geometry 
of an aircraft. Engineers use interactive 
graphics and work with a light pen and 
keyboard to create designs and drawings 
and apply specifications to basic geomet
ric models on the screens of IBM 2250 
Display Units. 

" GE/MS can save up to 50% of the 
time required to p roduce a finished 
drawing," says Paul Wiedenhaefer, pro
gram director. " Interactive techniques 
in design, drafting, and manufacturing 
have become a cost-effective way of life 
at Grumman." 

A ship on the open ocean can now ob
tain an instant fix on its location to within 
a few hundred feet, in any weather. A 
new Magnavox Marine Navigation Sys
tem uses signals from six earth-girdling 
satellites of the Navy Navigation Satel
lite System (NN SS)  in orbits that bring 
them in range of any point on earth from 
one to four times every two hours. 

Such shipboard systems-which have 
given Magnavox a leadership position in 
the fast-growing field of satellite navi
gation-originate at the Magnavox Re
search Laboratory in Torrance, Califor
nia. There engineers make extensive 
use of an interactive IBM computer sys
tem for the d e ma nding resea rch in
volved in satellite-related projects. 

" Simulations requiring 20 hours or 
more of computer time are not uncom
mon, " says Gregory Owen, data process
ing manager. "These range from models 
of fluctuating signal conditions-noise, 
'ghost' transmissions, and the like-to 
simulated navigational geometries re
quired to determine system accuracy 
under all possible conditions. Of our 225 
engineers, at least  140 are now active 
computer users, compared with only 20 
two years ago. They log a bout 3, 200 
hours of connect time monthly from 
fourteen interactive IBM visual displays 
and two hard copy terminals. And they 
access as many as 200 programs stored on 
IBM 3350 disks. We're consta ntly adding 
disk space as program use grows." 

Engineering work runs on an IBM 
System/370 Model 145 under  Virtual 
Machine Conversational Monitor Sys
tem (VM/CMS) for sixteen hours start
ing at 8 a. m. (The companys commercial 
and accounting work is done in batch 
mode.) Of all work handled by the com
puter, 70% is interactive engineering. 

" We've experienced a 50% gain in 
engineering productivity with interac
tive computing," says Andy Chao, man
ager of research. "The e ngineers ac
cepted it rapidly-beyond all our expec
tations, in fact-because they found it 
met their needs in a way they'd never 
experienc ed before. Another factor is 
ease of learning-it takes only two hours 
to become familiar with the system." 

And Dr. Charles Cabn, associate di
rector of advanced programs, points out 
that the IBM system puts emphasis on the 
personalized aspects of computer use. 

"Engineers can develop their own 
programs in interactive programming 
langua ges l ike FO RTRAN and V S  
BAS IC," h e  points ou t. "They can go 
a h ead a nd u s e  th eir own p rogra m s  
whenever they need them, o r  call u p  the 
standard programs in our library. 

"This bypasses the usual develop
ment cycle, saving weeks or months. We 
think it's a great way to run an engineer
ing laboratory." 
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Endangered Plants Get Help from the Computer 
Because of man's steady encroach

ment on the environment, hundreds of 
plant species in the United States may 
face early extinction. The Office of En
dangered Species of the Department of 
I n t e r i o r  i s s u e s  p e r i o d i c  l i s t s  of 
"threatened" or "endangered" species. 
But protective action is largely up to in
dividuals. 

Now botanists have a natural ally in 
the computer, which is being used to 
make existing data on plants , including 
endangered ones ,  far more accessible 
and useful. 

Under the direction of Theodore J. 
Crovello, professor of biology at the 
University of Notre Dame near South 
Bend, Indiana, data on over 100 species 
of the mustard family found in the U.S. 
has been entered into the computer. 
This is one of the first attempts to com
puterize a monograph on plants. Data on 
over 35 , 000 individual collections of 
mustard plants preserved in museums 
across  North America has been cap
tured in the Notre Dame data bank. 

"Although this data has been avail
able for decades ,  we '-tad to wait for the 
computer as the medium through which 
we could rearrange and analyze it effi
ciently," says Dr. Crovello. " Now we can 

Computer simulation of the 
"dnmping effect" of energy waves 

moving through plasma. At high wave 
energy level (E3), the slope is greater 

than at lower levels (E1 and E2). 

determine in seconds the counties of the 
U. S. in which a supposedly threatened 
species has been known to occur, and 
how long it has been since it was last 
collected." 

Dr. Crovello points out that " the 
IBM System/370 Model 158 can 
swiftly print maps of the entire 
U. S. , or of a particular state , 
a c c o r d i n g  t o  s e l e c t e d  
criteria, such as the rela
tive similarity among the 
counties of the species' 
distribution. And it can 
answer questions such 
as, 'At what time of year 
i s  t h i s  s p e c i e s  i n  
flower?' 

''There are an esti
mated 250, 000 spe
c i e s  o f  v a s c u l a r  
plants i n  the world, 
20, 000 of them in 
the United States ,"  
Dr. Crovello points out. 
" M od e r n  clas s ificat ion 
these plants has  been going on 
since the 18th century, with the re
sulting data accumulating in collec
tions and catalogs scattered 
all over the world. 

" I n e v i t a b l y, s u c h 
data varies greatly in 
p r e c i s i o n  a n d  c o m 
pletenes s ,  presenting 
re al  d i ffi c u l t i e s  of 
n o m e n c l a t u re a n d  

missing information. 
Nevertheless ,  the de-

velopment of large com
puterized plant data banks 

is now demonstrably feasi
ble as shown in several proj-

ects. It  represents a major break
through in plant systematics and re

lated fields , permitting com
parative studies of plant life on 
a scale not hitherto practicable. 

"And it might possibly 
help to preserve some of 
the many rare species 

now in danger of van
ishing from the earth." 

The Notre Dame 
computer data base is 

made up of over 100 species of 
the mustard family found in U. S . ,  

one of which is the threatened 
Streptanthus hispidus 

shown here . 

Research in Fusion: 
Computer Simulated Plasmas 

Controlled thermonuclear fusion is 
a possible solution to the energy crisis. 
Atomic particles release great quantities 
of energy as they collide and "fuse" at 
million-degree temperatures. The basic 
fuel for the process is deuterium ,  an 
isotope of hydrogen, which is plentiful in 
seawater. And controlled fusion is in
trinsically safe because any breakdown 
in the reactor stops  the p roce s s. 
Although in theory nuclear fusion has 
highly desirable properties as a source of 
energy, twenty-five years of develop
ment effort have not produced a practi
cal reactor for power plant use. 

At the I B M  Scientific Center in Palo 
Alto , California,  theore tical studies  
using computer simulations have helped 
shed light on the behavior of plas mas , or 
superheated gases - one of the most  
critical and fundamental areas of  fusion 
research. In a plasma, the gas is so hot 
and the atomic particles are moving so 
fast  that normal electrical forces are 
overcome as the particles collide, fuse 
and release further energy. 

IBM scientists used the computer to 
build mathematical models of plasma. 
The simulations offer a valuable alterna
tive to the costly and difficult process of 

creating plasmas in the laboratory. 
The work at Palo Alto is based on an 

equation describing the behavior of 
plasmas first written by a Russian scien
tist, A.A. Vlasov, in 1944. The Vlasov 
equation is still widely regarded as accu
rate. However, the equation-in seven 
variables-is unsolvable by conventional 
methods. 

The IBM researchers reduced the 
number of variables by treating wave 
propagation in the plasma as one-dimen
sional. With this simplification,  they 
were able to compute the damping effect 
or the rate of decay of waves moving 
through the plasma. 

These results - and, by extension , 
the compu tational techni que-have 
been confirmed in laboratory tests with 
real plasmas. Computer-simulated solu
tions to the Vlasov equation describe 
plasma behavior as observed in the labo
ratory in great detail. In the future scien
tists will be considering broader and 
more ambitious applications of the com
puter to plasma physics. The next step 
would be to model wave propagation in 
the plasma in two dimensions with equal 
accuracy. 
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RIFT ZONE 

A rrwgma-heated geothennal reservoir shown in cross section. Dikes are vertical 
columns of magma, while rifts are horizontal layers. 

Harnessing Geothermal Energy in Hawaii 

Thousands of feet below the volcanic 
island of Hawaii (the "big island" of the 
Hawaiian Chain), geologists believe 
there may be a huge pool of hot water, 
possibly superheated. 

Water normally boils at 100 degrees 
centigrade, but superheated water, sub
jected to great pressure in the ground, 
will stay in liquid form at about 200 
degrees until brought close to the earths 
surface, where it will flash into steam. 
The steam from such a geothermal res
ervoir could drive a turbine to generate 
electricity. In fact, the island's supply of 
electricity might one day be doubled in 
this way. 

The realization of this possibility is 
the goal of the Hawaii Geothermal Proj
ect being conducted by a group of scien
tists who are making use of computer 
modeling and simulation at the Unfver
sity of Hawaii. The scientists are drilling 
a shaft more than a mile deep south of the 
city of Hilo, where they hope to reach 
water heated by vertical col u m n s  
("dikes") o f  molten rock, o r  magma. 
Helping to guide them is a computer
generated mathematical model of the 
subterranean features of the island. 

The model was created by Dr. Ping 
Cheng, p rofessor of mechanical en
gineering, to determine the probability 
that a geothermal reservoir does exist 

and what its characteristics are likely to 
be. Varying conditions-such as dif
ferences in the size, temperature and 
location of the heated areas-were then 
applied to the model in the form of non
linear partial differential equations. 
Based on the equations, the university's 
IBM System/370 Model 158 produced 
initial p redictions about the temperature 
distribution and convection patterns of 
ground water in the reservoir. Later in
formation obtained from the actual drill
ing is used to modify and refine these 
analyses. 

What if the water is not hot enough to 
produce steam ? In that cas e  another but 
more expensive technique, the binary 
fluid m ethod, may be used. In this 
method the hot water heats a second 
liquid, a refrigerant, which has a lower 
vaporization point than the water. Here 
again, the computer is of aid. 

"Computer modeling enables us to 
determine the costs associated with each 
method at every given temperature," says 
Dr. Deane Kihara, associate professor of 
mechanical engineering. "We work with 
over 25 variables, including such factors 
as the capital investment associated with 
each type of refrigerant, the flow rates 
and the optimal size of each physical 
component of the generating plant." 

Disp osal of the cycled water i s  

another area under investigation with 
computer aid. Since it is likely that water 
from geothermal reservoirs will contain 
minerals and salt, the effiuent should not 
be dumped untreated either on the sur
face of the island or into the sea. Reinjec
tion into the earth is currently being con
sidered, with the expense and geological 
consequences as parameters. 

"At the very least, the Hawaii Geo
thermal Proj ect will add to our geo
logical knowledge of the islands," says 
Dr. Paul Yuen, associate dean . "And if we 
are successful, we may be able to lower 
the high cost of electricity on Hawaii." 

DP Science Dialogue is concerned 
with topics which rrwy prove of 
interest to the scientific and en
gineering communities . Your com
ments and suggestions are wel
come. Just write: Editor, DP Sci
ence Dialogue, IBM Data Process
ing Division ,  1 133 Westchester 
Ave. , White Plains , N. y' 10604 . 

IBK 
Data Processi ng D i v i s i o n  
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anomalies and depth variations as con
vincing evidence for small-scale flow. 
Nevertheless. there is good evidence for 
some type of convective heat transport 
other than that directly associated with 
the plate motions. The increase in the 
depth of the ocean with the age of the 
plate at the bottom agrees closely with 
the subsidence calculated for a plate 
about 1 20 kilometers thick. If the man
tle below a depth of 1 20 kilometers 
could cool by conduction. the oldest 
parts of the Atlantic and the Pacific 
would be about a kilometer deeper than 
they actually are. Such cooling can be 
prevented only if heat is transported to 
the base of the plate by convection. The 
ocean-depth observations do not. how
ever. supply any information about the 
plan form of the inferred convection. 
Although it seems likely that small-scale 
convection of the type we have de
scribed is responsible. any form of con
vective heat transport would account
for the observations. 

There is one other set of observations 
that offers evidence for both decoupling 
and small-scale convection: the chains 
of volcanoes that form ridges in parts of 
the deep ocean. The best-known exam
ple is the Hawaiian Ridge in the Pacific. 
The two currently active volcanoes are 
on the island of Hawaii at the southeast 
end of the ridge. The volcanic rocks that 
form the ridge increase steadily in age 
with their distance from Hawaii. Several 
ridges in the Indian Ocean and the At
lantic resemble the Hawaiian Ridge. 

The interesting point is that the mo
tion of an active site of such volcanism 
with respect to another active site is only 
one or two centimeters a year. whereas 
the motion of one plate with respect to 
another is more than 10 centimeters a 
year. These measurements indicate that 
the source of the lava for the volcanoes 
lies under the plates and does not move 
with them. According to this view. the 
volcanoes are the surface expression of 
jets of hot material that rise to the sur
face from the base of the mantle . 

The principal objection to this con
cept comes from the computer models 
of the behavior of internally heated 
fluids. which show that although sinking 
cold jets are generated. hot rising ones 
never are . .  No such difficulty arises. 
however. if convection is confined to the 
upper 700 kilometers of the mantle . 
Since this region is heated both from 
below and from within. hot jets should 
be able to form in it. Furthermore. such 
jets will not move with the plates. be
cause they are decoupled. On the ba
sis of the laboratory experiments one 
would expect the small-scale convection 
to be time-dependent. Hence it is not 
surprising that there is a certain amount 
of slow movement in the jets that have 
given rise to the volcanoes of the ocean
ic chains. 

We should obviously like to have 
more information about the form of the 

small-scale flow. but it is nonetheless 
pleasing that we can account for all the 
relevant geophysical observations with 
a model based on laboratory experi
ments. The fact remains that the obser
vations are all too few. With recent ad
vances in the measurement of the earth's 
gravity by satellites. however. our 

knowledge of the gravity anomalies un
der the oceans should increase rapidly 
over the next few years. And laboratory 
experiments at large Rayleigh numbers 
( 106 to 107) and small Reynolds num
bers are possible. although difficult. and 
they should help us to understand the 
features detected by the satellites. 
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AGE (MILLIONS OF YEARS BEFORE PRESENT) 

DEPTH OF THE OCEAN increases with the age of the sea floor because of thermal contrac
tion as the plate cools from a high uniform temperature at the axis of the mid-ocean ridge. H 
the cooling continued uniformly with age as the plate moved away from the ridge, the depth of 
the ocean should follow the broken curve. Actual depth measurements, however, yield solid 
curve, which conforms to cooling of plate 120 kilometers thick whose base is at 1,200 de
grees Celsius. It appears that heat is supplied from below, probably by small-scale convection. 

DEPTH OF THE NORTH ATLANTIC is shown in meters (color) after removal of the effect 
of cooling of the plate by age. Black lines show contours of the gravity field in milligals. The 
variations in the two features seem to be closely related and could be evidence for a region in 
which hot mantle material is carried upward by small-scale convection currents. Neither the 
depth of the ocean nor the gravity field seems to bear much relation to Mid-Atlantic Ridge 
(gray line), where the North American plate and the Eurasian plate are being pushed apart. 
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Visual Cells in the Pons 

of the Brain 

Cells in a protuberance at the base of the brain act 
as a major relay in the circuit that links the eyes 
and the muscles to guide the movements of the body 

by Mitchell Glickstein and Alan R. Gibson 

Tasks that demand close coordina
tion between eye and limb, such as 
a man catching a ball or a cat 

chasing a mouse, call for the combined 
activities of visual and motor centers in 
the brain. In mammals these centers are 
located in circumscribed regions of the 
cerebral cortex, the great folded sheet of 
nerve cells that forms the major part of 
the cerebrum. The visual area is at the 
back of the cortex; electrical stimulation 
of the area produces the sensation of 

light, and the cells of the visual cortex 
can be selectively activated by present
ing visual stimuli to the eye. By the same 
token stimulation of the motor area in 
the forward part of the cortex gives rise 
to muscular contraction, and the activ
ity of cells in the region increases in 
a brief period before muscular move
ment. How do the visual and motor cor
texes interact to guide the movements of 
the limbs? What kind of connections are 
there between them? 

CEREBRAL CORTEX 

CEREBRAL PEDUNCLE 

MIDDLE CEREBELLAR PEDUNCLE 

PONS OF THE HUMAN BRAIN was first described by the 16th-century Italian anatomist 
Constanzo Varolio, who thought it resembled a bridge ("pons" in Latin) arching over the brain 
stem. The cerebral peduncles contain fibers that originate in the cortex of the cerebrum and 
project to the pons. From there they travel through the middle cerebellar peduncles to the cere
bellum, where sensory information and motor information are combined to guide the limbs. 
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The cerebral cortex, like the rest of 
the brain, is made up of billions of uni
tary components: the nervI; cells, or neu
rons, and their supporting cells. Neu
rons come in many different sizes and 
shapes, and most of them have an elabo
rate system of branching fibers, the den
drites, and a single long fiber, the axon. 
It is along the axon that the neuron 
transmits messages to other nerve cells 
in the form of electrochemical impulses. 
The far end of the axon makes contact 
with a dendrite or the cell body of an
other neuron; the specialized junction 
wher./! the transfer of impulses occurs is 
the synapse. The synapse allows infor
mation to flow in only one direction, and 
ner.ve cells are organized into circuits by 
their synaptic connections. 

Our knowledge of the circuitry link
ing nerve cells in the visual and motor 
regions of the cerebral cortex is meager, 
but it is possible to trace at least three 
anatomical pathways by which connec
tions might be made. One such pathway 
is entirely cortical: information in the 
visual cortex passes through the visual 
association areas, where it is processed, 
and then proceeds to the motor cortex. 
The other two routes leave the cerebral 
cortex and then return, one route by way 
of the basal ganglia, the other by way of 
the cerebellum, the "little" brain that 
governs the coordination of the motor 
system. 

This latter pathway is of particular in
terest, because a good deal is known 
about the internal workings of the visual 
cortex and the cerebellum but much less 
about the connections between them. 
With our colleagues at Brown Universi
ty and the University of Oxford we have 
been studying the first relay in a path
way that begins in the visual cortex and 
connects to the motor cortex by way of 
the cerebellum, a circuit that appears to 
be one of the important pathways for 
the visual guidance of movement. 

Early workers thought that only the 
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motor cortex sent fibers to the cerebel
lum. Some 25 years ago Ray S. Snider. 
who was then working at Northwestern 
University. found evidence for a func
tional visual input to the cerebellum 
when he observed that flashes of light 
could evoke potentials in the vermis. the 
middle part of the cerebellar cortex. 
Subsequent work has confirmed Snider's 
observation. and it has also revealed 
that in a lightly anesthetized experimen
tal animal a bright flash can evoke po
tentials over nearly all of the cerebellar 
cortex. The visual input to the cerebel
lum is relayed through the visual cortex 
and also through the superior colliculus. 
a visual structure in the midbrain. 

The connections between the visual 
cortex and the cerebellum are part 

of a massive fiber system that includes 
output fibers from almost every region 
of the cerebral cortex. The outflowing 
cortical fibers do not go to the cerebel
lum directly but are relayed by a protu
berant structure at the base of the brain. 
This structure was described by the 
16th-century Italian anatomist Constan
zo Varolio. who was the first to dissect 
the brain from below. He thought the 
great transverse fiber bundle overlying 
the protuberance resembled a bridge. 
with the brain stem flowing under it like 
a canal. and he named the region the 
pons. fromthe Latin for bridge. In those 
mammals with a large cerebral cortex 
the pons and the cerebellum are also 
prominent; all three structures are strik
ingly developed in the human brain. 

The pathway connecting the visual 
cortex to the cerebellum by way of the 
pons interested' us and our colleagues 
for several reasons. First. since the cere
bellum plays an important role in the 
control of movement. we felt that analy
sis of its visual input might reveal the 
nature of one of the major circuits in
volved in visual-motor guidance. Sec
ond. we believed that examining the 
connections between the visual cortex 
and the pons would help us to clarify 
another problem concerning the repre
sentation of the visual world in the visu
al cortex. 

It has been known for some time that 

CORTICOPONTINE CELLS (cells in the 
visual cortex of the brain that project to the 
pons) are selectively stained reddish brown 
by the technique of horseradish peroxidase. 
This photomicrograph shows a section about 
1.5 millimeters deep into the visual cortex of 
a cat; the line at the top is the surface of the 
brain. Some of the fibers projecting from the 
two stained cells are clearly visible, but the 
single fibers that connect the cells to the pons 
are too fine to be seen at this magnification. 
Corticopontine cells are few in number and 
are confined to a deep layer of cortex with 
major outputs to the lower brain structures. 
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light impinging on the retina is coded 
into nerve impulses by the retinal cells 
and transmitted over the optic nerve 
to the lateral geniculate bodies. These 
structures are the main way stations be
tween the eyes and the visual cortex. and 
each receives an input from half of the 
visual fields. In cats the lateral genicu
late body projects to several regions of 
the visual cortex. among them the areas 
in the cat brain designated 17 and 18. 
Each of these areas embodies an inde
pendent representation of half of the vi
sual fields. 

Why are the visual fields mapped in 
parallel onto two different areas of the 
cortex? If it is because these areas have 
different functions. their differences 
might be reflected in the nature of their 
outputs. For example. one area might 
show a heavier projection of fibers to the 
pons. If that were the case. it would have 
rather direct connections to the cerebel
lum and might therefore be specialized 
for the visual guidance of movement. 

Our first goal. then. was to learn 
which are the main areas of the visual 
cortex that project to the pons and 
which cells their fibers terminate on. 
Once we had found a group of cells 
that were receiving visual inputs in the 
pons we could proceed to examine their 
function. 

A common technique of neuroanato-

CEREBRAL 
CORTEX 

� LATERAL � SUPRASYLVIAN 
AREA 

O SENSORY
MOTOR 
CORTEX 

my is based on the fact that the axon of a 
nerve cell deteriorates rapidly when the 
cell body is destroyed. Hence the projec
tion of fibers from one part of the brain 
to another can be determined by de
stroying the cell bodies in one region 
and tracing the degenerating pathways 
connecting them to the target area. In 
one series of experiments on anesthe
tized cats Richard A. King. John F. 
Stein and we made lesions in those parts 
of either Area 17 or Area 18 in the visual 
cortex that receive their input from the 
center of the visual field. After 10 days 
the cats were reanesthetized and their 
brains were removed. fixed and cut into 
sections. Our histologist. Eileen D. La
Bossiere. then stained sections of the 
pons with Nauta's reduced-silver tech
nique to reveal the location of degener
ating fibers projecting from the visual 
cortex. 

When the lesions were made in Area 
18. a clear-cut focus of degenerating fi
bers appeared among a group of cells in 
the pons. Lesions in the corresponding 
part of Area 17. however. caused only 
negligible degeneration in the pons. sug
gesting that the two cortical regions 
might be functionally different. This hy
pothesis received support when Per Bro
dal of the Anatomical Institute in Oslo 
found that the input to the pons from 
Area 17 was largely limited to those 

parts of the area receiving information 
from the periphery of the visual field. 

There are two other visual regions in 
the cerebral cortex of the cat. One of 
them. Area 19. is continuous with Area 
18; the other. the lateral suprasylvian 
area. is close to the other visual areas 
but is separated laterally from them. All 
four regions of the visual cortex receive 
direct inputs from the eyes by way of the 
lateral geniculate bodies. James F. Ba
ker. LaBossiere and we undertook a 
second anatomical study to determine 
whether Area 19 and the lateral supra
sylvian area also send an input to the 
pons. We found that the projections 
from Area 19 were light but that the 
lateral suprasylvian area projects heavi
ly into the same region of the pons that 
Area 18 does. These two regions of the 
cortex may thus be specialized for the 
visual guidance of movement. and they 
may play a less important role in the 
visual perception of form. 

The findings from degeneration stud
ies have recently been confirmed 

and enlarged with another anatomical 
technique. When certain enzymes. for 
example peroxidase from horseradish. 
are injected into brain tissue. they are 
taken up at the far end of axons and are 
transported back to the cell bodies. If 
the cell bodies filled with horseradish 
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CORTEX 

CEREBRAL --����� 
PEDUNCLE 

PONS 

PYRAMIDAL 
TRACT 

SPINAL CORD 

TOP VIEW OF THE CAT BRAIN shows the visual and sensory
motor areas of the cerebral cortex. All four visual areas in each hemi
sphere receive independent representations of half of visual fields. 

BOTTOM VIEW OF THE CAT BRAIN shows location of pons 
and cerebellum (colored areas). Information from visual cortex trav
els by way of pons to cerebellum before returning to motor cortex. 
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peroxidase are then treated with diami- VISUAL FIELD VISUAL FIELD 
nobenzidine, a dark brown reaction 
product will form, identifying the cells 
whose axons project to the area where 
the enzyme was applied. With this tech
nique Baker, George D. Mower and we 
were able to trace the pathway between 
the pons and the visual cortex in the op
posite direction from the one in which 
we had traced it by the degeneration 
technique. 

We surgically exposed the bottom 
surface of the pons in cats and injected a 
small amount of horseradish peroxidase 
into its visual area. By approaching the 
pons from below we were able to avoid 
the possibility of the enzyme's acciden
tally leaking into other structures that 
might also receive fibers from the cor
tex. When the brains of the cats were 
later sectioned and examined unstained 
under the microscope, large pyramidal rL::;EF�T:..-:..H:.:: E::.: M:.:..IS::: P� H...::E:::R...:: E� ______ �� 
cells containing the peroxidase reaction 
product were visible in all areas of the 
visual cortex except the central portion 
of Area 17. The labeled cells were con
fined to a deep layer of the cortex that is 
known to be a major source of outputs 
from the cortex to lower brain struc
tures. These cells must be sending visual 
information to the pons. 

RIGHT HEMISPHERE 

Having located a set of cells in the 
pons that received fibers from cells 

in the visual cortex, we went on to see if 
these pontine cells could be physiologi
cally activated by visual stimuli. Since 
nerve cells transmit information in the 
form of brief electrochemical impUlses, 
one can detect their responses to sensory 
input by placing fine recording elec
trodes near them. Impulses in a given 
nerve cell or fiber all have about the 
same amplitude; the effectiveness of the 
stimulus that gives rise to them is reflect
ed not in amplitude but in the frequency 
of the "spikes," or impUlses, visible on 
an oscilloscope screen. In general the 
more spikes per second there are, the 
more potent the stimulus is. 

In our physiological experiments Ba
ker, Stein and we recorded the activity 
of single cells in the pons of cats with
out lesions and under light anesthesia. 
The surface of the brain was exposed 
and tungsten microelectrodes were ad
vanced into the pons with a stereotaxic 
device, which makes it possible to posi
tion the electrodes on three-dimensional 
coordinates deep in the brain. When-the 
microelectrodes were placed in the re
gion of the pons that receives fibers from 
the visual cortex, all the cells encoun
tered responded to visual stimulation by 
increasing their rate of firing. Visually 
responsive cells could also be activated 
by electrically stimulating the visual 
cortex. When we encountered a cell in 
the pons that could be driven by visual 
stimuli, and then advanced the micro
electrode deeper into the brain, the next 
cell along the track of the electrode 
could usually be driven by the same 

BRAIN PATHWAYS involved in the visual guidance of movement are outlined in this dia
gram. Information from half of the visual field of each eye flows together at the optic chiasm 
and travels by way of one of the lateral geniculate bodies to the visual cortex in the oppo
site hemisphere of the brain. The visual areas on each hemisphere then project to the same 
side of the pons, but the pathways cross over again in the cerebellum and the spinal cord. 
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stimuli. Moreover, if the electrode was 
advanced through the pons at a point 
immediately adjacent to the preceding 
track, we usually found visual cells at a 
similar depth. Cells outside a certain 
definite area in the pons did not respond 
at all to the visual stimuli. These obser-

vat ions suggest that visual cells in the 
pons are located within a specific region 
that is exclusively visual. 

In neighboring parts of the pons we 
encountered cells that responded to oth
er sensory stimuli, such as clicks or tac
tile stimulation of the cat's fur or skin. 

Although we did not study the response 
properties of these cells in detail, they 
too were found in distinct clusters. All 
the pontine cells we have tested so far 
have responded to only one form of sen
sory stimulation, be it visual, auditory 
or tactile; we have not yet found any 

MIDLINE I �������,r,� 

EXPERIMENTAL LESION in the lateral suprasylvian area of the 
cat visual cortex is shown in this photomicrograph of a stained sec
tion through half of the cat brain. Such lesions destroy nerve cells in 
circumscribed areas of the visual cortex, leading to the degeneration 

of the cells' long fibers, some of which project to the visual cells in 
the pODS. The degenerating fibers can be selectively identified by the 
Nauta staining technique, so that this method is a powerful tool for 
tracing the anatomical pathways connecting the cortex and the pons. 

DEGENERATING FffiERS of corticopontine cells, the result of 
lesions in the visual cortex, appear as irregularly fragmented black 
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lines in this photomicrograph of a thin section through the pons. Fi
bers have been selectively stained black by the Nauta silver technique. 
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cells that receive convergent informa
tion from more than one sense organ. 

About half of the pontine visual cells 
we studied could be activated by a 
bright flash, although a flash was rarely 
the best stimulus. The flash response 
was useful. however, because it enabled 
us to measure precisely the latency of 
activation, that is, the time between the 
flash and the first spike. Knowing this 
time, we could estimate the shortest 
pathway by which cells in the pons re
ceive their visual input. Thirteen of the 
232 cells we studied were activated in 20 
milliseconds or less after a bright flash. 
This short period of latency allows only 
enough time for the passage of an im
pulse through at most a few synapses in 
the visual cortex on its way to the pons. 

What kind of visual information is 
relayed by way of the pons to the 

cerebellum? In order to answer this 
question we went on to study the recep
tive fields of visual cells in the pons, that 
is, the regions of the visual field where 
visual targets affect the rate at which the 
visual cells in the pons fire. The recep
tive fields ranged in size from three by 
four degrees up to a complete hemifield, 
half of the visual field, and on the aver
age they were larger than those of cells 
in the visual cortex. One possible way in 
which such large receptive fields could 
be achieved would be if the outputs of 
several cells in the visual cortex, each 
with a small and slightly different recep
tive field, converged on a single cell in 
the pons. 

Although the visual cells in the pons 
receive their input from the visual cor
tex, their responses differ markedly 
from those of the cells in the cortex. 
Nearly all the pontine cells we tested 
responded maximally to a particular di
rection of target motion; in most cases 
the motion of the target in the opposite 
direction either failed to drive the cell or 
actively inhibited it. We studied the mo
tion sensitivity of some cells in detail. 
varying the speed of the moving target 
and measuring the effectiveness of dif
ferent speeds in causing the cell to fire. 
The pontine cells responded to a broad 
range of target speeds, from a few angu
lar degrees per second up to more than 
1.000 degrees per second, without los
ing their directional specificity, although 
there was an optimum speed for each 
cell. This range of speeds is larger than 
that of cells in the visual cortex, again 
suggesting that several cells in the cor
tex, each with a different preferred 
speed, might converge on a single cell in 
the pons. 

Direction and speed are therefore the 
major determinants of the firing rate of 
visual cells in the pons, with the precise 
shape and orientation of the targets usu
ally being less important. The pontine 
cells do, however, differ in their prefer
ence for targets of different configura
tions and sizes. Large targets containing 

FOCI OF DEGENERATION in the pons produced by experimental lesions in two areas of 
the cat visual cortex are mapped in this tracing of a cross section of the pons viewed from the 
front. Black stippling illustrates the area of degeneration following a lesion in Area 18; col
ored stippling represents degeneration following a lesion in the lateral suprasylvian area of the 
opposite hemisphere. Visual areas in each hemisphere project to overlapping regions on each 
side of the pons; for clarity, however, only one area of degeneration is mapped on each side. 

many spots were the most effective stim
uli for activating about half of the pon
tine cells we studied. Some cells had a 
strong preference for such multiple-spot 
targets; they were not activated at all 
by a single spot. They would fire in re
sponse either to several black spots on a 
white background or to several white 

spots on a black one, although the white 
spots were usually more effective. Other 
pontine cells were preferentially driven 
by a single moving spot. There was usu
ally an optimum size for the spot, and 
large targets often failed to activate the 
cell at all. For most cells in the pons 
oriented bars and edges were not more 
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RESPONSES TO TARGET SPEED of three visual cells in the pons show that the cells are 
sensitive to a broad range of speeds of movement, from a few angular degrees per second up to 
more than 1,000 degrees per second. There is, however, a distinct optimum speed for each cell. 
Responses were measured with an oscilloscope by counting number of "spikes" per stimulus 
sweep at each speed and plotting the number as a percentage of cell's maximum firing rate. 

95 

© 1976 SCIENTIFIC AMERICAN, INC



RESPONSES TO VISUAL TARGETS of a particular cell in the 
pons demonstrate the remarkable specificity of these cells for differ. 
ent target configurations. The responsiveness of the cell to each vi· 
sual stimulus was determined by presenting the target in the visual 

e 
• • ••• 

• •• • • • 
.. .� .� 
� . .. .. . . 
•

• ••• •• •
•• 

•••• • •• e_e • • ' 
• 

f ' .� . . . . . . 
. . . : . . . . . .. . . ' 

. . ' . '
.

, : ', 

. 
" . : : 'e

·· 

. . ' . . ... 
. . . ' . . ' . . . . .. . . 

field and recording the cell's firing pattern with a microelectrode 
connected to an oscilloscope. All six targets evoked a response, but 
most effective stimulus for this particular cell was a pattern of white 
dots on a black background that was moving in a specific direction (b). 

STIMULUS 
ISOLATOR STIMULATOR 

LEVEL 
DISCRIMINATOR OSCILLOSCOPE AMPLIFIER 

r 
TRIGGER PULSE 

1 
RECORDING MICROELECTRODE i 

AREA 18 

STIMULUS 

L-------------------------<L', -----7 
BIPOLAR STIMULATING 
ELECTRODE 

ANTIDROMIC.INV ASION EXPERIMENT identifies cells in the 
visual cortex that send fibers to the pons by electrically stimulating 
nerve endings in the visual area of the pons and detecting impulses 
conducted antidromically, or "backward," up the fibers to the cell 
bodies in the cortex. To ensure that the fiber and cell body are parts 
of the same cell without an intervening synaptic relay, the cell being 
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recorded from can be induced to fire by visual input. This signal is 
then amplified and used to trigger the stimulator, which initiates an 
antidromic impulse at the nerve ending. If the stimulated cell and the 
visually driven cell are one and the same, the two impulses will col· 
Iide midway along the fiber, and the antidromic nerve impulse will 
never reach the cell body and will not appear on oscilloscope screen. 
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effective stimuli than spots, and often 
they were less so. This behavior is in 
contrast to that of most cells in the cor
tex, which respond strongly to oriented 
edges but weakly to spots. 

The response properties of the visual 
cells in the pons tell us something about 
the kind of information that is relayed 
from the visual cortex to the cerebel
lum. What naturally occurring stimuli 
might activate these cells? The cells re
sponding preferentially to a single mov
ing spot could be specialized for follow
ing the rate and direction of movement 
of a single object, which in the case of 
the cat might be a small running animal. 
Those responding to the movement of 
large textured fields commonly prefer 
movement away from the vertical me
ridian and downward, and thus they 
could be responsible for detecting the 
direction of the ground as seen by a 
walking or running animal. 

Since the behavior of the visual cells in 
the pons differed so much from the 

previously reported behavior of visual 
cells in the cortex, we decided to study 
how information is processed in the cor
tex to give rise to the very different kind 
of responses that occur in pontine cells. 
To approach this problem Baker, Mow
er and we turned to a technique known 
as antidromic invasion. The technique 
calls for electrically stimulating the ax
ons of corticopontine cells (cells in the 
cortex that project to cells in the pons) at 
their far end, so that a spike is conduct
ed along the fiber and invades the cell 
body. The conduction of the nerve im
pulse from the end of the axon to the cell 
body is antidromic, that is, in a direction 
opposite to the usual one. If a microelec
trode is placed so that it records nerve 
impulses at the cell body, one can see 
a spike arrive a few milliseconds after 
each stimulus pulse is administered to 
the cell's axon. (The exact amount of 
delay depends on the length and diame
ter of the axon.) With this technique it is 
possible to learn whether a cell in the 
visual cortex has an axon that projects 
to the pons, and if it does, to study the 
properties of that cell. 

Only a small percentage of the mil
lions of cells in the visual cortex send 
their axons to a given structure in the 
pons, so that finding corticopontine cells 
is not easy. To increase our chances of 
success we simultaneously recorded 
with four electrodes in the cortex and 
switched among them with each stimu
lus pulse; the stimulating electrode was 
also an array of four electrodes placed 
in the visual area of the pons. So far 
we have recorded from 57 well-isolated 
corticopontine cells. 

There are two ways electrical stimula
tion of the pons might cause a cortical 
cell to fire: directly, through an anti
dromic impulse conducted up the cell's 
axon, or indirectly, by exciting an inter
mediary cell that acts as a synaptic relay 
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to the cell being recorded from. In order 
to differentiate between these two possi
bilities we tested each cell for "colli
sion." This is done by making the cell 
fire in response to a visual stimulus 
(such as a multispot target) and then am
plifying the elicited spike and using it to 
trigger the electrical stimulator. which 
in turn drives an antidromic spike up the 
cell's axon. The external electrical cir
cuit operates almost instantaneously, so 
that if, the visually driven cell body and 
the electrically driven axon are parts of 
the same neuron. the antidromic spike 
traveling up the axon from the stimu
lating electrode will meet the visually 
elicited spike traveling down the axon. 
When this happens, the two impulses 
will "collide" and disappear, because a 
length of axon behind each impulse is 
temporarily unable to conduct. The 
antidromic spike will therefore fail to 
reach the cell body and will not appear 
on the .oscilloscope screen. If, on the 
other hand. the stimulator is driving the 
cell indirectly through a synaptic relay. 
there will be no collision, and the elicit
ed spike will appear on the oscilloscope 
screen. 

A surprising finding that has resulted 
from the antidromic-invasion experi
ments is that the corticopontine cells 
comprise a subset of cortical cells be
having more like pontine cells than like 
other cortical cells. Much of the conver
gence needed to produce the large re
ceptive fields and broad speed ranges 
typical of visual cells in the pons hence 
appears to be occurring in the cortex. 
One property in which corticopontine 
and pontine cells differ is that the corti
cop on tine cells are more sensitive to the 
orientation of line stimuli. A given cell's 
orientation preference for an oriented 
line stimulus, however, does not corre
late with its direction preference for a 
moving spot pattern. It may be that 
many of these cells converge onto a sin
gle cell in the pons in such a way that 
directional specificity is preserved even 
though sharp orientation preference is 
lost. 

In sum, the movement of an image 
across the retina is necessary to acti

vate a visual cell in the pons, but such 
cells are not highly selective for stimuli 
of a definite orientation or shape. This 
suggests that the analysis of visual fea
tures is accomplished by other brain 
pathways. The motion of objects in the 
view of a stationary cat and the move
ment of the ground past a walking or 
running cat each activate a different 
class of cells in the pons. These cells in 
turn send impulses to the cerebellum, 
which also registers the position and ve
locity of every muscle and joint. The 
cerebellum then combines these two 
kinds of information to control the posi
tion of the body and the limbs in an 
actively moving animal. 
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The Forming of Sheet Metal 

How a metal behaves when it is stamped is a matter of large 

practical importance. Modern knowledge of the solid state 

is making the process less of an art and more of a science 

A
Visitor to a factory where sheet 

metal is being formed. with 
presses rapidly stamping out 

identical parts from metal blanks. might 
well think he is witnessing an advanced 
technology in action. Actually the form
ing of sheet metal is more of an ad
vanced art. The industry relies heavily 
on the judgment and experience of mas
ter craftsmen. Only recently have ad
vances in analysis and in knowledge of 
the atomic structure of metals begun to 
fortify the art with science. putting the 
technology on a firmer footing and 
pointing the way to better performance 
and lower cost for the thousands of met
al parts that are made daily on a mass
prod uction basis. 

Although sheet metal was worked for 
thousands of years in the production of 
coins. utensils and objects of art. it was 
only a century ago that the process was 
mechanized and began to resemble the 
metal-stamping lines of today. The 
mechanization of sheet forming was in 
turn a major step toward mass produc
tion. Today the forming of sheet metal 
touches the life of almost everyone as 
stamping machines produce a vast vari
ety of parts ranging from eyelets for 
shoes to fenders for automobiles. The 
industry is a major component in the 
economy of every modern ind ustrialized 
country. 

Early in the 16th century a French 
inventor who appears in the annals of 
metalworking only as Bruiler developed 
a technique for rolling metal to a uni
form thickness. The development made 
it possible to form metal parts by stamp
ing flat pieces of metal between dies. 
Nevertheless. iron and steel continued 
for 300 years to be shaped predominant
ly by rolling. forging. casting and draw
ing. because the presses employed to 
stamp parts were hand-powered until 
the German engineers Ludwig Keser
stein and Johann Luber developed the 
first water-driven press about 1800. 
When the American inventor Elisha 
Root introduced the first crank-powered 
drop press about 1850. the way was 
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opened for a revolution in manufactur
ing techniques. 

The rise of mass prod uction in the sec
ond half of the 19th century was a 
particular stimulus to the development 
of sheet-metal forming. which in turn 
made mass production feasible. Sheet
metal parts offered several advantages 
over cast and forged ones. including 
lower weight. greater interchangeability 
and lower cost. About 1850 the practice 
of stamping tin-plated sheets of iron or 
steel to form food containers laid the 
foundation of the sheet-metalworking 
industry as it is known today. 

Although metal stamping was well es
tablished by 1900. the main growth of 
the industry came when mass produc
tion became a feature of the automobile 
industry. Another impetus was provided 
by the rapid expansion of the home-ap
pliance industry after World War I with 
such items as vacuum cleaners. washing 
machines. refrigerators and toasters. All 
these developments created a large re
quirement for sheet metal. The require
ment was met by low-carbon steel, 
which offered the advantages of uni
form thickness. good surface finish and 
again low cost. Low-carbon steel quick
ly became the universal sheet material, 
and it retains that role today. 

S
tamping is by no means the only 

method of forming parts from sheet 
metal, but it is economically the most 
important one. and so we shall focus our 
discussion on it. In the commonest form 
of stamping. a precut metal blank is 
formed in a mechanical press between 
a set of dies that have been carefully 
shaped to yield the desired part. The 
process begins with a blanking opera
tion in which the sheet metal, which is 
stored in coils (some weighing as much 
as 30 tons). is automatically unrolled 
and cut to the proper size by shearing 
dies. The proper size is usually some
what larger than the finished part be
cause of the need for edges that can be 
held tightly while the blank is stamped. 
After stamping. the edges are trimmed 

off. On a large stamping the trim loss 
can be as much as 30 percent; the 
trimmed metal can only be sold as scrap 
for a fraction of its cost. 

The next step is usually flanging. 
which is essentially a bending operation. 
A flange is ordinarily needed if the part 
is designed to be attached to another 
part. as a fender is attached to the body 
of an automobile. After flanging. the 
part may be stamped a second time in a 
different set of dies; this step is some
times needed to sharpen contours and 
corners that do not attain their specified 
dimensions in the first stamping. 

A typical stamping plant employs a 
variety of dies and presses. The pressing 
force can be applied by a hydraulic sys
tem or a mechanical one. with mechani
cal systems being generally favored 
because they are faster. Double-action 
presses that involve the motion of two 
rams. one for the blank holder and one 
for the main die. are commonest. The 
modern stamping line is highly or fully 
automatic. with mechanical fingers for 
feeding and transferring parts. lubricant 
sprayers synchronized with the motion 
of the press. conveyor systems based on 
magnetic or vacuum devices. photocells 
that actuate the drive systems and an 
inspection system that functions with
out stopping the production line for the 
removal of a part. As a result extremely 
high rates of production (for example 
100.000 oil-filter cans per day from a 
single plant) can be achieved. 

Automatic stamping lines were in·op
eration long before anyone understood 
what kind of flow takes place in a piece 
of metal as it is being stamped. That 
knowledge is quite recent. The processes 
involved are drawing and (usually) 
stretching. One can follow them by visu
alizing a press that is about to stamp a 
metal blank. Above the blank are the 
main ram. which carries the punch. and 
the blank holder. which clamps down 
the edges of the blank. Below the blank 
is the main die. 

The first action of the press pushes 
down the blank holder. causing the 
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COILS OF SHEET METAL that will be formed into parts for 
automobiles are stored at a plant of the General Motors Corpora
tion. The metal is low-carbon steel. Coils are transported to an adja-

STAMPING PRESS forms a door panel in the General Motors 
plant. The metal is handled automatically once the operator in the 

cent stamping room, which appears in the photograph at the bottom 
of the page. There they are uncoiled and cut into blanks of appropri
ate size, which are fed into large presses that stamp out the parts. 

left foreground has fed the blanks individually onto the rollers that 
pull them into the press. The machines at the right also stamp parts. 
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blank to be held fast at its edges. The 
second action pushes down the main 
ram with its punch. The metal is 
wrapped around the punch as the punch 
descends into the die cavity. Essentially 
the metal is drawn. or pulled. from the 
edges into the cavity. 

Since the blank is forced to contract 
circumferentially as it is drawn radially 
inward. it tends to buckle or wrinkle. A 
proper flow of the metal. counteracting 
this tendency. is achieved by inclining 
the punch and die assembly. by apply
ing heavy pressure with the holder and 
(sometimes) by having draw beads on 
the surface of the die below the blank 
holder. A die may incorporate several of 
these rodlike beads. each with a diame
ter of from half to three-quarters of an 
inch. They control the flow of metal by 
forcing the sheet to bend and unbend as 
it passes over the beads before entering 
the die cavity. 

Unless the part being formed has a 
very simple shape. portions of the blank 
are not only drawn but also stretched as 
the blank is pressed into the die cavity 
by the punch. Stretching is defined as an 
extension of the surface of the sheet 
in all directions. The material require-

ments for drawing and stretching differ 
considerably. Progress toward under
standing the influence of material prop
erties on the flow of metal has been 
made chiefly through laboratory tests 
that treat drawing and stretching sepa
rately. 

T
he events in drawing can be demon
strated by depicting the formation 

of a cylindrical cup with a flat bottom 
[see bottom illustration on opposite page]. 
The process is often called deep draw
ing. Most of the deformation in deep 
drawing occurs in the flange; very little 
takes place in the part of the blank that 
touches the punch. The process causes 
little change in the final thickness or sur
face area. 

Circumferential contraction in the 
flange will cause wrinkling unless suf
ficient hold-down pressure is applied. 
The load required to deform the flange 
is transmitted from the bottom of the 
cup to the flange by way of the cup wall. 
If this load goes beyond what the wall 
can support. the metal tears near the 
bottom of the cup. 

Thus for good drawing one needs a 
material that resists thinning in the cup 

wall. In other words. the material 
should have less strength (so that it will 
deform more easily) in the plane of the 
sheet than in the thickness. This direc
tional differential in strength is termed 
plastic anisotropy. The property is easi
ly measured by a simple test in the labo
ratory. A long. thin strip is cut from the 
sheet and stretched. The plastic anisot
ropy is determined by comparing the 
contraction of the sheet in width and in 
thickness. If the width contracts more 
than the thickness. the metal will resist 
thinning in the course of drawing and so 
will make deeper cups. 

Plastic anisotropy is developed during 
primary metalworking. such as in roll
ing. and reflects the crystalline nature of 
metals. A metal consists of innumerable 
small grains. or crystals. all bonded to
gether in different orientations. In each 
crystalline grain the atoms are arranged 
in a highly regular three-dimensional 
lattice. The crystallinity is the result of 
the atomic binding peculiar to metals. 
which favors highly symmetrical and 
closely packed structures. 

Closely packed crystal structures 
strongly resist forces that tend to change 
their volume. but they can easily shear 

STAMPED PART appears as it comes from the stamping press. The 
part is a "quarter panel" for the left rear side of an automobile; the 
arched area at the center, which will be over the wheel, will be re
moved in a trimming operation, as will much of material around the 
edges and at the right end, where the tail light will be. The material at 
the edges was for holding the blank in the press as it was stamped. 

The wrinkling and puckering resulted from the metal's being drawn 
in during the stamping operation. Barely visible in the formed corner 
above the wheel area is a dark rectangle; it is made up of a grid of cir
cles that was put on the blank so that the deformation caused by the 
stamping could he studied. Two photographs showing how the cir
cle-grid method reveals details of deformation appear on page 108. 
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and change shape when layers of atoms 
slip over one another. The layers slip 
most easily along closely packed crystal 
planes in closely packed directions. Sim
ple crystal structures have a high degree 
of symmetry and hence many closely 
packed planes and directions, so that 
plastic flow is easy. 

Slip is made still easier by the crystal
line imperfections called dislocations. 
They are small departures from the reg
ular arrangement of the atoms in a 
grain, and they enable atoms to slip in 
tiny steps instead of in entire rows at a 
time. Indeed, the motion of dislocations 
is the only mechanism for slip. In the 
simple crystalline structure of many 
metals such dislocations are easily intro
duced; they move freely and they multi
ply readily during deformation, and so 
they account for the high ductility of 
such metals. 

During the enormous reductions (as 
large as 1,000 to one) involved in rolling 
sheets for automobile bodies from steel 
ingots the individual metal grains line 
up in certain preferred directions. The 
properties of crystals vary with direc
tion, because of the directional regulari
ty with which their atoms are stacked, 
and the bulk properties of the sheet take 
on a similar directionality. For the best 
resistance to thinning, and hence the 
best property for drawing, as many crys
tals as possible should be aligned so that 
the direction in which they are strongest 
is parallel to the direction of the thick
ness of the material. 

In crystals with a cubic symmetry, 
which is common in metals, this direc
tion is along the body diagonal of the 
cube. In metals such as steel, which has a 
body-centered-cubic crystal lattice (an 
atom at each corner of the cube and one 
in its center), the preferred alignment of 
crystals can be achieved fairly easily. In 
metals such as copper, brass and alumi
num, which have a face-centered-cubic 
lattice (an atom at each corner and one 
at the center of each face of the cube), 
the alignment is difficult to achieve be
cause of the mUltiplicity of directions in 
which crystals can slip during deforma
tion. In metals with other crystal struc
tures the direction of slip is highly limit
ed, and so the opportunity of obtaining 
directionality exists, although it does 
not necessarily give rise to a favorable 
alignment. For example, both titanium 
and zinc have a hexagonal-close-packed 
crystal structure, but in titanium the 
alignment is favorable for deep drawing 
whereas in zinc it is not. 

The importance of plastic anisotropy 
in deep drawing has been recognized 
only in the past 15 years. Before that the 
trait was considered undesirable; a met
al that did not deform in the same way in 
all directions was thought to be difficult 
to shape. Steel producers have made 
great progress in developing deep-draw-
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STAMPING OF PART in a double-action mechanical press is depicted. The double action 
involves the motion of two rams: the main slide, which holds the punch, or upper die, and the 
ram that constitutes the blank holder. The first action of the press pushes down the blank hold
er, which clamps the precut blank around its edges. The next action pushes down the main 
Slide, so that the part (color) is formed between the punch and the lower die. Draw bead helps 
to control the flow of the metal by making it bend and unbend on the way into the die cavity. 

DRAWING, one of the two major modes of forming metal by stamping, is illustrated by the 
deep drawing of a cylindrical cup. The circular blank is drawn into the cup-shaped die by the 
flat-headed punch. The wall of the cup supports the major part of the load and tends to under
go thinning. Best material for drawing is therefore a material that is resistant to thinning. 
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CRYSTAL STRUCTURES commonly found in metals are de
picted. They are face-centered cubic (a), with an atom at each corner 
of the cube and one at the center of each face; body-centered cubic 
(b), with an atom at each corner and one in the center of the cube, and 
hexagonal close-packed (c). The structure affects the ability of a 

c 

crystal to change shape by the mechanism of slip, or change in the 
position of atoms, and so is an important consideration in choosing a 
metal for forming. Slip is easiest along closely packed planes (color) 
in the most closely packed directions (arrows). Equivalent planes, 
such as HFD in a, are also favorable to change of shape by slip. 

� SHEAR STRESS 

SHEAR STRESS � 

ROLE OF DISLOCATIONS in the mechanism of slip is portrayed. 
The dislocation shown is an extra half plane of atoms (dark color) in 
the crystal lattice. Deformation occurs by shearing along a slip plane 
that is perpendicular to the extra half plane of atoms. If shear stress 
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is applied as indicated by the black arrows at the top and bottom, at
oms are displaced in a movement that resembles the shifting of a 
wrinkle in a rug, resulting in a change of shape of the crystal as is sug
gested here by the half plane of atoms portrayed in the light color. 
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ing steels; titanium producers have also 
taken advantage of preferred anisot
ropy. Face-centered-cubic metals. how
ever. still perform poorly in drawing op
erations. 

During stretching. as opposed to 
drawing. all loads are tensile. 

There is no beneficial squeezing action. 
The property a metal needs most in or
der to stretch well is the ability to be
come stronger while it is being strained. 
or deformed. It is this intrinsic harden
ing process. which is known as strain 
hardening. that makes it progressively 
more difficult to bend a wire when the 
wire is being bent repeatedly (until. of 
course. the wire breaks). Strain harden
ing helps to prevent the localization of 
strain by causing the deformation to 
shift to less deformed areas. Hence the 
process facilitates a more uniform de
formation. 

Strain hardening in metals is best 
demonstrated in a tensile test. A long 
strip of metal is pulled in one direction 
as the load required to pull the strip and 
the extension that results are measured 
and recorded. The load required to ex
tend the metal continues to increase 
even after the point where permanent 
deformation begins. The greater the in
crease in load with extension. the great
er the strain hardening. 

With stretching the metal becomes 
steadily thinner and thus loses its ability 
to carry a load. This geometric weaken
ing competes against strain hardening 
and eventually dominates it. At the 
point where the two are in balance the 
load reaches a maximum. Thereafter 
deformation becomes unstable because 
it continues with ever decreasing loads. 
It gradually concentrates around a weak 
spot in the material. a process termed 
diffuse necking. Eventually the defor
mation becomes totally localized in a 
neck (a "thickness trough") and the met
al tears. 

Once diffuse necking begins. a gradi
ent in the rate of deformation also de
velops along the length of the specimen. 
The strength of many metals is sensitive 
to the rate of deformation. During neck
ing a metal that hardens as the rate is 
increased ("strain-rate hardening") will 
resist the localization of deformation 
and delay the onset of local thinning. 
Both strain hardening and strain-rate 
hardening are influenced by the temper
ature of deformation. When a sheet of 
metal is being shaped by dies. gradients 
in deformation and the rate of deforma
tion build up quickly because of the 
complex geometry of the shape and the 
friction resulting from the contact be
tween the metal and the punch. Both 
strain hardening and strain-rate harden
ing are therefore vital in promoting a 
uniform deformation. 

Strain hardening and strain-rate hard-
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FORMING-LIMIT DIAGRAM, obtained by deforming metals in tests, indicatt:ll wbether a 
metal can be shaped without risk of failure, or tearing. The broad colored band represents 
steel; under strains in the region below the band steel can be expected to undergo forming suc
cessfully, whereas above tbe band the strains probably will cause the metal to fail during form
ing. The curves for other metals are less firmly established by experience than the steel curve is. 

ening can be explained in terms of the 
behavior of atoms during the deforma
tion of metal. A change of shape re
quires slip within the metal crystals. Slip 
results from the motion of dislocations. 
Hardening depends on how much resist
ance dislocations experience as they 
glide through a crystal. Resistance is due 
to obstacles such as crystal boundaries. 
foreign atoms and faults in the stacking 
of the atoms in the crystal. The amount 
of resistance depends on the type of 
crystal structure. In brass. bronze and 
certain stainless steels. for example. 
stacking faults extend over distances 
equivalent to many atomic diameters; 
the faults therefore can be very strong 
obstacles. so that the metal resists the 
cross-glide of dislocations from one slip 
plane to another. As a result the disloca
tions start piling up in two-dimensional 
arrays. much like automobiles at a traf
fic light. and their continued packing 
leads to rapid hardening. At the other 
extreme of hardening behavior alumi
num and iron exhibit ease of cross-glid
ing and so harden at a lower rate. 

Obstacles can give rise to either local 
or long-range disturbances in a crystal. 
If the disturbance is long-range (perhaps 

greater than 10 atomic diameters). such 
as large foreign particles or piled-up dis
locations on parallel slip planes in brass. 
the rate of deformation will not influ
ence plastic flow or hardening. If the dis
turbance is local. such as the discontinu
ity due to foreign atoms or other indi
vidual dislocations. the thermal vibra
tions of the atoms in the crystal lattice 
can assist in the plastic flow. If the rate 
of deformation is high. there is little as
sistance. and the result is greater hard
ening than takes place at low rates. 

The importance of these microscopic 
processes of strain hardening and strain
rate hardening in the uniformity of 
large-scale deformation is best assessed 
in the laboratory with a punch-stretch 
test. A metal blank is marked with a 
precise grid of circles of small diameter. 
which provide a means of measuring de
formation. It is then clamped firmly to 
avoid any drawing in at the edges and is 
deformed over an unlubricated hemi
spherical steel punch. For good stretch
ability the property desired is uniform 
deformation over the punch. 

Another important factor in stretch
ing is the total strain the material experi
ences before it fails. or tears. Stuart P. 
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Keeler of the National Steel Corpora
tion and Gorton M. Goodwin of the 
Chrysler Corporation have developed 
the concept of an empirical forming
limit diagram. By making many tests in 
the laboratory and examining hundreds 
of stampings from the production line 
they found that there is a unique failure 
band in the diagram for low-carbon 
steels. The band is determined by plot
ting the largest surface strain in the sheet 
(the major strain) against the strain per
pendicular to it (the minor strain). The 
failure band then separates the combi
nations of strains that are acceptable 
(below the band) from the ones that 
cause failure (above the band). Such 
curves can now be determined entirely 
from measurements made in punch
stretch tests. For most stamping opera
tions forming-limit diagrams have given 
excellent predictions of failure and have 
become highly useful in predicting 
stretchability [see illustration on preced
ing page]. 
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The best measure of stretchability is 
given by the greatest height a dome 
achieves before failure during the 
punch-stretch test. The measure com
bines the importance of strain uniformi
ty and strain to failure and reveals the 
superiority of brass (high strain harden
ing) and steel (moderately high strain 
hardening and strain-rate hardening) 
and the poor performance of certain al
loys of aluminum (moderate strain 
hardening but strain-rate softening). 

The properties of the material are not 
the only important factor in forming; 
another one is lubrication. Although lit
tle is known about the mechanisms of 
lubrication in the forming of sheet met
al. the beneficial effects are well docu
mented. Lubrication always helps to 
distribute strain more uniformly. In
deed, it is often more effective than an 
improvement in the properties of the 
material. 

Bending operations are an integral 
part of all complex stampings. In bend-

t 

ELONGATION � 

ing, in contrast to most stretching opera
tions, there is a severe gradient of stress 
throughout the thickness of the materi
al. On the outside of the bend the stress 
is tension; on the inside it is either com
pression or a reduced level of tension. 
The severity of the tensile strains de
pends on the bend's radius, angle and 
length. Failure occurs on the tensile side 
by thinning and fracture. Strain harden
ing, strain-rate hardening and strain to 
fracture are important factors in the 
suitability of a metal for bending. 

T
he most significant difference be
tween bending and stretching is the 

role of microscopic impurities or inclu
sions that are not metallic. They are in
troduced during the solidification of the 
metal as it is made in bulk form at the 
mill. During hot-rolling they become 
elongated into "stringers." In bending 
the stringers cause premature failure if 
they are oriented perpendicularly to the 
direction of the bend. If the material is 

ELONGATION UNDER LOAD is tested by pulling a piece of 
sheet metal to failure in tension, The point where the colored curve 
turns to the right is the yield point; thereafter the shape of the metal 
changes permanently. Beyond that point the metal continues to 
harden as it elongates, so that it is able to carry an increasing load. 
This intrinsic hardening, termed strain hardening, counteracts the 

decrease in the metal's load-bearing capacity due to thinning. At 
maximum load (peak of curve) the two forces balance and a process 
of localization of strain begins, leading eventually to the failure of 
the metal. The appearance of the metal at various stages is depicted 
above the curve. At maximum load a diffuse neck appears; near 
failure one sees a localized neck, where at failure the metal breaks. 
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bent with the stringers oriented along 
the direction of the bend. its normal 
ductility is maintained [see bottom illus
tration at right]. 

This difference between longitudinal 
and transverse bendability is not always 
revealed by tensile tests. In the recently 
developed high-strength low-alloy steels 
the shape of inclusions has been con
trolled by adding during casting minute 
amounts of rare-earth elements such as 
cerium. Cerium combines with the in
clusions of manganese sulfide that are 
usually present and makes them strong 
at the temperatures at which the steel is 
rolled. Hence the inclusions are not de
formed with the rolling of the ingot. 
They remain spherical and therefore do 
not impart the undesirable transverse
bending properties. 

For many years low-carbon steels have 
satisfied almost all the requirements 

for the forming of sheet metal. They can 
withstand well the deformation inherent 
in forming. Steels can be produced with 
favorable plastic anisotropy. respect
able strain hardening and strain-rate 
hardening and a high forming-limit 
curve. Enormous quantities are pro
duced at low cost. Moreover. low-car
bon steel possesses excellent stiffness 
and good strength. so that it meets many 
structural requirements. and it has a 
good surface finish. 

Recent trends in the automobile in
dustry. however. have emphasized re
ducing the weight of the vehicle to keep 
down the consumption of fuel while at 
the same time employing material that 
has a high strength and can absorb ener
gy well in collisions. As a result materi
als such as aluminum alloys and high
strength steels. which have higher ratios 
of strength to weight than low-carbon 
steels. are being introduced in automo
biles. Such materials are much more dif
ficult to form than the conventional low
carbon steels. and production experi
ence is lacking. The selection of metals 
for stamping has been greatly facilitated 
by laboratory studies of the simple 
forming processes we have described. It 
is now realized that the choice of the 
proper laboratory test depends on the 
shape of the stamping and the mode of 
forming. If the critical mode of stamp
ing can be identified. that is. if it can 
be ascertained whether the part will be 
mainly drawn or mainly stretched. then 
selecting the proper material is easier. 

The major problem in studying sheet 
forming analytically is to predict the 
patterns of deformation. Since the de
formation occurs in various ways and in 
various places. mathematical calcula
tions based on assumptions of simplified 
stress states and idealized properties of 
materials have not yielded acceptable 
results. More success. at least in pre
dicting the patterns of deformation in 
simple and symmetrical drawing and 

PUNCH 

STRETCHING is the second major mode of forming sheet metal by stamping. It is illustrated 
here by a punch-stretch test that is employed in the laboratory to assess the deformation of a 
piece of sheet metal during stretching. A metal blank (color) is clamped firmly at the edges and 
then stretched over a hemispherical punch. The groove in the upper die and the bead in the 
lower one ensure that there is no drawing in of metal, so that the test assesses only stretching. 

ROLLING DIRECTION 

� 

ELONGATED INCLUSIONS ---

BENDING OPERATION is often an integral part of sheet-metal forming, particularly in 
making flanges so that the part can be attached to another part. During bending the fibers of 
the sheet on the outside of the bend are under tension and the inside ones are under compres
sion. Impurities introduced in the metal as it was made become elongated into "stringers" 
when the metal is rolled into sheet form. During bending the stringers can cause the sheet to 
fail by cracking if they are oriented perpendicularly to the direction of bending (top). If they 
are oriented in the direction of the bend (bottom), the ductility of the metal remains normal. 

107 

© 1976 SCIENTIFIC AMERICAN, INC



CIRCLE-GRID METHOD of testing a stamping is depicted. At the top is a metal hlank of 
steel on which a grid of l.S-millimeter circles has been imprinted. At the hottom is a domelike 
form made by stamping a blank in the laboratory apparatus that makes a punch-stretch test. 
Alteration of circles after stamping reveals the concentrations and amounts of deformation. 
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stretching. has been achieved with the 
finite-element method of stress analysis. 
in which a shape is divided into many 
small elements and the appropriate 
equations of stress analysis are solved 
for each of them. Such an approach is 
possible only with a modern high-speed 
computer. Even so. solutions for com
plex shapes and loading are currently 
out of reach. Therefore advances in the 
forming of sheet metal will continue to 
be partly empirical. 

In this context the circle-grid method. 
which we have mentioned in connection 
with stretching. has proved to be helpful 
in the analysis of stampings from the 
production line. The method was intro
duced by Keeler as a replacement for 
the 25.4-millirneter (one inch) squares 
that were used previously. A quick elec
trochemical process puts a grid of cir
cles (2.5 or five millimeters in diameter) 
on blanks of sheet metal. After the blank 
has been stamped the circles reveal the 
pattern of deformation. Areas of severe 
deformation are spotted by inspection. 
A row of circles in such a critical area 
can be measured and plotted to indicate 
how severely the deformation is concen
trated. Changes in such variables of the 
stamping process as lubrication. hold
down pressure. draw beads and the size 
and shape of the blank can now be moni
tored to see if they really improve the 
uniformity of strain. In extremely trou
blesome cases one can measure the 
strains at various stages of stamping to 

. determine the strain history. Knowing 
that history. one can hope to avoid such 
objectionable concentrations of strain. 

Circle-grid analysis also serves. in 
conjunction with the concept of the 
forming-limit curve. to assess how 
much a stamping can be deformed with
out regularly failing. It is valuable also 
in the preproduction stage. when final 
changes in dies and in the selection of 
material are made. The method helps to 
determine whether the die. the lubrica
tion and the material will result in a sat
isfactory stamping. Moreover. monitor
ing the degree of deformation during 
production runs will indicate whether a 
less formable (and probably less expen
sive) material might do the job satisfac
torily. 

Occasionally difficulties are encoun
tered after long production runs. Stamp
ing a few standard blanks that were set 
aside previously will indicate whether 
the trouble results from wear of the die. 
faulty lubrication or changes in the ma
terial. The art of troubleshooting has 
also been much refined. because the ef
fectiveness of any change made in the 
production line can be monitored by 
stamping gridded blanks. Circle-grid 
analysis has replaced the craftsman's 
"feel" for the proper flow of the metal. 
and the forming-limit concept has pro
vided a diagnostic tool for the analysis 
of failure. 
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Urban Trees 

Only a few trees are suited to cities and can do well in them. 

The experience of cities in the U.S. Northeast illustrates how 

appropriate kinds of trees have been selected and improved 

by Thomas S. Elias and Howard S. Irwin 

H
ow can trees survive in an ur

ban environment? The human 
artifacts we call cities first 

appeared less than 10,000 years ago. 
Trees, which make up some 20 percent 
of the quarter-million species of modern 
flowering plants, are the product of an 
evolutionary process that began in the 
Mesozoic era. Thus the ancestors of to
day's trees are some 20,000 times older 
than the oldest cities. In view of the fact 
that trees have been exposed to more 
than 100 million years of selective pres
sure to adapt to natural environments, it 
borders on the biologically miraculous 
that any tree can occupy an environ
mental niche as hostile as a city street. 

Consider the stresses that bear on the 
average street tree. Even under the most 
benign circumstances such a tree is as 
disadvantaged as a tree in the wild 
would be if it were rooted at the base of 
some rocky canyon. Like a tree in a can
yon it has only a limited exposure to the 
sunlight that is essential to the process of 
photosynthesis. It must adjust to an am
bient atmosphere (the source of another 
essential input, carbon dioxide) that on 
one day may be stagnant and on the next 
may expose it to winds of gale force. If 
the canyon tree happens to have little 
access to the runoff of rainwater, then 
the street tree resembles it in a third 
way: the street tree must make do with a 
subnormal supply of water, another es
sential input. All these stresses, how
ever, are present in a natural setting. Let 
us examine some stresses that are unique 
to the urban environment. 

The street tree's already limited ration 
of sunlight may be further attenuated by 
urban smog. Its ambient atmosphere 

AERIAL VIEW OF BOSTON on the oppo
site page suggests the extent and number of 
trees found in a typical urban setting. The 
photograph, made in the infrared from an al
titude of about 50,000 feet by an airplane of 
the National Aeronautics and Space Admin
istration, displays in red what is green on the 
ground. Much of the red area is trees, which 
appear both in parks and along city's streets. 

may include such common plant toxins 
as sulfur dioxide from household and 
industrial furnaces, ozone from the pho
tochemical breakdown of automobile
exhaust nitrogen oxides and more exotic 
contaminants such as hydrogen fluoride 
from industrial processes. The urban at
mosphere is also laden with the fine par
ticulate matter ejected from smoke
stacks; the particles cling to the leaves of 
the tree and interfere with normal tran
spiration and respiration. 

The street tree's water supply, in addi
tion to being subnormal. is laden in win
ter with sodium chloride and other toxic 
salts applied to keep streets and side
walks free of snow and ice. There is an
other salt load that continues all year 
round: the urban dog population leaves 
its territorial signals at the base of the 
tree. The concentration of urine that re
sults can raise the salt content of the soil 
above the tree's level of tolerance. Fi
nally. the small volume of urban soil 
available to a street tree is often inade
quate, lacking humus, and is often so 
compacted that the air spaces l:ietween 
the soil particles scarcely allow either 
water or air to reach the tree's root sys
tem; it may also contain rubble that in
hibits normal root growth, and it may 
be traversed by toxic metal pipes or by 
steam conduits that expose the root sys
tem to lethal heat. 

The fact that urban trees manage to 
survive is certainly not thc result of 

rapid evolutionary adaptations to the 
city's hostile environment. Neither the 
200 years that have seen the rise of the 
industrial metropolis nor the 100 centu
ries of coexistence between trees and cit
ies of any kind is a period long enough to 
have let selective pressures sort out the 
genes needed to give rise to a cityproof 
tree. It is man's intervention, not na
ture's, that has kept trees in the city. A 
good demonstration of this fact, on 
which we shall concentrate here, is the 
succession of street trees in the north
eastern U.S. over the past 200 years. 

The deciduous trees native to the ru
ral Northeast include many of the first 

trees to be incorporated into urban envi
ronments as clusters of American towns 
began to coalesce into cities. Among 
them were hillside species such as the 
red oak (Quercus borealis), the white oak 
(Q. alba), the black locust (Robinia pseu
doacacia) and the American basswood 
(TWa americana). There were other val
ley species, among them the white ash 
(Fraxinus americana), the American elm 
(Ulmus americana), the sugar maple 
(Acer saccharum) and its relatives the sil
ver maple (A. saccharinum), the red ma
ple (A. rubrum) and the box elder (A. 
negundo). The rural and even suburban 
durability of these 10 species is indicat
ed by the fact that today they make up 
nearly 80 percent of the 700-odd decidu
ous street trees growing in the Dutchess 
County village of Millbrook, N. Y. In
deed, one of them, the sugar maple, out
numbers the other nine species com
bined. 

In Millbrook the number of Ameri
can elms has been greatly reduced by 
the ravages of Dutch elm disease; fewer 
than 1 percent of the street trees in the 
village today are elms. This is true not 
only in the northeastern U.S. but also 
wherever the elm once flourished. When 
one of us (Elias) attended a conference 
at the Urbana campus of the University 
of Illinois some 18 years ago, both the 
streets of the town and the campus 
quadrangle were adorned with these 
great trees. A few years later virtually 
every elm had died and had been cut 
down; the open spaces left by the re
moval of the trees transformed an invit
ing human environment into a some
what forbidding one. The same sorry 
transformation must have resulted from 
the great chestnut blight of the early 
decades of this century, which erased 
from the American landscape a native 
shade tree (Castanea dentata) that is now 
remembered almost solely because of 
Longfellow's line: "Under the spreading 
chestnut tree . .. .  " 

Just as diseases have removed the 
chestnuts and most of the elms from the 
list of native American trees, so a num
ber of other native trees that do well 
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enough in such rural settings as Mill
brook have been removed from the fully 
urban environment by undesirable char
acteristics. The silver maple and the box 
elder are characterized by soft and brit
tle wood that splits easily under winter 
loads of ice or wet snow. When a limb of 
such a tree breaks off in the country. it is 
a matter of no great consequence; when 
the limb breaks off in the city. however. 
it may create an obstruction or even be a 
hazard to people walking under the tree. 
The red oak and the white oak. which 
put down a deep tap root. seldom sur
vive the process of transplantation. and 
this. of course. is almost the only means 
of supplying a city with trees today. The 
sugar maple. a tree with a noble crown 
that is not out of place above a village 
sidewalk. overhangs too much to fit into 
urban settings that are often only three 
to six feet wide. The same handicap 
makes both the black locust and the 
American basswood poor city-street 
trees. It is hardly surprising that over the 
years most of the native American trees 
of the Northeast have given way to three 
tree species that are not native and one 
that is only half native. 

Perhaps the most familiar of the four 
is the Norway maple (Aeer platanoides). 
The species is fast-growing and tolerant 

of high winds. polluted air and even salt 
(up to a point). It has been a popular 
street tree for several decades. As an ex
ample. nearly 60 percent of the trees in 
the city of Poughkeepsie. N. Y .. are Nor
way maples. Nevertheless. the species 
has its drawbacks. Its height at maturity. 
50 to 60 feet. precludes planting it where 
its crown may interfere with overhead 
utility wires. (Power and telephone lines 
are still part of the street SCene in a sur
prisingly large number of American cit
ies.) Moreover. its shallow root system 
tends to heave up sidewalks. In Pough
keepsie. Norway maples proved to be 
the culprit in more than 75 percent of 
1.2 17 recorded instances of sidewalk 
heaving. About one in every five Nor
way maples had a root system that had 
dislodged paving stones. 

The half-native tree is the London 
plane tree (Platanus X aeeri/olia). It 

is a natural hybrid between the syca
more. or American plane tree (P. oed
dentalis). and the Oriental plane tree (P. 
orientalis). and it has long been a favored 
street tree. Today in New York City the 
London plane is encountered more fre
quently than any other species. 

The second alien tree is demonstrably 
the most urbane of all. since it is rarely 

c 

cultivated as a street tree in America but 
has made its own way as an escaped. 
self-propagating inhabitant of back
yards. alleys and vacant lots. This is the 
ailanthus. or tree of heaven (Ailanthus 
altissima). Asiatic in origin. the species 
has been popular in England as a park 
and garden tree since the middle of the 
18th century. In China the ailanthus is 
grown so that its leaves can be fed to one 
species of silkworm. In the course of an 
attempt to introduce silkworm culture 
to America this species of silkworm was 
brought from Asia. and the ailanthus 
was imported at the same time to feed it. 
The attempt to raise the silkworms was 
a failure but the tree is still with us. 

The third alien tree is the ginkgo. or 
maidenhair tree (Ginkgo biloba). which 
was unknown outside Asia until the 18th 
century. Europeans first encountered it 
as a garden plant in China and Japan. 
but it remained a rarity both on the Con
tinent and in England until the 19th cen
tury. Only male ginkgos are used for 
urban plantings. The female has been 
banished because its fruit. when it is 
ripe. has a strong odor resembling that 
of rancid butter. 

Several other species of trees. both 
imported and native. may be found on 
the streets of American cities today. The 

BASIC SHAPES for trees on urban streets where air space is limited 
are fastigiate (a), columnar (b) and conical (c). The three shapes are 

represented here respectively by the upright ginkgo, the columnar 
Norway maple and the little-leaf linden; aU shown without leaves. 
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diversity of species reflects not only re
gional variations in climate but also 
changes in the approach to urban land
scaping during the past half century or 
so. Some examples of changes in ap
proach are evident in the same survey of 
Poughkeepsie street trees that produced 
the pavement-heaving data. The survey. 
conducted in 1974. made it possible to 
analyze the approximate dates when 
various tree species had been planted in 
that city. Among the native American 
species a total of 177 red maples were 
counted; they made up some 2 percent 
of the city plantings. Only three dozen 
or so of the red maples. however, had 
been planted in recent years. Most of the 
rest were between 50 and 60 years old 
(to judge from their trunk diameters. 
which ranged from 2 1  to 25 inches). 

The survey also found that more than 
10 percent of the street trees in 

Poughkeepsie were sugar maples; they 
numbered almost 900. Only 150 of 
them, however, had been planted re
cently. The majority were between 35 
and 50 years old (16 to 20 inches in di
ameter), and nearly 300 of them had 
been planted more than 50 years ago (2 1 
inches or more in diameter). The same 
decline in popularity was evident with 
respect to two other native trees: the 
American basswood and the silver ma
ple. Of the 300-odd trees of these two 
species in the city only 12 had been 
planted recently. 

In sharp contrast, Poughkeepsie's 
principal street tree, the imported Nor
way maple, was represented by more 
than 4,500 specimens. Scarcely 10 per
cent of these trees were old ones. Some 
2,700 had been planted between 25 and 
50 years ago, mainly to replace the 
American elms that were dying out in 
the older sections of the city between 
1945 and 1955. Another 1,300, now be
tween one inch and 10 inches in diame
ter, had been planted even more recent
ly in the process of landscaping new 
urban-development areas. Other newly 
popular trees in Poughkeepsie included 
nearly 1,000 representatives of several 
species of the crabapple genus (Malus), 
a number of them imports, and more 
than 100 European lindens (Tilia corda
ta). These newcomers are all under 10 
inches in diameter. The crabapples were 
unknown in the city until 15 years ago. 

The survey showed that only one na
tive street tree had increased in popu
larity over the past 50 years, namely 
the honey locust (Gleditsia triacanthos). 
There is one large honey locust in 
Poughkeepsie and one of medium size. 
In the past 10 years, however, 120 of the 
trees have been planted. As we shall see, 
this native owes its increasing favor as a 
street tree to special circumstances. 

How has man's intervention led to the 
development of trees suited to the urban 
environment? Orchardists and nursery
men know as well as botanists that the 

BROAD SHAPES are also suitable in urban environments such as parks and streets where air 
space is not a seriously limiting factor. Typical shapes are the global tree (top), represented 
here by the London plane, and the spreading branched tree (bottom), here the thornless honey 
locust. Among basic broad shapes one also finds broad oval trees and vase-shaped trees. 
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PIN OAK 
QUERCUS PALUSTRIS 

20 TO 25 METERS 

WILLOW OAK 
QUERCUS PHELLOS 

TO 18 METERS 

UPRIGHT GINKGO 
GINKGO BILOBA 

"FASTIGIATA" 

TO 18 METERS 

GREEN ASH, 

SPECIES 

FRAXINUS PENNSYLVANICA 

"MARSHALL'S SEEDLESS" 

TO 20 METERS 

MODESTO ASH 
FRAXINUS VELUTINA 

VAR.GLABRA 

TO 20 METERS 

NORWAY MAPLE 
ACER PLATANOIDES 

12 to 30 METERS 

JAPANESE PAGODA 
SOPHORA JAPONICA 

"REGENT" 

TO 20 METERS 

THORNLESS HONEY LOCUST 
GLEDITSIA TRIACANTHOS 

VAR. INERMIS 
"SHADEMASTER" 

TO 25 METERS 

SERVICEBERRY 
AMELANCHIER CANADENSIS 

OR A. LAEVIS 

7 TO 12 METERS 

GRECIAN LAUREL 
LAURUS NOBIUS 

TO 10 METERS 

GROWTH 
RATE 

MODERATE 
TO FAST 

MODERATE 

TO FAST 

SLOW 

FAST 

FAST 

MODERATE 
TO FAST 

SLOW TO 
MODERATE 

FAST 

MODERATELY 
FAST 

SLOW 

GROWING CONDITIONS 

FULL SUN. 
RICH, LOAMY, WELL-DRAINED, 
SLIGHTLY ACIDIC SOIL. 

FULL SUN. 
RICH, WELL-DRAINED, 
ACID SOIL 

HIGHLY TOLERANT 
OF URBAN CONDITIONS. 

FULL SUN. 
LOAMY, WELL-DRAINED, 
NEARLY NEUTRAL SOIL. 

TOLERANT OF DRY, 
ALKALINE SOIL. 

FULL SUN. 
TOLERANT OF POOR 
SOIL. 

TOLERANT OF POOR 
SOIL. 
DOES BEST IN 
NEARLY NEUTRAL, 
WELL-DRAINED SOIL. 

FULL SUN OR 
PARTIAL SHADE. 
TOLERATES DROUGHT 
AND RANGE OF SOIL 
CONDITIONS. 

PARTIAL SUN. 
MOIST SOIL. 

FULL SUN. 
WELL-DRAINED 
ACID OR ALKALINE 
SOIL. 

HARDINESS ZONES 

4-8 

5-8 

4-8, 
INCLUDING 
CALIFORNIA 

3-8, 
INCLUDING 
CALIFORNIA 
AND PACIFIC 
NORTHWEST 

5-8, 
PARTICULARLY 
CALIFORNIA 
AND SOUTHWESTERN 
DESERT AREAS 

3-10, 
EXCEPT 
SOUTHERN CALIFORNIA 
AND SOUTHWESTERN 
DESERT AREAS 

4-7 

4-10 

4-8 

7-8, 
INCLUDING 
PACIFIC NORTHWEST, 
NORTHERN CALIFORNIA 
AND SOUTHERN STATES 

SUITABLE TREES for an urban environment are shown in an ar

rangement that includes a representation of the shape of the mature 
tree, the appearance of one of its leaves and a statement of the main 

properties that make the tree desirable in a city. The list is selec
tive, being oriented to the conditions in large cities. Hardiness zones 

of U.S. and part of Canada are shown on map on pages 116 and 117. 
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selective breeding of trees to obtain and 
then stabilize desirable characteristics is 
time-consuming. To be sure, the natural 
range of genetic variability within a sin
gle species of tree is often huge. Yet if 
one is to take advantage of this variabili
ty, it is first necessary to identify the par
ticular variants within the species that 
have the desired characteristics. More
over, even after the selected races have 
been located and bred one cannot be 
sure that the progeny raised from seed 
will exhibit the parents' favorable char
acteristics. The natural process is a 
lengthy one of try, discard and try again, 
and one can conservatively predict a 25-
year interval between the production of 
the first cross and the maturation of a 
testable hybrid. Fortunately for centu
ries a simple way to shortcut the natural 
process has been known both in princi
ple and in practice. It takes advantage of 
the plant kingdom's capacity for asexual 
reproduction. The botanist calls it vege
tative reproduction. 

Whereas the oldest broad-base selec
tion and breeding program using a wide 
range of genera to produce street trees is 
only 19 years old, certain street-tree spe
cies have been propagated by cloning 
techniques for generations. An example 
is the ginkgo. Since only male ginkgos 
are planted in cities it would be a waste 
of time and effort to raise ginkgo sap
lings from seed and then discard the un
wanted female trees. Instead cuttings 
from a wide variety of male ginkgo 
clones are induced to form their own 
root systems; the rooted clonal off
shoots, all male, are then transplanted. 
The same procedure is followed with 
the green ash (Fraxinus pennsy/vanica), 
and for a similar reason. The fruit of the 
female green ash is not noxious, but it 
would add unwanted litter to the city 
streets. The tree's deep root system, 
however, makes the species tolerant of 
urban drought and salt load; as a result 
cuttings from male trees are rooted for 
transplantation. 

To root a cutting is not the only tech
nique of clonal propagation for ob

taining genetically desirable street trees. 
For example, the rootstock of one race 
may be particularly resistant to subsur
face urban stresses, but the race may 
also be wide-crowned or may reach un
desirable heights at maturity. If another 
race of the same species grows up short 
and narrow, both races may be raised in 
the nursery. The nurseryman will then 
cut the hardy-rooted race close to the 
ground, discard the stems and graft in 
their place the amputated stems of the 
race with the desired pattern of growth. 
Because the surgery is done low on the 
tree, nurserymen refer to these asexual 
by-products of two separate races as low 
grafts. Most clonally propagated street 
trees are produced by such a grafting 
procedure. 

An example is the honey locust. The 

DECLINE OF ELM, once one of the commonest city trees, has resulted from the spread of the 
Dutch elm disease. The effect appears in these photographs made from the same place on the 
campus of the University of lUinois at Urbana in about 1945 (top) and some 15 years later. 
Elms that were removed along the walk were replaced by the thornless variety of boney locust. 
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The two mirrors 
in our lobby are 
authentic 18th 
century antiques. 
But is that any reason 
for you to stay with us? 

We think so. Because your stay in any 
hotel is made up of a thousand small 
details. And they all have to be right. 

That's why we pay such extrava
gant attention. With real antiques. 
Fresh flowers. Food and drink worried 
to perfection. And most important, 
a staff that knows how to wait on you 
hand and foot without invading an 
inch of your privacy. 

The mirrors in our lobby are symbols 
of that kind of attention to detail. 

Any hotel can give you mirrors. 
But ours reflect rather well on us. 

C1(JW 

�������Q��� 
For people who understand the subtle differences. 

For reservations anywhere in the U.S. except California call toll free (800) 227-4736. In San Francisco call 
(415) 989-3500. Elsewhere in California call toll free (BOO) 622-0957. Or call Hotel Representatives Inc.

the leading hotels of Europe and World Wide Associates. 

TIME 
MACHINE 
FOR SALE. 

$15 FOR SIX 
ROUNDTRIPS 
Every issue of ARCHAEOLOGY 
Magazine sends you on a fascinating 
voyage to antiqu ity. And every issue 
is truly a collector's item. Rich, full 
page illustrations, lavish reproductions 
of ancient art, front-line reports of 
excavations and discoveries, and much 
more ... are waiting for you right 
now. Published by the Archaeological 
I nstitute of America. 

ARCHAEOLOGY 
THOUSANDS OF YEARS 

BEHIND THE TIMES 

ARCHAEOLOGY A-4 
Dept. T-6 
260 West Broadway 
New York, N.Y. 10013 
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Bicycling Science: 
Ergonomics and 

Mechanics 

by Frank Rowland 

Whitt and David 

Gordon Wilson 

$12.95 hardcover 

$4.95 paperback 

"An engineering analysis of bicycling and a 

discussion of the state of the art of bicycle 

technology by two men well known in the 

field_ Human power and bicycle mechanics 

are analyzed in detail."-Library Journal 

" [Al  brief, handsome and unusual book. 

-. - It contains a considerable and fascinating 

set of references to a diverse sporting litera

ture."-Philip Morrison, Scientific American 

"Th is study-amazingly, the first such since 

la96-is by turns faSCinating, funny, and for

bidding. _ . and all in all, quite elegant_ It 

covers just about everything, w ith a lot of his

tory, pix, and diagrams along the way." 

-Vii/age Voice 

at your bookstore, or send prepaid order 

directly to: 

The MIT Press 
Massachusetts Institute of Technology 

Cambridge, Massachusetts 02142 

native Gleditsia can grow more than 100 
feet high. Its trunk tends to be crooked. 
and it is armed with long. branched 
thorns that are a menace to the unwary 
passerby. It also bears fruit in the form 
of large twisted seedpods. In short. 
above the ground the honey locust is 
poorly suited to being a street tree. Nev
ertheless. 'it is tolerant of drought and 
can survive relatively heavy salt loads. 
Over the years repeated trial growths of 
honey-locust seedlings eventually gave 
rise to a clone that is thornless. bears 
almost no seedpods and has a straighter 
trunk. Three separate selections of this 
thornless clone are now regularly propa
gated as cuttings and then grafted to the 
drought- and salt-resistant rootstocks of 
the native honey locust; these are the 

HARDINESS ZONES of the U.S. and part 
of Canada reflect diflerenc:es in the average 
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improved trees that account for the in
creasing favor of the species. 

The European little-leaf linden (Tilia 
cordata), an imported street tree of 

increasing popularity, is another benefi
ciary of cloning. In nature its races vary 
considerably in size and shape, with the 
largest often reaching a height of 80 to 
90 feet at maturity. Intensive selection 
has produced clones that combine mod
erate height with a good rate of growth 
and a silhouette that becomes progres
sively narrower toward the top. Selec
tions from these clones have proved to 
be particularly well suited to city streets. 

The white ash, a native tree, provides 
an example of a different cloning tech
nique. There are male clones of this spe-

cies with leaves that become a deep pur
ple in the fall: the lively coloration can 
relieve the uniformity of many city set
tings. It is difficult, however, to distin
guish between a male and a female 
white ash when the trees are young. To 
ensure a supply of the males, nursery
men graft buds taken from known male 
clones to an ordinary white-ash root
stock. 

Male clones of two other trees, both 
of them alien, seem assured of a place as 
urban street trees. One, a native of Ja
pan, is the katsura tree (Cercidiphyllum 
japonicum). It grows rapidly, and its 
small heart-shaped leaves afford ample 
shade while producing less litter than 
the larger leaves of other street-tree spe
cies. The fall coloration of the kat sura 

tree's leaves is yellow and red, adding to 
its attractiveness. The other alien clone, 
from Siberia, is the Amur cork tree 
(Phellodendron amurense). It is a fast 
grower and is easy to transplant and es
tablish. The major asset of the Amur 
cork tree as far as city living is con
cerned, however, is its tolerance of pol
luted air. 

In the immediate future, then, the 
trees of our urban streets are likely to be 
those whose capacity for resisting the 
stresses of the metropolitan environ
ment has been enhanced by man rather 
than nature and whose availability will 
depend on vegetative rather than sexual 
reproduction. Before altogether writing 
off nature's capacity for responding to 
adaptive pressure, however, it may be 

AVERAGE ANNUAL 
MINIMUM TEMPERATURE 
(DEGREES FAHRENHEIT) 

ZONE 1 BELOW -50 

ZONE 2 - 50 TO -35 

ZONE 3 -35 TO -20 

ZONE 4 -20 TO -10 

ZONE 5 -10 TO -5 

ZONE 6 -5 TO 5 

ZONE 7 5 TO 10 

ZONE 8 10 TO 20 

ZONE 9 20 TO 30 

ZONE 10 30 TO 40 

annual minimum temperature and thus differences in the species of 
trees that can be expected to flourish in each zone. The map is based 

on a compilation and map prepared at the Arnold Arboretum of 
Harvard University. Table shows range of minimum temperatures. 
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Pinot Chardonnay. 
An exquisite 

Napa Valley white 
wine from The 

Christian Brothers. 

Certain of the gravelly soils and 
micro climates near our Napa Valley 
Novitiate and Winery are particu
larly kind to the Pinot Chardonnay. 
This varietal grape which produces 
the white burgundies of France has 
gained exquisite subtle flavor and 

fragrance here in our vineyards. 
In recent years, new methods of 
vinification enable us to capture more 
of this delicate taste. 

I believe you will find The 
Christian Brothers Napa Valley 
Pinot Chardonnay one of our most 
memorable wines. As with all our 
table wines, it is blended from various 
harvests and vineyard locales so that 
each bottling has all the body and 
varietal complexity we seek. 

Pinot Chardonnay is laid down 
in our cellars to give its delicate 
bouquet a chance to develop. And 
though it is ready for your table when 
it leaves here, this is one white wine 
that keeps on improving and may be 
put away in your own cellar to 
enhance it even further. 

Our Pinot Chardonnay is a de
lightful accompani
men t to fish, 
,poultry and lighter 
meats. And like all 
white wines, it 
should be served 
chilled. 

If you would 

� 
ChrislionBrothers. 

NAPA VALLEY 

PINOT CHARDONNAY 

like to know more about The Christian 
Brothers wines, please write to me. 

��.JSC. 
Cellarmaster 

The Christian Brothers 
Napa Valley, California 94558 

Worldu!ide Distributors: Fromm and Sichel, Inc., 
San Francisco, California. 
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salutary to consider a recent observa
tion reported from Montreal. Sugar ma
ples have grown in and around this Ca
nadian city from the time of its first set
tlement. They are still to be found there. 
not only in such relatively unpolluted 
areas as the heights of Mount Royal in 
the heart of the city but also in such 
blighted neighborhoods as East Sher
brooke. where oil-refinery effluvia and 
industrial wastes combine with automo
bile emissions to make the atmosphere 
toxic. In the summer of 1974 Gopal K. 
Sharma of the University of Tennessee 
collected full-grown leaves from Mont
real sugar maples of the same age 
(judging by their similarity in size) grow
ing in East Sherbrooke. in the somewhat 
less polluted vicinity of the city's inter
national airport. on Mount Royal and in 
an unpolluted suburban locality some 
40 kilometers outside the city. 

Sharma washed the leaves, made im
pressions of their lower surfaces (where 
the pores that serve for transpiration are 
located) and examined the impressions 
under the microscope. He found that the 
count of leaf pores on the surfaces of the 
samples from East Sherbrooke was 
scarcely 10 percent of that on compara
ble surface areas of the samples from 
the unpolluted suburban locality. It was 
roughly 25 percent of the count on sam
ples from Mount Royal and 40 percent 
of that on samples from the airport, the 
next most polluted area. Even more sur
prising, the leaf surfaces in the East 

Sherbrooke sample were hairy (the 
count was nearly 9,000 leaf hairs per 
square centimeter of leaf surface) and 
none of the leaves from the other three 
areas had any leaf hairs at all. 

In Sharma's view a change in the num
ber of leaf pores in sugar maples along a 
gradient that is inversely proportional to 
the degree of local air pollution is clear
ly a favorable adaptation, since it mini
mizes the intake of toxic constituents of 
the atmosphere, regardless of how it 
may reduce the efficiency of transpira
tion and respiration. The absence of any 
similar gradient with respect to the 
abundance of leaf hairs is more of a puz
zle, but Sharma suggests that when the 
hairs are present, they provide a cover
ing that protects the leaf against such 
pollutants as particulate matter. 

Does the presence of pollutants in the 
atmosphere somehow stimulate the de
velopment of protective hairs in a spe
cies normally lacking them? Is the leaf 
structure also affected by pollutants in 
such a way that development of a nor
mal number of leaf pores is inhibited? 
Or are these observed leaf characteris
tics the result of. selective pressure, 
working at the level of the gene, that has 
led coincidentally to the evolution of a 
race of sugar maples better fitted for 
survival in an urban environment? 
Whatever the answers to these questions 
may be, the Montreal sugar maples offer 
an intriguing contemporary example of 
the interaction of a tree and the city. 

AILANTHUS TREE tbat bas propagated itself rises througb a sidewalk grating in Manbat
tan. Tbe species was originaUy imported from Asia so tbat its leaves could serve as food for 
silkworms. Silkworm project failed, but tbe tree bas taken bold vigorously in urban settings. 
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The Tax Refonn Act Of 1976 has made possible 
the fonnation of an incorporated tax exempt bond fund 

Thelth1! S 

Tax Exetnpt 
Bond nlnd,Inc. 

The first continuously managed, totally liquid open-end 
municipal bond fund organized as a corporation. It is now 
possible to _pass through to shareholders tax exempt income 
and to obtain the protection against personal liability afforded 
by a corporation. Some of the features available are: 

No Sales Charge Low Initial Investment 
You benefit from full investment of all your money. 
There is no charge for reinvestment of dividends
earnings compound to provide more tax exempt 
income. There is no charge for redemption. 

Liquidity 
You benefit from daily pricing in an open-end fund. 
Shares can be purchased whenever you wish. The 
Fund stands ready daily to redeem your shares at 
net asset value based on market price. 

Continuous Management 
You benefit from full-time supervision of your 
portfolio. The managers of the Fund constantly 
seek to preserve and improve portfolio values by 
searching out promising new bond opportun
ities and changing the portfolio to reflect current 
economic realities. 

Diversification 
Your cash is pooled with that of many other share
holders and invested in a widely diversified port
folio of tax-exempt municipals. 

Tax Exempt Income 
Your dividends are declared daily and reinvested 
for monthly compounding. Or if you prefer, you 
may receive them in a monthly check. 

Simplicity 
No coupons to clip, certificates to safeguard , or 
records to keep. Quarterly and annual statements 
provided for your files. 

Visibility 
The net asset value of your shares will be published 
in the Wall Street Journal and the New York Times 
and can be easily monitored. You know the net 
worth of your investment. 

You may start with $2,500 and make additional 
investments of as little as $100 at a time. 
r---------------------� 

D ,,,T>O> 

Dreyfus Tax Exempt Bond Fund 
600 .\tadison Avenue, New York, N. Y. IOOZZ 

Na� ________________________ _ 

Addr�s ______________________ __ 

City'---______________________ _ 

State Zipp-______ _ 

For more complete information 
including charges and expenses,ob
tain a prospectus by sending this 
coupon. Read it carefully before 
y ou invest or send money. 

L _____________________ � 
How to telephone for 

more information. 
If you would like a prospectus and explanatory 
folder, call toll free (any hour of the day or night): 

800-325-5900 
Individuals with specific questions call toll free 
(during business hours): 

800-223-5525 
(In New York State , call collect): 

212-935-5700 
Investment advisors or other professional inves
tors call collect (during business hours): 

212-935-6621 
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�MEASUREMENTllCOMPUTATI0N advances from Hewlett-Packard 

Hewlett-Packard offers for the first 
time (ever) full-power APL on a 
relatively small general purpose 
computer. 

The recently introduced HP 3000 Series II com
puter, whose powerful data entry and data base 
management signaled a price/performance ad
vance in data processing, now adds APL to its 
language repertoire, accompanied by a new CRT 

terminal especially designed to operate with APL. 

The advantages of APL among computer languages 
are becoming increasingly apparent. APL is a general 
purpose programming language, rich in primitive 
operators and formal identities, that uses powerful 
symbols in shorthand fashion to define complete 
functions in very few statements or characters. 

APL offers highly beneficial shortcuts to data manipu
lation in scientific and engineering applications, 
where it can bring to bear its ability to express com
plex calculations in a concise way, and to operate on 
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groups of numbers as easily as on single ones. Be
cause APL normally operates directly on data without 
special commands, the novice can do useful work at 
once, freed from the necessity of learning compli
cated procedures that stymie nonspecialists. 

By making an unabridged and enriched APL available 
on a relatively small computer, HP fills a price! 
performance gap that has frustrated potential APL 
users in the past: the full power of APL was available 
only on a massive computer or through costly service 
bureau time-or one settled for the limited APL capa
bility of a "portable" computer. 

APU3000, Hewlett-Packard's enriched version of the 
language, significantly broadens APL's capabilities in 
several useful ways. For example: 

• APU3000 solves the problem of limited workspace 
size: its large virtual workspaces are restricted 
only by the amount of available on-line storage. 

• The APU3000 compiler saves the code it compiles 
for reuse with subsequent program executions
allowing repetitive production programs to run 
considerably faster than with standard APL. 

• APU3000's editor has greater flexibility and power 
than the typical APL editor, with modes for 
both line editing of simple problems and com
plete text editing. 

• An extension of APU3000 called APLGOL, combin
ing the advantages of structured programming 
with APL'S power, can be used at your option 
to define functions that are easy to read and 
maintain. 

• Since the 3000 Series II computer treats APU3000 
as a standard language subsystem, any of its 
five other programming languages (FORTRAN, 
COBOL, RPG, BASIC, and SPL) can be used con
currently with APL in batch or interactive modes 
on up to 12 APL terminals. 

Hewlett-Packard has developed a CRT terminal espe
cially designed to handle APL symbols: the new HP 
2641. Its versatile keyboard carries full APL and stan
dard ASCII character sets. Additional special function 
keys can be programmed to speed data entry and 
reduce opportunities for error. Optional minicar
tridge tape transports provide storage that allows the 
user to prepare data off-line, transmit it rapidly to the 
computer in batch, and keep or transfer development 
programs on the pocket-sized cartridges. 

APU3000 software and firmware can be purchased 
outright for $15,000. The 2641 terminal with 4 
Kbytes of memory costs $4100; with tape transports it 
costs $5700. The 3000 Series II computer system, 
which makes it all possible, costs from $2350 to 
$7500 per month on a five-year payout lease, or 
$110,000 to $350,000 by direct purchase (domestic 
U.S. prices only, maintenance not included.) 

We'd like to tell you more. 
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A new line of small computer 
systems with all the facilities needed 
to become departmental servants. 

Now you can afford a "departmental computer": 
The HP 1000. As a facile seNant, it can be confi
gured to handle scientific computing, instrumen
tation control, and operations management. 

In a few words, the HP 1000 family of computer 
systems can manipulate large amounts of data in a 
variety of ways concurrently, with fast response to a 
number of users. Consisting of a new, high
performance computer, fast, rugged disc memory, 
and CRT terminal (its basic configuration), the HP 
1000 represents the kind of price/performance ad
vance that makes the "departmental computer" an 
economic practicality. 

With the flexibility characteristic of the perfect ser
vant, the HP 1000 effectively plays a number of roles: 

• A system for scientifidengineering computing; 

• The controller in an instrument system for auto
mated measurement, control, and testing; 

• The central system to control an entire computer 
network; 

• A complete data base management system for a 
virtually unlimited number of applications. 

HEWLETT " PACKARD 

For assistance call: Washington (301) 948·6370, Chicago (312) 677·0400, 

Atlanta (404) 434·4000, Los Angeles (213) 877·1282. 

Each member of the HP 1000 family has the ability to 
perform as a multiterminal, on-line, interactive sys
tem serving several users concurrently-and it does 
batch processing at the same time. Each has multilin
gual capabilities that include FORTRAN, ALGOL, HP 
Assembly, and Multi-User Real-Time BASIC. 
Dynamic microcycIe timing, a singular HP technical 
concept, allows the processor to execute most in
structions in 175 ns while taking 280 ns for the oc
casional slower functions. 

New enhanced user-microprogramming is a second 
design innovation that allows you to increase the 
computing power of the HP 1000 system as the need 
arises. For example, a user can improve FORTRAN 
performance in a given application by 2 to 20 times 
over conventional techniques: the sine X function, 
e.g., is executed 20 times faster; and a typical shell 
sort operation, 9 times faster. 

The HP 1000's versatile real-time operating system 
manages the computer hardware so efficiently that 
several users can access the system to perform dif
ferent tasks simultaneously-and they'll all think the 
computer is their own slave. (For the countless 
thousands who have resented serving the computer, 
this turnabout is fair play.) 

Prices for the HP 1000 systems range from $33,500 
for the cabinet-mounted Model 31, to $37,500 for the 
Model 30, housed in a contemporary desk-style work 
center (pictured above). to $61,200 for the Model 80 
and $62,200 for the Model 81 data base management 
systems (domestic U.S. prices only). 

For more information on these products, write to us. 
Hewlett-Packard, 1502 Page Mill Road, Palo Alto, 
California 94304. 

Mail to: Hewlett-Packard. 1502 Page Mill Road. Palo Alto. CA 94304. 

Please send me further information on 

( ) HP 3000 Series 11 computer system and APlJ3000 

( ) HP 1000 computer system 

Name ____________________________ ___ 

Company ____________________________ _ 

Address ____________________________ _ 

City _____________ State __ Zip -------

00649 

121 

© 1976 SCIENTIFIC AMERICAN, INC



An Archaic Indian Burial Mound 
in Labrador 

Ancient burial mounds are usually associated with large, stable 

agricultural societies. Yet the oldest mound known, now found 

on a subarctic shore, was made by a band of hun ters and gatherers 

by James A. Tuck and Robert]. McGhee 

T
he ancient practice of raising 
mounds over the graves of impor
tant people is known from exam

ples in both the Old World and the New. 
Considering the wealth of grave furnish
ings many of the mounds contain and 
the number of man-hours needed to put 
up even a modest mound. prehistorians 
generally view mound burials as indicat
ing a stable social organization. a good
sized population and an economy based 
on agriculture and animal husbandry. 
Thus it comes as a surprise to learn. as 
we and our colleagues did recently. that 
the earliest burial mounds known any
where in the world were built more than 
7.000 years ago not by some settled. 
well-off people but by bands of Archaic 
Indian hunter-gatherers whose home
land was the less than hospitable Cana
dian subarctic. 

The early burial mounds lie in an area 
astride the Quebec-Labrador border 
where that dividing line follows a north
south course that ends at the Strait of 
Belle Isle. The first two mounds were 
spotted by the Quebec archaeologist 
Rene Levesque near Brador in eastern 
Quebec. Conspicuous piles of rocks had 
been erected over graves lined with 
stone. Levesque's excavation uncovered 
stone knives and projectile points and 
lumps of red ocher but no human bones. 
which is not uncommon when burials 
are in an acid soil. 

A third mound. located on the Labra
dor side of the border some 30 kilome
ters east of Brador. was found in July. 
1973. when our party from the Memori
al University of Newfoundland. assisted 
by a grant from the Canada Council. 
went to southern Labrador to conduct 
an archaeological survey of a short 
stretch of coastline. An earlier recon
naissance of the coast by Elmer Harp. 
Jr .. of Dartmouth College had turned 
up evidence of human occupation 6.000 
or more years ago. We set up camp a 
short distance from the small village 
of L'Anse Amour. on the eastern edge 
of Forteau Bay. That is the location of 
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what is probably the largest archaeolog
ical site in southern Labrador: 50 hec
tares of sand deposits that are constantly 
shifted by the winds. alternately reveal
ing and concealing numerous traces of 
human occupation. 

On the first day of our survey we no
ticed what we thought was a kind of 
boulder pavement, recently exposed to 
view by road construction that had 
stripped away the dwarf firs that form 
an almost impenetrable ground cover in 
sheltered areas along the coast. We pho
tographed the exposed rocks and calcu
lated that they stood some 28 meters 
above sea level, but being short of time 
and manpower and preoccupied with 
the collection of surface finds among 
nearby blowouts in the sand, we made 
no attempt to clear away the rest of the 
vegetation. 

Our 1973 work was successful enough 
to encourage us to return to L'Anse 
Amour in 1974 with a larger field crew. 
The collection of materials from the 
shifting sands was still our primary ob
jective, but most of the sites of early 
human occupation were so small that 
only a few of us could work on them 
simultaneously. Some of the crew there
fore set about clearing away the firs and 
sand that still covered much of the boul
der pavement. 

When the pavement was cleared. it 
proved to be the top of a low 

mound consisting of small boulders that 
had been built high enough above the 
original ground surface for a few of the 
larger ones to protrude through a zone 
of turf that had formed and then itself 
been buried some thousands of years 
ago. The mound was roughly eight me
ters in diameter, and the boulders had 
probably been obtained from the banks 
of a nearby stream. Each weighed on the 
average 10 kilograms and was about 30 
centimeters in diameter. By the time we 
had finished we had cleared away some 
300 of them. In the clearing process. 
which we began by removing the sand 

that had collected between the boulders. 
we encountered our first artifact: a thin. 
elongated and smoothly polished stone. 

After we had disposed of the sand we 
mapped and photographed the boul
ders, marked the mound into quadrants 
and began the work of removing the sur
face stones from one of the quadrants. 
Immediately below the first layer of 
boulders we found an identical second 
layer and below that one. toward the 
center of the mound. we found a third. 
Under that layer, 45 centimeters below 
the surface of the mound, we encoun
tered three slabs of rock standing on 
edge and butted end to end. As we were 
clearing the quadrant we also noted 
stains of red ocher. They gave us hope 
that the upright slabs might be one side 
of a cist grave: a grave in the form of a 
stone coffin. 

The first quadrant we opened was the 
southwest one; we now proceeded to 
open the adjacent quadrant to the north
west. At the same time we extended the 
overall excavation perimeter two me
ters to the east so that the cleared area 
might encompass all of the hoped-for 
cist grave. It did: a matching pair of up
right cist slabs were uncovered as the 
excavation progressed northward. The 
northern set of slabs was displaced 
about 60 centimeters to the east of the 
southern set. Having got this far, we de
cided to remove all the boulders in the 
two remaining quadrants and excavate 
the entire mound area down to the top 
edges of the cist-grave slabs. In so doing 
we could record any traces of human 
activity that might still be hidden any
where in the mound area. 

This step in the excavation produced 
no results, and so we turned to removing 
the sand lying lower than the top edges 
of the slabs. As we proceeded we were 
encouraged by uncovering several more 
traces of red ocher. At the same time our 
digging became increasingly difficult be
cause the loose sand walls of the excava
tion kept slumping. To avoid further 
caving in we enlarged the area of exca-
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vat ion until it took the shape of a seven
meter square with walls that sloped 
at an angle too shallow to be subject to 
slumping. 

We progressed from the top of the cist 
slabs. some 45 centimeters below the 
surface of the mound. to the base of the 
slabs. about a meter below the surface. 
without finding any trace of a burial. 
Only a few organic stains marked the 
sand we removed; they may have been 
traces of decayed wood or bark. We 
were disappointed. but we went on to 

map the position of the upright slabs. 
removed them and continued to dig 
deeper into the apparently sterile sand. 
Our efforts were rewarded when. 130 
centimeters below the surface of the 
mound. a vivid patch of red ocher ap
peared in the sand near the west end of 
the cist grave. 

As our excavation exposed more of 
the ocher-stained sand we found that it 
lay above the side of a human skull. A 
few more hours of painstaking sand re
moval revealed an almost intact skele-
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ton. located below the cist slabs but 
within the rectangle formed by them. It 
was lying in an east-west orientation and 
in a prone position. The skull was at the 
west end of the grave. turned so that it 
faced north. 

The skeleton was accompanied by a 
number of artifacts. Directly in front of 
the face was a large walrus tusk. Beside 
the left shoulder were two large knives 
made of chipped pink quartzite. and be
tween the femurs was an oval stone 
knife made of chipped dark quartzite. 

BURIAL MOUND excavated by the authors and their colleagues at 
L'Anse Amour in southern Labrador is seen in two views. The plan 
(top) shows successive layers of boulders (lower layers in darker col
or) encountered during excavation and locates the upright slabs of 
stone and the skeleton below them. The elevation (bottom) shows the 
mound as it probably appeared soon after construction, before the 

sand filling the burial pit and the 300 boulders in the overlying layers 
began to settle. The excavators, using long-handled spades, expend. 
ed 250 man.hours removing the sand from the pit and 50 more reo 
moving the rocks. The Archaic Indians, with nothing but improvised 
spades for digging and refilling the pit, must have invested much 
more time: perhaps a week if the group included 15 to 20 families. 
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Near the pelvis were two graphite peb
bles that showed signs of rubbing and 
gouging; both were enveloped in red 
ocher. (When graphite and ocher are 
mixed, they form a "metallic red" pig
ment.) A small bone tool made from the 
base of a caribou antler and also envel
oped in ocher was next to the graphite 
pebbles; it may have been a pestle for 
grinding and mixing the pigment. 

Under the rib cage of the skeleton was 
a tapered pendant made of bone or 

antler. It was decorated with a series of 
incisions and perforated, as if for string
ing, at its narrow end. The perforation 
had been made by gouging or incising 
rather than by drilling. Nearby was a 
whistle made from the long wing bone 
or leg bone of an unidentifiable bird. It 
too was decorated with incisions, and in 
it were two perforations that allowed 
variations in the pitch of the whistle. 
The instrument had been broken just at 
the point where traces of a third perfora
tion were visible. The broken area had 
been repolished, however, before the 
whistle was placed in the grave. The 
instrument still produces a shrill note 
when it is blown. 

On the west side of the skull we found 
another stain that was brownish rather 
than reddish. As we cleared away the 
sand we found a small cache of grave 
offerings: two small projectile points, 
one made from pink quartzite and the 
other from translucent and mottled vein 
quartz; two larger projectile points, 
slightly asymmetrical and made from 
the same materials; three socketed bone 
points made from the hollowed-out ulna 

bones of caribou, and a partly decom
posed, stemmed bone point made from 
a long bone of an unidentifiable large 
mammal. 

On top of the skeleton's rib cage rest
ed a large flat rock of the same kind we 
had found at the sides of the cist grave. 
On both sides of the skeleton, particu
larly around the legs and the feet, were 
traces of organic material that on exam
ination proved to be almost completely 
decomposed wood. This material may 
be the remnant of wood spear or har
poon shafts long since decayed beyond 
recognition; alternatively it may indi
cate that the grave had a coffinlike lining 
of wood or bark. 

After we had completed the exposure 
of the skeleton and its associated arti
facts the depth of the grave excavation 
was some 150 centimeters below the top 
of the mound. On both sides of the skel
eton we uncovered concentrations of 
charcoal: the remains of a pair of open 
fires. Nearby, to the south, was a stain in 
the sand that was almost jet black. Dig
ging into the stained area, we found the 
remains of a large section of caribou 
antler. It is a good candidate for a tool 
used by the Archaic Indian hunters to 
scoop out the sandpit underlying the 
burial mound. 

We sent samples of the charcoal from 
the two graveside hearths to two differ
ent laboratories for carbon-14-dating 
analysis. The measurement made by the 
firm of Isotopes, Inc., yielded a date of 
7,5 30 ± 140 years before the present. 
The second measurement, made at the 
Smithsonian Institution, was in good 
general agreement with the first one: 

STRAIT OF BELLE ISLE, separating Newfoundland from southern Labrador and eastern 
Quebec, marks where three Archaic Indian burial mounds have been discovered. Two are near 
Brador in Quebec; the third, near L'Anse Amour, is in Labrador. A fourth site, at Cowpath in 
Labrador, does not include a mound but, like L'Anse Amour, is more than 7,000 years old. 
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7,255 ± 85 years before the present. The 
age determinations confirmed our sus
picion that the mound burials in this 
area represent remarkably early expres
sions of ceremony in a population that 
would ordinarily be considered too lack
ing in social organization and econom
ic resources to have developed such 
luxuries. 

Stylistically the stone tools Levesque 
had found in his Brador cairns appear to 
be as old as or older than those we un
covered at L'Anse Amour, but carbon-
14 analysis of organic material from the 
cairns yielded dates that are much more 
recent than ours. On the other hand, 
stone tools unearthed at Cowpath, a site 
some 20 kilometers north of L'Anse 
Amour, are almost exactly the same as 
those found at our grave site, and three 
carbon-14 dates from Cowpath fall in 
the same age range as ours. This sug
gests that the Brador burial mounds and 
the mound at L'Anse Amour may be 
related examples of a subpolar Archaic 
Indian burial tradition of the sixth mil
lennium B.C. 

Among the artifacts unearthed with the 
Il. L'Anse Amour skeleton are two 
that have a particular technological sig
nificance. One is the oldest toggling har
poon head known; the other is an object 
that appears to combine the function of 
a harpoon-line holder and a hand reel. 
The harpoon head, made from caribou 
antler, is small and slightly damaged, its 
tip having been broken off before it was 
placed in the grave. It is conical in form, 
with a single pronounced spur at the 
base; judging by its taper it had original
ly been somewhat more than 6.5 centi
meters long. A conical socket drilled 
into its base allowed the head to fit over 
the end of a harpoon fore shaft, and 
a ridge just above the base probably 
marks the point where the harpoon line 
was tied on. The term "toggling" refers 
to the action of the harpoon head after 
the harpoon has been driven into the 
flesh of an animal. Unlike a harpoon 
head that depends on projecting barbs to 
keep it from pulling free, a toggling 
head is held in place by turning sideways 
in the puncture wound. The presence of 
the harpoon head in the grave, together 
with the walrus tusk, confirmed what we 
had already assumed, namely that these 
prehistoric hunters not only pursued 
caribou in season but also hunted sea 
mammals along the coast. 

The line holder is made from walrus 
ivory and is somewhat more than 16 
centimeters long. Slightly curved, it ta
pers gradually toward both ends. At the 
middle, where the piece is thickest, a 
carefully drilled hole extends from the 
concave face to the convex one. The 
concave surface is decorated with a se
ries of short incisions not unlike those 
on the pendant and the whistle. In over
all form the artifact is similar to the line 
holders used by Eskimos today, and it 
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seems likely that it served the same pur
pose 7,000 years ago. Indeed, at the time 
it was placed in the grave it may have 
been connected to the toggling harpoon 
head by a hide harpoon line. Like any 
wood harpoon shafts that might also 
have been placed in the grave, the line 
would have vanished long ago. 

The findings we have made in the 
course of our excavations at L'Anse 
Amour enable us to reconstruct the se
quence of at least some of the things 
the Archaic Indian hunters did as they 
raised their elaborate burial mound. For 
example, the exact outline of the large 
pit that was scooped out before the body 
was laid to rest cannot now be traced, 
but the distribution of the charcoal from 
the two fires the tomb builders kindled 
in the pit gives us a good indication of 
the pit's dimensions and thus of the la
bor needed to dig it. 

It took our team of six, working with 
long-handled shovels, five days, or a to
tal of some 250 man-hours, to dig down 
to the level where the charcoal was 
found. The Archaic Indians, with no 
better digging tools than caribou antlers 
and whatever could have been impro
vised out of wood, must have invested 
many man-hours more. In this connec
tion, assuming that the Labrador cli
mate was the same then as it is today, the 
hunting band must have done the dig
ging during the brief summer. From ear
ly fall until late spring the ground in the 
area is frozen to a considerable depth, 
making excavation of any kind virtually 
impossible. 

After the hunters had dug the pit, they 
appear to have placed piles of wood on 
both sides of the area reserved for the 
body and to have set the piles on fire. By 
that time the body had presumably been 
prepared for burial. and it was now 
placed prone between the two fires. Per
haps some of the objects we found under 
the skeleton-the harpoon head, the line 
holder, the graphite pebbles, the pestle 
and the ocher-and-graphite pigment, the 
last three perhaps contained in a hide 
pouch-had been set in place before the 
body was laid down on an east-west line 
with the face turned to the north. Other 
objects, such as the pendant and the 

PRONE SKELETON, located 1.5 meters be
low the top of the mound at L'Anse Amour, 
is oriented east-west; the skull, at the west 
end of the grave, is turned so that it faces 
north. Artifacts buried with the body includ
ed a walrus tu,sk directly in front of the face, 
two large quartz knives near the left shoulder, 
an oval quartzite knife between the femurs 
and an antler pestle and two graphite pebbles 
near the pelvis. Under the rib cage was a pen
dant, perforated at its narrow end, and a bone 
whistle. Nearby were an antler harpoon head, 
a harpoon-line holder and a cache of large 
and small projectile points made of quartz 
and bone. Resting on top of the rib cage was 
a large flat stone like those around the body. 

, " ," ,;' ',', 
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Are lour parameters 
witliln Isaac Asimov's 
limits? 

Until recently, parameter was strictly a 
scientific word; in normal English we 
made do with boundaries and limits. 
Isaac Asimov, Edwin Newman, and 
75% of the o t her 
members of The 
American Heritage 

Dictionary Usage Panel think we 
still shou ld. The panel-118 
people who have in common 
only their ability to use modern 
English well - helps you 
choose the best of all pos
sible words, exclusively in 
The American Heritage 
Dictionary. With 155,000 
entries, 4,000 illustra
tions, and thousands of 
n e w  words, i t" 
America's most u 
t o-date dicti ona 
From $8.95 

Plant a THINK TANK anywhere 
and watch the minds grow! 

home-office-scnool-park-club-churches-Iaboratory 

Unique instructional games designed by uni
versity professors to make learning fun 
through brain-ta-brain action. Beginning gomes 
can be mastered by young children--- final games 
will challenge intelligent adults. These are 
the famous GAMES FOR THINKERS from 
WFF 'N PROOF Publishers. 

WFF 'N PROOF (logic) 13.00' 

QUERIES 'N THEORIES (science) 13.00' 
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ON-SETS (set theory) 10.00' 
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WFF (beginner's logic) 2.25' 

QWIK-SANE (puzzle) 2.25' 
TAC-TlCKLE (pvre strategy) 1.75' 

Teachers Manual 1.25* 

THINKERS Bookends 16.00' 

12-Kit THINK TANK & Teachers Manual 
With THINKERS Bookends (save $10.75) 94.50' 

Without Bookends (save $4.75) 84.50' 

·posloge & handling included 

Order from WFF 'N PROOF 
1490-ED. South Boulevard. Ann Arbor. Mi. 48 t 04 

Phone Free 800·528-6050 Ext. 702 
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THREE 
CENTURIES 
OF 
HARPSICHORD 
MAKING 

The traditions of harp
sichord making in Italy, 
Flanders, France, Ger
many and England in the 
16th, 17th, and 18th cen
turies. 

Harvard University Press, 
$15, ppd. 

For a copy of the book or 
free illustrated brochures 
describing our historical 
keyboard instruments 
available in kit form write: 

FRANK HUBBARD 
Harpsichord Maker 
185A-S Lyman Street 
Waltham, Mass. 02154 

whistle, may have been attached to the 
body's clothing or strung around its 
neck. In any event the stone knives and 
projectile PQints, the walrus tusk and the 
flat rock werr placed with the body last 
of all. \, 

The proces$ of refilling the sandpit 
then began. If the two fires had not al
ready burned out, they would have been 
smothered by the sand that now covered 
the body and the various articles around 
it. Next the rock slabs were set in place 
to form the cist, and more sand was 
scraped up and dumped into and around 
the cist to raise a mound over the entire 
burial. Finally, the 300 small boulders 
were carried up from the stream bank 
and arranged in layers on top of the 
mound of sand. Judging from our own 
efforts in removing and then replacing 
the layers of boulders, this part of the 
mound building must have called for 
another 50 man-hours. For many years 
thereafter, before the mound began to 
settle and then was obliterated by drift
ing sand and encroaching vegetation, 
the grave site must have been a conspic
uous feature of the local landscape, 
readily visible from anywhere along the 
shore of Forteau Bay. Even if one gen
erously postulates a hunting band made 
up of as many as 15 to 20 families in the 
middle of an easy hunting-and-gather
ing season that left almost everyone free 
to take part in the work, the L'Anse 
Amour burial mound must have taken a 
full week to build. 

Why are there not more burial 
mounds in this subarctic coastal 

area than the two at Brador and the one 
at L'Anse Amour? Even if the custom of 
funerary rites had endured for no more 
than a few generations among these Ar
chaic Indians and had been confined to 
such notables as shamans and hunting
band leaders, the shores of the Strait of 
Belle Isle should show traces of many 
more mounds. We have searched with
out success, however, for both visible 
features like the mounds at Brador and 
for others that may now be as obscured 
as the boulders at L'Anse Amour were. 
It is notoriously risky to build a hypoth
esis on such negative evidence as our 
failure to find more burial mounds. 
Nevertheless, there are a few items of 
positive evidence suggesting the possi
bility that the mound at L'Anse Amour, 
at least, represents an unusual and rare
ly performed ritual rather than a routine 
funerary practice. 

The first item of evidence in support 
of this hypothesis comes from a study of 
the L'Anse Amour skeleton. Sonja Jer
kic of the Memorial University of New
foundland has identified the skeleton as 
that of a subadult, sex uncertain, who, 
judging by the pattern of tooth eruption, 
was just entering the teenage years. It 
seems unlikely that one so young would 
have attained a position in a hunting 
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LAYER OF BOULDERS that formed the uppermost level of the 
burial mound is seen here after a dense covering of vegetation was 

EXPOSED BONES, found well below the layers of boulders, are 
carefully brushed free of sand by two workers from the Memorial 

removed and quantities of sand had been cleared from the gaps be
tween the rocks. The average weight of a boulder was 10 kilograms. 

University of Newfoundland. The excavators have left in place two 
quartz tools (left) at the level they occupied at the time of burial. 
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Ifs a long, desolate haul 
from here to your gas tank. 

Only an urgent need for oil could justify building a pipeline in a land as harsh 
as Alaska's frozen north. 

The line will be built, all 800 miles of it, and FMC construction equipment
cranes, excavators, clamshells, and backhoes- is helpi ng to meet the big project's 
demanding timetable. 
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southern terminus, Valdez, a mammoth marine loading system to transfer Alaska's 
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band so influential as to warrant ritual 
burial. What other motivation might 
have induced the band to invest so much 
energy in mound building? 

The position of the skeleton and cer
tain other items of evidence is sugges
tive. When a body is buried in a flexed 
posture, that is, with its arms folded and 
its knees drawn up, it is usually placed 
on its side. ·By the same token, when a 
body is buried in an extended position, 
as the one at L'Anse Amour was, it is 
usually placed on its back. Burying a 
body with the back uppermost is unu
sual. Even more unusual is weighing a 
body down, so to speak, by placing a 
slab of rock on top of it. Moreover, one 
may regard the layers of boulders on top 
of the L'Anse Amour mound as being 
additional ballast set in place with the 
same motivation. The position of the 
body in the grave, the slab and the boul
ders all speak the same symbolic mes
sage: Stay there! 

Why might such a message have 
been necessary? The skeleton at 

L'Anse Amour shows no evidence of in
jury, but this does not mean that the 
adolescent died a natural death. The 
cause may have been disease, accidental 
drowning or a mauling by a bear or a 
walrus, perhaps the one whose tusk was 
put in the grave. Any such unnatural 
death, particularly if the victim was a 
male who was being instructed in the 
arts of hunting by adults in the band, 
might have been considered an event 
unlucky enough to call for some ritual 
form of insurance against a similar mis
fortune's overtaking other members of 
the community. In other words, perhaps 
the unusual burial ritual was an effort to 
lay the victim's ghost. It is even possible, 
and equally difficult to prove, that these 
Archaic Indians believed that on certain 
occasions a young member of the band 
had to be sacrificed to a deity, and that 
the adolescent died at the hands of the 
community. If that is what happened, 
precautions against the release of an 
angry spirit would only have been com
mon sense. 

Speculations such as these, of course, 
are little more than exercise for the 
imagination. The facts from L'Anse 
Amour are trenchant enough without 
adornment. A band of Archaic Indians 
lived here more than 7,000 years ago by 
dint of a hard annual round of hunting 
caribou early in the winter and pursuing 
sea mammals, birds and fish for the rest 
of the year, eking out their diet with 
scanty plant foods in season. That these 
people should have provided anything 
more than the simplest resting place for 
one of their number is surprising in it
self. The fact that on occasion and for 
whatever motivation they made a major 
investment of the community's energies 
in funerary ritual is something no one 
suspected until the burial mounds of the 
Strait of Belle Isle were discovered. 

HARPOON-LINE HOLDER, made from walrus ivory, is shown in profile (top) and rotated a 
quarter turn and a half turn (middle and bottom). The hole in its center is neatly drilled rather 
than gouged out. Line holders like this are used by the Eskimos of the Cam_dian Arctic today. 

a 

OTHER BURIED ARTIFACTS included four made of bone or antler: a whistle made out of 
a long bone of a bird (a), a toggling harpoon head made out of caribou antler (b) that is the ear
liest of its kind known, a poorly preserved bone projectile point (c) and a pendant of bone or 
antler (d) with a hole, probably for suspension, at its narrow end. The projec�le points, made 
of quartz, are from a cache uncovered near the Skull;

. 
one of the two larger pomts (f) is shaped 

eccentrically. All of them testify to their makers' skillful use of the stone as a raw material. 
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She took part in a revolution 
where little blood was shed. 

Getting blood from a baby is a little 
like trying to get blood from a stone. 

An infant has very little blood to 
spare. 

Yet, there are times a newborn child 
requires critical blood tests. And some 
very fast results. 

Union Carbide has answered these 
needs by developing a revolutionary 
blood testing instrument known as the 
CentrifiChem Analyzer. 

It requires unusually small quanti
ties of blood. Which means enough can 
be drawn through a simple prick in the 
finger or heel of a child or adult . 

With that tiny amount of blood, 
the CentrifiChem System can detect 
symptoms of cardiac, liver, kidney 
and other bodily disorders. And this 
unique machine is capable of perform
ing blood tests so fast it can help save a 
life that once might have been lost. 

Union Carbide has developed three 
vital systems for the critical clinical 
diagnostics field. 

The Centria system, which is able to 
detect the minutest quantities of sub
stances circulating in the bloodstream. 

The CintiChem system, designed 
exclusively for the nuclear medicine 
laboratory. 

And, of course, the CentrifiChem 
system. 

It's about as close as you can get to a 
bloodless revolution. 

• 
Today, something we do 

will touch your life. 
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MATHEMATICAL 
GAMES 

In which DM (Dr. Matrix) is revealed as 
the guru of PM (Pentagonal Meditation) 

by Martin Gardner 

"Magic makes you question the 
world. It raises your con
sciousness. I want to weave 

together a show so fantastic that people 
will question their reality." So The New 
York Times for July 9 quoted the magi

cian Doug Henning. The new popularity 
of magic in the U.S. is surely a spin-off 
from the occult revolution and repre
sents another response to the public's 
growing hunger for miracles and mys
tery. As the cults that feed these hun
gers continue to expand, many of them 
imported from the Orient, a colorful 
new consciousness-raising movement is 
spreading like a forest fire through the 
Bengal region of India. 

The movement is called PM, an ab
breviation for Pentagonal Meditation. 
Perhaps one reason it is so little known 
in the Occident is that it had its origin 
only a year ago in an obscure temple of 
Shiva 'on the outskirts of Calcutta, that 
vast megalopolis that most tourists in 
India avoid like the plague. 

I first heard about PM from my oid 
friend Sam Dalal, a Calcutta magician 
("Sam the Sham") who edits (in English) 
a lively little magic periodical called 
Mantra, to which I subscribe and occa
sionally contribute. (Anyone interested 
can write to Mantra, Box 6640, Espla
nade P.O., Calcutta 700 069.) A news
paper clipping from Sam carried a pic
ture of PM's founder, Guru Marahash
ish, standing in front of his temple with 
Zuleika, his assistant. It was hard to 
make out Marahashish's features be
cause of his bushy white beard and mus
tache and the long white hair that ob
scured the sides of his face, but Zuleika's 
smiling countenance was unobstructed. 
Although her skin was dark and the 
caste mark of Shiva-three horizontal 
lines-decorated her wide forehead, 
there was no mistaking those lovely Jap
anese eyes. It was Iva, the Eurasian 
daughter of Dr. Matrix! 

How appropriate, I thought. Remove 
the first two letters of "Shiva" and you 
have Iva. I cabled Sam that I would be in 
Calcutta the following Monday. 

It had been 1 0 years since I last visited 
Sam, but as the bus creaked and crepi-
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tated its way from Dum Dum Airport to 
the Grand Hotel the old familiar smell 
of Calcutta assaulted the open windows. 
It was 4:00 A.M.-hot, foggy and wind
less. Except for a few new tall buildings 
the city looked the same. The pavements 
were littered with the pitiful bodies of 
the poor, lying under their dirty cotton 
cloths like corpses under shrouds. In
deed, by daylight many of the bodies 
would turn out to be corpses. A few 
cows wandered about looking for gar
bage. Here and there an early riser was 
washing himself at a fire hydrant or re
lieving himself in an alley. 

Does any city in the world bring a 
visitor more starkly face to face with 
hunger, suffering and death? In Calcutta 
there is only one way to avoid going 
mad. You must look on the city as you 
would a Hollywood set. None of it is 
real. It is a horror show in living color, 
thrown on a wide screen for your unwill
ing fascination. 

I found Sam later that morning in his 
cluttered office on the second floor of a 
low building in the heart of the city. He 
too had not changed noticeably: he was 
still a slim, energetic young man with 
handsome features, a black mustache 
and goatee and coal black eyes. Sam is a 
Zoroastrian Parsee from Bombay. Like 
all magic buffs we wasted no time on 
idle conversation but immediately sat 
down to exchange the latest card tricks. 

Sam was eager to meet Dr. Matrix. 
He knew that the great numerologist 
had in his youth been an assistant to 
Tenkai, a renowned Japanese magician, 
and was said to be skilled in the conjur
ing art. After lunch we got into Sam's 
black Fiat and started for the temple, 
about an hour's drive. 

Sam steered his way carefully through 
the hand-pulled rickshaws. We entered 
the Maidan, Calcutta's magnificent cen
tral park, headed north on Red Road 
and then swung west to cross the How
rah Bridge. Hundreds of Hindus were 
bathing below us in the Hooghly River, 
one of the several mouths of the Gan
ges. A few thousand Hindus die every 
year from drinking the holy water, but 
what does it matter? There is a theory 

among Calcutta doctors, particularly 
the homeopaths, that the people who 
survive gain immunity from Indian dis
eases. 

At the newly renovated temple of Shi
va a barefoot Indian boy in spotless 
white shorts stopped us at the entrance. I 
was an American journalist, Sam ex
plained, who wanted to write about PM. 
Could I have an audience with Guru 
Marahashish? 

"We are honored by sahib's visit," 
said the boy, bowing low. 

He strode over to a large bronze nata
raja, India's traditional statue of a danc
ing Shiva, to push a button at the center 
of the god's forehead. Chimes sounded 
in the temple. A moment later Iva her
self, wearing a pentagonally tessellated 
sari, opened the door. 

"Holy cow!" she exclaimed. 
We embraced (Iva smelled much bet

ter than Calcutta), and after I had intro
duced her to Sam she led us to her fa
ther's office. The temple floor had been 
recently tiled in a curious periodic pat
tern that I was told had been designed by 
Harry Turner, an artist in Cheshire, En
gland [see illustration on opposite page]. 
The pattern seemed to depict a three-di
mensional structure, but when you stud
ied it carefully, you saw that the blocks 
were in an impossible arrangement. The 
structure could not exist. Huge mirrors 
covered the walls and ceiling. In every 
direction I could see hundreds of images 
of Sam, Iva and myself stretching off 
toward infinity. 

At the entrance to a passageway Iva 
called our attention to a wood statue of 
the four-armed Kali, the "bad" form of 
Shiva's consort and the mother goddess 
of Calcutta. Legend has it that Kali was 
once dismembered by Vishnu and one 
of her fingers fell on the spot that be
came Kali-cutta: the field of Kali. The 
goddess's skin was painted black. A 
scarlet tongue hung from her grinning 
mouth. At each earlobe a hanged man 
dangled, and her ebony neck was ringed 
with a necklace of human skulls. 

"Who's the prostrate person she's 
dancing on?" I asked. 

"Her husband," said Iva. "Who else? 
I'm surprised Ms. magazine has never 
put her on its cover. She's very popular 
here." 

"I sent you a copy of my new Scrib
ner's book, The Incredible Dr. Matrix. 
Did you get it?" 

Iva nodded as she opened the office 
door. "Then I lost it. Once I put it down I 
just couldn't pick it up again. But you 
boys must excuse me. I'll see you later." 

Dr. Matrix' tall figure rose from be
hind his desk. His hair and beard were 
dyed snow white and his skin dark 
brown, but there was no way short of 
plastic surgery to alter his enormous 
hawklike nose. Black eyebrows divided 
emerald eyes from the painted stripes of 
Shiva on his forehead. 

"Welcome to Calcutta," he said in a 
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clipped British accent. "Sit down and I'll 
tell you about PM." 

It was in the Himalayas, as a disciple 
of Swami Pondahondashankarbabasa
ranwrapi, that Dr. Matrix had learned 
the five basic principles of PM. The swa
mi, whose smiling oil portrait was on the 
wall behind Dr. Matrix' desk, called his 
approach Basic Meditation. Dr. Matrix 
had changed the name because its ab
breviation would give rise to gibes in 
English-speaking countries. 

"The first principle of PM," said OM, 
"is: What is, is not. We call it nonest. 
The universe, including you and me, is 
no more than a monstrous stage illusion 
conjured up by Brahma while his col
league Shiva dances in the wings. It is all 
beautifully symbolized in the nataraja 
[see illustration on next page]. The uni
verse has just begun one of its endless 
cycles. The ring of fire is the fireball of 
the 'big bang.' The drum in Shiva's up
per right hand beats out the nonestic 
rhythms of space-time. The flame in his 
upper left hand is the energy that up
holds and finally devours the world. His 
lower right hand is raised in a gesture 
meaning 'Pear not.' His lower left hand 
points to an uplifted foot that signifies 
release from the bondage of maya: the 
powerful magic spell that causes the"un
initiated to believe the world is real." 

Dr. Matrix had picked up a small ivo
ry nataraja on his desk. "Who's the 
dwarf under Shiva's foot?" I asked. 

"He's the demon of avidya, or igno
rance." 

"I know about avidya," said Sam. 
"Only Brahman-Atman is real. The 
world doesn't exist except in the weak 
way dreams exist. We are all phantoms 
in the mind of Brahma, destined like the 
gods themselves to be absorbed back 
into the One. Under the spell of maya we 
see the world shattered into many parts. 
But the parts are only illusions produced 
by the Great Magician." 

Dr. Matrix nodded solemnly while he 
stroked his beard. Then he clapped one 
hand and a young Hindu girl entered the 
office bearing a glass goblet filled with 
pale red wine. Dr. Matrix placed it in the 
center of a small circular table that con
sisted only of a disklike top about a cen
timeter thick supported by a central rod 
about a centimeter in diameter and two 
meters high. He covered the goblet with 
a tall blue cylinder open at both ends. 

"We'll come back to this in a few min
utes," Dr. Matrix said. "The second 
principle of PM is what we call the 
'nonest giggle.' It goes like this." Un
smiling, he gave out a high-pitched cack
ling sound. 

"What on earth does that mean?" 
asked Sam. 

"That," replied Dr. Matrix, "is our 
technique for reacting to anything that 
threatens to arouse our emotions. Since 
nothing exists, there is nothing 'out 
there' to disturb us. If we pass a crip
pled, blind or starving beggar, we giggle. 

If we pass a corpse, we giggle. If we get a 
headache or any kind of pain, the nonest 
giggle makes it disappear. Nothing ex
ists, therefore the world is perfect. It is 
what it is not, so why try to change it? As 
soon as a student of PM grasps this great 
truth we say that he or she has 'lost it.' 
Only by losing all illusions can one find 
true inner peace and improve one's ten
nis game." 

"Your third principle?" 
"It is the sacredness of five-the num

ber of letters in Shiva. Pive is the middle 
digit in the sequence 1 through 9. It is the 

central digit of the La Shu, the ancient 
Chinese magic square of order 3." 

"I remember," I said, "that back in 
1966, before pi was calculated in Prance 
to a million places, you predicted that 
the millionth digit, counting the first 3 as 
a digit, would be 5." (See my New Math
ematical Diversions, page 100.) 

"And I was exactly right, was I not? 
Pive is a remarkable number. You must 
know that in the 17th century Sir Thom
as Browne wrote an entire book about 
the ubiquity of fiveness." (I did not 
know, but I later checked it out. The 

The impossible tiling 011 the floor of Dr. Matrix' temple 
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book's full title is The Garden o/Cyrus or 
The Quincuncial Losenge or Network 
Plantations 0/ the Ancients, ArtificiallY, 
Naturally, Mystically Considered.) 

"Let's see," I mused. "There are five 
Platonic solids." 

"Yes," said Dr. Matrix, fingering his 
beard. "And five points determine a con
ic curve. The fifth degree is the lowest
order equation that cannot be solved in 
terms of radicals. The number of divi
sions necessary to find the greatest com
mon divisor of two numbers is never 
larger than five times the number of dig
its in the smaller number. All groups of 
order 5 or less are commutative. There 
are many other examples." 

"Don't forget," said Sam, "that we 
have five fingers to a hand and five toes 
to a foot. A starfish usually has five 
arms. Most flowers have five petals." 

"How does five enter into PM train
ing?" I asked. 

"It is what our neophytes meditate 
about. Five times a day, for a five-min
ute period, they assume the lotus posi
tion, close their eyes, breathe through 
their left nostril and say the word 'five' 
over and over again to themselves while 
they picture its numeral in their mind. 

At the end of each period they chant a 
secret mantra that we give them as soon 
as they have brought their teacher three 
ceremonial gifts." 

"What kind of gifts?" 
"One is a pocket mirror. Its mirror

image world signifies the illusory char
acter of the world it reflects. Another is 
a banana. It symbolizes the shivalinga, 
the phallic symbol of Shiva that is wor
shiped throughout India. Sexual delight, 
you know, is one of Brahma's greatest 
illusions. The third gift is the equivalent 
of an American $50 bill. It is the first of 
five payments of $50 each. Teachers 
must donate a fifth of each payment to 
our temple." 

"Only a fifth?" Sam asked. 
"Yes. Zuleika giggles all the way to 

the bank. Our fourth principle is the 
doctrine of eternal recurrence. We teach 
that everyone has a thetan body (Chris
tians call it a soul) that goes through five 
incarnations, each in a different cycle 
of the cosmos. After each universe is 
danced into nonest by Shiva it expands 
for 50 billion years. Then it contracts 
for 50 billion years and finally enters a 
black hole." 

"The Black Hole of Calcutta?" 

Shiva, Lord of the Dance, as sculptured in bronze in India about A.D. 1000 
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Dr. Matrix ignored my remark, but 
Sam winced. "After five cycles the uni
verses repeat themselves. Your sixth in
carnation puts your the tan back in the 
first universe, inside the same physical 
body you had before. We symbolize this 
with a curious numerical sequence I 
learned from my juggler friend Ron 
Graham when I visited him last year at 
Bell Laboratories in Murray Hill. New 
Jersey. Do you have a pocket calculator 
with you?" 

''I'm never without one, or a deck of 
cards," I said, taking an inexpensive 
eight-digit calculator out of my shirt 
pocket. 

Dr. Matrix handed me a pad and 
asked me to jot down any two real posi
tive numbers. I wrote pi and 76. He 
asked me to add 1 to the second number 
and then divide the sum by the first num
ber to get the third number of the se
quence. I entered 76, added 1 and di
vided 77 by 3.1415926. The res ult: 
24.509861. To get the fourth number I 
repeated the recursive procedure: add 1. 
then divide by the previous number. 
This yielded .335656. The fifth number 
was .0544946. 

"Now," said Dr. Matrix, "for the 
zonk. You probably would guess that if 
you continue applying the algorithm, 
you will get more and more horrible 
numbers. But try it once more and see." 

I was zonked all right. The next num
ber was pi! The readout was 3.1415931. 
but that was because tiny errors had ac
cumulated in the machine. Dr. Matrix 
assured me that when all calculations 
are accurately made, the sequence loops 
with a period of five. It is easy to prove, 
but I leave the proof as a problem to be 
answered here next month. 

Dr. Matrix showed us several other 
calculator curiosities involving five, but 
I have space for only one more., Enter 
555 and divide five times by 5. The re
sults are 111. 22.2, 4.44, .888, and fi
nally the year of American indepen
dence, .1776. Try starting with a row 
of as many 5's as your readout takes. 

"And the fifth principle?" asked Sam. 
who had been taking notes. 

"It is our Supreme Principle. We re
veal it only after a student has made his 
fifth payment." 

"What's happening there?" I asked. 
pointing to the blue cylinder. 

"Something nonestic," answered Dr. 
Matrix. "Kindly lift the tube." 

When I did, I could not believe my 
eyes. The goblet and its contents had 
vanished! I examined the cylinder. 
There was nothing suspicious. Sam was 
smiling enigmatically. Later he told me 
that he himself had recently invented 
this trick. Dr. Matrix must have learned 
it from a local conjuror. Can the reader 
guess the clever modus operandi before 
I disclose it next month? 

"The goblet and the wine never exist
ed," Dr. Matrix said. "They were just 
illusions." He giggled nonestically. "But 
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101IJasic 
Computer Games 
David H. Ahl. An anthology of games 
and simulations-from Acey-Oeucey to, 
Yahtzee, all lD the BASIC language .. 
Contains a complete listing, sample run, 
plus a descriptive write-up of each game . 
Our m�t popular book! Large format, . 
�8 pp. $7.50 (6C] 

What to Do After 
You Hit Return 
Another collection of games and 
simulations-all in BASIC-including 
number guessing games, word games, 
hide-and-seek games. pattern games, 
board games. business and social science 
simulations and science fiction games. 
Large format. 15S pp. $6.95 [SA] 

Fun & Games 
with the Computer 

Ted Sage. "This book is designed as a 
text for a one-semester course in com
puter programming using the BASIC 
language. The programs used as il
lustrations and exercises are games 
rather than mathematical algorithms. in 
order to make the book appealing and 
accessible to more students. The text is 
well written. with many excellent sample 
programs. Highly recommended." - The 
MOIhemarics Teacher 351 pp. $5.95 [SB] 

Game Playing 
With the Computer, 
2nd Ed, 
Donald SpnJ('(!r. Over 70 games. puzzles. 
and mathematical recreations for the 
computer. Over 25 games in BASIC and 
FOR TRAN are included complete with 
de:-.cr;pt;ons. flowcharts. and output. 
Also includes a fascinating account of the 
hi�1ory of game-playing machines. right 
up to today's computer war games. Lots 
of "how-to" information for applying 
mathematical concepts to writing your 
own games. 320 pp. 1976 $14.95 [SS] 

BYTE Magazine 
If you are considering a personal com· 
puting system now or later, BYTE 
provides a wealth of information on how 
to get started at an affordable price. 
Covers theory of computers. practical 
applications. and of course, lots of how
to build it. Monthly. I-Year sub'n$12.00 
[2A]. 3-Years S30.00 [2B] 

Games & Puzzles 
Magazine 
The only magazine in the world devoted 
to games and punks of every kind -
m a t h e m a t ita l .  p r o b l e m a t i c a l .  
crosswords. chess. gomoko. checkers. 
hackgammon. wargames. card games. 
board games. reviews. competitions. and 
more. Monthly. I-Year sub'n$12.00[3A] 

So you've got a 
personal computer. 

Problem Solving With 
The Computer 

Ted Sage. This text is designed to be used 
in a one-semester course in computer 
programming. It teaches BASIC in the 
context of the traditional high school 
mathematics curriculum. There are 40 
carefully graded problems dealing with 
many of the more familiar topics of 
algebra and geometry. Probably the 
most widely adopted computer text. 244 
pp. $5.95 [SJ] Now what? 

Creative Computing Magazine 
A Simplified Guide to 
Fortran Programming 

So you've got your own computer. Now what? Creative Computing is chock full 
of answers - new computer games with complete listings every issue. TV color 
graphics. simulations. educational programs. how to catalog your LPs on 
computer. etc. Also computer stories by Asirnov. Pohl. and others; loads of 
challenging problems and puzzles: in-depth equipment reports on kits, terminals. 
and calculators: reviews of programming and hobbyist books; outrageous 
cartoons and much more. CreOli\'e Computing is the software and applications 
magaline of personal and educational computing. Bi-monthly. 

Daniel McCracken. A thorough first text 
in Fortran. Covers all basic statements 
and quickly gets into case studies ranging 
from simple (printing columns) to 
challenging (craps games simulation). 
278 pp. $S.75 [7F] 

I-year sub'n $S.OO [I A]. 3- years $21.00 [ I B]. sample copy $1.50 [I C] Understanding Solid 
Problems For Jtate Electronics 
Computer Solutl'O An excellent tutorial introduction to n trans.istot and diode circwtry. U sed at 
Gruenberger & Jalfray. A collection of 'the n �.rning Center, this boo" was 
92 problems in engineering, business, writI!!n for tbe perron who needs to 
social science and mathematics. The ·understand electronics but can't devote 
problems are presented in depth and years to the study. 242 pp. S2,95 [9A] 
cover a wide range of difficulty. Oriented ... ------------� .......... 
to Fortran but good for any language. A 
classic. 401 pp. $S.95 [7A] Microprocessors 

The Best of Creative 
Computing - Vol. 1 
David Ahl, ed. Sjaggering diversity of 
articles and /jetion (Isaac Asiinov, etc.), 
computet games (18' new ones With 
complete listings), vi"id graphics, 1 S 
pages of �foohs"ness,� and comprehen
sive reviews of over I 00 books. The book 
consists of material which originally 
appeared in the first 6 issues of Creative, A collection of articles from Elel'lrOllics 
'CompuJing(197S), all of which are now 

A GUl'ded Tour of 
magazine. The book is in three parts: 

out of print. 324 pp. $8.95 [6A] . device technology; designing with 
'-___________ --' Computer Programming 
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Computer Lib/ In Basic 
Dream Machine Microprocessors: Tech-

Tom Dwyer and Michael Kaufman. 
Ted Nelson. This book is devoted to the "This is a fine book. mainly for young nology, Architecture 
premise that everybody should under- people. but of value for everyone, full of and Apprcations stand computers. In a blithe manner the detail. many examples (including I 
author covers interactive systems. ter- programs for hotel and airline reser- Daniel R. lwcG/rnn. This introduction 
minals. computer languages. data struc- vations systems. and payroll). with much to the microprocessor defines and 
tures. binary patterns. computer thought havil1g been given to the use of describes the related computer structures 
architecture. mini-computers. big com- graphics in teaching. This is the best of and electronic semi-conductor processes. 
puters. microprocessors. simulation. the introductory texts on BASIC."- Treats both hardware and software. 
military. uses of computers. computer Cremi\'e Computing Large format. 156 giving an overview of commercially 
companies. anil much. much more. pp. $4.40 [SL] available microprocessors. and helps the 
Whole earth catalog style and size. A ......... _____________ _. user to determine the best one for 
do 07y! 127 pp. $7.00 [SP] 

BASICProgramming him her. 240 pp. $12.00 [7C] 

Computer Power and 2nd Ed Creative Computing 
Human Reason «eme/!�:Qnd «um. �A simple gradual Catalogue inrri>!l�ionto computer programming 
Joseph Weizenhaum. In this major new an�lj!liMharing Iystems. The best text Zany 12-page tabloid newspaper, 
book. a distinguished computer scientist on BAStC on almost all counts. Rating: catalog lists books. magazines. art prints. 
sounds the warning against the A+w,-C't'atiW! Computing, l50pp. $8 . 50 and T-Shirts. A conversation piece even 
dangerous tendency to view computers [7EJ if you don't order anything. Free. [5A] 
and humans as merely two different L,;; .... ;.., ____________ -J 
kinds of "thinking machines." Weizen
baum explains exactly how the computer 
works and how it is being wrongly 
substituted for human choices. 300 pp. 
$9.95 [SR] 

Artist and Computer 

�---------------------------------------

CREATIVE COMPUTING, Dept. S 
P.O. Box 789-M, Morristown, NJ 07960 

Please send me the following: 
Quail. Cat. Description Price 

Ruth I..t'avill, ed. Presents personal 
statements of 35 internationally-known 
computer artists coupled with over 160 
plates in full color and black & white. 

Games With The Cove'" video art,'Qptical phenomena, 
Pocket Calculator 

mathem'atical structures, sculpture, 
weaving, and more. 132 pp: $4.95 [60] 

Sh·a.wilam Thiagarajall alld Harold L.C.I.o .th _
c .o .ve .r.$., .• 10 .... 9S_·,;,[6.E..:1;.., _____ J 

Stolo\·i/,'h. A big step beyond tricks and 
puules with the hand calculator, the two Computer Science: 
dozen games of chance and strategy in A F'r t Course (2nd Ed ) this clever new book involve two or more IS , 
players in conflict and competition. A Forsythe, Keenan, Organick. and 
single inexpensive four-banger is all you Slenherg. A new. improved edition of 
need to play. Large format. 50 pp. $2.00 this comprehensive survey of the basic 
[8 H] components of computer science. There 

has been an updating of important areas 
Games, Tricks and ,uch as Programming, Structured 

Programming. Problem Solving, and 
Puzzles For A Hand other Computer Science Concepts. The 

quantity of exercises and problems has 
Calculator been increased. S76 pp.$16.95 [7D] 
Wall\' Judd. This book is a necessity for 
anyone who owns or intends to buy a 
hand calculator. from the most 
sophisticated (the H P65. for example) to 
the basic "four banger." 110 pp. $2.95 
[SO] 

Mr, Spock Poster 
Dramatic. large (I T" x 23") computer 
image of Mr. Spock on heavy poster 
:-.tock. Uses two levels of overprinting. 
Comes in strong mailing tube. $1.50[5B] 

Books Shipping charge $1.00 USA, $2.00 Foreign 

NJ Residents add 5% sales tax ___ _ 

o Cash. check, M.O. enclosed TOTAL==== 

o BankAmericard } 
o Master Charge 

Card No. _____________ _ 

Expiration date ___________ _ 

Name ________________________ ___ 

Address _____________________ _ 

City __________ _ State ____ Zip __ _ 

----------------------------------------

135 
© 1976 SCIENTIFIC AMERICAN, INC



Dual torl9Qlrm,-1trolm 
CS 721- is designed a nd the same 
exacting standards. All are straight-line 
tubular for maximum rigidity and mini
mum mass, all maintain dynamic balance 
throughout play. All have the same 
precision system for applying stylus 
pressure (around the vertical pivot and 
perpendicular to the record at all times) 
and all have the same multi-calibrated 
anti-skating system ( self-compensating 
for groove diameter) . 

Dual owners also know that their 
turntables are not only precision-
made, but rugged as well. 
Chances are that your Dual, 
like theirs, will outlast all 
your other components. 
And like them, you 
to will find that your 
Dual ultimately 
will be the least 
expensive turn
table you could 
ever have bought. 

Dual 1249. 
Single-play / multi-play. Fully 

automatic start and stop, 
continuous repeat. Belt drive. 

less than $280. Other Duals 
range from the 1225 at less 

than $140 to the new direct
drive CS 721, less than $400. 

United Audio Products 
. 120 So. Columbus Ave. 

Mt. Vernon, NY. 10553 
Exclusive u.s. Distribution Agency for Dual 

let me show you something you'll like 
even better: one of the ancient dances of 
Kali." 

He led us out of his office and down a 
corridor to a small theater-in-the-round. 
We seated ourselves in the lowest circle. 
Dr. Matrix 'again clapped one hand (we 
never did figure out how he made the 
sound), and the bright light was instant
ly replaced by a dim red glow from con
cealed bulbs at the ceiling's circumfer
ence. 

From somewhere came the twangy 
sound of an Indian raga played by native 
instruments. The beat seemed to get 
constantly faster, but this was an illu
sion because it always remained the 
same. Suddenly Iva appeared on the 
small stage. Her only costume was a 
pentagonal mirror on her navel. It glint
ed and flashed ruby light while her torso 
swayed back and forth in a sensuous 
dance of indescribable beauty. In the 
scarlet light her skin was as black as the 
skin of Kali. 

"Zuleika is topless and bottomless," 
said Dr. Matrix, "to remind us that we 
must strip ourselves of all illusions. The 
world has neither top nor bottom be
cause it doesn't exist." 

Sam and I applauded wildly when the 
dance ended. "Viva illusion!" I shouted 
as I stepped forward to give Iva a 

. 
congratulatory hug. My arms passed 
through thin air. Her image had van
ished, although I could hear her giggling 
nonestically in the distance. It was all a 
stage trick produced by hidden concave 
mirrors. 

Iva returned to the city with Sam and 
me, and the three of us had dinner at 
a Japanese restaurant near the Grand. 
"Let us eat, drink and be merry," said 
Sam as we raised our first cocktails, "be
cause nothing is real." 

"And because," added Iya, "tomor
row I may diet." 

She told us that her father was orga
nizing a major PR campaign for 1977 to 
promote PM in the U.S. The campaign 
will be managed by Bagel Lox, a former 
vice-president of the Dr. Pepper

' 
Com

pany. Jerry Rubin, Mrs. and Mr. John 
Lennon, Doug .Henning and Mia Far
row have already visited the Calcutta 
temple (all expenses paid) and have be
come enthusiastic converts. John Den
ver is writing a song about PM called 
"Don't Worry about What Ain't." 

I would have stayed longer in Calcut
ta if Iva and her father had not planned 
to leave in a few days for a visit on L. 
Ron Hubbard's yacht. It had just en
tered the Bay of Bengal to tie up at Cal
cutta. Before I left the sad yet somehow 
beautiful city Iva handed me a folded 
file card on which she had written my 
secret mantra. 

As my plane climbed above the 
N ones tic Ocean I ordered a martini 
and glanced once more at my mantra. 
Ohwa-taboo-biam. My consciousness 
was being altered by a second cocktail 
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Solution to last month's problem 

before the meaning hit me. I fancied I 
could hear Iva giggling, but it was just 
an auditory illusion. 

Tast month's combinatorial problems 
L are answered as follows: 

Klondike Puzzle. Sam Loyd's solu
tion is unique if the "troublesome 2" is 
changed to 1. It is easy to show that any 
other nonzero digit in this cell provides 
an alternate escape route. Digits 4, 5, 6, 
8 and 9 lead immediately to escape, 3 
provides escape in two steps to the 
southwest and 7 offers escape in two 
steps due west. 

Chinese Checkers. Ten marbles on a 
Chinese-checkers board can be trans
ferred to the opposite yard in 27 moves: 

1. 115-106 
2. 120-115-93 
3. 116-105-82 
4. 82-72 
5. 118-105-82-63 
6. 121-116-105-82 
7.114-94-71-73-53 
8. 53-42 
9. 112-114-94-71-73-53-30 

10.119-114-94-71-73-53 
11. 106-81-83-62-43-41-18 
12. 18-9 
13. 113-114 
14. 117-106-81-83-62-43-41-18-5 
15. 9-8 
16. 114-106 
17.106-81-83-62-43-41-18 
18.72-54-52-31-9-2 
19.93-72-54-52-31-9-7 
20. 82-72 
21. 72-54-52-31-9 
22.42-17-6-4-1 
23.63-42-17-6 
24. 53-42 
25.42-17-4 
26. 30-10-3 
27. 18-10 
The solution is palindromic: the sec

ond half is a mirror image of the first. 
Minimum No-Three-in-Line Prob

lem. The pattern in the illustration 
above gives a minimum of 12 counters 
for boards of side 10, 11 and 12. 
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Remote 
Cont 

Computer logic has 
added a new fun way to 
control remote control products. 

The Remote Control Racer is a competi
tion scale model race car controlled by a trans
mitter using computer logic. 

Think of it. Remotely drive a model race car 
from as far as sixty feet-turning left and right, 
going forward and reverse. It's great fun for 
hobbiests, children and the whole family. 

DIGITALL Y PROPORTIONAL CONTROL 

The steering is controlled as you control 
the steering wheel on your remote control 
unit. Turn the wheel slightly to the right and 
the car wheels turn slightly to the right. Turn 
your control fully to the left and the car 
wheels turn fully to the left. 

There is no transmission required to go 
from forward to reverse as the high quality 
servo motor simply reverses polarity to change 
gears. Press the forward lever on your remote 
unit and you go forward. Press the reverse le
ver and you go in reverse. It's just that quick. 

BUILT TO THE FINEST DETAIL 

The camber caster-action front wheels par
allel a full-sized car's suspension system and 
they actually tilt on the turns. An indepen
dent floating rear axle maintains positive trac
tion even on rough terrain. 

The Remote Racer replaces the gasoline 
powered remote control race cars that have 

The remote control unit (left) controls the race car's electronics (center). 
The four "C" cell batteries fit in the underside of the Racer. 

SOPHISTICATED ELECTRONICS 

The sophisticated electronics in the Remote 
Control Racer consists of 40 transistors. When 
you operate the control unit, the transmitter 
generates computer digital logic in a train of 
digital pulses which then are amplified and 
transmitted to the racer. The racer then has 
a sensitive receiver which receives the pulses 
and in turn translates them into data that 
eventually translates into power for the car. 

The sleek lines of the Remote Control Racer 
follows the designs of some of the more popu
lar race cars. The car measures 3Y:, "x5"x 12". 

sold for well over $100 a unit. Remote gas 
powered models give off odors and are often 
temperamental. The Remote Racer is quiet so 
it can be run indoors and it is not dangerous 
so even children can safely play with it. 

START A RACE CLUB 

You can run as many as six different cars in 
a race as each car will be on a separate remote 
control frequency. There are four different 
colors available, red, white, blue, and yellow 
and each racer comes equipped with its match· 
ing remote control unit. 

Start a local competition race club, entertain 
guests with your new adult toy, or give it to 
your children as one of their most prized pos· 
sessions. There are many fun ways to use your 
Remote Racer. 

There are two separate circuits used for for
ward and for reverse. Each circuit utilizes two 
"c" cell batteries available anywhere. If you 
only go forward, the two forward batteries 
will last approximately two hours. 

leisuretime activity 
made possible by 

the new electronics. 

The Remote Control Racer is a well built, 
well engineered electronic instrument with a 
90 day limited warranty. JS&A further guaran
tees your satisfaction-if you are not absolute
ly satisfied with the value, quality or fun you 
are having, fine-return your racer within ten 
days for a full refund. You can't lose. 

To order, credit card buyers simply call our 
toll-free number below and specify the color 
and quantity you want. Or send a check for 
$52.45 ($49.95 for each Racer plus $2.50 for 
postage, insurance and handling to the address 
shown below. (I II. residents add 5% sales tax). 

By return mail, you'll receive a Remote 
Control Racer, the remote control unit, bat
teries, a 90 day limited warranty and simple 
operating instructions. Your unit should never 
require service but if it should, JS&A's service
by-mail facility is as close as your mail box. 
JS&A is America's largest single source of 
space-age products and a substantial compa
ny-further assurance that your modest in
vestment is well protected. 

Find out the thrill and fun of racing model 
race cars remotely. Order one or two Remote 
Control Racers today. 

54995 
NATIONAL 
INTRODUCTORY 
PRICE 

�NATIONAL 
O SALES 

GROUP 
DEPT.SA JS&A Plaza 
Northbrook, Illinois 60062 

CALL TOLL-FREE . .  800323-6400 
In Illinois call .. . .  (312) 498-6900 

CJS8IA Group. 1 nc., 1976 
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BOOKS 
The deadly flu epidemic of 1918 
and the subtle discipline of lakes 

by Philip Morrison 

EPIDEMIC AND PEACE: 1918, by Al
fred W. Crosby, Jr. Greenwood 
Press, Westport, Conn. ($17.50). 

The flu was not even a reportable dis
ease in that spring of 1918. True, there 
were a lot of cases of the grippe going 
around, and rather more people died 
than had been expected. There was cer
tainly something odd about it: in the few 
postmortems the pathologists did they 
saw but could not understand an unusu
al widespread edema and hemorrhage in 
the lungs. Like the war of that terrible 
year, this malady preferred young adult 
victims: the curve of mortality against 
age was shaped like a W, with the cen
tral peak between 20 and 30, instead of 
the familiar V, with respiratory death 
claiming only the very young and the 
very old. 

The epidemic seems to have begun in 
the U.S. It spread around the world 
within four months, killing relatively 
few, but those few were mainly young 
adults. In May of 1918, 10 percent of 
the men of the British Grand Fleet at 
Scapa Flow were down with it. By July 
the docks of Manila in the Philippines 
were crippled, with three-fourths of the 
longshoremen down. Although people 
called it the Spanish influenza, it had 
not originated in that neutral country. 
But the eight million Spanish who fell 
ill were freely written about, whereas 
within the belligerent states of Europe 
and America war censorship minimized 
the reporting. 

It was a pandemic, all right, but a mild 
one, claiming its dead in the tens of 
thousands, although there must have 
been many thousands of brief illnesses 
for every death. The old physician's 
saw-"Quite a Godsend ! Everybody ill, 
nobody dying"-did not quite fit this 
new flu, but no one yet felt the error. 
American public health was robust; Eq
uitable Life had its best year. But in the 
midst of the lightly regarded pandemic a 

. new virus had appeared, and "some 1.5 
million American adults who were most 
perfectly qualified to cultivate" it were 
in the military camps, traveling freely, 
dispatched across the sea within six 
months in the fastest migration known 
up to that time. 
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The little RNA coils in their spiky 
protein jackets changed slightly some
time during the latter part of August, 
1918. At Brest in France the American 
Expeditionary Force had its chief port. 
At Freetown in the British African colo
ny of Sierra Leone troop transports took 
on coal to break the long haul to British 
ports from Australia. At Boston the 
First Naval District played an impor
tant, although not a dominant, part in 
training and shipping Yanks over there. 
By the end of September the war had 
flared into the American offensive of the 
Meuse-Argonne, and the "Spanish influ
enza" had become deadly. In Sierra 
Leone' one person in 30 of the entire 
population had died, in Brest there were 
thousands dead, French and Americans 
alike, and in Boston there was panic. 

As the fall and winter progressed the 
disease spread from the Aleutians to 
Calcutta. (By May of 1919 it had ebbed 
everywhere.) This graphic volume de
tails the American experience, region by 
region, in camp and on shipboard, and 
supplies at least a broad narrative for 
the world as a whole. The October draft 
call in the U.S. was canceled, although 
General Pershing wanted more men. 
Philadelphia was the worst-hit city in 
the East: of its two million citizens more 
than 12,000 were dead of the flu and its 
concomitant pneumonia by the middle 
of November, against a macabre back
ground of military embalmers and a 
price-controlled quick-coffin industry. 

San Francisco had its turn, fore
warned. There the first peak of deaths 
had passed by the middle of November; 
the city was hit less hard than the East, 
and it felt that its civic unity had stopped 
the flu as once it had flouted the earth
quake. In public places most San Fran
ciscans wore the gauze face masks much 
urged by the authorities. The Armistice 
arrived like a performance in the theater 
of the absurd: "Bonfires blazed up on 
[the] hills, all the whistles and sirens in 
town let loose.... Many had cow 
bells, ... and everyone, except the infa
mous slackers, had a mask on. [There 
were] tens of thousands of deliriously 
happy, dancing, singing, masked cele
brants." Then the flu returned for 

Christmas, although it was only about 
half as bad. Masking became an embat
tled political issue; it meant "the stilling 
of song in the throats of singers." The 
proponents of masks were even threat
ened by a bomb. It appears that masks 
had no measurable effect; Stockton, 
Calif., where masking was faithfully 
practiced, fared no better than Boston, 
which had taken no control measures. 

Dr. Crosby judges the American cities 
generously. They could do little of value 
against the flu. No one knew how. The 
public-health institutions were not at all 
equal to the challenge. The social struc
ture nonetheless proved itself fit, in spite 
of inequity, slums and drifters. The flu 
actually brought to the U.S. a kind of 
social cohesion: Americans lent one an
other a helping hand. "When everyone 
in the nation had a fever and aching 
muscles or personally knew someone 
who had, Americans did by and large 
act as if they were all, if not brothers and 
sisters, at least cousins." 

The terrifying plague infected more 
than 25 percent of the U.S. population. 
It seems probable that at least tliat frac
tion of the world population was infect
ed. A conservative estimate of the ex
cess of respiratory deaths in the U.S., 
with the rates of 1915 as a base line, 
comes to about 550,000 in a period of 10 
months. The fatality rate was thus about 
2 percent. The usual world figure is 21 
million dead, but iUs "probably a gross 
underestimation." That many may well 
have died on the Indian subcontinent 
alone; the mortality there in October of 
1918 was "without parallel in the histo
ry of disease." 

Yet the dying does not bulk large in 
the American mind. It has inspired no 
awe; the Black Death means more to 
us-or did until the Fort Dix death early 
this past spring. Of the six best-selling 
college textbooks of American history 
only one even mentions it. Stein, Dos 
Passos, Fitzgerald, Hemingway and 
Faulkner barely allude to it. Only 
Thomas Wolfe and Katherine Anne 
Porter recognize the killer in his terrible 
dignity. Porter's Pale Horse, Pale Rider 
is a masterpiece worthy of the flu. The 
virus nearly killed her, and it did take 
her love, a young army lieutenant. Dr. 
Crosby, who has immersed himself in 
this strange brief period, sees her novel
la not only as the interior voyage it is but 
also as "the most accurate depiction of 
American society in the fall of 1918 in 
literature. " 

Why did the flu not mark the minds of 
the survivors as it filled the graves? Ap
parently because the catastrophe was al
most entirely a statistical one. Nearly 
everyone who was infected recovered-
97 or 98 percent. It took few well-known 
people, since it killed mainly the young. 
It was relatively evenhanded with town 
and country, rich and poor. It is remem-
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Questions you should ask and answers 
you should receive when you are setting up, 

or re-evaluating your employee savings 
or profit-sharing plan. 

Perhaps we might begin by reminding you 
that you should look into a number of different 
plans before committing yourself to any one. 

When you do, you will fmd that most tax
qualified plans offer 1) a common stock fund, 2) a 
fixed income fund, and 3) sometimes a company 
stock fund. This way, employees can place their 
contributions in the area or areas that are best suited 
to their personal needs and goals. 

in fixed income funds. They are turning to 
insurance companies which can provide guarantees 
of principal and interest that are not available 
through bond funds, company stock funds or 
common stock funds. In addition, only insurance 
companies can provide guaranteed lifetime 
payments to employees when they retire. 

Among these three kinds of funds, most 
companies today are showing the greatest interest 

Now assuming that your interest is in fIxed 
income funds, let's get at some questions you 
should ask before selecting an insurance company 
from one of the many in this fIeld. 

Q. Do I have a guarantee of principal for my participants at all times and 
under all circumstances? 

A. You should for this reason: Suppose your plan has to pay out to 
employees more than is contributed in a given year? This could occur 
if there are an unusual number of early retirements or if a plant closes. 
Regardless of what happens, Metropolitan guarantees the principal to your 
participants . 

Q. If! need to can I cancel my contract at any time? If! do will I be 
guaranteed book value? 

A. You should have the right to cancel. You should also be guaranteed 
reimbursement at book value, but it may involve some form of 
installment arrangements. At Metropolitan, you can cancel at any 
time and for any reason and book value is always guaranteed under 
some form of installment option. 

Q. If interest rates increase over the years my contract is in force, will my 
employees participate in the higher rates? 

A. Yes they should participate. Employees know when interest rates 
have risen and expect to share in the increased earnings. But some 
insurance companies give increases only under mnited conditions. For 
example, you might participate in increased interest, but only if the 
insurance company is still writing this type of contract and if credited 
interest rates are at least V2 % higher than your guaranteed rate. 
At Metropolitan your employees are guaranteed participation in 
increased earnings when interest rates go up and are protected by 
minimum guarantees when interest rates go down. 

These are just a few of the questions 
you should ask before awarding your 
employee savings or profIt sharing plan to 
any company. But there are many other 
questions of great importance. 

If you have others (and you probably 
do) call or write: 

Mr. Leon D. Moskowitz, Vice-President, 
Group Insurance & Pensions Marketing, 
Metropolitan Life, One Madison Avenue, 
NewYork,N.Y. 1001O(212)578-3148. 

o Metropolitan 
Where the future is now 
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bered not by the collectivities of society. 
not by journalists. historians or lawgiv
ers but by the atoms of society: individu
als. The letters and journals of ordinary 
people are full of it. and those who lived 
through it still acknowledge it. The 
fourth horseman struck freely but at 
random; anyone who tries to give a logi
cal account of the past is compelled to 
ignore his blows. "How does one discern 
the great figures of the mid-twentieth 
century who never became great be
cause they died of flu in 1 9 1 8?" Only the 
rare artist such as Katherine Anne Por
ter speaks what is silent in the hearts of 
millions. 

The Polynesians. isolated from most 
infections by the enfolding ocean. suf
fered worst of all wherever the flu 
reached. Western Samoa. freshly under 
New Zealand rule. received no warning. 
No one radioed from Auckland. where 
the disease raged. to explain that the 
ship Talune had sailed under quarantine. 
and her captain did not remind the med
ical officer on her reaching Apia. Be
tween the arrival of the ship on Novem
ber 7. 1 9 1 8. and the end of the year 
about 20 percent of the Western Sa
moans died of the flu and its complica
tions. Many of the sick were taken sim
ply by starvation; they had no one to 
feed or tend them .. Fortunately in Amer
ican Samoa. Commander Poyer. the na
val governor. was a man able to draw 
conclusions from the daily wireless 
news. He turned back even the mail boat 
from Western Samoa (which caused the 
New Zealand officials to break off radio 
contact with their American counter
parts). It is only 40 miles between the 
two islands. but Poyer called for every 
Samoan leader to prevent the landing of 
any boats from the west. The local peo
ple created an effective coast patrol of 
their own. The virus never reached 
American Samoa. By early 1 9 1 9  men in 
Western Samoa would sing. to the tune 
of "The Star-spangled Banner." a Poly
nesian lyric that goes in translation: "In 
Upolu. the island of New Zealand. 
many are dead / While in Tutuila. the 
American island. not a one is dead .... 
God in heaven bless the Amer
ican Governor and Flag." Crosby drily 
adds. "The like would not be heard 
again in a colony." 

How did the virulent pandemic come 
about? We do not yet know. Even the 
molecular virologists. the masters of nu
cleic acids. cannot say. Indeed. Crosby 
does not mention RNA. He describes 
virology from the work of the 1 930·s. 
which found the virus. to about 1 960. 
For a virus to be virulent against young 
adults may be a sign that the generalized 
immune system of the child has been 
replaced by a vigorous response to local 
injury. When the virus spreads over the 
entire surface of the lungs. the adult re
sponse is a massive inflammation; the 

lungs are overwhelmed by the exuded 
fluid. Older people react with less vigor 
locally. and they survive better. But why 
was the virus so deadly overall? In 1 957 
a different antigenic strain of the flu pan
demic struck out of Asia even more 
widely. Its world mortality. however. 
was well under one per 1 .000 cases. We 
have little idea why. 

There is one theory. not flawless and 
not favored today but nonetheless plau
sible and fruitful. J. S. Koen. a u.S. 
Government inspector. saw a raging ep
izootic at the Cedar Rapids Swine Show 
in October of 1 9 1 8. The hogs had a new 
disease: sore muscles and drippy snouts. 
with much mortality. Koen wrote: "It 
looked like flu. it presented the identical 
symptoms of flu. it terminated like flu. 
and until proved it was not flu. I shall 
stand by that diagnosis." Ten years later 
Richard E. Shope. an Iowa virologist at 
the Rockefeller Institute. took it up. 
Shope worked for 20 years on the swine 
flu. He argued that it was a virus infec
tion on top of an endemic respiratory 
infection of swine caused by a bacteri
um known as Pfeiffer's bacillus. The flu 
virus remains latent. like the virus of the 
fever blister. until it is triggered by cold. 
wet weather. Then the twice-infected 
swine show deadly symptoms. 

That explains the timing of the epi
zootic. which occurs only in the fall and 
the winter. The hog disease explodes 
without spreading; since its agents are 
already in place. it is everywhere at 
once. For Shope the human flu of the 
spring of 1 9 1 8  seeded the new virus in
fection. Then a bacillus-found in most 
autopsies of victims. and long known as 
Haemophilus in./luenzae-caused the lat
er pandemic under the stress of bad 
weather. The trouble with the hypothe
sis is that the virulent wave started in 
August. in the hot port of Freetown. 
Some victims of the Spanish flu had no 
bacilli in their lungs or throat. and labo
ratory animals got the flu from the virus 
alone. But perhaps there is some other 
form of prepandemic seeding. The flu 
peaked in Boston and in Bombay in the 
same week of 1 9 1 8. Is something latent? 

Those six cases at Fort Dix early this 
year showed the old "footprint in the 
blood" :  antigens like those against the 
swine virus. which are usually found 
only in people old enough to have had 
the 1 9 1 8  flu. The virus itself is still un
known to us. In 1 9 5 1 some 1 9 1 8  victims 
were exhumed on the coast of Alaska in 
the hope of finding living virus pre
served in the icy graves. but it did not 
appear. even though it was possible to 
culture some living bacteria from the 
dead tissues. 

Why was the Spanish flu so deadly? 
Will it come back in some form even to 
our world of egg-reared vaccines? This 
winter or the next is likely to make us all 
somewhat wiser. even though we cannot 
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expect full knowledge. The ecology of VOL. II, INTRODUCTION TO LAKE BIOLO-
pathogenic organisms is a fateful and GY AND THE LIMNOPLANKTON; VOL. III, 
difficult subject. LIMNOLOGICAL BOTANY, by G. Evelyn 

Hutchinson. John Wiley & Sons (Vol. I. 

ATREATISE ON LIMNOLOGY: VOL. I, Part 1. $11.5 0. Part 2. $ 1 0.50; Vol. II. 
PART 1, GEOGRAPHY AND PHYSICS $61; Vol. III. $30). Professor Hutchin-

OF LAKES, PART 2, CHEMISTRY OF LAKES; son. the Yale ecologist. is so rightly dis-
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World famous SERGAl and 
MANTUA kits: large magnificent 
replicas (up to 51" long) with 
beautiful walnut planking and com· 
ponents and cast· brass details. 
Virtually museum pieces when 
completed. large·scale plans, En· 
glish, instructions, all materials in· 
cluded. Also, hundreds of other 
superb Italian kits, plans and ac· 
cessories. 

Send for our 88-page. 
full-color catalog. 

only $3.00-
refunded with your first order. 

(For purchase of ships, major credit cards accepted.) Mail check to our new U.S. Warehouse address: 
MODEL EXPO, INC. 

Dept. SA·111 230 Second Street 
Dunellen, N.J. 08812 

read less 
know more 

keep up wllh all new advances in 
technology wllh only 30 minutes a week 

200 paragraph size dlgnts Oulk-$can -'titer Ionnat 

of vital articles from 350 lets you pick out Jull wfIat 

publlcallonl wor1d-wIde .. ," you need 10 know .... .I11l 

SPECIAL 
1/2 PRICE OFFER 
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tinguished for the breadth of his learn
ing and the elegance of his expression 
that it might seem unnecessary to call 
attention to the compendious technical 
work with which he has been seized for 
20 years and more. This notice to the 
general scientific reader. one far from 
the branch of ecology for which these 
three kilopages form a rich and growing 
resource. is made timely, however. by 
the circumstances of publication. The 
initial volume of the treatise, first issued 
in 1 9 57. has been brought out again 
within the past year in two inexpensive 
paperbound parts, and a third volume 
(cut in scope to save cost and time) has 
just been published. More volumes are 
to come, treating of the entire biological 
productivity of lakes and of their "typo
logical. stratigraphic. and developmen
tal aspects. [of] the lake as a repository. 
if not a mirror. of human history." No 
brief general review can sample this 
grand treatise in a representative way. 
but it is worth dipping the net here and 
there to encourage a wider attention to 
the topic, growing each year in salience. 

Lakes seem on a human time scaie 
"permanent features of landscapes. but 
they are geologically transitory. usually 
born of catastrophes, to mature and to 
die quietly and imperceptibly." Scale 
and fluidity determine. In an ordinary 
road map Lake Erie would be about the 
size of this page, and on that scale its 
waters are about the thickness of the 
page. The basin of a lake, usually a mi
nor feature of the topography. can form 
in a wild variety of ways: 76 types of 
lake origin are described with examples 
and discussion. including lakes born of 
volcanoes. of meteorites, of wind and of 
ice. Our own active postglacial epoch is 
particularly rich in lakes, and in it lakes 
are also created by two mammals: the 
American beaver and man. Our impos
ing Great Lakes are ephemeral; only rift 
lakes such as Lake Baikal in Siberia and 
the lakes of East Africa and such cutoff 
ocean basins as the Caspian Sea can 
claim longevity in geological terms. 
Their life forms testify to respectable 
spans of evolutionary time. 

Lakes are of many shapes and sizes. 
here some strung like the beads on a 
rosary (the mapped example is in Mon
tana) and there one with 40 percent of its 
surface area in islands (the example is in 
Ireland). There are volcanic caldera 
lakes, deep for their size, but there is no 
lake as deep as the nearly two kilometers 
of BaikaL Many bottomless lakes exist 
in legend; a hermit once lived. so Hutch
inson was assured, on the shore of Lake 
Manasbal in Kashmir "devoting his life 
to cording a rope with which to sound 
the lake." Although in the fullness of 
time he felt that his task was finished. he 
could detect no bottom once he had paid 
out his life's twisting, and so "he threw 
himself after the rope and was never 

seen again." The measured maximum 
depth of that lake is 12.7 meters. 

The motions. water budget and opti
cal and thermal properties of lakes are 
treated in some detail. with the main 
equations not slighted (although only 
the results appear and not the special
ized derivations). The hydromechanics 
is "inevitably out of date" but still 
broadly of interest. The somehow Ed
wardian subject of seiches-the resonant ' 
sloshing of a lake driven by wind and 
barometric changes, as coffee sloshes 
when you gently tip the cup-is handled 
in detail. with a list of resonant periods. 
including the period of the coffee cup 
(put at three or four cycles per second by 
the model developed for lakes). It is not 
easy to spot the small true tides among 
the seiche jiggles, although some rough 
fits in the biggest lakes are plausible. At 
Duluth the range of the tides is about an 
inch. At the David Taylor Model Basin 
near Washington the fit is pretty neat: 
the range in that half-mile man-made 
pond is almost a tenth of a millimeter. 

The warm top layer of Temperate 
Zone lakes deserves and gets careful dis
cussion. The stratification and mixing 
cycles that depend on the high density of 
water at four degrees Celsius below that 
layer are fundamental to the climate of 
the lake's internal world. Some deep 
lakes do warm up a little at the bottom; 
such an inversion can be due to the flow 
of heat from the earth. from the metab
olism of organisms and from warmer 
surface water that has acquired solute 
from the lake until it is "sufficiently 
dense to move downward" but "suffi
ciently warm to convey heat into the 
deep parts of the basin." Ice is not for
gotten; it is impressive to learn that the 
large cracks in Baikal's ice are constant 
enough from year to year to have re
ceived place-names of their own. 

The second part of the first volume 
treats of chemical cycles, beginning with 
rainwater (with sea salt and sulfates 
from smokestacks dominating its solute 
chemistry) and going on to oxygen, car
bon dioxide and the ions of water: phos
phorus, silica. nitrogen and the less im
portant trace constituents. These chap
ters are well done; they predate and pre
figure modern concerns with detergent 
phosphates and other contaminants. 

Volume II opens with a remarkable 
set piece, written a decade ago but as 
fresh as the current journals, that de
votes 200 pages to an overall survey of 
freshwater life, from the plankton-eat
ing flamingo to the Baikal seaL (The 
promised full treatment of the Baikal 
biota is still to come.) Here is the small
est flowering plant. two-thirds of a milli
meter long, first described in the Mato 
Grosso. In the same locality grew the 
biggest water lily. its floating circular 
leaves two meters across. ("To d'Or
bigny it was the most beautiful known 
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ASTRONOMY BOOKS: 
FROM THE FUNDAMENTALS 
TO THE FRONTIERS 

Astronomy and Cosmology 
A Modern Course 
Fred Hoyle 

In this important new book, Fred Hoyle 
abandons the traditional encyclopedic ap
proach in favor of a fuller treatment of such 
topics as the large-scale structure of the uni
verse, the history of matter, the origin of 
the planets, and the origin of life_ Astron

omy and Cosmology contains more than 
600 illustrations, including many never be
fore published photos and a special section 
in full color. 
"In my opinion it is the best book that he 
has (so far) written, and I strongly recom
mend it to everyone who cares about the 
universe and our ability to understand it." 
-Dennis Sciama, New Scientist 

1975,711 pp., 617 illus., 45 tables, $16.50 

Highlights in Astronomy 
Fred Hoyle 

Highlights in Astronomy presents the full 
scope of the science: from the structu re of 
the Earth to the latest cosmological specula
tion, from the phases of the moon to such 
phenomena as pulsars and black holes. The 
146 illustrations include nearly 100 photo
graphs (many in color). 
"A very good choice for that lay reader who 
wishes to learn something about our 
universe . . . .  The title promises Highlights in 

Astronomy; the text delivers admirably." 
-Sky and Telescope 

1975, 179 pp., 149 illus., 3 tables, 
hardcover $12.00, softcover $6.00 

Action at a Distance in 
Physics and Cosmology 
F. Hoyle, and 
J. V. Narlikar, 
Tata Institute of Fundamental Research 

"I can thoroughly recommend Hoyle and 
Narlikar's modestly priced book as an im· 
portant and stimulating contribution to 
fundamental research in physics." 
-Barry Collins, in New Scientist 

1974,266 pp., 18 illus., $17.00 

From Stonehenge to 
Modern Cosmology 
Fred Hoyle 

In these essays, Hoyle demonstrates how 
astronomical knowledge is one of the main 
indices of human culture. Why do we inves
tigate the structure of the universe? "The 
answer," writes Hoyle, "is no different in 
principle from the motives of the builders of 
Stonehenge. The motive is religious . ... " 
1972,96 pp., 36 illus., $7.00 

Spacetime Physics 
Edwin F_ Taylor, 
Massachusetts Institute of Technology, 
and John Archibald Wheeler, 
Princeton University 

"Lets relativistic physics stand on its own 
feet and requires only the most casual ac
quaintance with Newtonian concepts. 
Beautifully written . ... For self-study, I 
consider the book to be unsurpassed at the 
introductory level."-Peter Havas, in 
American Journal of Physics 

1966,208 pp., 1 38 iIIus., softcover, $6.25 

Stellar Atmospheres 
Dimitri Mihalas, 
Yerkes Observatory, 
The University of Chicago 

"Required reading for those who seek an 
understanding of the physics of radiative 
processes in stellar atmospheres . . . .  " 

-Skvand Telescope 

1970,463 pp., 82 iIIus., $19.00 

Astrophysics of Gaseous Nebulae 
Donald E. Osterbrock, 
Lick Observatory, 
University of California, Santa Cruz 

"The author of this book is an outstanding 
authority in the astrophysics of bright 
nebulae, and he has transferred his personal 
mastery of the subject into a concise and 
well-written volume that will be eagerly re
ceived by students, teachers, and researchers 
alike . ... Osterbrock's work is a modern, 
coherent text designed to carry the reader 
to understanding on a research level in a 
minimum of time. "-Journal of College 

Science Teaching 

1974,251 pp., 56 illus., 59 tables, $19.00 

Worlds-Antiworlds 
Antimatter in Cosmology 
Hannes Alfven, 
The Royal Institute of Technology, 
Stockholm. 
Translated from the Swedish by 
Rudy Feichtner 

Nobel Laureate Hannes Alfven postulates 
that there may be equal amounts of matter 
and antimatter in the universe. In the course 
of presenting evidence to support his the
ory, he gives us a fascinating and easily read· 
able introduction to modern astrophysics. 
"Probably the most complete source of in
formation on Alfven's interesting and origi
nal ideas about these cosmological prob
lems." -Science 

1966,103 pp., 15 iIIus., $6.00 

TO ORDER, use the adjacent card. If card is missing, send order 
with payment to: 

I. 
W_ H. FREEMAN AND COMPANY 
660 Market Street, San Francisco, CA 94104 
58 Kings Road, Reading, England RG1 3AA 
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Personal Computing 
The development of the microprocessor 

has resulted in something new and exciting 

called "personal computing", It is now per

fectly reasonable for anyone to have their 

own digital computer-it costs less than the 

average color TV set. The possibilities are 

endlessi record keeping, teaching, environ

mental control systems, program research 

and, of course, computer games to name 

only a few. we make one of the most relia

ble and cost effective computer systems 

available. Based upon the Motorola 6800 
microprocessor and companion set of ROM 
and interface chips, this machine can be 

expanded to 32K Bytes of memory and up 

to eight interface ports. 

We would like to send you our FREE 
brochUre describing the 6800 computer 

and our peripherial equipment; terminals, 

tape interfaces and printers. we think you, 

too, will be excited about the possibilities 

of "personal computing". 

Mp·68 Computer Kit 
with serial interface and 2.0K 
memory-as shown-only $395.00 

Southwest Technical Products Corp. 
219 W. Rhapsody 

San Antonio, Texas 78216 
(512) 344·0241 

Sail a tall ship toasmaU 
island. 

Saba Carriacou. Nevis. Grenadines. 
Bligh's breadfi:uit isle. 
Stevenson's Treasure Island. 
They are all here in the Caribbean 
waiting to be discovered again. 
Along with unforgettable beaches, 
forgotten forts, hushed volcanoes and 

. \-'\.. picturesque little villages . 
. \. Come With us 011 a 

'barefoot' adventure, 
6 or 14 days, from S290. 

Send my free full·color 

To remote islands. 
Aboard schooners 

once belonging 
toOnassis, 

Vanderbilt, 
the Duke 

of West
minste:t: 

Cap'n Mike, Windjammer'Barefoot' Cruises 
P.O. Box 120. Dept 187. Miami Beach. Florida 33139 

Nrune __________________________ ___ 

Address __________________________ _ 

City/State/Zip ______________________ __ 
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plant.") Its crimson-centered creamy 
white flower is warmed by metabolic 
heat that helps to disperse its heavy per
fume. Of the juxtaposition between the 
smallest plant and the largest one natu
ralist wrote in 1849: "Singuliere bizarre
rie de la nature d'avoir seme ensemble 
ces deux vegetaux." 

The perceptions of this long essay are 
congenial to much of the work done 
since on the origin of life. on prokary
otes and eukaryotes. on the fossil col
onies of the blue-green algae. Our fresh
water philosopher remarks: "It is tempt
ing to speculate that the oldest complete 
organism may have lived at the bottom 
of very shallow bodies of water. or on 
rock surfaces kept moist by trickling wa
ter or spray. under conditions of moder
ate and variable salinity. Life surely be
gan in water. but there is no evidence it 
began in the sea." The rest of the second 
volume treats the freshwater plankton 
quite fully. from the Reynolds numbers 
associated with the bristly forms to the 
dance of the water flea Daphnia (to and 

fro along the axis of a red light beam but 
crosswise when the beam is blue !). 

The third volume goes on to deal in 
even more taxonomic detail with the 
larger freshwater plants. The texture of 
the material will be suggested by the fact 
that three pages in nearly 600 are de
voted to the epiphytic plants that grow 
on the mossback snapping turtle. This 
overgrowth may break the hard outline 
of the alligator snapper. which fishes by 
"remaining quiet with its mouth open. 
wiggling its tongue as a bait." 

The chronicle of the adventitious 
spread of certain water plants is a high 
point. The aquatic herb Elodea canaden
sis reached Ireland and Britain in as 
many as five separate introductions by 
1840. Within a decade it had spread 
from the river Cam (a hapless botanist 
almost certainly set them out in the new 
botanic gardens within easy reach of the 
river) to clog the canals of the entire 
Penland. Barge traffic was then central 
to British commerce. and the shippers 
had to put on extra horses. Thereafter 

Giovalllli Bastiallilli's 19th-celltury forgery of a Rellaissallce bust, from Autbenticity in Art 
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Amazing Encyclopedia Bargain 
Explained Why The Recession 
Forced The Webster Company 
To Slash $350 Price To Only $175 

become the well-read, totally informed, 
well-rounded, and complete person 
everyone wants to be. 

20 Deluxe Volumes--65 Ibs. 
11,905 Pages-9,500,OOO 
Words-30,060 Articles. 
14-Day Free Home Trial 
Phone Toll Free, Anytime 

Noah Webster(J758-J84J). 
Father of lexicography and 
inspiration for founding of 

And, most important of all, as an 
added bonus, you get a F REE lO-YEAR 
READER RESEARCH SERVICE on 
any question. This allows you to ask our 
staff of over 4,000 contributors, all ex
perts in their field, an unlimited number 
of questions for ten full years on any 
subject, with the exception of legal or 
medical advice, at no charge whatsoever. 

our company. 
This is just like having your own re

search department available to you on a moment's notice. 
And the service is FAST. Normally 10 days from the time 
the request is received by the publisher you have your 
answer in full detail. 

We mean it. We're in deadly earnest when we say that 
here is the most incredible encyclopedia bargain on the 
market today. The reason for the low price? Simple. The 
Webster Dictionary Company's top-rated Encyclopedia 
Division is caught in the economic recession bind. And 
just as the automakers offered rebates to drastically im
prove their sales, so does Webster announce an in
credible price slash to turn inventory into immediate 
cash and avoid the high cost of borrowing. 

Think of it. THE NEW AGE ENCYCLOPEDIA is 
top-rated by the most authoritative guide in encyclo
pedias, GENERAL ENCYCLOPEDIAS IN PRINT. 
They rate it among the top encyclopedias in the world, 
regardless of price. A bargain at the bookstore price of 
$350. Now you can get it for an incredibly low $175-
only 50% of the bookstore selling price-during this 
emergency money-raising sale. 

All this plus a previously unheard of money-back 
guarantee. It is sent to you on a free l4-day home trial 
basis (no salesman will call). Thumb through it as often 
as you wish. You must agree with the experts who rate it 
high among the top encyclopedias in the world-1lr sim
ply repack in original crate and ship back to us. Your 
money-plus the original shipping charge-will be re
funded promptly and without question. 

The New Age Encyclopedia is a joy to peruse. Over 
11,905 pages, 9,500,000 words, 30,060 articles, 13,489 
illustrations, 3,500 in color. More than 1,050 Location, 
. Relief, and Political Maps. A massive compendium of 
man's knowledge, updated to 1976. An exciting glimpse 
into the breadth of man's accomplishments. A huge 
20-volume set that keeps you as well informed on any 
subject as the scholars who compiled it. Self-indexing, 
with references to related information in all 20 volumes. 
So fascinating that once you become immersed it is hard 
to stop reading. No finer way ever devised to help you 

You can't lose. Clip out this message as a reminder. 
This is an emergency money-raising special. The one-half 
the bookstore selling price is for a limited time only, and 
may never be repeated. Write or call now. Our toll free 
lines are open 24 hours a day, 7 days a week. Allow 3-8 
weeks delivery. • 

_ _ _
Credit Card Buyers 

__ _ Phone Toll Free 
800-241-8444 And Ask for Operator 519 ... 

I Or Mail No-Risk Coupon Today 

I The Webster Dictionary Company,lnc. 
Executive Offices, Dept.lI2 - E 

I Suite 500, 625 North Michigan Avenue 

I 
I 
I 

Chicago, Illinois 60611 
Please send me __ set(s) 01 the renowned. authoritative. 
20-Volume. 11.905-Page. 9.500.000-Word. 30.060-Article. 
$.150 list price New Age Encyclopedia at the unprecedented low 
price 01 only $175 each' (plus $ to per set lor crating and Ireight). 
I understand that if I'm not satislied I may ret ur� within 14 days 
lor a prompt and courteous relund. On that basis here is my 
order. 

(Check One) 

I 0 I enclose payment 

o Bill to: 

I BankAmericard No. ____________ _ 

I American Express No. -------------

Master Inter 

I Charge No. ------ Bank No. ------

Expiry Date 

I Name ------------------

Address ________________ _ 

I City -------------------

I State ----------- Zip ----

Ironclad Money Back Guarantee 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PROFESSIONAL 
DISCOUNTS 

Texas Instruments 
electronic calculator 
TI-30. . _ S22_95 SA-51-II. .. S62.95 
1600. _ . . .. 21.95 SA-56 . 89.95 
1650. _ . . .. 26.95 SA-52 .... . 22 9.95 
2550-11 ... . 29.95 PC-lOO . .. . 22 9.95 
SA-40 . . . .. 34.95 TI-5050M. 9 9.95 Bus.Ansl. . . 44.95 5040-PO .. . 11 9.95 '�Igi 
5100 . .. . . . 54.95 Libraries _ .. 26.00 � 

HP-21 .. $ 71.00 HP-27 . 
HP-22 . 109.95 HP-67 . 
HP-25 . 127.60 HP-25C. 

5154.00 
395.00 
175.00 

NOYUS� NATIONAL 
SEMICONDUCTOR 

Mathematician 4510 (2 min_). . .............. 517.88 Scientist 4520 .. .... .... .... .... 29.95 Scientist PA 4525 . 54.95 Financier 6020 . . . . . . . . . .. .. . 26.45 Financier PA 6025 . 54.95 Statistician PA 6035. 54.95 
NS-4640 . 54.95 

In California call (213) 370-57950' 
ORDERS only CALL , 

(800) 421-0367 (other than Call!.) 
Send money order (Immed. shipment) or pers. check (2 

wks. to clear); In Ca., add 6% sales tax. Add 52.50 min. 
shipping charges U.S. only. $4.00 tor SR-52, PC-100. -1-. 60 WE SHIP UPS AIR. 

������r���� u 
16611 HAWTHORNE BLVD., LAWNDALE, CA 90260 (213) 370-5795 

"The most 
important 
book on the 
subject yet 
published!' 

-Astronomy 

Director, Resource Systems Institute 
Director, Environmental Policy Institute 
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THE EAST-WEST CENTER IN HAWAII, through merger and expansion of two of 

its present five institutes and the initiation of a new institute, is seeking two 
scholar-administrators to direct the development of the Resource Systems 
Institute and the Environmental Policy Institute, to be inaugurated in fall 1977. 

The Institute directors provide intellectual and administrative leadership to 

a multidisciplinary, multicultural core academic staff augmented by a Iimited
term project staff and visiting researchers as well as by professional and clerical 
support staffs. They are responsible for the cooperative design, conduct, and 
evaluation of team projects focused on problematical aspects of the respective 

subject areas that are mutually consequential to nations East and West. 
Requirements include relevant and significant scholarly contributions; con

tributions to the formulation or understanding of public policy; at least five years 
of successful, full-time, progressively responsible experience in management of 

research and development organizations or units; demonstrated ability in and 
commitment to problem-oriented interdisciplinary team research; demon

strated interest in promotion of understanding and better relations among 
nations; and demonstrated ability to work with people from diverse cultures. It 
is desirable for all applicants to have lived and worked successfully in a culture 
other than their own. 

Salary range: US $31,309-$37,549 plus a current 12V2 percent cost-of-living 
allowance and 20 percent benefit package. Nominations and applications, in

cluding a complete curriculum vitae and cover letter specifYing desired position, 

should be submitted before December 1, 1976, for Directorship of Resource 
Systems and before January 5, 1977, for Directorship of Environmental Policy. 

Send to: Dr. John Brownell, Vice President for Academic Affairs, 
East-West Center, 1777 East-West Road, Honolulu, Hawaii 96822 U.S.A. 
An Equal Opportunity Employer M/F 

the Elodea population declined even 
faster than that of horse-drawn barges. 
The range of the plant now includes all 
of the north Eurasian landmass. Almost 
all the flowers are female, never setting 
seed; the plants may well descend vege
tatively from the clone found in a 
Leicestershire canal lock in 1847. What 
stabilized this once pestiferous popula
tion is not known_ 

The water hyacinth, with its showy 
violet-blue flowers, is native to fresh wa
ters east of the Andes. In 1894 it was 
placed in private pools in Java, and 
about 10 years later the same was done 
near New Orleans. It is now a serious 
pest over the entire wet warm world, 
from Virginia to Australia. Airborne 
man spreads water plants faster than the 
wind or birds ever did. 

The burden of these books is plain, 
and it is fascinating. Each lake is a mem
ber of a large genus. No two of them are 
alike, but they are numerous and similar 
enough to suggest the general laws of 
their being. They are little worlds con
densed in space, so that a meter of depth 
is as important as a kilometer of moun
tain slope. They are even more com
pressed in time; their entire geologic his
tory belongs to the Recent, and one 
year's cycle may be as significant to the 
succession of living species within a lake 
as a glacial epoch is to a wide prairie. 
Professor Hutchinson brings us this nat
ural history with brilliance and devo
tion, ranging from eddy viscosity to the 
look of white blossoms on a sky-reflect
ing brook. We eagerly await the rest of 
the feast. 

This work of reference and pleasure, 
with its masterful grasp and wide hori
zons, is presented serviceably enough, 
and the paperback editions are a wel
come innovation. The books lack, how
ever, the generous apparatus they de
serve: large pages, clear footnotes and 
eye-pleasing typography. 

AUTHENTICITY IN ART: THE SCIENTIFIC 
Il. DETECTION OF FORGERY, by Stuart 
J. Fleming. Crane, Russak & Co., Inc. 
($14.50). As long as works of art have 
been esteemed they have been forged. 
The first line of defense against such 
knavery is the knowing eye, now sharp
ened and trained by the meticulous 
scholarly studies of art historians. But 
that eye has its blind spot. Stylistic mis
takes that conform to contemporary 
taste tend to pass unnoticed. It is unreal
istic to hope to discover what we now 
accept unconsciously, but the first plate 
in this agreeable and expert book strikes 
home. The marble bust in it passed as 
high Quattrocento style when it was 
carved about a century ago by Giovanni 
Bastianini of Fiesole. That productive 
Tuscan sculptor and his unscrupulous 
dealer with a soft sell placed fake Re
naissance works on the market for 20 
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years. It is not hard for us to see in the 
sentimentality and overdelicacy of the 
features of Lucrezia Donati the identity 
of the piece as an "outstanding example 
of Italian art of the last century." But 
expert contemporaries at the Louvre 
and the Victoria and Albert Museum 
welcomed such works as old master
pieces. 

Of course. a clever expert can spot 
objective flaws such as errors in painted 
costume. Artists usually paint clothing 
more accurately than they realize; a 
splendid forgery shown here-a false 
Vermeer by the peerless Han van Mee
geren-shows sleeves cut on the bias. In 
our time of power machinery that sug
gests tailoring simplicity. but in the 17th 
century such a waste of expensive cloth 
would have been avoided by any tailor 
for economy's sake. 

Materials science to the rescue! Spe
cific works of art are never mere image 
and form; they are embodied in matter. 
That matter must bear marks of the 
method and the epoch of manufacture. 
The author is an acute Oxford physicist 
who has become a leader in this novel 

-specialty . He offers methods old and 
new for the study of paintings. ceramics 
and metals. presented at a level suited 
for the general scientific reader and the 
student of art. The book is also an intro
duction. even for the expert. to the fasci
nating scattered literature. old and new. 

One first looks at the surface. Even 
dealers now use the simple ultraviolet 
lamp. which shows fluorescence. a sur
face property quite sensitive to details of 
surface treatment. such as erasures and 
naIve restoration. The notorious Vin
land map at Yale did not pass this test: 
the map ink did not quench the glow of 
the vellum as old inks would have. 
When the 20th-century pigment titani
um dioxide showed up as well. the map 
was repudiated. Careful forgers in Ja
pan today "conscientiously spray" their 
efforts in porcelain and early bronzes 
with a nonfluorescent material. 

The microscope also helps in the de
tection of forgery; a thin sounding of a 
painting made with a hypodermic nee
dle can reveal a great deal. X-ray and 
infrared examination peels away the 
layers of paint visually. revealing under
layers that may disclose the artist's hon
est travail or something quite different. 
The X-ray plate shows the heavy metal 
atoms in background pigments; infra
red reflectography displays the under
sketching done in black chalk or char
coal. Chalk once consisted of natural 
microfossils. but since the middle of the 
19th century it has mainly been artifi
cial. Pigments have changed too; a care
ful chronology of the succession of sev
en popular blue pigments helps to estab
lish anachronisms. although caution is 
necessary. After detailed study a fa
mous Rubens at the National Gallery 

A plausible approach toward 
understanding Christianity in today's 

technological world 

THE GOD 
WHO CARES 

A Christian Interpretation 
of Time, Life, and Man 
by HAROLD F. ROELLIG, Ph.D. 

To h o l d  an e v o l u t i o n a ry 
view of the history of life 
n e e d  n o t  p r e cl u d e  a reli 
gi o u s  o r  t e l e o l o gi c a l  per
s p e c t i v e .  Th e G o d  Wh o 
Cares places the Christian 
Faith in the context of a modern 
understanding of the evolving uni
verse. A remarkable synthesis,  the book considers 
from a Christian perspe ctive the current maj or theories 
concerning the origin of the universe,  the origin and 
evolution of life, the evolution and nature of man, and 
the development of religion from prehistoric, through 
Biblical, to modern times.  

"In scope and thrust, in insight and outlook, it is tre
mendous . .  ' .  Well worth your time and intelligence to 
read it and think about it. "  

-James G .  Murray, Prof. o f  English, Adelphi 
University, in The Long Island Cath olic 

"This book says many things I think need saying. " 
-Kenneth J. Van Dellen, Prof. of Geology, 

Macomb Com. College, Michigan 

"Unusual and stimulating. " 
-William V. Shannon, Member of 

The Editorial Board, The New York Times 

" I  tremendously enjoyed The God Who Cares . . .  Thank 
you for publishing such a good book. " 

-Richard Couch, Prof. of Biology, 
Athens College, Alabama 

" In a final chapter Dr.  Roellig produces a magnificent 
asses sment of The Way. He relates the powerful ethic 
of  Christian love to war, malnutrition, dis crimination, 
environmental problems, me aningful living, mechanis
tic or deterministic views of life . . .  " 

-R. H. Bube, Prof. of Engin eering, Stanford Univ. 
in the Journal of th e American Sci .  Affiliation 

The author, who holds a Ph.D.  in geology and p aleon
tology from Columbia U. and is a graduate of a Lu
theran seminary, teaches geology at an Eastern uni
versity. 

Cloth-bound,  1 76 p ages,  $4.50.  Order it at your b ook
store or use coupon below. 

----------- MAIL COUPON TODAY ----------
I THE BRANCH PRESS S A - l l • I. Box 229, Bayside,  N.Y.  11361 NAM E  

I. 
Please send ___ copies of The (Please Pri nt) I God who Cares at $4.50 each post· I I paid.  I enc lose payment in f u l l  ADDR ESS I (New York reside nts p l ease add • appropriate sales tax). I under· C I TY I • sta nd that I may return the book(s) I I 1� lfe

r�f����' 
if not sati sfied,  for a 

STATE Z I P  I 
L __________________________________ � 
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got "a clean bill of health," even though 
some varnish containing synthetic ultra
marine-at least a century out of peri
od-had been demonstrated. Few Old 
Masters survive without retouching 
here and there; in the end the curators 
could breathe easily again. 

Wood frames and panels are not too 
hard to date by tree-ring study, but good 
forgers begin with authentically old 
wood. Subtler clues are worth follow
ing; neutron activation, mass spectrom
etry and autoradiography search out 
trace elements and isotope ratios even in 
materials chosen as being chemically in 
period. For example, almost all linseed 
and other drying oils one can now find 

have perforce been prepared since the 
radioactive-fallout increase of the 
1 950's;  such vehicles for pigment simply 
do not' Jast longer on the shelf. Old pre
fallout pigments are not as hard to get, 
but high carbon- 1 4  activity would mark 
the new vehicle, given 1 00 milligrams of 
dried paint to count. 

The author has been a pioneer in the 
application of thermoluminescence to 
the dating of ceramics. This half-magi
cal art depends on the partial storage 
within the quartz and feldspar grains of 
energy internally released by natural ra
dioactivity and cosmic rays. Some of the 
electrons set free by the ionizing parti
cles are trapped at imperfections in the 

A 1 6th·century woodcut of amaranth, from Herbal 
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crystal lattice of the grains; a carefully 
controlled temperature rise releases 
them to emit measurable visible pho
tons as they seek their ground state. The 
method can date most pots to within 
about 1 5  percent for ages upward of 5 00 
years. If a dose of radiation is artificially 
administered to the sample, certain un
stable traps can also be estimated, and 
the method can be extended to pieces 
only 50 years old or even younger. 

Greek, Chinese, Florentine and 
Etruscan terra-cottas are splendidly 
forged today, sometimes with the au
thentic ancient piece molds-not so 
much a forgery as a new edition. Here 
the forger and the investigator alike are 
virtuosi. The technique has posthu
mously shown up Charles Dawson, the 
man who is most strongly suspected of 
having produced the discredited Pilt
down jawbone. Dawson had earlier 
found certain exciting "Roman" tiles, 
now safely dated to the Edwardian years 
of the presentation of his "discovery" in 
London. (This seems finally to exoner
ate the young Teilhard de Chardin, the 
only other archaeologist who worked 
the Piltdown site.)  

Metals can be analyzed from very 
small scratch samples or even from the 
untouched original surface. One uses 
neutrons and the gamma-ray activities 
they induce, or X-ray fluorescence un
der scanning electron beams. Coins 
have a rich and complex history; fakers 
and counterfeiters are as old as coin
age itself. Henry I of England accepted 
charges of debasement made against his 
moneyers in the lean years around 1 1 24. 
It was asserted that they had used tin to 
debase the silver coins of his realm; the 
king summoned them all to Winchester 
at Christmas and had their right hand 
and their testicles cut off. We now know 
through the analysis of the coins made 
by Henry's coiners that they were inno
cent; the charges were rumor. 

The final entry in the bibliography 
tells a story in itself. In 1 954 one H. F. 
Whitworth described a fake fossil, "the 
insertion of an insect's wing into a crys
tal of selenite."  This intricate, fascinat
ing and well-illustrated book is a source 
of pride for physicists: the author is one, 
the humorous, instructive preface is the 
work of the codiscoverer of the spin of 
the electron, the physicist-connoisseur 
S. A. Goudsmit, and the book was first _ 

published in Britain by the Institute of 
Physics. 

HERBAL, by Joseph Wood Krutch. 
David R. Godine, Boston ($27. 50). 

The untiring compiler Pliny and his con
temporary the Greek physician Peda
nius Dioscorides left texts describing 
about 1 ,000 species of plants. Most of 
these were reported as materia medica, 
sources of healing. As Galen dominat
ed medieval medicine, so Dioscorides' 
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manual came to rule pharmacology. 
(Charlemagne knew a little more: he 
held that an herb was "the friend of phy
sicians and the praise of cooks. ") 

What we see here in a visually striking 
book is a set of more than 1 00 woodcuts 
(the beaver, the hare , the bee and a cou
ple of other animal drug sources have 
crept in among the herbs) clearly repro
duced at nine-by- 1 2-inch size from the 
big Latin folio published by Pierandrea 
Mattioli in the 1 5 50's.  His purpose in 
the time of Columbus, Copernicus and 
Vesalius was to help physicians make 
use of their classical legacy, and he titled 
his work Commentaries on the Six Books 
0/ Dioscorides. His book was widely pop
ular, appearing in many languages right 
through the 1 8th century. 

Mattioli was modest; many of the 
plants in the book were from the New 
World,  unknown to his Greek model: 
maize, capsicum and prickly pear, for 
instance. It is clear that he and his shad
owy artists were fully engaged men of 
their own questing times; the plants are 
not drawn as copies of copies of the 
rather symbolic ancient representations 
but begin to be suffused with the look of 
nature. Like Vesalius, these men were 
coming to see for themselves. A century 
later Robert Hooke of the Royal Society 
would explicitly claim to "record the 
thing itself as it appears." 

The text of the present book is not at 
all a translation, not even the titles on 
the plates.  Instead the American critic
naturalist Joseph Wood Krutch has pre
pared a gracefully written commentary 
as a facing page for each plate, drawing 
more heavily on Pliny than on anyone 
else . He is much less concerned with 
modern botany than with classical doc
trines. So the pendulum swings;  for 
many such as Krutch the "grimmer sci
ence of our own day" has less charm 
than the former reputation of lettuce as 
a powerful remedy. (Galen thought it 
worked splendidly for insomnia: "I have 
found no better remedy than eating Let
tuce in the evening.")  

Of course, it  is  wrong to regard the 
long tradition of the herbalists as all 
charlatanry and quaintness, common
place as both ingredients admittedly are. 
These works are tributaries to the river 
of science; we denigrate them at our per
il, and the late Dr. Krutch (who first 
brought the book out a decade ago) was 
riding a cresting wave of opinion. He 
finds his herbalists "more likely than the 
modern scientist to impart a sense of 
beauty and wonder-both of which the 
scientist may feel,  but considers it no 
part of his function to communicate. "  
Krutch's comments o n  the kermes oak, 
the prickly pear, the banana and the date 
palm are closer to economic botany 
than to classical pharmacology and are 
well worth seeking out. The book is cer
tainly a bargain in paperback. 

THE TALL SHIPS® 
Official Commemorative Print 

Two years in the painting and meticulously accu� 
rate in nautical detail, this high-fidelity lithograph 
(21 x 28 inches) in magnificent color, by the re
nowned marine artist Kipp Soldwedel (Tall Ships 
artist of record) will delight all who admire fine 
art. Depicted are the Blue Nose (Canada), Dan
mark (Denmark), Segres (Portugal), Christian 
Radich (Norway), and the Gorch Fock 11  (Ger· 
many), winner of the International Trans-Atlantic 
race. A nostalgic memento. 

Handsomely framed in silvery metal as showo, 
ready to bang. $20.00. add $2 handling and shipping 
Signed by tbe artist and framed. $55.00. 

add $2 handling and shipping 
Unframed. $10.00. add $1  handling and shipping 

WHAT STAR IS THAT? 

I-
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A-;;;Z i;;'c:-De;. sA:ii. 76 - - - - - - - -j I P.O. Box 256. Norwood. N .J. 07648 I I Please settd __ /ramed "Tali Ships" prjn,(s) @ $10.00 each I plus $2 handling and shipping. 

Please send __ /ramed and signed "Tall Ships" primes) @ I 
$55.00 euch plus $2 hWldling and shipping. I 
PleaJe send __ unjramed "Tall Ships" IJrinr(s) @ $1 0.00 I 
e(lch plus $/ handling and shipping. No C . O . D.'s  I Okay 10 charge i/. Fill in credit in/ormMion. 1 o American Express 0 Diners Club 

o Bank Americard 0 Carte Blanche I 
o Master Charge interbank # I 
My credit card # _____________ 1 
Expiration d3te'-------------- 1 
Signature ________________ 1 
Name _________________ 1 
Addressi ________________ 1 
City--:-___ --,-____ State=-=-=:-=-===-=z�___===I 

year of sen ice to the World's finest 
craftsmen and technicians. 

The ISO-VU E  STAR POINTER will tell you. Na fiona' � 2000 W�lf Union A .. � .  Dept JAA 
Just pOint it at any star or constellation to find 
out its name! 

It wil l  also find any star, planet, or constella
tion for you, too. And it pOints to it, and holds 
up a map of it at just the right angle for your 
t ime and p l ace-anywhere,  any t ime.  And 
much, much more. 

Complete instructions, sky maps and Star 
Cards for the 32 major constellations. Satis
faction guaranteed, or fu l l  refu nd. $5.95 + 
50¢ postage. ISO-VUE, 6306 E. Baylor Dr. , 
Tucson, Arizona 857 1 0. 

A GREAT CHRISTMAS GIFT! 

Camera " ��:�:,,;�:�;t.�/.�;:�o# aorro 
p - - - - - - - - - - -.  
I Send a FREE copy of the Ne F lasher I 
I�n�am�e----------------------- I 
I ==�----------------I 
I address I 
I city I 
I state zip 
Na fiona' � 2000 w • •  , UnI.n A ... . Dept JAA 

""'" .I 'nv'ewoo", e.'.r.llo, 80UO Camera '-""'" Phon� (303) 789- '893 
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An American Portrait 2076. 

Several months ago we started our Tricentennial 
Program by asking for your thoughts on life in 
America by the year 2076. Instead of a lot of ideas 
about space ships and robots of the future most of 
the more than 50,000 responses we've received 
have been about people's visions of our future 
as a nation. 

The main point that came through, letter after 
letter, was that most people believe a lot of the 
things that made America what it is today will 
shape our future as well. 

An overwhelming number of you - ninety-one 
percent - told us you want the family to remain 
our basic social unit. 

Sixty-two percent feel the nation will be better 
off when there is no racial, sexual, or religious 
discrimination. 

Seventy-three percent of you told us you expect 
a reaffirmation of religion and faith by the time of 
our Tricentennial. 

There is a strong desire - almost two-thirds - for 
more individual participation in government 
through better communication. 

Nearly three-quarters of you are in favor of a 
slower paced, more rural life. 

What's better than statistics is the feeling that 
the majority of people believe that life in the 
future can be better than it is today. But we've 
always been like that. It's what's been called the 
American Dream. 

You've shown us that the future of America lies 
not in the land or the technologies we master 
but in the hearts and minds of the people, our 
greatest resource. 

We didn't intend to do a scientific survey but 
your responses show significant insight into the 
problems and opportunities that face our nation. 
We plan to make those thoughts available in a 
book reflecting many of the interesting letters 
we've received. 

Please note that all ideas submitted shall 
become public property without compensation. 
Tricentennial P.O. Box 2076, Los Angeles, 
California 90053 

Petroleum products 01 

AtlanticRichfieldCompany 

Thank you for helping us celebrate America's Tricentennial 100 years early. 

151 

© 1976 SCIENTIFIC AMERICAN, INC



I • 
-; 

. .  

Can l!Jld Solreelace . 

© 1976 SCIENTIFIC AMERICAN, INC



,. 
J • 

· . 

KirigOil? : _ ';. :  
'.. . " : 

" 

' .. 

© 1976 SCIENTIFIC AMERICAN, INC



Forthe sU1J)rise of his life: 
leave a cradle on the doorstep. 
The Chivas half-gallon Cradle, or pouring 

stand, is a most loving way to baby his Chi vas. 
It's designed to dazzle any body, especially the 
man who thought he had everything. 

It's economical, too, since it eliminates costly 
spilling of the Chivas. Just tilt and pour neatly. 

To get the personalized Cradle, send $9.98 *-

together \lith the name you \I'ant imprinted on 
the nameplate (no more than 20 letters, please)
to Chi"as Regal Cradle-X, P.O. Box ;061, 
Smithtown, :\Ie\l' York 11787. 

Or get one as a gift to yourself. 
The Chi"as Cradic. Is there a more appro

priate \I'a)' to sho\l' off a precious 12-year-old' 

• Plus local and state sales tax where applicable OHer good in USA only. except where prohibited or restncted by law Allow four to Six weeks tor delivery Offer may be withdrawn without notice. 
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