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HEWLETT-PACKARD 
INTRODUCES 

ANEWClENERATION. 

THE PRICE OF EXCELLENCE 
NOWSTARTSM $60: 

THE NEW SERIES E. 
Introducing Series E. Five pre
cision calculating instruments 
for science, engineering and busi
ness. You'll find them outstanding 
values. 

NEW FEATURES. 
MORE CONVENIENCE. 

Easier to read. They feature 
a new, larger LED display for 
improved readability. And so that 
you'll never confuse 100000 with 
1000000, commas are inserted 
between thousands. 
Checks y ou. Checks itself. Built-in 
diagnostic systems tell you: 
1 )  when you've performed an 
incorrect operation; 2) why it was 
incorrect; and 3) if the calculator 
isn't working properly. 
Accuracy. We engineered a new 
level of accuracy into Series E. 
So you need not be concerned 
that your answers are correct 
or complete. 

FOR SCIENCE 
AND ENGINEERING. 

The HP-31E-Scientific. $60� Consider 
it the new standard scientific calculator. 
Trigonometric, exponential and math 
functions. Metric conversions. Fixed and 
scientific display modes with a full 10-
digit display. 4 separate user memories. 
The HP-32E-Advanced Scientific with 
Statistics. $80� Everything the HP-31E 
is-and more. More math and metric 
capabilities. 15 user memories. Hyper
bolics. Plus comprehensive statistics. 
Engineering, scientific and fixed display 
modes. Decimal degree conversions. 
The HP-33E-Programmable Scientific. 
$lOO� A scientific, math and statistical 
calculator with the added clout of pro
grammability. 49 program lines of fully
merged key codes. Editing keys, control 
keys and a full range of conditional keys. 
8 user memories. 

Displays photographed separately to simulate typical 
appearance. 

The Hewlett-Packard extras are 
standard. Series E is "human 
engineered" inside and out for 
increased usability: low battery 
warning light; rechargeable bat
teries; positive click keys; sturdy, 
impact-resistant cases. Pick up 
any Series E calculator and expe
rience the HP difference. 

HEWLE T T-PACKARD IS 
WI THOU T EQUAL. 

In logic sy stems. Series E calcu
lators use RPN logic exclusively. 
RPN - the system that displays 
all intermediate results for 
instant feedback in checking 
errors. RPN - the system that lets 
you solve lengthy problems with 
ease and consistency. You'll 
find it's the shortest possible 
distance between the question 
and the answer. 
In documentation. The complete 
modular documentation svstem 
for Series E includes: 

' 

FOR BUSINESS 
AND FINANCE. 

The HP-37E-Business Management. 
$75� Your best choice for a basic business 
and financial calculator. Has our new 
"cash flow sign convention" for intuitive 
problem solving. Handles PV, PMT and 
FV simultaneously. Calculates percents, 
discounts and mark-ups. Figures amorti
zation schedules. Statistics with trend
line forecasting. 5 financial and 7 user 
memories. 
The HP-38E-Advanced Financial with 
Programmability. $120� Our first finan
cial programmable calculator. Has all the 
power of the HP-37E plus a lot more. 
Routine or sophisticated problem solving 
at the touch of just one key-no previous 
programming experience necessary. IRR 
and NPV for up to 1980 cash flows in 
20 groups. 2000-year calendar. 5 financial 
and 20 user memories plus up to 99 
program lines. 

Introductory Booklets; Owners' 
Handbooks; Applications Books 
for mathematics, statistics, real 
estate, leasing, investments 
and more. These books give you 
fast, easy solutions to every
day problems. 
In quality. Hewlett-Packard 
quality, dependability and reli
ability are engineered into every 
Series E calculator. 

EXCELLENCE AT AN 
AFFORDABLE PRICE. 

For details, send the attached 
coupon. And for a closer look 
at the HP-31 E, HP-33E or HP-
38E, visit your nearest Hewlett
Packard dealer. (The HP-32E 
and HP-37E will be on his shelves 
in July.) For the address, CALL 
TOLL-FREE 800-648-4711-in 
Nevada, 800-992-5710. See for 
yourself that the price of excel
lence is now quite affordable. 

HEWLETT fhf PACKARD 

Dept. 236C. tOOO N. E. Circle Blvd .. Corvallis. OR 97330 
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HEWLET T -PACKARD 
Dept. 236C 
1000 N. E. Circle Blvd. 
Corvallis, OR 97330 

Please send details on new Series E 
o Business Calculators 
o Scientific Calculators 

: NAME __________________ ___ 

1 

: ADDRESS ________________ _ 

1 

: CITY ____________________ _ 

1 
1 STATE ZIP 1 
L _________________________ � 
·Suggested retail price excluding applicable state and 

local taxes-Continental U.S.A .. Alaska & Hawaii. 

616-62 
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Pourl1h oz. Seagram's Extra Dry Gin 
over cubes,fill with Schweppes Bitter Lemon,garnish 

with orange slice,and you're ready to serve an ace. 

Seagram's Extra Dry. The Perfect Martini Gin. Perfect all ways. 
For an authentic British Bobby's whistle with chain, send check for $2.50, name and address to Wimbledon Whistle Offer, P. O. Box 11558, Newington , CT 06111. 
Conn. residents add 7% tax. Offer good while supply lasts.Void where prohibited. Seagram Distillers Co., N. Y.c. 80 proof. Distilled dry gin. Distilled from grain. 
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42 ATTITUDES TOWARD RACIAL INTEGRATION, by D. Garth Taylor, Paul B. 

Sheatsley and Andrew M. Greeley Support of desegregation by whites continues to advance. 

50 THE EARLIEST PRECURSOR OF WRITING, by Denise Schmandt-Besserat 

Clay tokens used to keep accounts appear to have given rise to the ideographs of the Sumerians. 

60 EXOTIC LIGHT NUCLEI, by Joseph Cerny and Arthur M. Poskanzer 

Unstable nuclei of light elements created in a particle accelerator decay in interesting ways. 

90 COSMIC MASERS, by Dale F. Dickinson 

Sharply defined microwave emissions of certain nebulae and stars are generated by maser action. 

106 THE SHAPING OF TISSUES IN EMBRYOS, by Richard Gordon and Antone G. 

Jacobson Forces that sculpture the embryo are examined by means of computer experiments. 

114 COMPLEXITY THEORY, by Nicholas Pippenger 

It seeks to find the number of components needed in a computer or a telephone exchange. 

126 THE PRESERVATION OF STONE, by K. Lal Gauri 

The decay of building stone, particularly in cities, can be arrested by modern chemical methods. 
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Volume XIV, Number 8 May, 1978 Pickfair Bldg., Rancho Santa Fe, Calif. 92067 Area 714:756-2600 

Albert Szent Gyorgyi, M.D., Ph.D.: 

HOW NEW UNDERSTANDINGS ABOUT THE 

BIOLOGICAL FUNCTION OF ASCORBIC ACID 

MAY PROFOUNDLY AFFECT OUR LIVES 

One of the world's most honored scientists, winner of the 1937 Nobel Prize 
for Physiology and Medicine, outlines what has happened and why this is 
so vital to our good health and chance for a long life! 

PUBLISHER'S NOTE: It was August 7th, 1973 at 

Stanford University's Symposium on Ascorbic Acid 

(Vitamin C) that I first met Albert Szent-Gyorgyi, then 

the new member of our Editorial Board. I would like 

to give you part of the intriguing news story about him 

that appeared the next day: 

"Szent-Gyorgyi tried to extract enough to study from 

the adrenal glands of slaughtered cattle. He managed 

to collect barely 15 grams in a year of work in Minne

sota. 

"Then he went home to Hungary, and while he was 

visiting the University of Szeged, located in the center 

of Hungary's paprika-growing region, his wife doused 

a dinner dish with some of the local sweet peppers. 
"STANFORD, CALIF. CAP) Forty years ago a 

Hungarian physician named Albert Szent-Gyorgyi dis

covered that a mysterious chemical in certain fruits 

seemed to protect them against infection and discolora-
"Yesterday, at Stanford University, Szent-Gyorgyi 

recalled that momentous dinner. 
tion when they were bruised. 

. 

"He wondered if the chemical had anything to do 

with human disease, so he crystallized the substance 

to study it. 

"I didn't like the paprika," he related, "so I told 

my wife, I'll take it to the lab. 

"By midnight that night I knew I had found a 

treasure trove." 
"First he called it ignose (because he was so ig

norant about it), and then he called it God-knows 
(because neither he nor anyone else could really tell 

what it was good for). 

"Finally he had to settle for calling it ascorbic acid 

- which has since become more and more famous as 

Vitamin C. 

"The paprika peppers, he discovered, were a bounti

ful source of ascorbic acid, and within a month he had 

prepared more than three pounds of it to ship to 

scientific colleagues all over the world. 

SIR HANS KREBS, M.D., F.R.C.P. (England), 
Nobel Laureate in Physiology and Medicine. 
Emeritus Professor 0/ Biochemistry, Oxford Uni· 
versity. Metabolic Research Laboratory. NuOield 
Department of Clinical Medicine. Radcliffe in
firmary, Oxford. England. 

RICHARD L. BOHANNON, M.D., F.A.C.P., 
Lieutenant-General, United States Air Force (Ret,); 
Medical Director, The Ins/ilule lor Aerobics Re
search. Dallas, Texas. 

JAMES F. TOOLE, M.D., F.A.C.P., The Woller 
C. Teagle Professor 0/ Neurology, Bowman Gray 
School of Medicine, Wake Forest University, Win
slon-Salem, North Carolina. 

LEONARD HA YFLICK, Ph.D., Senior Research Cell 
Biologist. Children's Hospifal Medical Center. Bma 
Lyon Memorial Research Laboratory, Oakland. 
California. 

DEMETRIO SODl-PALLARES, M.D., Professm of 
Medicine. Chief of the Department 0/ Electro
Vectorcardiography. Ins/j/ute Nacional de Car
diologio, Mexico, D.F. 

"In 1937 Szent-Gyorgyi won the Nobel Prize for 

his discovery of Vitamin C. Now nearly 80, he is still 

EDITORIAL BOARD 
ALBERT SZENT·GYORGYI, M.D., Ph.D .. Nobel 

Laureate for Physiology and Medicine, Scientific 
DireclOr. The National Foundalion lor Cancer Re
search. Woods Hole, Massachusetls. 

JOHN K. LATTIMER, M.D., SeD .. FACS, Profes· 
sor and Chairman, Department of Urology, College 
of Physicians and Surgeons. Columbia University; 
Direclor, Squier Urological Clinic and Director. 
Urological Se;vice, Presbyterian Hospital, New 
York City. 

JOHN ST1RLlNG MEYER, M.D., Professor. Depart
ment of Neurology, Baylor College of Medicine; 
Director, Baylor-Methodist Center for Cerebro
vascular Disease, Texas Medical Center, Houston, 
Texas. 

SOLON PALMER, Jr., M .D., Scripps Clinic and 
Research Foundation, La lalla, California. 

HANS SELYE, C.C., M.D., Ph.D., D.Se., F.R.S. 
(C), President, International Institute of Stress, 
University of Montreal, Montreal, Quebec, Canada, 

LINUS PAULING, Ph.D., Nobel Laureate in Chem
istry and in Peace; Emeritus Professor 0/ Chemis
try, Stanford Unjl'ersily, Stanford, California. Re
search Professor. Linus Pauling Institute of Science 
and Medicine, Menlo Park, California. 

MARK D. ALTSCHULE, M.D., Visiting Professor 
of Medicine, Harvard Medical School; Lecturer 
in Medicine, Yale University; StaO Consultanl, 
Boston City Hospital; Attending Physician. Bas
Ion Veterans Administration Hospital, Boston, 
Massachusetts. 

ALTON OCHSNER, M.D., Senior Consullant in 
Surgery, Ochsner Clinic and Ochsner Foundation 
Hospital and Emeritus Professor of Surgery, Tu
lane University School of Medicine. New Orleans. 
Louisiana. 

ROGER J. WILLIAMS, Ph.D., D.Se., Professor of 
Chemistry, Co-founder and Consultant, Clayton 
Foundation Biochemical Institute, The University 
01 Texas; Past President, The American Chemical 
Society, Auslin. Texas. 
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"HOW LONG WILL I LIVE?" 
Discover what research scientists now know about how to take 

the best care you can of the only body you will ever have! 

The errors of our younger years are 
drafts upon our older years, payable 
(with interest) some 30 years from 
date. 

The so-called "diseases of old age" 
are essentially the diseases of 50 to 
70 . . . "the dangerous years!" 

Research scientists find that people 
who survive these "dangerous years " 
successfully (without acquiring some 
"chronic" disease such as cancer or 
heart trouble) are likely to live on for 
another healthy quarter of a century. 
They seem to have developed what 
might almost be called an immunity 

to these killers. Why? To find out, 
some careful studies have now been 
made of these extraordinarily long
lived individuals. 

May we suggest that you get the 
benefit of these new research studies 
for yourself? Do as so many thousands 
of executives do. Subscribe to Execu
tive Health Report. The members of 
our Editorial Board are among the 
world's most distinguished authorities 
on preventive medicine. Their wise 
advice can help you not only live 
longer but enjoy those extra years! 
(Note their high qualifications as 
shown on opposite page.) 

Executive Health Report is not sold 

on newsstands but only by private sub· 

scription at $18 a year in the U.S.A. 

and its possessions. $20 a year in 

Canada and Mexico. Individual reo 

ports (back issues) $1.50 per copy. 

All other countries $26 by surface 

mail, $30 by air mail. (Only Inter· 

national Money Order or check cash· 

able on U.S. bank will be acceptable.) 

Subscribe now under this unusual 

introductory offer: 

(1) Your choice of any three of 

the reports listed below ($1.50 each) 

FREE! 

(2) If you are not completely sat

isfied with your first issue, your money 
will be promptly refunded. 

Never forget. "Men's lives are chains 

of chances," but as Euripides saw 
clearly so long ago. "Chance fights 
ever on the side of the prudent." Your 
only insurance against "tomorrow" is 
what you do today. You have but one 
life ... doesn't it make sense to find 
out how to take the best care of it 
you can? 

Please study the reports listed here 
and circle your three choices: 

Albert Szent Gyorgyi, M.D., Ph.D.: 

How New Understandings About The 

Biological Function of Ascorbic Acid 

May Profoundly Affect Our Lives. 

James F. Toole, M.D.: On Strokes and 

"Little Strokes" . . . their causes and 
what you should know about them to 
help protect yourself! 
Sir Hans Krebs, M.D.: On the Overuse 

and Misuse of Medication. 

Alton Ochsner, M.D.: "On the Role 

of Vitamins C and E in Medicine." A 
world-famous surgeon tells you how 
he uses these two essential vitamins. 
John K. Lattimer, M.D., Sc.D.: On 

That Treacherous Gland . . .  Your 

Prostate. 

John Yudkin, M.D.: On "This Slim

ing Business" . . . The truth about 
the prevention and cure of overweight! 
Linus Pauling, Ph.D.: What About 

Vitamin E? Eminent investigators now 
suspect it may be one of the key fac
tors to help resist disease and slow 
the aging process. 
Linus Pauling, Ph.D.: On Vitamin C 

and Cancer. Recent studies show that 
vitamin C has a large life-extending 
effect for patients with advanced can· 
cer and suggest a similar large effect 
for earlier stages of the disease. 
Mark D. Altschule, M.D.: Is It True 

What They Say About Cholesterol? 

Mark D. Altschule, M.D.: What Causes 

Your Arteries to Harden? 

Alton Ochsner, M.D.: On "The Chair 

Disease" . . . Why blood clots in 
your veins are a little-realized occu
pational hazard of desk-bound execu
tives. 
Samuel Ayres, Jr., M.D.: On The 

Serendipitous Discovery That Vita

min E Prevents Night Leg Cramps. 

Roger J. Williams, Ph.D., D.Sc.: On 

Cataracts - and the possibility now 
of avoiding them by intelligent nutri
tion. 

"The Non-Dieting Diet" • . .  Walking 
is magic to keep or win back a strong, 
lean body. 
Hans Selye, M.D.: On Stress With

out Distress. Your mind can make 
or break you! 
The B Vitamins . • • •  Part II. On Vita
min B. (Pyridoxine) "The Sleeping 
Giant of Nutrition." 
Stephen R. Elek, M.D.: On "The 

Hurry-Up Disease." Why it may be 
a key factor that triggers heart attacks 
as early as age 40. 
Linus Pauling, Ph.D.: For the Best of 

Health, How Much Vitamin C Do 

You Need? People who take the 
optimum amount of vitamin C may 
well have, at each age, only one quar
ter as much illness and chance of 
dying as those who do not take extra 
vitamin C. 
George C. Griffith, M.D.: On Those 

Irregular Heart Beats (Arrhythmias). 

Some mean little or nothing, but others 
warn your heart is in trouble. 
Miles H. Robinson, M.D.: On Sugar 

and White Flour • • . The Dangerous 

Twins. How, with the best of inten
tions, we have managed to process 
natural foods into appetite-tempting, 
disease-breeding trouble-makers ... 
Roger J. Williams, Ph.D., D.Sc.: On 

Your Startling Biochemical Individual

ity. Some amazing facts about your 
body you need to know if you want 
to understand yourself (and other 
people) better. 
Alexander Leaf, M.D.: On The Phys

ical Fitness of Men Who Live To A 
Great Age. 

Linus Pauling, Ph.D.: On Vitamin C 

and Heart Disease. Can vitamin C pro
tect you, and how much should you 
take? 
Please use the coupon below under 

our special money.back guarantee. 

EXECUTIVE HEALTH, Pickfair Bldg., Rancho Santa Fe, CA 92067 
Gentlemen: Enclosed is my check for $ ................... . . . . .  for a year's subscription 
to Executive Health to start with this month's issue. I have circled the three 
$1.50 reports I am to receive free. It is understood that if I am not com
pletely satisfied with my first issue, my money will be promptly refunded. 
In addition, I would appreciate your sending me a complete list of your 87 other 
reports because among them may be some from which I might greatly benefit 
and would otherwise miss. 

NAME (please print) ____________________ _ 

ADDRESS ___________________ ___ ___ 

STATEjCOUNTRY ____________ ZIP _____ SA-I1 
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This year, almost three million 
Americans will go out looking for 
hi�h fidelity ana come home with 
nitty little compact stereos. 

Another four hundred 
thousand will put their hard earned 
money into massive truitwood 
consoles. 

And still others will spend 
almost $240 million on cheap 
"private label" components. 

A lot of the money these 
people spend will be wasted. 
Mainly because they won't be 
getting the high fidelity they think 
they're paying tor. They'll be getting 
electronics that are often no better 
than what's in your kitchen radio. 

And the pity is that tor about 
the same money, they could have 
had the real thing. 

What � high fidelity? 
The minute you hear high 

fidelity, you'll know what it's all 
about. 

Real hioh fidelity is an 
experience. ft's hearing, and feeling 
music the way you've probably 
never heard or felt it before. The 
way you can usually only 
experience it at a live performance. 

The only high fidelity 
eqUipment made today that can 
give you these experiences are 
separate brand name components. 

.---ons 

JUSt go to any 
reputable high fidelity 
dealer. A dealer who not 
only carries brands like 
Pioneer, but who also 
features a separate 
soundroom for you 
to sit back and 
really listen to the 
equiRment. 

Tell the 
salesman how 
much you want 
to spend, how 
big your room 
is, and what 
kind of music 
you usually 
listen to. 

If he starts 
talking about 
ohms or microfarads, 

• 

him to be quiet. You're not 
interested in hearing about ohms or 
microfarads. You're interested in 
hearing music. 

Compare the sound of 
Pioneer's hi fi components to 

music. 
And isn't 

that why you 
want to buy 

high fidelity 
equipment in the 

first place? Because 
you care about music? 

H.gh F1dehly Components 

{l,OPIONEEJr 
We bring it back alive. 

C1978. U S Pioneer Electromcs Corp. 85 O\rord Dri've. Moonachie. N J 07074 
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THE COVER 

The photograph on the cover shows deteriorating marble on the exterior of the 
church of Santa Maria dei Miracoli (Saint Mary of the Miracles) in Venice (see 
"The Preservation of Stone," by K. Lal Gauri, page 126). Eight flat pieces of 
marble serving as exterior facing come together at an intersection that is cov
ered by a decorative rectangular stone of porphyry. The lower pieces of marble 
in particular show the effects of reactions with atmospheric gases that are dis
solved in water, both rainwater and the periodic Venetian floodwater to which 
the church is subjected. Marble consists mainly of the mineral calcite, which is 
highly vulnerable to the action of carbon dioxide in solution. The calcite re
acts with the solution by forming products that go into solution themselves, so 
that the marble is leached. Sulfur dioxide, another compound in the air, trans
forms calcite into gypsum, which is soluble and therefore tends to be washed 
away by rain, thus eroding the stone and exposing fresh surfaces to weathering. 

THE ILLUSTRATIONS 

Cover photograph by David Lees 

Page Source Page Source 

18-20 New York Public Library 107 Lorelle M. Raboni 

23 Escher Foundation, (left); Richard Gordon, 

Haags Gemeentemuseum, University of Manitoba 

The Hague (right) 

32 Indian Fishing: 108 Lorelle M. Raboni 

Early Methods on 109 Antone G. Jacobson, 

the Northwest Coast. University of Texas 

@ 1977, University of at Austin 

Washington Press 110 Lorelle M. Raboni 

42-49 Albert Miller 111 Antone G. Jacobson, 

51 Musee du Louvre University of Texas 

52 Ernest R. Lacheman 
at Austin (top and 

(top); Peabody Museum 
second from bottom); 
Lorelle M. Raboni 

of Archaeology and (second from top and 
Ethnology, Harvard bottom) 
University (bottom) 112 Lorelle M. Raboni 

53 Musee du Louvre (top); Richard Gordon, 
54-57 Alan D. Iselin University of Manitoba 

58 Thomas C. Barger (bottom) 

and Norah Barger 113 Lorelle M. Raboni 

59 Pergamon Museum, Berlin 115-124 Jerome Kuhl 

61-62 Gabor Kiss 
127 Black Star 
128-131 K. Lal Gauri, 

63 Jef Poskanzer University of Louisville 
64-67 Gabor Kiss 134 Photo Researchers, Inc. 

68 Gabor Kiss (top and 135 I1i1 Arbel 

bottom right), Yu. 136 Ben Rose 

Batusov (bottom left) 139-140 Jack Colvard Jones, 

69-72 Gabor Kiss University of Maryland 

78-86 Jerome Kuhl 
143-144 Tom Prentiss 

91 Kitt Peak National 
146 Jack Colvard Jones, 

University of Maryland 
Observatory 148 Tom Prentiss 

92-105 Allen Beechel 151-152 Ben Rose 
106 Lorelle M. Raboni 154-158 Michael Goodman 

SCIENTIFIC 
AMERICAN 

Offprints 
Each article in each issue of 

SCIENTIFIC AMERICAN is 

available in a separate Offprint 

starting January, 1977 

Offprints will be ready for delivery by 
the end of the month following the 
month of issue. In addition, over 1,000 
selected articles from earlier issues 

are available in Offprints and are listed 

in catalogue (see form below). 

Individual and Corporate Orders 

Offprints may be ordered in any quan
tity and combination. Price: $.40 
each; $5.00 minimum; payment with 

order. Coupon below suggests form 

of order. 

School and College Orders 

Offprints adopted for classroom use 
may be ordered direct or through 
campus bookstore. Price: $.40 each. 
Student sets of 10 or more Offprints 
are collated by publisher and deliv
ered as sets to bookstore. Offprint 
Readers, pre-selected course-oriented 
sets of Offprints, are accompanied by 

selector's commentary relating the ar
ticles to one another and to formal 
course work. Write for catalogue. 

w. H. Freeman and Company 
660 Market Street, San Francisco, Cal94l04 

Please send me Offprints: 

Title of Article Quantity 

Total 

Multiply by $ .40 

Payment Enclosed $=-_---'_ 
Minimum order $5.00, payment with order 
California residents add sales tax 

o Please send free Offprint catalogue 

Name 

Address 

City and State Zip 
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Carry TEN TIMES 
a Wheelbarrow Load 
with INCREDIBLE EASE! 
These BIG, strong carts are perfectly balanced 
on two huge wheels - roll easily over lawns 
and gardens - carry up to 400 Ibs. of load 
- huge volume capacity means you make 
fewer trips - you'll save time and steps. 
If you are still struggling with a wheelbarrow 
or inadequate cart (with tiny wheels) send for 
FREE Cart Catalog. Build·it·yourself kits, too. 

GARDEN WAY RESEARCH 
Charlotte, 
Vermont 
05445 

I GARDEN WAY RESEARCH 
Dept. 84406 
Charlotte, Vermont 05445 

Please send FREE CART CATALOG. 

I 
I 
I 
I Name . .. . . .... ........ .. . .. . .. 

I Address 
I City . . ................ ............ .... ..... . ... ....... . -" ........... I 
I State ...................................... Zip .. ............ ...... I 
,-----------_/ 

How to slim down. 
Rent a home. Retire. 
Choose a new carpet. 
Can food. Bac�ack. 
Buy tires. Find a job. 
Repair a leaky faucet. 
Read labels. Invest. 

8 

Questions? Let the 
Consumer Information 
Catalog help you find the 

Free. 

an5Wers, It lists 
over 200 helpful 
federal publica
tions with 
an5Wers to a 
whole lot of 
questions about 
your home, 

health, finances, and much 
more. For your free copy, 
write: Consumer Informa
tion Center, Department C, 
Pueblo, Colorado 81009. 
.�-... General Services Administration 
..... Consumer Information Center 

LETTERS 
Sirs: 

The article "Deinstitutionalization 
and Mental Health Services," by Ellen 
L. Bassuk and Samuel Gerson [SCIEN
TIFIC AMERICAN, February], has been 
carefully studied and discussed by the 
membership of the National Council 
of Community Mental Health Centers 
(NCCMHC). 

The authors obviously researched 
their article extensively, and it general
ly reflects a good understanding of the 
multiple factors involved in providing 
community-based care to a large num
ber of recently de institutionalized indi
viduals throughout the country. 

We do, however, strongly disagree 
with the authors' conclusion that the 
failure to deal adequately with this seg
ment of our population is a failure of the 
community mental health center system 
alone. 

The guilt for this "failure" to deal ef
fectively with a special segment of the 
population is a corporate guilt, shared by 
many institutions and agencies within 
our society. It is naIve and shortsighted 
to imply that a very new, still growing 
and relatively small system of care, the 
community mental health center sys
tem, can singlehandedly correct 200 
years of community neglect toward 

Scientific American, June, 1978; Vol. 238, No. 6. 
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America's chronically mentally ill pa-
tients. 

. 

We do not argue with most of the arti
cle's information; it makes a concise and 
strong argument for improved coordi
nation and funding of programs for de in
stitutionalized persons. In various pla
ces throughout the article the authors 
list the following institutions, agencies 
and events as having impact on the prob
lem of deinstitutionalization: state leg
islatures, Federal legislation, insuffi
cient funding, ineffective therapy, hous
ing, vocational rehabilitation, sheltered 
workshops, transportation and recrea
tion. Yet the basic conclusion remains 
that community mental health centers 
are responsible for the entire deinstitu
tionalization process. 

Our concern, and our disappoint
ment, with the article lies in this bi
ased and simplistic conclusion-that the 
community mental health system is a 
failure because it has not been success
ful in coping with the multiple factors 
involved in deinstitutionalization. 

The community mental health center 
system is a success in areas that serve 
approximately 44 percent of the na
tion's population. Surely Scientific Amer
ican and the article's authors can be 
objective enough to realize that com
munity mental health centers are mak
ing a viable and valuable contribution 
to America's health-care system. 

Please do not judge a single system, 
community mental health centers, with 
the success, or lack of success, of the 
many agencies and institutions working 
together trying to bring about a viable 
program of de institutionalization. Ev
eryone shares in the responsibility of 
what has happened to the chronically 
mentally ill. and only by the collective 
efforts of everyone will the necessary 
changes occur. 

JOHN C. WOLFE, PH.D. 

Executive Director 
The National Council of Community 

Mental Health Centers, Inc. 
Washington 

Sirs: 
Dr. Wolfe's concerned response to 

our article reminds us that the provision 
of optimal care and treatment of chroni
cally ill mental patients represents a 
challenge to the entire network of pub
lic-health services. His argument that 
"it is naIve and shortsighted to imply 
that ... the community mental health 
center system can singlehandedly cor
rect 200 years of community neglect" 
corresponds quite closely to our own 
view. Such an expectation was, howev
er, an integral component of the "blind 
faith" that pervaded the initial stages 
of the community mental health move-
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Take a look at the down-sized Grand Prix, Monte Carlo and Cutlass. Then take a look at this 
new size Chrysler LeBaron coupe. If the others seem less than you expected this year, LeBaron 
presents more than you expected. 

You won't find power steering or power front disc brakes standard on Monte Carlo. (You 
won't find full-size, 15-inch radial tires and wheels, either.) . 

You won't find a lot of instrument panel gauges standard on Grand Prix. (And Grand Prix's 
standard transmission is a basic 3-speed manual. Ours has an overdrive.) 

You won't find genuine leather seating available on even the most expensive Cutlass. (Surprised?) 25/t7** Where you'll find all this and much more (along with two more surprises: the 
mileage shown here, and the price down below) is on the new size 

rtJX �W Chrysler LeBaron. 0 
There is no other car quite like LeBaron. Don't settle for anything less. CHRYSLER -Manufacturers Suggested Retail Price, excluding taxes and destination charges. Whitewall tires $48, wire wheel covers $103 extra. 1------\ 

--EPA estimates for 6-cylinder engine with manual overdrive transmission. Your actual mileage may differ, depending 
on your driving habits, the condition of your car and its optional equipment. Mileage lower, optional automatic 
transmission mandatory in California. 
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DON'T SETTLE FOR AN Y THING LESS. 
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ment. It was an expectation that was 
unrealistically propagated and resulted 
in a generally rapid and uncoordinated 
massive exodus of chronic mental pa
tients from state institutions into com
munities ill-prepared to meet their 
needs. 

In articulating the view that the com
munity mental health centers as a whole 
have not been, and are yet to be, capable 
of dealing effectively with the needs of 
chronically disabled patients the article 
did not conclude that this represented 
a failure of the community mental
health-care system alone. Rather we 
argued that the ideological rationale 
behind de institutionalization generally 
has not been translated into an adequate 
number of researched, funded and 
staffed treatment programs because of 
constraints on the necessary resources. 
Furthermore, we pointed out that ser
vices for deinstitutionalized patients rep
resent only one aspect of the community 
mental health movement and that these 
centers have greatly contributed to the 
increased number of available services 
for many formerly neglected popula
tions. We concluded that it has been a 
failure in the process of implementation 
of the goals of the community mental 
health movement, particularly the de
velopment of an adequate number and 
range of comprehensive community al
ternatives, and not of the goals them
selves. 

We agree wholeheartedly with Dr. 
Wolfe's assertion that the responsibility 
for alleviating the plight of the chronic 
mental patient is a "corporate" one that 
demands the collective efforts of all. 
The multiple and unique needs of 
chronic patients of all ages for medical 
and psychiatric care, adequate living ar
rangements, rehabilitation and employ
ment require a coordinated approach 
free from the ideological constraints 
that have marked the past 20 years. 

ELLEN L. BASSUK, M.D. 

Harvard Medical School 
Boston 

Cambridge Hospital 
Cambridge, Mass. 

Sirs: 

SAMUEL GERSON 

The two articles on polarized light by 
Jearl Walker ["The Amateur Scientist," 
SCIENTIFIC AMERICAN, December, 1977, 
and January] prompt me to describe 
some striking phenomena, which al
though discovered long ago seem to be 
generally forgotten. They concern the 
circular polarization of the light reflect
ed from the surface of certain beetles. 
Like many other beetles, flies and other 

insects, the rose chafer or goldsmith 
beetle, Cetonia aurata, a common Euro
pean species, is of a green metallic color, 
which is generally assumed to be due to 
reflection and interference by the struc
tures of the beetle's cuticle. If one looks 
at such beetles-alive or dead-through 
a polarizing filter, some faint specular 
reflections are dimmed in certain filter 
orientations, and the entire picture ap
pears to be slightly darkened, but the 
green metallic sheen is not otherwise af
fected, whatever the filter orientation. 

If one then puts a quarter-wave plate 
between the beetle and the polarized fil
ter, so as, according to the screw-shape 
convention, to produce a left-circular 
polarizer, the green sheen will complete
ly disappear and the beetle will appear a 
dull black. Joint rotation of the filter and 
the plate does not affect this appearance. 

The circular nature of the polariza
tion by the beetle's cuticle can be most 
convincingly demonstrated by the use of 
a mirror. If one looks simultaneously at 
the beetle and its reflection in the mir
ror, the beetle will be black and the mir
ror image will be green. If one rotates 
the quarter-wave plate by 90 degrees in 
its own plane, thus producing a right-cir
cular polarizer, the beetle will appear 
green and the mirror image will appear 
black. By mounting two quarter-wave 
plates rotated by 90 degrees against 
each other onto a polarizing screen both 
effects can be observed in quick succes
sion. 

As far as I know light reflected from 
the surface of natural objects is only 
rarely circularly polarized. One may ask 
whether this property of the cuticle has 
some selective value for the beetles and 
whether they can themselves perceive 
the polarization, their cornea perhaps 
serving as a quarter-wave plate. (The 
ability of arthropods' eyes to "analyze" 
plane-polarized light was established 
some time ago by Karl von Frisch). An
other problem is to find out the exact 
arrangement and dimensions of the cu
ticular structures, which produce the 
circular polarization. 

To avoid disappointment it should be 
stated that the cuticles of most green 
metallic beetles and other insects do 
not exhibit circular polarization. In Eu
rope the property seems confined to the 
green species of Cetonia. The green and 
orange surface of a beetle from New 
Guinea, lschiopha jamesi var. ignipen
nis, also can be "blackened" by view
ing it through a quarter-wave plate. It 
would be interesting to find out whether 
the nearest American relatives of Ceto
nia, of the genus Cotinis, are affected. 

H.KALMUS 

Galton Laboratory 
University College London 
London 
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Available for immediate delivery from Contemporary Marketing 
The Original, IIlndustry Awakening Advance in Personal Computers" 

PERSONAL COMPUTER 

Just Released 
HIGH SPEED PRINTER 

ACCESSORY 

Featuring an 
IEEE-488 BUS 

The Commodore PET -- Its technology is so advanced; its concept. so 
remarkable; its ease of operation. so utterly simple. and its cost so incredibly low. that over
night it has given rise to a brand new era -- The Age of the Personal Computer. 

THE PET has become the standard for the 
emerging personal computer industry. 
Computer magazines, trade journals, con
sumer and business publications have 
lauded its discovery. POPULAR SCIENCE 
put THE PET on its October, 1977 cover, in 
full color, and devoted a feature news story 
to the coming revolution in personal and 
office computing. PLAYBOY, February, 
1978, gave full color coverage to the "mind
boggling" PET. 

IN A LEAGUE WITH IBM, HP 
AND WANG MINICOMPUTERS 
THE PET should not be confused with game 
products that hook up to household T .V.'s. It 
is a minicomputer. What sets THE PET light 
years apart from other computers is its 
price. While the others cost from $11,000 to 
$20,000 and more, THE PET, with similar 
capabilities and power, costs only $795.00. 
One extremely important capability shared 
with HP's minicomputer, and full size com
puters, is its IEEE-488 Bus. This standard 
data/control channel means your PET can 
be directly connected to a variety of 
peripherals and laboratory measuring 
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equipment. Over 120 pieces of compatible 
equipment such as counters, timers, spec
trum analyzers, digital voltmeters and 
printer plotters from manufacturers such 
as HP, Phillips, Fluke, and Textronix are 
currently available. 
ROM Magazine, January 1978, writes, 
"THE PET comes out of the box, plugs 
into the wall, and is ready to use." It is 
equipped with a CRT video display with 
reverse and blink features, an alpha
numeric keyboard with complete graphics 
and a built-In standard cassette tape deck. 
THE PET is an exceptionally powerful think 
tank with 8K bytes of RAM (User Memory). 
Optional equipment, permits expansion to 
32K. The system contains 14K bytes of 
ROM (Program Memory). 
THE PET COMMUNICATES IN THE 
EASIEST COMPUTER LANGUAGE 
Computers talk in many languages. The 
easiest is BASIC or English-like words. If 
THE PET wants you to press a key, it will 
flash, "Press such and such", right on the 
display. IYOU speak back to THE PET 
through its full size 73-key keyboard. 

EXTENSIVE CHARACTER 
ORIENTED GRAPHICS 
The unit features a 9-inch, high resolution, 
1000 character CRT. Characters are ar
ranged 40 columns by 25 lines on an 8 x 8 
matrix for superb graphics. 
WHAT IS THE PET REALLY FOR? 
It is the single most important teaching 
device for any computer related subject. It 
can help a youngster learn number facts, or 
help a med student do tissue analyses. It 
will entertain the most sophisticated data 
application, or the simplest inquiry
response assignment. 
IN THE LAB it handles instrumentation, 
process monitoring, computer aided in
structions, and more. A number of Fortune 
500 companies have already made PETS an 
integral part of their lab and general 
office system. 
As a BUSINESS TOOL it will; Maintain 
ledgers. Illustrate cash flow charts. Keep 
payroll records. Create P & L's. Control in
ventory. Store and analyze sales data. Draw 
bar graphs. Issue invoices. Do statistical 
work. Hook up to on-line computer system. 
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THE PET is the only totally integrated, 
self-contained, personal computing system. 
It measures a compact 16Y2" wide; 18Y2" deep; 
14" high, and weighs just 44 pounds. 

Bar Graphs Amortization Chart Blackjack Teaching Trigonometry 

As an AT-HOME TOOL it will; Compute 
state and federal tax returns_ Make heat 
and inSUlation analyses. Keep Christmas 
lists. Keep checkbook and finances up to 
date. Programs are even being developed 
to store recipes and to compute larger or 
smaller portion requirements. 
WHO IS THE PET FOR? 
Engineers, scientists, doctors, educators, 
students of computer science, attorneys, 
stock brokers, realtors, insurance people, 
list brokers, home economists, churches, 
grocery store owners, automobile dealers, 
sales people, organizations. 
JUST FOR FUN 
There is hardly a game, from Blackjack to 
Master Chess, that cannot be programmed 
into the unit. A variety of game programs is 
currently available. 
ANNOUNCING THE PET PRINTER 
This powerful word processing accessory 
lets you print hardcopies, invoices, and com
puter correspondence. Faster than an IBM 
Selectric, THE PET Printer delivers 60 
characters per second at a sustained rate -
or 3,600 characters every minute .. with 
upper and lower case capability. Characters 
are 1/8" tall and printed in a 7 x 8 dot 
matrix. The printer uses a standard 8'12" 
wide paper roll. And, most unbelievable .. it 
is only $599.95. 
PERIPHERAL SECOND CASSETIE 
This optional component expands storage 
and increases flexibility. Only $99_95. 

MILES OF SOFTWARE 
Listed below is a sampling of currently, 
available PET programs. " BASIC BASIC' 
shows you how to write a program for the 
unit. You can actually develop your own 
programs to meet personal requirements. 

GAME PROGRAMS ARE $9.95 EACH: 
o Black Jack 0 Draw Poker 0 Galaxy Games 
o Space Flight 0 Target Bong. Off·The-Wall 
o Lunar Lander. Wumpus. Rotate, Tic-Tac-Toe 
o Osero, Reverse 0 Spacetrek 0 Kingdom 

PROGRAMS AT $14.95 EACH: 
o Mortgage Analysis 0 Diet Planner and Biorhythm 
o Basic Basic-by Lodewyck and James 
PROGRAMS AT $24.95 EACH: 
o Basic Investment Analysis-loans, annuities, return on 
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Analysis-keeps track of buys, sells. and dividends. 
Calculates current value. rates of return DCheckbook 
Recordkeeping and Analysis-keeps track of checks and 
depoSits. Analyzes expenses by date and Iype 
PROGRAMS AT $29.95 EACH: 
o Basic Math Package-matrix addition, multiplication, 
determinants and inverses to 16 x 16, solution of 
simultaneous linear equations, vector and plane �eometry 
calculations. integration by trapezoidal, Simpson s rule or 
Gaussian quadrature, differentiation 
o Basic Statistics Package-mean, median, variance, 
standard deviation, skewness, kurtosis, frequency distri
bution, linear regression, Totests, correlation analyses 

FREE ORIENTATION PACKAGE 
Your PET comes complete with two pro
grams and an easy-to-follow instruction 
manual. By working through the routines 
you will quickly discover how easy it is to 
gain command of your personal computer. 

SERVICE WORLDWIDE 
THE PET is made in the United States by 
Commodore International, a worldwide, 
vertically-integrated manufacturer of elec
tronic products for home and industry. 
Because your PET is self-contained and 
compact, professional factory service is 
never far away. If ever major service is re
quired, the unit can simply be returned by 
UPS to an authorized factory PET clinic. 

You can order your PET by sending a check 
or money order for $795.00 plus $20.00 for 
shipping and insurance. To order the PET 
Printer, add $599.95 plus $12.00 for 
shipping and insurance. The Second 
Cassette is $99.95. No shipping and in
surance charges are required when order
ing a second cassette or programs with your 
PET. Credit card orders are invited to call 
our toll free number below_ Orders will be 
accepted on our TELEX, No. 25-5268_ 

TECHNICAL SPECIFICATIONS 

CONTEMPORARY MARKETING 

Contemporary Marketing is a major source 
for advanced electronic products. Our com
mittment to this exciting industry is the 
reason why Contemporary was selected to 
bring THE PET to you. In comparison with 
other full-fledged computers, it is an in
credible value. Nevertheless, we recognize 
that it is a substantial investment for any 
company or individual. Please be assured 
that we are pledged to protect your invest
ment. As a Contemporary PET owner, we 
will see to it that you are kept abreast of all 
new peripherals and software, as they are 
developed. We want you to use THE PET 
with complete confidence. If, for any 
reason, you are not satisfied with your PET, 
simply return it within 30 days for a prompt 
and courteous refund. 

MEMORY 
Random Access Memory (user memory); 8K internal, 

expandable to 32K bytes 
Read Only Memory (operating system resident in the 

computer); 14K bytes 
8K-BASIC interpreter program 
4K-Operating system 
1K-Diagnostlc routine 
1K-Machine language monitor 

VIDEO DISPLAY UNIT 
9" enclosed, black & white, high resolution CRT 
1000 character display, arranged 40 columns by 25 lines 
a x a dot matrix for characters and continuous graphics 
Automatic scrolling from bottom of screen 
Winking cursor with full motion control 
Reverse field on all characters (white on black 

black on white) 
64 standard ASCII characters; 64 graphic characters 
KEYBOARD 
9'1,' wide x 3" deep; 73 keys 
All 64 ASCII characters available without shift_ 

Calculator style numeric key pad 
All 64 graphic and reverse field characters accessible 

from keyboard (with shift) 
Screen Control: Crear and erase 
Editing: Character insertion and deletion 
CASSETTE STORAGE 
Fast Commodore deSigned redundant-recording scheme, 

assuring reliable data recovery 

Cassette drive modified by Commodore for much higher 
reliability of recording and record retention 

High noise immunity, error detection, and correction 
Uses standard audio cassette tapes 
Tape files, named 
OPERATING SYSTEM 
Supports multiple languages (BASIC reSident) 
Machine language accessibility 
File management in operating system 
Cursor control, reverse field, and graphics under 

simple BASIC control 
Cassette liIe management from BASIC 
True random number generation or pseudo 

random sequence 
INPUTIOUTPUT 
All other· 110 supported through IEEE-488 instrument 

interface for peripherals 
110 automatically managed b� operating system software 
Single character 110 with GET command 

��S::b�r� il����� 'fo�amrc expansion . 
with peripherals 

BASIC INTERPRETER 
8K BASIC; 20% faster than most other 8K BASICS 
Upward expansion from BASIC language 
Strings, integers, multiple dimension arrays 

5?r;�n��������s�"��\P,:'��t 
POKE comm,mds 

THE PET is perhaps the most exciting 
discovery in many years, and demand is 
enthusiastic. If our lines are busy, please 
call again. 

ORDER DIRECT 

CREDIT CARD ORDERS CALL TOLL FREE 

800-323-2272 
ILLINOIS RESIDENTS CALL: 312-595-0461 

TELEX ORDERS: 25-5268 

Order your PET, Printer Accessory, 
Second Cassette and Programs from 

= Contemporary Marketing at: � 
790 MAPLE LANE DEPT. SC6 

BENSENVILLE, illiNOIS 60106 
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50 AND 100 
YEARS AGO 

JUNE. 1928: "Between the hours of 
12 and one o'clock the morning of 
March 13th the st. Francis Dam of the 
Los Angeles aqueduct system gave way. 
releasing 12.000.000.000 gallons of wa
ter that swept a wide path of death 
and destruction from the mountains to 
the Pacific Ocean. In some places there 
must have been an 80-foot wall of roll
ing water. The roaring of the flood. re
verberating back and forth against the 
sides of the canyon. was the first warn
ing to residents. It was a sound like thun
der. survivors said. The St. Francis Dam 
was completed two years ago by the Los 
Angeles Bureau of Water and Power. 
The dimensions of the dam were as fol
lows: height above the foundation. 205 
feet; height above the stream bed. 175 
feet; crest length. 668 feet; thickness at 
the base. 175 feet; thickness at the top. 
16 feet with a traversing roadway. and 
radius of slope curve. 492 feet. The dam 
was constructed on the San Francisquito 
fault. a geological feature known for a 
number of years and the subject of pub
lication. Harry R. Johnson. consulting 
geologist of Los Angeles. said he be
lieved the dam to have been a 'compe
tent structure: but the fact that it went 
out was a lesson pointing to the advis
ability of consulting geologists regard
ing the selection of dam sites rather than 
leaving such selection to engineers." 

"Winging their way westward 
through storm and fog the three aviators 
Koehl. von Huenefeld and Fitzmaurice. 
aboard the Junkers airplane Bremen, 
have made the first successful heav
ier-than-air east-to-west trans-Atlantic 
flight in history. To traverse the ocean in 
the eastward direction is a remarkable 
feat. but the crossing from Europe west
ward is fraught with far greater risk. as 
this German-Irish crew of the Bremen 
knew full well when they attempted it. 
In the Temperate Zone the weather 
moves from west to east. rarely from 
east to west. Steamers make a slower 
passage when heading westward. and 
airplanes must negotiate about 600 add
ed air miles in the westward crossing of 
the Atlantic." 

"Captain Geoffrey de Havilland. the 
famous British designer. recently gave a 
wonderful demonstration of the fool
proof qualities it is possible to obtain in 
the modern airplane. When the wing of 
an airplane meets the air at a big angle. 
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the ordinary ailerons become almost in
operative. But if ahead of the ailerons. 
at the leading edge of the wing. there is 
placed the famous Handley Page slot. 
the ailerons are entirely satisfactory 
even in the 'stalling' attitude of the craft. 
De Havilland. flying his Moth light 
plane. with this automatic slot installed. 
found that even the most violent back
ward movement of the stick (intended to 
stall the plane) would not give rise to a 
spin. The most striking test was that of a 
stalled glide from a height of 200 feet. 
The machine was made to glide down. 
steeply but slowly. with the nose of the 
craft well above the horizon. Such a de
scent is particularly useful when negoti
ating a small emergency field." 

JUNE. 1878: "There are bodies in the 
sky which did not attract much attention 
iIi former days. mainly because tele
scopes were not so large. but which are 
now catalogued by thousands. These are 
the nebulae. The name denotes their 
cloudy appearance. They are small bod
ies among the stars. sometimes appear
ing to have stars in them. or to be con
nected with stars. and sometimes not. 
They have the strangest and most capri
cious shapes imaginable. If a nebula is 
contracting its parts together so as to 
form a world. its rotation in the course 
of condensation will become so rapid 
that it may form suns and planets and 
earths. On this supposition there is no 
difficulty in making a complete solar 
system out of such a mass as that of the 
nebula in Orion." 

"The death of Professor Joseph Hen
ry. which occurred on May 13. has not 
been unexpected. for he had attained the 
ripe age of 80 years. and the signs of 
failing health for some time past have 
been indicated in the near termination 
of a life fruitful in great works. It would 
require a volume to explain all of Pro
fessor Henry's investigations and dis
coveries in detail. Among them are the 
first application of electro-magnetism as 
a power to produce continued motion in 
a machine. an exposition of the method 
by which electro-magnetism might be 
employed in transmitting power to a dis
tance. a demonstration of the practica
bility of an electro-magnetic telegraph 
and the discovery of the induction of an 
electrical current in a long wire upon 
itself. In relation to the electro-magnetic 
telegraph it has been clearly shown that 
Professor Henry was the originator of 
the only practicable method of sending 
telegraphic signals through long dis
tances. and that he was the first to put 
into actual operation a telegraph of this 
kind. The inventions of Henry are all 
embodied in the Morse instrument. The 

honor of originating the telegraph un-, 
doubtedly belonged to Professor Henry. 
and had Congress granted him a pat
ent for his inventions. at the time of 
his death he would have enjoyed a mo
nopoly of all the telegraphs. railway 
signals. fire alarms and electro-magnet
ic machines of every kind now in the 
United States. for he was the father of 
them all." 

"Ever since the discovery of America 
by Columbus. the question of the infec
tious nature of yellow fever has agitated 
the medical mind. and much diversity of 
opinion has obtained regarding it. many 
names of authority being ranged on the 
side of infection. while as many and as 
authoritative are found on that of its 
non-infectious nature. Whatsoever the 
cause or whatsoever the germ that origi
nates yellow fever. there is every reason 
to believe that it is essentially the cause 
or the germ of yellow fever. differing 
totally from that which produces remit
tent fever or dysentery. Yellow fever. 
which finds its birth in the delta of the 
Mississippi. invariably engenders yel
low fever. As Professor Tyndall has 
said: 'As surely as a thistle grows from a 
thistle seed. as surely as a fig comes from 
the fig. the grape from the grape. the 
thorn from the thorn. so surely does the 
typhoid-fever virus increase and multi
ply into typhoid fever. the scarlatina vi
rus into scarlet fever. the smallpox virus 
into smallpox.' And so with yellow and 
remittent fever. each distinct in itself. 
each having a germ sui generis. a germ 
endowed with like and constant prop
erties. indicated in its effects by spe
cial symptoms during life. and specific 
pathological lesions revealed by exami
nation after death.'· 

"A recent English visitor remarks that 
the Russo-Turkish War ought to have 
shown the American manufacturers 
that they have little reason to fear the 
English. So far as he had been able to 
learn not a single cartridge had been 
made in Birmingham for either Russia 
or Turkey; but when he was in Bridge
port. the cartridge factories had been 
running day and night for months. and 
he saw a Russian and a Turkish commis
sioner in the same works. The fact was 
the Americans had made the rifles as 
well as the cartridges for both combat
ants. As further evidence of the threat
ened supremacy of American manufac
turers he noted the fact that Lowell was 
sending cotton cloths to Manchester. 
and that in our retail stores cotton goods 
were marked at a lower price than that 
at which goods of the same quality 
could be sold at Liverpool or London. 
'It is the same: he said. 'with the other 
manufacturing industries of America. 
The manufacturers of hardware are 
beating us in market after market from 
Hamburg to Melbourne.''' 
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THE' AUTHORS 

D. GARTH TAYLOR, PAUL B. 
SHEATS LEY and ANDREW M. 
GREELEY ("Attitudes toward Racial 
Integration") are sociologists at the N a
tional Opinion Research Center at the 
University of Chicago. Taylor, who is 
also assistant professor of sociology at 
the University of Wisconsin, did his un
dergraduate work at the University of 
California at Berkeley and obtained his 
Ph.D. in sociology from the Universi
ty of Chicago in 1976. Sheatsley, who 
is senior survey director at the center, 
obtained his bachelor's degree from 
Princeton University in 1936. After two 
years as a newspaper editor in New 
Jersey, he became manager of the inter
view department of the Audience Re
search Institute in Princeton; he moved 
to the center in 1942. Greeley, a Catho
lic priest, directs a research project on 
pluralism in America. He studied at 
the St. Mary of the Lake Seminary and 
went on to obtain his Ph.D. in sociolo
gy from Chicago in 1962. He is the 
author of 10 books on religion, ethnici
ty and other social issues. 

DENISE SCHMANDT-BESSERAT 
("The Earliest Precursor of Writing") is 
assistant professor of art at the Univer
sity of Texas at Austin and assistant 
director of the university's Center for 
Middle Eastern Studies. Born in France, 
she studied at the Ecole du Louvre in 
Paris and came to the U.S. in 1964 to do 
research on the Near Eastern archaeo
logical collections at Harvard Universi
ty's Peabody Museum. In 1969, while a 
fellow at the Radcliffe Institute, she be
gan an investigation of the earliest uses 
of clay in the Middle East. Since then 
she has studied unpublished early clay 
collections in museums of the U.S., Eu
rope and the Middle East and done 
fieldwork in France, Iran and Israel. 

JOSEPH CERNY and ARTHUR M. 
POSKANZER ("Exotic Light Nuclei") 
are nuclear chemists with a shared inter
est in unstable nuclei. Cerny is professor 
of chemistry and chairman of the de
partment of chemistry at the University 
of California at Berkeley and also fac
ulty senior scientist at the Lawrence 
Berkeley Laboratory of the University 
of California. He did his undergraduate 
work in chemical engineering at the 
University of Mississippi and spent a 
year as a Fulbright scholar at the Uni
versity of Manchester. He then complet
ed his graduate work in chemistry at 
Berkeley, receiving his Ph.D. in 1961. 

In 1974 Cerny received the Atomic 
Energy Commission's Ernest Orlando 
Lawrence Memorial Award for his re
search. Poskanzer is staff senior scientist 
at the Lawrence Berkeley Laboratory 
and scientific director of the Bevalac, 

"the world's only relativistic heavy-ion 
accelerator." He did his undergraduate 
work in chemistry and physics at Har
vard College, obtained his master's de
gree at Columbia University, and re
ceived his Ph.D. in chemistry from the 
Massachusetts Institute of Technology 
in 1957. After nine years at the Brook
haven National Laboratory he joined 
the Lawrence Berkeley Laboratory. 

DALE F. DICKINSON ("Cosmic 
Masers") is lecturer in astronomy at the 
Center for Astrophysics of the Harvard 
College Observatory and the Smithson
ian Astrophysical Observatory. He did 
his undergraduate work at the Universi
ty of Texas at Austin and obtained his 
Ph.D. in astronomy from the University 
of California at Berkeley in 1965. After 
a postdoctoral year as a research associ
ate in the Radio Astronomy Labora
tory of the University of California, he 
moved to the Center for Astrophysics. 
His research interests include (in addi
tion to the celestial masers discussed in 
his article) the physics and chemistry of 
interstellar molecular clouds and the 
observation of "Markarian galaxies and 
other extragalactic exotica" with radio 
telescopes. Dickinson will be visiting as
sociate professor of physics at Williams 
College in the fall. 

RICHARD GORDON and AN
TONE G. JACOBSON ("The Shaping 
of Tissues in Embryos") have collabo
rated on studies of embryonic devel
opment since 1969, when they met dur
ing a summer embryology course at 
the Marine Biological Laboratory in 
Woods Hole, Mass. Gordon is professor 
of pathology and radiology at the Uni
versity of Manitoba and director of the 
Computer Department for Health Sci
ences there. He obtained his bachelor's 
degree in mathematics from the Uni
versity of Chicago and his Ph.D. in 
chemical physics from the University of 
Oregon in 1967. After working at the 
University of Colorado, Columbia Uni
versity and the Center for Theoretical 
Biology at the State University of New 
York at Buffalo, Gordon joined the 
Mathematical Research Branch of the 
National Institutes of Health in 1972. 

He moved to Manitoba this year. In ad
dition to devising models of embryonic 
development he does research on the 
theory of computerized axial tomogra
phy, a subject on which he coauthored 
the article "Image Reconstruction from 
Projections" in the October, 1975, issue 
of Scientific American. He hopes even
tually to combine his fields of interest by 
applying tomography to following the 
movements of cells inside living embry
os. Jacobson is professor of zoology at 
the University of Texas at Austin. He 

did his undergraduate work at Harvard 
College and his graduate work in exper
imental embryology at Stanford Uni
versity under Victor C. Twitty, obtain
ing his Ph.D. in 1955. Since then he has 
worked in the areas of embryonic induc
tion and morphogenesis. 

NICHOLAS PIPPENGER ("Com
plexity Theory") is a member of the 
mathematical sciences department at 
the Thomas J. Watson Research Center 
of the International Business Machines 
Corporation. He received his bachelor's 
degree in natural science from Shimer 
College in Illinois at age 18 and then 
entered the Massachusetts Institute of 
Technology, where he obtained a sec
ond bachelor's degree and a master's 
degree in electrical engineering. After 
working for a few years at the M.I.T. 
Instrumentation Laboratory (now the 
Charles Stark Draper Laboratory) he re
sumed his studies and received his Ph.D. 
in electrical engineering from M.LT. in 
1973. He joined the Watson Research 
Center that same year. Pippenger is cur
rently visiting associate professor at the 
University of Toronto. 

K. LAL GAURI ("The Preservation 
of Stone") is professor of geology at the 
University of Louisville. A native of In
dia, he obtained his bachelor's and mas
ter's degrees from Punjab University 
and his Ph.D. in geology from the Uni
versity of Bonn in 1964. He then spent a 
postdoctoral year at the California Insti
tute of Technology, where he became 
interested in paleontology, specifically 
"the evolution and structure of mineral
ized tissue of a group of fossil brachio
pods." These studies included the elec
tron microscopic examination of the 
fine structure of living shells, for which 
it was necessary to chemically strength
en the shell and the embedded soft tis
sue. On the suggestion of a friend in 
the art-history department at Cal Tech, 
Gauri began to develop similar tech
niques to strengthen weathered stone as 
an aid to the preservation of stone statu
ary. He has been at the University of 
Louisville since 1966. 

JACK COLVARD JONES ("The 
Feeding Behavior of Mosquitoes") is 
professor of entomology at the Univer
sity of Maryland. He obtained his bach
elor's and master's degrees from Au
burn University in Alabama and his 
Ph.D. from Iowa State University in 
1950. For the next eight years he worked 
at the National Institutes of Health in
vestigating the anatomy and physiology 
of the southeastern malaria mosquito. 
He has been at the University of Mary
land since 1958. Of his present work, he 
writes: "Aside from teaching insect 
morphology and physiology I am cur
rently devoting most of my time to writ
ing my second book on the anatomy of 
the grasshopper." 
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MATHEMATICAL 
GAMES 

A mathematical zoo of astounding 
critters, imaginary and otherwise 

by Martin Gardner 

There has never been a zoo de
signed to display animals with fea
tures of special interest to recrea

tional mathematicians, yet such a zoo 
could be both entertaining and instruc
tive. It would be divided, as I visualize it, 
into two main wings, one for live ani-

mals, the other for pictures, replicas and 
animated cartoons of imaginary crea
tures. Patrons of the "mathzoo" would 
be kept informed of new acquisitions 
by a newsletter called ZOONOOZ (with 
the permission of the Zoological Society 
of San Diego, which issues a periodical 

Radiolaria skeletolls ill Emst Haeckel's Monograph of the Challenger Radiolaria 
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of that name), a title that is both palin-
dromic and the same upside down. 

. 

A room of the live-animal wing would 
contain microscopes through which one 
could observe organisms too tiny to be 
seen otherwise. Consider the astonish
ing geometrical symmetries of radiolar
ia, the one-celled organisms that flour
ish in the sea. Their intricate silica skele
tons are the nearest counterparts in the 
biological world to the patterns of snow 
crystals. In his Monograph 0/ the Chal
lenger Radiolaria, the German biologist 
Ernst Haeckel described thousands of 
radiolaria species that he discovered on 
the Challenger expedition of 1872-76. 
The book contains 140 plates of draw
ings that have never been excelled in dis
playing the geometric details of these 
intricate, beautiful forms. 

The illustration on this page, from 
Haeckel's book, is of special interest to 
mathematicians. The first radiolarian is 
basically spherical, but its six c1awlike 
extensions mark the corners of a regular 
octahedron. The second skeleton has the 
same solid at its center. The third is a 
regular icosahedron of 20 faces. The 
fifth is the 12-sided dodecahedron. Oth
er plates in Haeckel's book show radio
laria that approximate cubical and tet
rahedral forms. 

It is well known that there are just five 
Platonic solids, three of which have 
faces that are equilateral triangles. Not 
so widely known is that there are an infi
nite number of semiregular solids also 
with sides that are equilateral triangles. 
They are called "deltahedra" because 
their faces resemble the Greek letter del
ta. Only eight deltahedra are convex: 
those with four, six, eight, 10, 12, 14, 16 
and 20 faces. The missing 18-sided con
vex deltahedron is mysterious. One can 
almost prove it should exist, and it is not 
so easy to show why it cannot. It is hard 
to believe, but the proof that there are 
only eight convex deltahedra was not 
known until B. L. van der Waerden and 
Hans Freudenthal published it in 1947. 

The four-faced deltahedron is the reg
ular tetrahedron, the simplest of the Pla
tonic solids. The six-faced deltahedron 
consists of two tetrahedra sharing one 
face, Note the fourth radiolarian in 
Haeckel's picture. It is a 10-faced delta
hedron, or rather one that is inflated 
slightly toward a sphere. It may surprise 
you to learn that there are two topolog
ically distinct eight-sided deltahedra. 
One is the familiar regular octahedron. 
Can you construct a model of the other 
one (it is not convex) before it is re
vealed here next month? 

Surfaces of radiolaria are often cov
ered with what seems to be a network 
of regular hexagons. The regularity is 
particularly striking in Aulonia hexa
gona, shown in the illustration on page 
20. Such networks are called "regular 
maps" if each cell has the same number 
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of edges and each vertex has the same 
number of edges joined to it. Imagine a 
regular tetrahedron, octahedron or ico
sahedron inflated like a balloon but pre
serving its edges as lines on the resulting 
sphere. The tetrahedron will form a reg
ular map of triangles with three edges at 
each vertex, the octahedron a map of 
triangles with four edges at each vertex, 
and the icosahedron a map of triangles 
with five edges at each vertex. Inflating a 
cube produces a regular map of four
sided cells with three edges at each ver
tex. Inflating a dodecahedron produces 
a regular map of pentagons with three 
edges at each vertex. 

Aulonia hexagon a raises an interesting 
question. Is it possible to cover a sphere 
with a regular map of hexagons, three 
edges at each vertex? Only the topologi
cal properties of the map concern us. 
The hexagons need not be regular or 
even convex. They may have any size or 
shape, and their edges may twist and 
curve any way you like provided they do 
not intersect themselves or one another 
and provided three of them meet at each 
vertex. 

The answer is no, and it is not hard to 
prove impossibility with a famous for
mula that Leonhard Euler discovered 
for the skeletons of all simply connected 
(no "holes") polyhedra. The formula is 
F + C - E = 2, where the letters stand 
for faces, corners and edges. Since all 
such polyhedra can be inflated to 
spheres, the formula applies also to 
maps on the sphere. In Chapter 13 of En
joyment 0/ Mathematics, by Hans Rade
macher and Otto Toeplitz, you will 
find it explained how Euler's formula 
can be used in proving that no more than 
five regular maps can be drawn on a 
sphere and that therefore no more than 
five regular convex solids can exist. As a 
second problem to be answered next 
month, can you use Euler's formula to 
show that a regular map of hexagons is 
impossible on a sphere? 

D' Arcy Wentworth Thompson, whose 
classic work On Growth and Form con-

The radiolarian Aulonia hexagona 
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tains an excellent section on radiolar
ia, liked to tell about a biologist who 
claimed to have seen a spherical radio
larian covered with a perfect map of 
hexagons. But, said Thompson, Euler 
had proved this impossible. "That," re
plied the biologist, "proves the superior
ity of God over mathematics." 

"Euler's proof happened to be cor
rect," writes Warren S. McCulloch in an 
essay where I found this anecdote, "and 
the observations inaccurate. Had both 
been right, far from proving God's supe
riority to logic, they would have im
pugned his wit by catching him in a con
tradiction." If you look carefully at the 
picture of Aulonia hexagona you will see 
cells with more or fewer than six sides. 

Under electron microscopes in our 
zoo's micro room would be-the many 
viruses that recently have been found to 
crystallize into macromolecules shaped 
like regular icosahedra: the measles vi
rus, the herpes, the triola iridescent and 
many others (see "The Structure of Vi
ruses," by R. W. Horne; Scientific Ameri
can, January, 1963). Viruses may also 
have dodecahedral shapes, but as far as 
I know this remains unsettled. Another 
recent discovery is that some viruses, 
such as the one that causes mumps, are 
helical. It had formerly been thought 
that helical structures were restricted to 
plants and to parts of SJ-nimals: hair, the 
umbilical cord, the cochlea of the hu
man ear, the DNA molecule and so on. 
A section of our zoo would feature such 
spectacular helical structures as mollus
can seashells, the twisted horns of cer
tain sheep, goats, antelopes and other 
mammals, and such curiosities as "dev
iI's corkscrews"-the huge fossil bur
rows of extinct beavers (see Chapter 1. 
"The Helix," of my Sixth Book 0/ Mathe
matical Games/rom Scientific American). 

In the macro world of fishes, reptiles, 
birds, insects, mammals and human be
ings the most striking geometrical as
pect of the body is its overall bilateral 
symmetry. It is easy to understand why 
this symmetry evolved. On the earth 
surface gravity creates a marked differ
ence between up and down, and loco
motion creates a marked difference be
tween front and back. But for any mov
ing, upright creature the left and right 
sides of its surroundings-in the sea, on 
the land or in the air-are fundamental
ly the same. Because an animal needs 
to see, hear, smell and manipulate the 
world equally well on both sides, there 
is an obvious survival value in having 
nearly identical left and right sides. 

Animals with bilateral symmetry are 
of no interest for our mathzoo-you can 
see them at any zoo-but it would be 
amusing to assemble an exhibit of the 
most outrageous violations of bilater
al symmetry. For example, an aviary 
would feature the crossbill, a small red 
bird in the finch family that has its upper 

and lower beaks crossed in either of the 
two mirror-image ways. The bird uses 
its crossed bill for prying open ever
green cones in the same way a cook uses 
a plierlike device to pry off the lid of a 
jar or can. A medieval legend has it that 
the bill became twisted as the bird was 
trying vainly to pull the nails from the 
cross when Jesus was crucified; in the 
effort the bird's plumage became stained 
with blood. In the same aviary would be 
some wry-billed plovers from New Zea
land. The entire bill of this funny bird is 
twisted to the right. The bill is used for 
turning over stones to find food. As you 
would expect, foraging wry-billed plo
vers search mainly on the right. 

An aquarium in our mathzoo would 
exhibit similar instances of preposterous 
asymmetry among marine life: the male 
fiddler crab, for example, with its enor
mous left (or right) claw. Flatfish are 
even more grotesque examples. The 
young are bilaterally symmetric, but as 
they grow older one eye slowly migrates 
over the top of the head to the other side. 
The poor fish, looking like a face by Pi
casso, sinks to the bottom, where it lies 
in the ooze on its eyeless side. The eyes 
on top turn independently so that they 
can look in different directions at the 
same time. 

Another tank would contain speci
mens of the hagfish. This absurd fish 
looks like an eel, has four hearts, teeth 
on its tongue and reproduces by a tech
nique that is still a mystery. When its 
single nostril is clogged, it sneezes. The 
hagfish is in our zoo because of its amaz
ing ability to tie itself into an overhand 
knot of either handedness. By sliding the 
knot from tail to head it scrapes slime 
from its body. The knot trick is also used 
for getting leverage when the hagfish 
tears food from a large dead fish and 
also for escaping a predator's grasp (see 
"The Hagfish," by David Jensen; Scien
tific American, February, 1966). 

Knots are, of course, studied by math
ematicians as a branch of topology. An
other exhibit in our aquarium would be 
beakers filled with Leucothrix mucor, a 
marine bacterium shaped like a long fil
ament. A magnifying glass in front of 
each beaker would help visitors see the 
flimsy filaments. They reproduce by ty
ing themselves into knots-overhands, 
figure-eights, even more complicated 
knots-that get tighter and tighter until 
they pinch the filament into two or more 
parts (see "Knots in Leucothrix Mucor," 
by Thomas D. Brock; Science, Vol. 144, 
pages 870-871; May lS,1964).Do high
er animals ever tie parts of themselves 
into knots? Fold your arms and think 
about it. 

The most popular of our aquarium 
exhibits would probably be a tank con
taining specimens of Anableps, a small 
(eight-inch) Central American carp 
sometimes called the stargazer. It looks 
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as if it had four eyes. Each of its two 
bulging eyes is divided into upper and 
lower parts by an opaque band. There 
is one lens but separate corneas and iri
ses. This little BEM (bug-eyed monster) 
swims with the band at water level. The 
two upper "eyes" see above water while 
the two lower ones see below. The Ana
bleps is in our zoo because of its asym
metric sex life. The young are born 
alive, which means that the male must 
fertilize the eggs inside the female. The 
female opening is on either the left side 
or the right. The male organ also is ei
ther on the left or the right. This makes 
it impossible for two fish of the same 
handedness to mate. Fortunately both 
males and females are equally left- or 
right-sexed, and so the species is in no 
danger of extinction. 

In a larger tank one would hope to 
see some narwhals, although until now 
they have not survived in captivity. This 
small whale, from north-polar seas, has 
been called the sea unicorn because the 
male has a single "horn" that projects 
straight forward from its upper jaw and 
is about half the whale's body length. 
Both sexes are born with two small side
by-side teeth. The teeth stay small on the 

female, but the male's left tooth grows 
into an ivory tusk. straight as a javelin 
and seven to 10 feet long. This ridicu
lous tooth. the longest in the world, has 
a helical groove that spirals around it 
like a stripe on a barber pole. Nobody 
knows what function the tusk serves. 
It is not used for stabbing enemies or 
punching holes in ice, but during the 
mating season narwhals have been seen 
fencing with each other. so that its main 
purpose may be a role in sexual ritual 
(see "The Horn of the Unicorn," by 
John Tyler Bonner; Scientific American, 
March, 1951). Incidentally, the narwhal 
is also unusual in having a name starting 
with the letter n. It is easy to think of 
mammalian names beginning with any 
letter of the alphabet except n. 

Among snakes, species that sidewind 
across the desert sands are mathemati
cally interesting because of their highly 
asymmetric tracks: sets of parallel line 
segments that slant either right or left 
at angles of about 60 degrees from the 
line of travel. Many species of snakes 
are capable of sidewinding, notably the 
sidewinder itself, a small rattlesnake of 
Mexico and the U.S. Southwest, and the 
African desert viper. Exactly how side-

winding works is rather complicated. 
but you will find it clearly explained 
in Carl Gans's article. "How Snakes 
Move." in Scientific American for June. 

1970. 
The insect room of our mathzoo 

would certainly display the nests of bees 
and social wasps. They exhibit a hexag
onal tessellation even more regular than 
the surfaces of radiolaria. A large litera
ture. going back to ancient Greece and 
still growing. attempts to explain the 
factors that play a role in producing this 
pattern. D'Arcy Thompson. in his book 
cited above, has a good summary of this 
literature. In times before Darwin bees 
were usually regarded as being endowed 
by the Creator with the ability to de
sign nests so that the cells use the least 
amount of wax to hold a maximum 
amount of honey. Even Darwin mar
veled at the bee's ability to construct 
a honeycomb. calling that ability "the 
most wonderful of known instincts." 
and "absolutely perfect in economizing 
labor and wax." 

Actual honeycombs are not as perfect 
as early writers implied. and there are 
ways of tessellating space with polyhe
dral cells that allow an even greater 
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The curl-up, an animal imagined by M. C. Escher, can roll like a wheel when it wants to 

23 

© 1978 SCIENTIFIC AMERICAN, INC



24 

economy of wax. Moreover, it seems 
likely that the honeycomb pattern is less 
the result of evolution finding a way to 
conserve wax than an accidental prod
uct of how bees use their. bodies and the 
way they form dense clusters when they 
work. Surface tension in the semiliquid 
wax may also play a role. The matter is 
still far from settled. The best recent dis
cussion I know is a paper by the Hungar
ian mathematician L. Fejes T6th, "What 
the Bees Know and What They Do Not 
Know," in Bulletin of the American Math
ematical Society, Vol. 70, pages 468-
481; July, 1964. 

No actual animal propels itself across 
the ground by rolling like a disk or a 
sphere, but our insect room would be 
incomplete without an exhibit of a re
markable insect that transports its food 
by rolling near-perfect spheres. I refer to 
the dung beetle, the sacred scarab of an
cient Egypt. These sometimes beautiful 
insects (in the Tropics they have bright 
metallic colors) use their flat, sharp
edged heads as shovels to dig a supply of 
fresh ordure that their legs then fashion 
into spheres. By pushing with its hind 
legs and walking backward the dung 
beetle will roll the little ball to its bur
row where it will be consumed as food. 
No one has described the process with 
more literary skill and humor than the 
French entomologist. Jean Henri Fabre. 
in his essay on "The Sacred Beetle." 

Our zoo's imaginary wing would lack 
the excitement of living creatures but 
would make up for it in wild fantasy. In 
Flaubert's Temptation of St. Anthony, for 
example, there is a beast called the Nas
nas that is half of an animal bisected by 
its plane of symmetry. Jorge Luis Bor
ges. in his delightful Book of Imaginary 
Beings, refers to an earlier invention of 
such a creature by the Arabs. L. Frank 
Baum's fantasy. Dot and Tot of Merry
land. tells of a valley inhabited by wind
up animals. The toys are kept wound by 
a Mr. Split. whose left half is bright red 
and right half white. He can unhook his 
two sides, each of which hops about on 
one leg so that he gets twice as much 
winding done. Conversing with a half of 
Mr. Split is difficult because Mr. Left 
Split speaks only the left halves of words 
and Mr. Right Split only the right 
halves. 

A variety of mythical "palindromic" 
beasts violate front and back symmetry 
by having identical ends. Borges writes 
of the fabled amphisbaena (from the 
Greek for "go both ways"). a snake with 
a head at each end. Dante puts the snake 
in the seventh circle of Hell, and in Mil
ton's Paradise Lost some of Satan's dev
ils are turned into amphisbaenas. Alex
ander Pope writes in his Dunciad: 

Thus Amphisbaena (I have read) 
At either end assails; 
None knows which leads, 

or which is led, 
For both Heads are but Tails. 

The fable is not without foundation. 
There are actual snakes called amphis
baenas that crawl both ways and have 
such tiny eyes that it is hard to distin
guish one end from the other. If a flat
worm's head is cut off. another grows at 
the base of the severed head, so palin
dromic animals actually can exist. In 
Baum's John Dough and the Cherub 
one meets Duo, a dog with a head and 
forelegs at both ends. The animal antici
pates the Pushmi-Pullyu (it has a two
horned head at each end) that flourishes 
in the African jungle of Hugh Lofting's 
Dr. Dolittle books. 

Rectangular parallelepipeds are never 
the parts of real animals, but in Baum's 
Patchwork Girl of Oz there is a block
headed. thick-skinned, dark blue crea
ture called the Woozy. The animal's 
head. body, legs and tail are shaped like 
blocks. It is friendly as long as no one 
says "Krizzle-kroo." This makes the 
Woozy so angry that its eyes dart fire. 
Nobody, least of all the Woozy. knows 
what Krizzle-kroo means, and that is 
what makes it so furious. Borges re
minds us of the Gillygoo, a bird in the 
Paul Bunyan mythology, that nests on 
steep slopes and lays cubical eggs that 
will not roll down and break. Minnesota 
lumberjacks hard-boil them and use 
them for dice. In Stanley G. Wein
baum's story. "A Martian Odyssey," a 
species of nondescript animals on Mars 
excrete silica bricks that they use for 
building pyramidal dwellings. 

Baum also imagined spherical crea
tures. The Roly-Rogues. in Queen Zixi of 
Ix. are round like a ball and attack ene
mies by rolling at them. In John Dough 
and the Cherub one of the main charac
ters is Para Bruin, a large rubber bear 
that likes to roll into a rubber ball and 
bounce around. 

Berges. writing about animals in the 
form of spheres. tells us that Plato, in 
the Laws, conjectures that the earth, 
planets and stars are alive. The notion 
that the earth is a living, breathing or
ganism was later defended by such mys
tics as Giordano Bruno, Kepler, the 
German psychologist Gustav Theodor 
Fechner and Rudolf Steiner (who broke 
away from theosophy to found his rival 
cult of anthroposophy). The same no
tion is basic to the plot of one of Conan 
Doyle's stories about Professor George 
Edward Challenger of Lost World fame. 
When Professor Challenger drills a 
deep hole through the earth's epidermis, 
in a story called "When the Earth 
Screamed," the planet howls with pain. 

Rotating wheels and propellers are 
common mechanisms for transporting 
man-made vehicles across ground, and 
through the sea and the air, but until 
recently it was assumed that evolution 
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JAL made it to the top in 
the world's toughest business by 
doing small things in a big wa� 

Nowadays, just about every air
line realizes business travelers 
are their best customers. But it 
wasn't always so. 

It was Japan Air Lines which 
literally invented Executive Serv
ice almost a decade ago. 

With "small" helps like guides 
to the Orient's business oppor
tunities as well as its pleasures. 
Like bilingual business cards-

English on one side, Japanese on 
the other. And like hospitality 
desks in major hotels throughout 
the Orient. 

JAL does the "big" things too, 
of course. For instance, we have 
more flights a week to Japan 
from major gateways in the O.S., 
Canada and Mexico than any 
other airline. And more flights to 
more cities within the Orient. 

But it is the "small" things 
which make a JAL flight, as one 
executive put it, "the most plea
surable flying experience I can 
remember." It is also these "small" 
things which made JAL one of 
the world's biggest airlines. � We never forget 

how important you are. 
, JAPAN AIR LINES 
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You Owe It To Yourself 

If you're considering the purchase of 
a compact multipurpose catadioptric 
telescope, you owe it to yourself to 
investigate the Quantum Series of 
Maksutov-Cassegrain telescopes. 

Until now, if you wanted the ad
vantages of the Maksutov-Cassegrain, 
you had either to fabricate it yourself 
or you paid a very high price for a 
professionally-made instrument. But 
thanks to modern technology, much 
planning, and a lot of hard work, you 
can now acquire an instrument of 
superior optical and mechanical 
quality at a most reasonable cost. 

Prices on the Quantum Series of tele
scopes start at $895. 
For additional information on these 
superb instruments, please write for 
our dEOscriptive literature. 

OPTICAL TECHNIQUES, INC. 
205 PHEASANT RUN 

NEWfOWN, PA 18940 
215/968-4739 

TN residents add 6% Sales Tax __ 

Send check or M.O. TOTAL __ 
NAME ______________________ _ 
ADDRESS ___________________ _ 
CITY ______________________ _ 
STATE Zl�'--____ _ 

P&S ENGINEERED PLASTICS,INC. 
10600 Dutchtown Drive, Dept. SA 

TN 37922 

Sail a tall ship 
toasmaU 
island. 

Saba Carriacou. Nevis. Grenadines. 
Bligh's breadfruit 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 on a . 

'barefoot' adventure, 
6 or 14 days, from 8290. 

To remote islands. 
Aboard schooners 

once belonging 
toOnassis, 

Vanderbilt, 
, theDuke 

of West
minstet: 

Send my free Booklet 
" Cap'n Mike. Windjammer'Barefoot' Cruises 

P.O. Box 120. Dept 064, Miami Beech, Florida 33139' 

; Name _______________________ __ 
M� _____________________ ___ 

had been unable to exploit rotational qe
vices for propulsion, A few years ago 
biologists were amazed to discover that 
the flagella of bacteria actually spin like 
propellers (see "How Bacteria Swim," 
by Howard C. Berg; Scientific American, 
August, 1975). 

The imaginary wing of our zoo would 
display two of Baum's creatures that use 
the wheel for propulsion. In Ozma oj Oz 
Dorothy has an unpleasant encounter 
with the Wheelers, a race of fierce, four
legged humanoids that have wheels in
stead of feet. In The Patchwork Girl ojOz 
we read about the Ork, a huge bird with 
a propeller at the tip of its tail. The pro
peller can spin both ways, enabling the 
bird to fly backward as well as forward. 

I know of only two imaginary beasts 
that bend themselves into wheels and 
roll across the ground. From time to 
time, in most parts of the world, people 
have claimed to have seen "hoop 
snakes" that bite their tails to form a 
hoop and then go rolling across the ter
rain. Some snakes, such as the American 
milk snake, travel by gathering their 
body into large vertical loops and push
ing forward so rapidly that they create 
an optical illusion of a, rolling ring. 
These animals may be the origin of hoop
snake fables. 

The Dutch artist M. C. Escher made 
several pictures featuring his curl-up, 
the beast shown in the illustration on 
page 23. This unlikely animal moves 
slowly on six humanlike feet, but when 
it wants to go faster it curls up and rolls 
like a wheel. 

Most animals, particularly the earth
worm, may be thought of as being basi
cally toroidal-a shape topologically 
equivalent to a doughnut. There must 
be many science-fiction animals shaped 
like toruses, but I can recall only the 
undulating silver ring fish, floating on 
the canals of Ray Bradbury's Martian 
Chronicles, that closes like an eye's iris 
around food particles. 

Topologists know that any torus can 
be turned inside out through a hole in its 
surface. There is no parallel in earth zo
ology, but there is a spherical organism 
called volvox that actually does turn in
side out through a hole. It is a strange 
freshwater-pond colony of hundreds of 
flagellated cells bound together in a 
spherical jellylike mass that rotates as 
it moves through the water. Volvox is 
one of those twilight things that can be 
called a green plant (because it obtains 
food by photosynthesis) or an animal 
(because it moves freely about). One is 
equally hard put to decide whether it is a 
colony or a single organism. 

Young volvox colonies grow inside 
the mother sphere, but the cells have 
their flagella ends pointing inward. At 
the spot where each infant sphere is at
tached to the inside of the mother, there 
is a small hole in the infant sphere. 
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What's new in physics ... chemistry ... 
computers ... archaeology ... geology . •• 

mathematics ... astronomy-

Discover the great books and values you get as 
a member of 

The Library of Science 
(Publishers' Prices shown) 
34140. APPLIED ANALY TICAL MATHEMATICS 
FOR PHYSICAL SCIENTISTS. James T. Cushing. 
Deals with topics ranginll from spectral analysis of linear 
operators to complex vanables. $19.95 

38362·2. CLIMATIC CHANGE. Dr. John Gribbin. 
What causes climatic changes? How can we learn to pre· 
dict them? Provides an A to Z report on the basic pieces and 
patterns of the earth's rich climatological puzzle. Counts as 
2 of your 3 books. $32.50 

EXTRAORDINARY 
,----- VALUE! -----, 

00470-3. VAN NOSTRAND'S SCIENTIFIC 
ENCYCLOPEDIA. Edited by Douglas M. 

Considine. Nearly 200 experts have contributed 
to the thoroughly revised and expanded Fifth 
Edition of the most authoritative single-volume 
source of scientific information ever assembled. 
Over 2.500 illustrations. COll11lS as 3 of your 3 
books. $67.50 

37520. CHASE, CHANCE AND CREATIVITY. James 
H. Austin. How is science ·'done"? The answer is bril
liantly pursued in this personal and scientific look at the 
�ays persistence, luck and creativity interact in the human 
Side of research. $12.95 

44915. THE ENCY CLOPEDIA OF HOW IT WORKS. 
Fro� Abacus to Zoom Lens. Edited by Donald Clarke. 
Fascmatmg explanations of how computers, lijlht bulbs, 
elevators, and hundreds of other mechanical deVices work. 
Over 300 illustrations and diagrams. $12.50 
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63205. THE MOUND PEOPLE. P. V. Glob. An enter· 
taining and illuminating account of the sophisticated 
Bronze·Age civilization of the mysterious mound people 
uncovered at Trindhllj in Denmark. Handsomely iIIus· 
trated. $12.50 

48866. FREE ENTERPRISE FOREVER. The exciting 
spirit of discovery and invention of the 19th century as 
recorded in the pages of Scientific American. Hundreds of 
articles. illustrations, and advertisements reproduced in 
their original size in this 384-page, large fonnat book. 

$17.50 

44900·3. THE ENCYCLOPEDIA OF COMPUTER 
SCIENCE. Monumental 1550'page volume offers accu· 
rate infonnation on essential tOpiCS ranging from theory to 
applications, from programming to Boolean algebra. 
Counts as 3 of your 3 books. $60.00 

69305. PLANETARY GEOLOGY. Nicholas M. Short. A 
comprehensive. non·technical account of solar system 
geology. More than 500 photographs. line drawings. and 
graphs. $21.95 

77800. A SENSE OF THE FUTURE. Jacob Brollowski. 
Probes the creative process of the human mind, examines 
the limitations and values of science, and speculates on 
future developments in the sciences, especially b�112.% 
68780. PHY SICS OF THE E ARTH. Fral/k D. Stain. 
Covers rotation, gravity, internal structure, plate tectonicos. 
tidal friction, earthquake prediction. and more. $16.95 

61610. MAYA. Charles Gallenkamp. A compelling view 
of the life, arts, religion, and science of a unique CIviliza
tion. $12.95 

61530. MATHEMATICS DICTIONARY. Fourth Edi· 
tion. Edited b .... Robert C. James and Edwin F. Becken
bach. Leading" dictionary offers clear, accurate definitions 
of more than 8,000 terms. $17.95 

58581. THE LIFE SCIENCE: Current Ideas of Biology. 
P. B. Medawar and J. S. Medawar. Lucid discussions on 
heredity, evolution, eugenics, molecular biology, cancer, 
and immunology. $8.95 

54995. THE ILLUSTRATED ENCY CLOPEDIA OF 
ARCHAEOLOGY. Glyn Daniel. The significant sites. 
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illustrations. $17.95 

40690. COSMOLOGY. Michael Rowan·Robinson. Ideas ��
e
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45200·2. ENERGY TE CHNOLOGY HANDBOOK. 
Douglas M. Considine. 1850 pages and 1000 illustrations 
covering a wealth of data on today's energy picture. Re
ports on major energy sources, transmission and transpor
tation, conversion, and the mostj'romising trends in power 
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61660. MECHANICS OF THE MIND. Colin Blake· 
more. Reports discoveries now being made aboul the 
human brain: from why we sleep to how we remember. 200 
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Celestron® 

Dealers 
Inquiries 
Invited 

Telescopes ... 
Telephoto Lenses ... 
Binoculars ... 

Send $2.00 for 32 page 
full color catalog on how to 
select and use a Celestron 
telescope. 

Celestron International 
2835 Columbia, Box 3578-C 
Torrance, CA 90503 

When the infant reaches a certain size, it 
breaks away from the mother and turns 
inside out through the hole! Flagella 
quickly sprout at the ends of the cells 
that now point outward, and the new
born colony goes spinning about inside 
the mother. The mother eventually dies 
by splitting open and allowing her off
spring to escape, one of the earliest ex
amples on the evolutionary tree of non
accidental death (see "Volvox: A Col
ony of Cells," by John Tyler Bonner; 
Scientific American. May, 1950). 

We could have considered volvox ear
lier, but I kept it for now to introduce the 
ta-ta, a mythical but much higher form 
of animal capable of turning inside out. 
It was invented by Sidney H. Sime, the 
British artist who so wondrously illus
trated Lord Dunsany's fantasies. Sime 
drew and described the ta-ta in his only 
book, Bogey Beasts, a rare collection of 
original verses set to music: 

The Ta-Ta 

There is a cosy Kitchen 
Inside his roomy head 
Also a tiny bedroom 
In which he goes to bed. 

So when his walk is ended 
And he no more would roam 
Inside out he turns himself 
To find himself at Home. 

He cleared away his brain stuff 
Got pots and pans galore! 
Sofas, chairs, and tables, 
And carpets for the floor. 

He found his brains were useless; 
As many others would 
If they but tried to use them 
A great unlikelihood. 

He pays no rent, no taxes 
No use has he for pelf 
Infested not with servants 
He plays with work himself. 

And when his chores are ended 
And he would walk about, 
Outside in he turns himself 
To get himself turned out. 

Deaders were asked last month to 
l.\.. count the ways of connecting six la
beled spots by drawing lines according 
to specified rules. Isolated spots are sub
sets of one element each, a pair of joined 
spots is a subset of two elements, three 
joined spots a subset of three elements, 
and so on. Each pattern corresponds, 
therefore, to a way of partitioning a set 
of elements into disjoint subsets. Since 
these ways are counted by Bell numbers, 
the number of patterns for six spots is 
the sixth Bell number, 203. In general, 
the number of patterns for n spots is the 
nth Bell. 
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INTRODUCING BORIS ... 
THE WORLD'S MOST 

ADVANCED 
PORTABLE CHESS 

COMPUTER 
Several years ago, the age-old game of 
chess left the chess board and entered 
the memory banks of room-sized 
computers. These computers, costing 
hundreds of thousands, even millions of 
dollars, can now defeat most human 
opponents, but unless you're among a 
few select chess enthusiasts, you'll never 
get a chance to match your skills against 
these electronic brains. 

With recent major advancements in 
integrated circuit (IC) technology, 
these complex chess programs can 
now be performed on inexpensive, 
postage-stamp-sized micropro
cessors (computers on a chip). 
We've combmed these "computers 
on a chip" with a chess program 
unlike any other to create BORIS. 

from to 

l:!:l��[f]f:f:1��l:!:l 
hrs min sec 

RANK SYMBOLS: first rank displayed above. 

The Classic Game of Chess Will Never Be the Same. 
BORIS is the world's most advanced portable chess computer. 
Match him against any other computer in his class, and he 
defeats them all. For the millions who play chess, plus those 
who want to learn the game, BORIS provides the challenge 
and flexibility that until now were found only in expensive 
laboratory computers. like his big brothers, BORIS even talks 
to his opponents, with messages programmed into his almost
human brain. 
BORIS was created to be the perfect chess opponent; always 
ready at a moment's notice, with a game and strategy that's 
unpredictable. If your chess skills are wasting away because 
you can't find an opponent, BORIS will be a challenging 
adversary, and there's never a fear of being embarrassed if 
you make a careless blunder. BORIS plays black or white; 
he'll even play himself. Set him to play at a beginner's level, 
or let him loose, and he'll play a game that will keep the 
attention of a Master. 
BORIS is unmatched as a chess teacher. It's easy to find 
scores of books for beginners, but it's never as easy to find 
someone with the time andtatience to teach a novice. 
BORIS knows every rule an move of the game, and has all 
the patience in the world. Even if you've never played the 
game before, you can learn from BORIS in less than an hour. 
If you're his student and unsure of your next move, simply 
ask BORIS to suggest the best one. When BORIS backs you 
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BORIS keeps you honest by displaying "ILLEGAL MOVE," if 
you attempt one. He concedes defeat with "CONGRAT 
uLAT�oNs

'
" if you're good enough to beat him, even 

"STALEMA TE," if you play him to a draw. His vocabulary 
includes a variety of phrases which will add flavor to your 
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BORIS is programmed for all classic chess moves: castling, en 
passant, queening, etc.; plus, he solves all mate in two 
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BOOKS 

The early evolution of the telescope; 
the fishing Indians of the Northwest 

by Philip Morrison 

T
HE INVENTION OF THE TELESCOPE: 

TRANSACTIONS OF THE AMERICAN 

PHILOSOPHICAL SOCIETY, by Al
bert Van Heiden. The American Philo
sophical Society. 197 7  ($6). Galileo was 
not one quick to rush into print. Eigh
teen years a professor in Padua. he had 
published only two books. one an in
struction manual for a geometrical in
strument he had invented and sold out 
of his own private workshop. the other a 
witty polemic against a Padovan student 
who had sought to rip off that very in
struction book! But from the time Gali
leo first heard of the spyglass of "a cer
tain Fleming" until his book The Starry 
Messenger opened the Copernican uni
verse to our extended senses. just 10 
months elapsed. He was onto a good 
thing. and he published it first. in March 
of 1610. 

There were probably three men who 
had telescopes by early in October of 
1608. At the autumn fair in Frankfurt 
that year a Dutchman was offering one 
for a high price. And it was not a novel 
idea to look through such an instrument 
at the stars. The first printed account 
from the Hague mentions that the glass 
showed new stars in the Pleiades. 
months before any telescope came to 
Paris. Milan. Venice or Naples. But 
Galileo worked hard and well. he had 
the help of a master craftsman in his 
own shop. he had access to selected lots 
of the best Venice glass. he ground 
scores of lenses and chose the best of 
them. he grasped the importance of a 
steady mount and he invented an aper
ture stop to correct the faults of his high
powered lenses. There is no doubt that 
his was a magnificent and purposeful de
velopment. even though it was not an 
invention; he described the new cosmos. 
beating out Thomas Harriot. Simon 
Marius. Christoph Scheiner and the 
wonderful Paris amateur Nicolas de 
Peiresc. all of whom were gazing at 
the sky through telescopes at about the 
same time. 

Professor Van Helden's fascinating 
and learned little monograph includes 
Galileo; it focuses. however. not on him 
but on the "certain Fleming." whoever 
he was. We see the main evidence in this 
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long detective story: 30-odd key pas
sages from books. letters. journals and 
official documents. in the original Latin. 
English. Italian. French and Dutch. all 
with clear translations. The documents 
begin with Roger Bacon. who wrote 
in about 1250 of "Glasses so cast. 
that ... starres shine in what place you 
please." They end with a long passage of 
1655 from a book seeking "the true in
ventor of the telescope" and finding him 
in an artisan of Middelburg in Zeeland. 

One reads the 1609 letter of Giovan
baptista della Porta himself. who says of 
the new Dutch wonder: "I have seen it. 
and it is a hoax. and it is taken from the 
ninth book of my De refractione." Never
theless. the noble Girolamo Sirtori pur
sued the glass over all Europe. seeking 
experts who could grind usable lenses. 
He examined and measured Galileo's 
own tube and lenses at that famous din
ner of the Academy of Lynxes in Rome 
where the word "telescope" was coined 
in the spring of 1611. yet he was not 
able to duplicate the success of the Tus
can artist. 

There is a famous journal entry that 
cites a statement (against self-interest) 
made by the son of Sacharias Janssen. 
the strongest candidate for the designa
tion of inventor. suggesting that the fa
ther (an unsavory character. a convicted 
counterfeiter) "made the first telescope 
in this country in the year 1604. after 
one belonging to an Italian which bore 
the date anno 190." (Stillman Drake 
thinks the error was for 1590; since the 
text clearly intends a date. 1590 is hard 
to fault.) Another claimant is a Floren
tine. Raffael Gualterotti. who wrote 
Galileo in April. 1610. asserting that he. 
and no Dutchman. was the inventor: "It 
is now twelve years since I made an in-
strument . . .  for the benefit of a cavalry 
soldier ... . A feeble thing." 

How can all this be true? How can the 
telescope have become the cynosure of 
Europe in a year or two after 1608 and 
yet have remained unknown for a dec
ade or more before that? Professor Van 
Heiden. a historian at Rice University. 
offers a persuasive explanation. The 
erect-image two-lens instrument was in
deed not very new. It had been found 

quite naturally during the 1590's l?y 
combining the then common lenses of 
the spectacle makers. It was of some 
help to myopics. but its lower power and 
poor lenses made it a thing of no great 
virtue. The early optical experimenters. 
on the other hand. were hoping for won
ders like the glass of Roger Bacon's 
dreams. There was no excitement in "a 
feeble thing" with magnification well 
under two diameters. But the concave 
lenses for the myopic grew better. their 
focal lengths shorter. the glass clearer; 
and one of those clever Middelburg arti
sans. or more than one. saw a new 
potential. The magnification. close to 
threefold. was striking. 

We can see now. however. that in a 
way" 'telescopes' existed before anyone. 
including the men who made them, were 
aware of them." The key point was the 
development of effective higher magni
fication. That began near Middelburg 
when the utility came clear. The rich. 
the curious and the military seized on 
the device. Galileo speedily developed 
the concept, pushed the workable power 
up to near 30 in a few months and put it 
to work penetratingly. Once the news 
got around more than one man realized 
he had already long possessed the same 
device. but with low magnification and 
used in a very different way. Quantity is 
the hero of this story. as it is of much 
science in the post-Galilean years. 

Old Gualterotti put it well: "'Aston
ishing' will never seem to me what I 
shall [have to] say about the accom
plishments of the Florentines." 

INDIAN FISHING: EARLY METHODS ON 

THE NORTHWEST COAST, by Hilary 
Stewart. The University of Washing
ton Press ($17.95). AQUACULTURE IN 

SOUTHEAST ASIA: A HISTORICAL OVER

VIEW, by Shao-Wen Ling. Edited by 
Laura Mumaw. The University of 
Washington Press ($7.50). "I was curi
ous to see this hook in action .... I made 
one. complete with deer bone barb, 
spruce root lashing. inner cedar bark 
leader and line. and a perforated stone 
sinker. For luck I carved a river otter on 
one arm of the hook." Halibut are big 
flatfish. Specimens up to 200 pounds 
were taken on hook and line by all the 
coastal peoples of the Northwest: a 
clumsy hook. often two pieces lashed 
together into a flat V, with an inpointing 
barb at one end. Wa:s the design func
tional? There is one way to find the an
swer. Try it on a hungry halibut in plain 
sight, a captive in a tank. The species 
does not bite at its food but draws it in 
with a strong sucking action and then 
forcefully expels what it would like to 
reject. The baited hook is ejected with 
great force, but when the barb pierces 
the cheek from the inside. the fish is cun
ningly hooked. Any forward motion is 
stopped at the apex of the V, and with-
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drawal simply sets the barb more deep
ly. And thus was "Great-One-Com' 
ing-Up-Against-the-Current" common
ly taken. Not long afterward the thin
sliced white meat of the great fish. hang
ing on the drying racks like so much 
laundry. was smoked to a golden tan; 
the people could face the winter nights 
without fear of hunger. 

Hilary Stewart is no mere external ob
server of the old ways. She finds her way 
close to the center of the old life. and she 
takes the reader along. The experiment 
with the halibut hook was only one of 
many trials; she takes little for granted. 
Half a dozen long pages of this attract
ive book display loving and clear draw
ings of halibut hooks. Here is a photo
graph of Chief Charles Jones of the 
Pachenaht Band. a round 100 years old. 
who bends U hooks by steaming sticks 
of fir on the coals overnight inside hol
low tubes of kelp. "Gotta be just limber." 

he says. Not any old wood will work. 
but only the hard. dense wood of fir 
knots. so that the hook will hang down
ward in the wa·ter. The carved designs 
are equally part of a fine halibut hook. A 
dozen are carefully drawn here: raven. 
shaman. octopus tentacles and much 
more. The Kwagiutl prayed to fish and 
hook alike. To the hook: "Now Younger 
Brother your dress has been put on. You 
will go to the village of Scenting Wom
an . . . .  Do not let go of Old Woman 
when she takes hold of you. Good 
Younger Brother." And the first-catch 
ritual meal would follow. after which all 
the scraps were carefully collected in a 
new mat and thrown back into the sea. 

Not halibut hooks alone but also the 
craft. technology. art and spirituality of 
the eight peoples nourished by the rich 
upwelling seas that stretch from the Co
lumbia to Alaska are treated in this gift 
of a book. half analysis and half celebra-

EULACHON FISH ARE HUNG OUT TO DRY by Pacific Northwest Indians in 1884. Pho
tograph appears in Indian Fishing: Early Methods on the Northwest Coast, by Hilary Stewart. 
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tion. Gaffs. lures and lines. nets imd 
clubs. traps and sinkers-all are de
scribed. drawn with care. examined inci
sively. often by remaking them in the 
old way. "Fish were holy." The cultures 
fused a sea-unity of the knowing experi
ence. clever tools. deep myth and digni
fied prayer. The pages are aromatic with 
the scent of reality; this is how it works 
and. a little. how it was. No technical 
ethnography. the book cuts deeper than 
most ethnography. documented as it is 
from primary literature and. even bet
ter. founded on the stuff itself. 

The small. silvery eulachon (the can
die fish) filled the nets in tons each 
spring. to be processed to render up a 
strong. nutritious oil. It still comes to a 
Haida table. innocently enough. as if it 
might be a jar of honey. but "I am with
out hope that I ever" will get to like 
it. the author admits. A hundred years 
ago the great sturgeon was the spring 
prey of the Coast Salish. Down the wide 
Fraser the fishermen drifted. perhaps 30 
canoes abreast. carrying jointed poles 
up to 60 feet long with a spear point on 
a strong line at the end. feeling along the 
river bottom. Once a sleepy monster 
was found and struck. the slate-and-ant
ler barbs held fast. and the happy hunt
ers would be carried downstream "at 
any pace" by a 600-pound fish in an 
exact freshwater analogue of the salty 
Nantucket sleigh ride. 

Most fish are still hunted. although all 
but universally landlubbers have passed 
from the hunt to the life of the farmer 
and herdsman. Yet from India and Cey
lon all the way around to Korea. Shao
Wen Ling reminds us in Aquaculture in 
Southeast Asia. the people win about a 
fourth of all the fish they eat from aqua
culture. tending ponds for fishy crops in 
a high tradition of husbandry. It is noth
ing new. Here is old Fan Lee's essay. 
written down in the fifth century B.C.: 

"There are five ways of making a living. 
the foremost of which is in aquatic hus
bandry. by which I mean fish culture." 
Put 20 gravid carp in your well-made 
pond in March and take out 240.000 
three-pounders a couple of years later. 

The antique method was monoculture 
of the tasty. hardy. easily cultured com
mon carp. But in the Tang era polycul
ture began. the foundation of the pres
ent success of tropical aquaculture. Dr. 
Ling cites some careful studies of ponds 
in Taiwan. A heavily fertilized pond 
produces more than seven tons of fish 
per hectare in a year. The silver carp 
yields almost half the total; it is a very 
efficient feeder on phytoplankton. Next 
comes the gray mullet. which is adapted 
to consume mostly tiny crustaceans. the 
zooplankton. Three carp species graze 
the life of the bottom ooze and the high
er plants: "The grass carp eats macro
phytes as efficiently as a cow eats grass." 
The carnivorous perch can provide 
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some more yield by feeding on insect 
larvae and other freely moving animals. 
but they cannot be put in the pond until 
the other fishes are big enough to escape 
their predation. 

Under intensive care a fertilized pond 
yields 10 times as much as an unfertil
ized, stocked but little tended farm res
ervoir. Nearly all the extra biomass is in 
the phytoplankton; the higher underwa
ter plants do better in a less rich pond 
because the green swarms of plankton 
cut out their sunlight. Almost half of the 
yield arises from the direct ingestion of 
the fertilizer by the fish. Manures and 
night soil are the usual fertilizers in 
Southeast Asia. Inorganic chemicals 
alone do not work so well: the combina
tion is excellent, but the inorganics are 
too costly for the fish farmers there. The 
night �oil is thoroughly disinfected be
fore being applied, but the problem of 
parasitic disease remains, particularly 
if fish is not well cooked; the flukes of 
blood and liver are the most serious in
festations. 

Not until the 1960's did this remark
ably adaptive aquaculture become true 
domestication. Husbandry was ad
vanced; the old masters had even 
worked out how to sort fry, inducing 
their stratification by species by skim
ming off the larvae as they came to the 
surface during a careful succession of 
disturbances. (The method depends on 
the differential oxygen needs of the dif
ferent larvae.) For most species, how
ever, the fry still bad to be taken from 
the river and brought to the pond. Now, 
for some 15 years, the main species have 
been induced to spawn under controlled 
conditions by pituitary injections. The 
gland is often taken by a special core 
drill, so that the fish is not spoiled for the 
table. A closely related species can be 
chosen: the common carp is known as a 
"universal donor." A suspension of the 
ground gland is injected into the female. 
Within the day the fish is ready; it is 
carefully stripped of its eggs by gentle 
hands, and the eggs are fertilized. In the 
mild climate a simple hatchery will do; 
in a couple of weeks, the fingerlings are 
sent to the farmer's growing ponds. For 
short �istances the fry are transported in 
shallow bamboo baskets lined with pa
per to hold water and hung on the ends 
of a carrying pole on a man's shoulders; 
the natural motion aerates the water 
adequately. Once they made the long 
voyage from the interior through Hong 
Kong by boat in large wood tubs, each 
tub churned day and night by an atten
dant. Now plastic bags filled with oxy
gen have ended that laborious task. 

Dr. Ling writes engagingly and draws 
the sleek fish of his story elegantly. It 
was he who some years ago first worked 
out a way to rear Malaysian freshwater 
prawns, thereby domesticating a valu
able new species. The first-stage larvae 

would not survive in spite of every vari
ation of pH, of temperature, of "every
thing I could think of." He was obsessed 
and would not give up. Desperate he 
struck out at random, adding juices, 
milk, coffee, tea and so on. "Lo and be
hold," the larvae in water with soy sauce 
added survived. "I had been so foolish'" 
The larval stages need dilute salt water; 
although the gravid prawns were col
lected in fresh water 100 miles from 
the sea, in nature the larvae drift slow
ly downstream unnoticed. and mature 
near the river mouth. 

The art of fish culture is slowly be
coming a domestication under full con
trol; chase will give way to crop. and the 
wider world will share the bounty of the 
Fraser and the Columbia of long ago. 

ULTRASHORT LIGHT PULSES: PICO

SECOND TECHNIQUES AND ApPLICA

TIONS, edited by S. L. Shapiro. Springer
Verlag ($42.70). From Galileo's pulse 
onward the physicist has sought means 
of measuring short time intervals. The 
Los Alamos editor of this expert's re
view volume on the state of the flashy 
art traces its history with a delightful 
summary graph in the first chapter. J. A. 
von Segner of Gottingen measured in 
1 740 the comet tail he saw by viewing an 
ember glowing at the edge of a rotating 
disk. The ear's nimbler response was ex
ploited by the familiar siren disk, whose 
holes, rotating past an orifice, provided 
a speed measurement by their varying 
tone. Then came the spark light source, 
together with the image made by a mov
ing mirror. The extension of man's per
ceptions had gone to microseconds by 
the 1820's, once the laboratory had be
come electrical. By 1870 we had snap
shots of sound pulses. 

The nanosecond regime was entered 
at the turn of this century. when the Kerr 
cell was so applied. In this device the 
shutter action follows from a voltage-in
duced rotation of the plane of polariza
tion with the speed of the reorientation 
of the molecular dipoles, in a refractive 
substance placed in the optical path. All 
that the rise of electronics could do, with 
its photomultipliers and oscilloscope 
tubes, was to replace the moving mir
rors and the whizzing disks. High-fre
quency techniques brought the interval 
down only by a factor of a few. although 
of course its utility was much widened. 
The plateau remained at a nanosecond 
(light moves a foot in that time) until 
about 1965. With a bang the art im
proved 1.000-fold in one decade. The 
bang was the laser. Amid a wide range 
of methoc!s and results one page of this 
review shows a light pulse, caught in 
passage through water made a little tur
bid with milk. The pulse was defined to 
a millimeter or better in work that is al
ready classical: it is seven years old. 

The picosecond era is the theme of 
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this volume. There are chapters on pulse 
generation and measurement and on the 
four main applications (putting aside 
the large-scale use of picosecond pulses 
in fusion): nonlinear optics, the phys
ics of solids and liquids, chemistry and 
biochemistry. No swift bullets or bird 
wings are shown here, of course. The 
picosecond domain is molecular: on this 
time scale "a speeding bullet moves like 
a dead ant." The discussion is highly 
technical; although it is not very mathe
matical, it does require some familiarity 
with the idea of the reciprocal time and 
frequency domains and some interest in 
the molecular world. 

How can one measure picosecond 
pulses? The quantum limits set in the 
visible-light region 1;>y the photoeffect 
response time is at least 100 times short
er; no trouble there yet. But oscillo
scopes are too big and hence too slow; 
they respond only in about 100 picosec
onds. The first studies were based on 
various indirect correlation tricks, and 
were more than once misleading. Now
adays picosecond streak cameras are in 
wide use both in the U.S.S.R., where 
the idea emerged, and outside it. Mod
ern image-intensifier techniques pro
vide brightness and final screen-writing 
speed for the job, with good image detail 
and hence good time resolution-to bet
ter than one picosecond. The trick is to 
avoid the time jitter inherent in the ini
tial motion of the photoelectrons that 
bring the signal, some of them slow and 
some fast. The essence of the scheme is 
high voltages and fields throughout, to 
swamp the ruinous initial energy spread 
in the freshly ejected photoelectrons. 
The devices are reliable and their time 
resolution is dependably linear. 

The source of pulses is even subtler. 
Laser output usually shows an intrin
sic spikiness in the picosecond domain, 
more like noise than like a pulse train on 
this time scale. One has to get the laser 
to exhibit its high coherent gain not just 
in any of the ways it can do so but in a 
very few of the many modes of the opti
cal resonator that controls the laser. In 
the time language the laser must be 
made to concentrate gain in a sharply 
defined number of crosswise and to-and
fro reflections in the light path, with the 
other passes canceling by interference. 
Such mode-locking has been achieved 
for glass-rod and dye-laser media. The 
details are rather subtle, but the funda
mental idea is that of using a thin layer 
of a strongly absorbing dyestuff to limit 
laser gain to a narrow band of frequen
cy, but in such a way that the buildup is 
soon saturated by nonlinear effects in 
the dye. Then, it turns out, the noisy, 
fluctuating laser output that follows the 
long exciting light pulse (in the simplest 
case) soon steadies and amplifies only a 
few nearby modes; the others are negli
gible because they are not much ampli-

fied during the nonlinear phase of the 
absorber's action. 

A mode-locked laser of the glass-rod 
type requires careful control, to avoid 
thermal distortions and spurious reflec
tions, as well as correct design. Not ev
ery train of pulses will be successful; 
chance plays a role. But when the laser 
works, the modest energy fed into it is 
released somewhere in a picosecond or 
two. There the power is high indeed: 
each pulse matches in power the world's 
total electric power (how briefly!). High
order, multiple-photon, modulation and 
harmonic effects abound. Beam break
up, optical damage, self-induced trans
parency, rectification and much more 
puzzle the theorist and challenge the 
physicist looking for applications. 

The latter half of the volume is a re
view of applications of fast pulses as 
probes for studying the behavior of mat
ter, primarily the nature of the spread 
of energy. In solids and liquids energy 
is taken away by lattice vibrations, by 
electrons and by complexes of electrons 
and holes. In solutions and gases the 
pulse enables the chemist to watch 
bonds, charge and even orientation re
lax through the molecular system. If the 
change can be induced by light, there is 
an opportunity to follow its relaxation 
either by direct streak-camera observa
tion or more indirectly. The last chapter 
carries the method to the big molecules 
of biology, where hemoglobin, the visu
al pigments, photosynthetic centers and 
the DNA tape are obvious materials in 
which to study the entry of energy and 
its migration, a test for all types of proc
esses of transfer and repair. 

THE DISTRIBUTION AND DIVERSITY OF 

SOIL FAUNA, by John A. Wallwork. 
Academic Press ($27.25). In the crevices 
and dark, tiny tunnels belowground 
dwells a bizarre fauna, humble and 
mainly hidden. Any small volume of 
soil is as rich in species as a coral reef. 
but these groups are Ubiquitous, found 
in peat bogs and sand dunes, the tundra 
and the blazing Mojave, the soft grass
lands and the towering rain forest. This 
beautifully organized treatment by a 
London ecologist who has worked and 
photographed from the desert in Baja 
California to the clumpy mosses of 
South Georgia in the South Atlantic, is a 
critical effort to understand not only the 
players but also the stage set and the 
play. Each principal chapter is orga
nized around a particular environment. 
The author treats half a dozen at some 
length, setting out, against the back
ground of climate and soil types, the 
muster of soil fauna that thrive within it. 
Readable enough for the general read
er concerned with the living world, the 
book is also comprehensive enough for 
a first text and will surely be a pleasure 
of summation and reflection for the re-
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Delta is an air line run by professionals. 
Like captain Frank Moynahan, a28..year Delta 
veteran who pilots aWlde .. Ride L .. 1011 TriStar. 

The man and the jet are well matched. 
Frank has over 26,000 hours and 7,&00,000 air 
miles under his seat belt. And the 'giant jet is so 
responsive that he could fly it with his fingertips. 

So frank'S passengers enjoy a smooth, easy flight that lands 
them smiling. And that, Frank says, is what it'S all about. 

When it comes to people, Captain Frank Moynahan 
couldn't care more. In fact, that goes for '� ... 
aU 31,000 Delta professionals. '" 

Delta is readywhenyou are: . ··a 
r. ,. _4 
., !�@? 

This is Delta's Wide·Ridl!' L·1011 7riStar, 
a $25 million superjet, The "living room" cabins are 
8 feet high. almost 19 feet wide. 
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The lon�st lasting light 
un(lerthe sun. 

Imagine a light bulb with a life 
expectancy of from 20 to over 100 
years of continuous operation. 
One that ran on 1/10 the energy of 
a regular light bulb and virtually 
never needed replacement. 

Light-Emitting Diodes 
Such a light actually exists. It's 

called a light·emitting diode (LED) 
and in the last few years, these tiny 
lights have become an important 
part of your phone system. 

Western Electric started manu· 
facturing LED's in 1972. And since 
then, working with Bell Labs, we've 
discovered hundreds of new uses for 
them that have saved Bell telephone 
users millions of dollars. 

sophisticated telephone equipment. 
T he Dimension® PBX console, 

for example, contains heat· sensitive 
s.olid·state equipment. A lot of these 
circuits could not stand up to the 
high temperatures of incandescent 

����������� bulbs. 

Practical Applications 
Take Western Electric's 

Trimline® telephones, To light the 
dial in our new models, we replaced 
the old incandescent bulbs with 
longer· lasting LED's. And since 
LED's may last up to 50 times 
longer, telephone companies' instal· 
lation and maintenance costs have 
been reduced significantly. 

Another way LED's save money 
is by saving energy. T hey consume 
about 1/10 the energy of incandes· 
cent bulbs. 

And LED's can withstand the 
inevitable bumps and bruises that 
telephones always seem to receive. 

LED's, on the other hand, oper· 
ate at temperatures low enough so 
as not to damage the nearby circuitry. 

T hese advantages, along with 
long life, give product designers 
more flexibility. And that permits 
us to build more features and 
services into the equipment we 
produce for Bell System customers. 

Continuing Innovation 
Today, over-300 different types 

of Bell System equipment utilize 
LED's. 

Innovations like this are the 
result of close collaboration between 
Western Electric, Bell Labs and your 
local Bell telephone company. 

Working together to keep 
LED's have also played a vital 

role in the development of new 
features and services in some @ of Western Electric's most 

your phone system the best 
in the world. 

Western Electric 
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, 
PROFESSIONAL 

DISCOUNTS 
Texas Insttutnents 
electronic calculator 

TI·175Q LCD . $19.35 SR40 . .. . . .... . $23.75 
TI·25 NEW .... 27.95 TI-55 . . . .. . 49.95 
lillie Prof .... 12.55 TI·S7 lEW . 63.00 
Dalarnan lEW 19.95 TI-58 lor . . . . . . 95.79 
TI·S100 .. . .... 38.75 TI·S9IEW.. . 219.95 
TI·5Q15 NEW. 63.00 PC·100A . . 147.00 
TI·5050 M . . . .. 77.55 MBA ... . ....... ... 63.00 
TI-5040 PO ... 95.00 Bus. Anylst .. .. . ... 26.95 
n·lO SP ...... 16.98 TI-Programmer MEW 49.95 
Datachp .... .. 28.09 11·1790 a.' . . . .. 39.95 

ASk for TI Digital Watches 1iii'. 
HP10 N::/.��!�� II :'�o���.R.D$235.00 

HP·19C NEW . • . . .  268.95 HP·67 . . . • • . • . • •  353.95 

HP·21. . • . . . . . • . .  55.00 HP·3IE NEW . . . . . 55.00 

HP·22. . . . . . . . .. • 85.00 HP·32E NEW. . . • .  75.00 

Hp·25 . . . . . • . . • . .  85.00 HP·33E NEW..... 92.00 

HP·25C . . • . . . . . •  !l8.00 Hp·37E NEW ... :. 70.00 
HP·27 • • . • • . • . . . .  115.00 HP·38E NEW • • . • .  110.00 

HP·29C NEW . . • . .  151.95 HP·92 NEW . . • . • .  450.00 

HP·97 . • . . . • . . . .  587.00 

..
.
... Hpo ... !horlz'" fr .. c ......... I.r - .11 

_.oorle . .... profI.IIOIIIIIy dllcounllMl./ 

Aloo SCM. OIl •• ttI. C •• I", C._. IPF. Sharp. 
Cr .... S.n,,,, IlCard-I.e.II. la .. lca-P�lIlIfII 
.nd mare. III .t ,r •• t prlc.1I 

Norelco NT·l . . $164.00 Sanyo 9908 . . $249.95 
Norelco 186 . .. 245.00 Sanyo BOOOA . . 199.95 
WE WILl.ElT 01 MEET II' COMPETITOIS' PIICE 
IF HE HIS MEICHIIOISE 01 HIID. All units shipped 
in €Niginal factory cartons with accessories according to 
manufacturers· specifications. In Calif. call (2131 370-
5795 or CILl I_I 421-0387 (olher lhan CAl. Above 
prices are for cash only. 8ankAmericard !Visa & Master 
Charge prices differ. Send money order. Pers. ck (2 wks 
to clearl: In CA add 6% sales tax. Add $3.50 min. shipping 
charges. WE SHIP AIR on request Subiect to availability 
Send mail orders to DEPT. SA·F 
WIITE 01 CILl FOR FlEE CIT ILOG. � WRITE OR CAll FOR FREE CATALOG 

WILSHIRE - 2 STORES - HAWTHORNE 
CALL 

�[(1)��[('©[(���� 
16611 HA����'

N

'

E ;����������:E� ��s 90260 
(213) 370-5795 • (BOO) 421-11367 

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 i s  fic
tion. non-fiction' 
or poetry, sci
entific. scholar
ly. specialized. 
(even contro
ve rsial) t h i s  
handsome 52-
page brochure 
will show you 
how to arrange 
for prompt pub-
lication. 

Unpubli shed authors. espec ially, will  
find this booklet valuable and inform
a tive. For your free copy, write to: 
VANTAGE PRESS, Inc. Dept. F-53 

516 W. 34 St., New York, N.Y. 10001 
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BOOKS 
FROM 
UNITED 
NATIONS 

T he United Nations in its Publishing 
Programme makes available a great 
deal of indispensable material on such 
major subjects as Economics. both 
global and regional. International 
Statistics, Energy. Human Rights. So
cial Questions. Transnational Corpora
tions. International Law and Demog
raphy. 

A full listing of our titles is y ours for the 
asking. Send for our catalogues. 
available free of charge. 

, Publications in Print 1978 

• Standing Order Service Brochure 

• Microfiche Price List 

• United Nations Official Records 
Supplement 

UNITED NATIONS PUBLICATIONS 
Room A-3315 
New York, N.Y. 10017 

UNITED NATIONS PUBLICATIONS 
Palais des Nations 
1211 Geneva 10. Switzerland 

Journal 
of 
Field 
Archaeology 

Taxonomists 
in all branches of botany, zoology, 

and medicine are needed to identify 

archaeological finds. The Journal of 
Field A rchaeology is preparing a list 

of taxonomic specialists who are able 

to classify plant (seeds, pollen, fibers, 

wood, etc.), animal (insects, shells, 

bones, hair, teeth, leather, etc.), and 

human remains from current 

archaeological excavations. If you 

are willing to participate in such 

inter-disciplinary work, please send 

your name, address and the materials 

you are competent to identify to: 

Curt W. Beck 

Vassar College, Box 92 

Poughkeepsie, N. Y. 12601 

search ecologist. Plenty of tables and 
photographs enrich the pages. The 
mathematics in one chapter is perhaps 
touched too gingerly for most readers to 
follow; those indexes and entropies do 
not seem to help much yet. anyhow. 

Every major phylum of animal save 
the marine phyla is found somewhere or 
other in the soil. The animals are tiny. 
invisible until they are somehow sieved 
from the substrate, a millionfold in a 
typical square meter, to be studied only 
by sampling. (In one photograph you 
can see a few happy ecologists sitting 
on the Yorkshire grass taking their ease 
with the cores.) Of course. there ar� spe
cial associations. The protozoa, those 
with tiny hard tests as well as oozing 
amoebas, are found by the tens of mil
lions in the water films of soggy peat 
bogs. The nematodes are not less abun
dant in the grasslands, where the famil
iar earthworms flourish as well. The 
mites are everywhere, the springtails 
only somewhat less cosmopolitan; the 
millipedes and false scorpions are in the 
temperate and tropical woodlands. 

Samples must suffice here too. Grass
land fauna .. differ sharply in Temperate 
and Trop·ical zones. It is not so much 
temperature but rainfall that makes the 
difference. Tropical climates generally 
have seasons that are either soaking wet 
or bone dry. Tropical earthworms must 
burrow deep; they are fewer in number 
but more active when the rains come. In 
tropical grasslands the termites and the 
ants replace the tinier insects and play a 
role in working the soil not unlike that of 
the worms. The chemical environment 
too can be decisive. Where calcium is 
high, as on limestone. snails, isopods 
(wood lice) and millipedes abound; all 
of them harden themselves more or less 
with calcite crystals rather than by the 
organic tanning process of the hard
shelled beetles, say. Of course. the world 
is not so simple: a peat bog has a com
plex structure, from bare mud-cracked 
peat to mossy hummocks a few feet 
higher. (Mites abound in the acid bog 
world; here is a photograph of a good
sized crane fly with a cluster of mite pas
sengers on its thorax.) The detail is elab
orate; people have worked on those var
iations yard by yard. 

The forest is perhaps the most com
plex. It offers new possibilities because 
there is a vertical dimension. Solar ener
gy flows in at the toP and the flow is 
downward with gravity as the leaves 
fall. Leaf litter covers the ground in 
the Temperate Zone forest; in the Trop
ical one the microhabitats shift upward 
toward the canopy with the epiphytic 
plants. (In a grassland grazing is the big
gest secondary flow: energy goes up
ward from the solar input at the grass 
blade level. Here the special habitat is 
the dung pat.) 

In the forest the leaves fall. and even 
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You can add a touch of space-age elegance 
as you protect your home with the world's first 
microprocessor wall switch from JS&A. 

The Wi n ners 
These two items are the best selling new 
electronic products. Can you figure out why? 

New products often surprise us. We never 
quite know why one product stands out and 
becomes a big seller. 

In our recent catalog, our Security Switch 
and Mini Travel Alarm were in greater demand 
than any other item. Both are new innovations 
using newly developed technology, and both 
are being sold by the thousands. See if you 
can understand why: 

THE MINI TRAVEL ALARM 
It's small. And because it's small, it fits any

where. In your briefcase or in your pocket. 
The new JS&A Travel Alarm measures only 

3/8" x 1 VO' x 2W' and has a small easel support 
on the back. Just set the alarm, and the elec
tronic beep will wake you up. The clock move
ment is totally solid-state, and a built-in night 
light lets you view the time in the dark. 

But the JS&A Travel Alarm does more. First, 
it makes a great pocket watch. The small imita
tion black leatherette carrying case that comes 
with the unit has a window so you can view the 
time even when the unit is in its case. 
Secondly, it tells accurate time-within fifteen 
seconds accuracy per month. And finally, it's 
inexpensive-only $29.95 complete with 
carrying case and two readily-available hear
ing aid batteries. It makes a perfect gift for your 
secretary, business associates, best custom
ers, and friends. 

There is also a deluxe version with a built-in 
timer and dual time zone capability. You can 
now display one time while keeping the 
second time in memory. 

The Travel Alarm can be ordered by calling 
our toll-free number below or sending your 
check for $29.95 for the regular version or 
$39.95 for the deluxe version. Please add 
$2.50 postage and handling. 

THE SECURITY SWITCH 
It's just another very clever application of 

solid-state technology for the home or office. 
You know those security timers that turn 

your lights on and off while you're away? They 
are supposed to deter burglars and vandals 
because they make your home look lived in. 

But any halfway experienced burglar can 
see the difference between the lights you use 
when you're home and the lights you use when 
you're away. 

Now a new space-age device programs 
your lights to respond to a pre-determined, yet 
random living pattern. And unlike the devices 
that fit into an electrical outlet, this device 
simply slips into your existing wall switch. 

A built-in LED digital clock displays the time. 
When you leave, you turn the switch on. You 
can choose between five different programs 
depending on the room you're in. You tell the 
built-in microprocessor-based computer cir
cuit which room you're in by entering a 
number. Then the lights controlled by the 
switch in that room turn on and off just as if the 
room were being used on a daily basis. 

Because it's random, the unit will turn on 
and off at varying times on different days but 
always during the approximate times they 
would normally go on if you were at home. 

To install the unit, you simply turn off the 
fuse for that outlet, remove your present light 
switch, and replace it with the new one. 
There's no soldering required-just twist on a 
few wire nuts and you're finished. 

The switch can be overridden and used just 
like a regular light switch by pressing a button 
to turn on the light. One of the nice features of 
the system is its appearance-that of a space
age switching system-sure to be a conver-

NEW TECHNOLOGY 

The new JS&A Travel Alarm will fit in your 
briefcase, pocket or purse and it takes up as 
much space as four quarters. 

sation piece in any room. 
The only drawback is that in a power failure, 

the lights go on and stay on after the power 
outage. But this cquld also be considered an 
advantage as it would warn your neighbors to 
stop by and check out your home. 

The Hutec security switch costs only $39.95 
plus $2.50 for postage and handling per order. 
It is well worth a test. If you like the switch, 
order some for your entire home. Even if they 
just replace your existing switches, you'll have 
the only home on the block with a digital watch 
in each one of your light switches. 

DISCOVER THEM YOURSELF 
Both of the above products are available 

with a 90-day parts and labor warranty and our 
30-day guarantee of satisfaction. If you are not 
completely satisfied, return them within 30 
days for a complete refund. Illinois residents 
please add 5% sales tax. The most you pay for 
postage and handling is $2.50 per order, no 
matter how many items are in the order. 

JS&A is America's largest single source of 
space-age products-further assurance that 
your modest investment is well protected. We 
personally stand behind the quality and the 
service of both products. 

It took our catalog to help us discover two of 
America's hottest new products. Discover 
them yourself-at no obligation, today. �NATIONAL 

O SALES 
® GROUP 

Dept. SA One JS&A Plaza 
Northbrook, 111.60062 (312) 564-9000 

Call TOLL-FREE . . . . .  800323-6400 
In Illinois Call . . . . . . .  (312) 498-6900 

©JS&A Group,lnc.,1978 
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logs and branches form special habitats. 
One experimenter put out artificial logs: 
oak boxes filled with oak sawdust. with 
four variants of packing and nutrient 
quality. In a year or so he could report 
what had come to live within. "an aston
ishing variety of animal life." The ex
periment is timed from the fall of the 
wood. There is a regular succession of 
forms: chewing beetles. softening fungi. 
then forms that prefer softer food or 
feed on the fungi. Finally the log merges 
with the litter and the soil. An oak log 
harbors a much richer fauna than a pine 
one because it decomposes more slowly 
and offers diversity of structure for a 
long time. In the end it all belongs to the 
soil. Why the animals are so attracted to 
logs is not sure; there is not much pro
tein there. except secondarily. The arti
ficial logs consisting of oak boxes and 
oak sawdust had about 900 individuals 
of 4 1  species. with some two dozen spe
cies as the basic fauna for all seasons 
and in all logs. 

. 

Then follows the fascination of the 
deserts. hot Mojave and cool Gobi. 
where the caravans can pack drinking 
ice in the camel bags. The soil harbors a 
specialized life indeed. relatively sim
ple. with such large and showy forms as 
scorpions. The soil here is mineral. with 
little organic matter. It forms more a 
shelter than a subsistence zone. The oc
casional layer of litter and the root sys
tems of plants harbor a reduced popula
tion of mites. "The poverty of life in the 
Antarctic region is surprising"; latitude 
for latitude the Arctic is more shrubby 
and varied. It may be that the adaptive 
processes have not had enough time to 
work in the isolated Antarctic. where 
postglacial recolonization by plants and 
animals is sure to be slow. The spring
tails and mites tell the story. Some of 
them belong to an old-settler world. rel
ics of ancient preglacial life; but there 
is also an immigrant element. South 
American in origin and newcomers to 
the region. 

The entire picture is merely sketched 
in. It is far from clear to what extent we 
should regard the clusters of species we 
see as communities that are somehow 
necessary and to what extent as simply 
what has happened. Only in the extreme 
cases of salt marshes or deserts is it plain 
that there is a restricted community. 
found there more or less exclusively. In 
most places the idea of community is 
only one approximation; the idea of 
continuum is no less real. Time. struc
ture and chemistry define the hypervol
ume of habitat diversity in a multitude 
of ways. Each species dwells in some 
small region of that vast and little
known space. Perhaps the origin of 
the complexity of the soil fauna lies 
here. in the world of grains and crannies 
where so many distinct evolutionary 
niches abound. 

Amazing Encyclopedia Bargain 
Explained -Why the Recession 
Forced The Webster Company to 
Slash $400 Price to only $ 133 
20 Deluxe Hardcover 
Volumes Weigh 60 Ibs 
Updated to 1 978 

researched information on -
ecology - drugs - careers 
- women's lib - nutrit ion 
birth-control.  A massive com
pendium of man's k n o w ledge 
up-dated to 1 9 7 8 .  A n  exciting 
glimpse into the breadt h  of 
man's acco m p l ishments.  A 
h uge 20-volume set that keeps 

8,590 Pages, 6,000,000 
Words - 29,000 Articles 
Send No Money - 14-day 
Free Home Trial - Phone 
Toll Free - Anytime 

Noah W,""" (1 758·184J). you as well  i nfo rmed on any 

;:��h;;!/tJ���;�::�F;'�, �':m;���:�a. subject as the scholars who 
compi led it .  S o  fascinating, 

We mean it .  We're i n  deadly earnest 
when we say that here is the most 
incred ible encyclopedia bargain on the 
market today. The reaso n  fo r the low 
p rice? S i mple .  The Webster Publishing 
C o m pany's  top-rated E n c y c l o p e d i a  
Division w a s  caught in t h e  economic 
recession bind. And j ust as the automakers 
offered rebates to d rastically im prove their 
sales, so does Webster announce an 
incredible p rice slash to turn i nventory into 
i m mediate cash and avoid the high cost of 
borrowing. 

Think of i t !  T H E  N E W  A M E R I C A N  
E N C Y C LO P E D I A  i s  rated by t h e  most 
authoritative guide i n  encyclo pedias, 
E N C Y C LO P E D I A  B U Y I N G  G U I D E .  
They rate i t  among t h e  top encyclopedias 
in the world,  regardless of price. A bargain 
at the bookstore price of $289. And even at 
the door-to-door selling price of $400. 
Now you can get it for an incredibly low 
$ 1 33 - only 33 'NYo of the door-to-door 
selling price - during this emergency 
money-raising sale. 

All this plus a p reviously unheard of 
mo ney-back guarantee. I t  is sent to you on 
a free 1 4-day h o me tr ial  basis  ( n o  salesman 
wil l  call) :  Thumb through it as often as you 
wish.  You must agree with the experts who 
rate it among the top encyclopedias in the 
world - or simply repack in the original 
crate and ship back to us at our expense. 
Your money - plus the original shipping 
charge - will be refunded promptly and 
without question. Who says so? The 
Webster Publishing Company says so. 
And when The Webster Publ ishing 
C o m pany says so,  you know it's got to be 
true. 

The New A merican Encyclopedia is a 
j oy to peruse. Over 8 ,590 pages, 6,000,000 
words,  4,000 ful l  color pictures and maps, 
29,000 articles, 1 0,000 il lustrations and 
duotone d rawings.  H u man A natomy 
section with acetate overlays, al l  articles 
cross-referenced, and maj o r  articles 
include b i bliographies.  D u rably bound 
and printed on new glare-free paper. A 
color map with each fo reign country 
article. S t reet maps in color of many maj o r  
cities of t h e  world.  New - complete -

that once you become im
mersed, it is hard to stop read ing.  No finer 
way ever devised to help you become the 
well-read, totally informed, well-rounded, 
and complete person everyone wants to be. 

And most i m p o rtant of all, as an added 
bonus,  you get a 1 0- Y E A R  R E A D E R  
R E S E A R C H  S E R  V I C E  on any question.  
This allows you to ask our staff of over 500 
contributors, al l  experts in their field, an 
unli mited number of questions for ten ful l  
years o n  a n y  subject, w i t h  the exceptions of 
legal or medical advice, at no additional 
charge. This is j ust l ike having your o w n  
research department available to you o n  a 
mo ment's notice. And the service is FAST. 
N o rmally 10 days fro m  the t ime the req uest 
is received by the p u blisher,  you have your 
a nswer in fu ll  detai l .  

To get  your free home trial  send no 
money. S i m ply call (toll  free) Webster's 
National Data Centre, 1 -800-24 1 - 1 322 
anytime.  I ncluding eveni ngs and week
ends. Ask for operator 504. I n  Geo rgia 
only it is 1 -800-282- 1 3 3 3 .  Or w rite The 
Webster Publishing C o m pany Ltd . .  
Executive Offices, 245 East 2 5 t h  S t .  # 3  K 
New Yo rk,  N . ¥. 1 00 1 0.  

U se your Bankame ricard ( V isa).  M aster 
Charge, or American E x p ress, o r  pay 
postman only $ 1 3 3 plus $ 1 0  fo r freight and 
crating upon del ivery. I f  you p refer.  send 
payment in fu ll .  I n  all  insta nces you pay 
only $ 1 3 3 plus $ 1 0  (Total $ 1 43 )  freight and 
crating. 

Keep it for 14 days at no risk.  Thumb 
through it as often as you wish.  You must 
agree with E N C Y C LO P E D I A  B U Y I N G  
G U I D E ,  w h o  rate i t  among t h e  top 
encyclopedias in the world - regardless of 
price - or simply repack in original crate 
and return for a ful l  refund. We will pay the 
return freight, plus the original shipping 
charge. 

Yo u can't lose.  Clip out this message as a 
re m i nder.  This is an emergency money
raising special. The less-than-one-third the 
door-to-door selling price is for a limited 
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Attitudes toward Racial Integration 
The fourth in a series of reports on racial attitudes shows that Us. 
whites have increased their support of integration at a steady pace, 

with a striking period of more rapid change between 1970 and 1972 

by D. Garth Taylor, Paul B. Sheatsley and Andrew M. Greeley 

T
he 1970's are generally character
ized as being years of disgruntled 
reaction to the rapid social, eco

nomic and political changes of the 
1960's. In some areas of American life 
that may well be a correct assessment, 
but it does not seem to have been the 
case in race relations. The continuing 
monitoring of racial attitudes conduct
ed by the National Opinion Research 
Center (NORC) makes it clear that since 

1970 white Americans have moved 
steadily toward approval of racial in
tegration. The most striking fact to 
emerge from our analysis of the surveys 
is that the years between 1970 and 1972 
were an extraordinary interlude in U.S. 
history: just when the "white backlash" 
was thought to be taking effect there was 
instead a leap forward in racial toler
ance-or, to be more specific, in the 
verbalized attitudes of white Americans 

WEST 
SOUTH 

CENTRAL 
3.12 

with regard to the integration of blacks 
into U.S. society. The early 1970's were 
marked also by an increased rate of 
change in several other measures of sup
port for civil or personal liberties, equal
ity between the sexes and tolerance 
(some call it permissiveness) in general. 
The years since 1972 have seen not a 
reversal of the liberal trend in racial and 
other matters but rather a return to 
the slower, but nevertheless steady, rate 

GEOGRAPHIC DISTRIBUTION of white Americans' 1976 scores 
on a scale of attitudes toward integration is displayed for the U.S. 

Census regions. The average scale score was highest in the Pacific 
Coast region and in New England and lowest in the Southern states. 
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of change that has been recorded by 
NORC surveys for the past 35 years. 

The changing racial climate revealed 
by the response of white Americans in 
those surveys has been described in 
these pages in a series of articles [see 
"Attitudes toward Desegregation," by 
Herbert H. Hyman and Paul B. Sheat
sley; SCIENTIFIC AMERICAN, December, 
1956, and July, 1964, and "Attitudes 
toward Racial Integration," by Andrew 
M. Greeley and Paul B. SheatsIey; SCI
ENTIFIC AMERICAN, December, 1971]. 
Since 1963 the surveys have been based 
on a particular scale of racial tolerance 
and in 1976 the scale was again included 
in NORC's General Social Survey. (The 
survey is conducted by interviewing a 
nationwide sample of about 1.500 peo
ple; the questions constituting the scale 
were put to the approximately 1.350 
whites in the sample.) 

The purpose of this article is to report 
the results of that study, to highlight 
the continuities and the striking disconti
nuity in the rate of improvement and to 
examine some of the causes of the 
trends we observe. We find that some of 
the movement can be accounted for by 
the entry into the population of younger 
people and by the rising level of educa
tional attainment, but that a good deal 
of the trend represents actual modifica
tion of attitudes on the part of older peo
ple. Moreover, our analysis indicates 
that the change in attitude on racial mat
ters is part of the broader movement 
toward what can be considered a more 
liberal position on a range of other so
cial issues. 

The five items of the scale, which was 
devised by Donald J. Treiman, are 

selected and arranged in order of what 
might be called increasing stringency, 
that is, people are more likely to give 
the "liberal," or prointegration, response 
to the first item than to the second one, 
to the second item than to the third 
one, and so on [see upper illustration at 
right]. For each question the percentage 
of the white population giving the pro
integration response is recorded. In ad
dition, each respondent is assigned a 
score ranging from 0 to 5 depending on 
the number of his prointegration respon
ses. Mean scores can then be computed 
for the total white population and for 
various subgroups of the population. 
Almost every item shows a substantial 
change in the integrationist percentage 
from 1963 to 1970, 1972 and 1976. As 
for the mean score for all white Ameri
cans, it was 2.09 in 1963, indicating that 
the average white American then gave 
the pro integration response to just over 
two of the five integrationist questions. 
By 1976 the score had increased to 3.17. 

Two observations should be made 
with regard to the scale questions. One is 
that the first item is coming to elicit such 
broad agreement that it will soon not be 
useful in discriminating racial opinion. 

Three of the items in the original eight
question Treiman scale had to be "re
tired" for just that reason. They had to 
do with the integration of public facili
ties, an issue that was problematic not so 
many years ago but then became so set
tled in the public mind that it was diffi
cult to find whites who would not en
dorse the principle. If the racial climate 
continues to improve, other questions in 
the scale will presumably become less 
effective and will have to be dropped as 
new items, reflecting current issues such 
as busing for school integration, are 
added to the bottom of the scale. 

The second observation is that not all 
the items show the same pattern of 
change. The last question, about blacks 

1. Do you 1hink white students and black 
students should go to the same schools 
or to separate schools? 

2. How strongly would you object if a 
member of your family wanted to 
bring a black friend home to dinner? 

3. White people have a right to keep blacks 
out of their neighborhoods if they want 
to, and blacks should respect that right. 

4. Do you think there should be laws against 
marriages between blacks and whites? 

5. Blacks shouldn't push themselves 
where they're not wanted. 

o 

pushing themselves "where they're not 
wanted," elicited a more negative re
sponse in 1972 than in 1970, and its 
integrationist percent is about the same 
now as it was in 1963, whereas the other 
items show unambiguous trends in the 
pro integration direction. We believe the 
last question may not measure the same 
dimension of racial attitude as it mea
sured when the scale was first adminis
tered, but rather other dimensions or 
values such as politeness and conven
tional social behavior. For example, a 
person might decide that whites do not 
have the right to exclude blacks from 
a neighborhood without necessarily de
ciding that blacks should "push" into 
the neighborhood. (Indeed, an otherwise 
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TREIMAN SCALE of questions on racial attitudes was administered to a nationwide sample 
of about 1,350 wbites in 1963, 1970, 1972 and 1976. Tbe bars show for each year the percent
age of respondents giving what is considered to be a prointegration response to eacb question. 
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RATE OF CHANGE in scale score has been about the same in the North (gray) and the South 
(c% r) except during the 1970-72 period, when the mean score in the South rose more rapidly. 

quite liberal person might believe that 
no one. including a sociologist, should 
push in where he is "not wanted. ") 

The different periods of change in 
white racial attitudes-since 1963 are re
vealed if one compares the annual rates 
of change in the scale score during the 
several intervals between surveys. Be
tween 1963 and 1970 the score moved 
in the liberal direction at the rate of six
hundredths of a question. or .06 point. 
a year. Between 1970 and 1972 the rate 
of change was .2 1 point a year, more 
than three times as high. For 1972-76 it 
declined to just about the pre-1970 lev
el. A number of studies of U.S. attitudes 
on other issues show a similar pattern: 
slow but steady change through the 
1960's, a quick spurt in the early 1970's 
and then a return to a stable, slower pat
tern of change. For example, analyses 
by James A. Davis and his colleagues at 
NORC show this pattern of change in 
the population's support for legalizing 
abortion under certain circumstances, 
for expansion of various rights of wom
en and for some other measures of lib
eralism. In the last part of this article 
we shall attempt to interrelate some of 
these patterns of change in an effort to 
understand the reasons for the modifica
tion of white American racial attitudes. 

Comparing the changes in scale scores 
for various subgroups of the popu

lation provides a fuller description of 
the trends we have noted and also some 
clues to factors that may account for the 
different periods of change. The causes 
of the steady long-term trend could in
clude demographic changes, such as the 
succession of new age groups and the 
increasing educational level. or other 
persistent kinds of forces, such as the 
expansion in scope of civil-rights legisla
tion. The accelerated movement of the 
early 1970's, however, will have to be 
explained in terms of more rapid intro
duction and acceptance of new values 
within the population or within regional 
or other subpopulations. 

Regional differences persist, and there 
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'is little evidence to suggest that they will 
disappear in the near future. The most 
liberal regions are the Pacific Coast 
states and New England. The Middle 
Atlantic region, the Middle West and 
the Mountain and West South Central 
regions are grouped at a level fairly 
close to the national average. In the 
Deep South the verbally expressed level 
of toleration of interracial contact re
mains substantially below the level in 
other regions. The gap between the 
South as a whole (the three southern re
gions) and the rest of the country (the 
North) did close substantially during the 
period between 1970 and 1972; in those 
years the rate of change in the South 
increased by a factor of seven while the 
rate in the North about doubled: other
wise the rates of change have been about 
the same in the North and the South. 
Whatever forces caused the increased 
liberalization of the early 1970's appar
ently hit with particular force in the 
South. 

Why did that happen? And as a mat
ter of fact has the apparently similar 
long-term pattern of steady change ac
tually been the same in the North as in 
the South? To answer these questions 
we turn to a more detailed breakdown 
of the trends in regional differences [see 
illustrations on opposite page]. Before 
1970, in both the South and the North, 
the youngest age group became liberal 
faster than other age groups; the older 
age groups changed a little faster in the 
North than in the South; there were no 
appreciable differences among educa
tional groups in rate of change. In oth
er words, there was some increase in 
North-South polarization and there was 
rapid polarization by age within each 
region. 

Between 1970 and 1972 the rate-of
change pattern is quite different. In the 
North the three older age groups be
came substantially more liberal. where
as the youngest group (which by 1970 
had become quite distinctive in outlook) 
changed hardly at all; as a result, by 
1972 age differences were smaller in the 

North than they had been in 1970. As 
for education, it was those who had fin
ished high school or finished college and 
those who had not entered high school 
(those, in other words, who had been 
able to achieve what they had striven for 
in education) whose scale scores rose 
most sharply. Those who had started 
high school or started college but had 
not finished also moved in the integra
tionist direction, but at slower pre-1970 
rates. 

In the South between 1970 and 1972 
the age gap widened instead of narrow
ing. In general. the younger a person was 
the faster he changed; the two youngest 
groups changed at the rate of .43 point a 
year and the oldest group changed at the 
rate of .12 point a year, about the same 
rate as the older groups in the North. 
This age-group pattern was reflected in. 
and partly responsible for, the educa
tional-level differences in the South dur
ing this period: the rates of change in
crease with education. The pattern of 
age and educational differences in the 
South during those two years was what 
one might expect of a region undergoing 
modernization and increasing accep
tance of the dominant values of a socie
ty. This modernization pattern is ob
served only in the South, and there only 
between 1970 and 1972. 

For many years the history of racial 
prejudice in the U.S. has been influ

enced by religious and ethnic considera
tions and the movements of religious 
and ethnic subgroups. Since World War 
II the distribution of such groups in the 
population has changed very little, and 
so shifts in ethnic composition cannot 
account for changes in racial attitudes 
of the kind we have described. Exam
ining patterns of change within various 
groups, we find that in each of the four 
survey years the three major religious 
groups differed in their average scale 
score. The differences have been nar
rowing, however. In the period between 
1963 and 1970 almost all the country's 
increase in racial liberalism was ac
counted for by the Protestant popula
tion, the least integrationist of the three 
religious groups. (The rate of change 
was .07 point per year for Protestants, 
.02 for Catholics and .03 for Jews; the 
figure for the U.S. population as a whole 
was .06.) During the period of rapid lib
eralization in the early 1970's the Prot
estant and the Catholic mean scores rose 
sharply at about the same rate, and they 
both continued to increase at lower rates 
between 1972 and 1976. Jews, histori
cally the most liberal of the religious 
groups in verbal expression of racial tol
erance, have had the lowest rate of liber
alization over the entire period since 
1963; indeed, their mean score actual
ly decreased from 1970 to 1972. The 
reason for the slow rate of long-term 
change among Jews may be that their 
pro integration level has been so high 
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that further change has become difficult 
to discern. Such an explanation would 
not, however, account for the apparent 
retrogression in the early 1970's. (The 
small size of the Jewish subgroup in our 
sample somewhat reduces our confi
dence in our ability to measure trends in 
the group.) 

Differences among various ethnic 
groups within the northern Protestant 
and Catholic populations can be identi
fied for the period since 1970. (It is only 
in the past decade or so that social re
searchers have "rediscovered" ethnicity 
as a factor in public opinion, and ethnic
identity questions were not included be
fore that.) The highest rates of change 
between 1970 and 1972 were experi
enced by Anglo-Saxon Protestants and 
by Irish, Italian and Slavic Catholics 
(even though Catholics from eastern 
and southern Europe are popularly con
sidered to be most resistant to racial 
change). The most resistant group ap
pears to have been the German Prot
estants, who had the smallest increase 
over the six-year period. 

The differences in the 1976 scores 
of various income and occupational 
groups are about what one might expect 
on the basis of educational and ethnic 
differences: the higher the income and 
the higher the occupational prestige are, 
the more favorable a white person is to 
the integration of his neighborhood and 
social relationships [see illustration on 
page 47]. There is a distinct gap between 
the white-collar and blue-collar occupa
tional groups, and the gap is larger than 
can be accounted for by the income and 
educational differences between those 
groups. There is no significant sex differ
ence on the racial tolerance scale. 

The data we have cited can be summa
rized very briefly. The facts do not 

support the common assumption that 
the pace of liberalization in racial mat
ters has been slowed by a white back
lash. Instead the rate of change toward 
a more integrationist attitude has been 
rather constant since 1963, with a short 
period of faster change in the early 
1970's. In the remainder of this article 
we shall attempt to "decompose," or ac
count for, the changes in the Treiman 
scale, parceling out the total change into 
component changes brought about by 
various demographic factors and what 
can be termed a cultural factor: the gen
eral movement toward a liberal position 
on several measures of personal and civ
il liberties. 

Our problem was to find an index of 
that general change in liberal values, 
such as responses given by Americans to 
some question that measures liberaliza
tion and that was posed, in the same 
form, at the right times to be incorporat
ed in a statistical model explaining the 
racial data. We found one such ques
tion: "If your party nominated a woman 
for president, would you vote for her if 
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she were qualified for the job? " It was 
included in Gallup surveys in almost ex
actly the same years as our earlier racial 
surveys, and it appeared in our General 
Social Survey along with the Treiman 
scale in 1972 and 1976. The level of sup
port for a woman as president rose with 
the same dynamic as the racial-liberal
ism scale. A "yes" answer was given by 
54 percent of the population in 1963 and 

then by an estimated 59 percent in 1970. 
Between 1970 and 1972 there was a dra
matic increase to 69 percent. The trend 
continued after 1972, but at a slower 
pace, with 78 percent giving the positive 
response in 1976. 

We adopted this variable as an index 
of a general shift in the society toward 
support for the expansion of civil and 
personal liberties. It is far from being a 
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perfect indicator, to be sure, since atti
tudes on a woman as president must 
have been affected by the changing cli
mate with regard specifically to wom
en's rights and roles. Moreover, it would 
have been better to have several indica
tors rather than one. Because we had 
only the one indicator whatever role we 
ultimately assign to the general cultural 
movement toward liberalism must nec
essarily represent a lower limit for the 
role of that cultural factor. 

A somewhat similar analysis, also 
aimed at allocating responsibility for 
change in liberal values to various deter
minants of change, was performed in 
1975 by Davis and his colleagues. The 
sociologist Samuel A. Stouffer had pre
dicted in 1955 that support for liberal 
values would increase with increases 
in education and with the succession 
of new cohorts, or age groups, whose 
members were more educated and more 
open-minded. Davis found that by 1975 
the level of support for measures of lib
eralism Stouffer had devised had indeed 
increased, by an average of 28 percent, 
and that the dynamics of cohort succes
sion and increasing educational attain
ment alone accounted for more than 
half of that change. We could not expect 
demographic changes to account for 
that much of the change we sought to 
analyze in racial attitudes because our 
time span was only 13 years rather than 
20. On the other hand, the explanatory 
power of the model we devised should 
be increased by our inclusion of anoth
er explanatory variable: support for a 
woman as president. 

The logical basis of our analysis is an 
assumption that changes in the Trei

man scale result from changes in a num
ber of "predictor variables" related to 
racial liberalism, which themselves 
change over time. The predictor vari
ables are cohort succession, rising edu
cational level and the general liberaliza
tion of values. (There are other vari
ables that tend to predict racial attitude 
but that are ineffective for explaining 
changes because they themselves do not 
change much over time. Region of resi
dence is a good example.) We defined 
four cohorts-"old" (born before 1907), 
"middle" (born from 1907 through 
1923), "young" ( 1924-39) and "new" 
( 1940-58)-and tracked them through 
the population with data from a number 
of NORC surveys. Three educational 
groups (those with at least some college, 
high school graduates and nongradu
ates) could be established within each 
cohort on the basis of another ques
tion on each racial-attitude survey. And 
support for a woman as president, of 
course, was our measure of general lib
eralization. 

Having specified the important pre
dictor variables, we arrange them on 
what is called a linear flow graph that 
indicates their presumed causal relation 
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[see top illustration on page 49]. The next 
step is to determine the quantitative re
lation between each predictor variable 
and the dependent variable: a person's 
score on the racial-liberalism scale. This 
is a problem in multiple regression anal
ysis. The numbers (the path coefficients) 
on arrows near the right side of the 
flow graph show the extent to which 
each characteristic of a respondent tends 
to raise or lower his racial-liberalism 
score-after controlling for the other 
characteristics. For example. young 
people are more liberal on racial mat
ters in part because they are better ed
ucated. and so we need to control for 
educational differences before making 
statements about "pure" cohort effects. 
The path coefficient (.56) on the arrow 
from "new cohort" to "racial liberal
ism" is the difference in score between 
the new cohort and a base group (the 
middle cohort). after adjustment for the 
differences between those cohorts in 
educational attainment and support for 
a woman as president. In other words. 
controlling for differences in education 
and in support for a woman as presi
dent. people in the new cohort score. on 
the average. .56 point higher on the 
Treiman scale than do people in the 
middle cohort. The young cohort scores 
.23 point higher than the middle cohort. 
the old cohort .30 point lower than the 
middle cohort. 

Again. within any cohort and whatev
er the opinion on a woman as president. 
a person who has finished high school 
scores .49 point higher on the Treiman 
scale than someone who has not finished 
high school; a person with at least some 
college scores 1.0 1 points higher than 
someone who has not finished high 
school. And people who would vote for 
a woman as president score .68 point 
higher. no matter what their age or edu
cational level. than those who would not 
vote for a woman. The other paths in the 
flow graph show how the variables that 
predict the racial liberalism score are 
themselves interrelated. They show how 
age cohorts differ in attaining a particu
lar educational level and in supporting a 
woman as president. 

The flow graph. then. shows the struc
ture of the relations between the var

iables. In order to determine how much 
of the total change in the score (the de
pendent variable) is explained by chang
es in each of the prior variables. we first 
need to determine the amount of change 
over time-the delta (�)-for each of the 
prior variables. The new cohort. for ex
ample. came to constitute a much larger 
proportion of the population over the 
years and the old cohort accounted for 
a much smaller percentage. The young 
cohort's percentage did not change sig
nificantly. Specifically. the percent of 
the population in the new cohort in
creased by 12.85 percent between 1963 
and 1970. by 11.95 percent between 
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1970 and 1972 and by 9.99 percent be
tween 1972 and 1976. 

These numbers provide change coeffi
cients for the new cohort. or delta 1. for 
the three periods [see illustration on next 
page]. The deltas measure the amount 
of change in each variable that is not 
accounted for by a change in a prior 
variable. Deltas 2 and 3 are the change 
coefficients for the young and the old 
cohorts. Deltas 4 and 5 are zero because 
we find that just about all of the increase 
in educational level is a by-product of 
the succession of better educated co
horts; there is no significant net change. 
or increase in educational level within 
cohorts (by a back-to-school trend. for 
example). As for support for a woman 
as president. again some of the change is 
attributable to the succession of young
er and better educated cohorts. but a 
significant amount of change is still not 
accounted for. This delta 6. the net 
change in our liberalism indicator. was 
small before 1970 and large thereafter
particularly large. in terms of change 
per year. between 1970 and 1972. 

The final step is to multiply the chang
es in prior variables. the deltas. by the 
path coefficients linking the prior vari
ables to the dependent variable. which 
we want to explain. The change in racial 
attitude that is attributable to the direct 
effect of the increase in the new cohort 
during a particular period. for example. 

is found by multiplying the change for 
that period (delta 1) by the direct path 
linking the new cohort to the racial-lib
eralism scale. For the period from 1963 
to 1970 that means multiplying . 1285 by 
.56. The product . .  07 19. is the fraction 
of a point by which the mean U.S. Trei
man-scale score increased between 1963 
and 1970 because of the direct effect of 
the succession of the new cohort; it 
comes to 18 percent of the gross change 
(.40 point) in the scale score for that 
period [see bottom illustration on page 49]. 
There are other. indirect effects of new
cohort succession. as the flow graph ar
rows make clear. One of them is the ef
fect of the new cohort's increased proba
bility of being a high school graduate. 
graduates in turn tending to have higher 
Treiman scores. That effect is calculated 
by multiplying . 1285 by .26 by .49. In 
the same way the change attributable to 
the independent effects of the liberaliza
tion measured by support for a woman 
as president can be seen to be .0207 mul
tiplied by .68. or .0141. 

What can an examination of these 
numbers reveal about the process 

of change in racial attitudes? For one 
thing. the results illuminate the two 
kinds of effect of cohort succession. One 
is indirect. Younger cohorts are better 
educated and more supportive of other 
liberal values in addition to racial inte-
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gration. As these cohorts loom larger. 
the population as a whole becomes bet
ter educated and more attached to liber
al values. and those changes in turn have 
implications for racial liberalism. There 
is also a direct effect of cohort succes
sion. Quite apart from their higher level 
of education and their increasingly lib
eral stance in general. younge'r white 
people have been exposed to different 
values in race relations. They are more 
likely to go to school with blacks. serve 
with them in the Army and work with 
them. The impact of recent advances in 
race relations has been age-specific in 
many respects. If a segment of a popula
tion is changed by certain events. then 
that change is preserved as a cohort ef
fect. As the proportion of the popula
tion exposed to these change-generating 
events becomes larger. U.S. society will 
move in the liberal direction. 

For the entire period from 1963 to 
1976 the increase of the new cohort ac
counted directly for 18 percent of the 
total amount of change in the white ra
cial-attitude score. Another 19 percent 
of the change was an indirect effect of 
the same increase: the new cohort was 
better educated and more liberal-and 
therefore more prointegration. In other 
words. the succession of the cohort 
of whites born between 1940 and 1958 
has been tremendously important; it ac
counted. directly or indirectly. for 37 
percent of the total change in racial lib
eralism from 1963 to 1976. (The result 
is similar to Davis' finding that the direct 
and indirect effects of cohort succession 
accounted for 32 percent of the in
creased support he found for unpopular 
political and religious minorities.) The 
impact of the new cohort is particularly 
impressive for the period 1970-72. It ac
counted for an increase in the Treiman 
score of almost .07 point per year. thus 
explaining at least part of the sharp in
crease in integrationist support during 
that period. The decline of the oldest 

cohort had much the same effect as the 
increase of the new one. both directly 
and indirectly. but it accounts for much 
less of the change (particularly after 
1972. by which time most of its mem
bers had died). Nevertheless. its effect 
was far from trivial. 

We come finally to the question of 
how much of the change in racial liber
alism can be explained by a broad shift 
in the society's evaluation of personal 
and civil rights and liberties. We believe 
that some of the contribution of that 
factor is measured by the direct effect of 
the change in the percentage of the pop
ulation who would vote for a woman as 
president (only a lower limit of what 
might be explained by the broad liberal
ization factor. as we pointed out above. 
because we have only the one indicator). 
For the period as a whole. increased 
support for liberal values. as measured 
by the woman-as-president indicator. 
accounted for 10 percent of the increase 
in the racial-attitude score. What is most 
interesting is the variation of this fac
tor over time. which helps to explain 
the difference between the 1970-72 pe
riod and the other periods. Before 1970 
the woman-as-president issue account
ed for only 4 percent of the change in the 
Treiman-scale score. Between 1970 and 
1972 the influence of this factor was 
much greater; it accounted for 12 per
cent of the total change. In absolute 
terms. the liberalization factor contrib
uted .025 point per year in those two 
years. Meanwhile. as we pointed out 
above. the effects of cohort succession 
also increased sharply. The result was a 
rapid change in the two-year period. 
much of it accounted for by these two 
factors. After 1972 the amount of 
change attributable to broad liberaliza
tion declined along with that attribut
able to the other variables. but the rel
ative importance of this variable in
creased. 

When all the changes explained by 

I!. VARIABLE 1963 - 1970 1970 - 1972 1972 - 1976 

1 NEW COHORT . 1285 . 1 195 .0999 

2 YOUNG COHORT 0 0 0 

3 OLD COHORT -.0948 -.0562 -.0078 

4 HIGH SCHOOL 0 0 0 

5 COLLEGE 0 0 0 

6 WOMAN AS PRESIDENT .0207 .07 18 .0727 

CHANGE COEFFICIENTS, or deltas, give tbe cbange in tbe course of eacb period for "pre
dictor variables" (see top illustration on opposite page). Deltas 1, 2 and 3 give tbe increase in 
age coborts as a percent of tbe total population; tbe young cobort did not cbange significantly. 
Deltas 4 and 5 are zero because tbe effect of increasing education is fully measured by tbe suc
cession of new coborts. Delta 6 is tbe net cbange, after controlling for cobort succession, in tbe 
support of a woman as president. Deltas are multiplied by "patb coefficients" in tbe final step. 
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these variables in the flow graph are 
added up. the sum is less than the gross 
change in the Treiman-scale score. That 
means there are other sources of change 
that are not accounted for by our model. 
The model does account for between 53 
and 65 percent of the change in each 
time period. which suggests that we are 
doing a respectable. but by no means 
complete. job of accounting for the 
trend in racial attitudes. 

Our data do not allow us to do more 
than speculate about the meaning 

of the liberal leap of the early 1970·s. 
one that has been hitherto invisible to 
observers of U.S. politics and society. 
We note that most of the change must 
have been generated during the time of 
the Kent State and other disturbances 
arising from the invasion of Cambodia. 
We also know it was during the two 
years just before this period that the ma
jority of the American public turned 
against the war in Vietnam. as was 
shown in a study by John E. Mueller of 
the University of Rochester in 1973. Is it 
possible that the process of deciding that 
the leadership of the country had been 
wrong about the war-and had deceived 
the people about the war-was a radical
izing experience for a substantial seg
ment of Americans. an experience that 
made people reexamine their beliefs on 
a variety of related subjects? Is it possi
ble that even though they disapproved 
of student radicals and vigorously re
jected Senator George McGovern as 
a presidential candidate a substantial 
number of Americans were willing to 
accept some of the ideology of the 
McGovern wing of the Democratic par
ty? May the antiwar Democrats have 
been more successful than they thought. 
precisely when they thought they had 
begun to fail? 

To be even more speculative. could a 
more adroit liberal leadership have tak
en advantage of this unperceived trend 
in the early 1970's to build new coali
tions with the people they had unknow
ingly influenced? Were those who talked 
about such coalitions in the early 1970's 
right about the possibility and wrong 
about the strategy? May they not have 
offended their most likely recruits by 
adopting strategies designed to please 
those who were already in their camp? 

The fact that our evidence even raises 
such questions suggests that both con
ventional public-opinion polls and the 
traditional "feel" of politicians and po
litical activists for shifts in public at
titudes are imperfect instruments for 
shaping political strategies. To the so
ciologist our results may suggest that 
more carefully designed and more elab
orate time-series measurements of pub
lic attitudes are needed if we are to doc
ument and understand social change in 
America and challenge the myths that 
become history because there are no 
data to refute them. 
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LINEAR FLOW GRAPH shows the relations between predictor 
variables (light color) and the dependent variable (dark color), which 
is the racial-liberalism score. The numbers (path coefficients) on the 
paths from the predictor variables to the score state the extent (in 
fractions of a point) to which a given variable raises the score of a re
spondent above that of a member of the appropriate base group (the 
middle cohort, those with less than a high school education or those 

1963 -1970 

GROSS CHANGE IN SCALE .40 

AMOUNT PERCENT 

COHORT SUCCESSION, DIRECT: 

INCREASE OF NEW COHORT .0719 18 

DECLINE OF OLD COHORT .0284 7 

COHORT SUCCESSION, INDIRECT: 

INCREASE OF NEW COHORT .0742 19 

DECLINE OF OLD COHORT .0330 8 

VALUE CHANGE: 

NET CHANGE ON 

WOMAN AS PRESIDENT .0141 4 

TOTAL CHANGE ACCOUNTED FOR .2216 55 

CHANGES IN SCALE SCORES are "decomposed," or parceled out, 
to show the contribution of each of the predictor variables. The gross 
change in score for each interval is shown at the top. Then the amount 
of change contributed by each variable (the product of the appropri-

who would not vote for a woman as president), controlling for other 
variables; other paths, at the left and center, show the interrelations 
of the predictor variables. For example, a member of the old cohort 
is 15 percent less likely to have gone to coUege than a member of the 
middle cohort, and people who have gone to coUege tend to score 1.01 
points higher than those who have not graduated from high school. 
The short arrows labeled delta (M refer to the change coefficients. 

1970-1972 1972 -1976 TOTAL, 1963 -1976 

.42 .26 1.08 

AMOUNT PERCENT AMOUNT PERCENT AMOUNT PERCENT 

.0668 16 .0559 22 .1946 18 

.0168 4 .0023 1 .0475 4 

.0690 16 .0577 22 .2009 19 

.0195 5 .0028 1 .0553 5 

.0489 12 .0495 19 .1125 10 

.2210 53 .1682 65 .6108 57 

ate path coefficient and delta) is listed, along with the percent of the 
gross change that it accounts for. At the bottom the various contri
butions are summed to show how much of the gross change in mean 
score can be accounted for by demographic and cultural variables. 
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The Earliest Precursor of Writing 
Long before the Sumerians invented writing, accounts in western 

Asia were kept with clay tokens of various distinctive shapes. 

It appears that the tokens gave rise to the Sumerian ideographs 

What led to writing? The art it
self is a good example of what 
students of the past call in

dependent invention. since systems of 
writing have evolved in isolation at dif
ferent times in different parts of the 
world. For example. one system-the 
Chinese ideogram-can be traced to its 
origin in archaic signs engraved on the 
scapular bones of sheep or the shells of 
turtles in the second millennium B.C. as a 
means of asking questions of heaven. 
Roughly 1.000 years later an entirely in
dependent system of writing arose half
way around the world in Mesoamerica. 
It combined a simple system of numeri
cal notation with complex hieroglyphs 
and was principally used to indicate the 
dates of various events according to an 
elaborate calendrical system. 

Both Chinese and Maya writing were 
relatively late inventions. Some one sys
tem of writing must have been the earli
est. and it is from such an initial point 
that we may begin the search for the 
antecedents of the art. The credit for 
being the first to write texts is usually 
given to the Sumerians of Mesopota
mia. By the last century of the fourth 
millennium B.C. the officials of such Su
merian city-states as Uruk had devel
oped a system of recording numerals. 
pictographs and ideographs on specially 
prepared clay surfaces. (A pictograph is 
a more or less realistic portrayal of the 
object it is supposed to represent; an 
ideograph is an abstract sign.) 

At Uruk a team of German archaeol
ogists directed by Julius Jordan turned 
up many examples of these archaic rec
ords in 1929 and 1930. The texts. about 
1.000 of them. were first analyzed by 
Adam Falkenstein and his students. 
Today additional discoveries have in
creased the total number of Uruk and 
Uruk-style texts to about 4.000. and 
Falkenstein's pioneer efforts are being 
continued mainly by Hans J. Nissen of 
the Free University of Berlin and his 
associate Margaret W. Green. 

Although the clay blanks used by the 
Uruk scribes are universally referred to 
as tablets. a word with the connotation 
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of flatness. they are actually convex. In
dividual characters were inscribed in the 
clay by means of a stylus made of wood. 
bone or ivory. with one end blunt and 
the other pointed .. The characters were 
basically of two kinds. Numerical signs 
were impressed into the clay; all other 
signs. pictographs and ideographs alike. 
were incised with the pointed end of the 
stylus. The repertory of characters used 
by the Uruk scribes was large; it is es
timated at no fewer than 1.500 sepa
rate signs. 

Hypotheses about the origin of writ
ing generally postulate an evolution 
from the concrete to the abstract: an ini
tial pictographic stage that in the course 
of time and perhaps because of the care
lessness of scribes becomes increasingly 
schematic. The Uruk tablets contradict 
this line of thought. Most of the 1.500 
signs (Falkenstein compiled 950 of 
them) are totally abstract ideographs; 
the few pictographs represent such wild 
animals as the wolf and the fox or items 
of advanced technology such as the 
chariot and the sledge. Indeed. the Uruk 
texts remain largely undeciphered and 
an enigma to epigraphers. The few ideo
graphic signs that have been identified 
are those that can be traced back stage 
by stage from a known cuneiform char
acter of later times to an archaic Su
merian prototype. From the fragmen
tary textual contents that such identities 
allow it appears that the scribes of Uruk 
mainly recorded such matters as busi
ness transactions and land sales. Some 
of the terms that appear most frequently 
are those for bread. beer. sheep. cattle 
and clothing. 

After Jordan's discovery at Uruk oth
er archaeologists found similar texts 
elsewhere in Mesopotamia. More were 

found in Iran: at Susa. at Chogha Mish 
and as far off as Godin Tepe. some 350 
kilometers north of Uruk. In recent 
years tablets in the Uruk style have been 
unearthed in Syria at Habuba Kabira 
and Jebel Aruda. nearly 800 kilometers 
to the northwest. At Uruk the tablets 
had been found in a temple complex; 
most of the others came to light in the 
ruins of private houses. where the pres
ence of seals and the seal-marked clay 
stoppers for jars indicate some kind of 
mercantile activity. 

The fact that the Uruk texts contra
dict the hypothesis that the earliest form 
of writing would be pictographic has in
clined many epigraphers to the view that 
the tablets. even though they bear the 
earliest-known writing. must represent a 
stage in the evolution of the art that is 
already advanced. The pictographic hy
pothesis has been revived anew. The 
fact that no writing of this kind has yet 
appeared at sites of the fourth millenni
um B.C. and even earlier is explained 
away by postulating that the writing of 
earlier millenniums was recorded ex
clusively on perishable mediums that 
vanished long ago. such as parchment. 
papyrus or wood. 

I have an alternative proposal. Re
search into the first uses of clay in 

the Near East over the past several 
years suggests that several characteris
tics of the Uruk material provide impor
tant clues to what kinds of visible sym
bols actually preceded the archaic Su
merian texts. These clues include the 
choice of clay as a material for docu
ments. the convex profile of the Uruk 
tablets and the appearance of the char
acters recorded on them. 

Nuzi. a city site of the second mil-

CLAY TOKENS FROM SUSA, a city site in Iran, are seen in the composite photograph on 
the opposite page. The tokens, in the collection of the Musee du Louvre, are about 5,000 years 
old. The five tokens in the top row represent some of the commonest shapes: a sphere, a half
sphere, a disk, a cone and a tetrahedron. The more elaborate tokens in tbe next row have been 

marked with incisions or impressions. Unperforated and perforated versions of similar tokens 
appear in the third and fourth rows. Tokens in the bottom two rows vary in shape and mark
ing; some can be equated with early Sumerian ideographs (see illustration on pages 56 and 57). 
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EGG-SHAPED HOLLOW TABLET was found in the palace ruins at Nuzi, a Mesopotamian 
city site of the second millennium H.C. The cuneiform inscription on its surface lists 48 ani
mals. On being opened the tablet was found to contain 48 counters. The counters were lost be
fore an accurate description had been prepared, but Nuzi texts suggest their use for reckoning. 

SPHERICAL BULLA, an envelope of clay with tokens enclosed, was excavated from levels of 
the third millennium H.C. at Tepe Yahya, a site in south-central Iran halfway between the Indus 
Valley and lower Mesopotamia. Three tokens (right) were enclosed: a cone and two spheres. 

S2 

lennium B.C. in Iraq, was excavated by 
the American School of Oriental Re
search in Baghdad between 192 7 and 
1931. Nearly 30 years later, reviewing 
an analysis of the Nuzi palace archives, 
A. Leo Oppenheim of the Oriental Insti

. tute of the University of Chicago report-
ed the existence of a recording system 
that made use of "counters," or tokens. 
According to the Nuzi texts, such tokens 
were used for accounting purposes; they 
were spoken of as being "deposited," 
"transferred" and "removed." 

Oppenheim visualized a kind of dual 
bookkeeping system in the N uzi texts; 
in addition to the scribes' elaborate cu
neiform records the palace administra
tion had parallel tangible accounts. For 
example, one token of a particular kind 
might represent each of the animals in 
the palace herds. When new animals 
were born in the spring, the appropriate 
number of new tokens would be added; 
when animals were slaughtered, the ap
propriate number of tokens would be 
withdrawn. The tokens were probably 
also moved from one shelf to anoth
er when animals were moved from 
one herder or pasture to another, when 
sheep were shorn and so forth. 

The discovery of a hollow egg-shaped 
tablet in the palace ruins supported Op
penheim's hypothesis. The inscription 
on the face of the tablet turned out to be 
a list of 48 animals. The hollow tablet 
rattled, and when one end of it was care
fully opened, 48 tokens were found in
side. Presumably the combination of a 
written list and countable tokens repre
sented a transfer of animals from one 
palace service to another. Unfortunate-

. ly we have no accurate description of 
the tokens; they were subsequently lost. 

The Nuzi archives are dated to about 
1500 B.C. The great Elamite site, Susa, 
has levels that are more than 1.500 years 
older. The digging at Susa, undertaken 
by French investigators, began in the 
1880's and continues to this day. Six 
years after Oppenheim's 1958 report 
Pierre Amiet of the Musee du Louvre 
was able to confirm the existence of a 
similar accounting system at Susa. The 
token containers at Susa, unlike the con
tainer from N uzi. were hollow clay 
spheres. Amiet called them "bullae" ; so 
far about 70 of them have been found. 
The tokens they contain are clay mod
eled in a variety of geometric forms, in
cluding spheres, disks, cylinders, cones 
and tetrahedrons. 

Amiefs finding was one of great signi
I\. ficance; not only did it demonstrate 
that bullae and tokens were in existence 
at least a millennium and a half before 
they appeared at N uzi but also it showed 
that they were as old or older than the 
earliest written records at Uruk. Indeed, 
it later became clear that the tokens, at 
least, were very much older. 

In 1969 I began a research project 
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BULLA FROM SUSA shows two rows of surface impressions that 
match in number and shape the tokens it contained (Joreground): one 

large cone, three small cones (bottom row) and three disks (top row). 
Tablets with incised representations of tokens probably evolved next. 

with the objective of discovering when 
and in what ways clay first came to be 
used in the Near East. The making of 
pottery is of course the most familiar 
use of clay. but before the appearance of 
pottery man was making clay beads. 
modeling clay figurines. molding bricks 
out of clay and using clay for mortar. As 
a start on my project I visited museums 
in the U.S .. in Europe and in various 
Near Eastern cities that had collections 
of clay artifacts dating back to the sev
enth. eighth and ninth millenniums B.C. 
This interval of time. beginning around 
11.000 years ago and ending a little 
more than 8.000 years ago. saw the firm 
establishment of the first farming settle
ments in western Asia. 

In the museum collections. along with 
the beads. bricks and figurines I had ex
pected to find. I encountered what was 
to me an unforeseen category of objects: 
small clay artifacts of various forms. As 
I later came to realize. the forms were 
like those Amiet had found inside his 
Susa bullae: spheres. disks. cones. tetra
hedrons. ovoids. triangles (or crescents). 
biconoids (double cones joined at the 
base). rectangles and other odd shapes 
difficult to describe. Could these arti
facts. some of them 5.000 years older 
than the tokens from Susa. also have 
served as tokens? 

I began to compile my own master 
catalogue of these oddities. listing each 

token that was known to have come 
from a specific site. In summary. I found 
that whereas all of them were small. 
measuring on the average from one 
centimeter to two centimeters in their 
greatest dimension. many were of two 
distinct sizes. For example. there were 
small cones about a centimeter high and 
large cones three to four centimeters 
high. There were also thin disks. only 
three millimeters thick. and thick ones. 
as much as two centimeters thick. Other 
variations were evident. For example. in 
addition to whole spheres I found quar
ter-. half- and three-quarter spheres. 
Some of the tokens had additional fea
tures. Many were incised with deep 
lines; some had small clay pellets or 
coils on them and others bore shallow 
circular punch marks. 

The tokens had all been modeled by 
hand. Either a small lump of clay had 
been rolled between the palms of the 
hands or the lump had been pinched be
tween the fingertips. The clay was of a 
fine texture but showed no sign of spe
cial preparation (such as the addition of 
tempering substances. a practice in pot
tery making that enhances hardness af
ter firing). All the tokens had. however. 
been fired to ensure their durability. 
Most of them varied in color from buff 
to red, but some had become gray and 
even blackish. 

I found that the tokens were present 

in virtually all museum collections of 
artifacts from the Neolithic period in 
western Asia. An extreme example of 
abundance is provided by the early vil
lage site of Jarmo in Iraq. first occupied 
some 8.500 years ago. Jarmo has yield
ed a total of 1.153 spheres. 206 disks and 
106 cones. Reports generally indicate 
that the excavators found the tokens 
scattered over the floors of houses locat
ed in various parts of a site. If the tokens 
had once been kept in containers. such 
as baskets or pouches. these had disinte
grated long ago. Nevertheless. there is 
evidence suggesting that the tokens were 
segregated from other artifacts and even 
implying what their function was. The 
reports indicate that many were found 
in clusters numbering 15 or more and 
that the clusters were located in storage 
areas within the houses. 

As I reviewed the museum collec
I\. tions and the related site reports I be
came increasingly puzzled by the appar
ent omnipresence of the tokens. They 
had been found in sites from as far west 
as Beldibi in what is now southwestern 
Turkey to as far east as Chanhu Daro in 
what is now Pakistan. Tokens had even 
been unearthed at an eighth-millenni
um-B.C. site on the Nile near Khartoum. 

At the same time I found that some 
site reports failed to take note of the 
tokens that had been collected. or men-
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NUZI 

MEGIDDO 

KISH 

FARA 

TELLO 

NIPPUR 

UR 

JEMDET NASR 

TEPE YAHYA 

SHAH DAD 

TALL-I MALYAN 

CHOGHA MISH 

SUSA 

TEPE HISSAR 

URUK 

TALL-I-BAKUN 

TEPE GAW RA 

TELL BILLA 

CHAGAR BAZAR 

HABUBA KABIRA 

JAFFARABAD 

I CAN HASAN 

MUNHATTA 

ANAU 

JEITUN 

TAL-I-IBLIS 

CH AGA SEFID 

TELL ARPACHIYAH 

TELL AS-SAWWAN 

HAJJI FIRUZ 

SEH GABI 

JERICHO 

TELL RAMAD 

GHORAIFE 

GIRD ALI AGHA 

SUBER DE 

DEH LURAN 

BELT CAVE 

TEPE SARAB 

JARMO 

TELL ASWAD 

TEPE GURAN 

CAYONO TEPESI 

I KHARTOUM 

GANJ-I-DAREH TEPE 

TEPE ASIAB 

BELDIBI 

SITES WHERE TOKENS APPEAR represent a span of time from the ninth millennium D.C. 
to the second. As many as 20 variations on four basic token shapes are present at the earliest 
sites. Clay envelopes as containers for tokens do not appear before the fourth millennium B.c. 
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tioned them only casually. When 'the to
kens were noted. the heading might read 
"objects of uncertain purpose." "chil
dren's playthings," "game pieces" or 
"amulets." As an example, the tokens 
from Tello in Iraq were interpreted by 
their discoverer, Henri de Genouillac, 
as amulets that expressed the residents' 
desire for "personal identification." An
other example appears in Carleton S. 
Coon's report on Belt Cave in Iran: 
"From levels 11 and 12 come five mys
terious . . .  clay objects, looking like 
nothing in the world but suppositories. 
What they were used for is anyone's 
guess." 

The realization that the tokens were 
all artifacts of the same kind was also 
hampered because, when they were list
ed at all in the site reports, they usually 
appeared under not one heading but sev
eral headings depending on their shape. 
For example, cones have been described 
as schematic female figurines, as phallic 
symbols, as gaming pieces and as nails, 
and spheres were mostly interpreted as 
marbles or as sling missiles_ 

Having studied at the Ecole du 
Louvre, I was familiar with the work of 
Amiet. Nevertheless, I had compiled a 
catalogue of hundreds of tokens before 
I at last realized how much like Amiet's 
tokens from Susa these far earlier clay 
artifacts were. At first it seemed impos
sible that the two groups could be relat
ed; a minimum of 5,000 years separated 
the tokens of Neolithic times from those 
of Bronze Age Susa, As I extended my 
investigations to include later clay arti
facts, dating from the seventh millenni
um B.C. to the fourth millennium and 
later, I found to my surprise that similar 
clay tokens had been found in substan
tial numbers at sites representative of 
the entire time span. Evidently a sys
tem of accounting that made use of to
kens was widely used not only at Nuzi 
and Susa but throughout western Asia 
from as long ago as the ninth millenni
um B.C. to as recently as the second mil-
lennium. 

. 

The system appears to have been 
much the same as many other early, 

and even not so early, methods of ac
count keeping. Classical scholars are fa
miliar with the Roman system of mak
ing "calculations" with pebbles (calculi 
in Latin). Up to the end of the 18th cen
tury the British treasury still worked 
with counters to calculate taxes. For 
that matter, the shepherds of Iraq to this 
day use pebbles to account for the ani
mals in their flocks, and the abacus is 
still the standard calculator in the mar
kets of Asia. The archaic token system 
of western Asia was if anything only 
somewhat more complex than its later 
counterparts. 

Considered overall, the system had 
some 15 major classes of tokens, further 
divided into some 200 subclasses on the 
basis of size, marking or fractional vari-

© 1978 SCIENTIFIC AMERICAN, INC



L. TUZ 

KHARTOUM 

GEOGRAPHICAL DISTRIBUTION of tokens extends from as far 
north as the Caspian border of Iran to as far south as Khartoum and 

JEBEL ARUDA • 

HABUBA· 

KABIRA 

• 
GHORAIFE 

• TELL ASWAD 

TELL RAMAD 

• 
MEGIDDO 

• 

�"R'CHO 

CLUSTERING OF SITES in the drainage of the upper and lower 
Tigris and the lower Euphrates and in the Zagros region of Iran is 

• 
TEPE HISSAR 

SHAH DAD 
• 

• TAL-I-IBUS 

.TEPE YAHYA 

o 

from Asia Minor eastward to the Indus Valley. Sites identified only 
by dots (color) within a rectangle here are named in the map below. 

TELL L. URMIA 
ARPACHIYAH 

ITELL BILLA • HAJJI FIRUZ 1 TEPE GAWRA 

• GIRD AU AGHA 
• 

"G. 
GREAT ZAB R. 

·JARMO 

"..J,�0' �EH GABI QI TEP:· 

TELL AS-SA W W AN ASIAB ·TEPE SARAB •• 
GANJ-I-DAREH TEPE 

TEPE GURAN 
• 

more a reflection of the availability of study collections than a mea
sure of the actual extent and frequency of token use in the area. 

55 
© 1978 SCIENTIFIC AMERICAN, INC



ation. as in the case of the quarter-. half
and three-quarter spheres. Evidently 
each particular shape had a meaning of 
its own; a few appear to represent nu
merical values and others specific ob
jects. commodities in particular. 

It is not necessary to theorize about 
some of these meanings; a number of 
ideographs on the Uruk tablets almost 
exactly reproduce in two dimensions 
many of the tokens. For example. Uruk 
arbitrary signs for numerals. such as a 
small cone-shaped impression for the 
number one. a circular impression for 
the number 10 and a larger cone-shaped 
impression for the number 60 are 

TOKEN TYPE I II 

matched by tokens: small cones. spheres 
and large cones. Further examples of 
ideographs that match tokens include. 
under the general heading of commodi
ties. the Uruk symbol for sheep (a circle 
enclosing a cross). matched by disk
shaped tokens incised with a cross. and 
the Uruk symbol for a garment (a circle 
enclosing four parallel lines). matched 
by disk-shaped tokens incised with four 
parallel lines. Still other examples are 
ideographs for metal and oil and more 
clearly pictographic symbols for cattle. 
dogs and what are evidently vessels; 
each tablet sign can be matched with a 
similarly shaped and marked token. In 

III IV 

addition. the forms of many still unread 
Sumerian ideographs appear to match 
other tokens. 

Why did such a repertory of three
dimensional symbols come into 

existence? It cannot simply be a coinci
dence that the first tokens appear early 
in the Neolithic period. a time of pro
found change in human society. It was 
then that an earlier subsistence pattern. 
based on hunting and gathering. was 
transformed by the impact of plant and 
animal domestication and the develop
ment of a farming way of life. The new 
agricultural economy. although it un-
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FIFTY-TWO TOKENS, representative of 12 major categories of to
ken types, have been matched here with incised characters that ap-
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pear in the earliest Sumerian inscriptions. Most of the inscriptions 
cannot be read. Here, if the meaning of the symbol is known, the 
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doubtedly increased the production of 
food. would have been accompanied by 
new problems. 

Perhaps the most crucial would have 
been food storage. Some portion of each 
annual yield had to be allocated for the 
farm family's own subsistence and some 
portion had to be set aside as seed for the 
next year's crop. Still another portion 
could have been reserved for barter with 
those who were ready to provide exotic 
products and raw materials in exchange 
for foodstuffs. It seems possible that the 
need to keep tra.ck of such allocations 
and transactions was enough to stimu
late development of a recording system. 

VII IX 

D 

Cf) 
z 
UJ 
� 

� 

The earliest tokens now known are 
those from two sites in the Zagros region 
of Iran: Tepe Asiab and Ganj-i-Dareh 
Tepe. The people of both communi
ties seem to have tended flocks and 
were possibly experimenting with crops 
around 8500 B.C .• although at the same 
time they continued to hunt game and 
gather wild plants. The clay tokens 
they made were quite sophisticated in 
form. There were four basic types of 
token: spheres. disks. cones and cylin
ders. In addition there were tetrahe
drons. ovoids. triangles. rectangles. bent 
coils and schematic animal forms. Sub
types included half-spheres and cones. 

XI XIII 
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METAL 
TYPE OF 
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spheres and disks with incisions and 
with punch marks. The set totaled 20 
individual symbols. 

The Neolithic period and the suc
ceeding Chalcolithic period. or Copper 
Age. in western Asia lasted about 5.000 
years. Over this substantial span one 
finds surprisingly few changes in the to
kens. a fact that may indicate how well 
suited to the needs of an early agricul
tural economy this recording system 
was. In about 6500 B.C .• 2.000 years af
ter the rise of the first Zagros farming 
communities. another Iranian village. 
Tepe Sarab. began to flourish. The to
ken inventory from excavations at Tepe 

X IV XV 

ANIMAL MISCELLANEOUS 
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equivalent word in English appears. The Sumerian numerical sym
bols equated with the various spherical and conical tokens are actual 

impressions in the surface of the tablet. In two instances (sphere) in
cised lines are added; in a third (cone) a circular punch mark is added. 
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Sarab shows no increase in the number 
of main types and an increase in sub
types from 20 only to 28. among them a 
four-sided pyramid and a stylized ox 
skull that is probably representative of 
cattle. 

Perhaps it was during the Cha1colithic 
period that the agricultural surpluses of 
individual community members came 
to be pooled by means of taxes in kind. 
with the supervision of the surplus put 
into the hands of public officials such as 
temple attendants. If that is the case. the 
need to keep track of individual contri
butions evidently failed to bring any sig
nificant modification in the recording 
system. The tokens unearthed at four 
sites that flourished between 5500 and 
4500 B.C.-Tell Arpachiyah and Tell as
Sawwan in Iraq and Chaga Sefid and 
Jaffarabad in Iran-reflect no more than 
minor developments. A new type of to
ken. the biconoid. appears. and among 
some of the subtypes painted black lines 
and dots have taken the place of inci
sions and punch marks. 

Early in the Bronze Age. between 3500 
and 3100 B.C .. there were significant 

changes in the recording system. This 
period saw an economic advance quite 
as remarkable in its own way as the rise 
of the farming economy that laid the 
foundation for it. The new development 
was the emergence of cities. Surveys of 

ancient sites in western Asia indicate a 
drastic increase in the population of Iraq 
and Iran; urban centers with many in
habitants begin to appear close to the 
earlier village settlements. 

Craft specialization and the begin
ning'" of mass production appear at 
this time. The bronze smithies and their 
products gave the age its name. but 
craftsmen other than smiths also arose. 
concentrated in various areas. The in
vention of the potter's wheel allowed the 
development of a pottery industry. and 
the output of various mass-production 
kilns came to be distributed over great 
distances. A similar trend is apparent in 
the manufacture of stone vessels. and 
the development of an expanded trade 
network is indicated by the appearance 
in Iraq of such exotic materials as lapis 
lazuli. 

The development of an urban econo
my. rooted in trade. must have multi
plied the demands on the traditional 
recording system. Not only production 
but also inventories. shipments and 
wage payments had to be noted. and 
merchants needed to preserve records of 
their transactions. By the last century of 
the fourth millennium B.C. the pressure 
of complex business accountancy on 
the token system becomes apparent both 
in the symbols and in how the tokens 
were used. 

To consider the symbols first. six sites 

X RAY OF UNOPENED BULLA reveals tokens, some apparently cones and others ovoids. 
Age of the bulla is unknown; it was an isolated surface find near Dhahran in Saudi Arabia. 
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of the late fourth millennium B.C. In Iraq 
(Uruk. Tello and Fara). in Iran (Susa 
and Chogha Mish) and in Syria (Habu
ba Kabira) have yielded tokens rep
resentative of the full range of early 
shapes. In addition. some new shapes 
appear. among them parabolas. rhom
boids and replicas of vessels. Even more 
significant than the appearance of new 
shapes. however. is the great prolifera
tion of subtypes indicated by a variety 
of incised markings on the tokens. It is 
also now that a few of the tokens begin 
to have applique markings: added pel
lets or coils of clay. 

The six sites have yielded a total of 
660 tokens dating to about 3 100 B.C. 
Of this number 363. or 55 percent. are 
marked with incisions. Most of the inci
sions are deep grooves made with the 
pointed end of a stylus; the grooves are 
placed conspicuously and with a clear 
concern for symmetry. On rounded 
tokens such as spheres. cones. ovoids 
and cylinders the incisions usually run 
around the equator and are thus visible 
from any aspect. On flat tokens such as 
disks. triangles and rectangles the inci
sions appear only on one face. 

Most of the incisions present a pattern 
of parallel lines. although incised cros
ses and crisscross patterns are also found. 
The number of parallel lines would 
not seem to be random: there can be as 
many as 10 incisions. and the frequency 
of one-stroke. two-stroke. three-stroke 
and five-stroke patterns is conspicuous. 
It is noteworthy that with the exception 
of two-stroke patterns odd-numbered 
patterns are the most frequent. 

Although incised patterns are by far 
the most abundant. 26 of the tokens 
(some 4 percent of the total) show cir
cular impressions apparently made by 
punching the clay with the blunt end of a 
stylus. Some of the punched tokens bear 
a single impression. Others show a clus
ter of six punches. arranged either in a 
single row or in two rows with three im
pressions each. 

As for changes in how the tokens were 
Il.. used. it is significant that 198 of 
them. or 30 percent of the total, are per
forated. The perforated tokens run the 
gamut of types and include subtypes of 
the unmarked. incised and punched va
riety. In effect this means that tokens 
of any type or subtype were available 
in both unperforated and perforated 
forms. The perforations are so small 
that only a thin string could have passed 
through them. Of the explanations that 
come to mind one is that all 15 types of 
tokens and their 250 subtypes are noth
ing more than individual amulets that 
the early Bronze Age urban folk of west
ern Asia wore on strings around their 
neck or wrist. I reject this explanation on 
two grounds. First. none of the perforat
ed tokens that I have examined shows 
any evidence of being used as an amulet. 
such as wear polish or erosion around 

© 1978 SCIENTIFIC AMERICAN, INC



the string hole. Second. it seems prepos
terous that such a complex repertory 
of forms. so widespread in geographi
cal distribution and manufactured with 
such remarkable uniformity. should 
have served as personal adornment in 30 
percent of the cases and for some other 
purpose in the remaining 70 percent. 

I prefer the hypothesis that some to
kens representative of a specific transac
tion were strung together as a record. It 
seems at least plausible that the com
plexity of record keeping in an urban 
economy might have given rise to dupli
cate tokens suitable for stringing. 

The stringing of tokens. if that is what 
the perforated tokens imply. would be 
only one change in how these symbolic 
bits of clay were used at the end of the 
fourth millennium B.C. A much more 
significant change is the first appearance 
at this time of clay bullae. or envelopes. 
such as those Amiet found as containers 
of tokens at Susa. The existence of a 
bulla is clear-cut direct evidence of the 
user's desire to segregate the tokens rep
resenting one or another transaction. 
The envelope could easily be made by 
pressing the fingers into a lump of clay 
about the size of a tennis ball. creating a 
cavity large enough to hold several to
kens; the envelope could then be sealed 
with a patch of clay. 

There is no doubt in my mind that 
such bullae were invented to provide the 
parties to a transaction with the kind of 
smooth clay surface that according to 
Sumerian custom could be marked by 
the personal seals of the individuals con
cerned as a validation of the event. The 
fact that most of the 350 bullae so far 
discovered bear the impressions of two 
different seals lends support to my con
viction. Amiet has suggested that the 
Susa bullae may have served as bills of 
lading. In this view a rural producer of. 
say. textiles would consign a shipment 
of goods to an urban middleman. send
ing along with the shipment a bulla that 
contained a number of tokens descrip
tive of the kind and quantity of mer
chandise shipped. By breaking the bulla 
the recipient of the shipment could veri
fy the makeup of the shipment; more
over. the need to deliver an intact bulla 
would inhibit the carrier from tamper
ing with the merchandise in transit. This 
sealed transfer of tokens between trade 
partners represents an entirely new way 
of using the ancient recording system. 

The innovation had one serious 
drawback. The seals impressed on the 
smooth exterior of the bulla served to 
validate each transmission. but if the 
seal impressions were to be preserved. 
the bulla had to remain intact. How. 
then. could one determine what tokens 
were enclosed and how many? A solu
tion to the problem was soon found. The 
surface of the bulla was marked so that 
in addition to the validating seal impres
sions. it bore images of all the enclosed 
tokens. 

TABLETS FROM URUK show the convex shape that may reflect their evolution from hol
low bullae. Impressions represent numerals. Tablets are in the Pergamon Museum in Berlin. 

The most striking example of this 
stratagem is a bulla that proved to con
tain six grooved ovoid tokens. Each of 
the six tokens had been pressed into the 
surface of the bulla before being stored 
inside it; they fit the surface imprints 
exactly. This means of recording the 
contents of a bulla on its exterior was 
not. however. universally practiced. On 
most bullae the impression was made 
with a thumb or a stylus; a circular im
pression stood for a sphere or a disk. 
a semicircular or triangular impression 
stood for a cone. and so forth. 

The bulla markings were clearly not 
invented to take the place of the token 
system of record keeping. Nevertheless. 
that is what happened. One can visualize 
the process. At first the innovation flour
ished because of its convenience; any
one could "read" what tokens a bulla 
contained and how many without de
stroying the envelope and its seal im
pressions. What then happened was vir
tually inevitable. and the substitution of 
two-dimensional portrayals of the to
kens for the tokens themselves would 
seem to have been the crucial link be
tween the archaic recording system and 
writing. The hollow bullae with their en
closed tokens would have been replaced 
by inscribed solid clay objects: tablets. 
The strings. baskets and shelf loads of 
tokens in the archives would have given 
way to representative signs inscribed on 
tablets. that is. to written records. 

The convex profile of the early Uruk 
tablets may well be a morphological 
feature inherited from the spherical bul
lae. Much the same may be true of the 

selection as a writing surface of a mate
rial as unsuitable as clay. a soft and easi
ly smeared medium that must be dried 
or baked if it is to be preserved. There 
can be little doubt about the relation 
between the shapes and markings of 
the tokens and the supposed arbitrary 
forms of many Uruk ideographs. No 
fewer than 33 clear-cut identities exist 
between the ideographs and two-dimen
sional representations of tokens and 
more than twice that many are possible. 

To summarize. the earliest examples 
of writing in Mesopotamia may not. 

as many have assumed. be' the result of 
pure invention. Instead they appear to 
be a novel application late in the fourth 
millennium B.C. of a recording system 
that was indigenous to western Asia 
from early Neolithic times onward. In 
this view the appearance of writing in 
Mesopotamia represents a logical step 
in the evolution of a system of record 
keeping that originated some 1 1.000 
years ago. 

On this hypothesis the fact that the 
system was used without significant 
modification until late in the fourth mil
lennium B.C. seems attributable to the 
comparatively simple record-keeping 
requirements of the preceding 5.000 
years. With the rise of cities and the de
velopment of large-scale trade the sys
tem was pushed onto a new track. Im
ages of the tokens soon supplanted the 
tokens themselves. and the evolution of 
symbolic objects into ideographs led to 
the rapid adoption of writing all across 
western Asia. 
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Exotic Light Nuclei 

Among the light elements nuclei with unequal numbers of protons 

and neutrons are highly unstable. Some survive just long enough 

to be detected and exhibit unusual regimes of radioactive decay 

by Joseph Cerny and Arthur M. Poskanzer 

I
n principle. protons and neutrons can 

be brought together in a great many 
combinations to form atomic nu

clei. The nuclei representing the majori
ty of these combinations. however. do 
not exist; even if they could be created 
they would decay too quickly to be ob
served directly. Altogether some 8.000 
nuclei are thought to be capable of sur
viving long enough that they can be said 
to exist. Of these about 300 are stable 
indefinitely. and they are therefore by 
far the commonest nuclei in nature. An
other 1 .600 nuclei are known that are 
not stable but decay by the various proc
esses grouped under the term radioac
tivity. That leaves some 6.000 nuclei 
that should exist but that have not yet 
been discovered. 

The nuclei that have been investigated 
most completely are those of the lightest 
elements. the first 20 or so in the period
ic table. Stable nuclei in this region have 
roughly equal numbers of protons and 
neutrons. and as a rule the further a nu
cleus departs from this ratio of equality 
the shorter its lifetime becomes. Those 
that are very far from stability have 
been called exotic light nuclei. 

Such exotic nuclei are not observed 
among the natural elements on the earth 
today; their lifetimes are in many cases 
less than a second and some are much 
less. The exotic nuclei must be created 
in the laboratory by bombarding stable 
nuclei with accelerated protons or with 
heavier projectiles. Even then the short 
lifetimes hamper the experimental in
vestigation. since all the information 
that can be obtained about an exotic nu
cleus must be gathered in the few mo
ments that elapse between its creation 
and its disintegration. 

Among the 20 lightest elements (up to 
calcium in the periodic table) some 200 
nuclear species have been identified. of 
which perhaps 40 percent could be con
sidered exotic. Theoretical calculations 
suggest that there should be about 1 10 
other isotopes of elements in this region 
that are even further from stability. Ex
treme ratios of protons to neutrons are 
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most easily achieved in light nuclei. sim
ply because a given ratio requires a 
smaller numerical excess. For this rea
son the light elements provide an excel
lent opportunity for exploring the prop
erties of exotic nuclei. many of which 
should have unusual sizes. shapes and 
spectra of energy levels. Many of them 
also exhibit unusual modes of radio
active decay. and the investigation of 
those decays is under way. 

In order to identify a nucleus it is neces
sary to specify both the number of 

protons and the number of neutrons. By 
convention that is usually done by stat
ing the number of protons (the atomic 
number) and also giving the sum of the 
proton and neutron numbers. a quantity 
called the mass number. When these 
numbers are written with the symbol for 
a chemical element the mass number 
appears as a superscript and the pro
ton number as a subscript. (The proton 
number is often omitted since each ele
ment corresponds to a unique proton 
number.) Thus a nucleus of boron with 
five protons and five neutrons is denoted 
by the symbol 19B. 

The proton and the neutron differ 
principally in their electrical properties: 
the proton carries a positive electric 
charge of one unit and the neutron is 
electrically neutral. The two kinds of 
particle are collectively called nucleons. 
Because the proton number determines 
the electric charge of the nucleus it also 
controls the configuration of 1he elec
tron cloud surrounding 

'
the nucleus and 

hence the chemical properties of the 
atom. The proton number alone there-

fore determines the identity of the ele
ments. A nucleus with five protons is a 
boron nucleus no matter how many neu
trons it includes. Nuclei with the same 
number of protons but different num
bers of neutrons (and hence different 
mass numbers) are isotopes. The search 
for exotic light nuclei is essentially a 
search for the lightest and the heaviest 
isotopes of those elements that have 
proton numbers ranging from one to 
about 20. 

Nuclei can exist only because a tightly 
bound aggregate of several nucleons can 
have a lower mass than the total mass 
of the same nucleons when they are 
all considered in isolation. The small 
"missing" mass. or mass defect. is the 
binding energy with which the nucleons 
are held together. Like the electrons in 
an atom. the nucleons in a nucleus can 
be regarded as occupying discrete and 
well-defined energy levels. The lowest 
level can accommodate two nucleons. 
and as additional particles are added 
they must be allotted to levels of pro
gressively higher energy. An important 
feature of this energy structure is that 
the levels for protons and those for neu
trons can be considered independently. 
Thus in the helium-4 nucleus (�He) the 
two protons can occupy their lowest-en
ergy level. and so can the two neutrons. 
If all four were protons. then two would 
have to occupy a higher energy level. 
resulting in a nucleus with a larger mass. 
Thus. among the light nuclei those with 
equal numbers of protons and neutrons 
tend to be the most stable. 

If the balance of proton and neutron 
numbers were the only influence on 

CHART OF THE NUCLIDES lying on its side on the opposite page arranges nuclei accord
ing to their composition; each square represents a unique combination of protons and neutrons. 
The color of the upper left half of the square indicates by what method a nuclide was shown to 
exist; the color of the lower right half indicates by what method its decay was observed. Among 
the light elements (the first 22 are shown here) the stablest nuclei tend to have roughly equal 
numbers of protons and neutrons. The exotic nuclei are those that depart substantially from 
that ratio. They include both neutron-rich species, along the right-hand edge of the sequence, 
and neutron-deficient ones, along the left-hand edge. Nuclides with labels inside their square 
have been discovered since 1961, when one of the comprehensive charts of nuclides was made. 
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RADIOACTIVE DECAY transforms a nucleus into a more stable configuration of lower en
ergy. Four modes of decay have long been recognized: alpha, beta and gamma emission and 
spontaneous fission; all of these except gamma emission convert one chemical element into 
another. Alpha decay and spontaneous fission are predominantly found in the heavy elements. 
There are two kinds of beta decay. In /3 - emission an electron and an antineutrino are emitted 
when a neutron in the nucleus is converted into a proton; in /3 + decay the emitted particles 

'
are 

a positron (a positive electron) and a neutrino when a proton in the nucleus is converted into a 
neutron. The neutrino and the antineutrino are massless neutral particles with an extraordi
narily weak interaction with nuclei. In gamma decay the composition of the nucleus does not 
change; only the energy level is affected. The emitted gamma ray is a high-energy photon, or 
quantum of electromagnetic energy. Some exotic nuclei have modes of decay more complicated 
than those shown here. A feature of all decays is that the total mass of the products is less than 
the mass of the parent nucleus; it is this reduction in mass that makes the decay possible. 
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nuclear stability. then all stable nuclei 
would have roughly equal numbers of 
protons and neutrons. In fact there is 
another factor. which becomes more 
important as the proton number increas
es: the growing electrostatic repulsion 
between protons also diminishes the 
binding energy of the nucleus. As a re
sult. very heavy nuclei tend to be most 
stable when they have an excess of neu
trons; the longest-lived isotope of urani
um. for example. ��8U. has about 1.6' 
times as many neutrons as protons. 

The relative stability of the nuclides 
can readily be perceived in a graph that 
presents the mass defect per nucleon for 
each of the nuclides. Those nuclei with 
the largest mass defect. and hence those 
with the greatest binding energy. form 
a "valley of stability." Among the light 
elements the valley runs through those 
nuclides with roughly equal numbers of 
protons and neutrons; then among the 
heavier ones it bends toward nuclear 
species that are progressively richer in 
neutrons. On each side of the valley the 
less stable nuclei have a smaller mass 
defect and form steep slopes. The exotic 
nuclei occupy the upper slopes on both 
the neutron-rich and the neutron-defi
cient sides of the valley. 

The ratio of protons to neutrons and 
the absolute number of protons deter
mine the major features of the valley of 
stability. but there is one other influence 
on nuclear stability that cannot be ne
glected: nuclides with an even number 
of protons or of neutrons or of both 
have a slightly enhanced stability. The 
small enhancement becomes particular
ly important among the exotic light nu
clei. where it is sometimes possible to 
add two nucleons to a nucleus to create 
a new species. although the intermedi
ate nuclide with one extra nucleon does 
not exist. 

I t should also be pointed out that all the 
nucleons do not always occupy the 

lowest possible energy levels. When a 
nucleor: or several nucleons have been 
promoted to a higher energy level. the 
nucleus is said to be in an excited state. 
The excited state must of course have 
the same complement of protons and 
neutrons as the corresponding ground 
state. but it may differ in size and shape. 
The excited state can also differ in an
gular momentum: each nucleon has an 
intrinsic spin. equal to 1!2 when mea
sured in natural units. and in the nucleus 
the nucleons can also have orbital angu
lar momentum. reflecting their state of 
motion. which must always assume inte
ger values (again in natural units). These 
quantities must be added or subtracted. 
depending on the orientation of the mo
menta. to find the total angular momen
tum of the nucleus. 

Any nuclide that has a small mass de
fect. or a small binding energy. tends to 
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decay to nuclei further down the slope 
toward stability. Three modes of radio
active decay that transmute one element 
into another have long been recognized: 
alpha and beta decay and spontaneous 
fission. Several additional modes of de
cay have been observed among the exot
ic nuclei. and a few more decay schemes 
have been predicted. 

Alpha decay is the emission of a heli
um nucleus (�He). When uranium 238 
ejects an alpha particle. the ��8 U is con
verted to the thorium isotope Wo4 Th. 
The difference between the mass of 
�� U and the combined mass of Wo4 Th 
and �He is equivalent to an energy of 

about four million electron volts (MeV). 
which appears mainly as the kinetic ener
gy of the alpha partic:le. 

Among the light nuclei the common
est mode of radioactive decay is beta 
decay. which takes two forms. In jJ- de
cay a neutron in the nucleus is converted 
to a proton and two particles are emit
ted: an electron and an antineutrino. In 
jJ+ decay a proton in the nucleus is con
verted into a neutron and the emitted 
particles are a positron and a neutrino. 
In neither case does the total number of 
nucleons change but the balance of pro
tons and neutrons and the chemical 
identity of the nuclide are altered. For 

example. the neutron-deficient carbon 
isotope llC decays by jJ+ emission; one 
proton is changed into a neutron. yield
ing the stable daughter nuclide llB. 
In a similar manner liBe. a neutron
rich beryllium isotope. decays by jJ
emission. also yielding llB. 

Spontaneous fission is possible when
ever a nucleus can be split into two 
daughter nuclides that have a smaller 
total mass than the parent nuclide. Cali
fornium 252 can decay by spontaneous 
fission to yield. for example. a nucleus 
of molybdenum and a nucleus of bari
um. usually accompanied by a few free 
neutrons. The fission products are them-

VALLEY OF STABILITY is occupied by nuclides that have mini
mal mass and are stable. The valley is mapped by graphing the "mass 
excess" for each nuclide. The mass excess is related to the negative of 
the binding energy, with a mass excess of zero assigned to a reference 
nuclide: the carbon isotope with mass number 12(llC). Nuclei on 

the slopes above the valley can reduce their mass excess by decaying 
into a more stable nuclide. The exotic nuclei, which occupy the up
per slopes on both sides of the valley, have the largest mass excess, 
and they generally decay the fastest. The graph was constructed with 
the aid of a computer by Jef Poskanzer, the son of one of the authors. 
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NEUTRON-DEFICIENT ISOTOPE of magnesium, UMg, sometimes decays by the unusu
al process of beta-delayed proton emission. The isotope is prepared by bombarding neon atoms 
with accelerated ions of helium 3. The nucleus formed is highly excited and decays by emitting 
two neutrons to yield UMg. That nucleus in turn decays by {3+ emission; the product is a sodi
um isotope, nNa. The sodium isotope is often created in the ground state or in a low-lying 
excited state that can decay by gamma emission to the ground state. When a higher excited 
state is formed, however, it quickly expels a proton, yielding the stable neon isotope �8Ne. Be
cause the excited n Na nucleus decays almost instantaneously, the entire process must be re
garded as the two-stage decay of r�Mg. A highly favored beta decay occurs between r�Mg 
and a state in n Na called the analogue state; in the analogue state all the nucleons have same 
relative motions as nucleons in the parent state, except that one proton has become a neutron. 
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PROTON ENERGY (MeV) 
ENERGY SPECTRUM of the protons emitted by decaying r�Mg nuclei includes a number 
of broad peaks and two narrow peaks. The narrow peaks are at the energies of 4.7 and 6.2 mil
lion electron volts (MeV) and arise from a highly favored beta decay between the �� Mg parent 
sta!e and its analogue in the n Na daughter state. There are two groups because in the decay 
of the analogue state both the ground state and the first excited state of the r8N e nucleus are 
populated. The proton groups are sharply defined because the protons emitted in the decay 
process have a definite energy. For this reason the protons provide more information about the 
nucleus than do the positrons of the initial beta decay. Positrons have a continuous energy spec
trum because energy of beta decay can be shared in any way by the positron and the neutrino. 
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selves unstable and are subject [0 fur
ther decays. but in all cases the sum of 
their masses is less than the mass of the 
parent ��2 Cf nucleus. (The energy re
leased in this way appears as the kinetic 
energy of the fission fragments.) 

There is one other common form of 
radioactive decay in which the chemical 
identity of a nucleus is not changed; in
deed, neither the number of protons nor 
the number of neutrons is altered. This 
is gamma emission, and it affects only 
the energy state of the nucleus. The 
gamma ray is a high-energy photon, or 
quantum of electromagnetic radiation. 
The energy of the gamma ray is equal to 
the difference in mass between the par
ent state and the daughter state. Many 
of the products of radioactive decays 
are formed in excited states. so that al
pha or beta decay is often followed 
promptly by gamma emission. 

The rate of a radioactive decay is usu
ally expressed in terms of a half-life: 

the time required for half the atoms of 
a particular species to decay. The ob
served time scale of beta decay ranges 
from about 10.3 second to more than 105 
years; even the minimum lifetime is 
comparatively long in the realm of sub
atomic events. The delay is caused 
mainly by the weakness of the funda
mental process that converts one kind of 
nucleon into the other kind in the nucle
us. Certain other nuclear events. which 
do not involve such a transformation. 
can take place much faster. One that is 
of particular importance in the study of 
exotic nuclei is the spontaneous emis
sion of a nucleon. 

A nuclide is susceptible to decaying 
by emitting a proton or a neutron when
ever the mass of the parent is greater 
than the total mass of the daughter nu
clide and the emitted nucleon. The mini
mum time required for this decay is 
readily calculated: it is simply the time 
required for a nucleon moving at a typi
cal speed of 109 centimeters per second 
to cross the nucleus. which has a typical 
diameter of 10-13 to 10.12 centimeter. 
The time is some 10.21 to 10.22 second. 
The existence of various inhibiting bar
riers can increase the time substantially, 
but only in exceptional cases should it 
be greater than about 10.16 second. 

The enormous gap between the typi
cal lifetime for beta decay (10.3 second 
or more) and that for prompt nucleon 
emission (10.16 second or less) provides 
a convenient experimental boundary 
separating those nuclides that can be 
considered to exist from those that can
not. It is possible to calculate theoreti
cally which nuclides are bound against 
prompt nucleon emission and should ex
ist by this criterion and which should 
not. One such set of predictions was 
made by Gerald T. Garvey and I. Kel
son. who were then of Yale University. 
Their method was to calculate the mass 
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HELIUM JET is employed to transport beta-delayed proton-emit
ting nuclei from an accelerator target to a detector in the few hundred 
milliseconds available before most of the nuclei have decayed. The 
target is enclosed in a vessel that contains helium at about 1.5 times 
atmospheric pressure. The nuclei produced in reactions with the ac
celerated � He beam recoil from the target; they are then entrained 
by the helium jet and are carried with it through a capillary tube into 

another vessel, which is continuously evacuated. In the particular case 
of r�Mg production the solid target was removed and r8Ne gas was 
mixed with the helium. In the second vessel the nuclei are deposited 
on a series of foils, which are rapidly stepped past a pair of detectors 
that are sensitive to electrically charged particles. The detectors mea
sure the energy of the protons and can thus distinguish them from 
the electrons and the positrons, which are also emitted copiously. 

of an unobserved nuclide by extrapolat
ing from the masses of known nuclides 
in the context of an independent-parti
cle model of nuclear structure. 

The theoretical limits of stability 
against prompt nucleon emission and 
the present experimental limits can be il
lustrated by the isotopes of boron, an el
ement that has two stable isotopes, l�B 
and lJB. Among lighter boron isotopes. 
�B is known to be unstable to very rap
id proton emission and therefore does 
not exist. The isotope with still one less 
neutron, however, �B, does exist; it de
cays by {3+ emission with a half-life of 
.8 second. On the other side of the val
ley of stability five neutron-rich boron 
isotopes have been observed, the heav
iest being llB, which is expected to de
cay by {3- emission, although its half
life has not been measured. The isotope 
ltB is not expected to exist, but liB 
should be stable to neutron emission. It 
has not yet been detected. 

A chart of the known and predicted 
nuclides reveals several general features 
of their distribution. The most conspic
uous trend is that the number of iso
topes increases dramatically with in-

creasing atomic number. Hydrogen 
(atomic number 1) has only three iso
topes; sodium (atomic number 1 1 ) has 
16 known isotopes and two more pre
dicted ones; calcium (atomic number 
20) is expected to have 3 1 .  

Another general feature of the distri
Il.. bution of nuclides is that there are 
more neutron-rich isotopes of all the el
ements than there are neutron-deficient 
ones. This effect is another consequence 

. of the proton's electric charge. Adding a 
proton to a nucleus that is already neu
tron-deficient not only exacerbates the 
imbalance of protons and neutrons but 
also increases the electrostatic repulsion 
between the protons. Adding a neutron 
to a neutron-rich species affects only the 
balance of nucleon types. 

The region of greatest interest in the 
study of exotic light nuclei is that lying 
between the nuclei that decay by con
ventional beta emission and those· that 
are unstable to prompt nucleon emis
sion. Among the neutron-deficient ex
amples of these nuclei several decay by 
the two-stage process called beta-de
layed proton emission. 

An example of such a nuclide is r� Mg, 
which has three neutrons fewer than the 
lightest stable isotope of magnesium, 
r� Mg. Because of its neutron deficien
cy r� Mg is highly unstable; it decays with 
a half-life of . 1 2  second by {3+ emission, 
yielding the nucleus UNa. In its ground 
state it Na also decays by the conven
tional mode of {3 + emission, but the nu
clei formed by the decay of the magnesi
um isotope are not only in the ground 
state but also in many excited states. 
The additional energy of excitation is 
enough to make the it Na nucleus unsta
ble to the prompt emission of a proton, 
yielding as a granddaughter nuclide the 
stable neon isotope r8Ne. To the experi
menter this decay sequence appears as 
the essentially simultaneous emission of 
a positron and a proton. (The neutrino 
that is also emitted cannot be detected.) 

In the analysis of these events the pro
tons arising from the secondary decay 
carry more information than the pri
mary positrons, because the protons 
emitted in decays to each energy level 
have a definite energy. In beta decay the 
energy available can be partitioned in 
any way between the positron and the 
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PROTON RADIOACTIVITY has been observed from a long-lived excited state of a neutron
deficient isotope of cobalt: �fCo. By far the commonest decay mode of this excited state is 
conventional beta emission to ��Fe; about 1.5 percent of the time, however, the cobalt nucleus 
simply expels a proton to yield the iron isotope ��Fe. What is remarkable is the lifetime of the 
nuclide. Most nuclei that decay by the direct emission of a proton or a neutron do so very quick
ly, in as little as 10.21 second. Cobalt 53, on the other hand, has a half-life of .25 second, and 
if proton radioactivity were its only mode of decay, it would survive some 17 seconds. The sym
bol J represents the intrinsic-angular momentum of nuclides, measured in fundamental units. 

neutrino. From the proton spectrum it is 
possible to deduce which states of the 
nNa nucleus have been populated. Not 
all the beta decays. however. leave the 
nucleus in a state that can decay by pro
ton emission; the rest return to the 
ground state of nNa by gamma emis
sion. The gamma rays also have unique 
energies (equal to the energy difference 
between the excited state and the ground 
state). and they convey information 
about the states populated. 

Beta-delayed proton emission was 
first observed in 1 963 by V. A. Karnau
khov. G. M. Ter-Akopian and V. G. 
Subbotin of the Joint Institute for Nu
clear Research at Dubna. near Moscow. 
and by Richard D. Barton. Ross Mc
Pherson. Robert E. Bell. William R. 
Frisken. William T. Link and Robert B. 
Moore of McGill University in Montre
aL Many light nuclei that decay in this 
way have since been identified. largely 
through the work of three groups of in
vestigators: one led by John C. Hardy of 
McGill. another that included one of us 
(Poskanzer). then at the Brookhaven 
National Laboratory. and most recently 
a third group that included the other one 
of us (Cerny) at the Lawrence Berkeley 
Laboratory of the University of Califor
nia. The 10 lightest nuclei in which this 
decay sequence has been observed. be
ginning with the carbon isotope �C 
and continuing through the titanium iso
tope :iTi. have half-lives ranging from 
nine milliseconds to 470 milliseconds. 

The nuclide gMg was produced by 
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employing as an accelerator target a gas 
containing atoms of f8Ne. (Since this nu
clide is also the end product of the decay 
sequence. the entire reaction is cyclicaL) 
The gas was bombarded by nuclei of the 
neutron-deficient isotope �He that had 
been accelerated to an energy of 30 
MeV. In some of these interactions the 
two nuclei fuse. forming f�Mg in a high
ly excited state. A fraction of the excit
ed nuclei promptly eject two neutrons 
to form fi Mg. 

Because of the short half-life of this 
isotope (. 1 2  second) and of other 

beta-delayed proton emitters. special 
means are required for transporting the 
nuclide from the target area of the accel
erator to the apparatus employed to de
tect its decay. In early studies of man
made isotopes the means of transport 
was sometimes a runner. who carried 
the specimen by hand from one room to 
another. As interest shifted to nuclei 
with shorter lifetimes a pneumatic shut
tle. or "rabbit." was often adopted. For 
studies of the beta-delayed proton emit
ters even that method is too slow. The 
fi Mg nuclei were carried to the detector 
by a helium jet. The neon target nuclei 
were mixed with a large volume of heli
um gas at 1 .5 times atmospheric pres
sure. The product nuclei were entrained 
by the helium and swept through a cap
illary tube to another vessel that was 
continuously evacuated by a high-speed 
pump. There the magnesium nuclei (and 
others) were deposited on thin foils that 

were stepped several times per second 
past the detector. 

Nuclei of g Mg were not the only ra
dioactive species formed in this reac
tion; indeed. they were a small minority. 
Most of the nuclides decayed by f3+ or 
f3 - emission. and so the detector was 
required to recognize a small flux of 
protons in an intense background of 
electrons and positrons. In general parti
cle detectors operate by sensing the ion
ization of atoms caused by the passage 
of a charged particle. Positrons. elec
trons and protons all bear an electric 
charge. but because the proton is much 
more massive it can be recognized. Pro
tons lose energy more quickly as they 
pass through matter. and by arranging 
for the particles emitted to pass through 
two detectors in sequence the rate of en
ergy loss can be measured. 

The decay of a specimen of magne
sium 2 1  yields a great many protons. 
which can be arranged in groups accord
ing to their energies. Each of the groups 
represents decay events to a specific en
ergy level in the intermediate daughter 
nucleus. n Na. A particularly interesting 
group of protons arises from a favored 
transition between the parent nucleus 
and an energy level in the daughter spe
cies that is called the analogue state of 
the parent. The concept of an analogue 
state is based on the theory of the .charge 
independence of nuclear forces. This 
theory holds that if electromagnetic 
forces can be neglected. then the interac
tion between a proton and a proton. be
tween a proton and a neutron and be
tween a neutron and a neutron should 
all be the same. Hence if two nuclei have 
the same number of nucleons and those 
nucleons are in the same state of mo
tion. then the two nuclei should be iden
tical. even though their nucleons are ap
portioned differently between protons 
and neutrons. In this case both nuclei 
have 2 1  nucleons. and the theory of 
charge independence predicts that they 
have the same motion in the favored 
excited state of n Na as they have in 
the ground state of fi Mg. Actually. 
of course. electromagnetic interactions 
cannot be neglected entirely. and small 
differences between the states of the 
nuclei should be observed. The extent of 
the differences can be determined by 
studying the proton spectrum. For g Mg 
and for several other beta-delayed pro
ton emitters the discrepancies have been 
found to be quite small; the analogue 
state and the parent nucleus resemble 
each other quite closely. typically to 
about 90 percent. 

These experiments established the ex
istence of g Mg. along with its half

life and its decay modes. but they did 
not reveal its exact mass. The mass has 
been measured through another tech
nique by one of us (Cerny) and his col-
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leagues and by Walter Benenson and 
Edwin Kashy and their colleagues at 
Michigan State University. Again the 
accelerated projectile was �He. but the 
target employed was the stable isotope 
�i Mg. Collisions between these nuclides 
include very rare events in which the 
helium nucleus picks up three addi
tional neutrons. creating the isotope 
�He and leaving behind a nucleus 
of �� Mg. The g Mg nucleus goes un
detected. but the energy of the �He 
nucleus is measured. Since the energies 
and the masses of three of the four nu-
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clei involved in the reaction are known. 
the exact mass of the fourth one (g Mg) 
can be deduced by applying the laws of 
conservation of energy and momentum. 

Direct nucleon emission was discussed 
above as a decay mode so fast that it 
excludes certain nuclei from existence. 
A nuclide could decay by the emission 
of a proton or a neutron with a compar
atively long lifetime. however. if the 
emission were strongly hindered by a 
large barrier. A nuclide of this kind was 
discovered in 1970: it is a long-lived ex
cited state of the cobalt isotope ��Co. 

20 30 40 

which decays by the direct emission of a 
proton with a half-life of .25 second. 
The proton radioactivity was discov
ered at the Harwell Atomic Energy Re
search Establishment in England by a 
group of investigators from the Univer
sity of Oxford made up of one of us 
(Cerny) and K. P. Jackson. C. U. Cardi
nal. H. C. Evans and N. A. Jelley. The 
discovery was confirmed by additional 
experiments at the Lawrence Berkeley 
Laboratory by one of us (Cerny) and J. 
E. Esterl. R. A. Gough and R. G. Sextro. 

In the latter experiments the cobalt 
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DISTANCE FROM CENTER OF NUCLEUS (10-13 CENTIMETER) 

EXTENDED LIFETIME of the ��Co nucleus can be explained in 
terms of barriers that a proton must be able to penetrate in order 
to escape the nucleus. There are two such barriers for ��Co: an elec
trostatic one, generated by the electrical repulsion between protons, 
and a centrifugal one, arising from the requirement that the emerg
ing proton carry off the large angular momentum of the parent nucle
us. The total barrier is some 49 MeV high at the surface of the nucle
us; since the protons emitted have an energy of only about 1.6 MeV, 
they clearly cannot surmount it. There is a small probability, how
ever, that the protons can pass through the barrier by the quantum-

mechanical process called tunneling. The proton can be regarded as 
a wave that strikes the barrier and appears again on the other side of 
it. The emergent wave has the same wavelength as the wave inside 
the nucleus, indicating that the proton has the same energy, but the 
amplitude of the wave is vastly reduced, reflecting the smaller prob
ability of finding the proton outside the nucleus. The amplitude is re
duced by a factor of about 107, which is much smaller than can be 
shown in the illustration. It is the very small probability of sucb tun
neling, along with an improbable nuclear rearrangement that is also 
required, that accounts for the long lifetime of the cobalt isotope. 
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NEUTRON-RICH ISOTOPE of helium, �He, can decay through either of two unusual path
ways. In each case the initial event is a heta emission, forming the lithium isotope g Li.1f the g Li 
is created in a highly excited state, it promptly emits a neutron, giving rise to the stable product � Li. The overall process is beta-delayed neutron emission. If the g Li is formed in its lower ex
cited states, those states decay to the ground state by gamma radiation; the ground state then 
beta decays to yield an unstable excited state of �Be. The beryUium nuclide in turn promptly 
emits an alpha particle, or in other words splits into two nuclei of � He, the commonest isotope 
of helium. In the latter pathway decay of g Li can be described as beta-delayed alpha emission. 
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DECAY OF A HELlUM-8 NUCLEUS is recorded in a photographic emulsion at the left; the 
same events are diagrammed at the right. The � He nucleus was one of three fragments created 
when a low-energy pi meson was captured by a carbon nucleus in the emulsion. The other two 
fragments, a proton <1 H) and a helium-3 nucleus <� He) are shown leaving the field of view. 
The � He nucleus moved only a short distance before it came to rest, and then it underwent two 
successive beta decays to �Be, which split into two �He nuclei. Tracks of the two �He nuclei 
go in opposite directions because � Be nucleus was essentially at rest when it split up. The photo
graph was supplied by Yu. Batusov of the Joint Institute for Nuclear Research in the U.S.S.R. 

68 

nuclide was made by bombarding the 
iron isotope �tFe with protons acceler
ated to an energy of 35 MeV. The unob
served intermediate product was the co
balt isotope ��Co, which immediately 
ejected two neutrons to yield an excited 
state of ��Co. Unlike most excited states 
this one is inhibited from returning to 
the ground state by gamma decay and 
for that reason is called a nuclear iso
mer. Most of the time it decays by f3 + 
emission, but in about 1 .5 percent of the 
decays proton emission is observed. Un
like the protons emitted in beta-delayed 
decays, which come from several excit
ed states and therefore have several 
characteristic energies, all the protons 
emitted by g�Co are clustered at the 
same energy, 1 .59 MeV. 

The f3 + decay of ��Co is a highly fa
vored mode because it leads to the crea
tion of a "mirror" nucleus, which has 
the composition g�Fe and which occu
pies the same excited state as the parent 
cobalt nucleus. Mirror nuclei are a spe
cial case of analogue states in nuclei; in 
mirror nuclei the only difference be
tween the two nuclides is that the num
ber of protons and neutrons is inter
changed. In this case the parent cobalt 
isotope has 27 protons and 26 neutrons 
and the daughter iron isotope has 26 
protons and 27 neutrons. Because tran
sitions between such states are highly 
favored, the f3+ decay mode is the major 
influence on the lifetime of ��Co. In 
fact, if the f3+ decay could be turned off, 
and proton emission were the only decay 
mode available, the half-life of the nu
clide would be some 17 seconds, rough
ly 20 orders of magnitude longer than 
the usual time scale of direct nucleon 
emission. It is this "partial" half-life 
that a theory of the slow proton emis
sion must explain. 

The explanation lies in the exception
ally large barrier to proton emission 

that must be overcome. Moreover, the 
explanation closely resembles theoreti
cal accounts of alpha-particle emission 
by heavy nuclei. such as uranium 238. 
The major barrier to alpha emission 
arises from the electromagnetic interac
tions of protons, following Coulomb's 
law for the electric force. For an alpha 
particle to overcome the Coulomb bar
rier and escape from the nucleus re
quires an energy of about 25 MeV. Ac
cording to the laws of classical physics 
only particles with that energy or more 
should be able to escape the nucleus, but 
in fact alpha particles are emitted by 
uranium with an energy of 4.2 MeV. 
These lower-energy particles are able 
to get out by the quantum-mechanical 
process of tunneling through the Cou
lomb barrier. 

In quantum mechanics particles can 
be regarded as waves, and a wave has a 
small probability of penetrating a barri-

I 
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er. In the decay of the uranium nucleus 
the alpha particle has about one chance 
in 1 038 of escaping on any given at
tempt. Although that is an extremely 
small likelihood. the alpha particle col
lides with the "walls" of the nucleus 
some 1021 times per second. It can there-

fore be expected to escape after some 
10 17 seconds. or three billion years. The 
measured half-life of uranium 238 is 4.5 
billion years. 

will tunnel through the barrier the half
life turns out to be only 10.19 second. still 
many orders of magnitude short of the 
experimentally observed partial half
life . Part of the discrepancy can be at
tributed to an additional barrier. called 
a centrifugal barrier. The �?Co nucle-

A similar Coulomb barrier inhibits 
proton emission in �?Co. but on calcu
lating the probability that the proton 

DETECTION OF HELIUM 8 relies on the distinctive chemical and 
physical properties of helium to separate � He from the numerous 
other nuclides created in collisions of accelerated particles with tar. 
get nuclei. The target employed is cotton, which for the nuclear re
actions of interest here can be regarded as being carbon. Nuclei of 
� He diffuse out of the cotton fibers and are swept up by a stream of 

RECOILING NUCLEI 

TARGET FOIL 

PROTON 
BEAM 

I, 

THIN 
SEMICONDUCTOR 
DETECTOR 

ENERGY LOSS 
MEASURED 

NUCLEAR TELESCOPE identifies nuclides recoiling from a metal 
target foil placed in the beam of an accelerator by measuring some of 
the nuclides' physical properties. The telescope consists of two semi· 
conductor detectors lined up so that recoiling nuclei can pass through 
both of them in sequence. The amount of energy deposited by a nu· 
c1eus in each detector can be determined from the number of ions cre· 
ated. The first detector is thin and measures the rate at which the 
nucleus loses energy in passing through matter; the second detector 

VACUUM 

ordinary helium gas (�He). Other elements are condensed out of the 
stream in two cryogenic traps, which helium is able to pass through be
cause of its extremely low boiling point. The residual gas then flows 
by a beta.ray scintillation detector into a tank embedded in a large 
block of paraffin. The neutrons from � He decay are slowed down in 
the paraffin so that they react with boron in the ionization detectors. 

TIME OF FLIGHT MEASURED 

THICK 
SEMICONDUCTOR 

D 
DETECTOR 

is thicker and stops the nucleus and measures its remaining energy. 
From these data a dimensionless quantity called the particle identifi. 
cation number can be determined; it is proportional to the product of 
the mass number and the square of the nuclear charge. In a refine
ment of the same technique the time of flight of the nucleus between 
the two detectors is also measured. This determines the velocity of 
the nucleus, which together with the nucleus' kinetic energy provides 
an independent and more accurate result for mass number of nucleus. 
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RECOILING NUCLEI from a heavy-element target irradiated by high-energy protons were 
identified entirely by measuring their kinetic energy and rate of energy loss, without measur
ing their velocity. The peaks represent the yields of the many isotopes produced in this reac
tion. The neutron-rich nuclides lJLi, ltB and 19B were first observed in such an experiment. 
On the other hand, the heaviest known boron isotope, llB, cannot be observed because of in
terference from the more abundant carbon isotopes. The interference arises because the parti
cle identification number is not unambiguous: product of mass number and square of nuclear 
charge is nearly the same for certain heavy isotopes of boron and certain light ones of carbon. 
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SPECTRUM OF BORON ISOTOPES is fully resolved iu experiments where velocities of re
coiling nuclei are also measured. Boron 17 was detected in such an experiment (black), in 
which time of flight was measured between first and second detectors. Even greater resolution 
is achieved (color) by measuring time of flight over a path between target and first detector. 
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us has an exceptionally high angular 
momentum of 19/2 units. whereas the 
daughter nucleus. �gFe. is produced in 
its ground state and has zero angular 
momentum. The emitted proton must 
therefore carry off all 19/2 units of an
gular momentum. One-half unit is ac
counted for by the intrinsic spin of the 
proton; the other nine units must appear 
as orbital angular momentum in the 
system made up of the daughter nucleus 
and the emitted proton. 

The half-life expected for a proton to 
tunnel through both the Coulomb barri
er and the centrifugal barrier is about 
6 X 10.8 second. The remaining factor 
of 3 X 108 can be accounted for by the 
exceptionally complicated and improb
able rearrangement of the nuclear mate
rial that is required for the excited state 
of �?Co to decay into the ground state of 
�gFe. Hence two separate probabilities 
must be satisfied before the decay can 
take place. the first for the emerging pro
ton to tunnel through both barriers. and 
the second for the residual nucleus to 
have a structure that resembles �gFe. 

Another mode of decay might be 
available to some nuclei that are ex
tremely deficient in neutrons. This 
mode. first suggested by V. I. Goldanskii 
of the Institute of Chemical Physics in 
Moscow. is the simultaneous emission 
of two protons. It might arise in an even
even nucleus where the decay to the next 
lighter (and therefore odd-even) nucleus 
was energetically impossible; in such a 
nucleus the enhanced stability of even
even nuclei might favor double proton 
emission. 

On the neutron-rich side of the val
ley of stability the characteristic 

phenomenon of proton emission is not 
available. Beta-delayed neutron emis
sion does take place. and indeed it has 
been known much longer. since 1939. 
The first light element that decays by 
delayed neutron emission was discov
ered in 1948 by Ernest O. Lawrence and 
was identified as liN by Luis W. Alva
rez. Because neutrons are electrically 
neutral they are not as readily detected 
as protons and different experimental 
techniques are required. 

Where the nuclide of interest is an 
isotope of a gaseous element it is still 
possible to transport it from an acceler
ator target to a detector. Such a tech
nique was employed by Alvarez for 
!.IN and later by one of us (Poskanzer) 
in the study of helium 8. the heaviest 
isotope of helium and the only nuclide 
that has three times as many neutrons as 
protons. The � He nuclei were created 
by irradiating the carbon nuclei in cot
ton with high-energy protons. which oc
casionally broke up the carbon nuclei. 
The helium atoms diffused out of the 
thin cotton fibers and were then swept 
by a stream of ordinary helium through 
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MASS SPECTROMETER linked directly to a particle accelerator 
separates short-lived nuclei according to their mass. The device in 
the detail drawing at the top is both the target of the accelerator and 
the ion source for the mass spectrometer. Nuclei created by collisions 
in the metal foils are stopped in the graphite, where they acquire elec
trons and become electrically neutral atoms. The atoms of the alkali 
metals diffuse out of the graphite and are ionized by contact with the 

hot rhenium envelope; they are then accelerated into the magnet of 
the spectrometer by an electrostatic potential of 10,000 volts. In the 
magnetic field the ions are de8ected through various angles accord
ing to their mass. A particular mass is selected for study by an exit 
slit, and ions with that mass pass through an iron-and-concrete shield 
to a detector. The on-line mass spectrometer was developed at the 
Laboratory for Nuclear and Mass Spectroscopy at Orsay in France. 

a series of cryogenic traps. which con
densed all elements other than helium. 
and then on to the detection equipment. 
There beta and gamma emissions were 
monitored with scintillation detectors 
and neutrons were slowed by paraffin 
and counted with a boron trifluoride de
tector. The latter relies on the fact that a 
nucleus of l2B, after absorbing a slow 
neutron. sometimes decays by alpha 
emission; the ionization caused by the 
alpha particles can be detected. The de
tector only counts the neutrons, how
ever; it cannot measure their energy. 

These studies revealed an unusual de
cay sequence for �He. About 12 per
cent of the time the nucleus decays by 
{3 - emission to a highly excited state of 
the lithium isotope �Li; that state then 
promptly decays by neutron emission to 
�Li. In other words. the decay is an 
example of beta-delayed neutron emis
sion. In the remainder of the decays the 
initial {3- emission leads to a lower ex
cited state of �Li, which is not capable 
of neutron emission but instead decays 
to the ground state by gamma radiation. 
The ground state of �Li is not stable 
either . however. but undergoes a {3 - de
cay to �Be, which promptly breaks up 
into two nuclei of �He. (The last decay 
can be regarded as an example of beta
delayed alpha emission.) The overall re
action can therefore be described as one 
atom of helium (�He) breaking up into 
two atoms of helium (�He) plus two 
electrons and two antineutrinos. 

An efficient method of creating many 
Il. neutron-rich species is by bom
barding a heavy element. such as urani
um, with high-energy protons capable 

of breaking off small fragments of the 
nucleus. In the uranium nucleus the ra
tio of 1 .6 neutrons for each proton pro
vides optimum stability, but when the 
same ratio is conferred on a light frag
ment it represents an extreme excess. 
Such a procedure has the one disadvan
tage that an enormous variety of nu
clides are created at once, and they must 
somehow be distinguished from one 
another. In spite of this difficulty most 
of the extremely neutron-rich nuclides 
have been discovered by some variant 
of this method .. 

One way of identifying the various 
nuclides created makes use of the kinet
ic energy with which they are knocked 
out of the target. The identification can 
be accomplished by a simple "tele
scope" made up of two ionization detec
tors that the recoiling nuclei strike in 
sequence. The first detector is thin and 
the nuclei pass through it, depositing 
only a part of their energy; the second 
detector is thick enough to stop the nu
clei and to measure the total remaining 
energy. The product of those energies is 
known to be proportional to the prod uct 
of the mass number and the square of 
the nuclear charge of the fragment. Al
though there are a few nuclei that can
not be distinguished from one another in 
this way most leave a unique signature . 

By this method the extremely neu
tron-rich nuclide IJLi was discovered by 
us and Earl K. Hyde and S. W. Cosper at 
the Lawrence Berkeley Laboratory . The 
nuclide appeared as a small bump in a 
curve recording the production of many 
commoner nuclei. The bump revealed 
nothing more than that the nucleus lived 
long enough to reach the two detectors, 

about 1 0.8 second. That in itself was a 
surprise. however, because theoretical 
calculations had indicated that llLi 
should be a prompt neutron emitter . 
Other prompt neutron emitters were not 
represented by bumps in the curve. 

In a refinement of this technique de
veloped by Gilbert W. Butler. James D. 
Bowman and one of us (Poskanzer) the 
differential energy loss in the thin detec
tor is employed only to determine the 
nuclear charge. The mass number is giv
en by the total kinetic energy and the 
velocity of the particle, the velocity be
ing determined by measuring the time of 
flight between the two detectors. Be
cause the velocities are roughly 5 per
cent of the speed of light and the path 
over which they are measured is only 
about 25 centimeters, the timing must 
have a precision of about 1 0.10 second. 
In return for making that precise mea
surement the nuclides are identified un
ambiguously by both proton number 
and mass number. By this method a new 
isotope of boron was discovered. lIB. It 
had been obscured by various carbon 
isotopes in the earlier experiment. 

A further refinement of the technique 
was possible in an experiment conduct
ed at the Los Alamos Meson Physics 
Facility by Butler, Dennis G. Perry, 
Louis P. Remsberg, Joseph B. Natowitz. 
Franz Plasil and one of us (Poskanzer). 
The high-intensity proton beam pro
duced there is divided into bursts that 
are only about 1 0.9 second long. By 
measuring the time of flight of a frag
ment between the two detectors, both of 
which are far from the target, it is possi
ble to determine which beam burst pro
duced the fragment. Knowing this, one 
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can then measure the time of flight over 
the path of about five meters from the 
target to the first detector. The much 
higher mass resolution achieved in this 
way has led to the identification of five 
new neutron-rich nuclides in the region 
from neon to phosphorus. 

Many neutron-rich nuclides have also 
been identified by V. V. Volkov and his 
colleagues at the Joint Institute for Nu
clear Research at Dubna. They also em
ployed a heavy-element target. which 
was bombarded by beams made up of 
particles such as helium nuclei. The re
coiling nuclei were identified by measur
ing their kinetic energy with an ioniza
tion detector and their momentum with 
a magnetic field. In spite of the success 
of these techniques a great many neu
tron-rich nuclei remain to be detected. 

At best. the experimental techniques 
.fl. outlined above can reveal only the 
existence of a nuclide; to determine its 
mass. lifetime or decay modes more 
elaborate methods are required. D. R. 
Goosman and David E. Alburger of the 
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Brookhaven National Laboratory have 
studied many exotic nuclei by produc
ing them selectively. employing unusual 
beams and isotopically pure targets. 
When it is necessary to irradiate heavy
element targets. however. there is such a 
variety of products that the nuclide of 
interest must be physically separated 
from the target and from the other prod
uct nuclei. 

A powerful method for accomplish
ing the separation with the necessary 
speed has been developed by R. Kla
pisch and C. Thibault of the Orsay lab
oratories in France. hi their method the 
product nuclei are recovered from the 
target in the form of ionized atoms and 
injected directly into a mass spectrome
ter. In the spectrometer the ions are ac
celerated to a fixed velocity. then passed 
through a magnetic field. The extent to 
which their paths are bent by the field 
is determined by their momentum. and 
hence by their mass. An exit slit allows 
only those nuclides of a particular se
lected mass to reach an ion detector. 
Similar apparatus is employed in anoth-

MASS NUMBER 

MASSES OF SODIUM ISOTOPES were determined out to the high-neutron-excess region 
with the on-line mass spectrometer in experiments at the European Organization for Nuclear 
Research (CERN). The graph is a cross section of the valley of stability at the line where the 
proton number is 11. Again the quantity represented is mass excess. Masses of those isotopes 
in which the number of neutrons is odd (color) are graphed separately from those in which it is 
even (black); the two groups form separate series because nuclei in which particles form pairs 
have enhanced stability. Masses of two more sodium isotopes (mass numbers 33 and 34) are 
being determined by experimenters, and the isotope with mass number 35 has been observed. 
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er machine. called ISOLDE. at the Eu
ropean Organization for Nuclear Re
search (CERN) near Geneva. It has 
recently detected the most neutron-de
ficient isotope 9f argon that is predict
ed to exist. fgAr. 

The device built at Orsay is particu
larly well suited to the study of the alkali 
metals. and largely as a result of work 
with that machine more neutron-rich 
isotopes are known of sodium and po
tassium than of any other light elements. 
What is more. the masses. lifetimes and 
decay modes of most of those isotopes 
have been determined. 

The Orsay group was able to measure 
the lifetime of IJLi by monitoring the 
rate at which the activity declined after 
each burst of particles irradiated the 
target. They found it has a half-life of 
8.5 milliseconds. In order to measure 
other properties of the nuclides the ion 
detector at the exit slit is replaced by a 
metal foil on which the ions are deposit
ed. Beta. gamma and neutron emis
sions can then be monitored with stan
dard detectors. but without the com
plication of background events from 
other nuclides. In this way IJLi and all 
the sodium isotopes between �rNa and 
frNa were found to be emitters of 
beta-delayed neutrons. 

Finally. the mass of IJLi was mea
sured by the Orsay collaboration and 
one of us (Poskanzer). The mass spec
trometer has an intrinsic resolution of 
about one part in 500. which is ample 
for discriminating between isotopes but 
inadequate for a precise mass measure
ment. In order to determine the binding 
energy of the nuclide the mass must be 
known to an accuracy of about . l  MeV; 
since the total mass of IJ Li is almost 
1 1 .000 MeV. that requires a resolution 
of roughly one part in 100.000. The nec
essary precision was obtained by mea
suring the mass of tens of thousands of 
IJLi nuclei and averaging the results. 
It was found that lithium 1 1  is bound 
against the prompt emission of a neu
tron by only . 17 MeV ( ± .08 MeV). 

The study of exotic nuclei continues 
to generate unexpected results. Al

though on the neutron-deficient side of 
the valley of stability all nuclei predict
ed to exist up to r�Mg are known. only 
for hydrogen. helium. lithium and be
ryllium have the frontiers been pushed 
to the edge of existence on both sides of 
stability . For the other light elements 
much remains to be learned. New meth
ods of production and ingenious meth
ods of detection will be required .  It is of 
interest to explore nuclei in all their ex
otic forms and not to be confined simply 
to the region near the narrow bottom of 
the valley of stability. Perhaps other 
modes of radioactive decay will be dis
covered. Certainly new knowledge of 
the structure of nuclei will emerge. 
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The leap from black-and-white 
to big , superb color prints 
made in your own darkroom 
is now easier 
but sti l l  justifies 
considerable pride 
of accomplishment 

To have fun with this device next winter 
start now to catch summer's color on negatives 

It's a black mask of film-the 
KODAK EKTACOLOR FilterFinder 
-bearing one clear hole and 96 
precise tints o f  color. It works 
with a gray card that you include 
in a test shot made at the scene 
on the same roll of film. When 
you begin your printing , you 
place the FilterFinder on the en
larging easel over the image of 
the gray card to make a test print. 
From the image of the clear hole 
on the processed test print, with 
the use of this Locator T 

>-

Locator USE WITH � � AND 81 � 
Exposure Factor 

FOR EVALUATING 
TEST PRINTS 

4.0 3.0 2.0 1 .5 1 .0 .75 .50 .38 .25 

aaaaa 
you read off an exposure correction factor from your best 
test print. You also mark off which one of the 96 little 
squares has come out closest to gray on the test print. The 
two coordinates of that tint tell you what changes are needed 
in the combination of color filters you used in the enlarger 
for the test print. You j ot down all the data right on the test 
print in the spaces provided on the FilterFinder image. 

Then, with the corrections applied to the exposure and 
filter combination, you use the enlarger with an empty nega
tive carrier as the light source for contact-printing your whole 
roll of negatives to a sheet of Ektacolor paper on the easel. 
That gives you proof prints for selecting the negatives best 
worth enlarging. Knowing they will require the same filters 
and exposure, you cut down frustration and waste. 

KODAK EKTACOL08 Fl l terFtnder 
EASTMAN KODAK COMPANY 1 978 

The KODAK EKTACOLOR FilterFinder Kit, comprising the 
gray card you'll be including in the summer's test negatives, 
the FilterFinder, the Locator, a calculator dial, a "Color 
Space Map" for guidance in cases where none of the 9 6  
squares comes out neutral o n  the first test print, and detailed 
instructions, is available from dealers in professional photo 
supplies. They also sell Basic Developing, Printing, Enlarging 
in Color ( Kodak Publication No. AE-13 ) and the more ad
vanced Printing Color Negatives ( No. E-66 ) . Might even be 
a good idea to check out those books first. 

A little sidelight 
We proudly announce that this way of appreciating color photo
graphs as much in the doing as in the seeing came in through the 
company suggestion system. John T. Phelps, the young man who 
devised it and who will be appropriately rewarded, was joined 
by a retired Kodaker, Robert P. Speck, in applying those 96 tints 
to Kodalith film by means of the venerable Kodak Dye Transfer 
Process. Even today with the presently avail-
able color-sensitized papers, that process is still MI' . 
the one to use when quality matters above all 
in color prints. Speck is one of the two men 
who worked it out before joining Kodak. Some 
day you may graduate to it. 
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SCIENCE AND THE CITIZEN 
Long March 

C
hina has set out on "a new Long 

March" to catch up with the most 
highly developed countries in sci

ence and technology. The objectives and 
proposed methods are set forth in a 
draft "Outline National Plan for the De
velopment of Science and Technology 
1978-1985." which was proclaimed and 
strongly endorsed by the country's polit
ical leadership at an unprecedented 
National Science Conference held in 
Peking in the spring. The conference 
marked a major turning point in Chi
nese policy. It identified the mastery 
of modern science and technology as 
the crux of the "four modernizations" 
(in agriculture. industry. defense and 
science and technology). Its principal 
speakers extolled the key role of sci
entists and other intellectual workers. 
called for a policy of "letting a hundred 
schools of thought contend." endorsed 
international scientific and academic ex
changes and the value of learning from 
other countries and implied that re
search and technological innovation 
should be guided more by scientific con
siderations and somewhat less by ideo
logical dogma. They charged that the 
"gang of four." the group that is said to 
have made an unsuccessful bid for pow
er after the death of Mao Tse-tung. "had 
intense hatred for science" and "perse
cuted and tormented intellectuals." thus 
setting back Chinese science and the 
country's modernization. 

The new eight-year program was put 
before the 6.000 delegates to the science 
conference by Vice-Premier Fang Yi. 
minister in charge of the State Scientif
ic and Technological Commission. "Our 
revolution needs science." he said. "So 
does production. and the people need it 
too. If we are eager for socialism. we 
should also be eager for science and 
technology. No one who is against sci
ence can possibly be a revolutionary." 
Fang said China now lags 15 to 20 years 
behind the most highly developed coun
tries in many areas "and more still 
in some others." By 1985 the country 
should narrow the gap to 10 years or so. 
he said. and it can catch up with or sur
pass developed-world levels by the year 
2000. The plan lists 108 "key projects" 
in 27 areas. Fang gave top priority to 
eight broad fields. 

1. Agriculture. A survey of all re
sources is to be accomplished within 
three to five years. Scientific farming 
should bring about a large increase 
in output. Traditional intensive-farming 
techniques should be accommodated to 
mechanization. Low-yield farmland ac
counting for a third of the country's 
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acreage can be upgraded by improving 
alkaline. lateritic and clay soils. prevent
ing erosion and combating sandstorms 
and drought. Projects are to be devel
oped for diverting water from the south 
to the north. Other objectives include 
biological nitrogen fixation. improved 
seed strains and crop varieties. effective 
insecticides that are harmless to the en
vironment and basic research in agricul
tural biology. 

2. Energy. Oil and gas exploration is 
to be extended; about 10 new large oil 
fields should be developed. Major coal 
mines should be mechanized. Coal gas
ification and liquefaction should be 
studied. Research should be pressed 
in hydroelectric power. including "huge 
dams and giant power-generating units." 
Atomic power plants should be built; 
research should be conducted in solar. 
geothermal. wind-power. tidal and con
trolled-fusion energy processes. "People 
in all professions and trades should ... 
lower energy consumption." 

3. Materials. Steel is "the key link 
in industry." Methods of beneficiating 
hematite ore are required. China should 
become "one of the biggest producers of 
titanium and vanadium in the world." 
New lightweight building materials in
corporating industrial waste materials 
should be designed. New synthetic ma
terials based on petroleum. natural gas 
and coal should be developed. Special 
"compound materials" are required for 
national defense. 

4. Computers. Within three years the 
industrial production of large-scale inte
grated circuits should be under way and 
China should make "a breakthrough in 
the technology of ultralarge-scale inte
grated circuits." A line of computers 
should be in production; by 1985 there 
should be "a fair-sized modern comput
er industry." Microcomputers will be 
"popularized." Some industrial produc
tion will be computer-controlled. 

5. Lasers. China will build "experi
mental lines of optical communica
tions." study laser-induced nuclear fu
sion and apply laser technology "in all 
departments of the national economy 
and national defense." 

6. Space. Emphasis is laid on commu
nications and scientific satellites and 
on research in remote sensing. China 
will "actively carry out research in the 
launching of skylabs and space probes." 

7. High-energy physics. "We expect to 
build ... a proton accelerator" with a ca
pacity of 30 to 50 GeV within five years 
and a larger one by 1988. by which time 
there should be "a modern high-energy 
physics experimental base." This is "a 
key project on the nation's list of re
search centers." 

8. Genetic engineering. "Our country 
has only a rather weak foundation in 
this respect. " After three years of ba
sic studies and laboratory construction. 
the new techniques should be combined 
with studies in molecular biology. mo
lecular genetics and cell biology. Ge
netic engineering (recombinant-DNA 
techniques) should be applied "to treat 
certain difficult and baffling diseases 
and evolve new high-yield crop varie
ties capable of fixing nitrogen." 

Fang went on to describe broad objec
tives in the organization and administra
tion of education and research. "It is im
perative to remove from leading bodies 
those persons who are politically bad 
and make political 'earthquakes: per
sons who belong to the 'weathervane 
school' and the 'slippery schooL' " He 
warned that "it is not at all a proletarian 
policy to disregard priorities and forbid 
people to become top-notch." Leading 
workers should be given time for ad
vanced study at home and abroad. 
"Technical titles should be restored. the 
system of individual responsibility es
tablished." People who make impor
tant contributions to knowledge should 
be rewarded. "Moral encouragement 
should be the main form. but there 
should also be proper material re
wards .... Free contention among differ
ent schools should be encouraged and 
fostered in science. Imposing one partic
ular school and banning another by ad
ministrative fiat can only hamper the 
development of science. Truth develops 
through contention." 

Twelve Percent 

At the beginning of this year the U.S. 
£\. had 68 operable nuclear power 
plants in 26 states. Two more plants 
have reached the operating stage so far 
this year. The plants in operation last 
year accounted for about 12 percent of 
the country's electric-power generation; 
their total output was nearly 250 billion 
kilowatt-hours. a rise of 3 1 percent over 
the amount of power generated by nu
clear plants in 1976. 

The data have been assembled by the 
Atomic Industrial Forum. which also is
sued a map showing the locations of the 
plants that were operable at the begin
ning of 1978 and of other plants that 
were under construction or have been 
proposed (see illustration on page 78). 
According to Carl Walske. president of 
the Forum. it would have taken 120 mil
lion tons of coal. 425 million barrels of 
oil or 2.6 trillion cubic feet of natural 
gas to duplicate the contribution that 
nuclear plants made to the country's 
power supply in 1977. Walske also cited 
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The most remarkable collection of world coins ever assembled 

Coins of all Nations 
A complete and comprehensive collection containing a fascinating 

mint-fresh coin from every coin-issuing country in the world 

COINS OF ALL NATIONS 

COINS OF ALL NATIONS 

.... LI ... lTCO EOiHON HONQHINO 'He COIN ISSUING COUNfRIES OF TH( wQR:l.O 
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Limit: One collection per person 
Subscription deadline : June 30, 1978 

You have the unprecedented opportunity 
to acquire a collection of world coins 
unlike any that has ever been issued 
before. A collection that includes offi
cial monetary coins from the coin-issuing 
nations of the world -with each coin 
sealed in its own individual cachet, post
marked in the country of issue. 

This extraordinary collection will pro
vide every member of your family with 
a fascinating way to learn about nations 
and peoples in every part of the world
through their unique coinages. It will be 
a thoroughly pleasurable experience as 
well as an educational adventure. And 
in years to come, this distinctive coin 
collection is certain to become a prized 
family possession. 

By arrangement with government 
officials throughout the world 

To assemble the Coins of All Nations 

collection, The Franklin Mint is making 
special arrangements with the central 
banks or monetary authorities of more 
than 150 coin-issuing nations - and with 
the postal authority of each of those 
nations as well. Every nation that reg
ularly mints and issues coins will be 
represented in this collection, except 
where government regulations prohibit. 
The result will be a comprehensive col
lection of uncirculated mint-fresh coins 
that otherwise could only be assembled 
if one were to actually travel to every 
coin-issuing country in the world. 
The essential facts about the collection 
are these: 
• A single, mint-fresh coin from each of 

the nations in the world that issues 
coins will be included in this collection. 

• Each coin will be sealed in its own 
individual cachet, which has been 
designed and produced especially for 
the collection. 

• Each cachet will be officially stamped, 

date-canceled and postmarked in the 
country that issued the coin -and in 
the city where its treasury is located. 

• The entire collection will be issued in 
a single, limited edition -available by 
direct subscription only. 
This historic collection will not be 

made available through any dealers, 
retail stores or even from national banks 

here or abroad. It may be acquired only 

directly from The Franklin Mint and 
only until the world-wide deadline of 
June 30, 1978. 

Fascinating coins from distant lands 

Each coin will be both attractive and 

interesting in itself. The 50 Centavos 

piece of Mexico, bearing the portrait of 
the heroic Cuauhtemoc, last of the Aztec 
rulers. The 5 Paisa coin of Pakistan, an 
unusual four-sided coin with the star 
and crescent of the Moslem faith. The 
Papua New Guinea 1 Kina coin, depict
ing the rare sea crocodiles native only 
to this lush Pacific land. The 2 Dollar 

coin of Hong Kong, featuring the famous 
coinage portrait of Queen Elizabeth II 
by Arnold Machin. The 50 Ore coin of 

Sweden, designed around the crowned 
monogram of King Gustaf VI Adolf. And 
the 5 Drachmai coin of Greece, bearing 
the image of the Greek philosopher 
Aristotle. More than 150 coins in all, 
each one telling a fascinating story. 

These monetary coins from all over 
the world will form a remarkable collec
tion. They will include coins of many 
shapes-round, square, triangular, oc
tagonal, even one with twelve sides. And 
coins minted in a wide variety of metals 
-as many as ten different coin metals in
cluding silver, bronze, copper and brass. 

Custom-designed albums provided 

To enable each subscriber to protect and 
display his collection, a set of hardbound 
library albums will be included. In addi
tion, authoritative reference information 
will accompany each cachet, describing 
the coin carried in that cachet and pro
viding background data about the coun
try that issued it. 

As a subscriber, you will receive your 
collection at the convenient rate of three 
cachets per month-sent to you in a 
protective mailing package. The price 
for each will be just $5.50. This includes 
the mint-fresh coin, the cachet, the 
stamp, special foreign postmarking and 
all customs charges. There is no added 

charge for the collector's albums. 

Assured rarity for your collection 

The Coins of All Nations collection will 
be permanently limited to the number 
of valid orders postmarked by the world
wide deadline of June 30, 1978. After 
that date, this collection will never be 
offered again-anywhere in the world. 

Owning this extraordinary collection 
of coins from around the world will pro
vide endless hours of pleasure for you 
and every member of your family. Fur
thermore, the collecting of these coins, 
in their individually postmarked cachets, 
will be an educational experience as 

well. For each coin has a story to tell. 
And each stamp and postmark will be 
a collector's ite� in itself. 

To subscribe, you must mail the appli
cation below to The Franklin Mint, 
Franklin Center, Pennsylvania, no later 
than June 30th. 

Cachets from all of the countries shown 
will be included in the collection. However, 
since Governments on rare occasions au
thorize revisions on short notice, some of 
these may be subject to change. 

@1978FM 
--------- SUBSCRIPTION APPLICATION -----------

Coins of all Nations 
Valid only if postmarked by 

June 30, 1978 
Limit: One collection per person 

The Franklin Mint 

Franklin Center, Pennsylvania 19091 

Enter my subscription for Coins of All 
Nations, consisting of a mint-fresh coin from 

every country in the world that regularly 

mints and issues coins except where govern

ment regulations prohibit. Each coin will 

be issued in a stamped and date-canceled 

cachet, postmarked in the nation of issue. 

The cachets will be sent to me at the rate 

of three per month, and the issue price for 

each cachet is $5.50. • I will also receive a set 

of hardbound albums at no added charge. 

I understand that I nee� send no money 

now. I will be billed $16.50· for each set 

of three coin cachets in advance of shipment. 

·Plus my state sales tax and 
50q: per cachet fOT shipping and handling 

Signature 
ALL APPLiCATIONS ARE SUBJECT TO ACCEPTANCE. 

Mr. 
Mrs. 
Miss -----::.'-:: .. :::.:-E .::.-:::' N:-T C::-'::EA-::. ,7, ----

Address ___________ _ 

City ____________ _ 

State, Zip ___________ _ 
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production costs (per kilowatt-hour) of 
1.5 cents for nuclear power, two cents 
for coal and 3.9 cents for oil. He noted 
that nuclear plants now generate more 
power than hydroelectric plants, and he 
predicted that within five years nuclear 
fuel will be second only to coal as a 
source of energy in the U.S. 

The Presidents' Report 

The bond of mutual dependency that 
has existed since World War II be

tween the Federal Government and the 
nation's major research universities (the 
100 or so doctoral-degree-granting insti
tutions where most of the science is done 
in the U.S.) has been severely strained in 
the past decade, but there are signs that 
it may be due for a renewed commit
ment on both sides. Beginning in 1968, 
when the extraordinary postwar growth 
of the Government's role in the funding 
of scientific research reached a peak, 
Federal expenditures for basic research, 
measured in constant dollars, have fall
en substantially, dropping by almost 15 
percent between 1968 and 1976. Since 
the universities rely on the Federal Gov
ernment for approximately 70 percent 
of the money they spend on scientific 
research, university research programs 
have felt the brunt of that reduction. 

The drop in Federal support for uni
versity science was accompanied by an 

• WITH OPERATING LICENSES 

o WITH CONSTRUCTION PERMITS 

C LIMITED WORK AUTHORIZATIONS 
t;. ON ORDER 

uneven redistribution of the available 
funds. The falloff from previous maxi
mum funding levels amounted to 20 
percent in chemistry, 30 percent in phys
ics and engineering, and more than 40 
percent in astronomy. The life sciences 
fared somewhat better, declining by 
only 7 percent. (The compensating gain 
here was mainly in the area of medical 
research, financed through the National 
Institutes of Health.) The only signifi
cant increase during this period was 
in support for environmental sciences, 
which rose by about 13 percent. 

The general decline in Federal sup
port for basic research seems finally to 
have halted, and in the fiscal year 1978 
the level of Federal support for universi
ty-based research is expected to rise 
by approximately 12 percent in current 
dollars. Inflation will cut that increase to 
perhaps 6 percent in constant dollars, 
however, so that by the end of this fiscal 
year the increase will still have made up 
less than half of the decline in constant 
dollars from the peak that was achieved 
a decade ago. 

The problems presented to university 
administrators as a result of this erratic 
funding history have been compounded 
by a number of other factors. For exam
ple, the decline in Federal support has 
been particularly severe in funds pro
vided for equipment and facilities, caus
ing a deterioration that many scientists 

• 

feel is beginning to affect the quality of 
their work. University investigators also 
complain of being hampered by the un
predictability of Federal funding, by the 
growing emphasis on the "targeting" of 
Federal research grants in the expec
tation of obtaining quick results, by 
increasingly complicated regulations, 
by accumulating administrative burdens 
and by attacks on the established peer
review system of awarding Federal 
grants purely on the basis of scientific 
merit. The stringent financial pressures 
felt by the universities and the anticipa
tion of a decline in the college-age popu
lation owing to long-term demographic 
trends have combined to limit the pos
sibilities for the promotion of younger 
scientists, thus driving many of them 
into less creative research environ
ments. Meanwhile the Federal Govern
ment, acting mainly through the Office 
of Management and Budget, has in the 
view of many university administrators 
and scientists consistently misapplied 
the concepts of the commercial market
place to the university campus. Thus, 
for example, the OMB has adopted a 
general policy of opposition to Federal 
grants for the support of graduate stu
dents (apparently on the grounds that 
the benefits are primarily private, not so
cial), and the number of doctoral fel
lowships funded by such grants, which 
totaled 50,000 per year a decade ago, 

Nuclear power plants operable, under construction or proposed at the beginning of 1978 
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Motor Trend Magazine's Import Car of the 
Year. The Toyota Celica. A car which meets or 
exceeds all 1980 Federal fuel economy and 
safety standards. And the car which best met 
Motor Trend's criteria for Import Car of the 
Year. A car with comfort, style, efficiency and 
durability. The 1978 Celica GT and ST Sport 
Coupes and GT Liftback (not pictured). 

Grand Touring in the future. Aerodynamic improvements have contrib
uted to increased interior room (4" at shoulders), stability, performance and 

decreased interior noise. The cockpit instruments demonstrate functional 
engineering at its finest. The Celica's handling formula includes MacPherson 

strut front suspension, steel belted radials and power assisted front disc brakes. 

Grand Touring comfort in the future. The reclining driver's bucket seat features a 
newly designed adjustable lumbar support. Visibility is enhanced by increased glass 
area. And the trunk has been increased by 30%. 

Value in the future. The Celica is durable, 
inexpensive and gets great gas mile
age. In EPA tests the Celica was rated 
at 34 mpg highway, 20 mpg city. These 

__ ....... EPA ratings with 5-speed overdrive 
transmission are estimates. Your mileage 
will vary depending on your driving habits 
and your car's condition and equipment. 
California ratings will be lower. The 1978 Celica. 
future . The car of the year. 
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POLAROID INTRODUCES 

THE SECOND REVOLUTION IN 

�'Polaroid" and "Polavision"® © 1978 Polaroid Corporation. Initial quantities are limited. 
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PHOTOGRAPHY 

Polaroid, the inventor of instant pictures, 
introduces the second revolution in photog
raphy. Movies you can see in brilliant color sec
onds after you've taken them. Movies you can 
take even if you've never held a motion picture 
camera before. Movies your family can view 
again and again, on a compact, elegant player 
that sits out on a table or tucks into a bookshelf. 
See how simple it is: 

1. Drop a cassette into the lightweight, au
tomatic Polavision camera. Squeeze the trigger, 
and

·
you're making your movie-the kids playing 

ball, a family party, your wife's golf swing. You 
can zoom in for dramatic close- __ Jiii ..... 
ups or pull back for wide shots. 

2. When your movie 
is finished (and you'll be delighted to see how 
many sequences you can shoot in 2% minutes), 
drop the cassette into your Polavision player. 

3. In seconds, your instant movie appears 
on the screen. (That simple-looking cassette 
has actually recorded in breathtaking detail the 
images you saw through the viewfinder.) The 
picture is sharp, the colors rich and clear. 
There's no projector or movie screen to set up, 
no threading or winding. To start the player, 
you just drop in a cassette. Children can enter
tain themselves indefinitely replaying the cas
settes. Treat your family to a Polavision system. 
Enjoy the new experience of making instant 
movies, and start building a living diary of the 
memorable moments of your life. 

POLAVISION FROM POLAROID 
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Many companies don't call 
AMP until they need electrical 
connectors. But why wait till 
then? If you involve us early 
enough, we can help you save 
money. And not just on 
connectors. 

Here's a recent example. 
An assembly line in a power 

tool company was being slowed 
because of the time required to 
terminate and insulate magnet 
wires in small motors. 

The job required skilled 
operators. It was cosdy. And the 
results were inconsistent. 

We went to work on the 
problem. And found a better way. 

We developed an automated 
solderless interconnect system that 
broke the bordeneck. Increased 
productivity. And dramatically 
improved the reliability and 
perfonnance of the product. 

Can we produce the same 
kind of savings for you? 

If your company manufactures 
electrical products, the answer is 
probably yes. But it's important for 

AIVIP 
INCORPORATED 

AMP has a better way. 

you to call us in early. 
That's when our experience in 

developing application equipment 
for hundreds of industries 
worldwide can help you the most. 

Early Involvement. 

At AMP, we call this approach 
to solving our customers' 
problems "Early Involvement." 
It's our better way. And it's what 
makes a 1 ¢ AMP connector WOrd1 
so much more than 1 ¢ . 

Ask for a copy of our brochure 
"AMP Has a Better Way." Call 
(717) 564-0100, Ext. 8420. 

Or write to AMP Incorporated, 
Harrisburg, PA 17105. 

Barcelona. Brussels. Buenos Aires. Frankfurt. Harrisburg. Helsinki. 's-Hertogenbosch • London· Luzern • Mexico City. Montreal 

Paris. Puerto Rico. Sao Paulo· Stockholm· Sydney. Turin· Toronto· Tokyo 
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has fallen to less than 15.000 annually. 
Vexed by these and other widely per

ceived flaws in the relations between the 
universities and the Federal Govern
ment. the presidents of 15 major univer
sities held a series of meetings last year 
to discuss the matter. A report based on 
their deliberations has since been pub
lished by the Ford Foundation. one of 
several private foundations that spon
sored the group's working sessions. In 
the preface to that report the universi
ty presidents call for "a renewed and 
stronger partnership between the gov
ernment and the major research uni
versities." adding that "because of the 
inescapable financial realities of the sit
uation. we believe a modest increase in 
Federal funds must be a part of that 
renewal." 

The report. titled "Research Universi
ties and the National Interest." makes a 
number of specific recommendations. In 
the area of "human-resources support" 
the university presidents recommend "a 
substantial increase in the number of 
merit-based National Science Founda
tion Fellowships. from 500 new starts 
each year to 2.000. " In the event that the 
proposed increase in these three-year 
fellowships is delayed. they urge "the 
immediate annual provision of 1.500 
new one-year fellowships. to cover stu
dents in their first year of graduate 
work." In addition. the report proposes 
that "a selected group of unusually 
promising younger scientists be desig
nated as 'national scientists' and be 
awarded a high degree of support." It is 
further recommended that "these scien
tists be permitted to choose the institu
tions in which they wish to work. and. 
with the agreement of the institutions. 
be offered regular faculty appoint
ments." In a related proposal the report 
recommends the establishment of a new 
system of merit-based awards to distin
guished senior scientists. 

To encourage "longer-term planning" 
and to promote "the greatest possible 
degree of stability. flexibility and effec
tiveness" in Federally aided research 
projects. the university presidents go on 
to recommend that a number of specific 
new funding mechanisms be incorporat
ed into Federal grant procedures. They 
also propose that all agencies support
ing research in universities "follow the 
practice of the National Institutes of 
Health in providing overhead payments 
out of funds ... designated for the direct 
support of research projects." 

On the issue of project awards for 
equipment the group proposes that 
"Congress provide additional funding 
of $100 million a year for the next three 
years to be allocated to academic de
partments or research centers for the 
purchase of equipment." Furthermore. 
the Federal Government is urged to in
crease the percentage of project awards 

devoted to equipment "from the present 
5 percent level to the 10-15 percent 
range of a few years ago." The alloca
tion of another $150 million a year is 
requested for the renovation of existing 
university research facilities. 

Other recommendations pertaining to 
basic research in the university presi
dents' report are aimed at strengthening 
"pluralism" in the funding of university 
research by various Federal agencies. at 
developing improved methods for long
range planning in the support of uni
versity research and at providing "new 
opportunities for dialogue" between rep
resentatives of the universities and the 
Federal funding agencies. 

In a separate section of the report de
voted to graduate education the univer
sity presidents list a corollary set of 
recommendations calling for increased 
Federal aid in the form of fellowships. 
research assistantships. traineeships. 
loan programs and special programs for 
increased participation in scientific re
search by minority groups and women. 
The report also contains sections on 
ways to strengthen the major research 
libraries of the country and to help the 
research universities achieve compe
tence in international studies and re
search. 

What is essential in all of this. the re
port concludes in an overview of the 
current state of relations between the 
major research universities and the Fed
eral Government. "is to turn away from 
mistrust and back to the concept of part
nership. away from misplaced short-run 
standards and back to the idea of excel
lence. away from profit-and-loss ac
counting and back to the rousing convic
tion that there can be no good and free 
society. still less a great one. where the 
university's not-for-profit science and 
scholarship do not flourish." 

The 15 signers of the university presi
dents' report are Derek C. Bok. Harvard 
University; William G. Bowen. Prince
ton University; Kingman Brewster. 
Yale University; Robert Christy. Cali
fornia Institute of Technology; John E. 
Corbally. University of Illinois; Dale R. 
Corson. Cornell University; Robben W. 
Fleming. University of Michigan; Wil
liam C. Friday. University of North 
Carolina; Richard W. Lyman. Stanford 
University; C. Peter Magrath. Universi
ty of Minnesota; William J. McGill. Co
lumbia University; David Saxon. Uni
versity of California; John C. Weaver. 
University of Wisconsin; Jerome B. 
Wiesner. Massachusetts Institute of 
Technology. and John T. Wilson. Uni
versity of Chicago. 

Test-tube Potatoes 

The potato differs from other major 
food crops in that the edible portion 

of the plant is a tuber. the swollen fleshy 

rvS.C9:p' 
Hennessy's richer, 

rarer cognac. 
Costly} true. 

r:J3ut this is \ 

the world's 
most civilized 
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Why the 
Metropolitan Museum reproductions 

make superb presents 

These reproductions are the only copies of the Museum's collections made 
exclusively by and for the Metropolitan Museum itself. 

84 

te Because they can be made directly from the original works of art under 
Museum supervision and because the craftsmanship is of the highest quality, 
every copy is remarkably faithful to the spirit of the original. 

te The selection is surprisingly wide: ancient jewelry in gold and silver; 
Oriental and European porcelain; early American glass in crystal and rare 
colors; bronze from Egypt, Greece, China, and the medieval world; silver, 
pewter, brass, and pottery from Colonial America. 

te The prices range from $7.50 for a Greek fourth-century B.C. gold dolphin 
to $520.00 for an eighteenth-century Chinese export porcelain tea service 
decorated in a bold floral design of twenty-seven colors. 

te New pieces are added constantly, and the Museum publishes special cata
logues of these every few months; the 116-page full-color Christmas Cata
logue will be issued September 1. In addition to the reproductions, this year's 
catalogue illustrates new Christmas cards, stained glass, art books of particular 
interest, prints of rare Chinese and Japanese paintings, snowflakes, stars, and 
bells in gold and silver, together with more than one hundred other unusual 
presents including the 1979 Calendar, Treasures from the Far East. 
te To put yourself on the mailing list (most of the reproductions can be 
bought only by mail or at the Museum itself), send the coupon below with 
$1.00 to cover mailing. 

te Above: Footed Bowl. The exact purpose of this five-thousand-year-old Egyp
tian "walking bowl" remains somewhat of a mystery, but perhaps it is 
significant that many centuries later, a bowl with feet was used as the 
hieroglyph "to bring." The Museum's copy, like the original, is unglazed 
terracotta burnished by hand. Diameter 5". Price $15.00, shipping $2.00. Add 
state and local taxes for delivery within N.Y. State. 

THE METROPOLITAN MUSEUM OF ART 
255 Gracie Station, New York 10028 ISF8 

Please send me all advance catalogues of new objects to be issued by the 
Museum during the next year. $1.00 to cover mailing is enclosed. 

NAME ________________________________________________________ __ 

ADDRESS ____________________________________________________ ___ 

______________________________________ ZIP __________________ ___ 

portion of an underground stem. Each 
tuber bears spirally arranged buds 
("eyes") that can develop into new indi
viduals identical to the plant that bore 
the tuber. This vegetative. or asexual. 
form of propagation is exploited com
mercially to achieve mass production 
of the identical offspring of a single 
superior plant. 

Now James Shepard and Roger Tot
ten of Kansas State University have de
veloped a new means of propagating the 
potato: they induce single "naked" cells 
from the leaves of mature potato plants 
to grow in tissue culture and give rise 
to whole plants. The naked cells. or pro
toplasts. are released from the leaf tis
sue by means of enzymes that digest the 
cell-wall material that holds the cells to
gether. When the pro top lasts are placed 
in the appropriate medium. they begin 
to form new cell walls and to divide. 
yielding a tiny callus of undifferentiated 
tissue. A shoot then emerges from the 
callus and eventually develops into a 
mature plant. Several thousand potato 
plants have already been generated by 
this method. Although tobacco and car
rot plants have previously been grown 
from single somatic (nongerm) cells. 
this is the first time that the "cloning" 
technique has been applied to a major 
crop plant. 

. 

Mendelian genetics would predict 
that since cloning is a form of asexual 
reproduction. the leaf protoplasts of the 
potato plant will develop into new indi
viduals with characteristics identical to 
those of the parental type. Unexpected
ly although many of the clones closely 
resemble the parental strain. about 25 
percent of them have a physical appear
ance that is quite different. Some have 
two pistils (the female flower part). 
some have narrower leaves or reduced 
lengths of stem between the leaves and 
others look more like climbing ivy than 
potato plants. It is not yet understood 
how the clones can give rise to proper
ties that are not expressed by the paren
tal plant. but the process may involve 
regulatory genes. cytoplasmic factors or 
a loss of chromosomes in the course of 
the cloning process. 

Shepard and Totten have done most 
of their experiments on the "Idaho" po
tato (Solanum tuberosum L. cv. Russet 
Burbank). which is the most prized of 
the North American varieties because 
of its large size. pulpy interior. high 
protein content and russeted (textured) 
skin. Selected from plants developed by 
Luther Burbank nearly a century ago. it 
is the variety preferred by families for 
baking and by processors for preparing 
French fries and potato chips. As a re
sult the Russet Burbank occupies more 
acreage than any other type of potato 
in the U.S. The variety is a tetraploid. 
that is. it has four sets of chromosomes. 
For this reason it has been virtually 
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You're gonna love our Great Little Car. 
MazdaGLC. 

Great little piston engine. Great little goodies. Great little price. 
The 1978 Mazda GLC is a phenomenal automobile. It's not often a car of special 

merit comes along that doesn't cost a small fortune. It's not often a car comes along with 
this kind of equipment , this kind of styling, for this kind of money: $3595 * * for the GLC 
Deluxe 3-door Hatchback. 

An electric remote control button under the instrument panel allows you to unlatch 
tr$=;::::;::=;$I==.:;:� the hatch from the driver's seat. Or, you may open the 

hatch from the outside , when that's more convenient. BEMOTE 

. Every Deluxe GLC has a rear wiper, washer, and HATCH BELEASE 

\......:�t:':'.�:'""'4:"<. . � defroster � standar� e�uipment. A choice of 4-spee�, �-speed, l'=�=�S�.,,;;,�.!4==.�.=A!J} or automatIc transmISslOn. And a rear seat that splits ill � ......... 
.. .. half, so you can carry people and stuff, or just stuff. .' . llEAll WIPEB/WASHEB/DEFROSTE:R There's a lot more to a GLC than this of course. Yet 

it doesn't cost a lot of money - whether 
it's the GLC 
Deluxe 3-door 
Hatchback, 
or theGLC 
5-door Hatch

CHOICE OF TRANSMISSIONS back, or the 
GLC Sport, or the GLC Standard model. 

Mazda's Great Little Car m a great 
little car. You're gonna love it. 

tEPA estimates based on optional 
&speed transmission. Yrur mileage 
ma.y vary depending on how and 
where you drive, your car's condi
tion, and optional equipment. 
42/33 mpg Calif. 
• 'POE ws Angtlles price" 
(slightly higher m California. 
and other areas). Taxes. 
license. freight. and optional 
equipment are extra. GLC 
prices for models not shown 
range from 13245 t.o 13920. 

GLe. Row, four great little cars in all, from $3a4B�* 

© 1978 SCIENTIFIC AMERICAN, INC



""Thebest�stowlooonwoutof." 
Amerian nvonuDduring � ... in the pW 70 yoNn" 

-NEWnMfS� 

Choosing next winter's 
warmili starts now. 

If you've swom you'll never suffer through another 
bitter winter of ever-rising fuel bills, the time to start 
planning is now. 

We want to help by telling you about two superoly 
efficient woodbuming stoves that together have 
become a standard of excellence among wood heat 
enthusiasts. They are the Defiant Parlor Stove and its 
younger brother, the Vigilant 

Our stoves are the first airtigh� all cast-iron and 
thermostaticaUy controlled woodstoves made in 
America. Both are fuDy baffled, with pre-heater air 
passages and secondary combustion chambers to 
maximize heat output 

Both stoves will hold a fire up to 14 hours. Both 
offer smokeless loading of large-size logs. With the 
doors open or off, you can warm your feet at a 
friendiy fire. 

Find out more about the lifetime investment in 
fuel-saving warmth the Defiant and the Vigilant offer 
you. Send $1 for our detailed Operation Manual 
and color literature to: 

Vennont Castings, InC. 
Dept. SC-1, Randolph, Vermont 05060 

PROGRAMMABLE 
Scientist MODEL #4525 

$3995 
100 STEPS 
100 STEP LEARN 
MODE, KEYBOARD 
PROGRAMMING 
CAPABILITY. 
• RPN logic. Rollable 

4-level stack. 8-
digit plus 2-digit exponent LED display 
• Scientific notation • Sine, cosine, 
tangent &. inverse trigonometric functions 
• Common &. natural logarithms &. anti
logarithms. Instant automatic calcula
tion of powers and roots. Single-key 
square root calculations. Single-key Pi 
entry • Separate storage memory • 

Square, square root and reciprocal cal
culations • Change sign &. register ex
change keys· Includes NiCad batteries. 

Mig by National Semiconductor 
1 year warranty. 10 day money back guarantee 

ILJlAN Inc. _4525 

2901 Sentney Ave., n 39.95 

Culver City, Ca90230 __ 4C . Ch:�9;; 
TO ORDER CALL 

TOLL FREE 

(800) 
421-4356 

in Calif. Call: 

(213) 559-1044 
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_Protective 
case n 2.95 

_100pg. 
application 
Handbook n 5.00 
_ Calc. Stand 

n 2.00 
Calif. res. 6% tax 

Ship, hndl. & ins. $3.75 
Total 

impossible to improve the Russet Bur
bank by traditional plant-breeding tech
niques without losing some of its dt:
sirable characteristics. Moreover, the 
variety is extremely susceptible to sev
eral important plant diseases, including 
late blight (which decimated the Irish 
potato crop in the late 1840's), early 
blight and a variety of other disorders 
caused by fungi, bacteria, viruses and 
nematodes. 

Ulrich Matern and Gary A. Strobel of 
Montana State University, in collabora
tion with Shepard, have isolated two 
toxins from the early-blight fungus (Al
ternaria solani) that together elicit all 
of the symptoms of the disease. When 
they applied the toxins to the leaves of 
some 500 protoplast-derived clones of 
a Russet Burbank plant, they noted a 
wide variation in the resistance of the 
clones, ranging from the death of the 
leaves to total resistance. The trait for 
early-blight resistance could be passed 
on from generation to generation by 
vegetative reproduction, indicating that 
the resistance characteristic, once ob
tained, was not lost during asexual re
production. Strobel and Shepard believe 
that by generating mutant clones of the 
Russet Burbank it should be possible to 
improve the plant "not only with respect 
to disease resistance but also in terms 
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of the number of tubers, plant size and 
shape, and tuber quality." 

Pluperfect Square 

Aperfect, or squared, square is one 
that is completely made up of 

smaller squares, no two of which are 
the same size. The first perfect square 
was discovered in 1938 by a group of 
four mathematicians at the University 
of Cambridge. The square was divided 
into 69 smaller squares, and so it was 
said to be a perfect square of order 69. 
Many other perfect squares have been 
discovered since, but now, 40 years after 
the discovery of the first perfect square, 
perhaps the most interesting perfect 
square of all has been discovered. A. 
J. W. Duijvestijn of Twente University 
of Technology in the Netherlands has 
found the perfect square of the lowest 
possible order. 

Duijvestijn employed a highly so
phisticated computer program to obtain 
a perfect square of order 21: a square 
112 units on a side, divided into 21 dif
ferent smaller squares (see illustration 
below). For some time it has been known 
that there are no perfect squares of or
der 20 or less, but until now no perfect 
square had been found of an order less 
than 24. The discovery of the new per-
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The lowest-order perfect square, discovered by A. J. W. Duijvestijn 
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fect square indicates that the lowest pos
sible order of a perfect square is 21. 
Duijvestijn was also able to show that 
his order-21 square is unique. Thus his 
square is the one perfect square with the 
lowest possible order, that is, no square 
will ever be found that is made up of as 
few different squares or fewer. 

In a period when even the American 
Association for the Advancement 

of Science has provided a forum for 
the discussion of paranormal "phenome
na," it is instructive to learn about a not 
dissimilar vogue for the paranormal a 
century ago in Russia. Arguing during 
the 1870's in favor of the reality of the 
paranormal were a number of respect
able Russian men of science, and the 
main opponent of their view was none 
other than Dmitri Ivanovich Mende
leev, creator of the periodic table of the 
chemical elements. Writing in Proceed
ings of the American Philosophical Society, 
Don C. Rawson of Iowa State Universi
ty summarizes the debate. 

"Scientific" spiritualism, phenomeno
logically rooted in the physical evidence 
of levitation, automatic writing, phan
tom music, table rapping and the mate
rialization of ectoplasm under the su
pervision of certain influential "medi
ums," had its main beginnings in the 
U.S. of the 1840's. The movement 

caught on in England within a few years, 
where it resulted in the formation of the 
Society for Psychical Research in Lon
don. It then spread to the Continent, in
cluding Russia. Rawson notes that one 
of the earliest Russian converts was an
other famous chemist; like Mendeleev, 
he taught at the University of St. Peters
burg, and he was second only to Mende
leev in international reputation. This 
was Aleksandr Butlerov, whose opinion 
in favor of the physical reality of the 
spiritual world had been influenced by 
the enthusiastic espousal of this point of 
view by such famous British scientists as 
the physicist and chemist Sir William 
Crookes and Alfred Russel Wallace, 
who with Charles Darwin pioneered the 
doctrine of organic evolution. 

Among other Russian proponents of 
spiritualism was Aleksandr Aksakov, a 
student of the 18th-century scientist
theologian Emanuel Swedenborg, and 
Nikolai Vagner, a professor of zoology 
at the university. Vagner in particular 
joined Butlerov in pressing for the sci
entific investigation of spiritualist phe
nomena. 

Mendeleev, a skeptic, pressed in the 
same direction. He persuaded the physi
cal society at the university to set up 
a 12-member investigatory commission 
in May, 1875. Over a period of months 
the members of the commission attend
ed seances in St. Petersburg that were 
conducted by British mediums imported 

by Aksakov for the occasion. In 1876 
Mendeleev was able to embark on a 
lengthy lecture circuit with the findings 
of the commission as his subject matter. 

Several hypotheses had been framed 
by the commission. First, it was hypoth
esized that the raps or clicks produced 
by the mediums might be made by their 
joints or internal organs, possibly in 
some unintentional manner. As for levi
tation, it was hypothesized that table 
lifting, at least, might result from invol� 
untary muscular actions of the mediums 
or the spectators. Two other hypotheses 
were that all the spiritualist phenomena 
resulted either from the actions of spir
its or from fraud. The commission, as 
Mendeleev firmly declared to his au
diences, dismissed all the hypotheses 
except fraud. "Superstition, " Mendeleev 
told his listeners, "is but assurance based 
on unfounded knowledge. Science strug
gles against superstition, as does light 
against darkness." 

Butlerov and his sympathizers contin
ued to push for a further hearing, but by 
1878 support for their views had begun 
to wane. Vagner eventually founded 
and became the first president of a Soci
ety for Experimental Psychology at the 
university, but the other members of 
the society resisted his plans to pursue 
psychic research. It was Aksakov who 
wrote the epitaph for the movement. 
"Russia," he declared, "is barren soil for 
spiritualism." 

The receiver someone paid a million for. 
A lot of money? You bet it is . But that's what it cost Sansui 

to develop the world's first super-fidelity receiver. The 
G-9000 pure power DC receiver. 

The DC circuitry (patent pending) inside is extraordinarily 
sophisticated So you get music reproduction more clean, 
brilliant and true than ever before, 

The Sansui G-9000 is also, we believe, the world's best 
"human engineered" receiver. Our engineers spent months 

SOftSIti. G - 9000 H ,1\\ I A 

testing the full complement of controls so that they are
' 

most comfortably positioned, respond immediately to 
your most gentle touch, and perform with utmost accuracy. 

We at Sansui are extremely proud of our million dollar 
achievement. And when you listen to a G-9000 at your 
franchised Sansui dealer, you'll know why. 

SANSUI ElECTRONICS CORP. 
Woodside, New York 11377· Gardena, California 90247 

160 wattS/channel, min RMS, driven into 8 ohms from 20·20,000I1z, with no more than 0,02% total harmonic distortion, Simulated walnut grain cabinet, 
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CUSTOMER INFORMATION FROM GENERAL MOTORS 

HOW TO TELL WHEN 
YOUR CAR NEEDS A TUNE-UP 

AND HOW TO BE SURE YOU DON'T PAY FOR MORE SERVICE THAN YOU NEED. 

Remember the old Spring 
and Fall tune-ups? There was 
a time when GM cars needed 
tune-ups every year. But that 
was a long time ago. Since 
1973, we've been building cars 
that don't need anywhere near 
as much routine maintenance 
as they used to. 

Now, a lot of people are 
getting tune-ups they don't 
really need. Probably out of 
habit. 

B reak the habit, and 
you'll save yourself some 
money. The maintenance 
schedule and the owner's 
manual your GM dealer gives 
you with your new GM car 
will tell you exactly what 
scheduled maintenance is re
quired and when. Some of the 
newer schedules may surprise 
you. 

For example, spark plugs 
used to have to be changed 
every 12,000 miles. Now it's 
every 22 ,500 or 30,000, de
pending on which new GM 
car you bought.  For most 
drivers that means changing 
plugs every two years instead 
of every year. 

VVhen you bought your 
f i r s t  c a r, y o u  p r o b a b l y  
changed oil every 1,000 miles. 
VVe upped it to 6,000 a few 
years ago; and now it's 7,500 
on all new GM cars except 
diesels. 

Or take distributor points 
and condensers. They never 
need replacing with GM's new 
high energy ignition system. 
It doesn't have any points or 
condensers. 

If you do have trouble 
with your car, just fix what 
needs fixing. VVhen you take 
your car in for service, tell the 
mechanic exactly . what's hap
pening. If it's hard to start 
"hot," but starts okay when it's 
"cold," say so. If it doesn't per
form the way you expected, 
describe just how and where it 
doesn't live up to your expec
tations. Then it'll be easier for 
the mechanic to pinpoint 
what's wrong, and he won't 
have to make unnecessary re
pairs. That can save you time 
and money. 

Some things have to be 
watched more carefully, de
pending on how and where 
you drive your car. For exam
ple, if you do a lot of driving on 
dry, dusty roads,  you may 
need to change the air cleaner 
and oil filter more often than 
the maintenance schedule in
dicates. Remember, the main
tenance schedule that comes 
with your car is based on 
average driving conditions. 

If you have an older car 
that still needs an annual 
tune-up, what should it in
clude? There are some basic 
things to be checked: spark 
plugs,  points,  condensers,  
idling speed, and drive belts. 

It can't hurt to check the air 
cleaner and fuel filter, tire 
pressure, and brake fluid, 
either. And when you do take 
your car in for a tune-up, don't 
be shy. Find out exactly what 
you need and what you're get
ting for your money. 

VVe're trying to make GM 
cars easier and more econom
ical to service. VVe've been able 
to stretch out the mainte
nance intervals for new GM 
cars, which should reduce the 
cost of routine maintenance; 
and we're working on engi
neering improvements that 
should reduce the amount of 
required maintenance even 
further. VVe want to be sure 
our cars perform well for their 
entire lifetime, without costing 
you a lot of time and money 
in maintenance. That's better 
for you and better for us. 

This advertisement is part of 
our cantin uing effort to give cus
tomers useful infonnation about 
their cars and trucks and the 
company that builds them. 

Genera l  Motors 
People building transportation 

to serve people 
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Cosmic Masers 
Intense radiation at microwave frequencies is emitted by certain 

nebular regions and stellar atmospheres. It is generated by maser 

action, which does fOr microwaves what laser action does for light 

The development of the maser 24 
years ago as a time-keeping device 
of unprecedented accuracy and as 

a means for amplifying faint microwave 
signals was a technological achievement 
of the first magnitude. Conceived by 
Charles H. Townes. the maser exploited 
the deep understanding of the quantum
mechanical behavior of matter that had 
been won in the preceding half-century. 
It is interesting to speculate what radio 
astronomers would have made of a pe
culiar signal detected in 1965 from a 
cloud of hydroxyl molecules (OH) in 
the Great Nebula in Orion if the maser 
had not yet been invented. Actually the 
question is academic. because by then 
masers were already installed as amplifi
ers in radio telescopes. Nevertheless. the 
signal was so completely unexpected in 
strength that until the puzzle was solved 
radio astronomers. only partly in jest. 
referred to the unknown emitting gas as 
"mysterium." It was finally recognized 
that gas clouds in the vicinity of nebulas 
containing bright young stars can func
tion as giant cosmic masers. A few years 
later masers were also discovered in the 
dusty atmospheres of aging red stars. 

A maser operates by raising a large 
number of atoms or molecules in a gas 
to a particular energy (or quantum) state 
and then stimulating them to tumble 
simultaneously to some lower energy 
state. The energy. and hence the fre
quency. of each photon emitted in the 
process corresponds exactly to the ener
gy surrendered by one atom or mole
cule in dropping from the higher state 
to the lower . The word maser stands 
for a capsule description of the process: 
microwave amplification by stimulat
ed emission of radiation. (If the radia
tion emitted is in the optical region of 
the spectrum. "light" is substituted for 
.. microwave .

.. 
·whence the word laser .) 

Within the past dozen years much has 
been learned about interstellar and stel
lar masers. Roughly 300 sources with 
hydroxyl masers have now been discov
ered.  In addition water masers have 
been found in association with more 
than 80 stars. About 80 percent of the 
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stars with water masers that have been 
searched for hydroxyl emission turn out 
to have hydroxyl masers as well. which 
is hardly surprising since the molecules 
H20 and OH are chemically so much 
alike. More recently silicon monoxide 
(SiO) masers have been identified in the 
envelopes of variable stars. many of 
which also harbor water masers and hy
droxyl masers. 

For a maser to function. some source 
of energy must "pump" the molecules to 
a quasistable level. from which they can 
be stimulated to fall to a lower level.  
Various pumping processes were origi
nally proposed.  including molecular col
lisions. shock waves and chemical reac
tions. It now seems certain that in the 
masers detected in the envelopes of vari
able stars. and perhaps in other cosmic 
maser systems as well. the pumping 
agency is infrared radiation. 

The First Hydroxyl Maser 

In 1963. two years before the discov
ery of the baffling signal from the Orion 
nebula. hydroxyl had been the first mol
ecule ever detected in interstellar space. 
The hydroxyl molecules in a cloud of 
cool gas revealed themselves by absorb
ing some of the radio-frequency energy 
emitted by Cassiopeia A. the remnant of 
a supernova explosion. They caused a 
telltale dip. or absorption line. in the ra
dio spectrum at a frequency of 1.667 
megahertz. which corresponds to a 
wavelength of 18 centimeters. The dis
covery stimulated a wide search for hy
droxyl absorption lines in other regions 
of space known to be illuminated from 
behind by strong radio sources. It also 
seemed possible that hydroxyl mole
cules might be discovered emitting 
faintly at 1.667 megahertz if they were 
present in sufficient density. perhaps in 
clouds known to be rich in atomic hy
drogen (H). No hydroxyl emission was 
detected. however. from the sites that 
had originally been thought to be the 
most promising. 

The initial discovery of emission lines 
from hydroxyl molecules in space was 

made by radio astronomers from the 
University of California at Berkeley. 
who had actually expected to find hy
droxyl absorption lines while observing 
the Orion nebula. a large region of ion
ized hydrogen some 1.500 light-years 
away. The reason for their initial per
plexity was that the observed emission 
line not only was far stronger than what 
anyone had expected to find but also 
had the unexpected frequency of 1.665 
megahertz. Although this line is one of 
four emission lines that characterize the 
ground state. or state of lowest energy. 
of the hydroxyl molecule. it is normally 
only about half as strong as the 1.667-
megahertz line. In the radio spectrum of 
the Orion nebula the line at 1.667 meg
ahertz was strangely absent. The other 
two ground-state lines of the hydroxyl 
molecule lie at 1.612 and 1.720 mega
hertz. and since both normally have 
only a ninth the strength of the 1.667-
megahertz line in the laboratory. one 
would not have expected them to be de
tectable. Reasoning that hydroxyl mole
cules could not generate a 1,665 -mega
hertz line without generating a much 
stronger line at 1.667 megahertz. the 
Berkeley workers resorted to their mys
terium hypothesis. 

After further study of the Orion neb
ula emission line and the observation 
of similar lines in spectra from other 
nebulas the Berkeley astronomers were 
forced to the bizarre conclusion that 
they had found the first natural ma
ser. Any remaining doubt was dispelled 
when astronomers were able to calcu
late the apparent temperature of the 
"masing" regions. that is. the tempera
ture to which a collection of hydroxyl 
molecules in thermal equilibrium would 
have to be raised in order for them to 
emit the quantity of energy observed in 
the emission lines. Some estimates of the 
temperature ran as high as 1013 degrees 
Kelvin (degrees Celsius above absolute 
zero). Since molecules would be de
stroyed at far lower temperatures. the 
computed figure clearly indicated that 
the ordinary rules of thermodynamics 
did not apply: the emission lines of the 
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Orion nebula had to be the result of a 
nonequilibrium process. The only rea
sonable explanation was a maser . 

The Quantum Mechanics of Masers 

Let us look somewhat more closely at 
the quantum phenomena that underlie 
the maser, man-made or cosmic. Atoms 
and molecules possess energy that mani
fests itself in various ways. In the tra
ditional picture of the atom electrons 
move around the nucleus in simple or
bits. In the case of molecules it is some
what more accurate to visualize the 
electrons as forming clouds. Since the 
"nuclei" of molecules consist of two or 
more atoms, the motions of the atoms 
themselves can contribute to the total 
energy of the molecule. The atoms can 
vibrate with respect to each other; they 
can rotate, tumbling end over end like 
tiny dumbbells, and they can also exhib
it other weak electromagnetic interac
tions-all contributing to the molecule's 
energy. The total amount of energy will 

vary, depending on the molecule's mo
mentary state of excitation, but quan
tum mechanics teaches that the energy 
cannot vary continuously; only discrete 
energy levels, or steps, are available. 
When an atom or molecule is excited 
(gains energy), for example by a colli
sion with another atom or molecule or 
by encountering a photon of light, it 
must make an exact quantum jump to a 
new step in the energy staircase. Con
versely, when the atom or molecule is 
de-excited, it drops back one full step or 
more and the energy difference is either 
radiated away as a quantum of electro
magnetic energy or transferred directly, 
through a collision, to another atom or 
molecule. 

The most energetic transitions are 
those involving the energy levels of elec
trons, which usually give rise to photons 
of ultraviolet or visible radiation. Such 
transitions, which take place in stars and 
hot gaseous nebulas, are studied by op
tical astronomers. The least energetic 
transitions involve the rotations of mol-

• 

• • 
• 

ecules whose quanta usually fall in the 
radio region of the spectrum. Such low
energy emissions. which are the prov
ince of radio astronomers. emanate 
from the cooler cosmic regions, such 
as interstellar clouds or. in the case of 
some masers. the extended atmospheres 
of certain types of cool stars. 

Masers selectively amplify certain 
transitions by altering the equilibrium 
distribution of atoms or molecules in a 
particular energy level. Ordinarily at 
a given temperature the molecules in 
a given sample of gas are in thermal 
equilibrium. exhibiting a smooth distri
bution of energies with a peak value 
characteristic of the temperature. If the 
temperature is lowered, the average ki
netic motion of the particles in the sam
ple decreases, the mean state of excita
tion falls and the peak of emission drops 
to a lower energy. If the temperature is 
increased. the mean state of excitation 
rises and the peak shifts to a higher val
ue. In thermal equilibrium the overall 
distribution of the atomic or molecular 

• 

INTERSTELLAR WATER MASERS in Messier 17 (the Horseshoe 
Nebula or the Omega Nebula) in the constellation Sagittarius, are 
marked by the two crosses. The region appears to be a site of active 
star formation. The contour lines show the relative intensity of micro
wave radiation from carbon monoxide molecules. An infrared object, 
not visible in the photograph, lies near the center of the innermost 
contour. The object may represent a star in the process of formation. 

The masers, discovered in 1973 by K. J. Johnston, R. M. Sioanaker 
and J. M. Bologna of the Naval Research Laboratory radiate strong
ly at a frequency of 22,235 megahertz (a wavelength of 1.35 centime
ters). Several dozen interstellar water masers have now been found. 
In addition more than 80 water masers have been located in the atmo
spheres of giant and supergiant red variable stars. In many instances 
hydroxyl (OH) masers are present in the vicinity of the water masers. 
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RADIO TELESCOPE 

ABSORPTION LINES are formed when a cloud of cool gas absorbs some of the radiation 
from a bright nebula or similar source. The radiation is absorbed at a frequency characteristic 
of molecules in the gas, in this case hydroxyl molecules, with an absorption line at 1,667 mega. 
hertz. Width of absorption feature is a measure of velocity dispersion of molecules in the gas. 
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RADIO TELESCOPE 

STRONG EMISSION LINE is observed if a cloud of gas contains a maser system. In this 
case radiation from the nebula excites a hydroxyl maser to emit a beam of radiation at a fre
quency of 1,665 megahertz rather than at the normally stronger frequency of 1,667 megahertz. 
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energy levels is determined by the kinet
ic temperature of the sample. 

. 

Maser emission can occur if the �qui
librium situation is violated in such a 
way as to overpopulate a particular en
ergy level so that it contains many more 
molecules than would be expected from 
the kinetic temperature of the gas. The 
creation of an overpopulated state is re
ferred to as an inversion of that energy 
level. Such inversions can come about 
in low-density interstellar clouds. which 
typically contain only 103 to 107 mole
cules per cubic centimeter (as compared 
with about 1019 in the air we breathe). 
Because collisions between molecules 
are infrequent they do not always domi
nate the excitation of the gas as they do 
for a gas in thermal equilibrium. Depar
tures from equilibrium populations can 
arise. "inverting." or distorting. some 
energy levels. 

Such inverted populations can be cre
ated in two ways: by collisions or by the 
influx of radiation. In either case the gas 
can be made to absorb energy in a highly 
selective way. To be most effective the 
input energy itself must fall within a 
narrow range. consisting. in idealized 

. cases. of photons predominantly of a 
single frequency or. for a collisional 
process. a beam of electrons nearly all 
of the same energy. 

It is now believed that most cosmic 
masers are pumped by radiative proc
esses. A typical example of such a 
pumping process is found in the "three 
level" maser. A molecule in level 3. the 
highest of the three levels. exhibits a 
high probability of spontaneously losing 
energy and decaying. often by cascading 
downward through many intermediate 
levels to level 2. On reaching level 2. 
however. the molecule has only a rela
tively small chance of spontaneously 
decaying to level 1. The gas can be 
pumped to level 3 if radiation corre
sponding in frequency to the transition 
from level 1 to level 3 is fed into it. 
Many molecules will absorb the energy. 
jump to level 3 and quickly radiate away 
some of the newly acquired energy as 
they cascade back to level 2. In this way 
level 2 is inverted. or overpopulated. 
making it ripe for maser action. 

A molecule in level 2 has an affinity 
for a quantum whose energy is equal to 
the energy difference between levels 1 
and 2. Like a boulder balanced at the 
top of a cliff. it needs only a small push 
to cause it to tumble to levelland radi
ate away a quantum of energy equal to 
the quantum that triggered its emission. 
If that happens. the two quanta traveling 
through the cloud can now induce two 
other molecules in level 2 to radiate. 
The two quanta beget four. the four 
eight and so on; the original quantum is 
amplified millions of times as the wave 
of radiation propagates through the gas 
cloud. feeding on the ready supply of 
molecules in level 2. Thus the maser 
process concentrates much of the 
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The best sources. 
Choose any one of these 
invaluable reference 
works and save up to 
90% (as much as $228.55) 
as your introduction to 
membership in the 
Book-of-the-Month Club. 

The Club is the source for 
the best of the best sellers. 
Titles which are chosen for 
literary-not commercial
value. Books for which high 
critical merit and timeliness 
are the most important 
criteria are offered regularly 
to members in the Club's 
complimentary magazine. 
A wealth of sources awaits 
you in America's Bookstore. 

Bookstore Quality at Book
Club Savings. You conven
iently shop at home at consid
erable savings. Whether 
you're adding up your remark
able savings on the introduc
tory offer, or on books you 
are offered as a member, these 
are always true savings ... 
because every book is exactly 
like the one sold in good 
bookstores. The same size, 
paper, type and binding . . .  

never a cheap book-dub 
edition. 

Book-Dividends. When you 
remain a Club member after 
the trial period, every book 
you buy earns Book-Dividend® 
credits. These entitle you to 
choose from a wide variety of 
significant books at hard·to
believe savings of at least 70%. 

Additional Club Benefits. 
A distinguished collection of 
specially produced record 
albums, beautiful gifts and 
games, children's books and a 
Club charge account with 
no service or interest charges
all made available exclusively 
to members .. -

AIl eleven volumes of 

THE STORY OF CIVILIZATION 
by Will and Ariel Durant for $20 
Publisher's list price: $248 55 
This powerful eleven-volume history of all mankind
written over a span of 42 years-traces political, 
economic. artistic and scientific developments through 
the ages. A reference work of undisputed authority, it 
is one of the great literary achievements of the 
20th century. 

The Compact Edition of the 

OXFORD 
ENGLISH DICI10NARY 
for $1750 Publisher's list price: $95 
The world's "most complete and scholarly dictionary of 
the English language" -The Christian Science Monitor. 
Contents of this two-volume edition are identical to the 
original $395 thirteen-volume set. Bausch & Lomb 
magnifying glass included in special drawer of slipcase. 

, � 
�! ,. 

'\, � ') � (, +' THE NEW 
" \�)COlUMBIA 
� ENCYCLOPEDIA 

, Ill. U\ I W � III' 

THE NEWCOLUMBIA 
ENCYCWPEDIA 
New fourth edition ... 
completely revised after a 
12·year interim for $10 
Publisher's list price: $7950 
Like earlier editions, this latest illus
trated edition is again acclaimed 
as the best single-volume encyclopedia 
in the English language. Completely 
revised and updated-7000 new 
articles from world affairs to 
sports ... useful features such as a 
listing of Nobel Prize winners. tables 
of rulers of many countries. 

Carl Sandburg's Pulitzer Prize-Winning 

ABRAHAM LINCOLN 
The entire six-volume set for $1250 
Publisher'S list price: S120 
More than a portrait of a great 
American, this six-volume biography 
is a vivid tapestry of America 
in crisis and resolution-a work of 
timeless beauty for this and future 
generations. 

r---------------------------, 
BOOK-OF-THE-MONTH CLUB" 8-AIIO·6 

Some of the Benefits of Membership. 
You receive the Book�fthe-Month Club 

News, • a literary magazme, 15 times a year 
(about every 3'12 weeks). Each issue revIews 
a Main Selection plus scores of Alternates. 

If you want the Main Selection do noth
ing. It will be shipped to you automatically. 
If you want one or more Alternate books
or no book at all-indicate your decision on 
the reply form always enclosed and return 
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c1oud's energy in a beam that is intense. 
highly directional and at a single fre
quency. 

Molecular-Maser Stars 

Since cosmic masers are such a re
cently discovered phenomenon. there is 

i 

still much to learn about them. So far 
the masers that are best understood are 
those associated with a special class of 
old. dying stars known as red variables. 
The first stellar maser was detected in 
1968. when William J. Wilson and Alan 
H. Barrett of the Massachusetts Insti
tute of Technology observed strong hy-

I NCREAS I NG ENERGY ----:;,.. 

THERMAL EQUILIBRIUM in a hypothetical population of gas molecules is represented by 
a smooth distribution of energy states around some mean value. At low temperatures most of 
the molecules are concentrated in low energy levels (black curve). As temperature goes up dis
tribution moves toward high,er levels (color). Such populations are said to radiate thermally. 

i 

I NCREAS ING ENER GY ----=,.. 

NONTHERMAL EQUILIBRIUM is brought about when certain energy states (here two 
states) have gained an unusually large population of molecules at the expense of the others. 
Such "inverted" states are source of nonthermal radiation by masers, man-made or natural. 
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droxyl emission from several red varia
ble stars. These are stars that have con
sumed most of their hydrogen fuel and 
have left the "main sequence" of stable 
stars. With the depletion of their hydro
gen the stars start losing the internal 
pressure needed to counterbalance the 
gravitational attraction of their own 
mass. Periodic shock waves eject matter 
into the surrounding interstellar medi
um as the stars themselves grow alter
nately brighter and dimmer. 

Such stars fall roughly into two clas
ses. The Mira Ceti variables (named for 
the prototype of the class. whose varia
bility was first described in 1597) are "gi
ant." long-period variable stars whose 
cycles are quite predictable, typically 
200 to 500 days. The second class con
sists of the larger, more luminous "super
giants," with less regular periods rang
ing from 500 to 1,000 days. 

With the exception of novas and su
pernovas, the red variables lead the 
most cataclysmic lives of all stars. Every 
pulsation belches gas and dust into an 
extended circumstellar atmosphere, an 
atmosphere whose dimensions are com
parable to those of the solar system. 
(The radius of the parent star could also 
well exceed the distance from the sun to 
the earth.) It is here in the circumstellar 
cloud that the maser emission origi
nates. 

A key property of those variable stars 
with maser emission is their color. The 
sun. whose surface temperature is about 
6,000 K .• radiates most intensely at a 
wavelength of about .5 micron, in the 
yellow-green region of the visible spec
trum. The long-period red variable stars 
are much cooler. around 2,000 K.. and 
most of their radiation is shifted into the 
invisible infrared region of the spec
trum, with a peak intensity near 1.5 
microns. Recently developed infrared 
techniques have enabled astronomers to 
probe this previously inaccessible spec
tral region. A major finding is that all the 
variable red giants and supergiants are 
characterized by a strong "infrared ex
cess." that is, they radiate more infrared 
radiation than would be predicted from 
their visible spectra. The source of the 
infrared excess is the surrounding atmo
sphere of dust and gas that is expelled by 
the star and is therefore much cooler 
than the star itself. With a typical tem
perature of several hundred degrees K .. 
scarcely above the boiling point of wa
ter, the shell of gas and dust radiates 
strongly at wavelengths in the region of 
10 to 20 microns. 

As we have seen, the hydroxyl mole
cule in its ground state normally emits 
radiation most strongly at 1.667 mega
hertz, about half as strongly at 1,665 
megahertz and very weakly at 1,612 
and 1.720 megahertz. In the large ma
jority of stellar hydroxyl masers the 
most intense emission is at 1,612 mega
hertz, completely dominating the lines 
at 1.667 and 1,665 megahertz, which in-
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GROUND STATE 

"mREE LEVEL" MASER illustrates the 
maser principle. A molecule in the ground 
state (1) absorbs energy by collision or radia
tion and is "pumped" to a much higher level 
(3). The molecule spontaneously loses some of 
its new energy and cascades perhaps through 
several intermediate levels before arriving at 
a quasistable state (2). Energy level 2 is there
by inverted. H the molecule is now struck by 
a photon whose energy exactly matches the 
energy between level 2 and levell, the mole
cule will drop to levell, releasing an identical 
photon of its own in the process of doing so. 
In this way one photon becomes two, two be
come four and so on, to yield exponentially 
growing number of monoenergetic photons. 

deed are often absent. The line at 1.720 
megahertz is never seen at all. 

The second molecular species to be 
discovered in a maser associated with a 
star was water. which was found to be 
emitting at 22.235 megahertz. corre
sponding to a wavelength of 1.35 centi
meters. In 1969 a strong water maser 
was observed in the star designated VY 
in the constellation Canis M ajor in the 
southern sky. Since then more than 80 
stars with water masers have been dis
covered. 

The third kind of molecular maser ob
served in variable stars exhibits emis
sion lines of silicon monoxide (SiO). 
principally at 43.122 megahertz (6.95 
millimeters) and 86.243 megahertz 
(3.47 millimeters). The discovery of 
strong emission at these frequencies was 
startling. because silicon monoxide is 
one of the least abundant molecules yet 
detected in space. Indeed. the discovery 
was the result of luck and shrewd detec
tive work on the part of Lewis E. Snyder 
of the University of Illinois and David 
Buhl of the National Aeronautics and 
Space Administration. One of the sili
con monoxide lines appeared in the fre
quency "window" of their instrument as 
they were searching for another mole
cule in the Orion nebula. A quick fre
quency check revealed that the signal 
was in the instrument's lower side band. 
a frequency range to which their receiv
er was sensitive but that was totally out
side the range of interest. 

Careful mapping of the celestial re
gion revealed that the source of the 
emission was pointlike. as would be ex-

96 

pected for a maser. The silicon monox
ide line had multiple features that pre
cluded an easy estimate of the emission 
frequency. A difficult and detailed com
parison with the Orion nebula water 
maser. however. yielded clues that even
tually led to a frequency that agreed 
with a known rotational transition of the 
silicon monoxide molecule. Surprising
ly it was not a ground-state transition 
but a rotational transition found when 
the molecule is in a highly excited vibra
tional mode. requiring temperatures 
greater than 1.000 degrees K. for a sig
nificant molecular popUlation. 

The combination of a rare molecular 
species and an odd. highly excited state 
made for considerable skepticism. One 
astrophysicist ventured the guess that 
the source might be a maser but that it 
could not be silicon monoxide. Another 
averred that it was probably silicon 
monoxide but that it could not possi
bly be a maser! Vindication came when 
John H. Davis and Patrick Thadde
us. workLflg at the University of Texas 
M illimeter-Wave Observatory. detected 
two adjacent rotational lines of silicon 
monoxide at 43.122 and 129,363 meg
ahertz. confirming. beyond any doubt 
that the original identification by Snyder 
and Buhl was right. 

Doppler-shifted Masers 

The molecular-maser stars have now 
been monitored for some years. and one 
of their most striking characteristics is 
the variation of their visible. infrared 
and hydroxyl-maser emissions. The var
iation in the visible emission of the star 
is periodic. rising and falling smoothly 
every several hundred days. Monitoring 
of the infrared flux has shown that it 
closely follows the variations in the visi
ble emission. The intensity of emission 
from the OH masers has now been fol
lowed for a number of stars. and it too 
varies in phase with the visible emission. 
The situation with regard to emission 
from water masers is less well defined. 
Only a few stars have been closely mon
itored. Two show variations well syn
chronized with the visible emissions. 
One star shows an ambiguous relation. 
and in a fourth star the water and visible 
emissions are if anything anticorrelated. 

The various spectral lines associated 
with the maser stars are commonly 
shifted upward or downward in fre
quency according to the velocity of the 
emitting source. thus providing impor
tant information about the structure of 
the star and its surrounding atmosphere. 
If the maser cloud is moving toward us. 
the frequency is shifted upward; if the 
cloud is moving away. the frequency is 
shifted downward. Astronomers are al
ways alert for such Doppler shifts in fre
quency. Here the total spread in velocity 
may be as little as a few kilometers per 
second or as much as a few tens of kil
ometers per second. 

The hydroxyl emission lines nearly al
ways fall into two groups of differing 
velocity. The clear inference is that two 
masers are involved. one in the front of 
the circumstellar atmosphere as it is 
blown away from the star and the other 

. in the back. Although masers are un
doubtedly distributed spherically in the 
stellar atmosphere. maser beams are 
highly directional. Stellar masers evi
dently produce a "forward" beam and a 
"backward" beam displaced by 180 de
grees. The orientation of the beam axis 
seems to be dictated by the flow of stim
ulating radiation from the central star. 
Thus only masers lying approximately 
in the line of sight to the star are observ
able; those elsewhere in the stellar enve
lope project their beams radially in oth
er directions. Where water and silicon 
monoxide masers coexist with hydroxyl 
masers. their Doppler velocities always 
fall within the extremes of the hydroxyl
emission groups. sometimes exhibiting a 
double-peaked structure themselves. 

In reconstructing the entire ensemble 
of emitting atoms and molecules in the 
star one must also take account of the 
star's more familiar emission and ab
sorption lines as they are recorded by 
standard optical techniques. The optical 
lines exhibit certain distinctive features. 
For example. the emission lines always 
show a greater velocity shift in our di
rection than the absorption lines do. in
dicating that the emissions originate in 
matter that surrounds the star in an ex
panding shell. 

I have said that the hydroxyl-maser 
lines usually exhibit two velocity peaks. 
If one plots the magnitude of the veloci
ty separation against the pulsation peri
od of the central star one finds them to 
be correlated in a surprisingly simple 
way: the longer the period. the greater 
the velocity separation. The hydroxyl 
masers associated with the short-period 
M ira Ceti variables have velocity sepa
rations on the order of five to 15 kilome
ters per second; the hydroxyl masers 
associated with the long-period supergi
ants have velocity separations as much 
as 40 kilometers per second. This re
markable regularity between two seem
ingly unrelated quantities suggests a 
degree of order that should eventually 
contribute to the model-making proc
ess. Let us now take what we have 
learned about the maser stars and see if 
we can fit the pieces into a coherent pic
ture. 

Maser Pumps 

We shall separate the effort into two 
parts. First, what is the energy source 
that pumps the maser? Second. given a 
source. can we develop a picture of the 
stellar system that is host to the maser? 

The two most likely pumping mecha
nisms are collisions and radiation. The 
hydroxyl-maser intensity changes in 
step with the light from the star. The 
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Eaton Update: 
1 Getting the power 
around the corner 
Eaton hydrostatic transmis
sions offer designers of agricul
tural equipment great flexibility 
by replacing awkward mechan
ical linkages with hydraulic 
lines that can go around or 
through other components. 
They allow the equipment to 
work more efficiently because 
operators have an infinite selec
tion of op,erating modes. 

Eaton's commitment to hydro
statics started in the mid
sixties. A new plant in Spencer, 
Iowa, is operating at maximum 
capacity, and we are planning 
another expansion to serve this 
growing market. 

2 The advantages 
of being single 
With Eaton's Single Anchor Pin 
brake system you can reline a 

truck brake in just two minutes
and the only tool you need is a 
screwdriver. With conventional 
double anchor pin systems the 
job can take hours, even with 
special tools. 

This Eaton exclusive is saving 
down-time for truckers all over 
the country. But it's only one of 
our many contributions to truck
ing efficiency. We're a leader, 
worldwide, in axles and heavy
duty transmissions, and we're 
winning an ever-stronger posi
tion in components like brakes 
and anti-lock systems, fan 
drives, and air conditioning. 

3 636-acre survival course 
The Eaton Proving Ground at 
Marshall, Michigan, subjects 
truck and automobile compo
nents to horrendous treatment. 
The facilities include a 1.6 mile 
oval track for sustained endur
ance testing; road surfaces that 
are just plain hostile; a salt bath 
for corrosive brake lining tests; 
and a 1200-foot skid pad that can 
simulate any skid condition. 

It's all part of Eaton's total com
mitment to quality. We market 
new engineering ideas 
only after having proved that 
they excel at surviving in the 
real world. 

Eaton is a family of technologi
cally related businesses with a 
balanced combination of man
ufacturing and engineering 
skills. We're always looking for 
new ways to use these skills in 
markets where needs are grow
ing. This approach to the man
agement of change has been 
achieving record sales and 
earnings. For the complete 
story, write to: Eaton Corpora
tion, 100 Erieview Plaza, 
Cleveland, Ohio 44114. 
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maser cycle lags behind the light cycle 
by at most 30 days. This strongly im
plies that the maser is pumped by radia
tion. simply because collisions could not 
propagate quickly enough through the 
circumstellar cloud to bring about the 
intensity change in the time observed. 
For example. the velocities associated 
with the star and its circumstellar gas 
are of the order of 10 kilometers per 
second or less. Even if the radius of the 
circumstellar atmosphere were as small 
as 109 kilometers (somewhat greater 
than the distance from the sun to the 
orbit of Jupiter). the time for a colli
sional process to work its way through 
the atmosphere would be about 108 
seconds. or three years. We must there
fore conclude that the stellar maser is 
pumped by radiation. 

tells us that when infrared pumping 
scrambles the populations of the four 
ground-state levels of the hydroxyl mol
ecule. the inversion of the upper and 
lower pairs of levels must take place 
symmetrically in just the way needed to 
create the observed emission lines.  Oth
er radiation pumps are not so con
strained. making it virtually certain that 
the stellar-maser pump is infrared radia
tion. Although maser mechanisms for 
water and silicon monoxide have not 
been studied r-s thoroughly as the hy
droxyl mechanism. those molecules also 
have infrared transitions to states that 
could create inverted populations of the 
kind needed to yield the observed emis
sion lines of water and silicon monox
ide. When such analyses are combined 
with the observed infrared excess in red 
variable stars. the argument for infrared 
pumping is compelling. 

The Velocity of Maser Stars 

The physical setting for the maser is 
the shell of atmosphere surrounding the 
variable star. In order to make sense of 

the velocities of the maser emiSSIOn 
lines. as they are measured from the 
earth. we must pin down the velocity of 
the parent star in the same frame of ref
erence. This key point has been debated 
for half a century. The difficulty is that 
the optical emission lines recorded from 
the photosphere. or nominal "surface." 
of the star do not give the true velocity 
of the star because the photosphere is 
actually a thick envelope made up of 
gases moving outward at varying veloci
ties. Terrestrial observers of course see 
only that part of the photosphere that 
lies between the star and the earth. If one 
could somehow see the photosphere on 
the opposite side of the star and measure 
its velocity. the average of the two ve
locities would yield the velocity of the 
star itself. 

This trick has now been accomplished 
by measuring the Doppler velocity of 
the ordinary thermal (nonmaser) micro-' 
wave radiation emitted from the cir
cumstellar atmosphere of gas in several 
red variable stars.  The silicon monoxide 
molecules in the atmospheric shell are 
transparent to their own radiation. so 

The next question is: What type of 
radiation is it? Is it visible. ultraviolet. 
infrared or microwave radiation? An 
important clue can be found in the char
acter of the hydroxyl emission. In order 
to make the transition at 1,612 mega
hertz a strong maser line it is necessary 
to invert the populations of the two low
er states in each half of the ground-state 
doublet. Such an inversion would simul
taneously inhibit the emission at 1.720 
megahertz. The symmetric inversion of 
these two pairs of states would yield a 
maser of the kind typically observed in 
the atmosphere of red variable stars: a 
maser with a strong emission at 1,612 
megahertz and no emission at 1.720 
megahertz. With slight modifications in 
the populations of the upper pair of 
states weaker emission lines can also be 
produced at 1,667 and 1,665 megahertz. 
which are also observed in some cases. 

E XC I TED S TATE 

An analysis of the possible radiative 
pumping schemes discloses a unique 
feature of infrared radiation: the parity 
selection rule of quantum mechanics. 
whose details need not concern us here. 

GROUND S TATE : NORMAL POP ULATION (AR '''{ : : : 

� - §: §: !:.  
a: (\J � rD �  � � � CD_ r'--_ 
W 
(!) Z 
� w a: 
() Z { F= 2 -

-PARI TY _____ .1-____ 1-__ 
F= 1 

COSMIC HYDROXYL MASERS involve the ground state of the 
hydroxyl molecule, four closely spaced energy levels (a lambda dou
blet). When the energy levels are normally populated (le/t), the mole
eule radiates at four frequencies: 1,612, 1,665, 1,667 and 1,720 mega
hertz. The relative line strengths are given by the numbers in paren-
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GROUND S TATE : 
I NVER TED 
POP ULATION 

r.·-----__ ��-,_--F=2 
,c::::::::;=;:::=t==:i=:::::t F = 1 

�"""""""""F=l 
theses. In stellar hydroxyl masers (right) a source of pumping energy, 

in many cases evidently infrared--radiation, inverts ground-state pop

ulation so that strongest emission is typically at 1,612 megahertz in

stead of at 1,667 megahertz. Although weak-lines at 1,667 and 1,665 

megahertz are sometimes seen, 1,720-megahertz line is always absent. 
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that the silicon monoxide emission lines 
from all regions of the expanding shell, 
near side and far side, can be recorded. 
Since the shell is ejected more or less 
symmetrically, the average Doppler ve
locity must represent the stellar veloci
ty. When Mark J. Reid and I recently 
measured the thermal silicon monoxide 
lines in 10 maser stars we found that in 
every case the lines' average velocity 
(and hence the stellar velocity) fell near 
the midpoint of the two hydroxyl-maser 
peaks. This result at once confirms that 
the hydroxyl peaks come from the front 
and rear regions of the circumstellar 
shell and offers an easy way of estimat
ing the velocity of a star whenever the 
telltale double-peaked hydroxyl emis
sion is detected.  

Our observations . suggested that it  
might also be possible to detect the ther
mal emission from water molecules sur
rounding red variable stars, but a recent 
search by Ann St. Clair Dinger of 
Wellesley College and her co-workers 
has proved negative. Nevertheless, for 
variables that exhibit water and silicon 
monoxide maser emission lines recent 
observations by Susan G. Kleinmann of 
the Massachusetts Institute of Technol
ogy have shown that the emission peaks 
are often symmetric in velocity with the 
stellar velocity determined from the sili
con monoxide thermal emission. It is 
also found that the velocities of the vari
ous molecules tend to nest and overlap. 
Thus the velocity spread for water lines 
is less than the spread for hydroxyl lines, 
and the spread for silicon monoxide 
lines is usually less than the spread for 
water lines. 

A Picture
' of a Maser Star 

Let us now try to develop a picture of 
a typical red-variable maser star. The 
diameter of the central star is several 
hundred times the diameter of the sun. 
The surrounding atmosphere has a radi
us somewhere between 1010 and 1011 
kilometers, or as much as 15 times the 
radius of the solar system. The pressure 
of radiation from the star accelerates 
gas and dust outward, slowly at first, 
then much more rapidly in a transition 
zone and finally slowly again. In the 
transition zone the temperature is low 
enough for gas to begin condensing into 
dust. The large dust grains tend to sweep 
the gas rapidly outward, producing a 
high acceleration, until at some distance 
from the star the radiation pressure has 
dropped substantially and the material 
in the shell encounters interstellar gas 
and other dissipative forces that bring 
the acceleration to a halt. 

If the atmosphere is to harbor a sili
con monoxide maser, it must appear in a 
shell where the temperature of the gas is 
still substantial. possibly 1,000 degrees 
K. The temperatures suitable for a wa
ter maser are only slightly lower, and in 
fact the shells containing the two types 

of maser often overlap. The hydroxyl 
masers will be found in the coolest part 
of the circum stellar atmosphere: in the 
fastest-moving regions lying beyond 
1010 kilometers. Within the transition 
zone, closer to the star, the rapid chang
es in velocity evidently inhibit maser 
action. 

The model I have described gives a 
clue to the peculiar correlation between 

the velocity spread in the hydroxyl emis
sion peaks and the pulsation period of 
the star. To oversimplify somewhat, we 
know that the more luminous stars have 
longer periods. Because radiation pres
sure is a function of luminosity one 
would expect the brighter, longer-peri
od stars to have atmospheres with the 
fastest-moving outer shells, where the 
hydroxyl masers are located. The faster-
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VARIATIONS IN INTENSITY OF WATER MASERS (top) in the atmosphere of the red
giant star U Herculis closely parallel the changes in the infrared emission at a wavelength of 
2.2 microns (middle) and in the output of visible light (bottom). The light intensity, plotted here 
on a logarithmic scale, varies by a factor of more than 40, or slightly more than four magni
tudes, during each half cycle. The parallel changes in the infrared radiation and in the water
maser output, both of which are plotted on linear scales, are much smaller. Synchronous behav
ior of three kinds of emission from U Herculis and similar stars is strong evidence that stellar 
masers are pumped by radiation (probably infrared) rather than by molecular collisions. Mi
crowave spectra were obtained by Philip R. Schwartz of Naval Research Laboratory, Paul M. 
Harvey of University of Arizona and Alan H. Barrett of Massachusetts Institute of Technology, 
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INTENSITY OF WATER MASER in the bright nebula Messier 17 altered dramatically dur
ing a 16-month period. In one case large changes took place in a matter of only 1 1  days. The in
dividual peaks and the general spreading indicate a dispersion of velocities in the clouds con
taining the maser system. The maser itself emits at a single frequency: 22,235 megahertz (1.35 
centimeters). Spectra were obtained by C. 1. Lada, C. A. Gottlieb, E. L. Wright and the author. 

102 

moving the outer shells are. the greater 
is the velocity separation between a hy
droxyl maser located on the side of the 
star closer to us and one located on the 
side farther away from us. The densities 
and temperatures of the gas within the 
shells are still not well established. and 
real stars are seldom as well behaved as 
the model I have been describing. Nev
ertheless. observations of stellar masers 
have provided major clues to the overall 
nature of the variable red giants and su
pergiants. 

Interstellar Masers 

In addition to the natural masers ob
served in the atmosphere of old variable 
stars. masers are also found in molecu
lar clouds associated with newly formed 
or forming stars. In fact. as massive in
terstellar clouds begin collapsing under 
the influence of gravity. masers are a 
milepost on the evolutionary road. ap
pearing as the first bright young stars 
begin to shine through their cocoon of 
gas and dust. One well-studied region 
is in the bright nebula known as Mes
sier 17 in the constellation Sagittarius. 
where two intense water masers have 
been found near an infrared object. 
probably a protostar not yet bright 
enough to be observed at visible wave
lengths. The adjacent maser regions 
may themselves be sites of undetected 
new stars. The masers are embedded in 
a molecular cloud whose dimensions 
are readily mapped from the emission 
of carbon monoxide molecules. 

Such masers fall neither in the bright 
nebula region. where intense ultraviolet 
radiation would dissociate water mole
cules. nor in the coolest regions of the 
dark molecular cloud. They seem. rath
er. to lie within the shelter of the molec
ular region but always near a source of 
infrared radiation. which may indeed 
provide the pumping energy for the 
maser. In Messier 17 one maser region 
coincides with a region where the con
tour lines of carbon monoxide radia
tion are bundled.  possibly indicating the 
passage of a shock wave produced by 
stellar ultraviolet radiation. The region 
of enhanced gas density in the wake of 
the shock wave may be initiating the 
condensation of new stars [see "The 
Birth of Massive Stars." by Michael Zei
lik; SCIENTIFIC AMERICAN. April] . Such 
a speculation may rest on nothing more 
than coincidence. but several other in
terstellar water masers have been ob
served in similar settings.  

All in all.  less is known about inter
stellar masers than about the masers in 
the atmospheres of stars. Although both 
hydroxyl and water masers are found in 
interstellar regions. their association is 
less common than it is in stellar atmo
spheres. Moreover. when the two types 
of maser do appear as neighbors in in
terstellar regions. there is no simple pat
tern in their relative velocities. The sili-
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Some of the worst traffic jams you never see. 
If you think city streets are becoming 

congested, you should see what's happening 
beneath them. 

Communication cables under the streets 
get busier almost every day. They're carrying 
more and more telephone calls, computer data, 
TV signals - electronic traffic of all kinds. 

In city after city, it seems the only way to 
keep up is to tear up the streets, and install more 
conduits for more cables. 

Well, the people of ITT have come up 
with a different answer - optical fibers. Threads 
of ultra p u re g l a s s ,  a l m o s t  a s  s l e n d e r  as a 

human hair. O ver the se fibers, we can com
municate by light - laser light. 

ITT h a s  pioneered a w ay to do thi s ,  
pracTIcally and economically. 

Eventually, we could replace today's under
ground cables with cables of optical fibers no 
thicker than an ordinary pencil - expanding 
capacity by carrying thousands of times more 
information in the same space. 

We could end the congestion below our 
streets, without tearing them up to do it. 

The best ideas are the ITT ideas that help people. 
IntemationalTelephone and Telegraph Corporation, 320 Park Avenue. New York. NY. 10022. 
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IDEALIZED SPECTRUM OF MASER EMISSION from a long-period red variable star 
shows emission peaks (color) from three types of maser spaced symmetrically on either side 
of a mean velocity, presumably the velocity of the central star, which cannot be established di
rectly. Recently, however, the thermal (nonmaser) emission from silicon monoxide (SiO) in 
the gas surrounding 10 maser stars has been observed. Mean velocity of thermal silicon monox
ide source, indicative of star's velocity, faIls midway between hydroxyl-maser peaks (black). 

5' 60 
z 
0 
u 
w 
(Jl 
a: 
w 50 !l. 

_. 

(Jl a: 
w 
t-
W ::;; 
0 40 -' ---
� 
(Jl !l. :::> 
0 
a: 

30 (!) 
a: 
w 
(Jl 
« ::;; 
± 
0 20 IL 
0 
Z 
0 
� 
a: 1 0  it 
w 
(Jl 
>-
t-
U 
0 0 -' 

-+-+ 
I I / 

w 
> 

o 1 00 200 

-

• 

,,/ " 
/ 

/ 
�,,/ " 

/�/ � .  " 
" 

�// 

" . ""'·�··

I 
300 400 500 

PER IOD (DAYS) 

• 

" 
/' 

//,/' 
" " 

• /' " 
• /' " 

• " 
• /' 

/ " 
/"/ . . 

" 
./' 

/ 
" 

• 

-_. 

--.. -. .. -

600 700 800 900 

PERIOD OF STARS with hydroxyl masers in their atmosphere correlates well with the sepa
ration in velocity between the hydroxyl emission peaks. The longer the period, the higher is the 
velocity of separation. Separation rate is roughly twice expansion velocity of the atmosphere. 
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con monoxide molecule is a known con
stituent of molecular clouds. but it has 
never been observed as an interstellar 
maser. 

Although the emissions from inter
stellar masers vary in strength on time 
scales ranging from many months down 
to a few days. the variations exhibit 
no apparent periodicity. In one instance 
sharp changes were recorded within Ii 
24-hour period. This is in contrast to the 
intensity of the typical stellar hydroxyl 
maser. whose level of activity rather 
closely follows the changes in the light 
flux of the central star. 

Interstellar-maser Pumps 

The pumping mechanism in interstel
lar masers is also not well established.  
In analogy with the stellar model one 
might expect the pumping energy to 
be the infrared radiation emitted from 
heated grains of dust or perhaps from a 
proto stellar object. Although this is a 
distinct possibility. the infrared radia
tion does not seem to yield the symmet
rical inversion of population levels that 
one observes in the stellar hydroxyl 
masers. In interstellar hydroxyl masers 
the emission at 1.612 megahertz is pres
ent but not necessarily dominant. In 
some instances the strongest emissions 
are at 1.665 and 1.667 megahertz. the 
lines characteristic of normal popula
tions in the molecules. Often the high
frequency line at 1.720 megahertz. 
which is never seen in stellar masers. is 
also observed.  All one can say with con
fidence is that hydroxyl and water ma
sers are observed where nature sets the 
stage for star formation. The maser 
pump could be infrared radiation. 
which is abundantly present. but it could 
also be the ultraviolet radiation from 
bright. newly formed stars. 

Judging from the evidence. with all its 
current limitations. my personal view
prejudice. if . you will-inclines toward 
the ubiquitous infrared radiation as the 
pumping mechanism. A simple infra
red-photon pump does not. however. 
give answers as satisfactory as those it 
gives for stellar masers. A complete pic
ture will probably have to carefully con
sider the heating of the dust grains in the 
cloud and will have to account for the 
unusual differences observed. such as 
why silicon monoxide never appears as 
an interstellar maser. 

Our overall picture of how stars form 
is now rather convincing. at least in a 
qualitative sense. The interstellar maser 
is present in regions where new stars 
have formed; it appears to be a harbin
ger of stellar birth. And in the case of the 
long-period variable the maser is wit
ness to the final convulsions of a dying 
star. A better understanding of both 
types of maser will educate us not only 
about the physics of cosmic masers but 
also about the physics of stars and stel
lar evolution. 
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SCHEMATIC PICTURE OF RED VARIABLE STAR shows the 
apparent distribution of water, hydroxyl and silicon monoxide masers 
in shells of the atmosphere. Gas and dust ejected from the star are ac
celerated outward by radiation pressure. The U-shaped curve is a "ve
locity of outflow" profile. Masers are found in regions where the gas 
is accelerating smoothly and not too rapidly. In the transition zone of 

rapid acceleration conditions may be too unstable for masers to form. 
The maser emission profiles are depicted at the radial distance from 
the star where they are formed. Their relative velocities can be read 
off the velocity-of-outflow curve. As is explained in the text, the ma
ser emissions that can be observed are confined to "caps" directly 
in front of and behind the star as it is viewed from the solar system. 
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The Shaping of Tissues in Embryos 
Computer simulations of development make it possible to perform 

experiments that cannot be done in the biological laboratory. They 

help to reveal some of the basic forces that sculpture the embryo 

by Richard Gordon and Antone G.]acobson 

i\.ter the egg of a higher organism 
is fertilized it divides into many 
thousands of cells that arrange 

themselves into the tissue layers of the 
embryo. Understanding this elaborate 
process of embryonic development is 
one of the outstanding and most difficult 
problems challenging biologists today. 
The problem is so complex that it must 
be broken down into smaller problems 
before investigation can yield instruc
tive solutions. Therefore in our own 
work we set out to address the general 
question of how tissues are shaped in the 
embryo by analyzing the formation of 
a single embryonic tissue: the neural 
plate, the earliest precursor of the cen
tral nervous system. The organism we 

chose for this purpose is the California 
newt. Taricha torosa, which is indige
nous to the ponds and streams around 
San Francisco Bay. 

In the first stages of development the 
successive divisions of the fertilized 
newt egg give rise to the hollow, single
layered ball of cells called the blastu
la. Half of the tissue then tucks itself 
through a slit in the blastula, forming in 
the spherical embryo two layers: the en
doderm and mesoderm. The embryo is 
now called the gastrula. It is one hemi
sphere of the outer layer of the gastrula 
that is destined to become the neural 
plate. In the course of about 30 hours 
this hemisphere flattens into a disk and 
then assumes the shape of a keyhole. 

GRID·TRANSFORMATION METHOD was devised by tbe Scottisb biologist D'Arcy Went
worth Thompson, who showed bow related organisms could be represented as relatively simple 
distortions of each other. This illustration, based on one in Thompson's 1917 work On Growth 
and Form, shows the geometrical relations between the porcupine fish Diodon (left) and tbe 
sunfish Orthagoriscus mola (right). Thompson's grid·transformation metbod bas proved use
ful in understanding the forces that shape sheets of cells into tbe tissue layers of tbe embryo. 
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The wide part of the keyhole eventually 
gives rise to the brain and the narrow 
part to the spinal cord. 

In the course of the neural plate's 
transformation from the disk stage to 
the keyhole stage its constituent cells 
move in a complex spatial and temporal 
pattern. In undertaking to analyze this 
pattern we made use of a computer sim
ulation to test the adequacy of differ
ent modes of cell behavior to explain 
the observed changes in the shape of 
the tissue. Writing the simulation pro
gram required that we express the be
havior of the cells quantitatively and 
that we make all our assumptions explic
it. These requirements led in turn to 
more precise observations of the living 
embryo. Through such a process of sim
ulation alternating with observation we 
began to discern the forces involved in 
the shaping of the neural plate (and by 
analogy in the shaping of many other 
embryonic tissues as well). 

The newt embryo was chosen for a 
number of reasons. It is hardy and tol
erant of experimental surgery, and its 
neural plate is one cell thick, making 
observation and analysis relatively easy. 
The embryonic newt cells are large 
enough to be examined with a low-mag
nification dissecting microscope, and 
they contain varying amounts of dark 
pigment, so that individual cells can be 
identified and followed during develop
ment without the need for stains or oth
er markers. Moreover, each embryonic 
cell contains its own supply of stored 
food (yolk), so that it is possible to cul
ture groups of embryonic cells or even 
single cells in simple salt solutions. 

T
he mathematical foundations of our 
computer simulation go back to the 

work of D'Arcy Wentworth Thompson 
of the University of St. Andrews at the 
turn of the century. In 1917 Thompson 
published his classic work On Growth 
and Form, in which he proposed that the 
evolutionary transformation of one spe
cies into another is a process involving 
the entire organism rather than succes
sive minor alterations in the body parts. 
Thompson represented the transforma-
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COMPUTER SIMULATIONS shown here were developed by the 
authors to model the formation in the embryo of the neural plate, the 
earliest precursor of the central nervous system. The shaping of the 
tissue is represented as the distortion of a geometric grid placed over 
the embryo. Column a shows a sequence of schematic diagrams of the 
developing neural plate, derived from a time-lapse motion picture. 
Column b shows a computer simulation that incorporates two forces: 
nonuniform shrinkage of the neural-plate cells and elongation of the 
supranotochordal region along the midline of 'he neural plate. The 

resulting shape of the trausformed grid is virtuaUy identical with that 
seen in the embryo. In column c supranotochordal elongation has 
been turned off so that the ouly force is provided by ceU shrinkage; 
the resulting grid is reduced in size but does not attain the keyhole 
shape. In column d ceU shrinkage has been turned off so that the only 
driving force is provided by supranotochordal elongation; this experi
ment could not be done with the living embryo. Although the grid 
does attain the keyhole shape, the top end is overlarge. Thus both 
ceU shrinkage and cell movement appear to shape the neural plate. 
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DEVELOPMENTAL STAGES of the California newt Taricha loro
sa are shown in this abbreviated version of a sequence prepared by 
Victor C. Twitty and Dietrich Bodenstein at Stanford University. 
First the fertilized egg divides many times over (a-f), giving rise to a 
hollow sphere of cells, or blastula. Then a groove appears below the 
equator of the embryo (g) and gradually deepens to form a spacious 
internal cavity as more and more surface tissue moves into the interi
or (h, i). This process, termed gastrulation, gives rise to two internal 
tissue layers: the endoderm and the mesoderm. The mesoderm later 
forms the main body musculature and the notochord (a rod beneath 
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the embryonic nervous system). One hemisphere of the outer layer 
of the embryo then flattens into a disk 1../) and forms itself into the key
hOle-shaped neural plate (k). At the same time the supranotochordal 
region of the neural plate and the underlying notochord undergo a 
considerable elongation and narrowing along the midline. In the suc
ceeding stages the neural plate rolls up to form the neural tube (I-II), 
the eyes develop and the embryo elongates into the larval form (0-1). 
Views a-fshow the top of the embryo, g-i show the bottom,j-m and I 
show the back and II-S show one side. The newt embryo is particularly 
amenable to analysis because it is hardy and its cells are quite large_ 
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tion as the geometric distortion of a grid 
placed over the organism, resulting in 
extensive changes in spatial relations, 
As a consequence two organisms having 
a common ancestor will have shapes 
that are related by an often simple trans
formation. Thompson's method of geo
metrical transformation has proved to 
be extremely useful in mathematical
ly analyzing the shaping of embryonic 
tissues. 

In 1968 Mary Beth Burnside, who was 
then working at the University of Texas 
at Austin, analyzed the movement of in
dividual pigmented cells in developing 
newt embryos by following the cells at 
the intersections of a superposed O'Ar
cy Thompson grid. By means of time
lapse motion pictures she determined 
how the geometry of the grid was dis
torted during the forming of the neural 
plate. The transformation was remark
ably consistent from one embryo to the 
next: when she superposed the trans
formed 0' Arcy Thompson grids of three 
different embryos, they overlapped al
most exactly. She also observed that the 
distortion of the neural plate was corre
lated with shrinkage of the exposed sur
face areas of the cells, and that the ex
tent of the shrinkage varied over the 
surface of the plate. As the plate shrank, 
the surface area of each cell remained 
inversely proportional to its height (its 
dimension perpendicular to the sheet). 
Moreover, the increase in height oc
curred without growth, with the volume 
of the neural plate remaining constant 
during the transformation. 

The mechanism by which the neu
ral-plate cells lengthen, or increase in 
height, and thereby reduce their ex
posed surface area is understood to 
some extent. With the aid of the elec
tron microscope Burnside observed con
tractile microfilaments arranged like a 
purse string around the top end of each 
cell. Contraction of the microfilaments 
appears to be responsible for the shrink
age of the exposed cell surface. Larger 
fibers known as micro tubules are orient
ed along the cell's length and are essen
tial for its lengthening. 

On the basis of Burnside's observa
tions we undertook to devise a mathe
matical model of the neural plate as a 
sheet of cells, each cell of which length
ened perpendicular to the sheet while 
maintaining a constant volume. In for
mulating a quantitative model of the 
behavior of a neural-plate cell we had 
to know whether or not height increase 
was influenced by the behavior of neigh
boring cells. We transplanted small 
groups of neural-plate cells from one 
area of the neural plate to another, 
where they lengthened in accordance 
with their original positions. In 1946 Jo
hannes Holtfreter, working at McGill 
University, isolated single neural-plate 
cells and observed that they continued 
to lengthen when they were cultured in 
laboratory glassware. His observation 

NEWT EMBRYO is magnified 40 times in tbis pbotomicrograpb (tbe embryo is 2,4 millime
ters in diameter), Tbe keybole-sbaped structure in tbe center of tbe embryo is tbe neural plate, 
Tbe wide part of tbe keybole is destined to become tbe brain and tbe narrow part tbe spinal 
cord, Because tbe newt neural plate consists of a single layer of cells, it provides a simple but 
representative system for examining bow tissues are formed in tbe embryo, Moreover, tbe 
amount of brown pigment varies from cell to cell, so tbat it is possible to follow tbe movements 
of individual groups of cells at low magnification witbout tbe need for stains or otber markers, 

has been confirmed by Burnside. There
fore lengthening is an intrinsic property 
of each cell: the cell will increase its 
height by a characteristic amount wher
ever it is. Each neural-plate cell can be 
viewed as an autonomous entity whose 
"height program," or prospective course 
of lengthening, has been determined in 
advance. 

We obtained the height programs 
of different cells in the following 

manner. We first measured the heights 
of the cells in the disk stage in sectioned 
embryos and then used time-lapse mo
tion pictures to see where the correspond
ing cells were relocated in the keyhole 
stage. (Some cells moved as much as .9 
millimeter across the 2.4-millimeter 
embryo!) We then sectioned a keyhole-

shaped neural plate and measured the 
new heights of the relocated cells. 

Our mathematical description of a 
neural-plate cell consisted of five quan
tities: two spatial coordinates for the 
cell's location, the cell's initial height, its 
volume and its height program (which 
was placed in one of nine classes accord
ing to the cell's rate of elongation). The 
shrinkage pattern of the plate could thus 
be represented as the pattern of different 
height programs distributed over the 
disk-shaped plate [see bottom illustra
tion on next page]. The pattern turned 
out to be quite complex. 

At first we thought that the shrink
age pattern alone might be sufficient to 
explain the shaping of the neural plate. 
We tested this hypothesis by experiment, 
by mathematical modeling and by com-
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LENGTHENING AND SHRINKAGE of the neural-plate cells generate forces that help to 
shape the tissue. Here the same neural-plate cells are shown immediately after gastrulation (a) 
and after the closure of the neural tube (b). Each roughly cylindrical ceU lengthens perpendicu
lar to the sbeet while maintaining a constant ceU volume; as a result its exposed surface area de
creases. Because the microfilament bundIes (color) in each cell are coupled to those of the adja
cent cells, the shrinkage of one cell pulls the other cells toward it, thereby reshaping the sheet (c). 
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PATTERN OF CELL LENGTHENING in the neural plate is quite complex, as is suggested 
by this map. The precise amount by which each cell lengthens (its "height program") varies 
considerably with the location of the cell in the neural plate. Here the height programs have 
been placed in nine classes according to the cell's rate of lengthening. The fastest class is 9. 
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puter simulation. In our experiments we 
surgically removed the disk-shaped neu
ral plate from the embryo and grew it 
in tissue culture. The surface of the iso
lated neural plate shrank, but the re
sulting shape was only slightly narrowed 
at the rear end and looked very little like 
the expected keyhole shape. We then 
reasoned that if each cell pulls isotrop
ically (that is, equally in all directions) as 

. it shrinks, the angle between two in
tersecting lines drawn on the sheet of 
cells should not change. In mathemati
cal terms such a transformation is called 
conformal. Yet we knew that large 
changes of angle did occur in some re
gions of the D' Arcy Thompson grid dur
ing the transformation of the neural 
plate, indicating that the shape change 
was nonconformal. 

Our computer simulation led us to the 
same conclusion. We modeled the neu
ral plate as being made up of approxi
mately 300 "shrinkage units," each unit 
being a cylinder representing a group 
of approximately 30 cells. When we ran 
the computer program allowing the 
shrinkage pattern to deform the D'Arcy 
Thompson grid, the simulated neural 
plate did not attain the keyhole shape 
but merely became smaller, much as 
had happened with the isolated neural 
plate grown in tissue culture [see col
umn c in illustration on page 107]. It 
therefore seemed clear that no shrink
age pattern in itself could give rise to the 
keyhole shape, and we began to look for 
a second force. 

T
he changes of angle in the D' Arcy 
Thompson grid of the transformed 

neural plate implied the existence of a 
shearing force that was moving some of 
the cells with respect to one another. In 
search of what might generate such a 
force we took a close look at the noto
chord, which is part of the mesodermal 
tissue underlying the neural plate. In 
older embryos the notochord is a rod 
running most of the length of the em
bryo under the spinal cord and brain. In 
the neural-plate stages the notochord is 
a flat sheet of cells that is in the process 
of shaping itself into a rod. Carl-Olof 
Jacobson and Jan LOfberg of the Uni
versity of Uppsala had shown that al
though the mesodermal cells followed 
paths similar to those of the overlying 
neural-plate cells during the formation 
of the plate, only the cells in the no
tochord exactly followed the paths of 
the overlying cells. Moreover, we found 
that the cells of the notochord adhere 
tightly to the overlying neural-plate 
cells, whereas the rest of the mesoderm 
does not. This mechanical attachment 
was evident when we tried to separate 
the two tissue layers. We have termed 
the part of the neural plate that lies 
over the notochord the suprariotochord
al region. 

If we removed the neural plate from 
the embryo along with the notochord 
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and grew it in isolation, a normal key
hole shape resulted. If, on the other 
hand, we left the neural plate attached 
to the embryo and removed the noto
chord by cutting it away from below, 
the keyhole shape did not arise. Similar
ly, if the notochord itself was isolated 
from the neural plate and grown in cul
ture, the cells did not rearrange them
selves into a rod. We concluded that the 
cells of the notochord and the supra
notochordal region of the neural plate 
move synchronously, but that neither 
set of cells will execute these move
ments in isolation. Therefore our next 
step was to incorporate the elongation 
of the supranotochordal region into our 
computer simulation. 

In programming the simulation we 
had to find a means of holding the 
shrinkage units together to represent a 
continuous sheet of cells. The neigh
boring units were connected by "bonds" 
that were modeled as if they were rub
ber bands. Problems soon arose with this 
approach. As the shrinkage units dimin
ished in size and the supranotochord
al region elongated, some of the bonds 
were stretched to lengths that could not 
normally be attained by cells in the em
bryo. Such stretching seemed to point to 
the possibility of unrelaxed tensions in 
the neural plate. We looked for signs of 
these tensions in the embryo by cutting 
small slits in the neural plate. As we had 
anticipated, the tensions in the plate dur
ing the disk stage caused the slits to gape 
open. In the keyhole stage, however, 
when slits were cut, they did not gape, 
indicating that the tensions in the neural 
plate had relaxed. Thus the neural plate 
does not behave simply like an elastic 
material; it also has a viscous character. 
Such mixed behavior in a material or a 
fluid is called viscoelasticity. 

In order to model the viscous compo
nent of the neural plate we allowed 

the bonds between the shrinkage units to 
snap when they got too long; the length 
at which they snapped was derived from 
an empirical measurement of the maxi
mum observed stretching of cells in the 
embryo. The separated shrinkage units 
were then allowed to join up with new 
neighboring units. This change of neigh
bors among the units allows for the vis
cous component of the flow and ac
counts for the observed shear. 

We found that by combining the 
shrinkage pattern and the movements of 
the supranotochordal region in our sim
ulation we could obtain a transformed 
D'Arcy Thompson grid that was virtual
ly identical with the keyhole shape ob
served in the embryo. We wondered, 
however, if the second force alone 
might be sufficient to effect the transfor
mation. Unfortunately we could not test 
this hypothesis by experiment because 
we knew of no way to prevent the 
shrinkage of the neural-plate cells with
out affecting the movement of the su-
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CROSS SECTIONS through the newt embryo at two stages of its development illustrate the 
relations between the neural plate and the underlying tissue layers. The micrograph at the top 
shows the tissues of an embryo that has just completed gastrulation; the neural plate, the meso
derm and the endoderm are visible. The micrograph at the bottom is of an embryo with a key
bole-shaped neural plate. Note that between the two stages the cells of neural plate have length
ened, whereas those of notochord and supranotochordal region have converged along midline. 
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GAPING OF WOUNDS when the neural plate is slit reveals the presence of internal tensions 
in the disk-shaped stage of the embryo (left). The tensions have relaxed by the keyhole-shaped 
stage (right). The presence of these tensions indicates that the neural plate is both elastic and 
viscous, a property shared by nonbiological materials that Bow, such as metals under pressure. 

pranotochordal region. It was a simple 
matter, however, to modify the comput
er simulation so as to turn off the shrink
age as the supranotochordal region 
elongated. Although the resulting trans
formed D'Arcy Thompson grid had a 
keyhole shape, its front end was over
sized [see column d in illustration on 
page 107]. We therefore concluded that 

both the shrinkage pattern and the elon
gation of the supranotochordal region 
are necessary and sufficient to account 
for the shaping of the neural plate. 

In vertebrate animals the main role of 
the notochord is apparently to partici
pate in the formation of the embryon
ic nervous system. Once the backbone 
has appeared the notochord has no fur-

LINES OF SHEAR in the embryo are generated at the interface between a sheet of cells whose 
surface area is shrinking and an adjacent sheet of cells whose surface area remains the same or 
actually increases. This computer simulation shows a simplified example of such an interface, 
with shear (the changing of cell neighbors) occurring at the downturned edges. Shear occurs 
along midline of the neural plate during the elongation of the supranotochordal region and at 
the border between neural plate and the epidermis (the rest of the outer layer of the embryo). 
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ther function and largely disintegrates. 
Three lines of evidence led us to the 

conclusion that shear occurs in the neu
ral plate: the nonconformality of the 
transformation of the D'Arcy Thomp
son grid, the need to introduce visco
elasticity into our computer model and 
direct observations of groups of cells 
changing neighbors. There are at least 
two regions of the neural plate where 
shear may be found: in the supranoto
chordal region and at the boundary be
tween the neural plate and the epidermis 
(the rest of the outer layer of the em
bryo). In the latter region the neural
plate cells, which are shrinking at a rap
id rate, are juxtaposed with epidermal 
cells that are actually flattening and in
creasing their exposed surface area. As a 
result an abrupt boundary is formed 
along which shear can develop [see bot
tom illustration on this page]. The mas
sive amount of shear among the neural
plate cells in the supranotochordal 
region may play a major role in subdi
viding the neural plate into two bilat
erally symmetric halves. 

T
he question of why abrupt bound
aries arise between cell domains is 

largely unsolved. but lines of shear be
tween cells may be an important factor. 
Several investigators. including Edwin 
J. Furshpan and David D. Potter of the 
Harvard Medical School and Werner R. 
Loewenstein of the University of Miami 
School of Medicine. have found that 
most cells in the embryo communicate 
electrically and chemically by means of 
permeable adhesions between their out
er membranes called gap junctions [see 
"Junctions between Living Cells." by L. 
Andrew Staehelin and Barbara E. Hull; 
SCIENTIFIC AMERICAN. May]. Ions and 
even fairly large molecules can pass 
freely among the coupled cells, and this 
cellular communication may play an 
important role in the formation of cell 
domains that exhibit coordinated be
havior during embryonic development. 
The cells of the neural plate comprise 
one such domain; the cells of the epider
mis comprise another. Shear may sever 
or alter the function of the gap junctions 
between cells at the boundary between 
the neural plate and the epidermis. lead
ing to their functional separation. This 
separation could lead in turn to different 
subsequent development in each of the 
two isolated cell domains. 

Once the flat neural plate is formed 
it rolls into a tube. The dominant effect 
may be the elongation of the supranoto
chordal region. which at this time in
creases its rate of elongation tenfold. If 
one stretches an elastic sheet. such as a 
thin sheet of rubber or plastic, along a 
line. it will buckle out of the plane and 
form a tube. We are now embarking 
on a new computer simulation to test 
whether or not this phenomenon will 
quantitatively explain the formation of 
the neural tube. 

© 1978 SCIENTIFIC AMERICAN, INC



In devising our computer simulation 
of the neural plate we became aware 
of the analogy between its formation 
and the flow of non biological materials, 
such as metals. The branches of physics 
that deal with the flow of materials are 
hydrodynamics and the more general 
discipline of continuum mechanics. Yet 
there are two major differences between 
ordinary hydrodynamics and the flow of 
tissues during development (which we 
have proposed to name morphodynam
ics). First, ordinary fluids are passive, 
responding to the forces applied on 
them, whereas the forces that drive the 
flow of tissues are generated by the cells 
themselves. Second, most fluids are spa
tially uniform in their intrinsic proper
ties, whereas the fluid properties of a 
tissue are highly nonuniform, as is evi
denced by the complexity of the shrink
age pattern in the neural plate. The 
added complexity of morphodynamics 
makes it mathematically intractable and 
places it at the limits of the descriptive 
power of hydrodynamics, even with the 
availability of high-speed computers. 

In our work on the neural plate we 
have shown how the morphogenesis of a 
sheet of tissue is a consequence of the 
behavior of its cells. One of these kinds 
of behavior, namely the carrying out of 
a height program by each cell, seems in 
turn to be a consequence of the behavior 
of the large structural molecules. such 
as microtubules and microfilaments. 
within each cell. As we have seen. the 
height program varies from cell to cell. 
This observation raises some fundamen
tal questions. What is the mechanism by 

which the spatial pattern of height pro
grams is established? The answer may 
well bear on pattern formation in gener
al. Exactly what is it in each cell that 
varies from cell to cell to give the cells 
their different height programs? Per
haps the regulation mechanism is like 
a thermostat whose molecular control 
may be set differently in each cell. Final
ly, we need to learn how this control 
mechanism operates to carry out the 
height program. The molecular mech
anisms seem within grasp for this tis
sue. so that we may have here an excel
lent opportunity to investigate these 
questions. 

The formation of the supranotochord
al region of the neural plate and the 
notochord itself remain an enigma. It is 
not understood how the cells in this part 
of each sheet can rearrange themselves 
drastically but in a coordinated fashion 
to give rise to elongated structures. The 
answer may lie in surface-tension inter
actions between the supranotochordal 
region and the rest of the neural plate 
that operate by way of the different 
strengths of adhesions between cells. 

The development of an embryo is one 
of the most profoundly difficult and 
challenging phenomena to comprehend. 
After a number of years of study we 
have succeeded in obtaining a quantita
tive understanding of how the behavior 
of cells in a single tissue leads to its 
change in shape. Although this work has 
yielded a few important principles of 
embryogenesis. it has revealed or made 
explicit a number of other fundamental 
mechanisms that remain to be grasped. 

SUPRANOTOCHORDAL REGION of the neural plate is shown diagrammatically at the disk 
stage of the neural plate (left) and at the keyhole stage (right). The circles represent equal num· 
bers of cells. As the supranotochordal region elongates and narrows along the midline of the 
neural plate, cells from the interior of the Hat region intercalate to take positions at the perime. 
ter. The diagram illustrates immense amount of shear that is involved in the shape change. 
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Complexity Theory' 

Complex systems such as telephone exchanges and computers consist 
of large numbers of simple components. Complexity theory seeks to 
establish the number of components needed to perform a given task 

M
any complex systems such as 

those found in a computer or a 
telephone exchange are con

structed by interconnecting a large num
ber of simple components. The com
plexity of these systems arises from the 
number of components and the intri
cacy of their interconnections. rather 
than from any great complexity of the 
components themselves. The systems 
formed in this fashion are somehow 
much greater than the sum of their 
parts. 

It is natural to assume that every com
ponent in a complex system is there for a 
reason. but although it may be true that 
the removal of any component would 
cause the system to malfunction. it is 
also possible that an overall reorganiza
tion would lead to a working system 
with many fewer components. For ex
ample. at the present time there is no 
convincing proof that the tasks per
formed by modern computers and tele
phone exchanges could not be per
formed just as well by systems with. say. 
half as many components. This possibil
ity has given rise to a new mathematical 
discipline called complexity theory. 

Complexity theory seeks to determine 
the minimum number of components 
needed for these systems. It pursues this 
goal in two ways: by finding new designs 
that call for fewer components and by 
showing that a certain number of com
ponents will be needed no matter what 
design is followed. Finding new designs 
for a system has an obvious practical 
significance: it can increase the efficien
cy of the system and reduce its cost. The 
second type of investigation. which sets 
limits beyond which further attempts at 
improvement are futile. is equally nec
essary for a complete understanding of a 
particular system and is often much 
harder to accomplish. 

Of the two sources of complexity. the 
number of components and the intrica
cy of their interconnections. complexity 
theory is concerned almost exclusively 
with the first. This sometimes leads to 
confusion. because in common usage 
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by Nicholas Pippenger 

the word "complexity" refers more fre
q uently to the second. The difference is 
important because systems that have 
fewer components are often obtained by 
interconnecting the components in a 
more intricate way. In complexity theo
ry this is considered an advantageous 
transformation. 

To illustrate some of the main themes 
of complexity theory I shall concen

trate on one particular problem: design
ing an efficient telephone exchange. For 
many years. from the early 1900's to the 
1950·s. telephone exchanges were the 
most complex digital systems in exis
tence. Much attention. both theoretical 
and practical. has been given to their 
design. 

The purpose of a telephone exchange 
is to provide paths. or connections. for 
calls between subscribers. Since there 
may be many calls in progress at once. 
the exchange must be able to provide 
many paths simultaneously. A modern 
telephone exchange is connected not 
only to its own subscribers but also. 
through special lines called trunks. to 
other exchanges serving other subscrib
ers. Such an exchange provides paths 
both between subscribers and between 
the subscribers and the trunks. (It may 
also provide paths between trunks. but 
this task is usually performed by special 
exchanges called toll exchanges.) 

For the purposes of this article I shall 
consider only one of the many systems 
in a telephone exchange: a switching 
network with the sole task of providing 

paths for calls that arrive over trunks. 
destined for subscribers served by the 
exchange. The simplicity of the task 
makes it particularly well suited for a 
discussion of complexity theory. 

The switching networks that perform 
this task in modern telephone exchang
es can be regarded as interconnections 
of components of one basic type: the 
switch. A switch can be regarded as a 
very small switching network serving 
only one trunk and one subscriber; when 
the switch is closed. a path is established 
between the trunk and the subscriber. 
and when the switch is opened. the path 
is broken. 

How many components (switches) are 
needed to build the system (the switch
ing network)? My account of this prob
lem will differ considerably from one 
that might be given by a telephone engi
neer. just as a physicist's account of the 
problem of designing an efficient power 
plant would differ from that of a me
chanical engineer. I shall emphasize the 
possibilities and limitations inherent in 
the problem rather than those that are 
encountered in contemporary practice. 
For a power plant the inherent possi
bilities and limitations are expressed by 
the laws of thermodynamics; for a tele
phone exchange they are expressed by 
the findings of complexity theory. 

To better understand the problem of 
designing an efficient switching net

work consider a telephone exchange at a 
typical moment in time. A certain num
ber of calls are in progress. each involv-

COMPLEX SYSTEMS can be constructed by interconnecting a large number of simple com
ponents. The system shown in the illustration multiplies numbers in binary notation. In this in
stance the factors 0110, or 6, and 0111, or 7, are received at the inputs (top) and the product 
00101010, or 42, is delivered at the outputs (bottom). The system is constructed of two types of 
components: those marked with a dot are "and" gates, which deliver a 1 when both of their in
puts receive l's; those marked with a plus sign are "exclusive-or" gates, which deliver a 1 when 
one but not both of their inputs receives a 1. Many large digital computers multiply numbers 
by using systems similar to this one but built on a larger scale. The number of components 
that would be needed to multiply two numbers with, say, 48 binary digits is not known, even 
to within a factor of two or three. Determining the minimum number of components needed 
in a system that multiplies numbers is one of the outstanding problems in complexity theory. 
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COMPARISONS OF COMPLEXITY among different types of physical systems are some
what arbitrary, because there is no universally applicable method of measuring complexity. 
Over the past 400 years, however, the complex systems with the greatest number of compo
nents have been successively the pipe organ, the telephone exchange and the computer. The 
graph in this illustration shows the growth in the number of components in these three types 
of systems; each of them has grown substantially faster than its predecessor. When the compo
nents available for constructing a system and the task to be performed by the system can be pre
cisely specified, complexity theory seeks to find minimum number of components required. 

ing one trunk and one subscriber. The 
switching network provides a path for 
each of these calls, employing different 
switches for each path so that conversa
tions being transmitted over the paths 
do not interfere. This situation can be 
transformed by two events. One of the 
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parties participating in a call may hang 
up, terminating the call and freeing the 
switches that formed the path for the 
call. Or a new call may arrive over a 
trunk that is not engaged, destined for a 
subscriber who is also not engaged. In 
that case the network must provide a 
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IN A TELEPHONE EXCHANGE calls arrive over trunk lines from different areas (large 
open circles) and must be connected to subscribers' lines (large solid circles). The connecting 
paths are provided by a switching network: a complex system consisting of a large number of 
interconnected switches. At any moment there are a certain number of calls in progress in the 
exchange (bottom). As time passes a call may terminate (top left), freeing the switches that 
formed the path for the call. Or a new call may arrive over a trunk that is not engaged, des
tined for a subscriber who is also not engaged (top right). In that case the network must pro
vide a path for the new call (color) without interfering with any of the other calls in progress. 
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path for the new call without changing 
or otherwise disturbing any of the other 
calls in progress. 

The most obvious way to construct a 
switching network is to provide a sepa
rate switch for each possible call. When 
a call arrives on a particular trunk. des
tined for a particular subscriber. the ap
propriate switch is closed; when the call 
is terminated, the switch is opened. A 
network designed in this way is called a 
crossbar because it is often implement
ed as a set of horizontal bars (corre
sponding to trunks) crossed with a set of 
vertical bars (corresponding to subscrib
ers). with a switch located at each point 
of intersection. 

To gauge the efficiency of this design 
consider a network capable of han

dling N calls, that is, one with N trunks 
and N subscribers. A total of N X N. or 
N2, different calls can be made through 
the network, and so there are N2 switch
es in a crossbar. In other words, the 
number of switches in a crossbar is the 
square of the number of calls the cross
bar can handle. Therefore as the num
ber of calls increases, the number of 
switches increases much more rapidly. 
The number of switches required for a 
network that can handle. say, 2N calls 
is not twice the number required for a 
network that can handle N calls but 22, 
or four, times that number. This phe
nomenon of disproportionate growth 
can be called a diseconomy of scale. 

Diseconomies of scale appear fre
quently in complexity theory. Another 
way to view this particular diseconomy 
of scale is to look at the number of 
switches required to build a network di
vided by the number of calls the net
work can handle, that is, the number of 
switches required per call. For the cross
bar this number is N2 divided by N, or N. 
If there were no diseconomy of scale, 
the number of switches per call would 
always be less than or equal to some 
fixed number rather than being an in
creasing function of the number of calls. 

Of course, a real switching network is 
more complicated than the one I have 
been describing. For example, in a real 
network the number of trunks is not 
equal to the number of subscribers. 
(These numbers are nonetheless roughly 
proportional.) Moreover, it is an over
simplification to judge the cost of a net
work solely by the number of switches 
in it; other elements, such as the wires 
that connect the switches and the frames 
on which the switches are mounted, con
tribute to the cost. Even if these addi
tional factors were taken into account. 
however, the crossbar would still dis
play a diseconomy of scale. The dis
economy of scale is a real property of 
the design and not merely a conseq uence 
of the simplifying assumptions. 

It might be expected that a design call
ing for N2 switches in a network that 
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handles no more than N calls at a time 
is not the best. In fact, there is a bet
ter design, one that provides paths for 
the same number of calls with fewer 
switches. It was discovered in the 1950's 
by Charles Clos of Bell Laboratories. 

Clos's design is based on the idea of 
building a large network out of smaller 
networks called subnetworks. These are 
arranged in three stages so that each call 
passes through three subnetworks. The 
subnetworks perform the same task as 
the large network (they provide paths 
between incoming and outgoing lines), 
but they do it on a smaller scale. Hence 
the subnetworks can be crossbars. Many 
of them are rectangular rather than 
square (that is, they have different num
bers of incoming and. outgoing lines), so 
that a sufficiently large number of alter
nate paths through the network are pro
vided for each call. 

In this design each call can follow any 
one of several different paths through 
the network, and it is possible for the 
alternate paths to share switches. In a 
crossbar, which has only one possible 
path for each call, there is no possibility 
of sharing. With Clos's design a network 
that can handle up to N calls at the same 
time can be constructed with about 
6N1.5 switches. When N is 36 or greater, 
the number of switches is always less 
than N2. 

With some additional reproportion
ing of the network the number of 
switches can be further reduced: from 
6N1.5 to 22.5N1.5, or (5. 6 5 6  . .. )NJ..5. The 
reduction of the constant multiplier 6 in 
the expression for the number of 
switches is far less important, however, 
than the reduction of the exponent of N 
from 2 to 1. 5. It is this exponent that 
determines the rate of growth of the 
number of switches as a function of N. 
Clos's design is effective because it re
duces the exponent, thereby substantial
ly slowing the rate of growth. Even if the 
multiplier were much larger than 6, the 
reduction of the exponent from 2 to 1. 5 
would ensure that for large values of N. 
Clos's design would require many fewer 
switches than a crossbar. 

To emphasize the greater importance 
of the exponent, it is common to drop 
the multiplier and consider only the "or
der" 0 of the number of switches. For 
example, the crossbar requires O(N2), or 
order-of-N squared, switches. In other 
words, the number of switches in the 

. crossbar is at most a constant multiple 
of N2. Clos's method of construction re
quires O(N1.5) switches. 

The number of switches in a network 
can be reduced even further if Clos's 

method is applied repeatedly to the sub
networks of the network, that is, if the 
subnetworks are constructed not by 
making crossbars but by interconnect
ing even smaller subnetworks; the small
er subnetworks can in turn be construct-

TO SUBSCRIBERS 

� 
Z 
::J 
cr: I-
::;;; 
o 
cr: u.. 

A CROSSBAR SWITCHING NETWORK provides a separate switch for each possible call 
in a telephone exchange. When a call arrives on a trunk that is not engaged, destined for a sub
scriber who is also not engaged, the appropriate switch is closed; when the caU terminates, the 
switch is opened. In a network capable of handling N calls (one with N trunks and N subscrib
ers) a total of N X N, or N2, different calls can be made, so there are N2. switches in a cross
bar network. Hence as· the number of caUs handled by network increases, number of switches 
in the crossbar increases lIl.uch more rapidly. This phenomenon of disproportionate growth 
is called diseconomy of scale. It is a feature of many systems studied in complexity theory. 

ed by Clos's method. and so on. Of 
course, with each application of this 
method the subnetworks become small
er, so that eventually a point is reached 
where it is more efficient to use crossbars 
than to continue nesting subnetworks, 
and the procedure terminates. The tech
nique of constructing a network by nest
ing smaller and smaller subnetworks is 
called recursion. It is one of the most 
widely applied techniques in complexity 
theory. 

This improved version of Clos's 
method was analyzed in the early 1970's 
by David G. Cantor of the University of 
California at Los Angeles. He found 
that it uses O(N(logN)2.269...) switches. 
(The exponent 2. 269 . . .  is the solution 
of the equation 311(1 - z) + 211(1 - z) = 1.) 
The logarithm of N, even with a large 
exponent, grows more slowly than N it
self, or even N with a small exponent, 
and so the expression represents a slow
er rate of growth than O(N1.5). (It is not 
necessary to specify the base of the loga
rithm here, since logarithms to different 
bases differ from one another by con
stant mUltipliers, which are suppressed 
by the order notation.) 

Cantor also discovered an even better 
design. Like Clos's design, Cantor's is 
based on the interconnection of crossbar 
subnetworks, but the subnetworks are 
arranged in more than three stages and 
the pattern of interconnection is more 
intricate. It is not easy to describe the 
pattern of interconnection. In fact Can
tor's design does not show its advan
tage until networks with 11 or more 
stages are considered. The resulting net
works contain O(N(logN)2) switches. 
This rate of growth is slower than 
O(N(logN)2.269 .. l Once again the im
provement is due to the reduction of the 
exponent, this time the exponent of the 
logarithm of N . 

The Clos and Cantor designs are more 
efficient than the crossbar, but like 

the crossbar they exhibit diseconomies 
of scale. Is there any design that does not 
exhibit this property? Up to this point I 
have discussed only specific methods of 
constructing networks, but in order to 
answer this question it is necessary to 
consider methods of construction in 
general. that is, to employ an argument 
that applies to any method of construct-
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ing networks, no matter how compli
cated or ingenious. In 1950 Claude E. 
Shannon of Bell Laboratories devised 
such an argument to prove that no meth
od of constructing switching networks 
can avoid a diseconomy of scale. 

The key to Shannon's argument is the 

concept of the state of a network: the 
configuration of open and closed 
switches that exists in the network at a 
particular moment. The state of a net
work evolves as calls arrive and termi
nate. much as the state of a physical 
system evolves in response to external 

disturbances such as heating and com
pression. Shannon proved that a dis
economy of scale was unavoidable by 
determining upper and lower bounds 
on the number of different states a net
work can assume. 

The first step of the proof is to show 
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A MORE EFFICIENT DESIGN for switcbing networks was dis
covered by Cbarles Clos of BelI Laboratories in tbe 1950's. A large 
switching network witb fewer switcbes tban a crossbar is formed by 
interconnecting smalI crossbar subnetworks. Many of tbese subnet
works are rectangular ratber tban square, tbat is, tbey bave differ
ent numbers of incoming and outgoing lines. Tbe subnetworks are ar
ranged in three stages, or columns, and eacb subnetw'ork is connected 
to every subnetwork in tbe adjacent stage or stages. Tbe illustration 
shows the construction for a switching network with 36 trunks and 
36 subscribers; tbe switcbes in eacb subnetwork are indicated by col
or dots. (Many of tbe subnetworks and most of tbe interconnecting 
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lines bave been omitted for clarity.) Tbe efficiency of tbis design is 
due to tbe fact that tbere are many alternate patbs tbrougb tbe net
work for eacb calI. Switcbes can be sbared among tbese patbs, and 
so tbe total number of switcbes in tbe network can be reduced witb
out causing calls to be blocked (see illustratioll all opposite page). In 
a crossbar network tbere is only one patb for eacb possible calI and 
no possibility of sbaring switc1ies. In tbe construction sbown in tbe 
illustration tbere are 6(6 X 11) + 11(6 X 6) + 6(11 X 6), or 1,188, 
switcbes as compared to 36 X 36, or 1,296, switcbes in a crossbar for 
same network. In fact, for any switcbing network tbat bandIes 36 or 
more calIs, Clos's design requires fewer switcbes tban crossbar does. 
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that a network capable of handling N 
calls must be able to assume at least 
N!, or N X (N - 1) X ... X 1, different 
states. Consider the network when there 
are no calls in progress. A call arriving 
on the first trunk can be connected to 
any of the N subscribers. If another call 

arrives on the second trunk before the 
first call has terminated, it can be con
nected to any of the N - 1 remaining 
subscribers. Suppose the process contin
ues until a call arrives on the last trunk 
and is connected to the last remaining 
subscriber. The number of possible se-

quences of destinations of the N calls is 
N X (N - 1) X ... X 1. For each of the 
sequences there will be a different set 
of calls in progress in the network, and 
so the network will assume a different 
state. Therefore there are N! different 
states into which the network can be 
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K SUBNETWORKS 2K -1 SUBNETWORKS K SUBNETWORKS 

CLOS'S DESIGN creates 2K - 1 different paths between eacb trunk 
and eacb subscriber to obtain a network capable of band ling K2 calls 
witb about 6K3 switcbes, Clos's design for a three-stage network of 
arbitrary size is sbown bere. It consists of two outer stages eacb witb 
K subnetworks and a middle stage witb 2K - 1 subnetworks. If K is 
cbosen to be about N5, tbe network can bandle about N calls witb 
about 6N1.5 switcbes. (For example, in tbe illustration on tbe oppo
site page K is equal to 6 and N is equal to K2, or 36.) Wben N is 36 
or more, tbe number of switcbes is always less tban N2, tbe number 
of switcbes in a crossbar bandling tbe same number of calls. To ver
ify tbat tbe reduction in tbe number of switcbes does not introduce 

tbe possibility of blocked calls suppose tbat a call arrives over one of 
tbe trunks in group W, destined for a subscriber in group Z. Tbere are 
only K - 1 otber trunks in group W, and so no more tban K - 1 of tbe 
lines in group X can be engaged (color). Similarly no more tban K - 1 
of tbe lines in group Y can be engaged (color). Hence tbe engaged 
lines in groups X and Yare connected to at most K - 1 plus K - 1, or 
2K - 2, of tbe subnetworks in tbe middle stage. Since tbere are 2K - 1 
subnetworks in tbe middle stage, tbere must be at least 2K - 1 minus 
2K - 2, or 1, subnetwork in tbat stage for wbicb neitber tbe line in X 
nor tbe line in Y is engaged. Patb tbrougb tbis subnetwork (heavy 
line) can be given to tbe new call and so tbe call will not be blocked. 
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driven. (Actually only the states with ex
actly N calls in progress have been 
counted; the total number of states will 
be larger than N!.) 

The second step of the proof is to 
show that a network with S switches can 
have no more than 28 states. Since a 
single switch can be thought of as a 
subnetwork with just two states (open 
and closed) .. a network with S switches 
can have at most 2 X 2 X ... X 2 = 28 
states. (In general. the network will have 
even fewer than 28 states. because many 
combinations of open and closed 
switches will not make sense. that is. 
those combinations will not form a set 
of noninterfering paths.) 

The conclusion is now at hand. If a 
network for N calls has S switches. it 
will have at least NI states and at most 28 

states. and thus 28 ? N!. Taking the log
arithm to the base two of the quantities 
on each side of an inequality preserves 
the inequality, and so 28? N! implies 
that S ?  log2N!. 

In the early days of the calculus Abra
ham de Moivre and James Stirling stud
ied the logarithm of N!. They found that 
IOg2NI is always close to Nlog2N, and 
that this approximation becomes better 
and better as N increases. Therefore the 
number of switches in the network must 
be at least about Nlog2N, and the num
ber of switches per call must be at least 
about Nlog2N divided by N, or log2N. In 
other words, the minimum number of 
switches per call required to construct 
any switching network is an increasing 
function of the number of calls the net
work can handle. This fact shows that 
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NUMBER OF CALLS (N) 

DEPENDENCE OF THE NUMBER OF SWITCHES in a network on the numher of calls 
it can handle is shown here for two methods of network construction. The scales for the num
ber of calls tbe network can handle (N) and the number of switches are both logarithmic. Any 
function of the form eNa, where e and a are constants, plots as a straight line on this type of 
graph; the multiplier e determines the point where the line intercepts the vertical axis and the 
exponent a determines the slope of the line. (In this instance the slope of the line is determined 
hy the rate of growth of the number of switches.) For any two functions of this form there is 
a value of N beyond which the function with the smaller exponent assumes smaller values. 
CIos's design is superior to the crossbar because it reduces the exponent of N from 2 to 1.5. 
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diseconomy of scale is an intrinsic fea
ture of switching networks; no method 
of construction, however ingenious. can 
avoid it. 

The investigations I have described 
here follow a pattern typical of re

search in complexity theory: construc
tions are devised to reduce the num
ber of components in a system and ar
guments are marshaled to establish 
bounds on the possible extent of that 
reduction. In the case of switching net
works a gap remains between the con
structions and the bounds. Cantor's 
method of construction requires 
O(N(logN)2) switches. Shannon's argu
ment shows that a diseconomy of scale 
cannot be avoided so that no method of 
construction can be found that requires 
O(N) switches. Can a network be con
structed with O(MogN) switches? 

This question was answered recently 
by L. A. Bassalygo and M. S. Pinsker of 
the Institute for Problems of Informa
tion Transmission in Moscow. Their 
findings are remarkable in that they de
part from the pattern of investigation I 
have been describing. Bassalygo and 
Pinsker proved that a network capable 
of handling N calls can indeed be built 
with O(MogN) switches. but they did 
so without providing an explicit design 
for such a network. 

The networks Bassalygo and Pinsker 
described are constructed by intercon
necting special subnetworks that I shall 
call sparse crossbars. A sparse crossbar 
is a crossbar from which many switches 
have been removed but that still fulfills 
the following requirement: every group 
consisting of a third of the horizontal 
bars is connected by switches to more 
than two-thirds of the vertical bars. 

Of course, a regular crossbar (with ev
ery horizontal bar connected to every 
vertical bar) also fulfills this req uire
ment. but a sparse crossbar does it with 
far fewer switches. Consider a K-by-K 
subnetwork, that is, one with K incom
ing and K outgoing lines. A crossbar of 
this size requires K2 switches, but a K
by-K sparse crossbar can be built with 
only 12K switches. Once sparse cross
bars are available they can be intercon
nected (in much the same way that 
crossbars were interconnected by Clos 
and Cantor) to construct networks capa
ble of handling N calls with O(MogN) 
switches. 

The striking part of Bassalygo and 
Pinsker's proof is the demonstration 
that K-by-K sparse crossbars can be 
built with 12K switches. Rather than 
dealing with a specific arrangement of 
switches in this part of the proof Bassa- . 
lygo and Pinsker considered the class 
of all possible arrangements of 12K 
switches. Each arrangement in the class 
is either good (it forms a sparse cross
bar) or bad (it does not). Routine combi
natorial techniques can be applied to ob-
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There wi ll always 
be men whose tastes 
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tain both a count of all the different ar
rangements and an upper bound for the 
number of bad arrangements. 

The upper bound turns out to be 
smaller than the total number of ar
rangements. (In fact. only a small frac
tion of the arrangements are bad.) 
Hence there must be at least one good 
arrangement. that is. one that forms a 
sparse crossbar. (Actually the vast ma
jority of arrangements must be good.) 
Thus it is possible to build a K-by-K 
sparse crossbar with 12K switches for 
every value of K. (And these sparse 
crossbars can be interconnected to form 
a network with O(MogN) switches.) 

In what sense does this argument fail 
to provide an explicit design for con
structing sparse crossbars? After all. 
there are only a finite number of ways 
1 2K switches can be arranged on K hori
zontal and K vertical bars. Why not sim
ply test each of the arrangements
check every group consisting of a third 
of the horizontal bars and see whether 
they are connected to more than two
thirds of the vertical bars-until a sparse 
crossbar is found? As soon as the 
number of possible arrangements of 
switches is calculated. however. it be
comes obvious that this approach is not 
feasible. 

If K is equal to 48. for example. there 
are more than 10514 different arrange
ments. Even if a million arrangements 
could be tested per second. it would take 
more than 10500 years to test all of them. 
Of course. since the vast majority of ar
rangements are good. testing one or two 
should suffice. There are so many condi
tions to be tested to show that an ar
rangement forms a sparse crossbar. 
however. that testing even one arrange
ment would be hopelessly time-consum
ing. For the 48-by-48 crossbar there are 
more than 1024 ways of choosing a third 
of the horizontal bars and two-thirds of 
the vertical bars. If a million of these 
choices could be tested per second. it 
would take more than 1010 years to test 
them all. 

The arguments of Shannon and of 
Bassalygo and Pinsker show that as 

the number of calls handled by a net
work grows. the number of switches per 
call must grow as fast as the logarithm 
of the number of calls and need grow no 
faster. No explicit design is known. how
ever. for networks that achieve this min
imum rate of growth. Moreover. the 
best available upper bound and lower 
bound on the number of switches per 
call required in a network have the same 
order. or rate of growth. but have multi
pliers that differ by a factor of 30. It is 
not yet known where in that range the 
correct figure lies. 

These persistent problems can be 
avoided by asking a little less of switch
ing networks. Up to this point I have 
discussed only nonblocking networks: 

SPARSE CROSSBAR is a crossbar switching network from which many switches have been 
removed but that still fulfills the following requirement: every group consisting of a third of 
the horizontal bars is connected by switches to more than two-thirds of the vertical bars. For 
example, in the small sparse crossbar shown in this illustration, one group of two horizontal 
bars (light color) is connected to five vertical bars (dark color). L. A. Bassalygo and M. S. Pin
sker of the Institute for Problems of Information Transmission in Moscow proved that by inter
connecting sparse crossbars it is possible to construct switching networks with no more than 
cMogN switches, where c is a constant. Their proof differs from most work in complexity the
ory in that it establishes existence of a network without giving explicit design for the network. 

networks that provide a path for any call 
that arrives on a free trunk. destined for 
a free subscriber. There are switching 
networks of a different kind that could 
be employed in a telephone exchange: 
seldom-blocking networks. which pro
vide paths for most calls but not all. A 

. 
non blocking network is guaranteed to 
provide paths even for a sequence of 
calls chosen by an adversary to the net
work (an adversary being someone who 
undertakes to force the network to block 
a call). A seldom-blocking network is 
guaranteed only to provide paths for 
most calls in the benign environment of 
randomly arriving calls. (The processes 
that govern the placing of telephone 
calls are so complicated that it is more 
fruitful to view them probabilistically 
than to do so deterministically; from 
this point of view. although the ebb and 
flow of calling follow predictable cycles. 
the detailed arrival of individ ual calls 
can be regarded as being random.) 

In a real telephone exchange it is not 
necessary to guarantee a path for every 
call in every possible state of the switch-

ing network. The subscribers of an ex
change will probably not object if. say. 
one call in 1.000 is blocked. particularly 
if a substantial reduction in cost is ob
tained. It is by exploiting this fact that 
real telephone exchanges. which use 
fewer switches than any of the non
blocking networks I have described. 
provide satisfactory performance at low 
cost. 

Seldom-blocking networks present 
additional problems for complexity the
ory. How should they be constructed? 
Do they too have an unavoidable dis
economy of scale? While I was a grad
uate student at the Massachusetts In
stitute of Technology I discovered that 
for any positive number E (say. a thou
sandth) there is a network having the 
following property: If the network is in a 
randomly chosen state and a call arrives 
on a free trunk. destined for a free sub
scriber. then the probability that no path 
can be provided is at most E. 

Like the Bassalygo-Pinsker networks. 
these seldom-blocking networks contain 
O(MogN) switches. Moreover. for such 
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networks the multiplier suppressed by 
the order notation is smaller than the 
one given by Bassalygo and Pinsker by 
about a factor of 10 [see illustration be
low]. Finally. there is an explicit plan 
for these networks. so that the main prob
lems of nonblocking networks have been 
avoided. One difficulty remains. The 
property describing the probability that 
a call will be blocked in a seldom-block
ing network says nothing about the evo
lution of the state of the network in 
time. and it is not yet known whether 
or not a network in a randomly chosen 
state will be in another randomly cho-

sen state after the arrival and term ina': 
tion of many calls. Thus there is still 
no complete understanding of why real 
telephone exchanges are as efficient as 
they are! 

There are a number of ways of ex
tending Shannon's argument regarding 
the diseconomy of scale of nonblocking 
networks to seldom-blocking networks. 
They all show that seldom-blocking net
works have an unavoidable diseconomy 
of scale of the same type as nonblocking 
networks: the number of switches per 
call must grow as fast as the logarithm 
of the number of calls. Therefore allow-
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UPPER AND LOWER BOUNDS on the number of switches per call required to construct a 
switching network (the number of switches in the network divided by the number of calls the 
network can handle) have been established by several different types of reasoning. When these 
bounds are plotted on a graph in which the scale for the number of switches per call is logarith
mic and the scale for tbe number of calls is doubly logarithmic (moving one unit out along the 
scale corresponds to squaring rather than simply multiplying by 10), then the bounds are 
asymptotic to the straight lines shown here. (At present real telephone exchanges handle from 
103 to 104 calls. The graph has been extended far beyond 104 calls to show the crossing of 
the upper bounds.) The upper bounds established by David G. Cantor of the University of Cal
ifornia at Los Angeles and Bassalygo and Pinsker and the lower bound established by Claude 
E. Shannon at Bell Laboratories (solid lines) apply to non blocking networks: networks guaran
teed to provide a path for any call that arrives on a trunk that is not engaged, destined for a sub
scriber who is not engaged. The other bounds (broken lines) apply to seldom-blocking networks: 
networks guaranteed only to provide paths for most calls when calls arrive at random. The up
per and lower bounds on the number of switches per call required in seldom-blocking networks 
fall below the upper and lower bounds for nonblocking networks. The difference between the 
lower bounds for non blocking and seldom-blocking networks is negligible when the blocking 
probability (the fraction of the calls for which a seldom-blocking network cannot provide a 
path) is small. At present it appears that seldom-blocking networks are both easier and cheap
er to construct than nonblocking ones. To determine whether or not that is true it will be nec
essary either to raise the lower bound for nonblocking networks above the upper bound for 
seldom-blocking networks or to lower the upper bound for nonblocking networks to the lower 
bound for seldom-blocking networks. It is not yet known which of the alternatives will prevail. 

124 

ing a fixed probability of blocking 'can 
affect no more than the constant multi
plier in the expression for the number of 
switches in a network. 

It appears that seldom-blocking net
works are easier to build and cheaper 
than nonblocking ones. but it is still pos
sible that a method of constructing non
blocking networks with as few switches 
as seldom-blocking ones will be discov
ered. Of course. if nonblocking and sel
dom-blocking networks can be had for 
the same cost (the same number of com
ponents). there is no reason to settle for 
the seldom-blocking kind. no matter 
how infrequently blockages are encoun
tered. It is not known. however. whether 
the costs of these two kinds of network 
are indeed equal. For at least one prob
lem. the transmission of information 
over a noisy channel. a premium in the 
form of a reduction in the rate of trans
mission must be paid for insisting on the 
kind of perfect performance analogous 
to nonblocking in networks. 

There are two ways of showing 
whether or not the same is true for 
switching networks. If the lower bound 
on the cost of nonblocking networks 
were raised above the upper bound on 
the cost of seldom-blocking networks. 
that would prove that a premium must 
be paid for nonblocking performance. 
Or if the upper bound for non blocking 
networks were reduced to the lower 
bound for seldom-blocking networks. 
that would prove that there is no premi
um for nonblocking performance. In ei
ther case a better understanding of non
blocking networks is needed. 

What. then. is the status of the work 
on switching networks? For practical 
purposes the theory of seldom-blocking 
networks is quite satisfactory. Expand
ed versions of this theory-formulations 
that include the cost of components oth
er than switches. fluctuations in calling 
traffic and so on-have been used in the 
design of real switching networks. The 
theory of non blocking networks is also 
at an encouraging. if tantalizing. point in 
its development. It appears that further 
progress will require an essentially dif
ferent kind of argument. based on a new 
perception of the problem. 

In this article I have examined a single 
problem in complexity theory. but 

the phenomena it brings to light appear 
frequently in other problems. Indeed. 
the most important lesson of complexity 
theory is the demonstration of the di
versity of phenomena that can arise 
through the interaction of simple com
ponents. Today's computers and tele
phone exchanges present problems be
yond our understanding. but these sys
tems are dwarfed in complexity by even 
the humblest biological systems. While 
complexity theory struggles with the 
problems within its reach far greater 
problems lie beyond. 
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more"plop:" 
The Accutrac t- 6 doesn't drop records . Instead, it lowers them onto the platter. 

When you play 6 records, normally they "plop" onto the platter. 
Ouch! 
But the new Accutrac® + 6 is computerized to protect your records: no more "plop!' Instead, it 

lowers the records onto the platter, v-e-r-y g-e-n-t-I-y. 
Ahhh. 
Its Accuglide TM spiral spindle defies gravity. 
Touch the computerized control key, and a platform spirals up through the platter to locate-and

lower each record. No record drop. No record damage. 
But the computerized controls of the Accutrac+6 make it more than the ultimate in record safety. 

It's also the ultimate in convenience. 
Because with the new Accutrac+6, what comes down must come up. Just touch the "raise record" 

key, and it lifts all 6 records back up to the starting position. Ready for your next command. 
Which brings us to the fact that the Accutrac+ 6 is also the ultimate in record control. 
With its computerized programming keys you can command the Accutrac + 6 to play the tracks on 

each record in any order you like. As often as you like. Even skip the tracks you don't like. 
And you never have to touch the tonearm to do it, because the Accutrac+6 is engineered with a 

computerized "hands-off' tonearm. 
In fact, once you close the dust cover you never have to touch the records or tonearm again to 

hear your programmed selections. 
WithAccutrac+6 model 3500R, you can control everything from across the room with a full

system remote control transmitter and receiver. There's even remote volume control on model 3500RVC. 
No other 6 record system gives you the record safety, convenience and control of the new 

Accutrac + 6. But the truly incredible feature of the new Accutrac + 6 is its low price. From under $300* 
for model 3500. nnn � "1ii (5;2 

So forget everything you know about 6 record systems. And remember ��19 ���ll5 utr�� + IJ) 
to see the new Accutrac+ 6. It defies gravity, and your imagination. ABSR Company 

·Price shown in this ad is approximate. Selling price is determined by the indivi.dual dealer. ®Accutrac is a registered trade:mark of Accutrac Ltd. 

ADC Professional Products. A Division of BSR Consumer Products Group, Rte. 303, Blauvelt, N.Y. 10913. 
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Youa expect McDonnell Douglas 
to build the super quiet 

DC-9 Super 80 • 
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... but would you expect us to help you put 
your projects on Spacelab, insulate ocean
going tankers, or keep books for doctors? 
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The new DC-9 Super 80 is coming .  
And you'll b e  able to see i t  long, l ong 
before you hear i t .  

Our new Super 8 0  i s  expected t o  
cut the high-noise area around airports 

to as little as one-fifth of what it is 
with current jetliners of comparable 
size . With powerful,  yet efficient, new 

engines, and improved instru
mentation for all-weather 

operations, the Super 80 offers 
airlines the lowest operating cost per 

seat mile of any jetliner in this class . 
And it offers you, the passenger, 

the comfort of improved ventilation 
and lighting, a much quieter ride, plus 
the on-time reliability you've come to 
expect from the DC-9 family of jets.  

Our new Super 80 will fly in the 
early 1980s . . .  and so will Spacel ab . . .  

Under contract with NASA, we're 
working with scientists and private 

industry to put research and 
manufacturing projects into 

orbit aboard the European 
Space Agency's Spacelab. The 
potential is as limitless as 
space itself. New life- saving 
drugs, for instance, 

difficult to produce on 
Earth.  And silicone crystals 
for electronics com
ponents - with a purity 
never before achieved. 
To put your projects 
into orbit, we're the ones to cal l .  

Our "floating pipeline;' another project 
with roots in our space work, offers help 
in solving world-wide energy problems. 
Developed in cooperation with Gaz
Transport of France, it 's an insulating 

system for sea-going tankers which 
keeps natural gas in super- cold l iquid 

form during transport . This  
system, that saves space o n  
ships, offers cost savings t o  

shipbuilders and owners, 
and eventually, to users . 

Just as our aerospace technology 
has produced some quite remarkable 
down-to- earth benefits, so has our 
computer technology . . .  

You may have 
noticed - your 
doctor has not 

escaped the paperwork avalanche. In
surance and other report forms to be 
filled out . Financial accounting which 
grows more and more complex. Records 
of all kinds which must be kept avail
able. Expensive paperwork which adds 
to the cost of your medical care . 

That's why you'll welcome, as 
doctors do, our new Physician Data 
Services - a  fully-computerized account
ing and records system for medical 
groups and clinics. It not only gives you 
instant answers to questions about your 
account, it  also gives your doctor an 
accurate, automated answer to his 
paperwork problems. And that can help 
keep your medical care costs down. 

Finding answers is the work we do 
at McDonnell Douglas. And while we're 
an aerospace company, building jet
liners, fighter planes, and space systems, 
we're also building on our aerospace 
technology to help find answers to the 
needs of people everywhere. If you'd 
like to know more about any of the 
work we've discussed here, just drop us 
a note. Address: McDonnell Douglas, 
Box 14526, St. Louis, MO 63178. 

We bring technology to life . 
EQUAL OPPORT U N I TY IN PROFESSIONAL CA REERS. S E N D  R E S U M E  BOX 1 4526.  ST LOUIS.  MO 6 3 1 78 

1 2 5 B  
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The Preservation of Stone 
The forces that erode stone in nature also erode it when it is used 
for buildings, and they are intensified by contaminants in the air 
of cities. The erosion can be retarded by novel chemical treatments 

S
tone is traditionally the most dura

ble of building materials. but of 
course its durability is not absolute. 

It depends on the type of stone and on its 
environment. particularly when the en
vironment is an urban one rich in sulfur. 
nitrous oxides and carbon dioxide. Un
der such conditions stone decays. some
times quite rapidly. Ironically the proc
ess has been accelerated in some in
stances bY,attempts made in the past to 
save deteriorating structures. Without 
suitable corrective action it is distinctly 
possible that such splendid buildings as 
the Parthenon. the Colosseum and the 
Taj Mahal, which are already in various 
stages of decay, will disintegrate. 

Studies aimed at finding satisfactory 
methods of preserving stone are in prog
ress in several laboratories around the 
world. One of them is the Stone Conser
vation Laboratory of the University of 
Louisville, where I as a geologist and 
workers from a number of other dis
ciplines have joined forces to attack 
the problem. This article is based on 
our work. 

The deterioration of stone is stark
ly manifested in dirty fac;:ades. behind 
which the stone is literally crumbling. 
The process at the very least makes the 
stone unattractive. and it may render the 
building structurally unsound. The pur
pose of preservation is to reverse the 
processes of deterioration so that the fa
c;:ade is clean and the stone is structually 
regenerated. 

Another aspect of preservation in
volves restoring parts of a stone struc
ture that have deteriorated beyond re
pair. Considerations of structural engi
neering may require the replacement of 
unstable portions of a historic building 
while the building's architectural integ
rity is maintained. Similar requirements 
arise in the earthquake zones of Califor
nia. where architectural codes call for 
the removal of certain types of over
hanging cornice in the interests of safe
ty. The replacements are made of light
er artificial materials that maintain the 
structural and aesthetic qualities of the 
original. 
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by K. Lal Gauri 

The preservation of stone is therefore 
a subject with many aspects. It deals 
with the processes of weathering; with 
the cleaning. consolidation and resto
ration of weathered objects; with the 
fabrication of replacement structures 
and with the development of criteria 
that serve as standards for preserva
tion work. 

The common natural building stones 
are marble, limestone, sandstone, ba

salt and granite. Serpentine and verde 
antique, which have been erroneously 
called marble, are sometimes employed 
for ashlar (flat facing stones) and for 
supporting columns. The limestones and 
marbles consist primarily of the min
eral calcite; other building stones con
sist of silicate minerals but may also in
clude calcite. For example, the grains 
of quartz in a sandstone may be bond
ed together with calcite. Verde antique, 
which is essentially a silicate material. is 
always traversed by veins of calcite. 

All these minerals are acted on (at 
various rates) by carbon dioxide dis
solved in water. The ubiquitous calcite 
shows the maximum reactivity. An im
posing example of this reactivity is 
Mammoth Cave in Kentucky, a huge 
system of holes leached in a Paleozoic 
limestone over millions of years. 

The solution of carbon dioxide and 
water reacts with calcite to form soluble 
products that themselves go into solu
tion. In a sandstone where the grains are 
cemented together by calcite such leach
ing reduces the stone's abrasive index (a 
measure of the degree to which the ma
terial resists abrasion) and eventually 
causes the grains to dissociate. Similarly 
in limestones and marbles dissolution at 
the grain boundaries of the rock erodes 
its surface. 

The silicate minerals react at a lower 
rate, and their weathering products are 
different. The end results in terms of the 
decomposition of the stone, however, 
are precisely the same. A large-scale ef
fect can be seen in the plateau basalts of 
India, which are composed of silicate 
minerals. Since their formation some 60 

million years ago weathering has con
verted them into bauxite to a depth of 
several hundred feet. 

In modern urban atmospheres oxides 
of sulfur and nitrogen are becoming 
more prominent as agents of stone de
cay. Sulfur dioxide is produced from the 
combustion of fossil fuels that contain 
sulfur-bearing compounds (an example 
being pyrite in coal). The nitrous oxides 
result from the oxidation of atmospher
ic nitrogen. The reactions of sulfur di
oxide with building materials are well 
known, but information on the reactions 
of the nitrous oxides is meager. 

Sulfur dioxide transforms calcite, 
which is fairly stable. into gypsum, 
which is much more soluble in water. 
Accordingly gypsum does not accumu
late on stone surfaces in regions where 
driving rains are frequent. Instead it is 
washed off, and fresh stone is laid bare 
for further attack. (In the parts of build
ings where the raih does not reach, such 
as under windowsills and on friezes, the 
gypsum is likely to remain.) In drier cli
mates an appreciable thickness of gyp
sum accumulates on stone exteriors. For 
example, the sculptures in the Erech
theum on the Acropolis are reported to 
have accumulated gypsum to a depth 
of about a centimeter. The continued 
leaching of the mineral is slowly obliter
ating the surface relief while new gyp
sum is forming from the parent marble 
of the sculptures. 

The weathering of stone involves 
more than the reactions of the material 
with solutions and atmospheric gases. 
Mechanical effects are important too. 
They include the wetting of the stone 
grains and the damage that is done when 
water penetrates the stone and freezes. 
Such processes are responsible for most 
of the structural damage to stone; the 
chemical reactions I have been describ
ing are mainly confined to the surface. 
The net effects of weathering. then, are 
the formation of dirty crusts, the wear
ing away of stone surfaces, structur
al damage and. above all. the loss by 
the aging stone of its capacity to re
sist decay. 
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The effort toward preservation begins 
with cleaning. The dirt on the surface 
of building stones is primarily street 
soot that coats the stone and even em
beds itself .in the outer layers. Calcite. 
after it has been dissolved. may recrys
tallize on the same fa9ade or may be 
transformed into gypsum. Many of the 
dirty encrustations on stone are in fact 
combinations of calcite and gypsum 
that in the process of chemical trans
formation have incorporated silica, fly 
ash and carbonaceous material from 
poll uted air. 

Other common discolorations are 
produced by efflorescences, which are 
water-soluble salts that crystallize on 
the surface. Some of them, such as the 
gypsum in concrete, are present in the 
material initially and form efflorescen
ces as a result of chemical weathering. 
Others, such as the sodium chloride in 
maritime regions, are deposited on the 
stone by sprays. Still others form by the 
reaction of substances in the material 
with substances deposited on it; an ex
ample is the reaction of gypsum with 
sodium chloride from ocean sprays, 
forming corrosive sodium sulfates. 
Moreover, the salts increase the concen
tration of ions in the stone and thereby 
make potential efflorescences even more 
soluble in water than they normally are. 

On the surface of the stone the ef
florescences are simply discolorations. 
They are capable, however, of being hy
drated, that is, of incorporating water 
into their crystal structure. When efflo
rescences are hydrated behind the stone 
or within it, they literally shatter it. A 
related phenomenon is the oxidation of 
reinforcing iron bars and other metallic 
anchors employed to secure blocks of 
stone and concrete. The oxidation prod
ucts from iron (limonite is one of them) 
are less dense than their reactants and 
therefore ocCupy a larger volume and 
damage the stone. (Limonite also mi
grates to the surface and results in a 
patchy, yellowish and brownish discol
oration.) The oxidation of the iron bars 
installed in the buildings on the Acropo
lis to anchor marble blocks during a res
toration of 1902 to 1909 is now the main 
disease of the marble in the buildings. 

Stone surfaces can be cleaned by both 
mechanical and chemical means. It 

is best to try mechanical methods first, 
since the chemical ones have certain dis
advantages. Every method, however, en
tails removing some of the stone along 
with the dirt. It is therefore necessary 
to choose the cleaning process on the 
basis of the chemistry of the stone so 
that the least possible quantity of stone 
is removed. 

The mechanical methods of cleaning 
include brushing the stone and blasting 
it with air, water or grit. For example, 
most harmful efflorescences, which are 
complex sulfates of calcium and sodi-

CARYATID FIGURE, one of six serving as supports for the porch roof of the Erechtheum on 
the Acropolis, shows the effects of 2,300 years of weathering, The marble has been damaged 
by sulfur dioxide, which built a coat of gypsum on the surface. Adjacent areas of the building 
have also deteriorated from rusting of iron reinforcing bars installed between 1902 and 1909. 
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urn, are removed by brushing the sur
face. Steam and hot water, in which the 
solubility of these efflorescences is en
hanced, are effective in removing them 
not only from the surface but also from 
deeper layers. 

Although the degree to which dirt 

must be removed before a building can 
be called clean is largely a matter of 
judgment, the degree to which efflores
cences must be removed can be specified 
quite precisely. Our experience with a 
variety of stones shows that sodium and 
sulfate ions should be reduced to .03 

percent (by weight) of the stone. It is 
likely that the stone also contains other 
types of efflorescence. One determines 
their ionic composition (and thereby the 
degree to which they must be removed) 
by putting samples of the stone in de
ionized water. Ions from the stone mi-

WEATHERED PORTLAND LIMESTONE from St. Paul's Cathe
dral in London is shown in a scanning electron micrograph at an en
largement of 120 diameters. In the upper part of the micrograph one 
sees an area near the surface of the stone; the lower part is the interi-

or, revealed by a right-angle cut at the surface. The darker material 
filling the pore space of the interior is recrystallized calcite formed 
from the solutions created by weathering at the surface. Calcite orig
inally in the stone reacts with carbon dioxide dissolved in rainwater. 

DEEPER SECTION of the limestone from St. Paul's Cathedral is 
enlarged 40 diameters in this scanning electron micrograph. The open 
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pore spaces indicate that the lower part of the stone is less weathered. 
The weathering extends about 2.S millimeters below the surface. 
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Is it true 
whatthey 
about Opel • 

Robert Hestenes 
"I would much prefer to stick with a Buick 
dealer than with any other dealer, simply 
because I've had such good luck with them'.' 

Judith Wilcox 
"It's great on gas. It's a roomy car for being such 
a small car. It's fun to drive and comfortable:' 

All those kind words are music to our ears. But rest 
assured, all these nice people aren't heaping praise on 
our little Opel just to brighten our day. 

Nope. Opel earns its accolades. By delivering what 
it promises. Workmanship. Room for 4 adults. 
Good ride. Quick, responsive maneuverability. 

And Opel offers good mileage, too. With 
the available 5 speed, in 
fact, the EPA estimates 
it at 42 mpg highway, 
27 city, and 32 com
bined. Your mileage will 
vary depending on how 

Diana Pope 
"I've been very favorably impressed with the 
solidity of the car" 

Gregory Kimmons 
"It's peppy, and I like it. It's sporty. That's what I 
wanted and that's what I got:' 

and where you drive, the car's condition and how it's 
equipped. EPA estimates are lower in California. 

If you'd like to find out more about Opel, there are 
over 700 Buick/Opel dealers who would be overjoyed 
at the chance to tell you all about it. 

Or better yet, just ask a friend who 
owns one. He'll no doubt lead 

you to pretty much the 
same conclusion all 

these people 
came to. 

If you're looking for a great Japanese car, 
look fOr a great American name. 
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grate into the water and can be identified 
and their quantity measured accurately 
and rapidly by atomic absorption spec
trophotometry. 

As for chemical methods. noncalcar
eous stones and unglazed masonry are 
routinely cleaned with fluoride-bearing 
chemicals such as hydrofluoric acid and 
ammonium bifluoride. Other chemicals 
(acidic. alkaline or chelating) serve in 
the cleaning of most other stones and 
masonry. As I have said. all the chem
ical cleaning agents have certain dis
advantages. For example. the alkaline 
cleaners leave behind traces that form 
efflorescences. Moreover. all the chemi
cal cleaning agents penetrate deeply and 
therefore tend to corrode and weaken 
the stone. 

The cleaning of old buildings fre
quently exposes crumbling stone. 

This stone must be consolidated. Three 
methods of doing so are prevalent. 

One is to replace the constituents of 
the stone that are prone to atmospheric 
attack. For example. barium hydroxide 
is introduced into the stone. Barium. on 
replacing the calcium of calcite or gyp
sum. forms less soluble barium carbon
ate or barium sulfate or else it forms 
a solid solution of calcium-barium car
bonate and calcium-barium sulfate. Var
ious versions of this procedure have 
been employed for a century. An inher
ent difficulty is in obtaining a true bari
um solution that will penetrate the stone 
easily. Moreover. the reaction rates that 
lead to the formation of the resistant 
barium products are quite low. 

A second method is to bring about 
the precipitation of chemically resistant 
materials in the pore space of the stone. 
For example. silicon dioxide can be de
posited in the pores from water-soluble 
organic silicates or from silicone esters. 
If the treatment is done correctly. the 
silicon dioxide bonds with the silica of 
the stone. It is therefore best to con
fine the treatment to sandstone and oth
er stones that contain silicate minerals. 
One must also take care to be sure that 
the liquids introduced into the stone pre
cipitate rapidly. If they do not. they tend 
to migrate toward the surface as the liq
uid evaporates. At the surface they form 
crusts that are harmful to the stone. 

The third method of consolidating 
stone is to treat it with organic mono
mers and pre polymers. After such a 
substance has been introduced into the 
stone it is made to polymerize by means 
of a curing agent in the solution. On po
lymerization it recements the dislodged 
grains of the weathered stone. Our 
group's work on stone conservation has 
focused on the application of such syn
thetic polymers. 

Some of the polymers not only pos
sess cementing properties but also are 
water-repellent. Both properties are ex
tremely useful for the preservation of 

TREATED SPECIMENS of weathered Georgia marble appear at enlargements of SS and 120 
diameters in these scanning electron micrographs. The white material in the pore spaces of the 
stone is an impregnated polymer. In the upper micrograph the polymer does not entirely fill 
the pore spaces but does make them more tortuous, so that water penetrates the stone less readi
ly. In the lower micrograph the polymer plugs the pore space. A polymer treatment that entirely 
fills the pore space is undesirable, since it reduces the ability of the stone to "breathe," that is, to 
allow the outward migration of water that enters the stone from elsewhere in the building. 
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HP advances in computed measurement 

For the first time, 
long-axis precision plotting 
and matrix printing 
on a single machine. 
Systems designers who have had .to choose 
between a plotter and a printer have inevita
bly compromised one function or the other. 
The alternative, installing both types of units, 
increases system cost and complexity. Vic
tims of this quandry will welcome the UP 
7,245, a new, microprocessor-controlled 
plotter/printer that combines both functions 
in a single desktop unit. 

An unusually capable plotter, the HP 7245 performs 
true-vector graphics at high speed. It can draw a graph 
with one axis as long as 5 m (16.4 ft.) and return to any 
point on the axis within 0.25 mm. Plotting steps can be 
as small as 0.025 mm with an addressable dynamic 
range of ±1 X10±99 scaled units. 
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An unusually versatile matrix printer, the HP 7245 
can print 7 X 9 dot matrix characters at 38 cps in four 
orthogonal directions and with underlining, using any 
of eight character sets including the full ASCII set with 
control characters. It can set up and execute an 88-
column format with up to 10 tabs. It can also print 
larger 14 X 9 dot matrix characters at 19 cps in a 
44-column format. 

An unusually responsive plotter/printer, the 7245 
can provide unattended graphics and printing in 
HP-IB UEEE-488) systems. It responds to standard 
commands and control codes for both printers and 
plotters. A set of 46 programmable instructions-each 
a simple-to-use two-letter mnemonic-provides unit 
scaling, window plotting, graph rotation, and fast 
digitizing. A rare combination of design charac
teristics-bidirectional drive, high positioning accu
racy, penless and inkless thermal printhead, and a 
200-foot roll of paper-rounds out its capability to 
operate unattended. 

Priced at $4600* , the HP 7245 is limited in application 
only by the imagination of the user. 
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extend your possibilities. 

Now you can automate your 
BCD-output devices for $1375*. 
Equipped with a simple, easy-to-conned 
interface, the HP-97S fully programmable 
printing calculator can automatically ac
quire and reduce data from most instru
ments with Binary Coded Decimal (BCD) out
put, and print the results. This gives original 
equipment manufacturers the opportunity 
to add computing capability to their products 
at an unusually low cost. 

�#�-------------------�,
-

---

,� �---(-------------------------, 
: YOUR BCD-OUTPUT : 
1-------------------______ 1 1-------------------------. 
1 
1 INSTRUMENT 
!-------------------------! 

The HP-97S makes it economically and technically 
feasible to automate all kinds of instruments with BCD 
output, including electronic balances, photometers, 
thermal conductivity and pH meters, titrators, strain
gauge systems, and a score of other electronic devices. 

With the HP-97S, automatic data acquisition and con
trol is a matter of just two simple steps. 

HEWLETT '" PACKARD 

1505 Page Mill Road. Pal o Al to, Cal ifornia 94304 

For assistance call: Washington (301) 948-6370, Chicago (3 I 2) 255-9800, 
Atlanta (404) 955-1500, Los Angeles (213) 970-7500 

The first step is interfacing. In most cases all you have 
to do is provide a cable between your instrument and 
the 97S I/O connector. HP provides detailed documen
tation to help you get started. The Installation and 
Operation Manual includes technical specifications 
as well as clear instructions for simple interfacing. 
The 97S interface accepts up to 10 digits of BCD 
information at about one reading per second. Control 
is provided through two handshaking lines and four 
flag output lines. All lines are TTL compatible. 

You can do the next step-programming-either by 
keystroke or with prerecorded magnetic cards. Even 
beginners find keystroke programming easy. The 

Owner's Handbook &- Programming Guide tells how 
to write and record your own programs, step by step. 

In many cases, you'll be able to use prerecorded 
programs from the extensive HP library. You'll get 15 
thoroughly documented programs on magnetic 
cards with each 97S, for such calculations as moving 
average, curve fitting, polynomial evaluation, and 
matrix operations. Other Application Pacs of pre
recorded programs are available to let you put the full 
power of the 97S to work in engineering, chemical, 
medical, and many other applications. 
The HP-97S has the same exceptional calculating 
power as the HP-97 and 67, which includes: 

• keystroke power for all the basic math functions, 
plus 10 user-defined special function keys. 

• programming power through keystroke or 
magnetic card, with 224-step routines stored on a 
single card and automatic merging of up to three 
keystrokes per step. 

• memory power in 26 data storage registers, 
four-register automatic stack, and last X register
with selective clearing and recording of all registers. 

• output power on a quiet thermal printer which 
provides a hardcopy record of measurements and 
results, plus complete program listings by step 
number, mnemonic, and keycode. 

And, like all HP hand-held and portable calculators, 
the HP-97S has no equal when it comes to logic and 
reliability . 

The HP-97S costs $1375* for a sinBle unit, or $1017.50* 
in OEM lots of 100. 

Mail to: Hewlett-Packard, 1505 Page Mill Road, Palo Alto, CA 94304. 

Please send me further infonnation on 

( ) liP 7245 plotter/printer 

r ) HP-97S fully programmable printing calculator 

Name ________________________________ __ 

Compmy ______________________________ __ 

Address _______________ _ 

City ________ State ___ Zip ____ _ 

*Domestic U.S. pl'ices only 00846 
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stone. Certain other properties of the 
polymers, however, can be detrimental 
to the stone. If the polymers absorb ac
tive gases, they can accelerate the rate of 
decay. If they absorb ultraviolet radia
tion, they may decay themselves, even
tually leaving the stone unprotected. 
The ·selection of polymers for treating 
stone should therefore be based on de
termining in advance that the polymer 
does not enhance decay or react with 
substances in the environment. 

In the early stages of our work we 
discovered that certain specimens of 
marble that had been treated with vari
ous epoxy resins actually deteriorated 
faster than untreated marble in an atmo
sphere of concentrated sulfur dioxide. 
We further determined that the epoxies 
bearing aliphatic radicals were the ones 
that produced this undesirable result. 
After further work we found that such 
epoxies copiously absorbed sulfur diox
ide. Examining the sizes of the pores in 
the epoxy films, we found them to range 
from one to two nanometers. Since the 
size of the sulfur dioxide molecule is 
about .5 nanometer, it is evident that 

sulfur dioxide could be easily absorbed 
by the epoxy and passed on to the stone. 
Such a polymer is obviously unsuitable 
for the preservation of stone. 

Polymers that break down under ul
traviolet radiation presumably do so 
because the radiation breaks the bonds 
between the carbon atoms in the poly
mers. One therefore seeks polymers that 
do not absorb that part of the sun's ul
traviolet radiation that penetrates the 
earth's atmosphere to ground level (with 
wavelengths of more than 290 nanome
ters). Fluorocarbon polymers prove to 
be particularly good in this respect. 

The degradation of polymers by am
bient ultraviolet radiation is slow. The 
epoxies that degrade fastest take about 
six months to show the first signs of 
degradation. In our experiments we 
have speeded up the process by expos
ing polymers to ultraviolet radiation 
of shorter wavelengths, taking care to 
maintain a plausible relation between 
the accelerated degradation and the deg
radation that would result from natural 
conditions of exposure. 

One early symptom of degradation 

WEATHERED MADONNA stands in a cemetery in New York City. The weathering is the 
result of the reaction of the stone with oxides of carbon, sulfur and nitrogen dissolved in rain
water. In the open areas of the statue the reacticfn products have been washed off by rain in 
a natural cleaning process, but in the recessed and partly protected area of the face they have 
formed a crust that has begun to fall off in patches, aggravating the decay of the stonework. 
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due to the absorption of ultraviolet light 
is discoloration of the polymer. The 
material begins to look yellow, and it 
also becomes chalky. Eventually it peels 
away from the stone. In the natural deg
radation process epoxies exposed in a 
middle-latitude environment showed a 
distinct yellowing in about six months. 
Fluorocarbon samples exposed for the 
past five years have yet to exhibit any 
discoloration. Our accelerated experi
ments have yielded similar results: 
epoxy films discolored in 10 hours and 
fluorocarbon films showed no change 
after 400 hours. 

We have also been concerned with 
developing efficient means of de

tecting the degradation of polymers. 
One of our methods is to determine by 
spectrophotometry the ultraviolet ab
sorption of polymer films that have been 
subjected to a known amount of ultra
violet radiation. Another is to measure 
the angle of contact that a drop of liquid 
(usually water) makes with the surface 
of a polymer. The contact angle changes 
as the surface degrades. 

This rigorous testing of a polymer 
that is being considered for application 
to stone as a preservative is most perti
nent for composite materials that are 
prepared for patching purposes or for 
replacing structures such as cornices. 
The composites are customarily made 
by employing a polymer as the bonding 
medium for crushed and graded stone 
that has essentially the same mineral 
content and color as the stone that is to 
be patched. About half of the exposed 
surface of a composite is formed by the 
polymer. The degradation of the poly
mer therefore impairs both the appear
ance and the structural properties of the 
composite. 

This consideration is not so important 
when the polymer is employed to con
solidate stone, but other requirements. 
must be met if the treatment is to be 
successful. It is particularly important 
that the polymer impregnate the stone 
deeply but that it do so without com
pletely filling the pores. The penetration 
is needed to ensure that the zone of im
pregnation extends deeper than the zone 
affected by weathering. The pores are 
needed because the stone should retain 
its ability to "breathe." If the pores are 
plugged, water will be trapped behind 
the treated zone and will eventually 
cause the disintegration of the treated 
stone and part of the untreated stone as 
well. (A similar phenomenon is com
monly observed in old buildings, where 
crusts formed on the surface of stone by 
weathering impede the outward migra
tion of trapped water.) 

Since most polymers are viscous, they 
do not easily penetrate stone. They do, 
however, readily form a solution with 
organic solvents, which therefore can be 
employed as carriers to get the polymer 
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deeply into the stone. A method that I 
have developed begins by filling the 
pore spaces of the stone with a solvent 
that penetrates easily. The stone is then 
brought in contact with a series of poly
mer-solvent mixtures in which the con
centration of polymer is progressively 
increased. Eventually the polymer has 
penetrated a suitable distance into the 
stone. The solvent migrates outward by 
diffusion. 

The design of a consolidation treat
ment for a building is based on lab

oratory experiments with samples of 
stone from the building. The best design 
encompasses certain properties that a 
treated stone should acquire. They are 
(1) the rate of capillary movement of 
water in the stone, (2) the stone's perme
ability, (3) its compressive strength and 
(4) its chemical reactivity. Although 
quantitative values can be assigned to 
all these properties, no universally ap
plicable values can be developed be
cause there are so many different kinds 
of stone. Even when two building stones 
have been cut from the same parent 
stone, they can show different properties 
if they have weathered in different parts 
of a building. One must therefore com
pare treated and untreated specimens of 
stone in order to design a treatment. 

One objective is to repel water at the 
surface of a stone while enabling water 
that is inside the stone (having come, 
say, from untreated regions of the build
ing) to escape. Here again is a reason for 
carefully controlling the density of im
pregnation with polymer. High-density 
impregnation forms undesirable barri
ers to the movement of water; low-den
sity impregnation, by lining the pores 
and increasing the tortuosity of porous 
passages, reduces but does not block the 
movement of liquids and gases. In our 
best treatments most stones have exhib
ited a reduction of up to a half in the 
absorption of water. 

The term compressive strength nor
mally describes the strength of a rock in 
compression but also refers to other me
chanical properties of the rock. The im
provement of compressive strength as a 
result of treatment is a measure of the 
improvement of specific: gravity, abra
sive index and tensile strength. Ordi
narily one tests compressive strength 
by applying a force to a stone until it 
breaks. This approach is inappropriate 
for weathered stone, because weather
ing produces a graded zonation in which 
the properties nearest the surface are al
tered the most and those farthest from 
the surface resemble the properties of 
unweathered stone. Therefore one tests 
the compressive strength of the weath
ered zone layer by layer. 

Developed standards are lacking for 
the chemical reactivity of stone. Our 
specifications for a contractor read that 
a treated stone is to experience no more 
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MECHANISM OF WEATHERING is depicted schematically. After an unweathered stone 
(1) has been exposed to the weather, it comes under attack by the oxides of carbon, sulfur and 
nitrogen that form a solution with rainwater (2). The solution penetrates some distance into the 
stone. By recrystallization at the surface and in depth and by the incorporation of environ
mental soot a crust is formed (3). If parts of the crust break off (4), they carry away with them 
constituents of the stone, which is thereby abraded and laid open to further chemical attack. 
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than half the reactivity of an untreated 
one during the first 24 hours of exposure 
to a given atmosphere of carbon diox
ide and sulfur dioxide. (Our test atmo
spheres, which are slightly concentrat
ed over normal ones, contain 2 percent 
carbon dioxide and 10 parts per million 
of sulfur dioxide.) 

An overall estimate of the improve
.£\. ment of mechanical properties re
sulting from a preservative treatment 
can be obtained with the "soundness 
test" adopted by the American Society 
for Testing and Materials. In this test 
anhydrous sodium sulfate is deposited 
in the pore space of a stone from a solu
tion brought to saturation at a tempera
ture of 21 degrees Celsius. The stone is 
then dried. The anhydrous sodium sul
fate absorbs water when the stone is 
placed again in the saturated solution. 
This treatment creates tensile stress 
within the stone. When this cyclic pro
cedure is repeated a number of times, 

the eventual result is the fragmentation 
of the stone. 

In our investigation specimens of In
diana limestone began to fragment in 
the second cycle of testing, whereas cer
tain treated specimens of the stone last
ed for more than 20 cycles. (The sound
ness of a treated stone, as determined 
by this method, reflects not only tensile 
strength but also the ability of the stone 
to absorb water.) 

We modified the test by forcing the 
sodium sulfate solution into the speci
men in a vacuum. This procedure re
moved the effect of water repellency 
arising from the polymer in the treated 
stone and thus rapidly accelerated the 
testing process. We applied the test to 
determine the soundness of $pecimens 
that had been subjected to both deep 
and shallow impregnations with a varie
ty of polymers such as epoxies, fluoro
carbon acrylics and silicone resins. The 
untreated controls began to decay in the 
second cycle. The mode of decay is best 

described as sanding, in which individu
al grains are shed from the stone. Cer
tain treatments, particularly deep but 
low-density impregnations with epoxies, 
also gave rise to sanding. Certain other 
treatments, particularly the ones that in
volved putting silicone coatings on the 
surface of the stone, resulted in disinte
gration by peeling. In natural weather
ing Indiana limestone decays by sa,nd
ing, but when dirty crusts develop on the 
surface, it gradually peels away. Treat
ment with fluorocarbons produced in
termediate results. 

It is now evident that a given treat
ment usually affects one property ad
versely while improving another. It thus 
appears that the best treatment will not 
necessarily produce ideal results for a 
particular property. Instead one should 
adopt a compromise formula that yields 
a treated stone with approximately the 
properties of a parent untreated stone 
that has not yet been subjected to the 
relentless effects of weathering. 

BUILDING STONES show the effects of treatment with polymer. 
From left to right and top to bottom the stones are respectively Port
land limestone from St. Paul's Cathedral in London, basalt from Bo
robudur temple in Indonesia, sandstone from Kenilworth Castle in 

Britain and Vermont marble. In each case the treated portion is at 
the right. Each specimen was put in shallow water for a few minutes 
with the bottom edge down. The water rose appreciably higher in the 
untreated portion of the stone than in the part treated with polymer. 
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The Feeding Behavior 
of Mosquitoes 

It is described for Aedes aegyptJ: the female of which feeds on 

blood. The feeding apparatus is not some kind of hypodermic 

needle but an exquisitely made piece of biological machinery 

T
here are some 3.000 species of 
mosquitoes. Most of them are not 
dangerous to man. even though 

their bite can be quite annoying and 
can drive people away from places they 
would like to be. There are at least 100 
species. however. that are distinctly dan
gerous to man. Such diseases as malar
ia (caused by protozoans). filariasis 
(caused by filarial worms) and yellow 
fever (caused by a virus) are transmitted 
to man exclusively through the bite of 
specific kinds of mosquitoes. How do 
mosquitoes sense the presence of man 
and how do they draw blood? What 
makes their bite itch? How do some 
mosquitoes transmit disease? In seeking 
the answers to some of these questions 
and related ones my colleagues and I 
have been studying the feeding behav
ior of the most dangerous of all the spe
cies of mosquitoes: Aedes aegypti. It is a 
beautiful creature. with patches of sil
very scales interspersed among black 
ones. giving the insect the appearance 
of a tiny flying tiger. Although Aedes 
aegypti is known as the yellow-fever 
mosquito. it can carry more different 
diseases than any other species. 

Mosquitoes belong to the Diptera. the 
great order of flies. In this order there 
are many species of insects in which 
both the males and the females feed 
on blood. Among mosquitoes. however. 
only the females so feed. Not all spe
cies of mosquitoes will feed on human 
blood; there are numerous species that 
prefer the blood of birds or other ani
mals. Mosquitoes have been observed 
to feed on numerous mammalian spe
cies. on a variety of reptilian species and 
even on other insect species. 

Aedes aegypti is one of the mosquito 
species in which the females prefer hu
man blood. The males too are attracted 
to human beings and will often alight 
and walk on their skin. But even though 
a male mosquito may lightly touch the 
tip of its proboscis to the skin it will nev
er make any attempt to pierce the skin 
and draw blood. 
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by Jack Colvard Jones 

Only the adult female mosquito will 
seek human blood. A mosquito's life cy
cle has many stages. and its feeding be
havior in each stage varies as much as its 
appearance. It begins life as a fertilized 
egg floating in a pool of water. The em
bryo mosquito forms rapidly inside the 
egg and begins to absorb yolky material 
within its newly formed stomach when it 
is about 24 hours old. When the mosqui
to larva is ready to hatch. its pharynx. 
the upper part of its digestive tract. be
gins to twitch rapidly; the twitching 
causes the larva's blood to distend its 
head in such a way that a sharp spine 
presses against the eggshell and snaps it 
off. As soon as the larva emerges from 
the egg it swims about and begins to feed 
by sweeping the water with two large 
fan-shaped bundles of chitinous bristles 
on the front of its head. The fans create 
currents in the water that direct food 
toward the larva's mouthparts and help 
stuff the food into its deeply concealed 
mouth. 

The larva has a respiratory siphon at 
its rear end. which it must attach to the 
surface of the water in order to breathe. 
but frequently the larva will swim down 
through the water to feed on the bottom. 
The mosquito larva is omnivorous; it 
feeds on bacteria. pollen. microscopic 
plants and a wide variety of other things. 
The larva feeds almost continuously: it 
spends about 95 percent of the time fil
tering water for particles of food. The 
larva prefers polluted waters and will 
grow very fast in an almost pure culture 
of bacteria. In a few days it goes through 
the entire larval life cycle. which con
sists of four discrete stages. beco�ing 
larger and more complex with each 
stage. 

Throughout its larval life the insect 
has been preparing to become an 

adult. The legs. wings and mouthparts 
of the adult mosquito slowly form. and 
in the last larval stage they can readily 
be seen under the larva's skin. Since the 
full transformation into an adult is such 

a radical change. however. the animal 
needs an intermediate pupal stage in 
which to complete the process. 

To the unaided eye the pupa resem
bles a comma. Unlike the larva. it is at
tached to the surface of the water by 
little ear like respiratory trumpets on its 
thorax. If the pupa is not disturbed. it 
remains quietly floating just below the 
surface. but if a shadow falls on it. it will 
quickly dive toward the bottom. If shad
ows repeatedly fall on it. however. it 
quickly adapts and stops diving. 

In the pupal stage the organism's 
mouth and anus are sealed off just be
fore the pupa emerges from the larval 
skin; thus the pupa cannot take in food 
or eliminate solid or fluid waste. The old 
larval midgut falls into the center of 
the rapidly developing adult midgut, or 
stomach. where it is literally digested by 
the pupa and the young adult. Just be
fore the adult begins to emerge from the 
pupal skin it begins to drink air from a 
bubble under its thorax. The air is swal
lowed and passes into the stomach and 
crop of the new adult; it causes the in
sect to swell and assists in lifting it out of 
its pupal case. 

Immediately after the young adult 
emerges from the pupal case it makes no 
attempt to feed on anything. Even if 
flowers. sugar water or human beings 
are close at hand. the mosquito does not 
respond. Between 20 and 24 hours later. 
however. it becomes alert and begins to 
seek food. The males drink only sugary 
fluids such as flower nectar. Both in the 
wild and in the laboratory mosquitoes 
will visit certain flowers and will feed 
on fruit placed in their cage. Since they 
vigorously probe the flowers of some 
plants. and can distinguish between dif
ferent types of sugars. they play a role in 
the pollination of certain plants. 

The females will also drink sugary 
fluids. but when a hungry female is giv
en a choice between sugar water and 
blood. it will always take blood. If a 
male is offered the same choice. it will 
always drink the sugar water. When ei-
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HUNGRY MOSQUITO, a female of the yellow-fever species Aedes 
aegypti, is photographed as it inserts the feeding stylets of its proboscis 
into the skin of the hand of a human subject. The mosquito has all six 

SATED MOSQUITO, photographed a few minutes later, has finished 
its blood meal and has just withdrawn the feeding stylets of its pro
boscis from the skin. The mosquito's midgut, or stomach, is swollen 

of its legs planted on the skin, and the bottom part of its proboscis, 
known as the labium, is folded back in a hairpin curve as it prepares 
to draw blood. Note that its empty abdomen is still flattened and thin. 

with blood. The shiny object out of focus in foreground is the finger
nail of the human subject. Only the female mosquito feeds on blood. 
It will also drink sugary fluids, on which the male feeds exclusively. 
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ther males or females feed on a sugar 
solution. the solution goes into the crop. 
a pouchlike enlargement of the esopha
gus. The solution is stored in the crop. 
and from time to time small amounts 
are regurgitated and pass into the mid
gut. When a female feeds on blood. 
however. the fluid bypasses the crop and 
goes directly into the midgut. 

An average Aedes female takes about 
2.8 milligrams of blood. Normally the 
female drinks much less sugar water 
than blood. It is of some interest that 
shortly after feeding to repletion from 
a sugar solution most females will not 
seek a blood meal for about three hours. 
It is possible to bring a human hand 

directly in front of a sugar-fed female 
without inducing any reaction on the 
mosquito's part. In some unknown way 
the receptors that direct the mosquito to 
human beings and trigger its probing 
seem to be inactivated by a meal of 
sugar water. 

The adult mosquito has good vision 
and will quickly track a moving human 
hand. It is clear that the primary factor 
that attracts the Aedes mosquito to a hu
man being from a distance. however. is 
odor. and that odors are picked up by 
tiny sense organs on the mosquito's an
tennae. One can prove this in a dramatic 
way. If both antennae are removed from 
a hungry female. it usually cannot be 

UNUSUAL FEMALE MOSQUITO not only has taken a large meal of sugar water but also 
has subsequently drawn blood from a human subject known to be highly attractive to mosqui
toes. The sugar water, visible as the clear liquid containing a few bubbles, occupies the region 
at the front end of the mosquito's abdomen known as the crop; the blood occupies the midgut. 
Most mosquitoes that have been fed sugar water will not seek a blood meal for three hours. 

COMATOSE MOSQUITO of the species Anopheles quadrimaculatus, a major vector of ma
laria, has taken too much blood and its abdomen has ruptured. Before the insect was allowed 
to feed its ventral nerve cord was cut. Normally a mosquito will imbibe about 2.8 milligrams of 
blood. A mosquito, such as this one, with its ventral nerve cord cut will drink up to four times 
that quantity of blood. Thus the ventral nerve conveys information that the abdomen is fulL 
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induced to feed even when it is placed 
directly on a human hand. Precisely 
what odors attract mosquitoes from a 
distance are unknown. and a great deal 
of work is still needed to find out what 
they are with any certainty. It is often 
maintained that lactic acid. sebum. ami
no acids and various hormones are at
tractive to mosquitoes. and that carbon 
dioxide. moisture. temperature and the 
movement of the host also play impor
tant roles. It has been shown by Rachel 
Galun in Israel and W. G. Friend in 
Canada that piercing behavior in mos
quitoes can be induced by adenosine 
triphosphate (ATP). T. Hosoi in Japan 
suggests that gorging after piercing is 
promoted by adenosine-5-phosphate. 
Whatever the substances are that attract 
mosquitoes. their power can also be 
demonstrated in a dramatic way: if a 
human hand is pressed on a clean glass 
plate and the plate is then placed in a 
cage with hungry females. as many as 20 
percent of them will go to the handprint 
and vigorously probe the area for as 
long as half an hour. 

Aseries of experiments can also be 
conducted using the two hands of 

the same individual to show how differ
ent properties of the individual have dif
ferent effects on the insect. It can be 
shown that if a female mosquito is given 
a choice between a warm hand and a 
cold one. it will choose the' warm one. 
but if the mosquito is presented only 
with the cold hand. it will feed on that. 
The mosquito prefers a normally warm 
hand to an abnormally hot one and a dry 
hand to a wet one. 

In small cages containing free-flying 
mosquitoes it is difficult to test the rel
ative attractiveness of different people 
to a mosquito. because a great deal de
pends on whether a mosquito is closer to 
one hand than to the other. If a female is 
exactly midway between the hands of 
two individuals. however. it can some
times discriminate between them. When 
we compared one hand from each of 
30 people against the hand of a control 
individual who remained constant 
throughout each test. we were able to 
grade the group into individuals who 
were more attractive. as attractive and 
less attractive than the control. 

A clear demonstration of the prefer
ence of the yellow-fever mosquito for 
man can be seen if one holds a small. 
hot. bright yellow baby chick in one's 
hand and places it in a cage of hungry 
females. All the mosquitoes go to the 
human hand and none go to the chick. 

Once the female mosquito ha� detect
ed a human being from a distance. 

it will fly toward its target rather indi
rectly. In a one-cubic-foot cage contain
ing starving female mosquitoes. it nor
mally takes between five and 30 seconds 
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Rufus Porter 
A Scientific American 

"We have been frequently solicited by enterprising me
chanics to engage in the publication of a new scientific 
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Every year, U.S. motorists wear off nearly a 
billion kilograms of tire tread. Where does it all 
go? Do the emissions contribute to air pollution? 

Scientists here at the General Motors 
Research Laboratories were more than just curi-
ous. So, in 1972, ROAD& TIRE 

they started a pro
gram to determine: 
The amount of tread 
that comes off as 
gas and as solid 
matter. What gases 
are involved. And 
what happens to the solids. 

For this research, they had to design and 
build a special facility with an air-tight chamber. 
The facility allowed them to duplicate both front 
and rear tire wear under a wide range of driving 
conditions, and to collect all the wear products 
for analysis. 
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LABORATORY MEASUREMENTS 
• GASES . AIRBORNE PARTICLES III lARGE PARTICLES 

What did the 
study reveal? On 
the average, large 
(nonairborne) par
ticles accounted 
for about 94% of 

Low.W", A""g'·W", H'gh.W .. , total tread wear. 
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Airborne particles, 
less than 5%. And gases, mostly hydrocarbon, a 
negligible 1 %. 

The particle results correlated with mea
surements of soil and air samplings taken along 
the San Gabriel River Freeway in Norwalk, 
California. (It was not feasible to measure gas
eous hydrocarbons from tires at the road site.) 

As for the disappearing act, outdoor mea
surements shed light on that too. The California 
study showed that the bulk of the tire 
debris lies within a five-meter strip next to the 
pavement edge. 

All of which thus far suggests that tires play 
only a minor role in the air pollution picture. 

Automotive emissions research . . . from 
tailpipes to tires . . . the continuing quest for 
better ways to understand and control the factors 
affecting our environment. 

If you have a Ph.D. in engineering, physical, 
mathematical or biomedical sciences, perhaps you 
can make important contributions at General 
Motors Research Laboratories. We invite you to 
check a number of current openings on our re
search staff by writing GMR Personnel, Dept. 110. 
An Equal Opportunity Employer. 

Tires: 
the great 
American 
disappearing act_ 

General Motors 
Research Laboratories 
Warren, Michigan 48090 
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for one of the insects to land on a human 
hand. Once the mosquito has landed. it 
may either take a few strides before 
starting to pierce the skin or start to pen
etrate without any preliminary activity. 
One can always tell when the mosquito 
is about to pierce because it suddenly 

lifts the pair of sensory organs known as 
the maxillary palps. which are on either 
side of the proboscis. to an angle of 
about 75 degrees. 

edge of the anatomy of the mosquito's 
proboscis and alimentary canal [see il
lustrations on next page]. The probos
cis projects directly in front of the in
sect. It consists of a large. scaly outer 
lower lip called the labium. which ter
minates at the tip in two hairy lobes 

To appreciate the full complexity of 
what is involved in the act of blood feed
ing. it is necessary to have some know 1-

o 
. 
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M ILLIMETERS 

FIRST-INSTAR 

LARVA 

SECOND-INSTAR 

LARVA 

5 
, 

THIRD-INSTAR 

LARVA 

LIFE CYCLE OF THE MOSQUITO has several stages, and the in
sect's feeding behavior differs in each stage. The mosquito begins life 
as a fertilized egg floating in water (bottom left). Inside the eggshell 
the embryo forms rapidly, and within 24 hours after fertilization it 
begins to absorb yolky material within its newly formed stomach. The 
egg hatches some 48 hours after being laid. After the mosquito larva 
emerges, it soon begins to feed on pollen, fine microscopic plants and 
bacteria. The larva eats almost continuously and grows very fast; in 
several days it completes its larval life, molting three times and going 

ADULT MO SQUITO 

FOURTH-INSTAR 

LARVA 

PUPA 

through four distinct stages, in each stage becoming larger and more 
complex (bottom four middle illustrations). Before becoming an adult 
the insect goes through a pupal stage (bottom right). The mouth and 
anus of the pupa are sealed off; the pupa neither takes in food nor 
eliminates fluid or solid wllste. (It does, however, eliminate waste ga
ses.) During the insect's pupal stage the old larval midgut is destroyed 
and partially digested, and the new adult midgut is formed. After two 
days the pupal case ruptures, allowing the adult mosquito to emerge 
(top). All the stages shown in the illustration are enlarged 12 times. 
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called the labella. The labium forms a 
deep trough in which is concealed a 
smaller bundle of long. tapering pale 
yellow feeding stylets that are collec
tively called the fascicle. The largest 
stylet is the sharply pointed labrum. 
which forms an inverted gutter up which 

the blood is drawn. At the sides of the 
labrum are two long. thin mandibles. 
Under them are two much larger nee
dlelike maxillae with fine saw-toothed 
tips. Under them in turn is a flattened 
stylet. the hypopharynx. down the cen
ter of which runs a single salivary ca-

nal. The fascicle acts as both a piercing 
mechanism and a food canal. The la
brum forms the roof and sides and the 
hypopharynx the floor. The labium and 
the fascicle together form the proboscis. 

The food canal opens into a short. 
hard-surfaced cibarial pump just within 

MANDIBLES 

ANATOMY OF THE ALIMENTARY TRACT of the adult female 
Aedes mosquito is depicted. The mosquito senses its prey at a distance 
with its antennae, and it draws up sugary fluids or blood with its pro
boscis. Sugary fluids initially go only into the crop; blood normally 
bypasses the crop and goes directly into the midgut. The proboscis 
consists of the protective labium, which encloses the bundle of feeding 

ANATOMY OF THE PROBOSCIS shows how all of the parts of the 
mosquito's fascicle fit together and lie in the labium. The labium is 
the large, scaly lower lip that terminates in the two hairy sensory lobes 
known as the labella. The labium forms a U-shaped trough in which 
the fascicle is concealed. The fascicle has four main parts. The sharp-

144 

DORSAL SAC S 

M ALPIGHIAN TUBES 

stylets, called the fascicle. The fascicle consists of the labrum, two 
mandibles, the hypopharynx and two maxillae. The fascicle is both 
the piercing apparatus and the food canal It is shown spread out to 
reveal all of its component parts; normally all of the parts fit tightly 
together and are sheathed inside the labium. The anatomy of the mos
quito's proboscis is shown in greater detail in the illustration below. 

Iy pointed labrum, forming the top of the fascicle, serves as an invert
ed gutter up which blood is drawn; the two scalpel-like mandibles lie 
at the sides; the two needlelike maxillae have fine saw-toothed tips 
for cutting into the skin; the flattened, pointed hypopharynx forms 
the floor of the fascicle and contains the mosquito's salivary canal. 
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the head of the mosquito. The cibarial 
pump has several different kinds of re
ceptors. It has been suggested that fine 
hairs within the cibarium act as flow 
meters and that other receptors signal 
whether what is entering the gut is sugar 
water or blood. The cibarial pump 
opens directly into the much longer, 
flask-shaped pharyngeal pump, which 
empties the fluid into a long narrow 
esophagus within the mosquito's neck. 
The esophagus passes down into the 
thorax, where it opens into two small, 
thin-walled dorsal sacs and into a single 
large ventral sac: the crop. The esopha
gus also opens through a thick valve into 
the mosquito's long midgut. 

W
ith this anatomy in mind, let us 
now return to the mosquito poised 

at the moment of piercing. It has all six 
legs on the surface of the victim's skin, 
its hairy labella touching the skin and its 
maxillary palps raised. It is believed that 
after the mosquito spreads its labella the 
finely toothed maxillae of the fascicle 
literally saw their way into the tissue of 
the skin with extremely rapid back-and-

forth movements. One can see the max
illary palps rocking back and forth as 
the fascicle begins to sink into the skin. 
At this stage the large labium is folded 
back like a hairpin. The skin is actually 
punctured without any obvious thrust
ing of the mosquito's body. About half 
the length of the fascicle is inserted into 
the skin. As it is inserted the mosquito 
gradually shifts its legs closer to its 
body. As soon as blood appears in the 
fascicle the maxillary palps stop their 
rocking. 

It takes an average female mosquito 
about 50 seconds to insert its fascicle 
into the human skin, and unless it is in
terrupted (perhaps by being swatted by 
the victim!) it usually sucks blood for 
about two and a half minutes. When tl).e 
mosquito has drunk its fill, it withdraws 
the fascicle rather quickly (in about five 
seconds). To do so the insect straightens 
its front legs, leans slightly backward 
and moves the labium from side to side. 
Once the fascicle has been removed 
from the skin it springs upward and 
forward and then returns to the deep 
groove of the labium. The resheathing 

SCANNING ELECTRON MICROGRAPH of the head of an adult female mosquito shows 
a close profile view of the upper part of the proboscis. The insect's multifaceted eyes wrap 
around the head, and the antennae project from the front of the head. (The small spheres on the 
hairs of the antennae are droplets of an antistatic spray applied to the specimen to make it easi
er to make the electron micrograph.) The maxillary palps are the two short hairy structures 
just above and to the sides of the proboscis, which goes out of the picture at the bottom left. 
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somewhat resembles a man putting his 
arm into the sleeve of his coat. 

Some mosquitoes inject into the skin 
saliva containing substances that 

prevent the blood from coagulating as it 
is being withdrawn. The saliva is inject
ed through the salivary canal in the hy
popharynx. The injection of saliva is not 
actually necessary for the 'mosquito to 
obtain blood; if the salivary duct in the 
neck is . experimentally cut before the 
mosquito is allowed to feed, the insect 
can still withdraw blood with no appar
ent difficulty. The protozoa and the vi
ruses carried by mosquitoes are injected 
into the skin with the saliva, but the 
much larger filarial worms crawl down 
the proboscis and enter the wound open
ing as the mosquito is feeding. 

It is not fully understood what makes 
a mosquito bite itch. The British investi
gator J. D. Gillett has discovered that 
the itching does not begin until about 
three minutes after the bite. It subsides 
after an hour or so but then can begin 
again in a hard wheal that on occasion 
persists for days. Both the immediate 
reaction and the delayed one are aller
gic. The strength of the reactions varies 
widely among individuals, and seems to 
be affected by the age and sex of the 
individual and by the frequency of being 
bitten. The strength of the reaction even 
varies in one individual, and is affected 
by the number of bites received, by the 
age and species of the mosquito, and by 
whether the mosquito has fed to reple
tion or has been interrupted before it has 
done so. These considerations have not 
been well studied. 

As we have seen, a mosquito feeding 
on the human skin stands on all six of 
its legs. If all the legs are experimen
tally removed, it is still capable of hov
ering above the skin and attempting to 
pierce it. Usually the insect will crash
land and will be unable to feed. It needs 
at least three legs in order to orient it
self and pierce. On occasion, however, 
a mosquito with fewer than three legs 
shows a remarkable improvisatory in
ventiveness: it lowers its abdomen and 
spreads out one wing to form a stable 
base for piercing. 

Robert W. Gwadz of the National In
stitute of Allergy and Infectious Disea
ses has shown that if the ventral nerve 
cord of the mosquito is cut between the 
thorax and the first abdominal segment, 
the insect will continue drinking beyond 
repletion. Indeed, in some instances it 
will drink until its abdomen bursts and 
for a short time afterward! Even if the 
insect does not burst, it cannot fly. It 
rapidly becomes comatose, and within 
24 hours it dies. It is evident that the 
ventral nerve cord is the principal organ 
that tells the mosquito it has drunk 
enough. 

The overall picture of the feeding be-
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PersonalC�puters 
& Microprocessing 
Here are two inexpensive programmed 
learning courses designed to keep 
you up-to-date in digital electronics. 

Design of Digital Systems - six volumes 

The products of digital electronics techno
logy will play an important role in your 
future. Calculators, digital watches and TV 
games are already commonplace. Now, 
microprocessors are generating a whole new 
range of products. Personal computers will 
be in widespread use very soon. Your TV, 
telephone and computer will combine to 
change your children's education, your job
your entire way of life. 

WRITTEN BY EXPERTS 

These courses were written by experts in 
electronics and learning systems so that you 
could teach yourself the theory and appli
cation of digital logic. Learning by self
instruction has the advantages of being 
faster and more thorough than classroom 
learning. You work at your own pace and 
respond by answering questions on each new 
piece of information before proceeding. 

After completing these courses you will 
have broadened your career prospects as well 
as your understanding of the rapidly chang· 
ing technological world around you. 

The courses are designed as much for the 
professional engineer as for the amateur 
enthusiast. You'll learn about microprocess
ing as well as personal computing - not to 
mention all the other aspects of digital 
electronics design. 

ADVANCED COURSE' 

DESIGN OF DIGITAL SYSTEMS 

Design of Digital Systems is written for the 
engineer and serious hobbyist who wants to 
learn more about digital electronics. Its six 
large·format volumes-each 11 %" x B%" are 
packed with information. diagrams and 
questions designed to lead you step by step 
through number systems and Boolean algebra 
to memories, counters and simple arithmetic 
circuits,and finally to a complete understand
ing of the design and operation of micro
processors and computers. 

CONTENTS 

The contents of Design of Digital Systems 
include: 

Book 1: Octal, hexadecimal and binary 
number systems; representation of negative 
numbers; complementary systems; binary 
mulitplication and division. 

Book 2: OR and AND functions; logic 
gates; NOT, exclusive-OR, NAND,NOR and 
exclusive - NOR functions; multiple input 
gates; truth tables; DeMorgan's Laws; canon
ical forms; logic conventions; Karnaugh map
ping; three-state and wired logic. 

Also .'t.il.bl. at I.ading comput., storM: 
Computer Mart of New York, 118 Madison Ave., New York, NY 
Erie Computer Co., 1253 West 8th St., Erie, PA. 
Interactive Computers, 7646� Dashwood, Houston, TX. 
Interactive Computers, 16440 EI Camino Real, Houston, lX. 
Interactive Computers, 217 W. San Francisco, Sante Fe, NM. 
Aeadout Computer Stores, 6 Winwear Ave" Buffalo, NY. 
Imperial Computer Systems. Inc" 2105 23rd Ave., Aockf()(d, Il. 
Home Computer Center, 6101 Yonge St., Willowdale, Ontario, Canada 

and m.ny oth.rs. Ask your dul.,. 

Book 3: Half adders and full adders; sub
tractors; serial and parallel adders; processors 
and arithmetic logic units (ALUs); multi
plication and division systems. 

Book 4: Flip-flops; shift registers; asynch
ronous counters; ring, Johnson and exclusive 
-OR feedback counter; random access mem
ories (RAMs); read-only memories (ROMs). 

Book 5: Structure of calculators; keyboard 
encoding; decoding display data; register 
systems; control unit; program ROM; address 
decoding; instruction sets; instruction decod
ing; control program structure. 

Book 6: Central processing unit (CPU); 
memory organization; character represen
tation; program storage; address modes; 
input/output systems; program interrupts; 
interrupt priorities; programming; assemblers; 
executive programs, operating systems, and 
time-sharing. 

BASIC COURSE 

Digital Computer Logic & Electronics 

CONTENTS 

Digital Computer Logic and Electronics is 
designed for the beginner. No mathmetical 
knowledge other than simple arithmetic is 
assumed, though you should have an aptitude 
for logical thought. It consists of 4 volumes
each 11 y," x B% "-and serves as an intro
duction to the subject of digital electronics. 

Contents include: Binary , octal and decimal 
number systems; conversion between number 
systems; AND, OR, NOR and NAND gates 
and inverters; Boolean algebra and truth 
tables; DeMorgan's Laws; design of logical 
circuits using NOR gates; R-S and J-K flip
flops; binary counters, shift registers and 
hal f-adders. 

NO RISK GUARANTEE 
There's absolutely no risk to you. If you're 

not completely satisfied with your courses, 
simply return them to GFN within 30 days. 
We'll send you a prompt, full refund, Plus 
return postage. 

TAX DEDUCTIBLE 
In most cases, the full cost of GFN's 

courses can be a tax deductible expense. 

HOW TO ORDER 

To order by credit card, call GFN's toll
free number - (800)331-1000; or send your 
check or money order (payable to GFN 
Industries, Inc.) to the address below. 

Prices include overseas surface mail post
age. Air Mail: additional costs (10 volumes); 
Caribbean $10; Europe $15; Africa, South 
America $20; Australia, Asia $25; or write 
for exact quote 

Write for educational discounts, quantity 
discounts and dealer costs. 

LOW PRICES - SAVE $5 
We ship promptly from stock. There are 

no extras-we pay all shipping costs; we even 
pay your sales tax where required. And if 
you order both courses, you save $5. Order 
at no obilgation today. 

Design of Digital Systems . . ... . . . $19.95 
- 6 volumes 

Digital Computer Logic .... . . ... . $14.95 
& Electronics - 4 volumes 
Both courses - 10 volumes ... .... $29.90 

G 
GFN Industries, Inc. 

F 
Suite 400-8 

N 
888 Seventh Ave. 

New York 
N.Y. 10019 

Call TOLL-FREE (800)331-1000 
(orders only) 
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MOSQUITO FEEDING ON HUMAN BLOOD requires several minutes to pierce the skin 
and take a complete meaL Just before the mosquito is about to pierce the skin it lifts its maxil
lary palps away from the proboscis at an angle of about 75 degrees (1). The finely toothed 
maxillae of the fascicle begin sawing into the tissue of the skin with fine back-and-forth move
ments, which cause the maxillary palps also to rock back and forth. The fascicle is guided into 
the skin between the Iabella. As it goes into the skin the labium folds back like a hairpin (2) and 
the mosquito shifts its legs closer to its body. When about half of the length of the fascicle has 
been inserted into the skin, the mosquito begins to draw blood (3). After the mosquito's abdo
men is filled it straightens its front legs to quickly withdraw the fascicle. The fascicle springs 
upward and forward out of the wound (4), and is fitted back into the deep groove in the labium. 
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havior of the adult mosquito thus begins 
with its perception. by means of its an
tennae and eyes. that food is in the vicin
ity. The mosquito normally flies to the 
food source and lands. Sensory organs 
on its feet may provide information 
about the temperature of the food or the 
concentration of sugar. When the senso
ry organs are sufficiently stimulated. 
they may direct the mosquito to lower 
its proboscis. The hairs on the labellar 
tip of the proboscis are sensitive to 
touch. sugar and perhaps salts and A TP. 
If the labella touch sugar. they mediate 
a response that varies with the type of 
sugar and its concentration. The more 
concentrated the sugar. the better the 
mosquito likes it. When mosquitoes feed 
on fruit. they sometimes insert their en
tire proboscis. but for the most part 
they only labellate (lightly touch) the 
surface and probably secrete saliva to 
help them pick up enough material to 
suck into their alimentary canal. Usual
ly the labium does not bend back when 
the mosquito feeds on fruit. One excep
tion to that rule is that the labium will 
bend back when the mosquito feeds on a 
peach. which has a fuzzy skin. Recep
tors in the cibarial pump apparently aid 
in directing sugary fluids directly into 
the insect's crop. 

When the labella of a hungry Aedes 
mosquito touch a warm-blooded ani
mal. the fascicle is inserted and the labi
um bends back. Presumably the recep
tors in the cibarial pump send a message 
to the mosquito's brain that then causes 
the valve into the stomach to open and 
allow blood to fill the midgut alone. by
passing the crop. The amount of blood 
taken by the insect is controlled by the 
ventral nerve cord by way of stretch re
ceptors in the abdomen so that the sated 
female stops feeding and withdraws its 
fascicle. 

The feeding behavior of mosquitoes 
varies widely from one species to the 

next. The feeding behavior of the dan
gerous Aedes aegypti mosq uito is far bet
ter known than the feeding behavior of 
any other species. including the com
mon house mosquito (Culex). mainly be
cause Aedes aegypti reacts quickly and 
uniformly to man. Many other species 
react slowly. The feeding habits of the 
house mosquito in captivity are so errat
ic that it is difficult and frustrating to 
study. When Culex females are confined 
in a cage. a few of them in some strains 
will land on the human skin and some 
may probe it. The females of some 
strains will not take blood in the labo
ratory even when they are starving to 
death. 

Much work remains to be done to 
complete the picture of how mosquitoes 
feed and to indicate how that knowledge 
can be applied to prevent annoyance and 
the spread of disease. 
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Technology: 
Biting the hand that leads us. 

The 1977 Nobel Prize Ceremony re
sulted in an almost embarrassing dom
ination by American scientists. Many 
acclaimed it as another testimonial to 
the tradition of American scientific 
superiority. 

But it clouded an increasingly critical 
problem: our current technology crisis. 

It may look like a lot is going on. 
But it isn't. 
Every day we hear about new ideas and 
new products. Computers, calculators, 
business machines, video games, micro
wave ovens, digital watches, fuel
injected automobiles, supersonic air
craft, "wonder" drugs, sophisticated 
surgical techniques. and telecommuni
cations systems. But they all are the re
sult of the application and extension of 
science that's 10 or 15 years old. 

The fact is that very little is going on 
now. And other countries who have a 
greater commitment to technology are 
catching up or taking the lead. 

Our colleges can no longer afford 
the facilities, programs, and staff 
tomorrow's scientists need. 
Government funding of colleges and 
universities, expressed in constant dol
lars, has been reduced by 20% since 
1967. Funds for equipment and facil
ities have been cut by more than 50% 
since 1967. Grants have been elim
inated. 

American business, too, has 
reduced funding. 
In 1976, industry spent $38 billion for 
R&D. Measured in deflated dollars, this 
is a 5 % drop from 1968. As a percent
age of our GNP, R&D spending has 
averaged 2.4% in the 1970s, as com
pared to 2.9% in the 1960s. This rep
resents a decrease of approximately 
17%. In contrast, Japan has steadily 
accelerated investment in R&D by 74% 
since 1950, and West Germany by 40% 
since 1968. 

Put another way, 12.6¢ of every 
dollar spent by our government went to 
support scientific inquiry in 1965. By 
1975, this had dropped to 5.7¢. 

How did this "technology crisis" 
come about? 
As the Depression and World War II 
passed, we became aware that we could 
no longer depend on science from 

abroad to act as the catalyst for tech
nological progress. We needed immedi
ate answers to complex problems. So 
scientists were asked, and funded, to 
develop solutions. Fast. 

Then our attitude toward science be
gan to change, due to three major 
events: 

I. Sputnik. Our tradition of techno
logical supremacy was challenged, 
and Russia proved that "it could 
be done" if science and funding 
were properly applied to accom
plish a defined mission. 
While Sputnik heightened our in
terest in scientific inquiry, it also 
conditioned our response for the 
1970s. 

2. The Recessions of 1958 and 1963. 
Unrestricted scientific inquiry and 
unlimited funding ceased. Gov
ernment and business were forced 
to devote less money to fewer 
R&D projects with more short
term results. 

3. Vietnam. This was the war tech
nology would win in almost a 
week, by remote control. Fast, and 
without casualties. Technology, 
people felt, let us down. 

As the 1970s dawned, we had suc
cessfully met the challenges of space. 
New challenges had not been defined, 
nor desired. For the price tag was get
ting too high.' 

It became popular to blame technol
ogy for causing all our problems. Pollu
tion. Depletion of natural resources. A 
food crisis. Unemployment. Rising 
prices. Inflation. 

As a result, emphasis on scientific in
quiry vanished. Government and busi
ness became skeptical and were content 
to rely on the proven success of old 
science for new ideas. 

Gould is an electrical and industrial products company committed to growth 

through technology. This message is a condensation of a 12-page White 

Paper, "Technology and Scientific Inquiry." For the complete text, write 

Gould Inc., Dept. S9-6, 10 Gould Center, Rolling Meadows, Illinois 60008. 

Now we are at the crossroads. 
During the past 10 years of decreasing 
emphasis on scientific inquiry, three 
major things have happened: 

I. Foreign competitors are beating us 
in the market. Countries like 
Japan and West Germany have in
vested heavily in scientific inquiry, 
and the results are beginning to 
pour into our country. 

2. New technology must solve new 
problems. The energy crisis. Pro
ductivity in industry. Pollution 
control. Continuing research to 
combat killer diseases. And more. 

3. We have lost our scientific spirit. 
Perhaps this is why government 
and industry have been unable to 
provide the same kind of commit
ment and investment we applied to 
winning the race to the moon to 
meeting new challenges. Had we 
done so when the energy crisis first 
threatened, we might now have as 
much fuel as we need. 

Clearly, we must change our attitude 
toward scientific inquiry. 
In an environment where scientific in
quiry is suspect, and funding lacking, 
technology will take a long time to 
evolve. And that is basically where we 
stand today. 

What we need is not so much a re
turn to the age of unrestricted scientific 
inquiry, but. the beginning of an era 
where government and business and uni
versities work together. 

Universities can more forcefully 
press the case for more support of valu
able research. Business can increase 
emphasis on funding of R&D. Govern
ment can change its attitudes from a 
desire to control and regulate techno
logical growth to a desire to encourage 
and support scientific endeavor in all 
spheres of society. And provide tax in
centives to industries that invest in R&D. 

And there's one thing we all can do. 
Give technology a chance. Recognize 
what it can do and what it cannot do. 
And support it-financially. 

As it has in the past, technology will 
provide the solutions. 

Science and technology can solve many 
problems. If they don't, what else will? 

-} GOULD 
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THE AMATEUR 
SCIENTIST 

Drops of liquid can be made to Roat on 

the liquid. What enables them to do so? 

by] earl Walker 

T
wice in this department the late C. 
L. Stong presented experiments 
having to do with the curious phe

nomenon in which water drops glide 
across a water surface for several sec
onds before sinking into it. You may 
have seen this happening in an automat
ic coffee maker when water drips from 
the filter into the glass container. 

In the first of Stong's discussions (Au
gust. 1973) Gerard Schol described an 
apparatus for studying the drops and ar
gued that the support was probably due 
to an electrical repulsion between the 
bottom of a floating drop and the bulk 
liquid just below it. In the second discus
sion (April. 1974) Kenneth C. D. Hick
man experimented with something a bit 
different: water drops called boules that 
floated on slightly superheated water. 
For me the boules are more easily un
derstood than the drops described by 
Schol because the superheated fluid has 
a large rate of evaporation and the re
sulting vapor layer below the drop sup
ports it. A similar support mechanism 
holds water drops just above a hot plate 
in the Leidenfrost phenomenon I dis
cussed in this department last August. 

The phenomenon of water drops that 
float on water that is at room tem
perature has attracted attention for a 
long time. John Tyndall examined such 
drops as early as 1885. and in 1881 Os
borne Reynolds wrote "On the Floating 
of Drops on the Surface of Water De
pending Only on the Purity of the Sur
face." Although Reynolds did not speci
fy the support mechanism. he probably 
thought it was due to surface tension. 
His discussion indicated that floating 
drops are relatively rare because inpu
rities on a typical water surface some
how destroy the flotation mechanism. 

seconds. perhaps tens of seconds. by 
adding detergent to the water. That 
much has been well known. The re
markable thing Raymond has discov
ered is that the drops can be made to last 
for several minutes by vibrating the con
tainer in such a way that standing waves 
are set up in the surface of the water. In 
fact. some of Raymond's drops lasted as 
much as 18 minutes. He suggested using 
a household appliance such as an elec
tric hair clipper to vibrate the side of a 
cake pan containing the solution of wa
ter and liquid detergent (two teaspoons 
per quart of water). To achieve more 
consistent results he put a one-liter plas
tic beaker of the solution on a slightly 
unbalanced tabletop centrifuge. Occa
sionally he obtained drops almost two 

centimeters in diameter by allowing sev
eral smaller drops to combine or by 
building them up slowly with a syringe 
filled with the solution. 

Other workers have reported that the 
drops often refuse to perform individu
ally but that if a steady stream of drops 
is played on the surface of the bulk liq
uid. the drops eventually begin to float. 
The common explanation of the surviv
al of the later drops is that the early 
drops sweep the surface of the bulk liq
uid clean of the impurities that some
how eliminate the support mechanism. 
Raymond points out that part of the suc
cess of the stream of drops may be that 
the earlier drops make the bulk surface 
vibrate slightly. thereby enabling the 
later drops to float for a while. 

Raymond found two other interesting 
things. His drops were repelled by air 
bubbles on the surface but were attract
ed by one another. The repulsion and 
attraction appear to have to do with the 
shape of the water surface near the air 
bubbles and the drops. The surface 
curves up on the bubbles. and a drop 
will not climb uphill. The surface curves 
down into a dimple around each drop. 
so that two adjacent drops can easily 
flow toward each other. When they 
meet. they may remain as two drops. 
suddenly coalesce to form a single drop 
or disappear. 

In repeating Raymond's experiment I 
replaced the household vibrator with a 
six-inch loudspeaker and an audio oscil
lator. both of which you can buy from 

Although the nature of the support 
has been discussed for almost a century. 
I do not think the final word has been 
written yet. largely because of a clever 
experiment that has recently been de
scribed to me by James A. Raymond 
of the Alaska Department of Fish and 
Game. Raymond points out that the 
lifetime of the floating drops can be in
creased from about a second to several Flowerlike pattem of ./looting drops of dyed water 
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a dealer in electronic equipment. The 
speaker had no front covering and was 
placed face up on a table. Over it I put a 
curved watch glass large enough to cov
er it. The curved glass or plastic face of a 
clock will serve, or you can buy a chemi
cal watch glass from a chemical-supply 
house. The advantage of my setup was 
that I could control the amplitude and 
frequency of the vibration. In particular 
I could easily tune the vibrations in and 
out of resonance for the speaker-air
glass-liquid system and also see how the 
lifetime of the drops depended on the 
vibrational amplitude. 

I mixed about 12 milliliters of Ivory 
liquid detergent in 100 milliliters of tap 
water, poured some of the mixture into 
the watch glass and filled a syringe with 
the sol uti on. (You could use an eyedrop
per.) When I squirted drops onto the wa
ter, the results were just as startling as 
Raymond must have found them. When 
the audio oscillator was tuned to reso
nantly oscillate the water (even gently) 

so as to cause vibrational standing 
waves to form on the surface, the drops 
lasted for several minutes. With my sys
tem this result appeared at oscillation 
frequencies between 10 and 150 hertz. (I 
could not go lower than 10 hertz on my 
audio oscillator.) 

When I tuned the oscillator out of res
onance so that the standing waves disap
peared (one can do so either by tuning to 
a higher frequency or by decreasing the 
amplitude of the oscillator), the drops 
coalesced into the bulk liquid within a 
few seconds. Only with the vibrational 
waves present would the drops float for 
longer than 10 seconds or so. Before re
ceiving Raymond's letter I had become 
accustomed to having the drops last for 
such a brief time that I had trouble ex
amining them properly, and now I had 
drops lasting so long that I could go out 
for a cup of coffee while they persisted. 

Most of the floating drops were from 
a millimeter to a few millimeters in di
ameter, about the size of the wavelength 

of the surface waves on the water when 
the oscillator was at 50 hertz. By making 
several small drops coalesce or by con
tinuously discharging fluid from the sy
ringe into a single drop I built up larger 
drops that significantly dimpled the wa
ter surface and were larger than the 
wavelength of the surface waves. If ad
jacent drops did not coalesce to form a 
single drop, they formed rafts of floating 
drops. I had rafts two or three centime
ters across, each consisting of about a 
dozen drops. With some care I could 
make a pretty design consisting of one 
large central drop surrounded by a ring 
of smaller drops. When I later began to 
use food coloring in the drops, I was 
able to make red and blue rafts of this 
flowerlike design. 

As other investigators have found, the 
drops did not always behave. No one 
has understood their fickle nature, but 
presumably their refusal to form is part
ly due to variations in the local elec
tric field. For example, an experimenter 

Motions of a drop of dyed vinegar put on a layer of corn oil above a layer of vinegar 
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moving past the apparatus can alter the 
electric field near the drops and cause 
them to merge into the bulk liquid. Sur
face impurities are also important. be
cause dust on the surface prevents the 
drops from floating. I tried blowing a 
light layer of lycopodium powder. an 
organic hydrophobic powder available 
from chemical supply houses such as 
Fisher Scientific Company (26401 Miles 
Ave .. Cleveland. Ohio 44 128) for about 
$7 for four ounces. on the surface and 
immediately lost my ability to generate 
floating drops. 

The generation of floating drops also 
appeared to depend on the height from 
which the drop fell from my syringe. If I 
carefully allowed a drop to form on the 
needle and fall of its own accord. it 
would float if the distance of fall was 
within a certain range. Well above that 
range drops might still float but only if 
the drop splashed into the bulk liquid 
hard enough for the spray thrown up
ward to produce floating drops. 

Most of the drops. particularly the 
larger ones. seemed to rest quietly in the 
nodes (the places of minimum surface 
vibration) of the standing waves. This 
positioning was difficult to verify. how
ever. and the larger drops caused such a 
dimpling of the surface that surely any 
standing-wave pattern on the surface 
was distorted in that area. Some of the 
smaller drops continuously hopped up 
and down in the pattern with the same 
type of frenzied vibration I had seen in 
the Leidenfrost effect.. 

One explanation of the support mech
anism is that water molecules on a water 
surface orient themselves so that the 
surface is electrically negative. Hence 
the bottom of a drop. being negative. is 
repelled by the surface of the bulk wa
ter. which is also negative. The only 
proof of this repulsion mechanism I 
have seen is that the presence of an 
external electric field near the drop 
destroys the floating. The same thing 
might happen. however. even if the sup
port mechanism were nonelectric. be
cause the external electric field would 
destroy it. 

Assume that a negatively charged rod 
is placed above a floating drop. Regard
less of whether the drop is slightly 
charged or is neutral, the electric field of 
the rod polarizes the drop so that its top 
(nearer the rod) is positive and its bot
tom (farther from the rod) is negative. 
Just below the drop the surface of the 
bulk liquid becomes positive. Since that 
surface and the oppositely charged bot
tom of the drop are so close. the drop is 
pulled into the liquid. Thus an external 
electric field can make the drop coalesce 
into the bulk liquid even if the drop 
is not normally supported electrically. 
Electric fields are often employed to 
make airborne drops coalesce in a simi
lar fashion in order to precipitate out 
undesired mists. 

Another (and more widely accepted) 

The 
Great Whisky 

Made Like 
Great Wine. 

No other whisky in the world is 
made like Old Forester That's why no 
other whisky in the world tastes like 
Old Forester 

Old Forester isn't blended. It gets 
its color and flavor solely from the 
maturation process itself. It's made 
naturally, like Great Wine. 

For example, Great Wine is matured 
under exacting conditions -to control 
temperature and humidity. So is 
Old Forester 

Most great French Wines are 
matured naturally-in oak barrels. 
Old Forester is matured the same way. 

Great Wines are "candled" for color 
and clarity. "Nosed" for aroma and 
bouquet. They 're bottled directly from 
the barrel. Never blended. And of 
course, they cost more. 

This slow natural process is how 
some wines become Great Wines. 

And how Old Forester becomes 
Great Whisky. 
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explanation is that the support mecha
nism is the thin layer of air that is 
trapped below a drop just as it reaches 
the surface of the bulk liquid. The air 
forms a layer from 100 to 1,000 nano
meters thick and may be at a pressure 
high enough to dimple the bottom side 
of the drop in the same way that the sur
face of the bulk liquid is dimpled. The 
lifetime of the drop is determined by the 
rate at which this air leaks out through 
the even narrower gap that rings the 
dimpled area. Eventually the air layer 
thins enough (to less than 50 nanome
ters) for the weight of the drop to rup
ture the layer. Then the drop either coa
lesces into the bulk liquid or re-forms 
into a smaller floating drop. 

The leakage rate depends on three 
factors: the possible imbalance of sur
face tensions on the bulk surface. the 
surface viscosities of the bulk liquid and 
the drop. and the viscosity of the air 
trapped below the drop. As air leaks out 
it attempts to drag the top layer of the 
bulk liquid along with it. If the liquid 
has a high surface viscosity. the flow of 
both the liquid and the air is retarded. 
and the drop lasts a relatively long time. 
The addition of detergent to the water 
increases the floating time for this rea
son. Although the detergent lowers the 

Liquid 
detergent 

Water and 
detergent 

surface tension of the water. it increases 
the surface viscosity. If the air is re
placed with a more viscous gas such as 
carbon dioxide or with a viscous liquid. 
the leakage rate would also be decreased 
and the drop lifetimes increased. 

The uniformity of surface tension 
over the local surface of the bulk liquid 
is also important. Suppose the surface 
tension just below a drop were lowered 
by the vapor emitted by the drop: Then 
the stronger surface tension just outside 
the contaminated area will pull the bulk 
liquid radially outward. dragging the 
trapped air along with it. thereby de
creasing the drop's lifetime. Such mo
tion across a liquid surface because of 
nonuniform surface tensions is called 
the Marangoni effect after Carlo G. M. 
Marangoni. who studied it in the latter 
half of the 19th century. With a water 
drop the lifetime of from three to 10 
seconds depends primarily on the vis
cosity of the air and the surface viscosity 
of the solution of water and detergent. 

The concept that air is trapped below 
the drop helps to explain why my drops 
floated if the height of fall was within a 
certain range. If I casually released a 
drop just above the water surface. the 
drop reached the surface with a relative
ly low velocity and apparently did not 

trap air. A greater height gave a great
er velocity and trapped enough air to 
support the drop. If the height of fall 
was even larger. the splash (either the 
crown ringing the impact point or the 
central vertical jet following the relaxing 
crown) could produce drops that would 
float on the water. 

The model also explains the absence 
of floating drops on dusty or dirty water. 
Any dust particle or hair on the surface 
would puncture the air layer and cause 
the drop to merge with the bulk liquid. 

Even if one accepts this model for the 
support mechanism. it is still necessary 
to explain why the vibration of the bulk 
liquid increases the lifetime of a drop. 
Raymond suggested that the vibrations 
might somehow pump air under the 
drop. so that it continues to be support
ed. This idea was appealing to me be
cause it was in line with the generally 
accepted hypothesis that trapped air is 
the support mechanism. The pumping 
could possibly come from circulation 
patterns in the bulk surface that would 
drag air under the drop. Imagine a small 
drop sitting at the node of a standing
wave pattern. As the fluid areas to the 
left and right of it oscillate out of phase 
with each other. there could be a period
ic exchange of the bulk liquid between 
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left and right under the drop. dragging 
air below the drop in the process. Even 
without surface circulation the com
bined oscillations of the surface and the 
drop might.somehow periodically trap 
more air under the drop. 

Although air may be pumped under 
the drops in this way. the model presents 
several problems. First. I do not quite 
see how the combined oscillations of the 
surface and the drop can force more air 
under the drop while the weight of the 
drop is trying to squeeze air out of that 
area. Second. the rafts of drops I have 
described are difficult to explain unless 
one argues that the air trapped below 
the central drops is so far from the pe
rimeter of a raft that it does not leak out 
as readily and therefore does not need to 
be replaced. 

A third problem is more troublesome. 
Try as I might. I could detect no circula
tion of water near an individual floating 
drop. To trace circulation I put a small 
amount of dye in the bulk liquid and 
arranged for a thin filament of the dye to 
be near a drop. I worked with two types 
of dye: a red fuchsin (from chemical 
supply houses) and a common blue or 
red food coloring. In small quantities 
neither dye appeared to alter the sup
port mechanism of the drops by radi
cally changing the surface tension or 
the viscosity of the bulk liquid. I could 
move a drop near a dye filament by plac
ing the needle of my syringe near the 
drop. Because the liquid curved upward 
onto the needle the drop moved away. 
When a drop reached a dye filament. 
any circulation below the drop could be 
expected to carry part of the filament 
with it. I seldom saw such an effect. If 
there is circulation below the drop. it 
is surprisingly slow. even impercepti
bly slow. I did find circulation patterns 
when two or more drops were floating 
side by side; here the vibrations of each 
drop would alter the vibrations of the 
others. This circulation could possibly 
add air under the drops. 

I also checked to see if the drop had an 
internal circulation that could pump air 
below the drop. I first built up a large 
floating drop by making several smaller 
drops coalesce. Then I added a small 
colored drop. After several tries I made 
the small dyed drop coalesce with the 
larger transparent drop. and this addi
tion of dye to the large drop enabled me 
to search for internal circulation pat
terns. In particular I thought the drop 
might develop a downward flow on its 
outside and an upward flow in its center. 
thus dragging air under itself. The dye 
tracer revealed no such internal pattern. 
In fact. the dye spread itself through the 
drop rather slowly. and any immediate 
motion of the dye appeared to be due to 
the spinning of the drop as a whole re
sulting from the disturbance of the coa
lescence. 

Why. then. do drops placed on a vi
brating liquid surface last so much long-
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er? Other experiments have ruled out an 
electrical repulsion as the main support 
mechanism. and I do not see how such a 
force would be enhanced by vibration 
anyway. As appealing as circulation 
patterns pumping air below a drop are 
to me. I cannot find any readily apparent 
circulation. The fact remains that the 
drops do last significantly longer on a 
vibrating surface. 

My best clue came from examining 
the floating drops under a strobe light 
set near the frequency of oscillation. so 
that the flashing light effectively slowed 
the vibration of the drops. I found two 
types of vibration among the drops. The 
very small drops were oscillated so 
much by the vibrating surface that they 
hopped up into the air each time the 
surface pushed upward. Presumably 
these drops retrapped air on reaching 
the bulk surface again. thereby delaying 
their coalescence into the bulk liquid un
til some chance mishap destroyed them. 

A larger drop. on the other hand. did 
not leave the surface. and its center of 
mass did not appear to move much ver
tically. The drop oscillated by periodi
cally varying its shape from relatively 
tall and thin to relatively short and fat. 
From overhead this variation in size was 
symmetric around the drop. Surround
ing the drop were concentric circles of 
surface waves apparently generated by 
the drop's vibrations. 

I think that whenever the bulk liquid 
directly under a drop pushed upward on 
the air layer. the bottom of the drop was 
in turn pushed upward. forcing the drop 
to spread outward. Since the drop was 
oscillated at or near resonance by the 
bulk liquid. a phase difference of be
tween 0 and 90 degrees between the two 
motions should arise. In other words. 
the drop could lag behind the bulk liq
uid by as much as a fourth of the oscilla
tion period. The radial spread of the 
drop pushed in turn (by way of the air 
layer) on the rim of the dimple. sending 
off a crest in the surface waves. When
ever the bulk liquid descended below 
the drop. the· drop became thinner and 
expanded vertically as the rim of the 
dimple pushed radially inward. 

This pushing along the rim should 
on the average decrease the tiny gap 
through which the air must eventually 
escape if the drop is to coalesce with the 
bulk liquid. The rate of escape depends 
on the cube of the gap's width. which 

means that if the gap is diminished 
somewhat. the escape time might be sig
nificantly longer. Suppose the gap is nar
rowed from a typical 200 nanometers in 
a calm situation to an average 50 na
nometers in the vibrating situation. that 
is. decreased fourfold. The escape time 
and hence the drop lifetime would in
crease by 43• or 64 times. If the lifetime 
is typically 10 seconds on a calm sur
face. it would be almost 11 minutes on 
the vibrating surface. Thus a drop evi
dently lasts longer because the vibra
tions narrow the escape route of the air 
supporting the drop. 

When I placed two drops side by side. 
each one perturbed the oscillations of 
the other and distorted the component 
of radial expansion in their vibrations. 
From overhead I saw each drop change 
from being oblong perpendicular to a 
line through the centers of the drops 
to being somewhat oblong parallel to 
the line. The drops were always in phase 
in these changes. Using a dye tracer I 
found that bulk liquid was pulled in un
der the drops from both sides along the 
line through their centers and then was 
pushed outward between the drops per
pendicular to that line. 

Some of my data for the lifetime of 
drops at 50 hertz are plotted in the illus
tration on page 158 as a function of the 
uncalibrated amplitude settings on the 
audio oscillator. The drops were all ap
proximately the same size (a few milli
meters in diameter) and were allowed to 
fall approximately the same distance. 
They were not allowed to coalesce with 
other drops. (I had the impression that 
coalescence lengthened the lifetime of 
the drops. but I did not verify it.) I have 
no basis for assuming that the relation 
between the amplitude setting and the 
amplitude of the vibrations in the water 
in my watch glass is linear; it is probably 
quite complicated. Nevertheless. you 
can see two interesting features in these 
data. With little or no amplitude of os
cillation the �lrops lasted a fairly short 
time. In the midrange they lasted the 
longest. At greater amplitudes the life
times decreased. presumably because 
the oscillations in the bulk liquid were 
so violent that a drop was thrown 
around and lost its air support. The sec
ond interesting feature is that even when 
some drops lasted a long time (my rec
ord was about 10 minutes). other drops 
at the same amplitude setting and under 
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seemingly identical circumstances last
ed only a short time. 

I tried isolating a floating drop by var
ious means: drawing rafts of air bubbles 
around it. lowering a ring around it 
or dipping a loop of wire into the bulk 
liquid and then pulling the wire upward 
to place a soap bubble over the floating 
drop. As long as the water around the 
drop continued to vibrate. even gently. 
the drop could last a long time. 

You might wonder why touching 
drops do not always immediately coa
lesce. I believe a layer of trapped air 
must lie between them just as one lies 
below them. When two drops come to
gether. they essentially fall into each 
other's dimple and hence gain some hor
izontal speed. If that speed is large 
enough. air could be trapped in the 
touching and could take some time to 
leak out. Eventually the air layer is thin 
enough for the drops to coalesce to form 
a single drop. Alternatively. the distur
bance ruptures the support layers and 
the drops coalesce into the bulk liquid. 
How they coalesce into each other is 
important in studies of fogs and mists 
where airborne droplets touch and pos
sibly coalesce to form larger drops. 

The fluid supporting a drop does not 
have to be air or even a gas. All that is 
heeded is a drop that falls through an
other fluid in which it will not mix and 
then encounters a bulk layer of its own 
kind. As an example I poured a layer of 
vinegar into a beaker and then added a 
layer of corn oil. Each layer was at least 
two centimeters thick. With my syringe I 
squirted small amounts of vinegar in a 
single area of the surface of the corn oil. 
gradually building up a drop that hung 
from the oil-air surface. Eventually the 
drop was heavy enough to break from 
the surface and fall to the bulk vinegar 
layer. At first the fall made the drop go 
faster. but as it approached the vinegar 
layer it noticeably slowed down because 
the corn oil between it and the oil-vine
gar interface had to be squeezed out of 
the way. Wh'en the drop reached the in
terface. some oil was still trapped below 
the drop. which therefore sat on the in
terface with the same dimple feature 
characteristic of the water drops. After 
about a minute the drop broke into the 
vinegar layer. apparently because the 
layer of corn oil under it had become 
sufficiently thin. I dyed the vinegar 
drops so that I could more easily watch 
this rupture and the resulting flow of 
new vinegar into the vinegar layer. The 
sight of a blue or red drop sitting in the 
yellow corn oil waiting for the thin layer 
of oil to get out of the way struck me as 
beautiful. 

Does vibrating the container of vine
gar and corn oil prolong the lifetime of 
the vinegar drops sitting on the interface 
of the two liquids? The answer is yes. 
When I placed the container, on my 
watch glass and resonantly vibrated the 
assembly as before. the drop lifetimes 
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SCIBNCB/SCOPB 

The Pioneer Venus mission consists of two spacecraft built by Hughes for NASA's 
Ames Research Center. Orbiter will circle Venus for at least one Venusian year 
(225 earth days), studying the atmosphere, winds, magnetic and gravitational 
fields. Multiprobe will send four probes toward the surface to measure clouds, 
energy and wind. Altogether, 30 instruments will be flown and supported by 115 
scientific investigators, co-investigators and team members. Since Venus' major 
weather patterns are global in nature, the data obtained should help scientists 
learn more about the forces that drive the weather on earth. 

Printed repair manuals may soon be replaced by an electronic display, part of the 
Technician's Maintenance Information System (TMIS) developed by Hughes. It can 
direct the repair of complex equipment simply by asking the repairman to describe 
his problem. It comes in two portable packages: a video display with electronic 
keyboard; and a mass memory device using floppy disks, plus a microprocessor. 

A technician simply selects the appropriate disk, loads it into the system 
and types in the problem. In less than two seconds, the display screen provides 
a series of questions. After he provides the answers, the system pinpoints the 
failure, the part needing replacement, shows its location, and tells how to re
place it. With this method, many repairmen will no longer require extensive tech
nical training or cumbersome stacks of data. By cutting troubleshooting and re
pair time to a small fraction of present needs, costs can be reduced drastically. 

A new kind of instrument will help meteorologists gauge more accurately the direc
tion and speed of winds at all altitudes -- and thus improve long-range weather 
forecasting -- when the first of three Hughes-built weather statellites is launched 
from the Space Shuttle in the early 1980's. Intended for use along with similar 
spacecraft from Europe, Japan and the Soviet Union, the Geostationary Operational 
Environmental Satellites (GOES-D, E and F) are U.S. entries in an international 
weather-watch program. NASA manages the construction and launch of GOES for the 
National Oceanic and Atmospheric Admin., which generates the satellite system. 

Heart of the new satellites will be a Visible Infrared Spin-Scan Radiometer 
Atmospheric Sounder (VAS), built by Hughes' Santa Barbara Research Center, that 
will produce day and night pictures of the Earth's cloud cover, as well as deter
mining the three-dimensional structure of atmospheric temperature and humidity. 

Hughes Industrial Products Division, located near San Diego, California, is seek
ing Electronics Engineers/Technicians and Physicists to work on: Ultrasonic Scan 
Converters (Medical Applications); Infrared Detectors (Police and Firemen); Micro
electronic Welders (Industry)� Flexible Automatic Circuit Testers (Airlines, Phone 
Companies); Cathode Ray Tubes (Airlines); Laser Cutters (Apparel Industry). For 
immediate consideration, please send your resume to: Jim Burley, Hughes Aircraft 
Company, Industrial Products Div., 6155 El Camino Real, Carlsbad, CA 92008. 

Machined parts rejects may be virtually eliminated by using a revolutionary new 
laser instrument application from Hughes. Linking a laser interferometer with a 
computer-controlled machine tool lets the operator position a part to within one/ 
ten-thousandth of an inch -- double the machine's original accuracy. Changes in 
height, depth and width can be monitored and corrected. Inspectors can cross
check findings against their standard measurem�nt techniques. Result: less need 
for total inspection of parts after fabrication, and fewer parts to be reworked. 

Cre.ting • new world with electronics 
r------------------, 
I I 

: HUGHES: 
I I 
L __________________ � 
HUGHES AIRCRAFT COMPANY 
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increased from about one minute to be
tween 2. 5 and three minutes. 

When an air bubble rises through a 
fluid and impinges on a flat object, such 
as the bottom of a beaker immersed in 
the fluid, the fluid requires some time 
to get out of the way, just as the oil did 
with my vinegar drops. The bubble first 
reaches the flat barrier with a thin layer 
remaining between the air and the barri
er. At a rate depending on the viscosity 
of the fluid the layer flows out of the 
way, finally becoming so thin that the 
bubble breaks and the air touches the 
barrier directly. 

A lot more work could be done on 
floating drops. With air as the support 
layer you could try floating drops of 
fluids other .ihan water. I was able to 
float drops of rubbing alcohol on a layer 
of rubbing alcohol. You might try oils, 
both in the floating-drop and rising-bub
ble experiments. Does the lengthening 
of drop lifetimes by vibration work in 
deeper water? I don't know. You might 
want to find out Does a long lifetime for 
a drop require vibrational waves that 
are about the size of the drop? Will 
drops float for several minutes if the vi
brational frequency is well above 1 50 
hertz or below 10 hertz? 

You also might want to work with 
gases other than air or with supporting 
liquids other than corn oiL Does vibra
tion always help? In the water-drop ex
periment you could attempt to correlate 
the concentration of the detergent with 
the lifetimes of drops. In particular you 
might be able to find a leveling off of the 
lifetimes after a certain concentration, 
which would imply a leveling off of the 
change in surface viscosity due to the 
detergent If the vibrational pattern in a 
water-drop experiment is quite steady, 
will the drops float for hours, or is the 

upper limit about 18 minutes? If the du
ration is unlimited, my explanation of 
how the vibrations lengthen the time is 
wrong. 

While you are playing with water and 
occasionally reflecting on surface ten
sion you might want to repeat an old 
parlor trick. Fill a glass with clean wa
ter, sprinkle pepper over the surface and 
touch one side of the surface with a bar 
of soap. The pepper particles zip to the 
opposite side of the surface. 

This motion across the surface is an
other example of the Marangoni effect 
The soap film deposited on the surface 
immediately lowers the surface tension, 
and the area free of soap.then contracts 
because of its greater surface tension. 
The pepper particles are merely caught 
up in the contraction and taken for a 
quick ride. 

In another parlor trick small particles 
of camphor (available from chemical 
supply houses as dl-camphor) are placed 
on the surface of clean water. Because 
of the uneven rate at which the camphor 
dissolves around its perimeter, the parti
cles dance to and fro in a merry jig. Sup
pose one particular corner of a particle 
dissolves first The local surface tension 
is lowered and the particle is pulled by 
the greater surface tension on its other 
side. Then another corner dissolves, and 
again the particle is pulled on the oppo
site side. Finally enough camphor has 
dissolved for the surrounding surface 
tension to fall just below the value need
ed to pull additional molecules out of 
the particle, and the dance ends. Years 
ago children played with toy boats pro
pelled by a bit of camphor or alcohol 
placed at the rear of the boat Either 
substance lowered the local surface ten
sion, causing the greater surface tension 
at the bow to pull the boat forward. 
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Ultitnately It's Maralltz. 
(;0 0 It. 

Drums-Cellos-Trumpets 
instead of ... 

DrumCselloTsrumpets. 
Because what you're 

getting is the sharpest, 
cleanest instrument defini
tion you've ever heard from 
any speaker system. 

Through ordinary 
speakers, music is a sound 
of instruments jumbled to
gether. Yet listen to the same 
music played through a 
Marantz 940 speaker sys
tem. The difference is 
amazing! The music comes 
out exactly the way it went in 
-instrument by instrument. 

At the heart of the Marantz 
940 is the most sophisti
cated crossover network ever 
developed. Most competitive 
systems have only two separate level controls in 
their crossover network, with no inductors. Marantz 
gives you three level controls with six inductors! 
So you get more circuitry for precise crossover points. 
The result: a flat frequency response with smooth 
transition of the frequency ranges between woofer, 
mid-range and high-frequency loudspeakers, 
combining all of those cleanly defined instruments 
into a brilliant, meticulous blend. 

And, to do the job of bringing forth each indi
vidual instrument within the divided frequencies, 
Marantz designs and builds more expensive, more 
sophisticated transducers. Marantz woofers, for 
example. The big bass drum is heard in all its glory 
because Marantz builds woofers with a rigid new 
cone material-rigid enough to withstand ten times 
the force that can destroy a light airplane. This 
superior structural strength enables the cone to 
move in an ideal piston-like motion, instead of 
bending. Which means a tight, low frequency 
response and uncolored sound quality. 

The human voice-the 
most difficult sound to re
produce-takes on flesh and 
blood realism. Because the 
Marantz S-inch mid-range 
cone transducer blends pre
cisely with both woofer and 
tweeter elements. And it's 
completely sealed off in its 
own enclosure. V ibrations 
produced by the woofer 
(like the big bass drum) 
can't shake up mid-range 
reproduction. 

Even crystal-shattering 
trumpets are a total reality 
thanks to the exclusive 
linear polyester film domes 
on the tweeters. The lighter 
weight film responds faster 
to high frequency vibrations: 
also, the small dome shape of 

the tweeters disperses high frequencies over a wide 
area. No matter where you are in the room you hear 
the same sound. 

Is it possible to perfect the sound even further? 
Yes ... with our exclusive Vari-Q'" feature. It's a high 
density removable foam plug. Plug in, the system 
is "air suspension" -ideal for movie albums. 
Symphonies. Jazz. Folk. Pull the plug out and the 
system is "ported" to give the gutsiest low end for 
today's electronic rock. 

Outside and inside the Marantz 940 is a work of 
art-the top of the Marantz Design Series. The 
elegant furniture styling is magnificent. The sound 
-all you could wish for. The truest musical sound 
you've ever heard from any speaker, anywhere. 

Your Marantz dealer has the Model 940 as well 
as the full line of Marantz Design Series Speaker 
Systems, Marantz High Definition Speaker Systems 
and Marantz Imperial Mark II Speaker Systems. If 
you want the best-and are willing to spend a little 
more to get it-then go for it. Go for Marantz. 

"'Patent Pending © 1978 Marantz Co., Inc., a subsidiary of Superscope, Inc., 20525 Nordhoff St., Chatsworth, CA 91311. Prices and 
models subject to change without notice, Consult the Yellow Pages for your nearest Marantz dealer. 
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