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New research finding� 

ON WALKING . . .  nature's own 
amazlng ((anti-age antibiotic"! 

Not running, not jogging, but walking 
is your most efficient form of exercise 

and the only one you can safely 
follow all the years of your life! 

Today, after some 2000 years, modern medical re

searchers are demonstrating (somewhat to their sur
prise) that Hippocrates, "the father of medicine" was 
right . .. walking is man's best "medicine"! 

(3) Exercised bones do not demineralize. As a re
sult they are far less likely to break or lose their range 

of motion. 

(4) Exercised lungs still exhibit the emphyse�a

like changes of age, but are far less diminished in their 
capacity compared to the lungs of sedentary people. 

(5) Exercised cardiovascular systems show a simi
lar maximum preservation of function. 

Take one example. At a three-day conference on 

Exercise in Aging-Its Role in Prevention of Physical 

Decline (held October 27-29, 1977, at the National 

Institute of Health, Bethesda, Maryland) researchers 

from across the United States, Canada and Western 
Europe presented papers on this (until now) largely 
neglected area of research. As their papers were pre
sented, these important points of agreement emerged: 

(6) The benefits of exercise in preventing or cor

recting obesity are striking. 

(7) Late-onset diabetes is almost entirely revers

ible by exercise if you are overweight. 

(1) Walking is the most efficient form of exercise 
. . and the only one you can safely follow all the 

years of your life. 

(8) Daily exercise permits greater food intake and 

better blood circulation, thus improving each body 
cell's nourishment while preventing obesity. 

(2) Exercise can enable your body to maintain a 

vital reserve which has a protective effect during stress. 

(9) The physically impaired, particularly the arth

ritic, can perhaps benefit the most from exercise . . . 
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THE TRUTH 
THAT SHOCKS 

too many executives too late! 
Only the fit survive. Ignorance 

about how to take care of yourself can 
be the mistake that kills you in your 
50's or 60's ... like an ordinary man. 
But as an executive you are not an 
ordinary man. Put your brains to use. 
Discover what research scientists now 
know about how to take the best care 
you can of the only body you will ever 
have. 

Remember this! 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 longlived 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 $24 a year in the U.S.A. 

and its possessions, Canada and 

Mexico_ Individual reports (back 

issues) $2.00 per copy. All other 

countries $26 by surface mail, $30 by 

air mail. (Only International Money 

Order or check cashable on U.S. bank 

will be acceptable.) 

Subscribe now under this unusual 

introductory offer: 

(l ) Your choice of any three of 

the reports listed below ($2.00 each) 

FREE! 

(2) If you are not completely sat

isfied with your first issue, your money 

will be promptly refunded. 

Please study the reports listed here 
�nd circle your three choices: 
New research findings On Walking . . .  

nature's own amazing "anti-age anti
biotic"! 

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

How new understandings about the 

biological function of ascorbic acid 

may profoundly affect our lives. 

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 . 

Raymond J. Shamberger, Ph.D.: On 

your risk of stomach cancer from 

untreated beef • . . and how the nat
ural antioxidants, vitamins C and E 
and selenium, help protect you! 

On The Syndrome Of Longevity. Key 
factors dependably present ("con
stants") in the way of life of men who 
have outlived other men born when 
they were by a generation! 

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. 

Linus Pauling, Ph.D.: On "itamin C 

and heart disease. Can vitamin C pro
tect you, and how much should you 
take? 

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

"Little Strokes" . . . their causes and 
what you should know about th�m to 
help protect yourself! 

Sir Hans Krebs, M.D., F.R.C.S.: On 

the use and misuse of medication. The 
world-famous Nobel Laureate in Phy
siology and Medicine warns that too 
many patients are being made ill due 
to their own or their physicians care
lessness because the new high-potency 

drugs have side-effects that are almost 
unavoidable if not carefully moni
tored. 

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 - as you approach 50. 

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. 

Mark D. Altschule, M.D.: Is It True 

What They Say About Cholesterol? Is 
it as dangerous as they claim? 

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

Disease" . . . Why blood clots in 
your veins are a little-realized hazard. 

Hans Selye, M.D.: On Stres� 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." 

Hardin B. Jones, Ph.D.: On The Prob
lems Executives Must Anticipate With 
Marijuana Smokers. The Senior Scien
tist at the world-renowned Donner 
Laboratory of Medical Research, Uni
versity of California, Berkeley, ex
plains some dangerous, little-under
stood facts. 

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. 

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 
$2.00 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 101 other 
reports because among them may be some from which I might greatly benefit 
and would otherwise miss. 

NAME (please print) ____________________ _ 

ADDRESS __________________________________________ ___ 

STATE/COUNTRY ______________ ZIP _________ SA-13 
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WHAT COMES OUT OF A SPEAKER IS ONLY 
AS IMPRFSSIVEAS WHAT GOES INTO IT. 

Most speaker companies 
try to impress you by 
describing the 
"incredible" sound 
that comes out of 
their speakers. 

At Pioneer, we 
think the best way to 
describe how good 
HPM speakers are is 
to tell you what went 
into them. 

Instead of a 
conventional tweeter, you'll 
find HPM speakers have a 
unique supertweeter. In brief, 

it works on a 
thin piece 
of High 
Polymer 
Molecular 
(HPM) film 
that converts 

electrical impulses into sound 
waves without a magnet, 
voice coil, cone or dome. 

As a result, it can 
reproduce highs with an 
accuracy and definition that 
no conventional tweeter 
could possibly match. 

recorded them. 
Of course, we could go on 

and on about the fact tnat 
every HPM speaker 

element has a cast 
aluminum frame, instead 
of the flimsy stamped out 
metal kind. Or about our 
special compressed 

wood cabinets that have 
better acoustic 

properties than 
ordinary wood 
cabinets. 
It's features like this 

that begin to explain why 
music, and a lot less unlike speakers that sound 
distortion. great on only part of the music, 

And while most woofers HPM speakers 
are still made with the same _ . �1fPM.;�. . • sound 
antiquated materials used in "' . .,.. ;:W great 

.
on 

1945, ours are made Level controls thatlet you adjuscrhe sound all of It. 
with a special carbon royour listeningarea. And this 
fiber blend that's virtue isn't something you'll 
allowed us to decrease the find in only our most expensive 
weight of the cone, yet HPM speaker. It's found in 
increase the strength needed every HPM speaker. 
for clarity. This, plus an At this point, we suggest 
oversized magnet and a you take your favorite record 

long-throw into any Pioneer dealer and 
voice coil let audition a pair of HPM 

you hear even speakers in person. 
the deepest If you think what went 
notes exactly into them sounds impressive, 
the way the wait till you hear what comes 
musicians out of them. 

-,...-"". � You'll never hear 

We've also created 
special mid-range driver 
cones that are light enough 
to give you sharp response, 
yet rigid enou&h not to 
distort. So you re assured 
of hearing a lot more a sound out.of these die cast aluminum frames. 

(V) PIONEER® 
We bring it back alive. 

C 1978 U.S. Pioneer Electronics Corp., 85 Oxford Drive, Moonachie, N.J. 07074. 
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THE COVER 

The design on the cover reproduces a computer-generated image representing 
the pattern of activity in the left side of the cerebral cortex of a normal human 
subject during the performance of a specific type of behavior (in this case read
ing aloud). Since the volume of blood flow in a particular area of the cortex is 
proportional to the activity of the nerve cells in that area, the functions of the 
cortex can be localized by injecting the radioactive isotope xenon 133 into a 
brain artery and measuring the regional flow of blood in the cortex during sen
sory, motor or mental tasks with an array of scintillation detectors (see "Brain 
Function and Blood Flow," by Niels A. Lassen, David H. Ingvar and Erik 
Skinh¢j, page 62). Each pixel in the image represents a square centimeter of 
cortex. The colors stand for the level of blood flow; in this reproduction of 
the image white and red indicate intense activation and dark blue indicates 
strong inhibition. The image reveals that reading aloud requires the collabora
tion of seven discrete cortical areas, each specialized for a function such as hear
ing, seeing or the synthesis of speech. (The primary visual cortex in the back 
of the brain is not visible because it is not reached by the radioactive isotope.) 
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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, Cal 94104 

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 

D Please send free Offprint catalogue 

Name 

Address 

City and State Zip 

........... . . . .. .... . .... . . . ..... . . .  
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HP measurement and computer advanc�s 

System 45 and the 9874 Digitizer provide you 

with a powerful graphics system that lets you 
plot your iligitized data on the CRT for analysis. 

Convenient, sophisticated new digitizer converts 
analog data from virtually any graphic form. 

UP's new, microprocessor-controlled digitizer 
provides an accurate, speedy, and convenient 
method of entering analog data into any 9800 
Series desktop computer. The 9874 will con
vert analog information in virtually any 
graphic form, be it maps, 35 mm slides, x-rays, 
photos, movies, or what have you, into a series 
of discrete x-v coordinates fQr computer 
analysis. 

A valuable tool for a broad range of applications, in
cluding engineering, business, manufacturing, 
medicine, and research, the HP 9874 can digitize with 
optimum efficiency and less operator dependence 
than you would expect. Simply tum it on, place your 
document on the adjustable glass platen, load the 
program into your desktop computer, and digitize. 

This HP digitizer integrates an assortment of ad
vanced, yet easy-to-use features: 
• 16K bytes of built-in memory control 
• microprocessor intelligence 
• system resolution of 25 microns 
• an adjustable glass platen for rear image projection 
• a unique cursor vacuum system that lets you posi

tion the cursor with pinpoint precision and leave it 
unattended, regardless of the platen angle 

• a keyboard with control, special function, and 

8 

numeric entry keys that allow commands to be 
made directly from the digitizer 

• a stylus for fast tracing of curves, lines, and irregular 
shapes, as well as complex documents 

• ready-made HP-IB interface capability 
• 40 different graphic instructions to simpliJY pro

gramming and increase communication efficiency. 

There are numerous other advantages to digitizing 
with the 9874, including: 

An axis align key that automatically aligns the X and Y 
axes of the digitizer with those of your document. It 
establishes the new coordinate system, and all points 
it sends to the computer are based on that coordinate 
system. It does all the rotation and translation au
tomatically. 

An axis extend key that allows you to digitize docu
ments up to 53 kilometers long, with the points trans
ferred into the computel' still referenced to the origin. 

To further enhance your digitizing system, HP man
ufactures a continuum of computers and peripherals 
to meet today's needs as well as to provide a growth 
path to the future. System 45, HP's powerful graphic 
desktop computer, makes an ideal partner for the 9874. 
Its enhanced BASIC language has many of the power
ful features of FORTRAN and APL to make program
ming fast and easy. 

© 1978 SCIENTIFIC AMERICAN, INC



extend your possibilities. 

System 35 sets a new price/performance standard 
for dedicated high-speed data acquisition and control. 

In a compact, fully integrated desktop pack
age, UP's new System 35 incorporates all the 
high-performance hardware for the t,ask, up 
to 256K bytes of user read/write memory, an 
UP BASIC operating system, and versatile, 
ready-made I/O capabilities. 

The second in Hewlett-Packard's advanced class of 
desktop computers, System 35 integrates a high-speed 
processor, large memory, mass storage, and optional 
CRT and printer in a compact unit that can easily be 
moved wherever you need it. 

System 35 is especially easy to use. With its built-in HP 
BASIC operating system, it's ready to begin solving 
problems as soon as you tum it on. There are no 
complicated startup procedures, no operating system 
to load, no compiling to puzzle out. 

For data acquisition and control, System 35's I/O ROM 
and pI ug -in cards let you interface easily with as many 
as 14 instruments and peripherals at a time, and 
achieve this level of performance: 
• direct memory access allows communication with 

high-speed devices at rates up to 400K words per 
minute 

• built-in I/O drivers automatically handle I/O format
ting and communications 

• buffered I/O and 15 priority levels allow System 35 to 
control operations and capture real-time data while 
it performs computations 

• autos tart, time-out, and automatic error trapping 
keep System 35 working 

• a choice of ready-made plug-in cards for BCD, bit 
parallel, bit serial, and HP-IB (IEEE 488-1975) devices 
plus a real time clock interface that can be used as a 
system pacer or time reference for data logging. 

System 35 runs on an HP BASIC operating system 
contained in a 112K-byte ROM. HP BASIC is entirely 
compatible with ANSI standard BASIC but is enhanced 
with powerful FORTRAN-like capabilities such as sub
programs with ON-KEY interrupts, array operations, 

= 

HEWLETT " PACKARD 

1505 Page Mill Road. Palo Alto. California 94304 

For assistance call: Washington (301) 948-6370. Chicago (312) 255-9800. 

Atlanta (404) 955-1500. Los Angeles (213) 970-7500 

At left is System 35A, with an 80-character by 24-line 
CRT display. At right, System 35B has a single-line LED display 
with a capacity of 32 alphanumeric characters. 

multicharacter identifiers, unified mass storage, and 
graphics commands. 

Through a set of optional assembly language ROMs, 
experienced programmers can gain complete access 
to System 35's central processor. For many specialized 
computations and I/O operations, subprograms can 
be written in assembly language and called in BASIC 
programs, resulting in as much as a 100-fold increase 
in execution speed. 

Prices for the HP System 35 start at $9,900* with CRT, 
and at $8,700* with single-line LED display. Either way, 
the standard system has 64K bytes of user read/write 
memory. 

Mail to: Hewlett-Packard, 1505 Page Mill Road. Palo Alto, CA 94304 
Please send me further information on 

I I HP 9874 digitizer 

I I HP System 35 desktop computer 

N<lI11(' ________________ _ 

Compao.v _______________ _ 

Address _______________ _ 

City ________ State ___ Zip ____ _ 

*DOOH'slic U.S. pl'ic('s only 00850 
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The 
Flurry 
Of Harvest 
The most exciting time of the year at our 
family vineyards is "The Harvest" which 
starts in September, peaks in early 
October and usually ends in November. 
Fortunately, different grape varieties 
reach their "peak of maturiry" at dif
ferent times. This allows us to hand-pick 
each variery at exactly the right time, 
which would be impossible if they all 
ripened at once. It also permits us to fer
ment each wine separately. 

When the grapes are ripe they are 
transported carefully and quickly to the 
winery where our . crusher-stemmer 
discards the stems from the berries and 
releases the juice. The resulting "must" 

(skins, seeds and juice) is pumped to 
either fermentation tanks or presses. 
These pneumatically-controlled wine 
presses squeeze out the remaining juice. 
Red grapes are warm- fermented before 
pressing so that the skins may impart their 
deep, rich color to the initially clear nec
tar. The juice of white grapes is cold
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fermented after pressing to 
achieve light to golden col
or and retain a delica te 
fruiry flavor and aroma. 

"Harvest Time" is the 
climax of our best efforts 
for a whole year. When the 
results culminate in the 
creation of our elegant 
wines, we know it's all 
worthwhile. Try our bold, 
robust Barbera. 

Please write for our free 
monthly newsleller. 

Sam). Sebastiani . .  
�/��. 

Sebastiani 
VINEYARDS 

EST. 1825 
P.O. Bo. AA Sonoma CA 95476 

LETTERS 
Sirs: 

Glynn Isaac·s demonstration of the 
archaeological evidence suggesting that 
long-term social bonds, the consistent 
use of a home base and food sharing 
were characteristic of early hominids 
adds an important new dimension to 
the understanding of our evolutionary 
heritage ["The Food-sharing Behavior 
of Protohuman Hominids," by Glynn 
Isaac; SCIENTIFIC AMERICAN, April]. I 
should like to suggest, however, that 
food sharing did not originate with the 
Hominidae but represents an elabora
tion of behaviors characteristic of some 
members of the living Hominoidea, par
ticularly the chimpanzee. 

Food exchange among adult male 
chimpanzees at the site of predations 
is described as "tolerated scrounging." 
This term implies some degree of con
test competition and involuntary ex
change of food. The question of whether 
this behavior can appropriately be con
sidered "sharing" is complicated by the 
absence of an accepted definition of the 
term. It is clear that food is exchanged 
among individuals, regardless of the na
ture of the interaction. 

Dr. Isaac does not mention food shar
ing between chimpanzee females and 
their offspring, although this behavior 
occurs more commonly than exchange 
of meat among adults. At Gombe Na-

Scientific American, October. 1978; Vol. 239. No. 4. 
Published monthly by Scientific American, Inc., 415 
Madison Avenue. New York, N.Y. 10017; Gerard Piei, 
president; Dennis Flanagan, vice-president; Donald H. 
Miller, Jr., vice-president and secretary; George S. 
Conn. vice-president and treasurer; C. John Kirby, vice
president; Arlene Wright. assistant treasurer. 

Editorial correspondence should be addressed to The 
Editors. SCIENTIFIC AMERICAN, 415 Madison Avenue, 
New York. N.Y. 10017. Manuscripts are submitted at 
the aUlhor's risk and will not be returned unless accom
panied by postage. 

Advertising correspondence should be addressed to C. 
John Kirby, Advertising Director, SCIENTIFIC AMERI
CAN, 415 Madison Avenue, New York, N.Y. 10017. 

Offprint correspondence and orders should be ad
dressed to W. H. Freeman and Company, 660 Market 
Street, San Francisco, Calif. 94104. For each offprint 
ordered please enclose 40 cents. 

Subscription correspondence should be addressed to 
Subscription Manager, SCIENTIFIC AMERICAN, 415 
Madison Avenue, New York. N.Y. 10017. For change 
of address, notify us at least four weeks in advance. 
Send both old and new addresses and enclose an ad
dress imprint from a recent issue. (Date of last issue on 
your subscription is shown at upper right-hand corner of 
each month's mailing label.) 

Name 

New Address 

Old Address 

tional Park in Tanzania provisioned ba� 
nanas were distributed with the greatest 
frequency by females to their own off
spring, according to a report by W. C. 
McGrew. Jane Goodall has described 
an extensive repertory of solicitation 
gestures employed by chimpanzee in
fants. The responses of the mothers to 
the solicitations vary, but most often 
the mothers react tolerantly. My own 
research indicates that the outcome of 
such solicitations depends primarily on 
whether the infant can procure or proc
ess the food item independently. Foods 
that immature individuals cannot ob
tain and/or prepare for consumption 
are most frequently shared. 

The similarity in the form of human 
and chimpanzee manual solicitation 
gestures is suggestive of a common phy
logenetic origin. Dr. Isaac has suggested 
in another publication that the transport 
of food may have originated as a means 
of feeding dependent offspring, a behav
ior closely related in function to the pri
mary context of food sharing in chim
panzees. It is aiso noteworthy that there 
is little difference in the solicitation ges
tures of adult chimpanzees and imma
ture chimpanzees. 

These data suggest that food sharing 
along with a number of other behaviors 
once believed to be diagnostic of the hu
man condition (for example tool use) 
may also be considered an elaboration 
and extension of a basic hominoid be
havior pattern. 

JOAN B. SILK 

Department of Anthropology 
University of California 
Davis 

Sirs: 
Thomas A. Croft"s fascinating article 

"Nighttime Images of the Earth from 
Space" [SCIENTIFIC AMERICAN, July] in
cludes a satellite picture of a giant gas 
flare in the West Siberian oil fields, 
made in January, 1975. The author 
comments that this flare is one of the 
biggest he detected in his examination of 
the pictures recorded in the U.S. Air 
Force's Defense Meteorological Satel
lite Program. The flare in question is 
associated with the giant Samotlor oil 
field near Nizhnevartovsk, which at the 
time the image was made was producing 
1.6 million barrels a day, or about a 
sixth of all Russian oil. Since then, in 
an effort to make productive use of the 
waste gas, the Russians have completed 
three gas plants on the site, separating 
the natural-gas liquids for petrochemi
cal uses and piping the residual gas to a 
power station at Surgut, in the cluster 
of bright lights to the west. In a further 
effort to find a market for the gas, a 700-
mile gas pipeline was completed in 1977 
from Samotlor southeast to the city of 
Kemerovo. which appears on the satel-
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The rrwst significant luxury car introduced this decade. 
Seville ... the first American car to combine international size and timeless styling with Cadillac comfort and 

convenience. The first luxury car anywhere to offer the choice of either the standard 5.7 litre EFI engine 
or the available 5.7 litre diesel VB. (Seville is equipped with GM-built engines produced by 

various divisions. See your Cadillac dealer for details.) Seville is also first to offer Trip Computer . .. {a '\ 
for vital trip information. More Americans have chosen to own Seville than any luxury import model. \:;I Now, for 1979 ... the significance of Seville. The craftsmanship of Cadillac. 

The luxury car of the decade. At your Cadillac dealer. 
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lite image as the city light near the pre
cise midpoint of the right-hand edge. 
There the gas will also be burned in 
power stations and be used as a raw ma
terial in ammonia production. (The de
tails of this pipeline project were report
ed in Soviet Geography. February. 1978. 
page 149.) 

Editor 
Soviet Geography 
New York 

Sirs: 

THEODORESHABAD 

Dr. Croft's article "Nighttime Images 
of the Earth from Space" accents dra
matically the wasteful flaring of natural 
gas in many regions of the world. He 
points up the problem of liquefying nat
ural gas: the huge costs of plants and 
cryogenic freighters. and the need for 
plants to be large if the process is to be 
economic. 

Not mentioned is another practical 
solution. now being implemented by the 
U.S.S.R.: the conversion of natural gas 
into methanol. Two plants are under 
construction (to be completed in 1981). 
each capable of converting roughly 125 
million cubic feet of natural gas into 
2.500 metric tons per day. By geograph
ic coincidence one of the two plants is 
being built at Tomsk. only about 500 
miles up the Ob River from Surgut in 
northern Siberia. where a "giant gas 
flare" was disclosed by one of the satel
lite images. (The other plant is at Guba
kha. just east of the Kama Reservoir in 
the foothills of the Ural Mountains.) 

While the two Russian plants will be 
larger than any methanol plants in exis
tence today. the British company han
dling the design and engineering. Davy 
International Ltd .. has also built plants 
with an output as small as 150 metric 
tons per day in Korea and Taiwan. Thus 
the economics of small plants appear to 
be acceptable. 

A point of interest is the projected 
uses of the Russian plants' output. To 
put the matter into scale, U.S. produc
tion of methanol is about 9.000 metric 
tons per day, and world production is on 
the order of 25,000 to 30.000 metric 
tons per day. Substantially all methanol 
now produced is utilized as a feedstock 
for organic chemical production. Can 
an additional 5,000 metric tons (along 
with the output of other plants. planned 
or under construction) be absorbed in 
such use? It seems doubtful. and the an
swer may lie in the beginning use of 
methanol as a fuel. transportable in or
dinary tankers and lacking the potential 
dangers that appear to be inherent in 
liq uefied natural gas. 

H. EARL TREMAIN 

Flanders. N.1. 

Celestron® 

By now you probably know that the 
Celestron is the best-selling modern 
telescope in the world, because of its 
compact-portability, elegant simplicity 
of operation and large, laser-tested 
optiCS. 

But what you might not know is that 
the Celestron is also the best·selling 
mirror-lens telephoto in the world
because every telescope we make can 
also be used as a telephoto, and every 
telephoto we make can be used as a 
telescope. 

That way, with our accessories, you 
not only get to observe the rings of 
Saturn, you get to photograph them. 

Free 4 page brochure or send $2.00 for 
32-page full color catalog on how to 
select & use a Celestron tele
scope/telephoto lens. 

Celestron International, 2835 Columbia 
St., Box 3578-C, Torrance, Calif. 90503, 
U.S.A. Telephone: (213) 328-9560. 

Dealer 
Inquiries 

Invited 
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50 AND 100 

YEARS AGO 

OCTOBER. 1928: "It is astonishing 
to discover in this boasted 'age of rea
son' how many millions of otherwise 
sane. level-headed. intelligent people 
still dwell. after a fashion. in the very 
midst of the Dark Ages. We refer to the 
recent craze for astrology. the 'science' 
of the stars in their control over the des
tiny of human individuals. One need 
only visit the corner bookstore to learn 
that there is at present an enormous sale 
of books on the subject; they have bro
ken into the ranks of the very best sell
ers. Astrology was the parent of as
tronomy. but when astronomy came of 
age. it parted company with its parent. 
ashamed of its origin. Do the good souls 
who believe the stars exert some influ
ence over our lives know what stars are? 
Let them buy a dollar book on astron
omy. the offspring of their beloved oc
.cult study of subtle influences. and find 
out what sort of thing is the universe in 
which they live." 

"The Eastman Kodak Research Lab
oratories. under the direction of Dr. C. 
E. K. Mees. has been working for a 
number of years to develop color mov
ies. The most radical element in a new 
process is the film. Instead of having the 
usual smooth surface the side opposite 
the sensitive coating is embossed with 
cylindrical lenses so small as to be in
visible. These lenses. which are part of 
the film itself and made of the film sub
stance. would each look. vastly magni
fied. like the rib of a corrugated iron 
roof. They run the length of the film and 
559 of them occupy an inch. The effect 
of these invisibly small lenses is to sepa
rate the rays of light that enter the cam
era through a filter divided into three 
strips: one red. one green and one blue. 
Each of the three colors of the filter lets 
into the camera from the scene in front 
of it only the light rays of its own color. 
The three differently colored light rays 
register on the film only as black and 
white. but each tiny lens embossed on 
the film so distributes the light rays fall
ing upon it that the different colors regis
ter on the sensitive film emulsion as a 
distinct black-and�white impression for 
each color at that point. The light of the 
projector then passes through the film in 
such a way that it shines through the 
tiny film lenses and then through the 
projector lens. and each ray is directed 
through the proper color on the light 
filter. to fall on its proper spot on the 
screen. The combination of the three 
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colors red. green and blue gives every 
possible natural color." 

"Characterized as one of the most ro
mantic achievements of the modern in
dustrial era. the plant of the A. O. Smith 
Corporation for making automobile 
frames is virtually one huge automatic 
machine that receives and inspects strip 
steel and manufactures a completed en
ameled frame in less than two hours. 
Except for minor operations such as 
pickling. cleaning and oiling the stock 
and inspecting the assembled frame. the 
automatic machine takes care of all op
erations. The unit being manufactured 
is not touched by human hands. each 
frame remaining on conveyors 90 per 
cent of the time. There are 552 opera
tions on each frame. and since the plant 
has a capacity of 7.000 frames a day. the 
daily operations performed by the ma
chinery total 4.000.000. The plant is 600 
by 2 12 feet. It is said that the number 
of men employed to supervise the au
tomatic equipment-about 200-is less 
than a fifth the number that would be 
needed for a semi-automatic plant of 
equal capacity." 

OCTOBER, 1878: "Formerly Gal
veston. Tex .. was accustomed to having 
an epidemic of yellow fever every three 
or four years. The last and worst the city 
ever suffered was in 1867. At that time 
the level of the city was low. and there 
was standing water under nearly all 
the older houses. Seeing that the fever 
spread most rapidly and was most fatal 
where the stagnant water stood. it was 
ordered that the grade of the city should 
be raised four feet. and that the space 
under every house that had water under 
it should be filled with sand. At the same 
time the system of surface drainage was 
improved. and strict sanitary regula
tions were adopted and enforced. If ev
ery Southern city had been kept as clean 
as Galveston. the present terrible epi
demic of yellow fever in the South might 
never have occurred." 

"A series of systematic experiments 
on the transplantation of tissues has re
cently been carried out by Dr. Zahn. The 
first observations were made on the 
transfer of hyaline cartilage from one 
adult animal to another. These at
tempts. however. yielded negative re
sults: the cells of the tissues perished. 
The experiments were much more suc
cessful when the fragment was taken 
from foetal cartilage." 

"In the latest form of the spectroscope 
the prism disappears altogether. Almost 
every one has noticed the colors on 
mother-of-pearl. and any one with a mi
croscope can see that these colors are 

formed by numerous lines invisible to 
the naked eye. It occurred to Fraunhof-

· 

er to produce these artificially. drawing 
lines on glass with a diamond by means 
of a ruling engine and a micrometer 
screw. In this way he succeeded in pro
ducing a spectrum so pure that as many 
of the solar lines could be seen in it as in 
the spectrum from a prism. More re
cently Mr. Rutherfurd has constructed 
an engine of wonderful accuracy and 
has ruled such lines on speculum metal 
with a precision almost beyond belief. 
This little plate of metal. which can be 
hidden in the hand. is optically equal to 
the most powerful train of prisms yet 
constructed. For most researches on the 
sun these 'gratings' appear to be displac
ing all older forms of the spectroscope." 

"A prediction made about 10 years 
since by an eminent engineer. that the 
time was not far distant when the busi
ness of railroads would be confined to 
the transportation of passengers. mails 
and costly freight. and that all produce 
and other heavy or bulky merchandise 
would be transported by steam road 
wagons over the common roads. or over 
roads graded specially for the purpose. 
does not appear so visionary as it did 
then. Indeed. it seems quite possible that 
before another quarter of a century has 
passed the prediction will be verified so 
far. at least. as concerns roads running 
through the thickly settled parts of the 
country and to the feeders of the great 
trunk railroad lines. Even as we write 
the contractors for carrying the daily 
mail between Yuma and San Diego are 
building a steam wagon to transport pas
sengers. baggage and mail across 100 
miles of desert that lies in their route. 
and they count on traveling at the rate 
of eight or 10 miles an hour on the sandy 
roads." 

"A short time since SCIENTIFIC AMERI
CAN briefly noted the fact that Mr. Muy
bridge of San Francisco had perfected 
an automatic apparatus by which he had 
succeeded in recording the action of 
horses in motion. In taking these photo
graphs Mr. Muybridge employed a se
ries of cameras operated by electricity. 
The exposure for each negative was 
about the two-thousandth part of a sec
ond. In his analysis of the stride of the 
trotting horse Mr. Muybridge notes that 
the horse is entirely in the air for about 
half the length of the stride. and for a 
brief interval it has only one foot on the 
ground. The most careless observer of 
these photographs will not fail to notice 
that the conventional picture of a trot
ting horse in motion does not appear in 
any of them. Mr. Muybridge's ingenious 
and successful efforts to catch and fix 
the fleeting attitudes of moving animals 
thus not only make a notable addition to 
our stock of positive knowledge but also 
must effect a radical change in the art of 
depicting horses in motion." 
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Lockheed knows how. 
Shielding the space shuttle from fiery 
temperatures. 

When NASA's space shuttle streaks through a 2,300oF 
reentry into Earth's atmosphere, the occupants won't feel 
the heat. 

That's because Lockheed-developed insulation will 
form a shield of some 34,000 small 'tiles' covering about 
70% of the spacecraft. The ti les shed heat so efficiently 
that a piece still glowing white-hot can be held safely 
with bare fingers. 

Each tile is minutely matched to exact points on the 
shuttle's surface. And fitting them precisely is like 
assembling the world's biggest three-dimensional jigsaw 
puzzle. 

Most important: the tiles will insulate the shuttle 
against not just one, but about 100 returns through the 
abrasive atmosphere. 

Looking at the origin of the universe. 

In 1983, a 43-foot-long telescope system will be slipped 
into orbit 300 miles above Earth. And man may then look 
back 14 billion years to where our universe perhaps began. 

The NASA/Lockheed Space Telescope will detect 
objects 50 times fainter and 7 times deeper into space 
than those ever before seen. It will lock onto stars, galaxies, 
and other space phenomena with absolute accuracy for 
as long as 30 to 40 hours. And it will perform ultra-
violet and infrared measurements impossible from Earth. 

Potential rewards are huge. Scientists may discover 
new worlds and new energy sources. They may even 
find ways to protect Earth's delicate environment in a 
new, uncharted age. 

Monitoring the seven seas. 

Seasat-A, an ocean-survey satellite developed jointly 
by NASA and Lockheed, has now gone on sea watch. 
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The NASA Space Shuttle. Lockheed serves it with a wide range of technical  support activities in addition to the heat insu lation described below. 

Lau n c hed i nto a 480-m i l e-h igh orbit, it wi l l  c i rc l e  Earth 14 
t imes da i l y  to scout 95% of g l obal ocean a rea every 
36 hours.  

As bel l wether of a proposed sate l l ite network, Seasat-A 
wi l l  transmit  constant data on wi nds, temperatures, 
cu rrents, waves, i ce, and storm acti vity. 

Potentia l  users are countless. S h i ps,  of cou rse, but a l so 
weather services, expl oration f i rms, harbor plan ners,  
pol l ut i on control  agencies,  the Coast G uard,  the Navy, 
and others who work with the oceans .  

Wi l l  a Seasat system pay?  An i n-depth study says it  w i l l  
be o f  major econom i c  val ue t o  the nation . 

Recorders that talk from Mars and Venus. 
We've now put 

'eyes' on Mars, 
viewed Ven u s  c lose 
up, and wi l l  get 
int imate looks at 
Ju p iter and Satu rn 
i n  the i m med i ate 
years to come. 

See i n g  those 
planets depends 
largel y  on Lockheed 
spacecraft recorders, eac no or heavier an a 
gal l on bottle of water. Tuc ked i nto a N ASA space veh i c le, 
eac h recorder can store and transmit  more than a half
b i l l ion  bits of i n format ion .  Those s ignals  are then tu rned 
by Earth-station com puters i nto s harp photos and prec i se 
scienti f ic  data. 

Lockheed recorders have f lown on a l l  Apol l o  moon 
m i ss ions,  f ive Mariner space probes, the f l i ghts to Mars 
and Ven us, and a re now headed toward J u piter, Saturn 
and beyond.  

And i f  the search that far  away reveals  no I i fe, there's 
st i l l  the rest of the u n i verse. 

The unmatched record of achievement. 

Noth i n g  underscores Lockheed's lead i ng p lace i n  
space tec h n o l ogy better than the record of the Agena 
spacecraft. 

The versati l e  Agena, veteran of more than 300 f l ights, 
can count more successfu l lau nches than those m ade by 
any other spacecraft, and it has been used on nearly h a l f  
of a l l  U n ited States space m i ss ions .  

In  making space work for man,  Agena i s  one m ore 
proof that Loc kheed knows how. 

Lockheed 
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THE AUTHORS 

PHILIP MORRISON and PAUL F. 
WALKER ("A New Strategy for Mil
itary Spending") are members of the 
Boston Study Group, whose new book, 
The Price of Our Defense: A New Strategy 
for Military Spending, provides the basis 
for their article. (The other members of 
the group are Randall Forsberg, Mar
tin Moore-Ede, Phylis Morrison and 
George Sommaripa.) Morrison is pro
fessor of physics at the Massachusetts 
Institute of Technology. He obtained 
his Ph.D. under J. Robert Oppenheimer 
at the University of California at Berke
ley in 1940 and then worked on the war
time atomic-bomb project, first in Chi
cago and later at Los Alamos. After- 19 
years on the faculty of Cornell Universi
ty he went to M.LT. in 1965. That same 
year Morrison also undertook to write 
the department "Books" for SCIENTIFIC 

AMERICAN. Walker is research fellow in 
the Program for Science and Interna
tional Affairs at Harvard University. He 
did his undergraduate work at College 
of the Holy Cross and then enlisted in 
the army. After learning Russian at the 
Defense Language Institute and attend
ing the Army Security School, he served 
as a Russian intelligence specialist with 
the Army Security Agency and 'was sta
tioned at the border between West and 
East Germany. He also worked briefly 
as a consultant on defense expenditures 
and arms transfers for the U.S. De
partment of Commerce and the U.S. 
Arms Control and Disarmament Agen
cy. Walker then returned to academic 
life, receiving his master's degree in 
international relations from the Johns 
Hopkins School of Advanced Interna
tional Studies in 1973 and his Ph.D. in 
political science from M.LT. in Septem
ber of this year. 

NIELS A. LASSEN , DAVID H. 
INGV AR and ERIK SKINH0J ("Brain 
Function and Blood Flow") have col
laborated on investigations of cerebral 
blood circulation in man for 20 years. 
Lassen is chief of the department of clin
ical physiology at Bispebjerg Hospital in 
Copenhagen. He obtained his M.D. and 
Ph.D. degrees from the University of 
Copenhagen, and in 1957 he studied the 
circulation of the brain with Seymour 
S. Kety, who was then at the National 
Institute of Mental Health in the U.S. 
Ingvar is professor and chief of the de
partment of clinical neurophysiology at 
the University of Lund in Sweden. He 
received his M.D. and Ph.D. degrees at 
Lund and from 1951 to 1953 was a fel
low at the Montreal Neurological Insti
tute under Wilder Penfield and Herbert 
Jasper. Skinh�j is professor and chief 
of the department of neurology at the 
University of Copenhagen. As a student 
during World War II he took part in the 
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resistance movement and was impris
oned in a German concentration c.amp. 
After the war he returned to the Univer
sity of Copenhagen to obtain his Ph.D. 
The authors wish to thank their many 
collaborators, particularly Edda Sveins
dottir of the Institute of Computer Sci
ence at the University of Copenhagen. 

LEON M. LEDERMAN ("The Upsi
lon Particle") is Higgins Professor of 
Physics at Columbia University and di
rector of Columbia's Nevis accelerator 
laboratory. He did his undergraduate 
work at the City College of New York 
and received his Ph.D. from Columbia 
in 1951. Among the achievements in 
physics in which Lederman has parti
cipated are the production of the first 
accelerator pion beam, the discovery 
of the neutral K meson, the observa
tion of the parity in pion and muon de
cays, the measurement of the anoma
lous magnetic moment of the muon, the 
discovery of a second type of neutrino 
and the finding of the first indications of 
high-transverse-momentum hadrons. 

HAROLD M. EDWARDS ("Fer
mat's Last Theorem") is associate pro
fessor of mathematics at New York 
University. He did his undergraduate 
work at the University of Wisconsin and 
obtained his M.A. from Columbia Uni
versity in 1957 and his Ph.D. from 
Harvard University in 1961. After four 
years on the Columbia faculty he went 
to N.Y.U. in 1966. Edwards' main 
research interests are number theory 
and the history of mathematics. He is 
the author of Advanced Calculus (1969), 
Riemann's Zeta Function (1974) and Fer
mat's Last Theorem (1977). Edwards 
would like to thank the Vaughn Foun
dation and the National Science Founda
tion for financial assistance in the re
search reported in his article. 

DAVID N. SCHRAMM and ROB
ERT N. CLAYTON ("Did a Supernova 
Trigger the Formation of the Solar Sys
tem ?") are both on the faculty of the 
University of Chicago. Schramm is pro
fessor and chairman of the department 
of astronomy and astrophysics. He re
ceived his bachelor's degree from the 
Massachusetts Institute of Technology 
and his Ph.D. in 1971 from the Califor
nia Institute of Technology. After two 
years on the faculty of the University of 
Texas at Austin he went to Chicago in 
1974. Schramm's research interests in
clude the origin of chemical elements in 
supernova explosions, stellar and galac
tic evolution, the consequences of gravi
tational collapse and the link between 
cosmology and the physics of atomic 
nuclei and high-energy particles. Clay
ton is professor and chairman of the de-

partment of geophysical sciences and 
also professor of chemistry. A native of 
Canada, he did his undergraduate work 
at Queen's University and obtained his 
Ph.D. in chemistry from Cal Tech. 
Clayton then spent two years on the 
faculty of Pennsylvania State Univer
sity before joining the Chicago faculty 
in 1958. 

WILLIAM H. ISBELL ("The Prehis
toric Ground Drawings of Peru") is as
sistant professor of anthropology at the 
State University of New York at Bing
hamton. He was graduated from San 
Francisco State University and received 
his Ph.D. in 1973 from the University 
of Illinois. Since 1966 he has investigat
ed ground drawings, platform pyramids 
and various types of civic architecture 
in Peru in an effort to understand "the 
changes that took place in the social 
institutions regulating population and 
energy consumption as prehistoric gov
ernments became more centralized and 
hierarchical." At present Isbell directs 
the Huari Urban Prehistory Project, the 
U.S. partner in a long-term joint Peru
vian-U.s. program for the investigation 
and conservation of Huari, the urban 
capital of Peru's first great state. 

LEWIS WOLPERT ("Pattern For
mation in Biological Development") is 
professor of applied biology at the Mid
dlesex Hospital Medical School in Lon
don. Born in South Africa, he studied 
engineering at the University of the 
Witwatersrand. He then worked at the 
National Building Research Institute in 
Britain for two years and spent a year 
with the Water Planning Department in 
Israel. Becoming dissatisfied with engi
neering, he went on to do his doctoral 
research on the mechanics of cell cleav
age with J. F. Danielli at Kings College 
in London. He then joined the zoology 
faculty at Kings College and worked on 
amoeboid movement and regeneration 
in hydra. Wolpert moved to the Middle
sex Hospital Medical School in 1966. 

TIMOTHY C. WILLIAMS and 
JANET M. WILLIAMS ("An Oceanic 
Mass Migration of Land Birds") are a 
husband-and-wife research team. Timo
thy Williams is associate professor of 
biology at Swarthmore College. A grad
uate of Swarthmore, he received his 
master's degree from Harvard Univer
sity and his Ph.D. from Rockefeller 
University in 1968. After seven years 
spent teaching at the State University 
of New York at Buffalo and -a year of 
working as a visiting scientist at the 
Woods Hole Oceanographic Institution, 
Williams joined the Swarthmore facul
ty in 1976. Janet Williams is an indepen
dent investigator at the Marine Biologi
cal Laboratory in Woods Hole. She was 
graduated from Colby College and ob
tained her master's degree from New 
York University in 1967. 
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getting used to saying, "Jameson Irish on 
the rocks, please:' 
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MATHEMATICAL 
GAMES 

Puzzles and number-theory problems arising 
from the curious fractions of ancient Egypt 

by Martin Gardner 

L
ng before the Christian Era, Chi

nese mathematicians had a sur
prisingly sophisticated compre

hension of fractions. They accepted 
any whole number as a numerator or 
denominator and had excellent rules for 
adding, subtracting, multiplying and di
viding fractions. As is common practice 
today, the Chinese preferred to work 
with proper fractions, or fractions that 
have the numerator smaller than the de
nominator, a feature reflected in their 
calling the numerator tzu (son) and the 
denominator mu (mother). 

The ancient Egyptians, however, had 
a peculiarly hobbled approach to frac
tions. They understood rational frac
tions with numerators greater than 1 
well enough but apparently could not 
deal with them as single numbers. With 
the sole exception of 2/3, for which 
there was a special hieroglyph, they had 
symbols only for unit fractions, that is, 
fractions that are the reciprocals of pos
itive integers, with 1 above the line and 
any positive integer below. 

To manipulate fractions with numer
ators higher than 1 the Egyptians ex
pressed such fractions as sums of dis
tinct unit fractions. For example, in
stead of writing 516 they wrote 112+ 
1/3. They devised rules for carrying 
out all the necessary arithmetical opera
tions on expressions of this type. In cer
tain cases, particularly those involving 
addition, there are advantages to work
ing with fractions in the expanded form, 
but in general the Chinese methods for 
handling fractions are far superior. 

Most of what is known about Egyp
tian fractions is derived from the infor
mation given in a famous document, 
now known as the Rhind papyrus, which 
was inscribed in about 1700 B.C. It was 
bought in Luxor in 1858 by A. Henry 
Rhind, a Scottish antiquary, and is now 
owned by the British Museum. The 
papyrus, a kind of calculator's hand
book, opens with a table in which every 
fraction of the form 21 b is expressed as 
a sum of distinct unit fractions arranged 
in decreasing order of size, where b 
is eq ual to all the odd integers from 5 
through 101. 

Did the Egyptians have a systematic 
method for expanding proper fractions 
in this way? A number of scholars have 
speculated about the possibility but it 
seems most probable that they did not, 
because the expansions given in the 
Rhind papyrus are not always the 
"best." There are of course many differ
ent ways to define "best." The most ob
vious way is to call an expansion best if 
it minimizes the number of terms. An
other type of best expansion is one that 
minimizes the largest denominator in 
the series. For example, the expansion 
of 317 as 1/4 + 117 + 1128 has the 
smallest possible number of terms, but 
the expansion as 1/6 + 117 + 1/ 14 + 
1/2 1 has the smallest possible value of 
the largest denominator. If both the num
ber of terms and the largest denom
inator can be minimized in the same ex
pression, so much the better. (I shall 
not consider other types of best expan
sions such as those that minimize the 
sum of all the denominators.) 

Even stranger than the preference of 
the Egyptians for such a cumbersome 
system is that the Greeks adopted it. In 
fact, the system was widely used in Eu
rope until well into the 17th century' 
Even the great Archimedes calculated 
with what are now called Egyptian frac
tions. The term has come to refer to any 
expression of a rational number as a 
sum of distinct unit fractions, tradition
ally arranged in decreasing order of size. 
Modern fractions, in which any positive 
integer can be above or below the line, 
are derived from Hindu mathematics 
and were not widely adopted until the 
18th century. Some historians have 
maintained that the long preoccupation 
with unit fractions was a cultural bias 
that delayed progress in mathematics as 
much as the Roman system of writing 
numerals did. 

Investigating the properties of Egyp
tian fractions is now a small but chal
lenging task in number theory. There 
are many deep unsolved problems in 
this area, but there are also many prob
lems well within the reach of any clever 
novice that have much in common with 
certain recreational puzzles. For exam-

pie, consider the old Arabian brain teas
er about a man whose will specified that 
his 1 1  horses be divided so that his eldest 
son would get 112, his middle son would 
get 1 14 and his youngest son would get • 
1/6. When he died, his lawyers were 
puzzled about how to carry out these 
eccentric instructions. After all, horses 
are of little value when sliced into frac
tional parts. A relative, hearing of the 
problem, solved it by lending the heirs 
his own horse. The 12 animals were then 
easily divided according to the formula 
in the will, with the three sons respec
tively getting six, three and two. One 
horse was then left over, and so the rela
tive got his horse back! 

The puzzle has appeared in many dif
ferent forms, and of course it can be 
generalized to deal with larger numbers 
of sons and larger numbers of horses 
that are borrowed and then returned. If 
we stick to the story's traditional form 
involving three sons and one borrowed 
horse, an interesting question arises. 
How many variations are possible in the 
number of horses to be divided and the 
set of three fractions for dividing them 
specified in the father's will? One might 
guess that there would be an infinite 
number, but there are only seven. They 
are the seven solutions of the Diophan
tine equation nl(n + 1) = lla + lib + 
1/e. where a, band e are positive, dis
tinct integers, a is less than b, b is less 
than e and n + 1 is the least common 
multiple of a, band e. 

It is easy to show that a must be equal 
to 2. If a is greater than 2, then the low
est possible least common multiple for 
a, band e is 12, obtained when a equals 
3, b equals 4 and e equals 6. Therefore 
nl(n + 1) must be at least 1 1/ 12. But 
the sum 1/3 + 1/4 + 1/5 equals 47/60, 
which is less than III 12, and if the de
nominators are raised, the sum is even 
smaller. Hence a is not greater than 2, 

n a b c 

1 7 2 4 8 

2 11 2 4 6 

3 11 2 3 12 

4 17 2 3 9 

5 19 2 4 5 

6 23 2 3 8 

7 41 2 3 7 

All the variatiolls of all old Arabiall puzzle 
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and so a equals 2. A similar argument 
shows that b must be either 3 or 4, and 
with that information it is not hard to 
determine all the possible values for c. 
The chart in the illustration on the pre
ceding page gives the value of n (the 
original number of horses to be divided) 
and the denominators of the three unit 
fractions for each of the seven possible 
variations of the puzzle. 

It is obvious that any proper fraction 
can be expressed as the sum of unit frac
tions if a repetition of terms is allowed. 
For example, 317 equals 117 + 117 + 
117. It is not obvious, however, that 
every proper fraction can be expressed 
as the sum of unit fractions even if a 
repetition is forbidden. One proof of 
this fact is the existence of a famous 
algorithm for writing any proper frac
tion as the sum of a finite number of 
distinct Egyptian fractions. The algo
rithm was first published in 1202 by 
Leonardo of Pisa, better known as Fibo
nacci, in his influential book on arith
metic Liber abaci. Fibonacci preferred 
to work with unit fractions, and his book 
contains tables for converting proper 
fractions to Egyptian sums. His algo
rithm for converting a proper fraction to 
the sum of a finite number of distinct 
Egyptian fractions is given without any 
proof that it always works. The eminent 
British mathematician J. J. Sylvester re
discovered the algorithm, and in 1880 
he published the first proof that it does 
always work. 

Fibonacci's method is simple. Call the 
proper fraction al b. The first term of the 
expansion is the largest unit fraction not 
greater than al b. Now subtract the unit 
fraction from alb to obtain another 
proper fraction. The second term of the 
expansion is the largest unit fraction not 
greater than this remainder. Continue in 
this manner, each time putting down the 
largest usable unit fraction as the next 
term in the expansion and then subtract
ing and repeating the process with the 
remainder. It is clear that the fractions 
obtained in this way will grow steadily 
smaller. It can be proved that the proc-

ess always terminates. Hence the algo
rithm always works. (It is also possible 
to express any irrational number as the 
sum of an infinite series of distinct unit 
fractions, but that is too far removed 
from our topic.) In today's vernacu
lar Fibonacci's method is known as a 
greedy algorithm, because at each step 
in the process the largest fraction possi
ble is chosen. 

Although the greedy algorithm will 
express any proper fraction in the Egyp
tian manner, it does not always give the 
best expansion in either of our two sen
ses of the word. When the algorithm is 
applied to fractions of the form 11 b, 
however, it does generate the best two
term expansion of II b in both senses. A 
little algebraic doodling will convince 
you that applying the algorithm is the 
same as replacing lib with I/(b+ 1)+ 
11 [b(b + 1)]. Thus 112 equals 1/3 + 116; 
113 equals 1/4 + 1/ 12; 1/4 equals 
1/5 + 1/20, and so on. 

The formula given above for a two
term Egyptian expansion of II b also 
serves to prove that any proper fraction 
can be expressed in the Egyptian man
ner in infinitely many ways. Consider 
the expansion 213 = 1/2+ 1/6. By ap
plying the formula to the last term 
1/6 we obtain a new expansion: 213 = 
1/2+ 117+ 1/42. If we repeat the pro
cedurewith 1/42, we obtain 2l3 = 1/2 + 
117+ 1/43 + 1/ 1,806. In this way the 
expansion of 2/3 as a series of unit frac
tions can be continued indefinitely. 

The same formula underlies an al
gorithm called the splitting method, 
which, like Fibonacci's greedy algo
rithm, is guaranteed to generate a finite 
Egyptian series for any proper fraction. 
There are many other algorithms that 
serve the same purpose, each with its 
own advantages and defects. Some algo
rithms minimize the number of terms 
and others minimize the largest denom
inator, but all of them, including the 
greedy algorithm, are inefficient and dif
ficult to apply to fractions with large de
nominators and numerators. 

When the greedy algorithm is applied 

All ullcurled pallgolill 
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. 
to a proper fraction a/ b, it always gener
ates a series of Egyptian fractions with a 
number of terms no greater than a. Thus 
when it is applied to a proper fraction of 
the form 2/ b. it generates an expression 
with one or two terms: 2/4 equals 112; 
2/5 equals 113 + 1115; 2/6 equals 113; 
217 equals 114 + 1128, and so on. At 
each step the algorithm chooses the 
largest unit fraction that is smaller than 
the remainder. but since each step is 
unaffected by preceding or succeeding 
steps. the procedure can easily miss an 
expression with fewer terms when it is 
applied to a proper fraction with a nu-
merator of 3 or higher. It also tends to 
generate terms with denominators much 
larger than necessary. 

Michael N. Bleicher, in his section on 
Egyptian fractions in the book Excur
sions into Mathematics (Worth Publish
ers, 1969). gives several horrendous ex
amples of how miserably the greedy 
algorithm can fail to generate the best 
expansion in either of our two senses of 
the word. For example. when the algo
rithm is applied to 51121. it generates 
the series 5 1 121 = 1 ! 25 + 11757 + 
11 763,308 + 1 /873, 960,180.913 + 
117 ,638,092,437,828,241,151.744. Blei
cher compares that with the expansion 
51121 = 1125 + 11759 + 11208,725. 
There is no way to express 51121 with 
fewer than three terms. but Bleicher 
does not know whether or not a three
term expansion can have a largest de
nominator smaller than 208.725. 

For proper fractions of the form 3/ b 
the greedy algorithm is guaranteed to 
generate an expression of three or fewer 
terms. and if the fraction has the form 
4/ b, it is guaranteed to generate an ex
pression of four or fewer terms. The 
outstanding unsolved question of Egyp
tian fractions concerns the case 4/ b: 
Can a proper fraction 4/ b always be ex
pressed with three or fewer terms? In 
other words. can the Diophantine equa
tion 4/n = lIa + lib + l/c always be 
solved for any integral value of n greater 
than 4? 

Paul Erdos and E. G. Straus have con
jectured that the equation can always be 
solved. Their conjecture has been veri
fied to extremely large values of n, but it 
has not been proved. Similarly, Waclaw 
Sierpinski has conjectured that all prop
er fractions of the form 5/ b can be ex
pressed with no more than three terms. 
He has also conjectured that for any giv
en integer k and a variable with integral 
values b there is a value of b greater than 
k such that for all larger values of b the 
proper fraction k/ b can always be ex
pressed with no more than three terms. 

So far we have considered only proper 
fractions. What about improper frac
tions such as 211 and 7!3? These frac
tions too can always be expressed by a 
finite Egyptian series in infinitely many 
ways. To generate such an expression 
we start with terms in the harmonic se
ries III + 112 + 113 + 114 + ... , be-

cause they are the largest unit fractions 
we can use. It is well known that the 
harmonic series does not converge. In 
other words, a partial sum (the sum of 
the first n terms for some n) will ex
ceed any integer we name. The proce
dure for generating a series of Egyptian 
fractions equal to an improper fraction 
consists in using the harmonic series as 
far as possible and then adding more 
unit fractions to express whatever frac
tional part of the desired total remains. 
The harmonic series diverges with dis
tressing and increasing slowness, how
ever, and for this reason even small im
proper fractions demand enormously 
long Egyptian expressions. For exam
ple. expanding lOll requires more than 
20.000 unit fractions from the harmonic 
series. 

Recently some curious results con
cerning Egyptian fractions have been 
obtained. In 1963 it was shown that ev
ery positive integer can be expressed by 
an Egyptian series in which all the de
nominators are in an arithmetical pro
gression. In 1964 Ronald L. Graham of 
Bell Laboratories studied the question 
of what rational fractions can be ex
pressed by Egyptian fractions in which 
all the denominators are squares. He 
solved the problem completely. and he 
also solved the more general problem 
of determining which rational fractions 
can be expressed with Egyptian frac
tions in which all the denominators are 
powers higher than 2. In the same year 
Graham also showed that if there is a set 
of numbers that includes all prime num
bers greater than some number and all 
squares greater than some (possibly dif
ferent) number. then any rational frac
tion has an Egyptian expansion that 
draws all its denominators from the set. 

Particularly difficult problems arise 
when the denominators of Egyptian frac
tions are limited to the odd whole num
bers. It is easy to see that the sum of 
a series of such fractions cannot be a 
fraction with an even denominator. It 
has been shown that every rational frac
tion with an odd denominator can be ex
pressed as the sum of a finite series of 
distinct Egyptian fractions. all with odd 
denominators, for example 2/3 = 1/3 + 
115 + 119 + 1145; 2/5 = 113 + 1115, 
and 217= 117 + 1/9 + 1135 + 11315. 
There are inefficient algorithms for find
ing such expressions. but no one has 
yet proved that Fibonacci's greedy al-
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gorithm always terminates when it is 
applied to this task, even for proper 
fractions. When denominators may be 
either even or odd, the greedy algo
rithm generates increasingly small unit 
fractions, and it can be proved that the 
series must terminate. If all denomina
tors must be odd, however, the fractions 
in the series determined by the algo
rithm go up and down, seemingly at 
random, and the task of proving that the 
series terminates is formidable, 

The expansion of 1 into the small
est number of Egyptian proper frac
tions with all odd denominators was 
not found until 1976. (The expression 
1 I 1 is not allowed,) It turns out that 
there are five solutions to this problem, 
each with nine terms, The expansion 
with the smallest largest denominator is 
1 = 1/3+ 115+ 117+ 119 + 1/ 11+ 
1/15 + 1/35 + 1/45 + 1/231. All five 
solutions start with the reciprocals of 3, 
5,7,9, 1 1  and 15, The other four solu
tions continue with the reciprocals of 
21, 135 and 10,395; 2 1, 165 and 693; 
21, 23 1 and 315, and 33, 45 and 385, 
What Egyptian expansion for 1 with all 
odd denominators has the smallest larg
est denominator? The only answer is the 
I I-term series 1 = 113 + 1/5 + 117 + 
1/9 + 1/ 11 + 1/33 + 1/35 + 1/45 + 
1/55 + 1/77 + 1/ 105, 

By adding 1 lIto each of the series 
given above we get the best odd-denom
inator Egyptian expressions for 2, When 
11 1 is not allowed, however, I do not 
know what the best expressions for 2 are 
(in either sense of the term) or even 
whether such expressions have been 
found, 

Here are four easy Egyptian fraction 
problems to which the solutions will be 
given next month: 

1. Express 1 as the sum of three dis
tinct unit fractions, 

2. Express 67/ 120 as the sum of the 
fewest possible Egyptian fractions, with 
the smallest largest denominator for 
that number of terms, 

3. The fraction 8/ 1 1  is the "smallest" 
proper fraction that cannot be expressed 
with fewer than four Egyptian fractions, 
in the sense that the sum of its numera
tor and denominator is minimized, Find 
a four-term expression for the fraction, 

4. When the greedy algorithm is ap
plied to a proper fraction of the form 
3 I b, what is the smallest value for b 
such that the algorithm produces an 
expansion of three terms and that 3/ b 
can be expressed as the sum of two dis
tinct unit fractions? 

In discussing mathematically interest
ing animals in my June column I 

made two mistakes. one out of igno
rance and one out of carelessness, I 
wrote that no real animal propels itself 
across the ground by rolling like a disk 
or sphere, That is not strictly true if we 
include rolling down hills. Readers too 
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effectivetlanning and execution of simulation experi
ments an projects. $18.50 

39980 -2. COMPUTER-COMMUNICATION 
NETWORK DESIGN AND ANALYSIS. Mischa 
Schwanz. An organized, quantitative approach to the 
design of communications networks. Counts as 2 of 
your] books. $21.50 

41635. DATA BASE SYSTEMS: Design, Implemen
tation, and Management. Ronald G. Ross. Provides 
detailed infonnation on everything from data base ad
ministration to data base access methods. $19.95 

42303. A DISCIPLINE OF PROGRAMMING. 
£dsger W. Dijkstra. Impressive new programming 
tools to solve problems ranging from the everyday to 
the complex. $19.95 

79165. SOFTWARE METRICS. Tom Gilb. Practical 
techniques for estimating program reliability and effi
ciency. $15.95 

82560. TECHNIQUES OF PROGRAM STRUC
TURE AND DESIGN. Edward Yourdon. Over 300 
illustrative problems, 90 valuable references, and four 
demonstratIon projects. $19.50 

82730-2. TELECOMMUNICATIONS AND THE 
COMPUTER. James Martin. All-new, updated edition 
of the classic reference. With over 100 diagrams and 
illustrations. Counrs as 2 o/your] books. $29.50 

84385. TOP-DOWN STRUCTURED PROGRAM
MING TECHNIQUES. Clement McGowan alld John 
R. Kelly. Practical solutions in actual code serve to 
introduce this revolutionary concept. $14.95 

EXTRAORDINARY 
VALUE! 

44900-3. 
ENCYCLOPEDIA OF 
COMPUTER SCIENCE. 

;�Jcth��t:r
nLh°tle:t/��n

re 
than 1550 outsize pages of 
infonnation on every aspect 
of computer science-from 
algebra to automata theory, 
from basic tenninology to 
languages. 470 articles by 208 experts. Over 700 
charts, tables, graphs, and 
diagrams. Counts as 3 of 
)'our] books. $60.00 

MEMBERSHIP BENEFITS. In addition to 
selling three books for only $3.95 when you 
Join, you keep saving substantially on the books 
you buy . •  Also, you will immediately become 
eligible to participate in our Bonus Book Plan, 
with savings of at least 70% off the publishers' 
prices. _ At 3-4 week intervals (I5 times per 
year) you will receive the Book Club News, 
describing the coming Main Selection and Al
ternate Selections. together with a dated reply 
card. In addition. up to 4 times a year, you may 
receive offers of special selections. always at 
substantial discounts. _ If you want the Main 
Selection, or the special selection, do nothing 
and it will be sent to you automatically . •  If you 
prefer another selection, or no book at all, sim
ply indicate your choice on the card. and return it 
by the date specified . •  You will have at least 10 
days to decide. If because of late mail delivery of 
the News, you should receive a book you do not 
want, we guarantee return postage. 

80830. STRUCTURED COMPUTER ORGANIZA
TIONS. Andrew S. Tanenbaum. A practical look at 
computer architecture concepts from the micropro
gramming level to the operating system. $19.50 

62811. MODE LING AND ANALYSIS USING 
Q-GERT NETWORKS. A. Alan B. Pritsker. Shows 
how to writejrogram inserts, edit and link similar sub
networks, an much more. $17.50 

41685. DATA STRUCTURES AND PROGRAM
MING TECHNIQUES. H. A. Maurer. A thorough 
analysis of data structures and techniques for handling 
them efficiently. $16.50 

80530. STATISTICAL METHODS FOR DIGITAL 
COMPUTERS. Edited by Kurt Enslein. et 01. How to 
implement specific statistical techniques on the comput
er. With flowcharts and sample Fortran code. $19.95 

32485. ALGORITHMS + DATA STRUCTURES = 

PROGRAMS. Niklaus Wirth. A classic work on struc· 
tured programming with practical examples. $19.95 

34376. THE ARCHITECTURE OF CONCURRENT 
PROGRAMS. Per Brinch Hansen. How to build reli· 
able operating systems and real-time control pro�ms. 

$18.00 

35450-2. AUTOMATIC DATA PROCESSING 
HANDBOOK. The Diebold Group. Auxiliary memory. 
peripherals, systems design, consultant services, 
software packages. Counts as 2 of),our 3 books. $29.50 

37580. CHESS AND COMPUTERS. David Lev\,. 
With illustrative games that show how to apply computer 
skills to chess problems. Softbound. $7.95 

(Publishers' Prices shown) 

rTh;Lili���C;m��;-----' and Information Sciences 7·MF 
Riverside, New Jersey 08370 
Please accept my application for membership and 
send me the three volumes indicated, billing me only $3.95. I asree to purchase at least three additional 
books dunng the first 12 months 1 am a member, 
under the club plan described in this ad. Savings 
range up to 30% and occasionally even more. My 
membership is cancelable any time after I buy these 
three books. A shipping and handling charge is 
added (0 all shipments. 

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

A few expensive books (noled in book descriptions) 
count as 2 or 3 choices. 
Name ______________________________ _ 

Address ____________________________ _ 

City __________________________ _ 

State Zip ______________ _ 

(Offer good in Continental U.S. and Canada only. 
Prices slightly higher in Canada.) 
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You can't beat the system. 
Acorn's reputation as a home manufacturer is a direct result of the 

Acorn System. Its method of quality contemporary bUilding combines 
esthetics energy conscious construction, and cost control. And, most 
important of all, does it within a framework of design flexibility and 
customer participation. 

Each of the infinite variations on Acorn's 50 basic designs is state-of
the-art for quality and energy conservation. Acorn's own Sunwave® solar 
options can be incorporated now or selected for future Installation. 

Find out why Acorn's system saves time and money In addition to 
energy, while eliminating trouble and frustration. Send $5 for our entirely 
new planning and information kit. And if you're near Concord, 
Massachusetts, drop by our plant and see our model solar home in ��t'OO 

ACORN STRUCTURES INC. Dept. A-82, P.O. Box 250, Concord, MA 01742, / (617) 369-4111, 
Maine Office: Bridgton (207) 647-5000 

numerous to identify have written' me 
that earlier this year a National Geo
graphic television special on the Namib 
desert of Africa showed a small spider 
that lives in burrows in the sides of sand 
dunes. When the spider is attacked by a 
wasp, it extends its legs like the spokes 
of a wheel and escapes by rolling down 
the dune. Peter G. Trei of Belgium sent 
me a copy of a note in Journal 0/ Mam
malogy (February, 1975) by Richard R. 
Tenaza, an American zoologist. Tenaza 
describes how on Siberut, an island west 
of Sumatra, he witnessed the technique 
by which pangolins, a species of scaly 
anteater, elude capture: they curl them
selves into a tight ball and roll rapidly 
down a steep slope. In fact, the name 
"pangolin" is from a Malay word mean
ing "to roll." My careless error was plac
ing L. Frank Baum's ork (a bird with a. 
propeller tail) in the wrong Oz book. 
The ork is in The Scarecrow 0/ Oz. 

Chandler Davis added to my list of 
imaginary animals that roll by calling 
attention to such a creature in George 
MacDonald's fantasy The Princess and 
Curdie. Rufus P. Isaacs, commenting on 
the fact that no sphere can be tessellat
ed with hexagons, included a proof of 
an equally surprising theorem he had 
worked out many years ago: If a sphere 
is tessellated with hexagons and penta
gons, then there must be exactly 12 pen
tagons, no more and no fewer. 

The first of last month's problems was 
to use eight specified color cubes to 

build a larger cube with each face a solid 
color and no two faces the same color. 
The top and bottom layers of one solu
tion are shown in the illustration on page 
26. The second solution is obtained by 
shifting the cubes in the top layer so that 
each cube moves counterclockwise to 
the adjacent position without changing 
its orientation. The prototype of the 
model is cube Fc in the matrix of 30 
color cubes shown last month. 

The second problem was to use the 
same eight cubes to build a larger cube 
that has four different colors on each 
face, with each color represented four 
times in all. Two solutions (I do not 
know if there are others) are easily ob
tained from the two solutions to the pre
vious problem. Simply "triple cut" each 
cube by exchanging the left and right 
slabs, the front and back slabs and the 
top and bottom slabs. The three cuts can 
be made in any order. 

The solutions to the 27-die problem 
shown in the illustration on page 25 

in the August issue are incorrectly ori
ented. To correct the diagrams each die 
should be given a quarter turn up (to the 
top of the page). and then the bottom 
and top layers should be interchanged. 
In the same issue the name of Kenneth 
Jackman, who was the first to solve both 
problems, was spelled incorrectly. 
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Here's the speed and convenience the industry 
said couldn't and wouldn't be available at this 
low price until sometime in the future. A highly 
sophisticated, full capacity, solid state mi
croprocessor made to the most exacting 
standard!; and warranteed for one full year 
against defects in quality and workmanship. 

Some Favorable COmparisons 
The closest you can come to the Rapidiar" is

the Telephone Company's Touch-a-matic�, 
which handles 15 numbers compared with 
Rapidial's 20, and must be leased for $9.00 a 
month plus tax plus installation of $105.00. 
(The 32 memory unit is almost $20 a month 
plus $132.00 to install.) 

The next lowest price is $130.00, for a 16 
number dialer with no keyboard, so it has to be 
programmed through the telephone. A cum
bersome technique that limits the use of the 
unit to numbers put in memory. 

You can go up the line, from $150 to $400, 
and you won't find an easier to use, more effi
cient or versatile unit. Rapidial, for example, 
has a built-in speaker to tell you if the line's 
busy, and when your party's on the line. So, 
with Rapidial you only pick up the receiver 
when someone answers. 

i 
FIle Ally ,. 6Cl /QN 

I MIl - S4J. SI.IJ iI#I 
911 Ole /J:B � VII 

Pol � lIP /lii0i 000 
, 

Some SUIl)Jising Uses 
Frequently Called Numbers We always as
sumed you'd put your 20 most frequently called 
numbers into memory - including, probably, 
your emergency numbers. And that's exactly 
the way many people use it. Delighted with the 
time and trouble they save with automation. 
Numbers You Always Look Up Others find 
using it in exactly the opposite way even more 
advantageous. They store important but less 
frequently used numbers. Numbers they al
most always had to look up before. 
Inter-Office For many, the greatest conven
ience is using Rapidial primarily for inter-office 
calls-so they don't have to stop to look up the 
extensions. 

Daily Schedule Caller Still others use Rapidial 
as a memo caller. Each moming they pencil in 
the names of the people they have to call that 
day, and enter their numbers into memory. 
When the call's completed, they just wipe off 
the name, erase the number. Adding new ones, 
if necessary, as the day progresses. 
Emergency calls are always dialed correctly; 
and you save the time of looking up the number 
of P olice, Fire Department, Doctor or anyone 
you need to reach immediately. 

For All Your cans 
Actually, you'll probably use Rapidial in all 

these ways-and more. It's so easy to program 
and reprogram. Can be set to pause, access 
WATS lines and PABX systems. What's more, 
calling is incredibly fast. A digit is "beeped" in a 
tenth of a second, so a 1 O-digit number is dialed 
in just one second! 

Of course, if you don't have a Touch-Tone 
phone, you'll use the Rapidial keyboard for all 
your calls. It's so much faster and easier. 

An Important Addition To Your 
Home 

While Rapidial has been designed for the 
office, it's priced for the home. Besides family, 
friends, the police and fire departments, you'll 
use it to store the number where the baby sitter 
can reach you in an emergency, and for the 
numbers you always have to Jook up-like the 
hardware, drug and local department store, the 
take-out restaurant, your bank, barber, the 
hairdresser. And you'll be amazed at how many 
20 numbers seem when you go through your 
directory. 

'I1tirty Day Trial 
One day will demonstrate the extraordinary 

convenience, unbelievable freedom you'll 
enjoy with Rapidial. 

Still, as one of America's oldest and largest 
mail merchandiser, Douglas Dunhill wants you 
to be convinced of the flawless performance, 
the years of trouble-free service you'll get. 
Therefore, we'll send Rapidial to you on an 
unconditional 30-day money back guarantee. 

If you can find any unit that sells for less, or a 
better unit at any price, if you're dissatisfied for 
any reason, return Rapidial to us for a complete 
refund. 

Installs in Seconds 
Rapidial comes complete with adapters that 

fit either a 4-prong wall jack or the newer 

modular jack. (If you have phones without 
jacks, your phone company will install a 
modular jack at a nominal one time charge.) 

For multiple line office phones, there's a spe
cial optional adapter that fits the Rapidial and 
connects in seconds. With this Anphenol 
adapter Rapidial will dial on any line on your 
multi-line phone. Should you have any further 
technical questions about use or installation of 
the Rapidial, call toll-free 800-227-8363 (in CA. 
call 415-494-9402). 

Rapidial Highlights 
• LED Display lets you verify or refer to any number 

in memory 

• Internal Speaker System lets you hear busy sig
nal or your party before you pick up receiver 

• Push Button Dialing on any phone, even RO
TARY DIAL Portable only 6v." x 3v." X 10/4" and can 
be moved from phone to phone in an instant 

• Plug Two Together to increase memory capacity 
to 40 numbers 

• Keyboard Access with up to 30 digit capac�y for 
placing any call 

• Watts for Dial Tone before dialing - easily pro
grammed 

• One Year Warranty with nothing to maintain or 
wear out. 

• Approved for attachment to the telephone system. 

CALL 800-325-6400 
ASK FOR OPERATOR #11 

(Missouri residents call 800-342-6600) 
These lines are in operation 24 hours. 

7 days a week 

Rapidial is just $99.00 plus $2.05 shipping 
and handling. Complete with back-up batteries 
in case of a power failure and the adapter to fit 
your present jack. The multiple line adapter is 
only $19.95 extra. ' 

To order with any credit card. call the toll free 
number above. Or you may send your check to 
Douglas Dunhill at the address below. Be sure 
to tell us if you want multiple line adapter. (il
linois and New York State residents add the 
sales tax.) 
© Douglas Dunhillinc. 1978 

,fil]°\"F'\S °DunH'L.(�� 

• • • 
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�()"'OABLE GLI"'''' 

Dept. 80-2522 
4225 Frontage Rd . •  Oak Forest. III. 60452 
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BOOKS 
The archaeology of China, and an artist's 
keen eye for the mammals of East Africa 

by Philip Morrison 

ANYANG, by Li Chi. University of .fi Washington Press ($25) .  THE 
ARCHEOLOGY OF ANCIENT CHINA, 

by Kwang-Chih Chang. Yale University 
Press ($8 .95) .  The winds of change be
gan to blow across the yellow Chinese 
loess before the turn of the century. 
They blew up a storm, and now the East 
is red. These two volumes bear witness 
to the pervasiveness of that change; they 
bring the reader (Li's book by a sharp 
vignette centered on the single most im
portant dig and Chang's by a wide-rang
ing and up-to-date summary) what is 
newly won of the ancient history and 
prehistory of the Middle K ingdom. 

At the same time as the Enlighten
ment in Europe the scholars of China 
also began to become skeptical. The 
"studies of bronzes and stones" had 
an honorable pedigree; there is an eru
dite and circumstantial catalogue of 13 
palace jades and 2 1 1  antique bronzes 
printed at about the time of the Nor
man Conquest. Should Engineer Yii the 
Great, who laid out the N ine Provinces  
and tamed the Yellow River , be taken as  
real on strength of traditional texts? 
Plenty of old texts themselves queried 
details. By the 1 920 's "Show your 
proof" became the slogan of Chinese 
historians. By now they have unearthed 
and deciphered much proof; China's 
continuity has been traced far past the 
golden myths of the Yellow Emperor 
and his queen, and more richly. 

Near the big town of Anyang, not far 
north of the Yellow River in the great 
plains about halfway along the main 
road south from Peking to Hankow, the 
villagers were long used to digging up 
"dragon bones."  These fragments of old 
bone were pharmaceutical raw materi
al, sold to the drugstore trade for the 
equivalent of pennies ,  to be ground fine 
as "knife-points medicine" against cuts 
and wounds. The folklore asserts that 
the majority of the bones bore inscrip
tions. "The inscribed pieces at the time 
had no market value . . .  ; so it was the 
usual practice among the sellers to pol
ish off those inscriptions, before the 
dragon bones were brought to the mar
ket." The polishers did not, however, 
s ucceed in removing all the inscriptions, 
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and before 1 900 a Peking scholar-states
man, Wang I-yung, began to collect the 
inscribe d  dragon bones. 

Wang was a student of bronze inscrip
tions; he at once saw the relation be
tween the bone characters and those of 
the old bronzes. By 1903 scholars had 
managed to publish fragments of 1.000 
inscriptions from the incised tortoise
shells now identified as bearing the old
est specimens of Chinese characters. Sil
ver instead of coppers began to change 
hands; potato diggers became bone 
hunters, and dealers and collectors grew 
active from Peking and Shanghai to To
kyo, Chicago and Edinburgh. Forgers 
also flourished, including one opium
smoking genius, more artist than busi
nessman, who duplicated inscriptions 
" in exact detail" before one scholar's as
tonished eyes. (Many a muse um still 
proudly displays s uch elegant frauds.) 
Conservative scholars rejected on the 
grounds of fraud all the new finds that 
threw the traditional history of the char
acters into disarray. Studies nonetheless 
continued in depth; the volumes on the 
fragments grew in insight, confirming 
some old king lists and upsetting some 
old guesses on language and form. It be
came clear that the oracle bones  were in 
fact sacrificial inquiries of the ancient 
courts of the Shang dynasty, and that 
their source was what was known in the 
old texts as the Waste of Yin. 

Between the two world wars field ar
chaeology entered China. It was first 
brought there by such outsiders as Teil
hard de Chardin and Franz Weiden
reich, to name only two who made 
"close contact with Chinese minds." It 
was from the beginning brilliantly suc
cessful, establishing for China a prehis
tory that is still growing apace , from 
the find of the half-million-year-old 
Peking man through the Neolithic to 
Shang and Chou. By 1936 , on that hot 
June day "when the season's work was 
to have closed,"  the crown was set on the 
dozen years of careful, large-scale pre
war excavations near Anyang. The roy
al palaces  and tombs had already been 
found under the flat wheat fields and 
had been meticulously explored; mag
nificent bronzes were few (although 

some were still to be found in situ) be
cause over the centuries the pounded
earth tombs had been rifled for market
able treasure, most recently during the 
disorder of the years between the wars. 
The robbers may have got nine-tenths, 
but the scholars, led by Li Chi himself. 
took their lucky final tithe , richer in 
knowledge than all the unprovenanced 
hoards of the collectors worldwide . 

The signal find of 1936  was a mass of 
closely packed tortoiseshells, three tons 
of clinging carapaces, 1 7 ,000 inscribed 
documents manifestly buried intention
ally . Many of them still bear the original 
vermilion and black pigments, proof 
that brush writing preceded incision. We 
can read of ritual  sacrifice and weather, 
of succession and kinship, of crops and 
capitals, of eclipses and holidays-all 
written to record the divinatory quest of 
meaning in the cracks left by the hot 
point in the magical shell. 

The documents are not fully read
able ,  but they reveal much. Indeed, they 
broadly bear out the hints in the ancient 
texts preserved from the old historians 
of two millenniums ago. The j igsaw 
puzzles of the tortoiseshell texts have 
been put together most patiently, using 
the natural structure of the plastron 
to assemble s imple phrases into full 
statements. Li Chi and his Taiwan col
leagues, parted for 30 years from their 
grand dig by a gulf deeper than the Chi
na Sea, have continued to study and re
flect on their finds. An annotated dic
tionary of oracle-bone characters and a 
steady flow of inscriptions, volume after 
volume ,  attest to the devotion of these 
scholars. Li Chi includes much more in 
his overall survey of the Anyang finds 
than can be mentioned here: from 
bronze foundry methods to cranial di
mensions, from hairpins to ritual music. 

K. C .  Chang is a Harvard anthropolo
gist; his survey, brought up to date by 
a photographic and conversational in
quiry across China in 1 97 5 ,  puts the 
Waste of Y in and its finds into the wide 
and maturing context of a vibrant ar
chaeology currently at work and well 
displayed over all China. Carbon- 14 
dates  are flowing out of the laboratories 
of Peking; this book carries the reader 
through the 1 976 reports. The center of 
interest for Chang and for the busy field
workers in China alike is not those time
less Han burials and the splendid art 
finds so widely viewed on this side of the 
Pacific; indeed,  his volume closes  with 
the Chinese unification under Shih 
H uang-Ti in 22 1 B.C. Rather, it is the rise 
of a distinct Chinese culture through the 
peaceful Neolithic villagers to the impe
rial splendors and cruel sacrifices of the 
Bronze Age. 

Two or three early centers for the rise 
of this continuous human bonding, the 
heritage of a fourth of our species, show 
up with increasing clarity. The nuclear 
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• 
angiosarcoma 

bioethics 
borescope 

Ecoli 
GIGO 

laetrile 
Lassa fever 

microcomputer 
orthokeratology 

photodegradable 
plate tectonics 

video disc 
xeroradiography 

Would you expect your new dic
tionary to enter the terms listed 
above? Only * �bsted New World 
Dictionary, Second Olllege Edition, 
does so. 

The A.P., u.P.I., The New 
York Times and hundreds of other 
newspapers across the country 
have adopted Webster's New 
World Dictionary, Second College 
Edition, as their first reference 
because it's up to date, reliable 
and easy to use . 

• Webster's by itself is not a guarantee of quality. 
Insist on �bsced New World Diccionary. 

36 

area in the North China plains. where 
millet was domesticated and pottery 
was made in settled villages. was first 
disclosed to J. Gunnar Andersson, look
ing for fossils. when his collector 
brought back "several hundred axes. 
knives and other objects of stone . "  The 
farmers of one village alone. Yang-shao 
in Honan. made this discovery in their 
own fields in 1 920 . By now an entire 
village of the ancient culture. Pan-p'o
ts'un near Sian in Shensi. has been exca
vated and is preserved in part under a 
permanent roof as it looks in the last 
stages of excavation. a marvelous con
tribution to public education and a mag
net for visitors to China. 

Chang now adds strands of early 
farming from the lower Yangtze. where 

rice was grown. from the southeastern 
coast. where root crops were staples. 
and perhaps from rice areas still farther 
south. By the time of Ur of the Chaldees 
(but surely more and more independent 
of the Euphrates or the Nile) the farm
ing villagers of all China began to show 
signs of local distinctions. of a more 
complex society and of war. One Hopei 
site of the period has a pit containing 10 
skeletons. people of all ages. buried 
without pattern or order and covered 
with burned clay. Five more skeletons 
were found in an ancient well nearby. 
some of them decapitated.  It was proba
bly an intervillage raid. "something yet 
to be found in the peaceful Yang-shao 
village settlements ."  

Today the annals of historical Chi-

An inscribed Chinese tortoiseshell, from Anyang, by Li Chi 
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na are linked back through the Shang 
(about 1 800 B.C.) to the Neolithic. The 
links are formed by the chariots and the 
seers. the kings and their haughty re
tainers.  the varied and monumental 
flanged bronzes so cunningly made by 
the unique and complex ceramic piece
mold technique (as has been experimen
tally demonstrated by colleagues of Li 
Chi's) and fluent notations on the oracle 
bones. In Anyang the wood chariots (or 
rather their traces in the soil) were found 
in the 1930's  surrounded by sacrifices of 
horses and charioteers in place. Yet 
their big wheels were absent. like the 
heads of some sacrificial victims.  (Pro
fessor Chang provides a photograph 
that shows a chariot with big spoked 
and dished wheels. more recently un
covered at Anyang .) The horse-drawn 
two-wheeled wood chariot with its intri
cate bronze fittings and furnishings is 
"the only Shang innovation that may 
have originated in the Near East ." The 
potters of the little villages had already 
used marks that increasingly seem to 
have provided the basis for the Shang 
written word. 

(� ... -. . ",." . . ,J(\, \ ... / •.... / \:' � 0;, 

Bronze was everywhere in the Shang. 
but its farmers plowed and delved with 
wood and stone ; almost no bronze tools 
have been found after long search. Cost
ly bronze was a royal monopoly . saved 
for war and ritual. A halberd w ith an 
iron blade has been found at a Shang 
site . and the experts argue about wheth
er or not the iron is meteoritic. Then in 
about the sixth century B.C. metallurgy 
began to emerge as a productive tool
making industry for civil life . Chinese 
metalworkers could cast iron with pre
cision early. millenniums before those 
in the West. With the feudal Chou. no 
longer a slave society. and its iron. irri
gation. jade figures and tiled cities the 
centuries began to recognizably weave 
the almost seamless brocade of Chinese 
culture. 

EAST AFRICAN MAMMALS: AN ATLAS 
OF EVOLUTION IN AFRICA, VOLUME 

3, PART A (CARNIVORES). by Jonathan 
Kingdon. Academic Press ($74 .25) .  A 
dozen beautifully rendered facial masks 
of cheetahs look out of the page. some in 
repose. some watchful, a couple angrily 

agape. grim teeth prominent. On the op
posite page two smaller drawings each 
repeat the same 12 heads. But in one of 
the smaller draw ings there are only out
lines .  sans the black spots and stripes 
that characterize the cat. In the other 
small drawing those strong black mark
ings of the face appear alone. all the rest 
of the head suppressed. The visual plea
sure of the presentation is immediate . 
and the analysis supports the argument 
of the text. namely that the black ara
besques that surround and link the ex
pressive features serve to emphasize the 
facial display. mainly for the benefit of 
other cheetahs (although "a spectacu
lar snarl might also be advantageous 
against a competitor").  

This volume (the fourth of a planned 
set of six) is well represented by the 
cheetah faces .  Led by visual delight. 
sensitive to the animals he studies. this 
brilliant artist-naturalist employs the 
richness of individual animals not only 
to strengthen our understanding but also 
to gain that reward in itself: "the con
templation of physical beauty in mam
mals." In sketch page after page the ani-
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According to an old adage, genius is 1% inspiration and 99% 
perspiration. 

We'd like to update that a little. 
Because more than perspiration, a genius, like the rest of us, needs 

information. 
All ideas come from information. All discoveries begin with it, and 

all decisions are based on it. 
What really distinguishes geniuses is that they know how to use 

information - how to gather, edit, synthesize and otherwise manage it. 
We raise the point because , by no small coincidence, managing 

information is what Xerox is concerned with, too. 
We make copiers and duplicators to help you reproduce 

information. 
Electronic typing systems that let you create, edit and store it. 
Telecopier transceivers and communicating typewriters that 

transmit it. 
Computer services that help you organize it and use it efficiently. 
Even electronic printers that let you take information directly from 

a computer - and then print it out in ways other printers never could. 
None of these Xerox machines will make you a genius. But all 

of them, used either separately or as part of a system, will help you use 
information more ingeniously. 

Or, to put it another way: 
Genius is the inspired use of information. 
You manage the inspiration. 

And we'll help you manage the information. 

XEROX 
Tclccoplcr ® IS .1 fudcn14rk of XEROX CORPORATION. 
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Interior environments of 
our day with dry, ducted and 
sometimes polluted air often 
surpass the worst ion imbal
ance found in nature, e.g. 
"the witches winds" such as 
the Sharav, Sirocco, and the 
Santa Ana. 

While the numbers of ions 
per cm3 of air is small, the 
ratio of negative to positive 
and the absolute quantity of 
each has a direct effect on 
human physiology. 

� it is possible to create 
a more beneficial air ion bal· 
ance in interior environments. 

Let Environmental Sci· 
ences Corporation show you 
a more optimal working/liv· 
ing environment. Environ
mental Sciences Corporation, 
the leading source of ioniza· 
tion equipment and services 
in North America, has the 
technology to recreate the 
natural ion conditions that 
you experience after a sum
mer thunder shower, from 
being near a water fall or 
from a walk through a forest. 

AIRION 100 AIRION 600 
110 V AC, Size 6.25" x 6.25" x 2.5" 
Weight 2.5 lbs. 3 watts, ionizes areas up 
to 450 sq. ft. Price: $135.00 

110 V AC, Size 8.75" x 9.50" Dia. 
Weight 4 lbs. 3 watts, cleans and ionizes 
areas up to 600 sq. ft. Price: $170.00 

Write for our complete cataloglle VA Res. add 4% 
Master Charge and Visa Accepted Prices subject to change without notice 

45 day money back guarantee 
CALL OUR TOLL FREE NUMBER 24 
HOURS A DAY - SEVEN DAYS A 

WEEK: 1-800-821-2280, Ext. 1006 
Environmental Sciences Corporation 
P.O. Box 7907 Dept. AI08 
Charlottesville, V A 22906 Mo. Res. Call: 1-800-892-7655 Ext. 1006 

JOIN THE COSMIC QUEST! 
• Subscribe now to COSMIC SEARCH and share the provocative 

articles aod latest news about mankind's most eXCiting venture, the 
search for intelligent life in space. Get COSMIC SEARCH starting with 
its first issue, out December 1. 

• COSMIC SEARCH is for everyone who has ever wondered about 
life in the universe. 

• Featured in the first issues of COSMIC SEARCH are articles by 
RONALD BRACEWELL, JOCELYN BELL BURNELL, ARTHUR C. 
CLARKE, NORMAN COUSINS, FRANK D. DRAKE, CARL SAGAN, 
WALTER SULLIVAN and many other world·famous persons. 

• Will communication be by radio, gravity waves or neutrino beams? 
Are there cosmic languages? Will long transmission times make us cosmic 
archeologists? These and many other questions are discussed in 
COSMIC SEARCH in a popular, authoritative manner. 

• Exclusive interviews with noted researchers, book reviews and an extensive book list for further reading 
are regular special features of COSMIC SEARCH. 

• COSMIC SEARCH award papers on SETI topics by students and others under 30 will add new talent. 

• COSMIC SEARCH is published 6 times per year. First issue January 1979. Out Dec. 1, 1978. 

COSMIC SEARCH, Radio Observatory, P.O. Box 293, Delaware, Ohio 43015 Tel. 614·363·1597 

Single copies $2.50 ($15 a year). Subscription rate: $12 for 1 year, $22 for 2 years. 

SPECIAL PRE-PUBLICATION rate $10 for 1 year, $18 for 2 years 
SPECIAL PREPAID PRE-PUBLICATION rate $8 for 1 year, $15 for 2 years 

i'7n; my ;bscriPti;;;-t�OSMIC ;ARC;' BOX-;9� Dela-:-a; Ohi;-4301� - - - - -, 

I At special pre-publication rate: $10 for 1 year 0 $18 for 2 years 0 and bill me later. I At special PREPAID pre-publication rate: $8 for 1 year 0 $15 for 2 years 0 

I 
o Check or Money Order enclosed 0 MASTERCHARGE 0 VISA (BankAmericard) 

I Account # MC Interbank # Exp. date ______ _ 

I Name _________________________________________________ _ 

I Add ress, _______________________________________________ _ 

I City State Zip _______ _ 

1 ______ ---------------------_ . 
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mals tumble over themselves ,  burrow ,  
fawn, sleep, arch, scratch, intimidate. 
Along with these informal sharings of 
his own long years in the field he sup
plies large, elegant and meticulous for
mal renderings supplemented by many 
careful draw ings of skeletons and of the 
subtle musculature , in the poses of life .  

Forty carnivore species are described 
by families: the dogs, the cats, the civets, 
the hyenas, the mongooses and more. 
For each species there is an essay , usual
ly based on Kingdon's  own attentive 
study of the animals in the field. includ
ing a learned yet personal summary of 
the literature about the form. Range 
maps, size and even local names are al
ways included. 

The strong, plucky , intelligent honey 
badger-the ratel-earns a fascinating 
treatment, particularly of its fragile link 
to the honey-guide bird,  "a relationship 
that probably needs to be learnt by 
both."  Kingdon has followed the bird to 
a bee 's  nest more than once , but he has 
not yet seen the bird and the honey 
badger together , and he preserves a little 
skepticism sotto voce . 

The cheetah has a long history of 
human intimacy;  the swift cats were 
coursed by Ghenghis Khan, Akbar and 
Charlemagne . The spotted one (so the 
name means in an Indian tongue) has 
clearly caught the artist' s  eye. So has 
the bigger spotted cat; one color plate 
displays 10 aberrant leopard patterns. 
Indeed,  no two leopards are the same 
in pattern. That rosette of black spots 
around an orange patch is a module 
replicated with extraordinary variety . 
It seems possible that the big cats all 
arose from a common ancestor. an early 
form of leopard, because all their coat 
patterns can be derived from the leop
ard rosette . (Lion cubs have leopardlike 
blotches.)  

If  the ur-leopard came, as appears 
likely, from the smaller forest cats, then 
the modern felines and our primate 
selves are fellow actors in the slow adap
tation of forest fauna to life in the savan
nas, "one of the grand evolutionary dra
mas ."  We human beings were certainly 
social predators ,  like hyenas, lions and 
wild dogs, and some of the mongooses 
and otters. 'The banded mongoose is 
one of the most highly social of mam
mals. To encounter one on its own can 
only be due to a mishap; its proper place 
is amongst a scatter of grunting gleaners 
in the leaf litter or in a skirmishing line 
returning to sleep together in a packed 
mass of bodies in the den ."  

Recent ethological field studies of 
wild dogs, the spotted hyena and the 
lion are made the basis of Kingdon's  
pieces on those animals.  His  brief essays 
cannot. of course, offer the detail of the 
monographs, but the openness of King
don's  interest and the width of his expe
rience give his text unexpected value. 
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The new Energaire ionized oxygen generator 
will make a handsome addition to any desk. 

You need oxygen to live. You can live with
out food for 60 days, without water for seven 
days, but without oxygen, you won't make it 
past two minutes. 

That small piece of fuzz located on top of the 
cylinder shown above emits ionized oxygen. 

You are already familiar with ionized oxygen 
if you've smelled the air after a thunderstorm. 
You feel great, revitalized and alert. The light
ening from the storm adds a small negatively
charged electron to each oxygen molecule in a 
process called ionization. 

POSITIVE ADVANTAGES 
Ionized oxygen performs several positive 

functions. First, it cleanses the air by attaching 
itself to anything floating in the air, causing it to 
fall to the ground. 

Secondly, when inhaled, it has the same 
effect on the body as pure oxygen. It is ab
sorbed quickly by the lungs and goes into the 
bloodstream making you feel more alert and 
alive. 

The new space-age product shown above is 
an oxygen ion generator called Energaire. The 
copper mesh fuzz on top of the unit is one of 
the secrets of the system. 

NEW INVENTION 

Miracle Fuzz 
A new space-age invention and the same effect 
as lightening combine to create the world's 
first home oxygen regeneration system. 

Although it has no moving parts, you can 
actually feel a wind produced from the fuzz. 
This wind is ionized oxygen which spreads to 
fill a 1500 cubic foot room or about 15 feet 
square. 

EFFECTS FELT QUICKLY 
You will feel the effects immediately. The 

Energaire will clean your room of odor-causing 
bacteria and stale, musty or smoky air. Ener
gaire will keep you alert. With a fresh supply of 
ionized oxygen, you will have more energy, be 
less fatigued, and you will sleep better. 

Our polluted cities often deprive us of 
enough oxygen to make us feel healthy and 
alert. The Energaire solves this important 
problem by providing a personal environ
ment-an area that surrounds your body and 
work location with fresh ionized oxygen. 

NEW SCIENCE 
The oxygen ion generator is a relatively new 

product, yet its use in the home may make it 
more important than any filter system. 

The Energaire is a new breakthrough. 
Ionized oxygen generators have been under 
development since the early 60's. The 
Energaire, using the latest in microelectronics, 
is the first cost-efficient system that produces 
over 100 times the ion production of other 
commercial units that cost ten times the cost of 
the Energaire. 

USED IN HOSPITALS 
Ionized oxygen creates a germ-free en

vironment-proven through research at sev
eral universities. Hospitals are now converting 
many of their operating rooms to ionized 
oxygen. Among the hospitals in California are 
Eden Hospital in Castro Valley, Chico Mem
orial Hospital in Chico, and the Valley Medical 
Hospital in Fresno. 

TRY THIS DRAMATIC TEST 
To show the dramatic effect of ionized oxy

gen, take the ion generator, blow cigarette 
smoke into a clear bowl, and hold the bowl 
inverted over the system. The smoke will van
ish. The charged oxygen particles appear to 
dissolve the smoke particles, precipitating 
them from the air. 

In a room, Energaire surrounds you with 
these oxygen ions and cleans and purifies the 
air so even in a smoke-filled room, you will be 
breathing clean, country-fresh air all day long. 

DRAMATIC LIFE CHANGES 
Working in an ionized oxygen environment, 

you think clearly, are more alert, and your 
brain functions better. In actual brain wave 
tests, there was an increase in alpha waves 

when ionized oxygen was used, indicating 
greater alertness, deeper relaxation, less 
stress, and more creative brain functioning. 

We are so impressed with the pleasant 
effect of Energaire that we urge you to per
sonally test it yourself in your home or office. 

Order one at no obligation. Put it by your 
desk, in your bedroom, or in any room where 
you spend a great deal of time. See if it doesn't 
keep you alert, feeling better, and more pro
ductive. See how it rids your room of un
pleasant odors and freshens the air. 

SLEEP EASIER 
At home, use the Energaire to control odor

causing bacteria. Use it by your bed and see 
how freSh, country-like air makes you sleep 
easier, deeper, and more relaxed. 

You should notice the difference within one 
day-especially in a work environment. But 
use it for a full month. Then, if you do not feel 
better and totally convinced of the positive 
effects of ionized oxygen, return your unit for a 
prompt and courteous refund. 

The Energaire is manufactured by the Ion 
Foundation, one of America's leading ion 
research laboratories, and JS&A is America's 
largest single source of space-age products. 

Service should never be required, but if it is, 
there's a prompt service-by-mail center as 
close as your mailbox-further assurance that 
your modest investment is well protected. The 
Energaire measures 9" high by 3" in diameter 
and weighs 24 ounces. 

To order your Energaire ionized oxygen 
generator, send $69.95 plus $3.00 for postage 
and hanriling (Illinois residents, please add 5% 
sales tax) to the address shown below or credit 
card buyers may call our toll-free number 
below. 

Let space-age technology revitalize your life 
with the world's first home ionized oxygen 
generator. Order one at no obligation, today. 

I� (0), ANtTIONAL 
���6up 

Dept. SA One JS&A Plaza 
Northbrook, III. 60062 (312) 564-7000 

Call TOLL-FREE • • • • . • . .  800 323-6400 
In Illinois Call . • • • • • • . • •  (312) 564-7000 

©JS&A Group,lnc.,1978 
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ChronTrol is the new micro-compu
ter time controller . .. offering the 
logical approach to time control. 

ChronTrol has the capability to con
trol the wide range of time variations 
needed in your activities, operations 
and experiments ... at the touch of a 
finger. 

What does this mean to you? Con
sider the following: 
• Chron Trol will operate up to 10 separate on-off 

programs, with repetition rates from two sec
onds (one second on, one second off), up to 24 
hours or one week. 

• Multiple outlet models are available, with two 
or four independently controllable outlets. The 
four outlet model allows you to control four op
erations, separately or coordinately. You can 
time control manufacturing, light, heat, chem· 
ical or any regular or repetitive operation. 
In horticulture and indoor gardening, Chron· 

Trol can simulate the natural photoperiodic 
light variations that are one of the most impor· 
tant elements in plant growth and devel· 
opment. Multiple outlet models enable you to 
vory the intensity of light ... further enhancing 
your indoor gardening. 

• ChronTrol is an energy conserver, .. it can 
control heating and air conditioning, turning 
the units off when no one is at home, and on 
again so that your home is comfortable when 

i1 

I limE ••• 

you arrive .. . and Chron T rol can be pro· 
grammed to easily handle doily variations in 
your schedule. 

• Chron Trol is on ideal co·worker with home 
video cassette recorders ... and a valuable 
ally in home security systems. 

• Chron Trol has a skip·a·day feature, which 
allows for on·off operation to be omitted on 
any day or days of the week. 

• Chron Trol an and/or off times can be inde· 
pendently programmed to advance or refard 
each cycle-for example, to track sunrise or 
sunset, or to progressively lengthen or shorten 
an on or off cycle. 

• ChronTrol's lock feature prevents accidental 
entries. 

• Chron Tral is available with a battery·powered 
memory protection system which takes over 
during power outages. This option is highly rec· 
ommended in areas subject to power inter· 
ruption and is a reliable safeguard against 
program loss, which will occur when there is an 
interruption in the power supply. 

, Chron Trol operates off a standard 120 volt 
power supply and will control up to 1 5  
amperes. ChronTrol i s  conveniently sized for 
use anywhere-S" wide by 5" deep. 

ChronTrol's uses are limited only by the 
borders of your imagination ... and we'd like to 
take advantage of your thinking. We'd 
appreciate hearing about the different ways you 
use ChranTrol ... your input would be helpful. 
If it's got a plug, you can Chron Trollt. 

i1 ,� ., , •• •• '·30 ��i1 ©1978 
I',' ',' ." LINDBURG 1o===::===:c:J ENTERPR ISES 

Basic Unit Two-outlet unit Four-outlet unit 
ChronTrol-onother timely product from Lindburg Enterprises, 4888 Ronson Court, Son Diego, CA 92111 7141292-9292 

r-- ------- ..... ----- --W I Send ___ basic ChranTrol single outlet uni�s) ot $69,95 each $ _____ I 
I Send --- two-outlet ChronTrol uni�s) at $87.50 each $ I Send ___ four-outlet Chron Trol uni�s) at $99.95 each. $ ____ _ 

Indude memory protection at $9.95 per ChronTrol unit $ ____ _ 

I (9 �olt bottery not included) 
Enclose $5.00 per unit for shipping and handling 

(Calif. residents add 6% sales tax.) 
TOTAL ENCLOSED I 

I 
I 
I 

Please charge to my __ BonkAmericard __ Moster Chorge __ Visa account 

I I I I I I I I I I I I I I Dept 8·2 

Expiration dote ,Signoture ___________________ _ 

___ You've stimulated my curiosity, please send more information. 

Name ______________ ____________________ ________________________ ____ ___ 

Address _______________________________ _ 

City State _____ Z,p _____ _ 

I Send with (he<k, money order or charge Q«ount informotion, to: Lindburg Enterprises, 4888 Ronson (I., Son Diego, (A 92111 
(hronTroloos a (ompiele 30·doy money bock guorontee'if you are fIOt (ampletely satisfied, return (hronTrol within 30 days and get your money bock. Ports and 

I 
I 
I 
I 
I 
I L..lobor are gooronleed far one yeor against defects. Please allow 4·6 weeks for delivery. PATENT PENDING • 

------------- -.. 
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His lion piece , for example, centers Of! 
the role of this largest of cats as a source 
of symbols for human beings. The lion's  
hairs win love, its whiskers overcome 
enemies, its claws promise luck, it s heart 
confers courage-every part of the lion's 
body has magic even in cult ures where 
the real lion is at some distance. Im
perial symbols are more remote st ill 
from the living cat .  Thunderous roar 
and proud mane, and the special "lion 
strut" toward subordinate animals ,  are 
certainly the sources of this ancient hold 
over the human mind, through their 
promise of dominance by mart ial force. 
The male lion's  mane is a visual device, 
not a physiological or protective one. It 
makes him look bigger than he is. adds 
a majestic symmetry and grants  instant 
recognit ion, an evolutionary trump card 
in a long suit of tricks from fluffing of 
fur to facial ruffs. Lion society ,  like our 
own, does offer "advantages to the male 
that can intimidate his conspecifics." 
The real continuity of lion society rests. 
however, with the maneless but power
ful lionesses. The male lions mark, pa
trol, roar and sometimes fight to estab
lish the pride territory. Actually both 
sexes roar, generat ing a series of eight 
or nine reverberat ing sounds, audible 
"up to eight kilometers away on a st ill 
night, followed by a declining series of 
grunts. "  

The  entire set of these volumes of art 
and science is beginning to glow on the 
shelves of natural history. 

THE CHANGING AMERICAN DIET, by 
Letitia Brewster and Michael F. Ja· 

cobson, Ph.D. Center for Science in the 
Public Interest, 17 5 5  S Street North
west, Washington, D.C. 20009 ($2 .50). 
The "tireless USDA economists"  who 
annually compile the stat ist ics on food 
consumption. prices and expendit ures 
are the source of the data in this small 
paperback brochure. Its authors have 
translated the volumes of stat ist ics into 
digestible form: two dozen graphs plot 
the foods Americans consume, from al
cohol to vegetables,  reckoned per head 
for the years from 1 9 10 through 1976. 
(A few series cover other epochs. )  They 
add a dozen more curves and graphs, 
based not on foods but on the nutr ients  
they contain, and intersperse among 
their graphs brief but often incisive 
analyses of the causes of change, done in 
entirely popular language. The result is 
full of interest, a source for argument 
and conjecture. for instruct ive and in
teresting conversations around the din
ner table (where else ?) .  A few calcula
tions by any scientific reader w ill take 
him further into this or that corner of 
the meaty issues raised; the booklet is 
a handy and accessible source. reform
directed.  

It is constancy rather than change that 
somehow stands out in these curves. En-
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"The most complete 
and most scholarlydictionary 

of the English language." 
- The Clmstiall Science MOl/itor 

The Compact Edition of the Oxford English Dictionary. 
As an introduction to membership in the BOOK-OF-THE-MONTH CLUB� 

�i750NLY 
(PUBLISHER'S PRICE: $95) 

You simply agree to buy 4 books 
within a year. 

For the price of an average dictionary, 
you can now treat yourself and your 
family to the world's best dictionary of 
the English language. The contents of 
this two-volume edition are identical to 
those of the original thirteen·volume set, 
priced at $395. 

FEATURES 
• Boxed set of two volumes, 9%" by 13W' 

each 
• All 16,569 pages of the 13·volume original 

included in 4134 pages of The Compact 
Editifm through a photo·reduction process 
which permits printing of four pages of 
original on one page of compact edition. 

• Paper is 30·pound Special Dictionary 
White 

• Binding is library buckram reinforced and 
gold-stamped 

• Bausch & Lomb magnifying g l ass 
irtcluded in special drawer of slipcase. 2" 
by 3¥s" lens scientifically designed to make 
reduced print easily readable. 

Book critics call the OED a "miracle:' Join 
the Book-of·the-Month Club and this "mira· 
cle" can be yours now. As a Club member, 
you'll continue to enjoy benefits on the best 
and most important books published today. r�-----------------::'-------------------------':'--'--------------.. 
Bookstore Quality at Book-Club Savings. I Book-of:the-Month Cl�b, Inc. Fads About Membership . . I Camp Hill, Pennsylvarua 17012 A 170·10 
You convemently shop at home at consider· I PI II be f Book fthe-

b ·  
, 

d· 
I ease enro measa mem ro -(). 

a Ie savmgs. Whether you re a ding up I Month Club and send me mE COMPACT EDITION 
your remarkable savings on the introduc· I OF THE OXFORD ENGLISH DICTIONARY. Bill me 

ff ff ed 
I $17.50 (in Canada $l9), plus IJOStage and han· tory 0 er, or on books you are 0 er as a I dling charges. I agree to buy 4 books during the 

member, these are always true sav· I commg year. A postage and handling charge is 
ings ... because every book is exactly like the added to each shIpment. 

one sold in good bookstores. The same size, Mr. 
paper. type and binding . . . never a cheap ��.............. . ... ... ....... . ... . ... .. .. ...... 8.53 
book -club edition. (please print plainly) 

Address ........... .. ... Apt.. ..... 

City ................ .............. ...................... . 
State .............................. ..... Zip .............. . 

You receive the Book-ofthe·Month Club 
News, ® a literary magazme, 15 times a year 
(about every 3\12 weeks). Each issue reV1ews 
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 
it by the date specified. 

Return Privilege. If the News is delayed 
and you receive the Main Selection without 
having had 10 days to notify us, you may 
return it for credIt at our expense. 

Cancellations. Your membership is 
cancelable at any time after you have 
bought 4 additional books. SImply notify 
Book-of·the·Month Club. 

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 le4st 70%. L ______________________________________ ________________ -------------� 

40C 
© 1978 SCIENTIFIC AMERICAN, INC



��\��ot\ 
,� � \) G Saturday, 

r October 1 4th, 
10 a .m.  

VERNON scope & C o .  proudly announces a 
superlative public and mail  auction to be held 
at the Treadway Inn, Owego, N ew York.  We 
have been most fortunate to acquire an exquis
ite col lection of mint instruments and unusual 
optical and mechanical devices for this sale. 
For example, fine instruments by Alvan Clark, 
Bardou, leitz, Cooke, Ross, Hensoldt, Stein
hei l ,  Heele, Kern, Duren, Gurley, Crookes, 
Zeiss', -etc. 
Several hundred items including Cul peper, 
drum, continental and binocl.!lar microscopes, 
telescopes, spyg l asses, binoculars, theatre 
glasses, compasses, barometers, quadrants, 
sextants, levels, celestial globe, books, maps, 
etc. Also modern binoculars such as 5-inch 
battleship, 1 0  x 80 Zeiss and Busch, additional 
Zeiss, leitz, Hensoldt, B & l, Bushnel l .  Modern 
telescopes inc lude Questar, Unitron, Quantum , 
Celestron,  Edmund, N ikon 1 , 000 f/6. 3  tele
photo, Zeiss automatic level ,  N avy spyglasses, 
Spilhaus c lock, test flats, gratings, mirrors, 
eyepieces, finders, lenses, prisms, tripods, 
m icrometers, etc. 
A valuoble reFerence source, Send $6.00 for 
immediate copy of i l lustrated auction catalog 
a n d  p r i c e s  rea l i z ed . A d m i s s i o n  w i t h o u t  
catalog, $2 . 00. M a i l  b i d s  accepted . 

VERNONscope & CO. 
1 Ithaca Road 

Candor, New York 1 3743 

THE 
HEBREW 
UNIVERSITY 
OF 
JERUSALEM 
Jerusalem, Israel 

The Hebrew U n ive rsity of 
Jerusalem offers a smal l  
n u mber of post-doctoral 
Fe l lowsh ips for the 1 979-80 
academic year in the 
H u manit ies, Social  Sciences , 
Natu ral Sciences, Agriculture 
and Medic ine.  

Candidates may apply at  
an ear ly stage of  their  
professio nal career (not l ate r 
than 3 years after 
completion  of their  doctoral 
d issertat ion) to P.O. Box 
1 255, Jerusalem,  Israel.  

Co mpleted appl icatio n  
forms must be returned by 
December 3 1 , 1 978 . 
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ergy content and protein intake have 
never shown more than 10 percent 
changes (always per capita) since 1 9 10, 
except for the years of the Great De
pression, when protein consumption fell 
off about 12 percent. Of course, these 
are averages; the baby boom and the 
food-stamp program are only two of 
the many recent factors that somehow 
make up this stability. Two changes are 
clear and strong in the nutrient pattern: 
we take in more fat than ever before , by 
27  percent, and we have reduced our 
intake of carbohydrate to compensate 
for that energy increase. 

It is wheat flour we no longer eat as 
our grandparents did: total cereal use is 
down from 300 pounds per person per 
year in 1 9 10 to about 130 in 1976.  Corn 
meal and corn flour have fallen off sev
enfold. Rice use is dead flat; pasta has 
doubled. Bread is plainly much less the 
staff of our life than it once was; we seek 
sweeter, fattier foods. 

The sweeteners have risen steadily, al
though sucrose seems to have plateaued 
a generation ago, and the rise since 1 950 
has been in corn syrup. Three-fourths of 
that sweet stuff has been added to the 
prepared foods we buy, not only to what 
is frankly sweet, such as the soft drinks 
(a fourth of all the sucrose),  but also to 
just about everything else, even buns, 
hot dogs, mustard and catsup. Corn syr
up is almost exclusively encountered as 
an industrial sweetener ; it was the high
fructose form developed in the 1960's 
that gave it its current popularity with 
the manufacturers. 

Fats and oils are the other side of the 
story. They are diverse , and even the 
basic data are not as complete as one 
would like. It is pretty clear , however, 
that most of the increase in fats has 
come from the use of oils in our food
salad oils, mayonnaise-and the wide
spread popularity of deep-fried snacks 
of many kinds .  Table spreads, solid 
cooking fats and dairy products have 
stayed more or less constant or have 
even fallen. A third of the fat increase 
can be assigned to the remarkable dou
bling of our beef intake ; meat now offers 
us almost a third of our fat. Pork has 
fallen a little, and the use of lard and 
butter fat has dropped to a fourth or 
thereabouts. 

Evaporated and condensed milk? It 
lost favor as refrigeration spread to 
most kitchens. Melons? They fall steadi
ly, strangely enough, perhaps because 
they are hard to manage in the super
market. Chocolate (nearly all of it as 
candy) was rare in 19 10, but it has 
stayed about level since the 1930's.  Cof
fee has slid steadily from its 1946 peak, 
although the cola drinks bring us anoth
er big dose of caffeine . 

Alcohol is most interesting : our use of 
this ancient and dangerous drug is down 
from seven gallons per head per year 
(reckoned as absolute alcohol content) 

d uring the Mexican War to less than 
three gallons today . The temperance 
movement of the 1 830's seems to have 
worked: the universal use of 20-proof 
hard cider went down by an order of 
magnitude well before the Civil War . 
Then beer began to replace cider and 
consumption slowly returned to about 
the same volume (but now with much 
less alcohol content) as the post- 1848 
wave of German immigration con
verged on Milwaukee and St. Louis. The 
use of distilled spirits is rising, but it re
mains below a third of the peak it 
reached in hard-drinking 1 840. 

Chicken? Peanuts? French fries and 
ice milk? They are all here . 

MAJOR MEDICINAL PLANTS: BOTANY, 
CULTURE AND USES, by Julia F. 

Morton. Charles C Thomas, Publisher 
($49 . 50).  MEDICAL BOTANY: PLANTS AF
FECTING MAN'S HEALTH, by Walter H.  
Lewis and Memory P .  F .  Elvin-Lewis. 
John Wiley & Sons ($2 7 . 50). The tradi
tion of the herbal, bearing the therapeu
tic lore of herbs and simples, is still 
green. These two comprehensive vol
umes stand as examples, both published 
within the past year. They stand at two 
poles of approach. Morton offers a bot
anist's treatise, arranged by plant fami
lies, with exact descriptions plant by 
plant and much attention given to the 
husbandry or collection of the plant. 
The Lewises ,  on the other hand, arrange 
their book by expected effects, treat
ing "injurious" plants, "remedial" plants 
and "psychoactive" plants (their quota
tion marks) in 19  chapters with medical
ly oriented labels such as cancer, heart 
and circulation, panaceas, stimulants 
and depressants. Their subject is in fact 
botanical medicine. The quasi-magical 
appearance of the subject-the remark
able specific activity of many plant sub
stances-survives to the present day, 
based,  one infers, on the modularity of 
biochemistry. 

The molecular phrase spelled out by 
the alkaloid of Egyptian henbane in "all 
parts, including the roots , "  turns out to 
command the dilation of the pupil. Such 
an effect is certainly not directly adap
tive for the plant. That the deadly night
shade was called belladonna, and is 
the close European relative of the wild 
Egyptian species, traces the origin of 
the widely used atropine , the racemized 
form of the plant substance L-hyoscya
mine. Atropine , usually administered as 
the sulfate, is now obtained mainly from 
the wild henbane collected by the shep
herds of Egypt for the export trade. 
That the European plant formed a chief 
ingredient of the flying ointment of the 
early Renaissance witches is broadly un
derstandable : the two plants are of the 
same family , they share fat-soluble al
kaloids ,  and the nervous-system effects 
are made plain by the quenching of the 
pupillary reflex. 

- -- - ------
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MOTOROLA MAKES A TRUSURE 
N igeria has more people tha n  any 
other nation in  Africa . I ndeed , it's 
one of the ten la rgest nations on 
earth . 

Yet, i ncred ib ly, vast stretches 
of its 357,000 square m i les had 
yet to be adequately mapped . 

For years, the govern ment of 
N igeria tried to get the job done 
with conventional  aeria l 
photography. 

northern N igeria, r.lear the 
Sahara ,  a dust cloud twelve thou
sand feet high obscu res the earth 
for months at a t ime. 

They turned the problem over 
to Motorola-and got the job 
done in on ly five months. 

ELECI'IlOIICS 
SEE TIIlOUGII QOUDS. 

The equi pment that made 
the difference was 
M otorola's S ide-Looking 
Airborne Radar: SLAR. 

It has three remarkable 
virtues. 

It can see through 
the cloud cover, day or 
night. 

It looks sideways; to 
allow simultaneous mapping from 

sides of the aircraft. The 

And SLAR d isplays its images 
instantly to the sensor engineer 
aboard the a ircraft. I nstead of 
having to wait for pictures to be 
developed , he knows immed iate ly 
whether or not he has to make 
another pass over the same terra i n .  

ELECTROIIK EYES 
FlND lRWURES. 

SLAR mapping gave 
N igeria a new assess
rnent of her natura l 
treasures . 
For i nstance, a n  inven

tory of her farmland and 
timber resources. Since 
SLAR can actually differentiate 

among several types of vege
tation, it helped identify forests 
containing ebony, mahogany and 
rubber trees. 

And it 1���,l{;IefI�fTY gE�IOI�I-
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MAP OF 
the presence of u nexplo ited o i l ,  
gas and m i nera l  deposits .  

THE ELECTRONIC MlRACU: 
A MKROCOMPU1IR. 

Further developments have been 
made on th is remarkab le syste m .  
A t  the heart o f  M otorola's most 
adva nced SLA R  is a t iny e lec
tron ic m i rac le :  a _ 
:�Ei�ff�:e .4> 
of the latest dem- A microcomputer. 
onstrations of drawn larger 
Motorola's fifty than life. 

years of electron i cs expertise . 
And you' l l  find the technology 
that made it possible in many 
of the things we make today. 

For Motorola is no longer just 
the company that put radios fifty years ago-

a lthough we now market h u n d reds 
of models of two-way rad ios .  

N or are we just the com pany 
that put popu lar-pr iced TV sets 
i nto America n homes-i n  fact, we 
no longer make home TV sets 
here at a l l .  

AN ARRAY OF 
ELECIRONIC ADVANCES. 

N ow, M otorola is n ot o n ly one of 
the world 's la rgest manufactur
ers ded icated exclusively to 
electron ics, but a lso one of its 
foremost designers of 

E KG d i rectly to a nea rby hospita l .  
A Dig ita l Vo ice Protect ion 

system that keeps cri m i na ls  
from tu n i n g  i n  on po l ice rad io 
com m u n ications.  

Even l ightweight pagers that 
help busy people keep in touch  
wh i le  they ' re on the go . 

And ,  of cou r;;e , a device that's 
he lp ing a nation  l i ke N igeria take 
a rea l istic  i nventory of h idden nat
u ra l  resources. 

custom and standard semi
conductors. And Motorola 
microelectronics are 
working in a remarkable 
array of products. 

For instance, a coronary 
observation unit that enables 
paramedics at the scene of an 

® MOTOROLA 
Making electronics history 

since 1928. 
accident to transmit a 
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,.. LADY DAVIS FELLOWS H I P  TRUST � 

... 

P.o.  Box 1 255, Jerusalem , Israel 
FELLOWSH I PS FOR STUDY AN D / O R  RESEARCH AT G RAD UATE OR 

POST·DOCTORAL LEVELS AND V I S I T I N G  PROFESSO RSH I PS 

in 1 979-80 
a t  t h e  H ebrew Un iversity of J erusa lem and  at the 

Tech n i o n · lsrael lnstitute of Te chno logy.  Haifa 
G RAD UATE AND POS�D OCTORAL 

FELLOWSHIPS 
ELIG I B I LITY :  lady Dav is  Fe l l ows w i l l  be s e l ected on the bas is  of 
demonstrated exce l l ence in t h e i r  stu d i es, promise  of d i st i nct ion  
i n  t h e i r  chosen f ie lds  of spec ia l izat ion a n d  q u a l i t i e s  of mind ,  i n ·  
te l l ect  a n d  character .  

Post·doctoral  cand idates sha l l  have comp l eted the ir  doctora l  
d i ssertat ion b efore arr iva l  i n  Israe l .  

T h e  Graduate a n d  Post·docto r a l  Fe l lows h i p s  a r e  tenab l e  f o r  a 
p e r i od of o n e  y e a r .  They may be renewed for a second year  and i n  
spec i a l  c i rcumsta nces extended to a t h i rd year .  

The grant  i s  i ntended to d efray the  cost of the Fe l low's travel  
and  tuit ion fees and  to meet  reasonab l e  l i v i n g  expenses.  
APPLICAT ION :  Grad uate c a n d i d ates may a p p l y  dur ing t h e i r  s e n i o r  
acade m i c  year  o r  afte r t h e y  h a v e  u n d e rtaken s t u d y  i n  a graduate 
schoo l .  Post·docto r a l  cand i d ates may apply at a n  ear ly  stage of  
t h e i r  p rofess i o n a l  career (not later  than  3 years after  complet ion  
of the i r doctora l  d i ssertat ion ) .  

G r a d u a t e  a n d  P o s t· d o c t o r a l  c a n d i d at e s  ( i n c l u d i n g  I s ra e l i s  
abroad)  may obta i n  a p p l i cat i on forms from the lady Davis Fe l l ow· 
s h i p  Trust at the above add ress,  afte r they i n d i cate the category 
of F e l l owsh i p  for w h i c h  they are e l ig i b l e .  

C o m p l eted a p p l i cat ions  must  r e a c h  t h e  off i c e  of the Trust n o t  
l a t e r  t h a n  J a n u a ry 1 ,  1 9 7 9 .  

VISITI NG PROFESSORSHI PS 
These Fe l l owsh ips  a r e  intended for  cand i d ates w i t h  t h e  rank  of Fu l l  
o r  Asso c iate Professor a t  the i r  own i nst ituti o n .  They a r e  tenab l e  for 
periods from o n e  t r i mester (or  semester)  to a year .  
APPLICAT ION :  Forms may b e  obta i n ed from the lady  Davi s  Fe l l ow· 
s h i p  Trust at the above address .  C o m p l ete a p p l i cat ion  forms for the 
Heb rew U n i vers ity must reach the off i c e  of the  Trust by November 
30,  1 9 7 8 .  Those for the Tec h n i o n-by December 3 1 ,  1978 . 

CA R N E G I E -M E L LO N  U N I V E R S I TY Carneg ie I n stitute of Tech nol ogy 
Mel lon I nstitute of Science Program for 

Techn ica l  Ma nagers 
Apr i l  1 6·May 1 1 ,  1 979 

a N EW T E C H NO LOGY B R I E F I N G 
for research ,  development and 

. engineering management 
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The g reate r y ou r  management respons i b i l i t ies,  the less 

you r con tact w ith actu a l  techn ical  work. Yet bu i l d i n g  an 

effective staff of younger p rofess i o n a l s  and sett i n g  effec· 

tive tech n ica l  strategies demands a fam i l i a r ity w ith the 

l atest deve lopments in modern science and engi neer ing.  

In  re sponse , Carnegie- M e l l o n  U n i vers ity has  devel oped 

the Program for Technical Managers. Designed for the 

expe r i e nced tech n ical  execut ive,  the Program i s  an i n ten· 

s ive tech n o l ogy u p date coupled with a rev iew of im

portant au x i l i ary topics such as the l aw, env i ronmental  

i ssues, O S H A, and product l i a b i l i ty .  

I nc re ase you r capacity to h e l p  solve your organ izat ion's  

tech n i c a l  p roblems. M a ke t i m e  for the Program for 
Technical Managers. F o r  your  organ izat ion.  F o r  the next 

20 years of y ou r  career.  

Ca l l  E l i za beth M .  R oss ( 4 1 2/578-2207) for i n format i o n .  

Or write Post Co l l ege Profess iona l  Educat i o n ,  Ca rnegie'  

Mel l on U n i vers ity ,  405 M M C H ,  P ittsbu rgh, PA 1 52 1 3. 

The Lewis book gives a structural for
mula for the nightshade drug, a number 
of pages on its history, with accounts 
(from a popular current work of fiction) 
of the subjective effects of the related 
Datura ointment and a couple of old 
prints of the preparation for the Sabbat. 
Such rather trendy, if wide-ranging, 
treatment is not found in Morton's 
book; she provides the reader instead 
with three or four pages, condensed 
texts and good photographs or draw
ings for each of the half-dozen species 
worldwide that are sources for this fam
ily of drugs. The botanist's book sticks 
much closer to the official dispensatory, 
although it does so with appropriate 
accounts of folk usage ; the more medi
cally oriented authors have gone fur
ther afield. Indeed, they even seem im
pressed by assertions that the Amazoni
an liana-bark infusion can intensify the 
"ability to telepathize" and "enhance ex
trasensory perception. "  

One surely touches here o n  origins o f  
the magic seen i n  herbs. More abstract 
magical theories, say from the human 
form suggested by the forked roots of 
mandragora. a European relative of 
henbane , no longer have much support. 
Another basis for the herbal art is less 
arcane still : the uses of licorice, men
thol. coca, poppy and ipecac, for exam
ple, are easily rationalized. All of them 
are important drugs today, with their 
administration often less therapeutic 
than sensory. The Lewises include alco
hol among their drugs, although its crop 
sources are not regarded as being medic
inal. Of course, chemists today elabo
rate the work of the plant enzymes .  Per
haps the most important substances for 
which the plant supplies intermediate 
molecules are the steroids of cortisone 
and of the Pill, and heroin, the product 
of the acetylation of the poppy alkaloid 
morphine. 

In a year the pharmacists of the U.S . 
dispense about a billion and a half pre
scriptions.  A consistent 25 percent of 
these still contain one or more active 
constituents that have been extracted 
from the higher plants. (Add 1 5  percent 
for the microbial products and those 
derived from animals .)  These books il
luminate that large area :  the one a read
able, if concentrated and tabular. medi
cal textbook, the other an encylopedic 
work of botanical reference. Both books 
have large bibliographies ,  indexes and 
other useful apparatus .  

AMILLION GALAXIES: COMPUTER PHO
To-MAP OF THE GALAXIES B,RIGHT

ER THAN 1 9TH MAGNITUDE VISIBLE 
FROM EARTH'S NORTHERN HEMISPHERE, 
edited by P. James E.  Peebles and Stew
ard Brand. The CoEvolution Quarter
ly, Box 428. Sausalito, Calif. 94965 
($4. 50). On a square yard of glossy 
black this poster image , profound, enig
matic, beautiful. presents in a clotted 
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tangle of tiny gray squares one abstract 
but faithful view of the entire thing. It 
maps onto the plane about half of the 
great sphere of galaxies around us out to 
a billion light-years away. Not a photo
graph. it presents no galaxy form. no 
glowing globes or spindles; rather. in 
each of a million squares less than a mil
limeter on an edge the computer and its 
peripherals have recorded the presence 
of galaxies. coding the count on a scale 
of brightness values from black repre
senting no galaxy up to white represent
ing lO or more galaxies.  

It has been 20 years since Donald 
Shane and Carl Wirtanen began to use 
the Lick Schmidt camera on and off for 
a decade to record the whole of the sky 
they could reach from Mount Hamilton 
on some 1 .300 overlapping big glass 
plates.  each plate 17 inches square . 
They counted down to a fixed limit all 
galaxy images.  most of them so small as 
to be visible only in a low-power micro
scope. entering on their data sheet for 
every big plate the number of images 
found in each of 1 .296 subsquares. They 
published a contour map but in much 
less detail ; it is just too slow to plot a 
million points by hand. Professor Pee
bles and his students took another look 
at the Lick counts with present-day 
computer power. and they prepared (af
ter much thoughtful data massage to 
correct for plate variations. obscuration 
and the like) the rich map we see here . It 
was modestly presented in the pages of 
an archival journal (and in this maga
zine about a year ago) as a photograph 
small.  grayish and retiring. 

Now the map is offered grandly. not 
for the scientific record alone but in 
visual celebration of the world. No Tan
tric demon or benign celestial choir pro
vides a more vivid symbol of the vast
ness of the universe in which we live. 
The clusters and filaments and voids 
that form the texture of this striking 
halftone speak volumes.  even though. 
like the oracle herself. their speech is 
enigmatic. Clusters of galaxies are real 
enough at several levels. but how much 
of all that the scanning eye reads from 
this plot is mere happenstance and how 
much is dynamical inevitability remains 
to be established. 

There is no wider map; if none of 
those squares marks the location of any 
fellow observers. ours is a lonely and 
immense desert. If others dwell some
where in space. their unimaginable cities 
are well marked here. It is a philosophi
cal pleasure to view and reflect on these 
million galaxies .  (Of course . our earth
borne telescopes can sample small fields 
for fainter images ;  maybe in all a billion 
galaxies and more lie within present 
optical reach. although they are most
ly still unseen. From observatories in 
space we expect to sample many more 
than that.) 

WILD 
TURKEY LIQ.UEUR 

Scotland has Drambuie. 
Ireland has Irish Mist. France 
has Cointreau and B&B. 

Now America can boast its 
own great native liqueur: WIld 
Turkey Liqueur created in 
Kentucky by the originators of 
America's finest native whiskey, 
WIld Turkey. 

WIld Turkey Liqueur is the 
"sippin' sweet cream" of liqueurs. 
It's made to be savored slowly 
after dinner. Or as a mellow 
accompaniment to an evening's 
conversation. You've tasted the 
great liqueurs of Europe . . 
Now taste America's great one 
WIld Turkey Liqueur. 

NOTICE: SUPPLY WILL BE LIMITED. IF NOT I N  YOUR STORE. PLEASE CONTACT AUSTIN, NICHOLS & co . . LAWRENCEBURG', KY. 80 PROOF © 1977 
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You may never need al1 120 safety features 
in your Mercedes-Benz. 
But its comforting to kno"W they're there. 
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Tbe steering shaJi and tbe steering wbeel bub 
are designed to collapse on irnpact. 

Tbe cone type door locks open Oll�)' I�l' 
___ +- pulling and are eqUIpped ldtb al1 

illertia IJledJClllislJl des(f.!,11ed 10 res{,1 
accidental opening all impact. 

nJe steering box is located bebind front 
for added protecholl. 

O f the 120 s afety features bui l t  as 
standard equi pment i nto every 

new Mercedes-Benz ,  those designed 
to meet U . S .  safety standards repre
sent less than half. Those designed to 
meet Mercedes-Benz safety standards 
represent  the rest .  

The washboard principle 
For i nstance , the e ngi neers wa nted to 
keep the car's tai l l ights visible in fou l  
weather. Solut ion :  tai l l i ght l e nses 
ribbed l i ke washboards.  Wind t u n nel 
tests showed that most dirt and slush 
tend to collect on the outer su rfaces 
leaving the recessed grooves clea ner, 
longer. 

Because a s ide i mpact might acti 
vate a p u s h  button a n d  t h i s  i n  turn 
might  pop open a door, the e ngi neers 
designed push buttons our of the 
door handles of a Mercedes - B e nz .  
They wil l  open only  bv p u l l i ng .  

The engineers even fou n d  a wa\' r o  
make the m o u l di ngs rhar frame rhe 
windshield work i n  rhe cause of safer\,. 

They are actual ly  designed to 
deflect rai nwater awav from the s ide 
wi ndows as vou cruise a long in  
the wet . 

The windshield wipers , on rhe 
other hand,  are aerodvnamical ly de
Signed to sweep across rhe wi ndshie l d 

Electric s u n roof ( show n )  a y a i l a b l e  at added c o s t .  

with the airflow and thus resist " l ift
i ng ;' even in high-speed turbulence. 

Seeing is surviving 
Mercedes-Benz takes a dim view of 
styl ing that obstructs driver vis ibi l ity ;  
you can't avoid what you can 't see . 
Resu l t :  a Mercedes-Benz driver is  
su rrounded by as much glass as 
poss ible - i n  the sedans , for example ,  
by a sweep of  85 percent u nob
structed viS ibi l i ty. 

Notice thar the fu el fi l ler  flap of a 
Mercedes-B enz is placed far ahead on 
the r ight  rear fe nder, a lmost above the 
wheel . N o  random act : i t  l eads to a 
fu el tank mou nted so deep i nboard 
rhat i t  s i ts above the rear axle - as far 
from exposu re to a rear-end i m pact 
as poss i b l e .  

Strong law, stronger locks 
You may be h eartened to know that  
the door locks on a Mercedes -B e nz 
conform nor just  to the letter of rhe 
l aw b u r  to i ts spir i t .  They far exceed 
rhe strength demanded bv u . s .  
federal law.  

. 

No law dictates i r ,  but  " crumple 
zones " at the front  and rear  of a 
Mercedes- B enz b odv are designed 
to viel d accordi o n - l i ke ,  to absorb 
kinetic energy i n  a heavy i mpact and 

to 

Gas lank localed over rear a.vle 
surrouruled by metal bulk beads. 
Corrugated filler·neck is designed 10 
yield on side impact. 

lessen its effect on the passenger 
compartment.  

The steering box i n  a Mercedes
B enz sits behind the front axle, for ex
tra p rotection.  The steeri ng column is 
deSigned to yield and collapse on im
pact.  The steeri ng wheel itself is de
formable and its flat,  padded center is 
meant to help dissipate the effect of a 
heavy impact over a large area . 

Every new Mercedes-Benz is  
safety-padded i n  the usual  p l aces , plus  
some u nusual ones :  e .g . ,  the u n der
side of the i nstru ment panel and the 
knob of the shift l ever. The engineers 
didn 't want the glove-box door to 
pop open on an impact and become a 
menace to the front seat passenger 
so the lock on the glove-box door 
isn't a push button but a sliding 
mechan i s m .  

The search goes on 
These are some exa m p l es of the 120 
saferI' fear u res b u i l t  i nt o  every new 
Merced es-Benz . I mposi ng as rhat 
n u mber may see m ,  i r  is  bv no means a 
fi nal  o n e .  Safety research and develop
menr at Mercedes-Benz have� 
not stopped - and it is i n -
tended r h a t  t h e y  never wil l .  

© 1 978 M e rcedes·Benz o f  North America.  I n c . ,  

O n e  M e r c e d e s  Driye,  M o n t v a l e ,  N J .  07645 
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A New Strategy 
for Military Spending 

An analysis of u.s. mJiitary forces finds that they so far exceed 
actual mJiitary needs as to be unsafe for the nation and the world. 
A program for prudently decreasing these forces is here described 

by Philip Morrison and Paul F.Walker 

I
n the 3 3  years since the end of World 

War II. Americans have periodical
ly perceived the Russians as stand

ing 10 feet tall. This is such a period. It is 
said. for example. that the day is close at 
hand when a small fraction of the 
U.S.S.R.'s growing number of land
based nuclear warheads will be able to 
hit more than 75 percent of the 1 .000 
silos containing Minuteman missiles. 
the most reliable and accurate U.S. nu
clear deterrent. It is proposed that the 
U.S .. at a cost of $20 billion or more. 
therefore press ahead with the develop
ment of the mobile M issile X.  200 of 
which would be shuttled at random 
among 4.000 silos spread over an area as 
large as Connecticut. It is urged that the 
U.S. not accept a new treaty based on a 
second round of Strategic Arms Limita
tion Talks (SALT II) that would inter
fere with M issile X or with the develop
ment of cruise missiles. the highly accu
rate jet-powered weapons carriers that 
can be launched from land. sea or air. 

It is also urged that in order to counter 
the 20,000 tanks of the Warsaw Pact 
forces in Europe the U.S. deploy en
hanced-radiation weapons ("the neu
tron bomb") for tactical purposes. With 
or without neutron bombs, the U.S. has 
asked its partners in the North Atlan
tic Treaty Organization (NATO) to in
crease their defense spending by at least 
3 percent per year, in constant dollars, 
into the 1 980's. In spite of a presidential 
veto, pressure continues for a fifth nu
clear-powered aircraft carrier at a cost 
of more than $2 billion. (The U.S. al
ready has 13 blue-water aircraft carri
ers; the U.S.S.R. has no comparable ves
sels.) At this writing the Department of 
Defense budget before Congress for the 
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fiscal year 1 979 is $ 1 26 billion in total 
authorizations, about 40 percent of net 
Federal spending. 

There is no evidence that the Carter 
Administration, in drawing up the first 
defense budget for which it is entirely 
responsible, has followed the method of 
zero-ba�e budgeting. which President 
Carter so strongly recommended when 
he was a candidate for the office. In this 
method each agency of the Government 
would have to review and j ustify every 
one of its programs from scratch. re
gardless of the previous level of spend
ing or of how many people are en
trenched in the performance of particu
lar duties. The method has been widely 
adopted in business as a means of con
trolling costs, which in all organizations 
tend to rise inexorably. Because we be
lieve with President Carter that zero
base budgeting has substantial merit we 
have followed its precepts in trying to 
answer the question: How much does 
the U.S. really need to spend to maintain 
its national security? The answer sum
marized in this article is given at full 
length in a book soon to be published, 
The Price of Defense: A New Strategy for 
Military Spending. The book has been 
prepared by the informal Boston Study 
Group, of which we are members. (The 
names of the other members are given 
in "The Authors," page 20.) 

Since the end of World War II the U.S. 
has put more than $2 trillion into its 

military establishment, including the 
cost of the wars in Korea and Vietnam. 
With this expenditure the U.S. has be
come by any reasonable measure the 
world's foremost military power. The 
U.S. "triad" of 1 .054 land-based mis-

siles, 6 5 6  submarine-based missiles and 
3 80-plus long-range bombers could the
oretically deliver more than 6 , 5 00 
megatons of nuclear explosive on more 
than 1 1 .000 targets. Over a four-year 
period following the signing of the 
SALT I agreement in May. 1 972 ,  the 
U.S. increased the number of nuclear 
warheads in its constant inventory of 
land- and submarine-based missiles at a 
rate of more than 1 00 per month, three 
times the rate achieved by the U.S.S.R. 
in the same period. The total stragetic
warhead count now stands at 9 ,000 for 
the U.S. to 4,000 for the U.S.S.R. Over
all the U.S. has more than 3 0,000 nu
clear weapons, of which 22,000 are de
signed for tactical purposes. 

Not only does the U.S. have many 
more nuclear weapons than the U.S.S.R. 
but also its weapons are more advanced. 
Indeed ,  the U.S. leads the world techni
cally in nearly every significant aspect of 
military hardware, non-nuclear as well 
as nuclear. This proficiency contributes 
to the power of the traditional elements 
of the U.S. Army, Navy and Air Force, 
but it is not the sole source of their 
strength. What makes U.S. general
purpose forces-apart from strategic 
forces-uniquely powerful is the combi
nation of technical advantage with size 
and structure. The general-purpose 
forces are capable of bringing non-nu
clear power to bear in any part of the 
world. In this respect the U.S. stands 
alone as the world's only truly global 
power. 

In the view of most Americans the 
vast U.S. military establishment is a be
nign force with only one goal: to pre
serve the freedom of the U.S. and of its 
long-standing allies whatever the cost. 
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NEW BATTLEFIELD TECHNOLOGY increasingly favors the de
fense over the offense, largely because of precision-guided muni
tions, or "smart weapons." The three scenes on this page depict the 
use of smart weapons in hypothetical engagements. Here a laser "des
ignator" beam (color) is directed against an enemy bunker by a Fire-

TWO SURFACE-LAUNCHED MISSILE SYSTEMS, both smart 
weapons, are depicted in action against tanks. At top center a Cop
perhead projectile launched from a 1SS-millimeter howitzer homes 
on a target, which can be as much as 12 miles away, that has been 

SMART WEAPONS OF SHORTER RANGE are fired from heli
copters and jeeplike vehicles. The Cobra helicopter launches laser
seeking Hellfire missiles, with a range of up to five kilometers, that 

bee remotely piloted vehicle (RPV). The pilot of the RPV, who is 
hidden from enemy view, controls the vehicle by radio (dotted line). 
An A-1 0  attack aircraft (le/t), several miles away and flying low for 
concealment, launches a Maverick missile in the general direction 
of the target. The missile hom es on the laser spot held on the target. 

designated by a laser beam from an RPV. In middle center a Lance 
missile, with a range of 160 kilometers, releases six to nine terminal
ly guided submissiles (TGSM's) that respond to infrared emission of 
vehicles. RPV may have helped to spot column of advancing tanks. 

home on targets designated by lasers aimed by infantrymen. Other 
infantrymen in light vehicles fire tube-launched, wire-guided, opti
cally tracked Tow missiles, which have a range of three kilometers. 
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Proponents of larger defense expen
ditures-the advocates of M issile X, 
enhanced-radiation weapons, the B- 1 
bomber, a new arsenal of cruise missiles 
and an additional nuclear aircraft car
rier-have often observed that if their 
"present danger" scenario is in error, 
all that is lost is a few billions (or per
haps tens of billions) of dollars. They 
have further observed that if the advo
cates of restraint in the growth of mili
tary forces are in error, the U.S. may 
one day face irresistible pressure to 
make some repugnant accommodation. 
Given that choice, the arms budget con
tinues to grow. 

It is our thesis that the simplistic pur
suit of military growth has after three 
decades passed the bounds of reason, 
even setting aside the externalities of in
flation and fiscal soundness. In a world 
whose surface area does not grow at all, 
military forces whose physical power 
grows steadily are in the long run pro
foundly unsafe. Step by step, in the 
name of "realism," the U.S.  has moved 
from a dangerous situation into one 
even more dangerous. Every step up
ward in potential damage and in speed 
of response has added genuine risk, the 
risk of unreasonable or mistaken leader
ship, of an error in j udgment. Such is the 
clear history of warfare. The spring has 
been wound tighter and tighter each 
decade. The greatest real cost is not the 
wasted billions but the never ending es
calation of technique and the growing 
complexities of the tautened balance. 
The risk is that the overwound spring 
will break, and the nations with it. 

It  is much to be wished that a winding 
down could be achieved by mutual 
agreement. Diplomacy, however, lags in 
seeking solutions by formal agreement; 
those on both sides who either do not 
trust the other side or have something to 
gain by military growth will find some 
imbalance in every formula for negotia-

tion. For example, a recent report fund
ed by the Defense N uclear Agency as
serts that the U.S.  is behind in the major
ity of 4 1  "measures of Soviet-American 
strategic military power," regardless of 
whether these indexes are militarily rel
evant or not. 

We believe the time has come for a 
new arms-control approach, one 

that can be adopted unilaterally on its 
merits. Our proposal is that the U.S. buy 
as much force as it needs but not more, 
that it prepare prudently for military 
contingencies but not overprepare and 
that it recognize it is too late for the 
rule of simple slogans such as "Peace 
through strength" or "Always assume 
the worst." The policy we propose is not 
based on any one axiom of military pre
paredness. It is based on an issue-by
issue and weapon-by-weapon examina
tion of the world of warfare today and in 
the near future. We have reached the 
conclusion that a very different struc
ture of military forces would better 
meet the ends the country seeks. Our 
goal has been to describe this structure . 

We do not think any taint of isolation
ism should be, or can be, imputed to our 
effort. The new force structure we shall 
describe would defend directly and indi
rectly, as it does at present, all U.S. terri
tory and tl:1e territory of our chief allies, 
that is, the NATO powers and Japan, 
against any plausible dangers of the next 
decade. The new forces we shall de
scribe are safer forces because they 
would not generate in others, who may 
misread U.S.  purposes, as great a per
ceived need for enlarging their forces. 

The prudential military structure we 
propose would reduce the U.S.  defense 
budget by about 40 percent, or some 
$50 billion a year . At the very least, even 
if the U.S .  initiative we advocate fails to 
spark a constructive response abroad, 
we shall have removed from this coun-
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u.s, MILITARY EXPENDITURES show a rising trend punctuated by the peaks of four 
wars. The figures are plotted in constant dollars to allow for inflation. The central concern is 
the plateau on which the U.S. now stands, which is unprecedented in history. In effect military 
costs have scarcely declined from the Korean-war peak of 1952. The defense budget for the 
1 978 fiscal year ending September 30 was $1 16.8 billion in "total obligational authority." The 
Carter Administration's proposed budget for fiscal year 1979 is $126 billion. Military spending 
can of course be portrayed as declining since the height of the Vietnam war as a percent of other 
indexes, such as gross national product or total public outlays. The greater cause for concern is 
the steady upward ratcheting of military costs over the longer term of the past half century. 
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try the onus of contributing to the for
ward momentum of military growth. 
If a reversal of such growth can be 
achieved,  one can hope for a reduction 
in the fraction of world income spent on 
arms from the 5 to 10 percent of recent 
decades to the 3 percent that was typical 
between the world wars, or even down 
to the 1 percent prevailing before World 
War I. Such a reduction in arms expend
itures would transform the world in in
numerable ways; it would free an enor
mous volume of material and human 
resources for more constructive ends. 
Most important in our view, it would 
reduce the probability of a war among 
the industrialized nations that could be 
their last. 

M ilitary forces need to be j udged in 
relative terms.  They usually imply the 
existence of at least one major adver
sary; his force level goes far in determin
ing the scale of one's own forces .  To be 
sure, there are absolute criteria of geog
raphy and history as well. The long 
frontier the U.S. shares with Canada, 
for example, bears no comparison with 
the one the U.S.S .R.  shares with China. 
Perceived threats, real or otherwise, act 
as the catalysts for military structures. 
A look at some facts of military life 
worldwide will demonstrate the point. 

Today the four most populous na
tions muster the largest land forces: Chi
na, the U.S .S .R. ,  India and the U.S .  Yet 
immediately behind the U.S.  in the size 
of their land forces come the Social
ist Republic of Vietnam, South Korea, 
North Korea and Pakistan, with armies 
ranging from 600,000 to 400,000. The 
next four largest armies, ranging from 
375 ,000 to 300,000, are those of Tur
key, the Federal Republic of Germany, 
France and Taiwan. The U.S . ,  with an 
army of 790,000, would not plan to 
match the Indian army of close to a mil
lion, much less the Chinese army of 
more than three million. Similarly, al
though American concern with Russian 
forces is persistent and intense, the rela
tive strengths of the two countries can
not be evaluated by a count of guns, 
tanks, aircraft, naval vessels and mis
siles. Rather one must try to estimate the 
strength of the forces one might actually 
face at the time when and in the place 
where the contest might be joined if de
terrence were to fail. 

Secretary of Defense Harold Brown 
emphasized this point in a talk to the 

Commonwealth Club of San Francisco 
in June. The goal. he said, was effective 
defense without the "ideological bag
gage" of simplistic quantitative compar
isons interpreted in spurious political 
terms. "We don't necessarily care," he 
said, "whether the Soviets have more 
tanks than we do . . . .  We do care wheth
er, in the event of Soviet attack, we are 
able to throw it back . . . .  That, rather 
than simply outdistancing the Soviets in 
numbers of tanks or any other single 
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item. is what you should demand of the 
U.S.  and allied defense establishments . "  

"We could . "  Brown continued .  "go 
out and simply try to duplicate Soviet 
capabilities. but it would not make sense 
to do so . . . .  Our interests are different. 
We do not need four million men. 
45.000 tanks or 1 0.000 surface-to-air 
missile launchers. We need whatever it 
takes to protect our interests. Basically 
we want to forestall or deter conflicts 
that could jeopardize those interests . "  

I n  seeking t o  assess accurately the 
"Soviet threat." Brown pointed out: "It 
is no secret that a quarter of the Soviet 
non-nuclear capability is on the Chinese 
border; that many aspects of the Soviet 
logistic capability remain fragile; that 
current Soviet operating doctrines re
quire larger forces than we could use for 
the same purposes. and that we have 
stronger . more reliable allies than the 
Soviets. "  

The large differences between the 
structures of American and Russian 
military forces become clear when the 
two are compared function by function. 
Such a comparison was made two years 
ago by Congressman Les Aspin of Wis
consin and his staff and was subsequent
ly verified and improved by the Defense 
Intelligence Agency. As is shown in the 
illustration on the next page. the con
trasts are substantial . The U.S .S.R. has 
a long border with an estranged great 
power that ties down at least 600.000 
men. Another 700.000 Russian uni
formed personnel are employed in sup
port functions for which the U.S.  pre
fers to use civilians. The U.S .S .R.  has 
500.000 military personnel engaged in 
border patrol. coastal protection and in
ternal security . five times the number 
employed by the U.S.  The U.S .S .R. has 
about 5 50.000 people in a large special 
organization. the Air Defense Forces 
(PYO-Strany) . devoted to protection 
against the long-range bombers of the 
U.S.  Strategic Air Command. 

This Russian organization mans as a 
defense against high-altitude bombers 
more than 1 2.000 surface-to-air missile 
launchers. some 2.600 interceptor air
craft and 6.000 radar installations. In a 
missile age the U.S.  requires no equiva
lent defense against the far smaller Rus
sian bomber force. The U.S. Air De
fense Command (with Canadian help) 
flies a tenth as many interceptors. and 
U.S.  surface-to-air launchers for conti
nental defense have dwindled to a few 
active Nike batteries in Alaska and Flor
ida and a number of newer Hawk bat
teries also in Florida. The entire air
defense force amounts to about 1 per
cent of its Russian counterpart. 

Even in the case of strategic offensive 
forces the U.S.  requires only about a 
fifth the personnel employed by the 
U.S .S .R.  to operate and maintain the 
land. sea and air armadas that embody 
each nation's nuclear deterrent. When 
the above assignments are subtracted 
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WORLD'S 12 LARGEST LAND ARMIES are plotted in descending order of strength, ac· 
cording to plansible recent estimates. Althongh the U.S. stands fonrth in the size of its army, 
it has the largest navy and ranks third in total military manpower. Because of different count· 
ing procedures the totals given here for the U.S. and the U.S.S.R. differ somewhat from the to· 
tals given in the functional breakdown of forces presented in the illustration on the next page. 
In that breakdown the total for the U.S.S.R. is raised to 4,850,000 by including 700,000 paramil. 
itary personnel assigned to civilian jobs and another 300,000 or so assigned to internal security. 

from a total U.S .S .R.  military estab
lishment of 4.850.000. only about 
2. 1 00.000 Russian soldiers and airmen 
are available for a possible confronta
tion in Europe. It is a remarkable fact 
that out of its significantly smaller mili
tary force of 2.200.000 the U.S. has 
1 .900.000 available for such a confron
tation. The lesson is a general one: what 
matters is not input but output. Little is 
gained by head counts that ignore func
tional commitments. 

The irrational momentum of the arms 
race is seen most vividly in the 2 5 -

year history o f  the intercontinental bal
listic missile (ICBM).  which began with 
fragile liquid-fuel rockets sitting above
ground and progressed to solid-fuel mis
siles in hardened (and then rehardened) 
concrete silos and finally to missiles fer
ried through the ocean deeps on end
less voyages to nowhere. In this fateful 
contest each of the superpowers tried 
to maximize its particular technological 
abilities and advantages.  The U.S .S .R.  
concentrated on throw weight and nu
clear megatonnage; the U.S. empha
sized accuracy and multiplicity of war-

heads. Each side tried to match its ad
versary and then. if possible. to take two 
steps for the other's one . The feedback 
loop was positive and dangerous. 

At this point it may be useful to put 
before the reader some up-to-date infor
mation about the nature of a nuclear 
aHack. Let us imagine a single strike by 
one missile with 1 4  reentry vehicles. or 
warheads. on one U.S.  city. Boston. If 
each warhead carries 40 kilotons of nu
clear explosive. about three times the 
power of the Hiroshima bomb. the over
lapping circles of the 1 4  warheads 
would kill or seriously injure about 40 
percent of the three million people liv
ing in the metropolitan area. Bombs 
falling in the harbor would send huge 
waves of radioactive water pouring over 
the city center . The prevailing wind 
from the northwest would carry a radio
active fallout plume over all southeast
ern Massachusetts and much of Cape 
Cod. causing as many as 1 00.000 de
layed deaths. 

It is not difficult to extrapolate this 
picture to hypothetical full-scale strikes 
aimed at many cities in either the 
U.S .S .R.  or the U.S.  A decade ago Sec-
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retary of Defense Robert S. McNamara 
put into the record an estimate of the 
destruction that would be caused by at
tacks on Russian cities by ballistic mis
siles launched from U.S. submarines. 
An attack by five submarines, each sub
marine carrying 16 missiles, each mis
sile with 10 40-kiloton warheads (800 
warheads in all) , would kill 3 7  million 
people and destroy 59 percent of Rus
sian industry. An attack by 20 subma
rines with 3 ,200 warheads would kill 74 
million people and destroy 76 percent of 
Russian industry. 

Although McNamara offered no es
timate of the death and destruction 
that would result from a comparable 
U.S .S .R.  attack on U.S. cities, we have 
made simplified estimates of our own, 
partly to verify with U.S. demographic 
data, more available to us, the extraor
dinary numbers given by McNamara 
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AGRICULTURE, CONSTRUCTION) 
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for an attack on the U.S .S .R. A sin
gle Russian submarine , if it carried 1 60 
40-kiloton warheads similar to those on 
U.S.  Polaris and Poseidon submarines, 
would probably kill or seriously inj ure 
some 18 million Americans living di
rectly within the target areas and per
haps another two million caught in the 
track of the fallout plumes. An attack by 
nine submarine& with 1 ,200 warheads 
could well kill or gravely injure 70 to 90 
million people, counting delayed deaths 
from radioactive fallout. The destruc
tion of industry would be massive but 
essentially irrelevant to the human holo
caust. 

How is it possible that for a genera
tion the leaders of the U.S. have 

rationalized the creation of such cata
strophic forces? The answer is clearly 
that no sane leader expects that such 
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MILITARY MANPOWER OF U.S. AND U.S.S.R., two countries quite different in geography 
and history, cannot be adequately compared by a simple head count. The functional compari
son presented here is drawn from studies by Congressional and Department of Defense agen
cies. The U.S. has no border with an estranged power, a much smaller requirement for air de
fense, a tradition of employing civilians in jobs for which the U.S.S.R. employs "civilians in uni
form" and a strategic force second to none with a fifth the personnel needed by the U.S.S.R. 
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weapons will ever be used.  His intention 
is to let them remain unused,  as they 
have been so far , but nonetheless to ex
ploit them in other ways: as a symbol, as 
a bargaining counter , as a prize of do
mestic and Pentagon politics and ulti
mately as a latent threat of massive re
taliation against an adversary's military 
adventures. 

From the earliest days of the ICB M's 
it  has been recognized that a couple of 
hundred missiles would suffice as a sec
ond-strike deterrent, to be launched if 
an adversary should strike first without 
warning. That number can be found to
day in the latest reports of the Depart
ment of Defense. The U.S . ,  however, 
maintains at least 9 ,000-45 times 200-
strategic missile warheads, and its lead
ers are reluctant to reduce that number. 
They adhere to the concept of the triad 
of land-based, submarine-based and air
borne strategic nuclear weapons, main
taining that it provides a prudent diver
sity and hence a hedge against some un
foreseeable breakthrough in antimissile 
technology. In addition but with less 
conviction, they argue that the triad also 
provides for "flexible options" in the se
lection of targets, including "conven
tional forces, lines of communication, 
war-supporting industry and targets of 
increasing hardness: from aircraft run
ways and nuclear storage sites to com
mand bunkers and ICBM silos." In 
short, the mission of U.S. strategic 
forces goes far beyond simple deter
rence, even making wide allowances for 
all kinds of system failure. 

The argument that the present triad is 
necessary to carry out this broad mis
sion falls quantitatively . The safe under
sea missiles have ample capability for 
reaching hundreds of subsidiary targets. 
Can the Department of Defense serious
ly maintain that the destruction of so 
many targets represents a "flexible op
tion" short of an all-out nuclear war? 

The Air Force is hard pressed to per
petuate its two legs of the triad: land
based missiles and long-range bombers. 
All the existing ICBM silos have long 
since been mapped to within a few me
ters or less by orbital-satellite cameras 
and will soon be vulnerable to newly 
accurate Russian warheads. The present 
ICB M's will be viable only if they are 
launched on the mere warning of a nu
clear strike. Bomber aircraft, the third 
leg of the triad,  are not much better . 
Although they have the virtue of being 
recallable , they would need hours to 
reach the standoff distances at which 
their cruise missiles could be launched. 
In a missile age they are less than rele
vant. The Administration has shown no 
enthusiasm for a new bomber, the B- l ,  
to replace the aging fleet of B-52's, 
hence the Air Force's request for a new 
land-based system of Missile X's shut
tling around many empty silos or shel
ters. Such a system would temporarily 
confound targeting, but it would also 
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make the verification of arms agree
ments all but impossible. 

In our view the triad is more force 
than is safe . It would be far safer to re
d uce year by year the present bomber 
force and the land-based silos until few 
bombers and silos remain. As a hedge 
against the possibility (which no one 
currently takes seriously) that the sub
marines could be knocked out one could 
keep 1 00 of the 1 ,054  silos, their missiles 
ready to be launched on warning if and 
only if the submarines were mysterious
ly overcome. One would build no new 
missiles, no new bombers and no new 
missile-carrying submarines while the 
present Poseidon fleet remained service
able. One would give up the concept of 
the flexible option (even though the Po
seidon fleet would continue to provide 
many options in targeting) as being un
safe for the country. 

M aking the civilian population of 
each nation the hostage of the oth

er, cruel as it is, is the safest course for 
the time being, so strange has the nature 
of arms become. A stable balance is the 
safest stance today, and it could be 
achieved even better by a slow red uction 
in the nuclear loading of the submarine 
force, since the Poseidon force of 31 
submarines we propose should be kept 
carries 496 missiles with upward of 
5 ,000 warheads. A tempered reduction 
in that force is what we should be dis
cussing, not Missile X,  cruise missiles 
and a new submarine fleet of Tridents. 

The U.S.S .R.  improves and expands 
its strategic missile forces too. Two
thirds of those forces, however, are 
land-based. Russian missile submarines 
are still not nearly as good as American 
ones, and Russian long-range bombers 
are few. Although the U.S.S.R.  has 
about 850 seaborne missiles (as against 
our present 6 5 6) ,  they are d istributed 
among some 80 submarines, of which 
only 55 are nuclear-powered. Because 
of the long distances these submarines 
must travel to reach their stations, a lack 
of regular double crews and a slow re
pair cycle only eight or 10 first-line 
boats are on station at any one time, 
many fewer than U.S. hunter-killer sub
marines are capable of shadowing. In 
contrast the U.S. tries to keep its 41 Po
laris and Poseidon submarines on a tight 
schedule: normally two months at sea 
submerged and a third month spent in 
base for refitting, with two complete 
crews taking alternate tours of duty. In 
practice repairs that take more than a 
month reduce the number of boats on 
station from the planned 60 to 65 per
cent to a little more than 50 percent, 
which is still an enviable record of skill 
and devotion. 

On land the U.S.S .R.  was allowed 
more ICBM's than the U.S. by the terms 
of the SALT I agreement. The two coun
tries agreed that the U.S.S .R.  could de
ploy a total of 2 ,498 land-based and un-
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HYPOTHETICAL NUCLEAR STRIKE on a U.S. city (Boston) by a single missile with 14 
warheads would kill or seriously injure about 1.2 million of the some three million people living 
in the metropolitan region. The damage circles are conservatively sized for warheads of 40 
kilotons each, roughly three times the size of the bomb that destroyed Hiroshima. Within the 
inner circles, 3.6 kilometers in radius, the probability of death is 50 percent. In the region be
tween the inner and the outer circles, 7.6 kilometers in radius, the probability of death is great
er than 20 percent. The radioactive plume, driven southeast by prevailing winds, could cause 
100,000 delayed deaths. Explosions in harbor would create huge waves of radioactive water. 

HYPOTHETICAL ATTACK ON RUSSIAN CITIES BY U.S. MISSILE SUBMARINES 

SIZE OF ATTACK (NUMBER OF SUBMARINES) 5 10 20 

NUMBER OF 40-KILOTON WARHEADS 800 1,600 3,200 

DAMAGE EQUIVALENT (MEGATONS) 100 200 400 

DESTRUCTION OF INDUSTRY (PERCENn 59 [70J 76 

NUMBER OF DEATHS (MILLIONS) 37 [56J 74 

HYPOTHETICAL ATTACK ON U.S. CITIES BY MISSILES LIKE THOSE ON U.S. SUBMARINES 

SIZE OF ATTACK (NUMBER OF SUBMARINES) 1 4 9 

NUMBER OF 40-KILOTON WARHEADS 160 600 1,200 

DAMAGE EQUIVALENT (MEGATONS) 20 75 150 

NUMBER OF DEATHS, TARGET AREAS ONLY (MILLIONS) 16 48 60 

TOTAL DEATHS, INCLUDING THOSE IN FALLOUT PLUMES (MILLIONS) 18 55-60 70-90 

HYPOTHETICAL ATTACKS BY MISSILE SUBMARINES could lay waste to either the 
U.S. or the U.S.S.R. The upper table indicates what is to be expected from nuclear strikes of 
various intensities on the U.S.S.R. The estimate of the destruction of industry and the number 
of deaths from attacks by five submarines and by 20 submarines was put into the official rec
ord a decade ago by Secretary of Defense Robert S. McNamara. The numbers in brackets for 
a lO-submarine attack are interpolations. The lower table contains the authors' estimates of 
the consequences of attacks on U.S. cities by a smaller number of Russian submarines, assum
ing that they are equipped (which they are not yet) with missiles and warheads comparable to 
those carried by U.S. boats. The authors undertook the estimate partly as an exercise to see if 
Secretary McNamara's projections would be confirmed if U.S. demographic data that were 
not available to him at the time were used as a basis for the calculations. The authors' table in
cludes estimates of the number of delayed deaths that would be caused by radioactive plumes. 
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U.S. AND U.S.S.R. NUCLEAR STRATEGIC FORCES are divided 
into land-based, undersea-based and airborne components. Each na
tion thus follows a "triad" policy, but each has its own modes of war
head delivery. U.S. forces are in black, U.S.S.R. forces in color. The 
Strategic Arms Limitation Treaty (SALT I), signed in May, 1972, 
set a limit on the total number of land-based and undersea-based 
launchers each side could deploy: 1,7 1 0  for the U.S. and 2,498 for 
the U.S.S.R. Each side was allowed more submarine launchers than 
it has so far put to sea (top set of bars), a total of 7 1 0  for the U.S. and 
950 for the U.S.S.R., but if the maximum number of undersea missiles 
were to be deployed, the number of land-based missiles would have 
to be adjusted accordingly. Actually the U.S.S.R. still appears to be 
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AIRBORNE TOTAL 

AIRBORNE TOTAL 

about 1 1 0  launchers short of its allowed total. The inequality in num
bers of launchers recognized in SALT I points to the military irrele
vance of missile parity in an era of mutual assured destruction. The 
U.S. fleet of 380 long-range bombers is much larger and more capa
ble than the U.S.S.R. fleet of 135, an imbalance left untouched by 
SALT I. The agreement placed only indirect limits on the payloads 
of ballistic launchers (second set of bars) and no limit on the number 
of warheads that could be lofted by each launcher, translated here 
into "Maximum number of targets" (third set of bars). The U.S. su
periority in warheads, including both airborne bombs and missiles, 
is now roughly three to one. In megatons of explosive that can be de
livered the U.S. lead is smaller but still impressive (bars at bottom). 
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dersea-based launchers and the U.S .  a 
total of 1 . 7 10 .  The agreement also set a 
limit on submarine launchers of 950 for 
the U.S .S .R.  (in a maximum of 62 nucle
ar-powered boats) and 7 1 0  for the U.S .  
(in a maximum of 44 boats) . Since the 
U.S .  actually has 6 5 6  submarine launch
ers, it is permitted 1 ,054  land-based 
launchers-exactly the number it has 
had since 1 967. According to the most 
recent estimates, the U.S .S .R.  has now 
put to sea 909 submarine-launched mis
siles and has deployed 1 ,477 ICBM's in 
silos on land, for a total of 2 ,3  86 launch
ers, which is roughly 1 1 0 short of the 
2 ,498 allowed by SALT I .  

The apparent advantage that SALT I 
gave the U.S .S .R.  in strategic launchers 
was more than nullified by the U.S .  fleet 
of some 380 long-range bombers, which 
the treaty left untouched. Perhaps more 
significant, the U.S .  had already begun 
adding extra warheads-multiple inde
pendently targetable reentry vehicles 
(MIRV's)-to its inventory of 1 , 7 1 0  
launchers a s  early as 1970 and acceler
ated their introd uction after SALT I was 
signed .  The U.S .S .R.  made no signifi
cant progress in adding M IRV's to its 
land-based launchers until the Vladivos
tok accord of November, 1 974, and it 
may not yet have added extra war
heads to any of its submarine-launched 
missiles [see illustration at right]. The 
Vladivostok accord, which was never 
ratified,  would have allowed each side 
2 ,400 strategic launchers of all types, 
including long-range bombers. It  would 
also have set a limit of 1 ,320 on missiles 
with MIRV's. 

The Russian force of 1 .477 land
based launchers embraces seven dif
ferent types of missiles, of which more 
than 1.200 are obsolescent liquid-fuel 
models. The U.S .S .R.'s introduction of 
new solid-fuel systems, widely viewed 
with alarm, can be at least partly under
stood as a continuing effort to catch up 
with U.S .  technology, to reach allowed 
SALT I levels and to help offset the 
marked asymmetry in the u.S.-U.S .S .R.  
submarine missile forces actually on 
station and ready to fire . 

What governs nuclear war is the ter
rible ascendancy of the offense . In 

conventional ground warfare too the of
fensive team of the tank and airplane 
has had an advantage over the defense . 
It is this ascendancy, demonstrated viv
idly in World War II ,  that has aroused 
concern about the possibility of an at
tack on NATO Europe by the U.S .S .R.  
and its allies. Here NATO has organized 
a deterrent defense, with the result that 
most informed observers are satisfied 
there is a crude balance of forces along 
the frontiers of Europe. Our proposals 
for a new U.S .  force structure recognize 
the unlikely contingency that U.S .  gen
eral-purpose forces could be tested in 
Europe. There U.S .  forces could be re
duced only marginally, and the reduc-

tion would be symbolic. It should be evi
dent to an adversary that offensive in
tentions do not begin by reductions in 
force, even small ones. 

If one looks 10 years ahead, however, 
a new evolutionary development ap
pears on the horizon, a development al
ready perceived by the more farsighted 
in the Department of Defense. It is a 
profound change of weapons technolo
gy for the land battlefield (and also for 
the sea one) that for the first time since 
World War II promises a dramatic ad
vantage to the defense . 

The promise lies in the continuing 
advance in military technology based 
on microelectronics, symbolized by the 
ubiquitous pocket calculator . Colloqui
ally it is called smart weaponry ; the Pen
tagon prefers "precision-guided muni
tions," or PO M's. The adroit combina
tion of small and sensitive sensors of 
many kinds, with effective computation 
and guidance made possible by minia-
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turized circuits, together with new ex
plosives and new materials, offers the 
individual soldier or small teams of sol
diers the odds-on probability of be
ing able to destroy with one shot a for
midable target: a tank, an airplane or 
even a ship. 

As recently as the war in Vietnam 
thousands of aerial bombs, tens of thou
sands of artillery shells and millions of 
small-arms rounds were expended with 
a low probability of kill .  It is reckoned 
that in World War II it took 300,000 
small-arms rounds to kill a single sol
dier. Those were cheap projectiles, very 
numerous but very simple; the smart 
weapons fire fewer and more expensive 
but far more effective projectiles, and 
their hit rate has risen by orders of mag
nitude. 

Perhaps the first widely publicized hit 
under operational conditions was made 
by a not particularly smart weapon in 
the Middle East war of 1 967 .  A Rus-
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MOMENTUM OF MISSILE RACE was originally expressed in the number of land-based 
and submarine-based strategic missiles possessed by the U.S. (black curves) and the U.S.S.R. 
(color). The number of strategic-missile launchers (top curves) was frozen by the SALT I 
agreement of May, 1972. The agreement placed no prohibition, however, on the equipping of 
individual missiles with multiple independently targetable reentry vehicles (MIRV's), or war
heads, a practice initiated by the U.S. two years earlier (bottom), Between 1970 and the end of 
1 976 the U.S. added new warheads to its inventory of 1,7 1 0  missiles at the rate of nearly 100 a 
month, a rate the U.S.S.R. approached only after the Vladivostok accord of November, 1974. 
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sian-developed Styx surface-to-surface 
cruise missile. 20 feet long. first de
ployed in 1 95 9  and able to fiy 20 nauti
cal miles at subsonic-jet speed. was used 
by the Egyptians to sink an Israeli de
stroyer. the Elath. The cost-effectiveness 

SURFACE-TO·SURFACE 

TOW. ANTITANK 

TGSM. ANTITANK 

COPPERHEAD. ANTITANK 

AIR-TO·SURFACE 

MAVERICK. ANT IARMOR 

of the weapon startled military plan
ners. One missile that cost $20.000 
launched from a small patrol boat out of 
gun range had destroyed a ship worth 
$ 1 50 million. The Styx was then used by 
Indian ships against Pakistani vessels in 

MISSILES 

(] I I 9� 

(III � 

cm:: I I I� 

1 I I l=:id 

December. 1 97 1 .  Israel has now devel
oped and deployed its own improved 
smart antiship missile. the Gabriel .  

In May. 1 972. there was another vivid 
demonstration of smart weapons. For 
six years American F-4 fighter-bomb-

LENGTH WEIGHT RANGE 
(METERS) (KILOGRAMS) (KILOMETERS) 

1.2 18 3.8 

.9 16 160 

1.3 63.5 20 

2.5 209 CLASSIF IED 

STANDARD. ANTI RADAR <:: I I : � D� 4.5 635 25 

HELLFIRE, ANT IARMOR � 1.8 43 5 

SURFACE-TO·AIR 

REDEYE, ANTIAIRCRAFT a:;: I III I� 1.2 13 3 

STINGER, ANTIAIRCRAFT <¢o II I� 1.5 13.4 CLASSIF IED 

PATRIOT SAM-D, ANT IAIRCRAFT C I I d 5.2 CLASSIF IED CLASSIF IED 

AIR·TO-AIR 

� PHOENIX, ANTIAIRCRAFT <= III II 4 380 165 

SIDEWINDER, ANTIAIRCRAFT <I I� II I I a 2.8 85 1-18 

SPARROW, ANTIAIRCRAFT <: I � II � 3.7 200 25 

TACTICAL SMART MISSILES will give U.S. and allied ground 
forces powerful means for stopping an attack by armored forces. 
Smart weapons exploit microelectronic tecbnology in combination 
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with small and sensitive sensors based on television, infrared or la
ser techniques. They also carry warheads in the configuration of the 
"shaped charge," which can punch through a depth of steel five times 
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ers had tried without success to knock 
out the well-defended Than Hoa bridge 
in North Vietnam with conventional 
bombs; it also took them many sorties to 
destroy the first Paul Doumer bridge 
near Hanoi in 1 967 .  Eighteen aircraft 

CHARACTERISTICS 

TUBE-LAUNCHED, WIRE-GUIDED, OPTICALLY 
TRACKED. CREW OF FOUR. ADAPTED TO WHEELED 
AND TRACKED VEHICLES AND HELICOPTERS. 

UNPOWERED TARGET·SEEKING MIN IM ISSILE; 
PACKED IN CLUSTERS OF SIX TO NINE PER 
PROJECTILE, SUCH AS LANCE STORABLE-LiQUID-
FUEL MISS ILE. 

CANNON·LAUNCHED PROJECTILE; HOMES ON 
TARGET DESIGNATED BY LASER. DESIGNED FOR 
USE IN 155 MM. HOWITZER: 1979 DELIVERY 

AIR· LAUNCHED, HIGH· PENETRATION EXPLOSIVE. 
IN ITIAL 1968 MODELS SELF-GU IDED BY 
TELEVISION. NEW MODELS GUIDED BY INFRARED 
SENSOR OR LASER DESIGNATION. 

HOMES ON RADAR EMISSIONS; DUAL-THRUST 
MOTOR FOR VAR IOUS PURSUIT COURSES. 
MARKS IMPACT AREA WITH VISUAL SIGNAL 
FOR FOLLOW-UP STRIKES 

HELICOPTER· LAUNCHED, SEEKS LASER· 
DESIGNATED TARGET. SHAPED-CHARGE 
EXPLOSIVE WARHEAD. FOR DEPLOYMENT IN 1980. 

SHOULDER·F IRED, SUPERSONIC, INFRARED-
HOM ING MISSILE WITH HIGH· EXPLOSIVE 
WARHEAD. FIRST DEPLOYED IN 1964. 

MAN-PORTABLE; PASSIVE INFRARED-HOM ING 
SYSTEM; "F IRE AND FORGET" TYPE. 
DISTINGUISHES FRIEND FROM FOE. NEW 
VERSION USES PASSIVE OPTICAL SCANN ING. 

LAND-MOBILE MISS ILE WITH HIGH PROBABIL ITY OF 
SINGLE-SHOT KILL AGAINST HIGH- PERFORMANCE 
AIRCRAFT OF 1980'S. AVAILABLE 1979. 

LONG-RANGE; SEM IACTIVE, M IDCOURSE 
GUIDANCE; ACTIVE RADAR TERMINAL GUIDANCE, 
INFRARED AND PROXIM ITY FUZING. 
DEPLOYED IN 1971. 

FOR VISUAL ENCOUNTERS, INFRARED HOMING. 
MACH 2 AND ABOVE. MANY MODELS 
SINCE 1956. H IGH-EXPLOSIVE WARHEAD. 

DES IGNED FOR CLOSE- IN DOGFIGHTING; 
ALL WEATHER, RADAR GU IDED. H IGH EXPLOSIVE, 
3D-KILOGRAM WARHEAD. NUMEROUS MODELS. 

the diameter of the warhead. Primitive smart 
weapons were introduced at the end of the 
Vietnam war and in 1967 Middle East war. 

had been lost in those raids. Yet in 1 972 
the two bridges were knocked out with 
smart weapons in single strikes without 
the loss of a plane. The rather simple 
Hobo homing glide bomb and the Mav
erick missile, viewing its target with a 
television camera and guided by laser 
beam, cost in the range of $ 1 0,000 to 
$20,000. 

The most remarkable example of the 
effectiveness of such weapons, 

which were getting smarter all the time, 
came in the Middle East war of Octo
ber , 1 973 . General Sa'ad al-Shazli ,  chief 
of staff of the Egyptian armed forces, 
concluded after the war that it was now 
impossible to guarantee the success of 
any armored attack until the antitank 
weapons of the defense were neutral
ized.  For example , the Israeli 1 90th Ar
mored Brigade had attacked the Egyp
tian Second Army under cover of strong 
air support in the Sinai. After a few 
hours of fighting the Israeli force had 
been effectively destroyed. More than 
1 3 0  Israeli tanks had been killed by 
Russian-made Sagger antitank missiles :  
25 -pound wire-guided rockets carried 
by lightly armored vehicles, widely de
ployed since 1 965 by the Warsaw Pact 
forces and others_ Over the M iddle East 
battlefields second-line Russian-made 
surface-to-air missiles brought down 
90 Israeli fighters in two days. 

Maj .  Gen. Chaim Herzog of the Israe
li army , who has closely chronicled the 
war in his book The War 0/ Atonement: 
October, 1973, points out the mistake of 
the Israelis in assuming that the best 
antitank weapon would be the tank: 
"Again there was a failure to take into 
account available intelligence-such as 
that on the Sagger antitank missile-and 
apply its lessons organizationally and 
operationally . "  Herzog describes one Si
nai battlefield on the second day :  "Hun
dreds of guiding wires of antitank mis
siles lay strewn across the road as if a 
giant spiderweb had collapsed ."  These 
weapons all came out of the 1 960's ;  
what will the electronics world have cre
ated by the 1 9 80's? 

The lessons of such experiences have 
not been lost on military planners.  Di
rector of Defense Research and Engi
neering William J. Perry asserts in his 
fiscal 1 979 report to Congress that tech
nology is America's "strongest advan
tage" and that "precision-guided muni
tions" offer the "single greatest potential 
for force multiplication" and "the po
tential of revolutionizing warfare. "  Per
ry argues that "we can greatly enhance 
our ability to deter war without having 
to compete tank for tank, missile for 
missile with the Soviet Union."  

Smart weapons, in  particular battle
field antitank weapons, have now gone 
through several generational develop
ments. Their precursors were systems 
of the bazooka type, which had to be 
aimed at the target; once they were fired 

their course could not be corrected. 
They were therefore effective only at 
unusually close range. The first genera
tion of smart missiles were wire-guided; 
they changed course according to com
mands automatically transmitted as the 
firer held the target in his sights until 
impact. The next generations have im
proved guidance (although many are 
still wire-guided), with computerized 
control located in the missile rather than 
in the launcher . The latest models of 
smart weapons are "fire and forget" and 
"shoot and scoot" designs; the firer no 
longer has to keep steady aim on the 
target but rather can take aim, fire and 
run for cover, or select still another tar
get. The smart antitank warhead is then 
guided to its destination by a terminal
guidance system based on infrared, opti
cal or radar sensing . In some cases the 
terminal guidance is achieved by a laser 
spot held on the target by someone other 
than the firer of the missile. 

Smart weapons appear to offer high 
probabilities of kill with a single 

shot. It is estimated that the Tow heavy 
antitank weapon, a wire-guided, opti
cally tracked missile that can be 
launched from a jeep or helicopter, in 
wide service with U.S.  forces since 1 972,  
has a kill  probability of 80 percent up to 
its maximum range of 3 . 8  kilometers. 
The Hughes Aircraft Company adver
tises that its 1 974 Maverick air-to-sur
face , television- or infrared-tracked an
titank missile has made 92 percent di
rect hits in 226 production firings at 
"tank-size targets in operational-per
formance incentive firings ."  The success 
of all Maverick firings (about 500) has 
been 90 percent. A third example of a 
smart weapon for which data are public
ly available is the German Kormoran, 
an aircraft-launched,  radar-homing an
tiship missile designed in the early 
1 970's .  In seven test firings last year six 
were exactly on target and the seventh 
met "specification requirements . "  Even 
allowing for commercial hyperbole, 
these are impressive performances. 

What are the keys to the success of the 
new weapons systems? The first is the 
new sensors, powerful target-acq uisi
tion systems that can pinpoint the posi
tion of an artillery battery, a ship or a 
tank. Perhaps the most elaborate exam
ple of target acquisition is being embod
ied in a U.S. computerized system des
ignated BETA (battlefield exploitation 
and target acquisition) . It will incorpo
rate satellite surveillance, airborne re
connaissance , side-looking airborne ra
dar, moving-target indication systems, 
infrared systems, thermal and acoustic 
sensors and night-vision scopes.  BETA 
should be able to locate with precision 
anything sizable that moves, emits heat 
or presents a radar image above the gen
eral background : aircraft, ships, tanks, 
armored vehicles. Only those targets too 
numerous to follow or too cheap to 
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bother about will remain unobserved .  
The second key to  the success of  

smart weaponry is precision servo-guid
ance of low weight and reasonable cost. 
The systems now here and improving 
allow little chance for a miss. What can 
be seen can be hit, and more and more 
can be seen. night and day .  

The third key is the design of  small 
warheads. The conventional artillery 
shell has been modified in a number of 
ways ; dense armor-piercing slugs that 
discard lighter components in flight and 
high-explosive rounds with contact 
fuzes give the warhead a much better 
chance of piercing composite armor . 

As Perry explains it. the U.S .  is now 
"converging very rapidly" on the fol
lowing three objectives: "To be able to 
see all high-value targets on the battle
field at any time; to be able to make a 
direct hit on any target we can see . and 
to be able to destroy any target we can 
hit. " Today's munitions. "combined 
with appropriate intelligence and deliv
ery support. can make the battlefield un
tenable for most modern forces ."  

Although the future for precision
.£\. guided munitions seems bright. 
counterdevelopments will come. New 
composite materials for armor on tanks 
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and aircraft are said to provide better 
protection against both explosive war
heads and attack based on the total ki
netic energy of many nonexplosive pro
jectiles. One such material is a sintered 
aluminum oxide in the form of ceram
ic tiles that have "unique kinetic-ener
gy-dissipation properties . "  The British 
boast of a new tank armor , still high
ly classified.  a plastic-steel laminate 
named Chobham (for the military lab
oratory where it was developed) said 
to absorb the energy of penetrating 
rounds. Israel asserts that its new 56-ton 
Chariot tank. a front-engine, low-profile 
vehicle. is capable of withstanding any 
shell in the Arab arsenal. The project 
manager for the new U.S. X M - l tank 
maintains that its survivability is en
hanced by extended armor protection 
(such as skirts to cover tracks and 
wheels) and by improved agility , speed 
and acceleration. 

Critics of smart weapons hope for ad
ditional countermeasures. Heavy sup
pressing fire from increasingly accurate 
artillery may disrupt smart-weapon at
tacks by infantry . Countereffects may 
also be offered by camouflage and de
ception techniques. such as smokes and 
fogs. nets to prevent night infiltration 
and radar-signal reflectors. In both Viet-

nam and the Middle East it was learned 
that if the slower antitank and antiair
craft missiles were spotted in time. they 
could be outmaneuvered .  Armor enthu
siasts assert that the tank has yet to meet 
its match. even in smart weapons. 

It seems fair to conclude. however. 
that as smart weapons become more 
versatile. more reliable. faster-moving. 
relatively cheap and still more accurate 
they will overcome expensive armor 
protection and the power-intensive tac
tics of evasion. Tanks and aircraft close 
to the battlefield will cost more. will 
have to expend more effort and time in 
their own defense and will attempt to 
survive by evasion. Around them many 
men and cheap pilotless vehicles with 
cheap but deadly weapons will be seek
ing their fewer and more expensive tar
gets. It is late for the massed tank offen
sive ; even command of the air may pass 
from the pilot to the ground-based sol
dier. The overall judgment is not in. but 
the fate of the battleship seems in store 
for the little battlecraft of the land and 
the strafing gun-and-rocket aircraft of 
present wars. They will increasingly de
pend on evasion; then they will be seen 
as not being worth their cost. and in the 
end they will surrender their offensive 
superiority . 
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WINDING DOWN OF U.S_ ARMED STRENGTH recommended 
by the authors would chiefly affect the scale of U.S. strategic forces 
but would still leave the U.S. with a credible nuclear deterrent and 
the ability to defend directly and indirectly all the territory of the 
U_S. and its chief allies against any plausible threat for the next dec
ade. The submarine deterrent, the most secure of U.S. missile-Iaunch-
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ing systems, is retained with only a small initial reduction, from 656 
missiles to 496, each equipped with 10 to 14 independently target
able warheads, subject to future reduction. The number of land-based 
Minuteman missiles would be cut to a precautionary 1 00. The strate
gic-bomber fleet would be decommissioned, but some of its refueling 
tankers would be retained to support tactical forces. There would be 
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The advances in smart weaponry are 
putting a premium on concealment and 
dispersion. The weapons will be lighter 
and smaller and will be moved and fired 
by small teams on the battlefield .  In 
World War II each step was hard:  de
tecting the enemy, identifying him, hit
ting him and then destroying him. That 
is no longer valid;  once a tank, an air
craft or a ship can be found it can be 
identified and hit and probably knocked 
out of action. The trend was visible dur
ing a tour of an armored unit at Fort 
Carson, Colo . ,  made by the authors of 
this article. The unit commander ex
plained that in war games points are no 
longer given j ust for hypothetical hits by 
the tanks; since the experience of the 
M iddle East war of 1 973 points are sub
tracted for the number of seconds dur
ing which tanks and armored vehicles 
are visible to the enemy. The trick is to 
remain hidden until advance seems pos
sible. Any detectable concentration of 
force or logistics becomes vulnerable. 

During the 1 973 M iddle East war 
more tanks were thrown into battle 

than in any other past engagement (ex
cept for one battle near Kursk on the 
Russian front in World War II) .  Close to 
3 ,000 tanks were destroyed and more 

than 600 aircraft were downed.  This led 
Russian Marshal Andrei A.  Grechko to 
call for debate on the future role of the 
tank, a Russian specialty . Citing the 
Middle East experience, Grechko has 
noted that "modern defense . . .  has ac
quired greater stability . . . .  Tanks have 
become more vulnerable and the use of 
them on the battlefield more complicat
ed . . . .  It is obvious that the traditional 
method of increasing the viability of 
tanks-directly strengthening their ar
mor-is far from the only and, if you 
like, not the best way out of the situation 
that has built up. "  

Within the next decade o r  two the bat
tlefield may well become untenable for 
all but the most agile and best con
cealed .  This would appear to be a stabi
lizing development, since in most en
gagements it will give a decisive advan
tage to the tactical defense. The costly 
offensive force must typically come out 
into the open to advance ; this now puts 
it in serious danger of taking many hits 
from the hidden and protected defense 
with cheap. numerous smart weap
ons. The new U.S .  Army Field Manual 
(FM 1 00-5 ,  Operations) recognizes this 
"superiority of the defense . "  Of course, 
it all depends greatly on the adequacy 
and the deployment of the defensive sys-

tems; it is always possible to overwhelm 
a defense with sheer numbers. 

The future of land battle nonetheless 
seems to lie not with ponderous. power
ful armored vehicles ,  which are expen
sive and therefore few in number. eas
ily detectable and easily destroyed, but 
with light, mobile, less heavily armored,  
cheap and numerous jeeps or reconnais
sance vehicles. They would carry a pow
erful punch in new smart weaponry , 
There is some evidence that armies are 
heading in this direction; the French, the 
British and the Russians have all devel
oped several models of small, armored 
scout vehicles .  Just a year ago the U.S .  
sought proposals for AHA M ,  an ad
vanced heavy antitank missile, vehicle
mounted,  extremely accurate and dead
ly. Moreover, a good part of the $44 .5  
billion for research and development 
and for the procurement of new equip
ment this year is going toward precision
guided munitions. 

The aircraft for supporting ground 
forces have also grown in cost, perform
ance , firepower and vulnerability over 
the past decade. In World War II it took 
2 , 5 00 P-47 and P-5 1 fighters and B-25 
and B-26 bombers to destroy 60 to 70 
tanks a day;  today 1 00 F-4,  A-7 and A-
1 0  fighters carrying smart antitank mis-
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no reduction in strategic-defense aircraft. The general-purpose for
ces, which embody the nation'S main capacity for defending itself 
and its allies, would be reduced modestly except for a sharp reduc
tion in the number of aircraft carriers, which are virtually indefensi
ble. There would be an accompanying gradual retirement of major 
surface ships, many of which are now assigned to tbe protection of 
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carriers. The rapidly growing capacities of smart weapons should 
help to allow a prudent reduction in the number of divisions from 
about 20 to about 12. The overall effect on military manpower is 
shown in the last pair of bar graphs: a reduction from 2,100,000 to 
about 1,425,000 in uniformed personnel. The authors' recommenda
tions are calculated to provide the U.S. with as much force as it needs. 
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siles can theoretically knock out 600 to 
700 tanks a day. Yet the aircraft them
selves are now highly vulnerable to sur
face-to-air missiles; in 1 973  many Is
raeli fighters were hit at various al
titudes by a variety of Russian-made 
surface-to-air missiles (SAM's) and ra
dar-directed guns. Indeed, ground for
ces with pilotless drones and plenty of 
smart antiaircraft weapons may well be 
able to contest piloted planes for air 
superiority in the not too distant future. 
Helicopters seem even more vulnera
ble, although they now carry more ar
mor than the faster fighters. All aircraft 
are costly and getting costlier as they 
are given more protection. 

For the modern smart missile the most 
inviting target of all may well be the 

aircraft carrier . The U.S.  currently de
ploys 1 3  such vessels;  the largest is nu
clear-powered ,  displaces 94,000 tons, is 
1 ,  1 00 feet long, has a deck with an area 
of six acres and carries a cargo of 1 00 
combat aircraft and 6, 1 00 sailors and 
airmen. These costly vessels can be tar
geted at all times by enemy missiles, giv
en their high visibility on the surface and 
their small number . Some Navy officers 
still argue that the big carrier is defensi
ble: it is mobile, it can detect enemy air
craft several hundred miles away, it has 
antisubmarine capability and it can 
absorb several good-sized hits without 
sinking. Soon, if not already, it may car
ry powerful lasers to direct against in
coming missiles .  But can it do much 
more than survive ? 

Experience indicates that the fighting 
carrier is delicate: flight-deck accidents 
have put carriers out of commission for 
months. Every carrier hit in World War 
II by two or more kamikaze planes was 
forced to retire for repairs. Prolonged 
carrier defense seems doubtful; cheap 
antiship missiles are getting more so
phisticated daily . They will fly low, fast 
and in large numbers against carrier task 
forces. A couple will surely get through. 

The aircraft carrier is conceivably 
useful in two situations: "showing the 
flag" in peacetime and fighting a poorly 
armed opponent. Carriers would be of 
little use in a major non-nuclear war of 
the future, if such a war is possible. In 
fact, they might be a giant liability , 
needing constant heavy convoys and 
frequent repair. Even today the carrier 
task force devotes much effort to self
defense : of the 1 00 aircraft on each car
rier only a third are attack planes. The 
planes are capable of delivering a few 
hundred tons of bombs on targets a day, 
not exactly a cost-effective non-nuclear 
explosive punch. It is hardly necessary 
to mention the fate of carriers in a nu
clear battle. 

Ships, planes and tanks are all steadily 
more expensive and more sophisticated 
but more vulnerable. Each basket of 
eggs is more expensive but more breaka
ble . The nuclear aircraft carrier costs $2 
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billion to build and another $3 billion to 
fit out; more than half of the $42 billion 
Navy budget goes in some way to sup
porting the 13 carrier task forces. Fight
er-aircraft costs have risen in some cases 
to $25 million per plane ; the real cost of 
the F- 1 4  Navy fighter , for example, is 
more than that of a couple of carrier 
squadrons in World War II. Tank costs 
have also risen steeply. Five years ago 
the U.S.  M-60 main battle tank cost 
$3 00,000; today it costs $650,000, and 
the cost of the new XM- l tank fully. 
equipped is estimated to be close to $ 1 . 5  
million. Yet each o f  these pieces o f  ex
pensive manned equipment-the tank, 
the airplane and the ship-can be de
stroyed by one precision-guided missile 
costing a few thousands of dollars. Cost
effectiveness is clearly shifting to smart 
weapons with small, lower-performance 
carrying vehicles. 

Defense Secretary Brown has predict
ed purchases over the next five years of 
5 ,000 tanks and 2 ,000 tactical aircraft, 
mainly for NATO support, at a respec
tive cost of roughly $7  billion and $ 3 0  
billion. The same amount would buy 
several million smart weapons for in
fantrymen, a formidable deterrent to 
anybody's tank assault. Such a conclu
sion is of course overdrawn; there will 
always be need for a balance of high
cost and low-cost weaponry. It nonethe
less makes graphic the differential in 
costs between the high-performance 
manned target and the smart weapon at
tacking it. 

The foregoing observations have 
emerged from a study of the entire 

force structure of the U.S.  that we and 
our colleagues of the Boston Study 
Group have conducted over a four-year 
period. We became convinced that a 
better and safer defense for the U.S.  and 
its allies can now be bought for much 
less than the proposed $ 1 26 billion 
for fiscal 1 979 .  Tradition, employment, 
service rivalries. political hyperbole and 
covert intentions ought not to dictate 
force planning, particularly in the face 
of changing technologies. If such shib
boleths as "triad, "  "essential eq uiva
lence."  "forward defense,"  "flexible re
sponse" and "power projection" contin
ue to dominate military planning as they 
do now, the U.S. runs two grave risks: 
( 1 )  sporadic interventions leading to 
smaller or larger Vietnams and (2) even
tual nuclear destruction. 

The charts on the preceding two pages 
summarize the reductions in land, sea 
and air forces that we suggest could be 
made step by step over a period of years 
and that would leave the U.S.  with a 
prudent military structure, prepared for 
any eventuality short of an all-out irra
tional nuclear attack. Against such an 
attack there can be no preparation and 
no defense for any nation, and the at
tacking power is as doomed as the one 
attacked. The major reductions would 

be in nuclear strategic forces; the pro
posal is to eliminate all long-range 
strategic bombers, to reduce to 1 00 
the number of land-based Minuteman 
ICB M's ,  to reduce the number of mis
sile-launching submarines from 41 to 3 1  
and gradually to reduce the number of 
missiles and warheads carried on each. 
The next-largest force reduction would 
be made in the fleet of aircraft carriers, 
from 13 to three. The number of major 
surface ships would be cut from 1 62 to 
1 2 5 .  mainly ships now included in carri
er task forces. There would be only mi
nor reductions in the number of aircraft 
assigned to general-purpose forces. 
With the accelerated development and 
introduction of smart weapons the num
ber of Army heavy divisions could pru
dently be reduced from 10 to 8Y, and 
the number of light divisions from 7 Y, 
to three. In addition two of the present 
three Marine light divisions could be 
eliminated. Total military manpower 
would be cut a third ,  from 2, 1 00,000 to 
1 ,400,000. 

The budget for the new and safer mili
tary structure would come to about $73  
billion. or  about 40  percent less than 
the U.S.  defense budget of $ 1 20.4 bil
lion originally proposed for the fiscal 
year j ust ended .  The accompanying bar 
charts [opposite page] show our budget 
for the 1 9 80's broken down in the two 
ways defense budgets are presented to 
Congress: by military program and by 
appropriation title .  Our estimates in
clude an interim rise in retirement pay 
to cover the transition period of man
power reductions. If one excludes such 
pay, the overall budget reduction comes 
closer to 45  percent than to 40. 

What effect would our proposals have 
on U.S.  employment, military and civil
ian? We assume that at the end of a 1 0-
year period our proposal would result in 
a reduction of about three million peo
ple engaged in military activity directly 
or indirectly . We would foresee a gradu
al transition to the lower spending level 
in part because the change would be 
gradual and in part because it would 
take time for the proposals themselves 
to win acceptance. It is likely , then, that 
the number of jobs eliminated each year 
would be no more than 400,000. M uch 
of the shrinkage could be absorbed by 
normal shifts in jobs and by retirement. 
Each year probably fewer than 200.000 
people would actually lose their jobs 
and be forced to enter the civilian labor 
market. Compared with the rapid ups 
and downs in employment characteris
tic of American economic life . and par
ticularly compared with the demobiliza
tion at the end of World War II, the 
problem of finding new jobs for 200,000 
people a year should not be daunting. 

As for the effect of military cuts on 
I\. industry, we believe the gradual 
pace of the reduction and the ability of 
American industry to adapt to new con-

© 1978 SCIENTIFIC AMERICAN, INC



ditions should minimize the need for 
large-scale public aid to distressed com
panies.  We might also observe that sev
eral economic studies have shown that. 
far from creating jobs. military expendi
tures provide fewer jobs than equal lev
els of spending for civilian goods and 
services do. For example. the Bureau of 
Labor Statistics recently analyzed the 
effect on unemployment of shifting $ 1  
billion from military expenditures to a 
variety of nonmilitary expenditures. If 
similar proportions hold true for the re
duction in military spending we are pro
posing . the transfer of an equivalent 
sum to the civilian economy would cre
ate a net two million new jobs. 

In this article we have not. of course . 
been able to present the detailed analy
sis contained in our book. There it will 
be seen we have tempered our judg
ments in two ways. First. we recognize 
that in complex human affairs it is not 
always prudent to change too rapidly. 
even when one is convinced of the need 
for change. Second. we have looked for 
paths of retreat from our own propos
als. if they turn out to have undesir
able results. Insofar as it is possible 
the changes we are recommending in
corporate a built-in scheme for return
ing to an earlier state . 

In the more than 3 0  years since the 
reduction in U.S .  military forces at the 
end of the last great war those forces 
have steadily increased in size. firepow
er and cost. Bilateral and multilateral 
efforts at arms control and disarmament 
have not slowed the upward trend in ar
maments. In some instances they have 
even encouraged it. It is incumbent on 
the U.S .. which is largely responsible for 
setting the technical pace. to break the 
spiral . We can play the role of catalyst 
for less risky world military policies. 

A better . safer defense for the U.S .  
and its allies can be bought with much 
less risky forces and rather less money. 
Our analysis and recommendations are 
meant as tentative first steps in that di
rection; they are offered for broadened 
and serious debate . We believe our rec
ommended force structure would ( 1 )  ad
equately deter nuclear and non-nuclear 
attack on the U.S.  and its allies (NATO. 
Japan and allies in the Middle East). (2) 
make it harder for the U.S. to be tempt
ed to intervene in the kind of foreign 
situation history has shown to be di
sastrous. (3 )  set standards for decreases 
in armaments. (4) catalyze diplomatic 
progress in arms control and disarma
ment. (5) make U.S.  forces and policy 
understandable and less threatening to 
the outside world and (6) release new 
economic energies in the U.S .  against 
inflationary trends. The country could 
begin to fulfill President Carter's cam
paign pledge to reduce military spend
ing. to limit the upward-spiraling arms 
trade and to lighten the thermonuclear 
sword that still hangs over all mankind. 
sharper and heavier each decade. 
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Brain Function and Blood Flow 

Changes in the amount of blood flowing in areas of the human 

cerebral cortex, reflecting changes in the activity of those areas, 

are graphically revealed with the aid of a radioactive isotope 

by Niels A. Lassen, David H. Ingvar and Erik Skinh¢j 

T
he phrenologists of the early 19th 
century believed that the moral 
qualities of an individ ual, such as 

"creativity" and "aggressiveness." could 
be inferred from the pattern of bumps 
on the skull, presumably reflecting a hy
pertrophy of particular regions of the 
brain within. Although this fanciful but 
persistent view is now totally discredit
ed, it did, ironically, contain a germ of 
truth. Studies of the effects of brain 
damage on behavior and of electrical 
stimulation of the brain during surgery 
have revealed that specific sensory and 
motor functions (rather than personality 
traits) are localized in discrete regions of 
the cerebral cortex, the five-millimeter 
layer of nerve cells that constitutes the 
surface of the cerebrum. In our labora
tories at Bispebjerg Hospital in Copen
hagen and at the University of Lund in 
Sweden a new radioactive-isotope tech
nique has made it possible for us to ob
serve the localization of function in tqe 
human cerebral cortex directly. 

The first serious efforts to localize 
functions in the cortex were made in 
1861 by the French physician Paul Bro
ca, who made a postmortem examina
tion of two paralytics, both of whom 
had been paralyzed only on the right 
side and had suffered from a severe 
aphasia that rendered them speechless. 
In the autopsies Broca found a serious 
deterioration of the brain tissue in a part 
of the left hemisphere. and he concluded 
that the speech function is localized in 
that region of the brain. Later inves
tigators adopted Broca's indirect ap
proach to localize many other cortical 
functions on the basis of the neurolog
ical and mental defects resulting from 
brain damage. 

In the 1940's and 1950's a number of 
neurosurgeons, notably Wilder Penfield 
and his colleagues at the Montreal Neu

. rological Institute, mapped cortical ar
eas by electrically stimulating the cortex 
during surgical procedures in which the 
surface of the brain had to be exposed 
because of the nature of the underly
ing disease. The response characteristics 
of each stimulation were determined 
from the verbal report of the patient, 
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who was conscious throughout the pro
cedure. For example, when points on the 
somatosensory area of the cortex were 
stimulated, the patient reported sensa
tions of numbness or tingling in specific 
regions of the body surface. 

Such localization studies, supported 
by numerous observations in animals, 
gave rise to a basic set of relations be
tween cortical areas and function: the 
occipital lobe in the rear of the cortex 
mediates vision, the rear-central cortex 
mediates skin and muscle senses, parts 
of the temporal lobes mediate hearing, 
the front-central cortex mediates motor 
control and Wernicke's area and Broca's 
area (which in practically everyone are 
located in the left cerebral hemisphere) 
respectively mediate the comprehension 
and synthesis of speech. Relatively large 
areas of the cortex are neither activated 
by sensory stimuli nor involved in di
recting motor activity; these regions, 
including what are called association 
areas, are involved in the detailed proc
essing of sensory inputs, in the planning 
of motor actions and perhaps in purely 
mental functions. 

Although brain-lesion and electrical
stimulation studies have provided a 
great deal of information about the lo
calization of function in the cortex, such 
studies are inherently limited. As was 
realized as early as 1874 by John Hugh
lings Jackson of the National Hospital 
for Nervous Diseases in London, "to lo
cate the damage that destroys speech 
and to locat� speech are two different 
things." For example, as will emerge in 
this article, the right hemisphere is much 
more active during speech than the tis
sue-damage approach had suggested. A 
more direct approach to the localization 
problem is to study the intact cerebral 
cortex in various functional situations: 
during "brain work." One technique is 
to record with minute electrodes the al
tered firing rate of individ ual nerve cells 
in the cortex. Yet not even large arrays 
of microelectrodes are adequate for de
ciphering the vastly complex interplay 
among the 10 billion nerve cells in the 
brain. We have taken an entirely dif
ferent and more holistic approach: the 

measurement of the enhanced blood 
supply to cortical areas that are activat
ed by the performance of specific senso
ry, motor and mental tasks. 

O
ur method is based on the fact that 

the flow of blood through the tis
sues of the body varies with the level of 
metabolism and functional activity in 
those tissues. The interrelation between 
function, energy metabolism and blood 
flow was first postulated in 1914 by Jo
seph Barcroft of the University of Cam
bridge, who contended that an enhanced 
functional level in a tissue can be sus
tained only by increasing the rate at 
which oxygen is consumed. Most of the 
usable energy in the body comes from 
splitting the energy-rich molecule aden
osine triphosphate (ATP) into the low
er-energy products adenosine diphos
phate (ADP) and inorganic phosphate 
(Pi). ATP is then reconstituted from 
its split products in a reaction requir
ing oxygen and glucose (oxidative phos
phorylation). 

Because there is a constant ratio be
tween the number of A TP molecules re
generated and the number of oxygen 
molecules taken up in the process the 
functional level of a tissue is tightly 
coupled to its oxygen uptake. Oxygen 
is supplied to the tissues by the blood
stream, and a rise in oxygen demand is 
met by an increased flow of oxygenated 
blood. During intense muscular activity 
the flow of blood through the muscle 
tissue may rise to as much as 20 times 
the normal level, and the blood flow in 
other organs has also been found to 
be finely adjusted to variations in oxy
gen demand. Since this fine tuning of 
blood flow continues when the organs 
are isolated and completely denervat
ed, it appears to be governed by chem
ical factors released by local metabolic 
processes, although the precise mecha
nism is not yet understood. 

In the case of the brain the interrela
tion between functional activity, metab
olism and blood flow was first suggested 
in 1890 by Charles S. Roy and Charles 
S. Sherrington, working in the Cam
bridge Pathological Laboratory. They 
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RESTING PATTERN of nerve-ceU activity in the left and right 
hemispheres of the normal cerebral cortex was revealed by measuring 
regional blood flow, which is closely coupled to metabolic rate and 
hence to functional activity. The images were generated by a comput
er from data obtained by detecting the passage of the radioactive iso-

SENSORY PERCEPTION changes the pattern of blood flow in the 
cortex, revealing the localization of areas that mediate the processing 
of sensory information. In these images only departures in flow rate 
from the hyperfrontal resting pattern appear. During the study at the 
left the subject foUowed a moving object with his eyes; the visual as-

VOLUNTARY MOVEMENT activates different parts of the cen
tral cortex depending on the part of the body involved. During the 
study at the left the subject moved his fingers on the side of the body 
opposite the hemisphere being examined; the hand-finger area in the 

tope xenon 133 through the cortex. Each pixel, or picture element, 
represents a square centimeter of cortex. On the color scale the mean 
flow rate is green, rates up to 20 percent below the mean are shades of 
blue and rates up to 20 percent above the mean are shades of red. Im
ages suggest that in resting state the frontal areas are notably active. 

sociation cortex in the rear of the brain is active, as are the frontal 
eye field and the supplementary motor area in the upper part of the 
frontal lobe. During the study at the right the same subject listened to 
spoken words; auditory cortex in the temporal lobe is active, as is the 
adjacent Wernicke's area, which mediates understanding of speech. 

central cortex and the supplementary motor area are active. Dur
ing the study at the right the subject was asked to move his month 
by counting to 20 repeatedly; the mouth area of the central cortex, 
the supplementary motor area and the auditory cortex are all active. 
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FUNCTIONAL MAP of the human cerebral cortex was obtained 
by a combination of approaches: studies of the effects of brain dam
age, stimulation of the exposed cortex during brain surgery, micro
electrode recordings of cortical activity evoked by behavior or sensory 
stimuli, and the radioactive-isotope technique described in this arti
cle. Each sensory modality has a primary cortical area that receives 
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PRIMARY 

OCCIPITAL LOBE 

projections from a peripheral receptive surface (such as the retina 
or the skin) and an association area that processes the sensory input 
and stores modality-specific memories. The premotor area is involved 
in complex motor activity such as operating a typewriter. The sup
plementary motor area programs sequential voluntary movements. 
Broca's area controls coordination of the muscles involved in speech. 
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observed that within seconds after the 
onset of an epileptic seizure (a synchro
nized hyperactivity of brain cells mani
fested by muscular convulsions) there 
was a swelling of the brain. suggesting 
that there had been a massive increase in 
the supply of blood. 

Subsequent investigations have re
vealed that cerebral metabolism and 
blood flow are also enhanced during the 
normal activation of regions of the cere
bral cortex involved in the performance 
of specific tasks. In 1937 Carl F. 
Schmidt and James P. Hendrix of the 
University of Pennsylvania School of 
Medicine recorded with thermocouples 
a strictly localized increase in the blood 
flow through the visual cortex of a cat 
when a small spot on the animal's retina 
was illuminated. Many other examples 
of localized increases in cerebral blood 
flow have since been reported in animals 
and in man. and it is now apparent that 
during a test involving a specific type of 
cerebral function there is a local change 
in nerve-cell activity and hence in meta
bolic rate that gives rise to an increase in 
blood flow in the active region. This dis
covery has made it possible to localize 
brain functions by studying regional 
variations in blood flow. One could 
equally well deduce the same informa
tion by mapping out changes in local 
metabolism (by measuring the uptake of 
either oxygen or glucose). but so far the 
functions of the human cerebral cortex 
have been systematically localized only 
with blood-flow measurements. 

T
he average blood flow in the human 
brain was first determined in 1944 

by Seymour S. Kety. who was then 
working with Schmidt. Kety's method 
was to observe the rate at which the 
brain was saturated or desaturated with 
an inert gas. The subject inhaled 15 per
cent nitrous oxide for 10 minutes. dur
ing which time the concentration of the 
gas was followed by drawing samples 
of arterial and venous blood from the 
brain. The area between the arterial and 
the venous saturation curves yielded 
a measure of the average blood flow. 
which is normally about 50 milliliters of 
blood per 100 grams of brain tissue per 
minute. Kety also measured the differ
ence in the oxygen content of the arterial 
and the venous blood. which is normally 
about .07 milliliter of oxygen per millili
ter of blood. Multiplying flow by oxy
gen difference yielded the average cere
bral metabolic rate for oxygen. which is 
normally about 3.5 milliliters of oxygen 
per 100 grams of tissue per minute. 

Later it became possible to measure 
the blood flow in circumscribed regions 
of the intact human brain with the aid of 
radioactive isotopes. In 1961 the three 
of us developed this principle from stud
ies in cats. and its application to diag
nostic examinations in man soon fol
lowed. The method involves the use of 

ANTERIOR CEREBRAL 
ARTERY 

POSTERIOR 
CEREBRAL 

ARTERY 

MAJOR ARTERIES that supply the cerebral cortex are outlined. The speech and auditory re
gions are nourished by the middle cerebral artery. The frontal and midline regions are supplied 
by the anterior cerebral artery. Both of these arteries are fed by the carotid artery in the neck. 
The primary visual area in the rear of the cortex, however, is supplied by the posterior cerebral 
artery, which is fed by the vertebral artery in the neck. Because the radioactive xenon is usually 
injected into the carotid, the primary visual cortex does not appear in the blood-flow images. 

xenon 133. a radioactive isotope of the 
inert gas xenon. The radioactive gas is 
dissolved in sterile saline solution. and a 
small volume (two to three milliliters. 
containing from three to five millicuries 
of radioactivity) is injected as a bolus 
into one of the main arteries to the 
brain. The arrival and subsequent wash
out of the radioactivity from many 
brain regions is followed for one minute 
with a gamma-ray camera consisting of 
a battery of 254 externally placed scin
tillation detectors. each of which is colli
mated to scan approximately one square 
centimeter of brain surface. Informa
tion from the detectors is processed by a 
small digital computer and is displayed 
in graphical form on a color-television 
monitor. with each flow level being as
signed a different color or hue. Owing to 
the attenuation of radiation from struc
tures deeper in the brain. the gamma 
radiation detected comes from the su
perficial cerebral cortex. Thus the radio
active-xenon technique provides a fair
ly specific picture of the activity of the 
cerebral cortex directly below the detec
tor array. 

We use the technique routinely on pa
tients in whom cerebral arteriography 
has to be performed. Cerebral arteriog
raphy involves making an X-ray plate of 
the blood vessels in the brain after an X
ray-opaque medium has been injected 
into the arteries. This injection is made 
through a catheter (a fine plastic tube) 
placed directly in the internal carotid ar
tery through a puncture in the neck or 
passed up the femoral artery through a 
puncture in the groin. Since the same 
catheter is used for the radioactive-xe-

non injections. the measurement of ce
rebral blood flow incurs no independent 
risk to the patient. (The low level of the 
gamma radiation emitted by xenon 133 
is not considered harmful.) 

In our laboratories in Copenhagen 
and Lund some 500 patients have had 
their brain examined with the radioac
tive-xenon technique for diagnostic pur
poses such as the study of strokes. tu
mors or epilepsy. In retrospect we can 
say that about 80 of these patients had a 
normal brain at the time of measure
ment. This group consisted of patients 
who suffered from severe headache at
tacks. generalized epileptic seizures and 
other transient neurological symptoms 
that turned out not to be associated with 
permanent brain lesions or abnormal
ities. Electroencephalography ("brain 
wave" recordings) and other tests also 
served to confirm the normality of their 
brains. Our studies of the regional cere
bral blood flow in these patients there
fore enabled us to draw some conclu
sions about the localization of function 
in the normal cerebral cortex. 

T
he resting pattern of blood flow in 
the brain of a normal subject is high

ly characteristic and reproducible. and 
it serves as a point of departure for the 
interpretation of the functional patterns 
recorded during different types of senso
ry. motor and purely mental activity. 
Surprisingly. when the subject is at rest 
and awake. in a comfortable supine po
sition with eyes closed in a silent labora
tory and neither spoken to nor touched. 
the pattern of. blood flow throughout the 
cortex is not uniform. On the contrary. 
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the flow is always substantially higher in 
the front part of the cortex than in the 
central and rear parts. Although as we 
have mentioned the mean flow in nor
mal subjects is 50 millimeters per 100 
grams of brain tissue per minute, the 
flow in the front part of the cortex is as 
much as 20 to 30 percent above this 
mean, and the flow in the rear regions, 
particularly in some parts of the tempo
ral lobe, is correspondingly lower. The 
density of both the capillaries and the 
nerve cells in the various regions of 
the cortex is about the same, and so the 
remarkable difference in flow rate sug
gests that the overall activity level of the 

III 

front part of the resting brain is about 
50 percent higher than that of the rear 
parts. 

This "hyperfrontal" resting flow pat
tern may contribute to an understanding 
of conscious awareness. It is well known 
that the frontmost parts of the frontal 
lobe, the prefrontal areas, are responsi
ble for the planning of behavior in its 
widest sense, whereas the remaining re
gions of the cortex subserve motor and 
sensory functions. The hyperfrontal 
resting flow pattern therefore suggests 
that in the conscious waking state the 
brain is busy planning and selecting dif
ferent behavioral patterns. In the same 
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CELLULAR ARCHITECTURE of the cerebral cortex is organized into columnar modules 
made up of vertically arranged circuits of nerve cells. A typical column, some 250 micrometers 
(10-3 millimeter) in diameter, is shown in this highly simplified diagram based on one by Janos 
Szentagothai of the Semmelweis University Medical School in Budapest. Hundreds of incom
ing nerve fibers carrying sensory information converge on the spiny stellate cells in Layer 
IV of the cortex. The vertical circuits of interneurons, arranged in a highly specific spatial con

figuration, transform these raw data into the subtleties of conscious experience and behavior. 
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state the motor and sensory regions of 
the cortex are not very active; they are 
perhaps even inhibited. This interpreta
tion seems to agree with subjective expe
rience. While one is at rest one is not 
continuously aware of one's sensory in
put; only occasionally does one perceive 
distinct visual, auditory or tactile sig
nals that stand out from the background 
"noise" of the resting state. Most of 
resting awareness is focused on inner 
thoughts, particularly on reflections on 
one's own situation and its relation to 

. past events and to possible future ones. 
The resting conscious brain can there
fore be said to be primarily engaged in 
the simulation of behavior. 

What is the effect of simple sensory 
stimuli on the pattern of region

al blood flow in the cortex? For these 
experiments our computer was pro
grammed so that only departures from 
the resting pattern of blood flow were 
displayed in colors on the screen. When 
the subject opened his eyes and looked 
at an object. the pattern of the cortical 
blood flow changed dramatically: an in
crease of about 20 percent was seen in 
the visual association cortex, located 
in the temporal and the occipital lobes. 
(The primary visual cortex deep in the 
occipital lobe at the rear of the brain 
was not seen because this area is sup
plied by the vertebral artery and hence 
did not receive the radioactive xenon 
injected into the carotid artery.) In ad
dition a well-localized part of the pre
motor cortex, the frontal eye field, be
came active. 

Auditory stimulation in the form of a 
loud, meaningless noise increased the 
blood flow near the upper rear part of 
the temporal lobe on each side of the 
brain, where the primary auditory cor
tex and the auditory association cortex 
are located. Flow in these areas was fur
ther increased by hearing simple spo
ken words such as "bang," "zoom" and 
"crack." The activated region includes 
Wernicke's area in the left hemisphere, 
which is involved in the understand
ing of spoken language. When spoken 
words were heard with the eyes closed, 
the frontal eye field in the premo tor cor
tex was slightly activated. More com
plex verbal stimuli caused an increase in 
the regional blood flow in the lower rear 
part of the frontal lobe, where Broca's 
speech center is located on the left side. 

The effects of tactile perception were 
studied by Per Roland in Copenhagen, 
working in collaboration with one of us 
(Lassen). The subjects were asked to in
dicate verbally which was the larger of 
two objects (small metal bars) placed 
one after the other in the palm of the 
hand. with the fingers kept motionless. 
This tactile stimulus activated the hand 
area of the primary somatosensory cor
tex in the central part of the opposite 
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BRAIN-SCAN APPARATUS employed by the authors in their lab
oratories at Bispebjerg Hospital in Copenhagen and the University 
of Lund in Sweden is shown during a typical experiment. A few milli
liters of saline solution containing xenon 133, a radioactive isotope 
that emits gamma rays, is injected into the subject's carotid artery. A 

battery of 254 externally placed scintillation detectors (located in the 
box behind the subject's head) then records the arrival and subse
quent washout of the radioactive isotope from the cortex during the 
two minutes after injection. The scintillation data are processed by 
the computer and are then displayed on the color-television screen. 

cerebral hemisphere. as well as the ad
jacent association cortex in the parietal 
lobe. (As is well known. the sensory and 
motor functions of the limbs are con
trolled by the hemisphere on the oppo
site side of the body.) 

The performance of these simple sen
sory tests requires certain memory func
tions: the sensory inputs preceding the 
input arriving at any given moment 
must be retained, and the cumulative in
put must be compared with previous ex
perience. A hypothesis of what the per
ceived entity means is then formed. and 
identification is completed by an active 
search for characteristic features. This 
process involves associations. in which 
memory plays a key role. In our experi
ments we noted that each type of senso
ry stimulus activated both the primary 

sensory cortex and the adjacent associa
tion area for that specific sensory mo
dality. These areas were the only ones 
that were consistently activated by sen
sory input, suggesting that modality
specific forms of memory are localized 
in the association cortex specific for that 
modality. 

It should be emphasized that we have 
not studied memory functions other 
than those directly associated with sen
sory perception. Short-term memory 
(which operates, for example, in the im
mediate recall of a telephone number or 
a person's name) is generally considered 
to be localized in the region called the 
hippocampus in the deeper parts of the 
temporal lobe. Like the primary visual 
cortex, the hippocampus gets its blood 
from the vertebral artery and hence is 

not represented in our carotid-artery
injection pictures. 

Voluntary movements of the hand 
have been studied by Jes Olesen in 

Copenhagen in collaboration with one 
of us (Lassen). In 1970 it was observed 
that when the fist on the side of the body 
opposite the cerebral hemisphere being 
examined was rhythmically clenched, 
there was an increase in blood flow in 
the hand area of the primary motor cor
tex in the central part of the brain. Hand 
movements also caused an increase of 
flow in an adjacent area of the primary 
somatosensory cortex, which receives 
feedback signals from the skin. tendons 
and muscles of the hand while the hand 
is moving. As one would expect, how
ever. when the hand being clenched was 
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ARRAY OF DETECTORS is located at the front of the instrument. Each detector scans about 
a square centimeter of cortex. Thus blood Bow in an entire hemisphere is measured all at once. 

EYE 

FACE 

LIPS 

SWALLOWING 

MOTOR CORTEX 

;\;----EYE 

SOMATOSENSORY CORTEX 

NOSE 

FACE 

LIPS 

MOTOR AND SOMATOSENSORY AREAS of the cortex are projections of the motor and 
somatosensory (skin sensation) areas of the body. The areas representing the face, the tongue 
and the fingers are disproportionately ·Iarge because the amount of cortical surface devoted to 
a given part of the body reBects the motor and somatosensory requirements of that body part. 
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on the same side of the body as the 
hemisphere being scanned, there was no 
change in the flow pattern. 

Recently Marcus E. Raichle and his 
colleagues at the Mallinckrodt Institute 
of Radiology in St. Louis studied the 
control of hand movements by inject
ing a radioactive isotope of oxygen into 
the brain arteries in order to directly 
follow regional oxygen consumption by 
the brain tissue. They found that hand 
movements increased the oxygen up
take in the same regions of the cortex 
where we had observed an increase in 
regional blood flow. This finding pro
vides direct support for the basic as
sumption on which our interpretation 
of the blood-flow data rests: that local 
changes in blood flow reflect local varia
tions in the intensity of nerve-cell me
tabolism. 

Voluntary movements of the mouth 
in speech cause a well-defined activation 
of the cortical area that controls the 
movements of the mouth. the tongue 
and the larynx; voluntary movements of 
the foot activate the part of the motor 
cortex in the opposite hemisphere above 
the part activated by movements of the 
hand. These findings and others confirm 
that the primary somatosensory and 
motor areas are organized as two adja
cent narrow bands extending from ear 
to ear across the top of the cortex. The 
map like relation between the parts of 
the body and the somatosensory and 
motor areas of the cortex has been 
known in detail since Penfield and his 
colleagues plotted these areas by elec
trically stimulating the cortex. The map 
resembles a distorted homunculus with 
an enlarged head pointing toward the 

. temporal lobe. an enlarged hand and 
thumb in the middle and a reduced foot 
at the top, reaching the inner side of the 
hemisphere. 

Contractions of voluntary muscle 
also activate the premotor cortex 

in the upper part of the frontal lobe. 
Such activation always involves both 
hemispheres and as far as we can tell is 
located in the same area regardless of 
whether the mouth, the eyes, a hand or 
a foot is moved. When the detectors of 
our apparatus are placed above the sub
ject's head, the most marked change 
in regional cerebral blood flow occurs 
close to the midline and involves a re
gion of the premotor cortex on the in
ner part of each hemisphere called the 
supplementary motor area. This area is 
known to play a role in complex motor 
tasks of all kinds, including speech. 

Nevertheless, to see the supplemen
tary motor area and the surrounding 
premo tor cortex so consistently and 
massively activated during voluntary 
movements somewhat surprised us. We 
found that activation of the supplemen
tary motor areas was more marked dur
ing dynamic muscle movements, such as 
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SPEAKING activates three centers in each hemisphere: the mouth
tongue-larynx area of the somatosensory and motor cortex, the sup
plementary motor area and the auditory cortex. Differences in activi-

ty between the two hemispheres can be seen in these averaged images 
from nine different subjects: in the right hemisphere (right) the mouth
tongue-larynx area is less distinct and coalesces with auditory cortex. 

READING SILENTLY AND READING ALOUD involve differ
ent patterns of activity in the cortex. Reading silently (left) activates 
four areas: the visual association area, the frontal eye field, the sup
plementary motor area and Broca's speech center in the lower part 
of the frontal lobe. Reading aloud (right) activates two more centers: 

the mouth area and the auditory cortex. The left hemisphere is shown 
in both cases, but similar results have been obtained from the right 
hemisphere. Adding the primary visual cortex, which is not reached 
by the radioactive isotope, the act of reading aloud calls for simulta
neous activity in seven discrete cortical centers in each hemisphere. 

operating a typewriter, than it was dur
ing steady muscular contractions. For 
this reason, and because of support
ing evidence in the scientific literature. 
we have concluded that the upper pre
motor cortex. including the supplemen
tary motor area, is involved in the plan
ning of sequential motor tasks. 

Here it is relevant to mention a recent 
experiment on the nature of voluntary 
movement. In both Copenhagen and 
Lund we have studied the difference be
tween the pattern of regional cerebral 
blood flow that appeared when a sim
ple sequence of finger movements was 
being performed and the pattern that 
appeared when the subject was mere
ly thinking about performing the se
quence. With suitable instructions the 
subject could perform the movement 
mentally in the correct temporal se
quence while keeping the hand perfectly 

still; the imagined movement activated 
the supplementary motor area. When 
the sequence of movements was actual
ly performed. the hand-finger area of 
the primary motor cortex and the re
lated areas of the somatosensory cor
tex also became active. These findings 
suggest that the supplementary motor 
area is a programmer of dynamic move
ment. whereas the primary sensory cor
tex is the controller and the primary 
motor cortex is the executor. 

We have investigated speech proces
ses in detail. Here we were impressed 
to find that both the right and the left 
hemispheres become active in much 
the same manner. As we have men
tioned. listening to simple words acti
vates the auditory cortex in both hemi
spheres. Speaking aloud activates three 
more areas. namely the face. tongue and 
mouth areas of the somatosensory and 

motor cortexes, the upper premotor cor
tex in both hemispheres (which includes 
the supplementary motor area) and 
Broca's area in the lower rear part of the 
left frontal lobe and the corresponding 
part of the right frontal lobe. Reading 
aloud adds activation of the visual asso
ciation cortex and the frontal eye fields 
as well as the primary visual cortex (al
though the last is only inferred. since it is 
not made visible in our technique). Thus 
seven discrete cortical regions are simul
taneously active. forming a Z-like figure 
on the surface of each hemisphere. It 
was interesting to note the difference be
tween reading aloud and merely read
ing: reading in itself does not activate 
the mouth areas of the somatosensory 
cortex or the motor cortex or the audito
ry areas. although the five other areas 
are active. 

Studies of the effects of brain damage 
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"INTERNAL SPEECH" in the form of counting repeatedly in one's head from 1 to 20 acti
vates the frontal regions, particularly the supplementary motor area. This imagined kind of 
speech does not measurably activate the areas normally involved in speech such as Broca's 
area and Wernicke's area. Image therefore represents the localization of a pure mental event. 

GLOBAL ACTIVATION of the cerebral cortex is seen wben the subject is engaging intensely 
or emotionally in a task. At the top is an image of the left hemisphere of an elderly man; the 
global mean How rate of 33 milliliters per 100 grams of brain tissue per minute is low. During 
tbe making of the boltom image the subject was urged on verbal command to make rbythmical 
gripping motions with his right hand. The global mean How rate increased to 48 milliliters per 
100 grams per minute, and there are local increases in the hand area and in the auditory cortex. 
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on speech have revealed that destruc
tion of Broca's area in the left hemi
sphere results in motor aphasia, that is, 
the loss of the ability to speak more 
than simple words but not the loss of the 
ability to understand spoken and writ
ten language. Destruction of the corre
sponding area in the right hemisphere, 
however, has no discernible effect on 
speech. We were therefore surprised to 
observe that this part of the right hemi
sphere was active during verbalization, 
suggesting that it makes some contri
bution (albeit a nonessential one) to 
the final synthesis and mobilization of 
speech. In Copenhagen, Borge Larsen, 
working with one of us (Lassen), ana
lyzed his observations further to see if 
some slight differences in the blood-flow 
response of the two hemispheres during 
speech could be discerned. Although for 
ethical reasons he could not measure the 
flow in the right and left hemispheres of 
the same subject, Larsen's results sug
gest the following differences: in the left 
hemisphere an increase in flow is usually 
seen in the mouth area and the auditory 
cortex separately, whereas in the right 
hemisphere the two often form one con
fluent active region. Moreover, the sup
plementary motor area in the left hemi
sphere is usually more active during 
speech than the one in the right hemi
sphere. 

The analysis of cortical activation 
during reading illustrates·that a complex 
task is carried out by several circum
scribed cortical regions brought into ac
tion in a specific pattern. This system 
is analogous to a computer program in 
which different subroutines are brought 
into play depending on the problem to 
be solved. In general our results confirm 
a conclusion reached by the late A. R. 
Luria of Moscow State University on 
the basis of his neuropsychological 
analyses of patients with brain damage: 
"Complex behavioral processes are in 
fact not localized but are distributed in 
the brain, and the contribution of each 
cortical zone to the entire functional sys
tem is very specific." 

Early in our studies of various forms 
of brain activation we recognized 

that many of our patients in the con
scious waking state showed not only lo
cal increases in the blood flow of spe
cific regions of the cortex but also an 
increase in the blood flow of the cere
brum as a whole. Jarl Risberg and one 
of us (Ingvar) found that psychological 
testing with simple routines of recall 
and reasoning causes in addition to lo
calized changes a significant overall in
crease in the cerebral blood flow of 
about 10 percent. This general increase 
in blood flow appears to be distinctly 
related to the subject's effort in per
forming the task, because it is absent 
when simple tasks are performed but is 
evident when the subject shows signs 
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of struggling with a difficult problem. 
This finding supports a distinction 

made by neurophysiologists between 
the specific and the nonspecific path
ways of the brain. The specific sensory 
and motor pathways arrive and depart 
from well-defined areas of the cortex 
that become active during the reception 
and interpretation of specific sensory 
messages or the execution of a specific 
motor task. At the same time demand
ing tasks activate larger cortical areas 
over diffuse pathways that fan out from 
the reticular formation of the brain stem 
and the thalamus of the midbrain. Ani
mal studies have shown that in the ab
sence of an activation of the diffuse non
specific pathways the specific pathways 
by themselves do not appreciably alter 
the activity of the brain outside the re
gions of the brain to which the specific 
pathways project. Hence it appears that 
for the brain to "understand" the sur
rounding world, to perceive its meaning 
and to take action in difficult tasks the 
cerebral cortex must be activated not 
only locally but also totally. 

A correspondence between the gener_ 
al activation of the cortex and the level 
of consciousness during the perform
ance of various tasks has been strong
ly supported by studies of anxiety and 
pain. A threat to one's body or psy
chological well-being elicited by a pain 
stimulus or by strong anxiety provokes a 
dramatic increase in one's awareness of 
self and the environment and also caus
es a generalized increase in cerebral me
tabolism and blood flow. Stress acti
vates pathways in the brain and also 
triggers the secretion of the hormone ep
inephrine (adrenalin) from the adrenal 
glands, which has a general arousing ef
fect on the body. Bo Siesjo and his co
workers at the University Hospital in 
Lund recently studied rats waking up 
from anesthesia after they had been par
alyzed with a muscle-relaxant drug of 
the curare type. The stress of the ani
mals' waking in a state of paralysis 
gave rise to an enormous increase in 
the rate of their cerebral oxygen uptake 
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and blood flow; the increase could be 
diminished, however, by the removal 
of the adrenals and could be complete
ly abolished with drugs that block epi
nephrine receptors. 

In Lund we recently studied the ef
fects on the pattern of human cerebral 
blood flow of a pain stimulus: an electric 
shock applied to the skin. (All such ex
periments were of course performed 
with the patients' full informed consent 
and as a basis for clinical diagnostic 
tests.) When the intensity of the stimulus 
was low, just above the threshold, the 
shock was experienced much as a simple 
touch; when the intensity was high, the 
shock was experienced as a moderately 
painful sensation. As one would expect, 
the threshold stimulus did not measur
ably alter the mean hemispheric blood 
flow or oxygen uptake, although there 
was a small increase in regional blood 
flow in the front and upper parts of the 
frontal lobe. Moderate pain stimula
tion, on the other hand, gave rise to a 
general increase of 20 percent in the 
mean hemispheric blood flow and oxy
gen uptake, and there were localized in
creases above the mean in the frontal 
lobes. Thus touch and moderate pain 
appear to make the brain more aware, 
or more conscious. 

These observations support the hy
pothesis that the general activation of 
the brain is accompanied not only by an 
arousal of electroencephalographic ac
tivity but also by an increase in cerebral 
blood flow and oxygen uptake, and that 
this reaction is related to an increased 
level of awareness. The global activa
tion of the brain is probably also related 
to the emotional components of experi
ence, although we have not yet made 
any systematic observations of this kind. 

What will cortical mapping be like in 
the future? The radioactive-xenon 

technique (and a noninvasive variant of 
the technique in which the radioactive 
isotope is inhaled rather than injected) 
is a somewhat crude one. The results 
mainly reflect events in the superficial 

layers of the cortex and leave out deeper 
structures; moreover, the time resolu
tion is low (minutes at the most). These 
limitations. together with recent techni
cal developments, have inspired refine
ments of our technique. Complex mul
tidetector instruments are now being 
developed for measuring the distribu
tion of the radioactive isotope inside the 
head in three dimensions, so that ac
tivity in deeper parts of the brain can 
be analyzed. 

In addition the application of radioac
tive isotopes to investigations of brain 
function has opened up the new field .of 
regional metabolic studies. Louis Soko
loff and Martin Reivich at the National 
Institute of Mental Health in the U.S. 
have studied cerebral metabolism on 
a microscopic scale by injecting a ra
dioactive analogue of glucose into the 
brain; the rate at which the substance is 
taken up by nerve cells reflects their 
functional activity. Such experiments 
have revealed that the metabolic rate 
within very small regions of the brain 
changes in consistent patterns during 
various activities. For example, the illu
mination of one eye in monkeys alters 
the consumption of glucose in the visual 
cortex in columns of nerve cells less 
than a millimeter apart; these function
al columnar units correspond to those 
demonstrated with neurophysiological 
techniques by David H. Hubel and 
Torsten N. Wiesel of the Harvard Med
ical School. The Sokoloff-Reivich tech
nique is now being modified for clinical 
purposes. 

The coming generation of powerful 
integrative techniques and tools will set 
the stage for a new type of clinical 
neurophysiology: an era in which the 
regional circulatory and biochemical 
accompaniments to the functions of 
the human brain can be both precisely 
localized and measured quantitatively. 
Such methods will bring us closer to per
ceiving the intricate patterns of activity 
that underlie the functioning of the most 
complex of all biological systems. the 
human brain. 

3 

REST, TOUCH AND MODERATE PAIN appear to constitute 
three levels of increasing awareness. Eight subjects were studied (1) at 
rest, (2) during threshold electrical stimulation of the thumb and (3) 
during stimulation at 2.5 times threshold intensity, causing a moder-

ate sensation of pain. During this sequence the mean levels of cere· 
bral blood flow and of oxygen uptake rose progressively. The dots in 
color indicate flow rates above the mean; the gray dots, rates below 
the mean. The size of the dots indicates th'e magnitude of the changes. 
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The Upsilon Particle 

Its unexpected discovery as the heaviest particle has prompted 

physicists to introduce a massive new quark, raising the number 

of these unobserved elementary subparticles from four to five 

T
he search for the ultimate. indivis
ible constituents of matter that be
gan with the pre-Socratic. atomis

tic natural philosophers continues un
abated after 2,400 years. In the past few 
decades the number of identified sub
atomic particles has risen to more than 
100. as powerful machines were devel
oped for smashing bits of matter togeth
er and studying the scattered by-prod
ucts. At first physicists believed these 
particles could not be broken down into 
smaller entities. Then they found that 
only the four leptons (the electron. 
the muon and two kinds of neutrino) 
seemed to be truly elementary in the 
sense of having no measurable size and 
no constituent parts. The rest of the par
ticles. the hadrons (including the proton. 
the neutron and the pion) . turned out to 
be complex objects that showed signs of 
an inner structure. In 1964 the quark 
hypothesis. which has been a corner
stone of particle physics ever since. was 
introduced as a description of that struc
ture. It held that the hadrons were all 
ensembles of only three elementary 
entities named quarks. An additional 
quark was soon postulated. for both 
theoretical and experimental reasons. 
Although none of the four quarks has 
ever been observed. in spite of many 
attempts to isolate one. there are good 
grounds for believing they exist. 

Last year a group of investigators (of 
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by Leon M. Lederman 

whom I was one) from Columbia Uni
versity. the State University of New 
Y ork at Stony Brook and the Fermi Na
tional Accelerator Laboratory (Fermi
lab) discovered a new particle with a 
mass whose energy equivalent is 9.4 
GeV (billion electron volts) . a mass 
more than three times greater than that 
of any subatomic entity previously iden
tified. Designated upsilon (Y) . the new 
particle points to the existence of a fifth 
quark. one more massive than any of the 
others. Since the original four quarks 
could account for all the known proper
ties of hadrons. a fifth subparticle seems 
superfluous. Its existence appears to be a 
mixed blessing for the quark hypothesis. 
On the one hand it should help physi
cists to determine the nature of the hith
erto inscrutable quark forces. On the 
other the very proliferation of quarks 
could topple the central hypothesis that 
they are the most fundamental constitu
ents of matter. After all. quarks were 
first introduced to account for the ever 
increasing number of hadrons. Now it is 
the quarks that are growing in number. 
and there seems to be no theoretical rea
son that would block the discovery of 
even more massive ones. 

The research that led to the discovery 
of the upsilon began in 1967 at the 
Brookhaven National Laboratory. With 
the 3 0-GeV Brookhaven synchrotron 
we fired energetic protons (P) at urani
um nuclei consisting of neutrons and 
protons. collectively known as nucleons 
(N) . We wanted to study what happened 
when a pair of oppositely charged lep
tons (1- and [+) emerged. a reaction that 
can be written p + N -[- + [+ + any
thing. "Anything" means we had no in
terest in the other particles produced. 
Before I describe our experiments let me 
provide somewhat more background on 
leptons so that the reader will better un 
derstand why we worked so intensively 
with them for 10 years. 

Leptons are distinguished from other 
subatomic particles in that they are not 
subject to the "strong" force that binds 
protons and neutrons together to form 
atomic nuclei. As a result energetic lep
tons have great power to penetrate mat-

ter. The neutrino (v). for one. has no 
electric charge and could pass through 
millions of miles of lead without collid
ing with anything. The muon (J.L). which 
weighs 200 times more than the elec
tron (e-) but otherwise exhibits identi
cal properties. is slowed when it moves 
through matter by the burden of having 
to drag its electric charge through other 
electric charges. Nevertheless. because 
such electromagnetic forces are 100 
times weaker than the strong force. the 
muon could penetrate many meters of 
iron. With a charge identical with the 
muon·s. the electron is stopped more 
easily because of its smaller mass; it 
cannot plow its way through iron as the 
heavier leptons can. 

T he lepton pair (1- + /+) created in 
the reaction at Brookhaven had the 

same quantum properties as the quan
tum of electromagnetic energy: the pho
ton (y). This was apparent from the ease 
with which a photon changes into either 
a muon pair (J.L- + J.L+) or an electron
positron pair (e- + e+) . illustrated by the 
reactions y- J.L- + J.L + and y- e- + e+. 

A major difference between photons 
and lepton pairs is mass. Whereas the 
lepton pair has a positive rest mass when 
it is regarded as a single particle moving 
with a velocity equal to the vector sum 
of the motions of its two components. a 
photon always has zero rest mass. This 
difference can be glossed over. however. 
by treating the lepton pair as the off
spring of the decay of a short-lived pho
tonlike parent called a virtual photon. 
The concept of the virtual photon also 
appears in other reactions where the 
electric and magnetic properties of mat
ter are being examined. The laws of the 
conservation of energy and of momen
tum enabled us to routinely compute the 
mass. energy and momentum of the vir
tual parent. in spite of its evanescent na
ture. To determine its mass (M) we had 
only to measure the energy of the [
and /+ particles emerging from the colli
sion. The formula M2 = 4E-E+(sin20) 
told us that we were dealing with a 
massive parent whenever both the angle 
(0) between the leptons and the prod-
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uct of their respective energies (E- E+) 
were large. 

As long ago as 1967 we recognized in 
a vague and intuitive way that the emis
sion of virtual photons could be indica
tive of unexplored domains inside the 
colliding nuclear particles. We reasoned 

that when an extremely energetic proton 
collided with a target nucleon. a high
ly excited and complex state would be 
generated. Most of the time this state 
would lose energy with the emission of 
such strongly interacting particles as 
pions and kaons. Occasionally. how-

ever. deexcitation would result in part 
from the emanation of virtual photons 
that would decay immediately into lep
ton pairs. 

We had expected the masses of the 
virtual particles. as computed from 
measurements made on the leptons. to 

PROTON SYNCHROTRON at Fermi National Accelerator Labo
ratory (Fermilab) was used to generate muon pairs in experiments 
that led to the discovery of the upsilon particle. Here the 400-Ge V 
(billion-electron-volt) machine appears as the large circle, which has 
a circumference of four miles. Tangent to the circle are long tun
nels that carry particles to experimental stations. The upsilon work 
was done in the proton laboratory, which is in the large area at the 

lower left that looks as if it is under construction. Fermilab stands on 
a four-by-five-mile tract 30 miles southwest of Chicago in Batavia, 
IIJ. Built by the Atomic Energy Commission under contract with a 
consortium of S3 universities, the laboratory facilities are used by 
groups from all over the world. Under the direction of Robert R. Wil
son the accelerator, which went into full operation at 200 GeV in 
1972, was upgraded to 300 GeV in 1973 and to 400 GeV in 1974. 
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MASSES OF VIRTUAL PHOTONS that decayed into muon pairs were expected to be distrib
uted continuously (left). This turned out to be the case, although in addition there was an un
expected cluster at about 9.4 Ge V (right). Such a cluster, called a resonance, marked the pres
ence of the upsilon. Vertical error bars through each data point represent the uncertainty as 
to where it should be plotted. The smaller the number of events, the larger the uncertainty. 
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COLLISIONS BETWEEN PROTONS AND NUCLEONS (either protons or neutrons) some
times generate virtual photons that decay immediately into electron-positron pairs (e-e+) or 
into pairs of oppositely charged muons (I-' - I-' + ). The bottom reaction will require much more 
energy than the top reaction because the muon is 200 times more massive than the electron. 
The additional mass of the muon, however, will enable it to penetrate much deeper into mat
ter. The nuclear debris from these particular reactions will have very little penetrating power. 
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be distributed continuously [see topillus
tration at left]. Because we had recog
nized that smaller masses would be easi
er to create than larger ones, we thought 
that the y ield of virtual photons would 
fall steeply as their mass increased. Al
though we did not expect the mass cal
culations to cluster around any particu
lar value, we hoped this would happen. 
Such a cluster is called a resonance. If a 
resonance did manifest itself, it would 
indicate that the lepton pairs emanated 
not from some virtual entity but from 
some real particle. On the basis of Wer
ner Heisenberg's uncertainty principle 
we could then estimate the size of what
ever material within the colliding nucle
ons had served as the source of the new 
particle. Heisenberg's principle suggests 
that the greater the particle's mass, the 
smaller the size of its source. This meant 
that if we discovered sufficiently mas
sive resonances, we would in fact be de
tecting extremely small structures with
in the target nucleons. 

O ur search for such lumps within the 
target nucleons was undertaken in 

1967 in spite of the widespread view 
that matter in highly excited states was 
smooth and homogeneous. Moreover, 
even if such small but massive entities 
did exist, our equipment might not be 
sensitive enough to detect them. Other 
experimenters had already discovered 
that low-mass resonances were extreme· 
ly rare; in the Brookhaven accelerator 
a lepton pair with a mass close to that 
of a proton would be created only once 
in a million collisions. Larger masses 
would be produced even less frequent
ly , and for every one produced millions 
of strongly interacting particles would 
also be produced. Our detector would 
have to be capable of sorting out the 
rare lepton pairs from the abundant 
background hadrons. 

After much discussion we realized we 
could build a detection system based on 
the fundamental fact that leptons can 
penetrate matter and hadrons cannot. 
Since muons can travel deeper into mat
ter than electrons, we decided to concen
trate on them and to ignore any elec
tron-positron pairs also created. That 
led us to put 10 or more feet of iron 
between the uranium target and the 
lepton-pair detector. The iron would 
absorb the strongly interacting particles 
but allow the muons to pass through and 
trip a series of scintillation counters. 

The drawback of this detection sys
tem was that it would alter the trajec
tories of the muon pairs. The atoms of 
the iron not only would decelerate the 
muons, causing them to lose energy, but 
also would push and pull on their elec
tric charge, deflecting them from their 
original paths. We were therefore in a 
predicament. If we measured the ener
gy and the angle of separation of the 
muons after they emerged from the iron 
absorber and used these values to calcu-
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late the mass of their virtual parent, we 
would get an inaccurate answer. Y et we 
could not make a more accurate calcu
lation by looking at the muons before 
they entered the absorber because at 
that point the enormous flux of hadrons 
would interfere with the counters. At 
this early stage in our work we were not 
too concerned about having to settle for 
an imprecise calculation. The goal was 
to detect heretofore unseen resonances 
at high masses, and we believed our ap
paratus would do this even though it 
would also distort the characteristics of 

I 
0 
..J W 
>= 

0 

PROTON ENERGY � 29.5 GEV 

It I 
I I 
i + 

+ , 
+1 
:+ 
: + 

+ 

I 
2 

+ j i 
+ , ++ +++' I r 

! 
i 

i 
3 4 

+t 

MASS (GEV) 

I 

5 6 7 

such resonances. That would be a small 
price to pay if we could discover a new 
particle. 

W e began collecting data in the fall 
of 1968. A digital computer proc

essed the information and drew a graph 
of the yield of muon pairs observed at 
each mass. Since we were studying an 
unexplored reaction. we had no idea 
what the distribution would look like. 
Nevertheless, we were startled by the 
drop that began at about 1.5 GeV, 
flattened out just above 3 GeV and then 
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plunged precipitously at the upper limit 
of our detection system, where we were 
not able to collect much data [see illus
tration below]. This "shoulder" excited 
us. We wondered if it could represent a 
sharp resonance that was smeared by 
our crude apparatus but marked the 
presence of some new particle. When 
we lowered the energy of the bombard
ing protons, the shoulder would not go 
away. That was a good sign. It meant 
that the curious distribution was prob
ably not the spurious result of some 
undetected quirk in the equipment. The 

o ..J W 
>= 

o 

I I 

I 

! 

PROTON ENERGY � 22.0 GEV 

t 
t 
f 

! I I ! 

I 
I 

t ! i 
++ I + 

tl H+ 
HI � I 

2 3 4 5 
MASS (GEV) 

6 7 

UNEXPECTED "SHOULDER" in tbe masses of tbe virtual pbotons 
generated at Brookbaven would not go away wben tbe energy of tbe 
bombarding protons was lowered from 29.5 GeV (left) to 25.5 GeV 

(middle) and tben to 22.0 GeV (right). Tbis result suggested tbat tbe 
sboulder was real, perhaps tbe poorly resolved resonance of a new 
particle and not tbe counterfeit product of apparatus malfunction. 
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burden of proof. however, was still on 
us. We could not completely dismiss the 
possibility that the distortion effects of 
the apparatus might be so overwhelm
ing that they had spuriously warped the 
low-energy distribution as well. More
over, we had to consider the possibility 
that the shoulder might be a peculiar 
characteristic of the smooth distribu
tion of virtual photons rather than the 
smeared resonance of a new particle. 

Tentative as our uninterpreted results 
were, theoreticians took an immediate 
interest in them because they seemed 
to relate to the quark hypothesis. The 
original hypothesis of 196 4 suggested 
that all known hadrons were composed 
of three quarks, labeled u, d and s (for 
"up," "down" and "strange"), and three 
corresponding antiquarks, ii, d and s. Al
though the original quark model beauti
fully and simply accounted for the static 
properties of the more than 100 had
rons, it did not describe their dynamical 
properties. By 196 8 ,  however, pioneer
ing workers had used the quark model to 
explain scattering data and collisional 
processes. The main difficulty with their 
explanation was its lack of uniqueness: 
reasonable alternative hypotheses that 
did not incorporate quarks could ac
count for the dynamical characteristics 
just as well. 

Our lepton-pair data turned out to 
provide a considerable boost to the 
quark explanation of hadron dynamics. 
In 1970 two Stanford University phys
icists, Sidney D. Drell and Tung-Mow 
Van, tried to use a quark model to gen
erate our lepton-pair results theoretical
ly. Their predictions matched our data 
fairly well near 2 GeV but fell below 
them near 3 GeV. Encouraged by this 

partial correlation, by the intriguing 
possibility of clustering and by the tre
mendous interest of theorists in our re
sults, we decided to run an improved 
version of our experiment on the more 
powerful accelerator at Fermilab. The 
accelerator's tremendous energy, which 
was at that time 300 GeV, would in
crease the probability of pair emission 
at 3 GeV, and we hoped this would final
ly enable us to identify the significance 
of the mysterious shoulder. 

Then in 1974, before we began taking 
data, the three-quark model was over
thrown by what was called "the Novem
ber revolution. " The discovery of a new 
particle was independently announced 
by Samuel C. C. Ting of Brookhaven 
and the Massachusetts Institute of Tech
nology and by Burton D. Richter of 
Stanford. At Brookhaven the new parti
cle, which was named by Ting J and by 
Richter IjI (psi) , showed up as a spectac
ular enhancement in the masses of vir
tual photons that had decayed into elec
tron-positron pairs [see illustration on 
page 78]. 

The discovery of the JII/I resolved sev
eral significant problems in particle 
physics. It explained our lepton-pair 
data, and it suggested the existence of a 
fourth quark, designated c (for "charm," 
the new quantum-mechanical property 
it implied) . The shoulder we had seen 
in 1968 was now interpreted as being a 
badly smeared version of the JII/I's nar
row enhancement at 3.1 GeV. The revo
lutionary aspects of the JII/Ilay in this 
very narrowness. According to Heisen
berg's uncertainty principle, a narrow, 
or well-defined, mass implies a lifetime 
that is long compared with that of most 
other subatomic particles. And a long 

PROBLEM OF POOR RESOLUTION in high-energy experiments is illustrated by compar
ing photographs with curves of experimental results. An unfocused camera can make two lights 
(top left) appear to be one (top right). The Fermilab apparatus made the 1/1jI particle's narrow 
resonance (bottom left) look broad (bottom right). A computer helped to clarify the distortion. 
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life span meant that the J IIjI was inhibit
ed from decaying into such partiCles as 
pions and kaons. The existence of a 
fourth quark could explain why this was 
so. Since quarks are truly fundamental. 
one kind of quark cannot easily turn into 
another. If the JII/I's were made up of 
only the charmed quarks, they could not 
easily decay into pions and kaons, which 
are made up of only the other three 
quarks. Subsequent investigations sup
ported the interpretation of the J fiji 
as a bound state of a fourth quark and 
its antiquark. The concept of a fourth. 
charmed quark was further confirmed 
when particles were discovered that 
seemed to consist of various combina
tions' of all four quarks. 

A comparison of our shoulder distri
bution of 196 8 and the JlljI data of 1974 
bore out our conviction that what we 
had gained in sensitivity we had lost in 
resolution. We had detected more than 
10, 000 muon pairs with our highly sen
sitive apparatus, but we could not inter
pret the smeared distribution. The dis
coverers of the JII/I at Brookhaven, on 
the other hand, used a new generation of 
particle detectors to find only 242 pairs, 
but because their apparatus could locate 
the positions of the pairs on the mass 
scale with greater accuracy they saw a 
highly resolved, narrow peak. 

Now that the mystery of the shoulder 
had been solved, we decided to use 

the new Fermilab accelerator to look 
for resonances in the unexplored mass 
range above 5 GeV. In 1975 and 1976 
we observed hundreds of events in three 
lepton-pair runs. The energy of the Fer
milab accelerator had been boosted to 
400 GeV, an increase that would turn 
out to be crucial for our work. This time 
we could monitor the distorting effects 
of our apparatus by examining how it 
altered the JlljI resonance. which we 
could not have done in 196 8.  We also 
had years of experience with muon pairs 
and of progress in detector development 
that we could put to good use. 

In February of last year our group 
began to assemble a new version of the 
lepton-pair experiment utilizing what 
we had learned over the preceding two 
years. We realized that in order to draw 
any conclusions about the rarer, higher 
masses we would have to observe many 
more events. At the same time we would 
have to improve the resolution or we 
would be confronted with the same kind 
of uninterpretable data we had collected 
in 1968 . 

John Yoh of Columbia had noticed a 
small number of events near 9.5 GeV in 
our 1976 results. He put a bottle of 
Moet champagne, labeled "9.5, " in our 
group's refrigerator. This convinced no 
one that we were on the track of a 
new particle. We were nonetheless en
couraged in our search by the fact that 
our data were unique: no one else had 
ever seen 350 lepton pairs with masses 
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greater than 5 GeV. There might just 
be something there-somewhere. 

Experience showed we could move 
the detectors closer to the target so that 
more muon pairs would reach them. 
Stephen W. Herb of Columbia had pre
dicted correctly that this would not also 
increase the enormous flux of hadrons 
interfering with the detection system. In 
196 8 we had used iron to absorb the 
unwanted particles. but the iron atoms. 
with their 26 protons and 26 electrons, 
exerted an electromagnetic force on the 
muons that deflected them from their 
original paths. As a result the masses 
of the muons could not be accurately 
calculated. This time we would use the 
metal beryllium as the principal absorb
er. With only four protons and four 
electrons, the beryllium would hard
ly deflect the muon pairs. although it 
would still be able to screen out most 
of the hadrons. 

One major obstacle remained. Muons 
are treacherous particles. As I have 
mentioned, they can easily penetrate 
many meters of iron. We needed abso
lute assurance that our muon pairs were 
honest: that they had been born in the 
target and had proceeded undeviated 
and unscattered through a large deflec
tion magnet and into our counters. To 
gain this assurance we wanted to put a 
detector in the middle of the magnet. 
This proved difficult (it was somewhat 
like designing a delicate and precise 
watch to operate inside a blast furnace) . 
but Walter R. Innes of Fermilab came 
up with a successful design. Still. we 
were not satisfied with the setup. The 
events of greatest interest were also the 
rarest ones. Over a long day with more 
than 10 billion nuclear collisions per 
second extremely improbable happen
ings could conspire to spoof the experi
ment. To guard against this possibility 
Charles N. Brown of Fermilab designed 
a simple magnetic system that would 
remeasure each muon's energy after it 
emerged from the main detector. 

On May 1 of last year we gathered our 
first data. We were elated to find that our 
improved apparatus registered 90 times 
more muon pairs than it had the year 
before. The upgraded accelerator had 
functioned superbly, supplying unlimit
ed quantities of protons with needle
sharp precision. In the first week we ob
served 3.000 muon pairs with energies 
higher than 5 GeV. more than 10 times 
the rest of the world's data and of much 
better quality. We graphed the results. 
and they seemed remarkably free of the 
interfering effects of hadrons. The J/ljI 
resonance showed up clearly, which 
meant we had succeeded in increasing 
the resolving power of our apparatus. 
Our excitement rose to a high pitch 
when we saw that the steady decrease in 
the yield of muon pairs. as they became 
more massive. was interrupted near 10 
GeV by an intriguing bump. 

The following week we doubled our 
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QUARK MODEL, altbougb introduced to explain tbe static properties of particles, can also 
account for sucb dynamical processes as tbe creation of muon pairs. Sidney D. Drell and Tung
Mow Van of Stanford University proposed tbat a virtual pboton tbat decays into a muon pair is 
formed wben a quark (q) from tbe bombarding proton and an anti quark (q) from a quark "sea" 
associated witb tbe target nucleon annibilate eacb otber. Drell and Van tried to predict tbe 
Brookbaven data, succeeding fairly well at masses near Z GeV but not witb tbose near 3 GeV. 

data and still the bump remained. Al
though we could no longer dismiss it as a 
misleading happenstance. we wondered 
if it could be the wayward product of 
some undetected idiosyncrasy of our ap
paratus. Perhaps the deflecting magnets 
or the counters had malfunctioned. For
tunately we had mechanisms for check
ing that out. We looked separately at 
each square centimeter of the detector's 
surface to see how the muons that struck 
each area were distributed. Everywhere 
we found smooth distributions. indicat
ing that the apparatus had not generated 
the resonance. Moreover. when we arti
ficially mixed Monday's /-I. +'s with Tues
day's /-I. -'s to form fake /-I. + /-I. - pairs. we 
got a perfectly smooth distribution that 
conformed to all our expectations about 
how the equipment worked. As the ap
paratus passed other tests and as we ac
cumulated more data we became con
vinced that the resonance represented 
something real: a new particle with a 
mass of 10 GeV. Although we wanted 
to keep our results secret until we could 
fully interpret them. rumors of our dis
covery spread rapidly throughout the 
physics community. Therefore on June 
20 we made our data public: 26 .000 
pairs. almost 100 times the data of all 

previous experiments combined. We 
named the particle upsilon. 

W e next set out to determine the 
width of the resonance. using the 

same method by which the span of the 
J/ljI resonance had been calculated. In 
effect the width is the uncertainty in the 
mass of the resonance. and Heisenberg's 
principle associates a narrow peak (a 
small uncertainty) with a long lifetime. 
and a broad peak (a large uncertainty) 
with a short life span. After we had gath
ered more data we found that the res
onance consisted of two closely spaced 
peaks (with a suggestion of a third) 6 00 
MeV (million electron volts) apart and 
each peak 500 MeV wide. This indicat
ed that the upsilon could exist in two 
and perhaps three states of slightly dif
ferent energies. Before we concluded 
from these width values that the reso
nance of the upsilon was intrinsically 
narrow we needed to take into account 
the distortion effects of the inevitably 
imperfect apparatus. Apparatus with a 
low resolving power will make nature's 
peaks look broad. much as a camera 
lens of poor quality will blur the fine 
details in a photograph. In our Brook
haven experiment of 196 8 poor resolu-
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tion had distorted the data to the point 
where they were uninterpretable. 

To determine how the Fermilab appa
ratus had deformed the shape of the 
resonance we relied on a game-theory 
approach in which a computer simulat
ed our entire experiment. Such simula
tions. called the Monte Carlo method. 
are ubiquitous in high-energy physics. 
In our case the computer. programmed 
to know the location and function of 
each piece of our apparatus. selected a 
configuration of two muons and traced 
their trajectories to the final detector. 
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If the computer program called for the 
muons to encounter an absorber con
sisting of. say. beryllium. the program 
would call for the muons to be scattered 
just as if the muons and the beryllium 
were real. The computer we used was 
a powerful one. so that the simulation 
could trace tens of thousands of muon 
pairs through the apparatus. 

We then graphed the mass distribu
tion of the Monte Carlo events and 
discovered that the simulated upsilon 
resonance was much narrower than the 
measured one. This suggested that the 
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J/I/I PARTICLE was discovered in 1974 as a narrow resonance in the masses of virtual pho
tons that decayed into electron-positron pairs. The colored distribution represents the yield of 
masses obtained when the detection spectrometer was run with the hom barding particles at a 
normal intensity; the white distribution, the yield when the intensity was cut by 10 percent. The 
resonance at 3.1 GeV, which showed up clearly in both runs, was interpreted as a highly re
solved version of the shoulder found at Brookhaven in 1968. The J 11/1 particle pointed to the 
existence of a fourth quark, labeled c for "charm," and a corresponding antiquark, labeled c. 

78 

measured width was produced. mmnly 
by the apparatus. Complex computer 
programs do. however. have bugs. Had 
we caught them all? Perhaps the simu
lation was wrong and the resonance was 
actually as broad as the one we had 
measured. Fortunately we had ways of 
eliminating that possibility. Since we al
ready knew how .our apparatus had dis
torted configurations such as the Jfljl 
resonance. we could test the Monte Car
lo program to see whether it correctly 
revealed such distortions. Indeed it did. 
and we confidently concluded that the 
width of the upsilon resonance was less 
than 100 MeV. This extremely narrow 
width indicated that our new particle 
had a very long lifetime. 

One would normally expect that a 
particle with a mass as great as 10 times 
the mass of the proton should have an 
enormous number of lower mass states 
into which it could decay. each state 
contributing to a shorter lifetime. But 
contrary to expectations the upsilon. the 
heaviest particle ever discovered. has a 
long lifetime. This means that it does 
not decay into the less massive hadrons. 
all of which are composed of u. d, sand c 
quarks. At the time of our discovery 
last year. however. the known laws of 
physics could not explain why this was 
so. The conclusion was clear and excit
ing: some new law of physics forbids 
(or. more precisely. inhibits) the upsilon 
from decaying into ordinary hadrons. 

In search of this new law we looked 
to see if any work in theoretical phys
ics had anticipated our discovery of the 
upsilon. Over the years many theorists 
have suggested the existence of new par
ticles to account for puzzling data. and 
we wondered if the upsilon could be one 
of those that had been proposed. 

T he only reasonable candidate was a 
new. massive quark bound to its an

tiquark in atomlike configurations that 
would show up as a closely spaced set of 
masses having many features of the up
silon. The theoretical papers that raised 
the possibility of such a quark were 
speCUlative discussions appealing to aes
thetic prejudices. One group of papers 
hoped the existence of a new quark 
would be able to account for some cu
rious results of certain neutrino-scatter
ing experiments. Our best calculations. 
made early this year. indicate that the 
upsilon has resonances at 9.4. 10. 0 and 
10. 4 GeV [see top illustration on page 80]. 
A particle made up of a fifth quark and 
its antiquark might exist in a ground 
state. or lowest state. at 9. 4 GeV and in 
excited states at 10. 0 and 10. 4 GeV. 
Moreover. the existence of a fifth sub
particle would neatly account for the 
long lifetime of the upsilon. just as the 
fourth quark had accounted for the long 
life span of the Jfljl. If the upsilon con
sisted only of the fifth kind of quark. it 
could not decay into ordinary hadrons. 
which consist of various combinations 
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of only the other four quarks. Such com
pelling considerations convinced most 
particle physicists that the upsilon is in
deed an atomlike composite of a fifth 
kind of quark bound to its antiquark. 

An amusing thing about the hypothe
sis of a fifth quark is that the reasons for 
which some theoretical papers intro
duced it turned out later to be specious. 
The new subparticle was supposed to 
explain puzzling data from scattering 
experiments. which on closer examina
tion proved not to be puzzling at all. 
Where the fourth quark had accounted 
for all kinds of enigmatic phenomena. 
the fifth quark explained only the results 
of our experiment. The misinterpreted 
scattering data had nonetheless served a 
valuable heuristic purpose in stimulat
ing speculation about the properties of 
particles composed of heavier quarks. 
properties the upsilon turned out to 
have. The fact that the four identified 
quarks were paired off as "up" and 
"down" and as "strange" and "charm" 
had led theorists to predict that if there 
were a fifth quark. there would also be a 
sixth. The eccentric names "top" and 
"bottom" or "truth" and "beauty" had 
been r.eserved for the two new quarks in 
the event they were discovered. 

The upsilon resonances present phys
ics with an embarrassment of riches: 
an unexpected family of new particles 
composed of an unexpected fifth quark. 
The impact of the upsilon has already 
been far- reaching. It has prompted 
searches for other heavy particles in 
hitherto unexplored ranges of mass. and 
it has shed light on the inscrutable 
strong force. This force. which binds 
quarks together into hadrons and had
rons together into atomic nuclei. is too 
powerful to investigate by conventional 
scattering and collision techniques. Y et 
any proposed model of the strong force. 
being a description of the force between 
a quark and an antiquark. should cor
rectly predict the energy (or mass) levels 
of the upsilon family. With the upsilon. 
as opposed to the hadrons of lower 
mass. it is easier to evaluate these pre
dictions because the velocities of mas
sive quarks are comparatively low. This 
means that complicated relativistic con
siderations never enter the calculations. 
The predictions of several such theoreti
cal models have failed. which removes 
them from consideration. The success
ful models all suggest that the new fifth 
quark has a charge of -1/3 (the charge 
of the electron being -1) and that the 
force between quarks increases with the 
distance between them. Such a force had 
been proposed to account for the failure 
of particle physicists to observe quarks 
in the free state: so much energy is need
ed to increase their separation that when 
energy is supplied. it goes into creating 
new quark pairs rather than into split
ting old ones. The current thinking is 
that quarks may be permanently con
fined to composite structures. 

FERMILAB APPARATUS detected the upsilon. The bombarding protons and the target nu
cleons collided at a point just out of sight in the foreground. The electromagnets, located at 
the left and the right in front of the man in the foreground, deflected the muon pairs so that 
their energies and separation angles could be measured. The two components of each muon 
pair traveled through different arms of the detectors. Six feet wide, six feet high and 100 feet 
long, the two arms extend from the electromagnets to where the man in the rear is standing. 

The confirmation of this suggestion 
and a better understanding of the strong 
force may not come. however. from the 
study of upsilons created in proton ac
celerators. such as the ones with which 
we worked at Brookhaven and Fermi
lab. The production process is too com
plex. For example. the initial collision at 
Fermilab involves three quarks in the 
proton projectile smashing into three 

IRON WALL 

TARGET BOX 

TARGET 

TUNGSTEN 
BEAM DUMP 

quarks in the target nucleon. The next 
step in the de mystification of quark 
forces will come when physicists are 
able to intensively study upsilons that 
have been produced in storage- ring ma
chines in which electrons and positrons 
circulate in opposite directions and col
lide with one another. These machines 
will provide cleaner and more highly re
solved data. Indeed. they already have. 

IRON 
ABSORBER 

BERYLLIUM ABSORBER was used to screen out nuclear debris in the Fermilab experiment 
because beryllium affects the trajectories of muons much less than iron does. The tungsten 
beam dump collected bombarding protons that missed the target nucleons. This schematic dia
gram is a side view of the apparatus seen head on in the photograph at the top of the page. 
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THREE CLOSELY SPACED RESONANCES characterize the upsilon. With a lowest state at 
9.4 GeV and excited states at 10.0 and 10.4 GeV, the particle was interpreted as consisting of a 
massive fifth quark bound to its antiquark. The upsilon's spectroscopy will be clarified by ex
periments with storage-ring accelerators, and the search for a sixth quark has already begun. 

In April a group of workers at the DESY 
(for Deutsches Elektronen Synchrotron) 
laboratory in Hamburg modified their 
electron-positron storage ring to look 
for the upsilon. They found it at 9.46 
GeV and were able to place an upper 
bound of 7 Me V on the width of its reso-
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nance. (This is a substantial improve
ment on our value of 100 MeV. ) Their 
data also suggest a -1/3 charge. The 
spectroscopy of the upsilon system will 
surely be worked out in detail over the 
next few years when powerful new stor
age rings are completed at Hamburg, 

SYMBOL MASS (GEV) 

Y 0 
v 0 
e .0005 
J.L .105 
,,0 .135 
,,± .140 
K± .494 
P .938 
n .940 
1> 1.020 
i\ 1.116 

DO 1.863 
0+ 1.868 
i\, 2.260 

J/.p 3.098 
.p' 3.684 
Y 9.4 
Y' 10.0 
)"" 10.4 

PARTICLE MASSES are listed in ascending order. The upsilon, with a ground-state mass 
equivalent to an energy of 9.4 Ge V, is the heaviest particle yet discovered. It is three times heav
ier than the J/IjI, which is the second most massive particle, and 19,000 times heavier than the 
electron. Particles incorporating quarks of a sixth kind would weigh more than the upsilon. 
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Stanford and Cornell University. Physi
cists will be looking for the sixth quark, 
the expected. mate of the fifth, and they 
will be searching for particles made up 
of combinations of the six quarks. 

A s accelerator techniques advance, 
£\. physicists will undoubtedly contin
ue to discover new subatomic entities. 
The proliferation will raise deep, unset
tling questions. Are the kinds of quark 
limited in number? If there are six, why 
not 12? If there are 12, why not 24? And 
if the number of kinds of quark is large, 
does it make sense to call the quarks 
elementary? The history of science sug
gests that the proliferation of physical 
entities is a sign the entities are not ele
mentary. The chemists of the 19th cen
tury reduced the apparently infinite va
riety of chemical substances to some 3 6  
elements, which escalated over the years 
to more than 100. As indivisible. ulti
mate constituents of matter the chemi
cal elements simply proved to be too 
many. In the 193 0's it was discovered 
that all the elements were made up of 
electrons, protons and neutrons. After 
World War II these particles were joined 
by dozens of others: pions, kaons.lamb
da particles and so on. Again there were 
too many. Then it seemed that all of 
these could be reduced to three quarks. 
Now experiments indicate that a fourth 
and a fifth quark exist. Are they also 
too many? Will simpler structures from 
which quarks are made soon be pro
posed? Is it possible that there are no 
elementary particles at all. that every 
entity in nature has constituent parts? 
Or will the ultimate simplicity that most 
physicists believe in be lodged in the 
mathematical groups that order the 
particles rather than in truly elementa
ry objects? 

Putting aside these last highly spec
ulative ideas. most physicists despair 
of addressing such questions because of 
the difficulty, if not impossibility. of ex
amining a quark in isolation. Yet the 
experience with the upsilon particle in
dicates that in spite of this difficulty de
tailed knowledge of the motions and 
forces of quarks can be acquired. The 
apparent inseparability of these enti
ties should not in itself block the path 
of inquiry. Consider the lesson physi
cists should have learned from the elec
tron. The development of the theory of 
the electron would probably have been 
slowed but not otherwise hampered if 
electrons had only been observed bound 
in atoms and never in the free state. This 
is an experimentalist's response to the 
prophets of gloom who view the con
finement of quarks as an ultimate limita
tion on knowledge: a wall erected by 
nature to hide its last secrets forever. 
And who is to say that physicists will 
never build an ultrapowerful accelera
tor that could overcome the confining 
force and liberate the quark? 
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Hammett's sigma values helped 
Now that well over a million Kodak instant cameras are out 
working, word of the color performance of Kodak instant 
print film PR-I0 is getting around. Organic chemistry stu
dents doing academic exercises based on the Hammett equa
tion and wondering where it all leads may be heartened by 
the kind of talk that went on in the Kodak Research Labora
tories when the three image dyes for this film were being 
designed. 

Just like the teams who worked on each of the many other 
segments of the project, the folks who had to come up with 
the image dyes considered theirs the most crucial and toughest. 

The concept called for a set of dye releasers-compounds 
to be oxidized by an electron transfer agent-no longer called 
a developer because it recycles-donating electrons to neutral
ize Ag+ and regenerating itself by taking electrons from the 
dye releaser, 

o OH II 

~ 
eNH - BALLAST 

NHS02-Dye 

The oxidation in a highly alkaline environment releases the 
ionic entity NHS02-Dye. This entity must survive unchanged 
through a pH range of 14 to 4, diffuse quickly through several 
gelatin-based layers, make its way past a gaggle of other chem
ical species that are there for various jobs, and attach itself 
firmly by ionic bonds and van der Waal's forces to a poly
meric cationic mordant in the receiving layer. The negative 
charge that spreads over the combination as a whole of the 
sulfamoyl group and the n-electron cloud ofthe chromophore 
it has in tow is the key both to the mobility and to the final 
immobility. 

A seminal paper by L. P. Hammett appeared in 1935 in 
Chemical Reviews 17:125. It did much to make the phe
nomena of organic chemistry quantitatively predictable, 
bringing order to masses of empirical data about the effect on 
reaction rates and equilibria of a given substituent in the 
meta- and para-positions on an aromatic nucleus. The rela
tionship that pulls things together rather well is 

K log- = po Ko 

where, for specified reaction conditions, K is the equilibrium 
constant for an aromatic reactant, Ko the constant for benzoic 
acid so substituted, p a constant that characterizes the reac
tion, and 0 one that characterizes the behavior of that sub
stituent in the meta- or para-position as 
the case may be. The o-value then turns 
out to be interpretable as the tendency of 
the substituent to push electrons toward 
the reaction site or draw them away, ac
cording to whether 0 is negative or positive 
respectively. That being the case, one 
might expect o-values to help predict not 
only ease of ionization but also shifts in 
absorption maxima. Both, of course, were 
vital to our endeavor. 

© Eastman Kodak Company. 1978 

Cross-purposes between hue considerations and ionization 
ease came to a head in selecting R and R' for our yellow dye: 

azo onion 

H'N�t<:�-@ 

R R' 
hydrazone 

Plots like the following showed us that loss of the ionic state 
could shift hue badly: 
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As any organic major struggling with a Hammett question on 
an exam can plainly see, such plots also show that choosing 
the substituents for o-values near the intersection of the two 
lines would avoid such troubles. 
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The man who simplified housing 
bought a Honda Civic. 

You can imagine our feeling of satisfaction when we discovered that 
R. Buckminster Fuller had walked into Darling's Honda 
in Bangor, Maine, and bought a Honda Civic® cvcc® Hatchback. 

Buckminster Fuller is, after all, one of history's most original and pro
lific thinkers. As an architectural engineer, philosopher, 
mathematician, and educator, he has spent over half a century finding 
simple, economical ways to improve our lives. 

What's more, he knows a good deal about automobiles, having owned 
43 different cars over the years. 

© 1978 American Honda Motor Co., Inc. 
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Of course , you may know Bucky Fuller best for his masterpiece of 
s implicity, the geodesic dome . This ingenious structure is one of 
the strongest and most efficient means of enclosing space yet devised 
by man . More than 1 50,000 geodesic domes have been built, 
ranging in size from small dwellings to a railroad roundhouse big 
enough to cover a football field . 

Which brings us back to the subj ect of automobiles . In 1933 Bucky 
Fuller designed and built the Dymaxion Car. It  rode on three wheels ' 
and steered by a single wheel in the rear. This design made it 
highly maneuverable and easy to park. It even had front-wheel drive . 
Sound familiar ? 

Here's what he told us about his Honda Civic CVCC : "Its handling 
feels better to me than any other car I 've ever owned - except my 
Dymaxion�' 

There . Isn't that nice ? And isn't it wonderful when someone like 
Buckminster  Fuller appreciates  what we've done . 

mDl�mm 
We make it simple. 

� 

o 
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SCIENCE AND THE CITIZEN 
Expenditures and Transfers 

Arecent study by the U.S. Arms 
Control and Disarmament 
Agency. World Military Expendi

tures and Arms Trans/ers 1967-1976. doc
uments what almost everyone knows: 
the nations of the world steadily spend 
more money on arms and the interna
tional traffic in arms grows even more 
rapidly. The new report. the tenth in a 
series. for the first time introd uces social 
indicators that make it possible to com
pare military outlays with. for example. 
expenditures for education or for public 
health. The report also makes it possible 
to compare. per 1.000 population for 
each country. the number of people in 
uniform with the number of teachers or 
physicians. Among some of the indica
tors there are hopeful signs. 

For the world as a whole military 
expenditures. in constant dollars. in
creased 19 percent from $3 19 billion in 
1967 to $3 80 billion in 1976. a growth 
rate that almost exactly paralleled the 
growth in world population. which in
creased 18.4 percent. The gross product 
of all the nations. however. increased 
more than twice as rapidly. so that the 
fraction of the gross product spent on 
arms actually declined from 7.1 percent 
to 5.8. Nevertheless. among the devel
oping countries the increase in arms out
lays virtually kept pace with the increase 
in the gross product: both rose 78 per
cent. The fraction of the gross product 
spent on arms therefore remained con
stant at 6.3 percent. 

In the 10-year period ending in 1976 
the nations of the North Atlantic Treaty 
Organization (NATO) decreased their 
annual military spending by 14.5 per
cent from $171 billion to $147 billion. 
representing a drop from 7.1 to 4.6 per
cent in the fraction of a sharply rising 
gross product spent on arms. In the same 
period the nations of the Warsaw Pact 
increased their annual military spending 
by 51 percent from $92 billion to $13 9 
billion. representing a rise from 10.7 
percent to 11 percent of the gross prod
uct spent on arms. Over the 10-year pe
riod. however. the NATO nations out
spent the Warsaw Pact nations by a total 
of $412 billion. 

The 1976 world military outlays of 
$3 80 billion were 11 percent higher than 
the $3 43 billion spent on public educa
tion and nearly 2.5 times higher than the 
$157 billion spent on public health. 
Over the to-year period. however. ex
penditures for education and public 
health grew respectively by 70 and 8 8  
percent. o r  roughly at four times the 
world rate of arms expenditures. In the 
developing nations annual expenditures 
for both public education and public 
health doubled over the 10-year peri-

od. slightly exceeding the growth rate in 
arms budgets. Over the same period the 
developing nations showed a sharp rise 
in the number of teachers per 1.000 pop
ulation from 2.8 to 3.8 .  and a slight in
crease in the number of physicians per 
1.000 from .17 to .19. In the developed 
nations the 10-year increases per 1.000 
were from 9.9 to 11.4 in the number of 
teachers and from 1.56 to 1.68 in the 
number of physicians. For purposes of 
comparison in 1976 the number of peo
ple in military uniform per 1.000 was 
10.1 in the developed nations. down 15 
percent in 10 years. and 4.97 in the de
veloping nations. up about 6 percent. 

Not surprisingly much of the world's 
growth in military expenditures for the 
decade 1967 through 1976 was made 
possible by an even more spectacular 
growth in the value of arms exports (and 
corresponding imports). That value in
creased 60 percent from $8 billion in 
1967 to $12.8 billion in 1976. By and 
large the developed nations were the ex
porters and the developing nations were 
the importers. Five nations-the U.S .. 
the U.S.S.R .. France. West Germany 
and Britain-provided about four.-fifths 
of the world's arms exports. Although 
the U.S. (with 1976 shipments of $5 bil
lion) and the U.S.S.R. (with 1976 ship
ments of $3 .6 billion) are by far the larg
est exporters. the fastest growth over the 
10-year period was registered by Italy. 
West Germany. France and Britain. 

In a foreword to the report. Paul C. 
Warnke. head of the Arms Control and 
Disarmament Agency. wrote: "We hope 
that this publication will help to focus 
attention on the serious need for timely. 
reliable data about worldwide national 
expenditures. But its primary purpose 
is to stimulate informed attention to 
the growing global trade in destructive 
weaponry. to the increasing diversion of 
scarce resources to military purposes. 
and to the opportunities for arms con
trol that these circumstances suggest." 

Enhanced Ecological Effects 

Much has been written in recent 
. months about what effects en
hanced-radiation weapons ("the neu
tron bomb") might have on troops in the 
field. Now Arthur H. Westing of Hamp
shire College has calculated some of 
the effects such weapons might have on 
the natural environment. Writing in the 
Royal Swedish Academy of Sciences 
environmental journal Ambio. Westing 
compares the environmental effects of a 
one-kiloton conventional nuclear weap
on (which maximizes blast and heat) 
and those of a one-kiloton enhanced-ra
diation weapon (which minimizes blast 
and heat and maximizes penetrating ra
diation such as neutrons). both weap-

ons being exploded at a height of some 
1.000 feet. 

The blast effect of the enhanced-radi
ation weapon. Westing writes. would be 
only a fifth that of the conventional nu
clear bomb. As a result the radius within 
which virtually every living thing would 
be killed would be less than 200 yards. 
or about 25 acres. compared with the 
125 acres that would be destroyed by 
the conventional weapon. On the other 
hand. the areas that would be affected to 
varying degrees by the penetrating radi
ation would be very much larger. The 
lethal radius for plant microorganisms 
would be about 400 yards. affecting ap
proximately 100 acres; for insect life it 
would be more than 600 yards. or 250 
acres. and for trees and shrubs it would 
be an average of nearly 900 yards. or 
some 500 acres (and for a conifer forest 
750 acres). The area of radiation intense 
enough to ensure the eventual death of 
50 percent of the animal population has 
a radius of more than 1.3 00 yards, or 
some 1.200 acres. 

Westing notes that these effects would 
be the result of radiation emitted by the 
enhanced-radiation weapon instantane
ously. In addition neutrons would be 
absorbed by the nuclei of elements in 
the soil. some of which would thereby 
be made radioactive. The radioactivity. 
however. would not be long-lived. Some 
silicon, the most abundant element in 
soil (some 30 percent by weight) . would 
be transmuted into silicon 3 1. a radio
active isotope with a half-life of 2.6 
hours. Sodium, a tenth as abundant in 
soil as silicon. would be transmuted 
into a somewhat longer-lived artificially 
radioactive isotope: sodium 24.  which 
has a half-life of 15 hours. 

Insulin by Bacterium 

M illions of diabetics depend for their 
survival on daily injections of the 

hormone insulin. which is too complex a 
molecule to synthesize industrially and 
must be extracted from the pancreatic 
glands of slaughtered pigs and cattle. 
Because the number of diabetics is esti
mated to be increasing at an annual rate 
of 6 percent the demand for animal in
sulin may soon exceed the available 
supply. The outlook has now been im
proved by an application of recombi
nant-DNA technology. Writing in Pro
ceedings 0/ the National Academy 0/ Sci
ences. Walter Gilbert and his colleagues 
at Harvard University (Lydia Villa-Ko
maroff. Argiris Efstratiadis. Stephanie 
Broome. Peter Lomedico. Richard Tiz
ard. Stephen P. Naber and William L. 
Chick) report that they have induced the 
bacterium Escherichia coli to manufac
ture and secrete rat proinsulin. an imme
diate precursor of rat insulin that incor-
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Buy direct 
by phone by catalog 
Il1al's free 
We sell top name brands of 
Hi-Fi equipment, accessories, 
records, and tapes at incredi
bly discounted prices. Our 
catalog contains 48 pages of 
select quality products and its 
FREE. 
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FREE. 
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One free TI 503-1 digital watch with single purchase of $650 from this ad. 

All Tl units CQrne complete, fully guaranteed by Texas Instruments. 

HEWLETT-PACKARD IIEWMOIIHS 
"HP]I[$cientilic .9.95 

Your Cost °HP32EAdv Scientific 65.95 Model 
HPIO 
HP 19C 
HP29C 
HP 61 

139.95 HP 80 235.95 
259.95 
409.95 
53-4.95 

"HP3JEPrOiScientific 82.95 
"HP31E Bus Manaa;ement 61.95 
"HP38E Finan Pr�gram 98.95 

Z21.95 HP91 
144.95 HP92 
352.'JS HP97 ·"Subjedto ivailability. 

HP accessories at discount prices One year guarantee by H -P. All units come complete. 

Philips-NGfelco#185 
Philips-No/elco#95 
PMips·NOfelcoNTI 
Philips-NOftlco 88 
Ptlilills-NOfelco 100-31)2 

Ptlilips-NOfelcoI01-303 
Ptlilips-Nolelco 101-3(1( 
Ciaie Diet All Models 
SanyoDictAll Models 

We will beat any deal. Try u$ at anytime. 

SPECIALS 
11)9.95 Pearlc()fderDict. 
149.95 RCA SetectavisiOllVBT200 
189.00 Sony Betamax 8600 
265.00 GE 4S"TVKreen.llul 
419,95 Sony 1979 TVs. all models 
459.95 AlariProIL. Video game 
429.95 PrintingcalculatOfs 
Callus �iko&Citinflwatches 
C.llu$ RCA & Zenith TV! 

from 129.95 
149.95 
callus 
Call us 
Call us 
\69.95 

from 59.95 
Callus 

from 99.95 

fREE oneSI4.95PfescolatOf coff!flmahllllitb pulcbase of one caseof CoffeePl�s 
124 1-lbClns) at SI.79 per lb. flee delivery IlIithin conlinenlal U.S. 

No one cln beat Olympic Sales Co. prices and fut se�ice. Try us. Ask fOf OUI famous calalo,. 
Priceslleto.b.l.A.Add S 4.95 fOf shipping hand-heldcaics. Calif. ll!Sidentsadd 6% sales t ... 

Goods subject to Ivailability. We IlIill but any price if competition hUloods 00 hand. 

Outside Calif. call toll-free (8001 421-804501 1800J42t-807I. In Calif. call (213) 381-3911,. 

.. � VISA and MASTERCHARGE calds mepte4. • 
L Baltimore, Maryland 21227 ...J 

-------

OL':ImPIC ML£S COmPhn':l Inc 
216 South Oxford Ave - P 0 BOl( 74545 

los Anyeles CA 90004· (213) 3813911 • TeleK 67 3477 
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Leader in Microcomputer Systems 
• In 1972, Q1 Corporation developed, manufactured and delivered 

the world's first microcomputer system to litcom, a division of 

litton Industries. 

• Q1 Corporation was the first to introduce microcomputer systems 

with flexible diskette drives for external storage, which are now 

becoming the industry standard. 

• Q1 was the first to make available on a low-cost microcomputer 

system the powerful PL/l programming language used on the far 

more expensive IBM 370 systems. 

• Q1 Corporation set a fundamental new trend in the computer 

industry by introducing the multifunction microcomputer 

system, which cost-effectively replaces a wide variety of 

equipment including word-processing machines, accounting 

machines, desk-top programmable scientific calculators, and 

data-entry equipment. 

• In 1977, Q1 delivered the world's first computer system utilizing 

magnetic bubble memory technology to the headquarters of the 

National Aeronautics and Space Administration. 

Look to for the 
next major advance in microcomputer systems 

porates the insulin itself. Their effort is 
an important step toward the goal of 
developing bacterium-based industrial 
systems that will replace animal and hu
man tissues as the source of medically 
useful proteins such as insulin, growth 
hormone and clotting factor. 

The first attempts to manufacture rat 
pro insulin in bacteria were made last 
year by Howard M. Goodman and his 
colleagues at the University of Califor
nia Medical School at San Francisco. 
They obtained messenger RNA bearing 
the genetic code for proinsulin from the 
insulin-secreting islet cl<lls in the pancre
as of the rat and used the RNA as a 
copying template for the synthesis of 
DNA. (The copying was achieved with 
the aid of the viral enzyme reverse tran
scriptase.) The copied DNA, represent
ing the gene for pro insulin, was then in
serted into a bacterial plasmid, a small 
ring of DNA that can pass from one 
bacterium to another. The bacteria did 
not, however, manufacture proinsulin, 
because (1) the gene for proinsulin was 
not inserted into the plasmid in such a 
way that it would be recognized by the 
bacterium as one of its own genes, and 
(2) even if the pro insulin had been man
ufactured, it would have been recog
nized as being foreign and would have 
been degraded by bacterial enzymes. 

In order to induce the manufacture of 
proinsulin and circumvent its degrada
tion Gilbert and his co-workers took a 
slightly different approach: they insert
ed the pro insulin DNA into a plasmid
carried gene for a bacterial protein that 
is normally secreted into the periplas
mic space, the space between the outer 
wall of the bacterium and the plasma 
membrane inside it. The protein they 
chose was penicillinase, an enzyme that 
inactivates penicillin and thereby ren
ders the bacterium resistant to the drug. 
The investigators reasoned that if the 
proinsulin gene were inserted into the 
middle of the penicillinase gene, the 
combined DNA would give rise to a hy
brid protein that would be reasonably 
stable. The rat pro insulin would then 
"hitchhike" with the bacterial penicil
linase into the periplasmic space, from 
which it could be extracted and then as
sayed with an antibody technique. 

The Harvard group utilized a specific 
restriction enzyme (designated Pst) to 
cut the plasmid at a unique site in the 
middle of the penicillinase gene. The 
pro insulin gene was spliced into this site, 
and the ring of DNA was resealed with a 
ligating enzyme. Several clones of bac
teria containing the spliced genes were 
then prepared by softening the outer 
wall of the bacteria so that the plasmid 
could enter the bacterial cells and be 
maintained there. In accordance with 
the guidelines for recombinant-DNA 
research laid down in 1976 by the Na
tional Institutes of Health, the experi
ments were done in a biological safety 
cabinet in the P3 (moderate isolation) 
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The world of dinosaurs ... mysteries of the past ... black 
holes, quasars, and the universe ... mind and supermind-

Sooner or later all the secrets of the natural world are revealed to the members of the 

Natural Science Book Club 
52420. THE HARPER DICTIONARY OF MOD· 
ERN THOUGHT. 700 pages, 4000 key terms. $20.00 

87750. THE WORLD OF DINOSAURS. Michael 
Tweedie. Draws on the revolutionary new discoveries 
for a powerful narrative of the reign of the colossi. 
Outsized. Almost 100 illustrations, most in color. 

$14.95 

48475. FIELDBOOK OF NATURAL HISTORY. 
The most authoritative and comprehensive guide to 
natural history ever published. Wnh over 800 illustra-
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63340-2. MYSTERIES OF THE PAST. Edited by 
Joseph J. Thorndike. Jr. Fascinating exploration on 
how science is solvin� such ancient enigmas as Maya 
and Stonehenge. Lavlshly illustrated. Counts as 2 of 
),our 3 books. $34.95 

34210. THE ARCHAEOLOGY OF NORTH 
AMERICA. Dean Snow. Prehistoric Indian cultures, 
from the first crossings into this continent to the 20th 
century. 195 photos, charts. and maps. $18.95 
36395. BLACK HOLES, QUASARS, AND THE 
UNIVERSE. Hellry L. Shipmall. An absorbing explo
ration of the frontiers of astronomy. $14.50 

EXTRAORDINARY 
VALUE! 

00470-3 VAN NOSTRAND'S SCIENTIFIC 
ENCYCLOPEDIA. Edited by Douglas M. 
Considine. Nearly 200 experts have contrib
uted to the thoroughly revised and expanded 

L 
Fifth Edition of the most authoritative single
volume source of scientific information ever 
assembled. Over 2,500 illustrations. Counts 
as 3 of your 3 books. $67.50 

Take any 3 books 
(values to $67.50) 
for only 99¢ each 

if you will JOin now for a trial penod and 
agree to take 3 more books-at handsome 

. 
discounts-over the next 12 months 

63350. MYSTERIES OF THE MEXICAN 
PYRAMIDS. Peter Tompkills. Stunning array of 500 
photos, drawings and maps illustrates the fascinating 
Mesoamerican pyramids which have mystified ar
chaeologists for centuries. $20.00 
62700. MIND AND SUPERMIND. Edited by Albert 
Rosenfeld. Reports on the mechanism of memory, 
pacemakers for the brain, therapeutic use of 
megavitamins, and much more. $8.95 
63980. NEFERTITI. Philipp Vandellberg. Excellent 
biography, based on the archaeological records, of the 
mysterious Egyptian queen. $10.00 
52850. THE HIGH FRONTIER: Human Colonies 
in Space. Gerard K. O:Neill. Convincing look at the 
plausibility of space colonies in the near future, $8.95 
54985. THE ILLUSTRATED ENCYCLOPEDIA 
OF THE MINERAL KINGDOM. Beautifully illus
trated survey. $20.00 

(Publishers' Prices shown) 

MEMBERSHIP BENEFITS. In addition to 
/letting three books for only 99' each when you 
Join, you keep saving substantially on the books 
you buy . •  Also, you will immediately become 
eligible to participate in our Bonus Book Plan, 
with savings of at least 70% off the publishers' 
prices . •  At 3-4 week intervals (15 times per 
year) you will receive the Book Club News, 
describing the corning Main Selection and Al
ternate Selections, together with a dated reply 
card. In addition, up to 4 times a year, you may 
receive offers of special selections. always at 
substantial discounts . •  If you want the Main 
Selection, or the special selection, do nothing 
and it will be sent to you automatically . •  If you 
prefer another selection, or no book at all, sim
ply indicate your choice on the card, and return it 
by the date specified . •  You will have at least JO 
days to decide. If because of late mail delivery of 
the News, you should receive a book you do not 
want, we guarantee return postage. 

54995. THE ILLUSTRATED ENCYCLOPEDIA 
OF ARCHAEOLOGY. Over 1000 entries and 100 
illustrations. $17.95 

48601. THE FIRST THREE MINUTE SITHE 
COLLAPSING UNIVERSE. Fascinating tour of the 
universe through its expansion and evolution. Plus, the 
investigation of the most mystifying of astronomical 
phenomena-the black hole. The 2 count as on$rf� 
44330. THE EMERGENCE OF SOCIETY. John Pfeiffer. A rare look into prehistory offers a fascinating 
account of man's earliest religions. hierarchies, and 
cities. 170 illustrations and drawings. $15.00 
55547. INSIDE THE ANIMAL WORLD: An En
cyclopedia of Animal Behavior. Maurice & Robert 
Burton. An elegantly illustrated, comprehensive sur
vey of every facet of animal activity. $17.50 
37211-2. THE CAMBRIDGE ENCYCLOPAEDIA 
OF ASTRONOMY. Huge work covers everything 
from the life and death cycles of the stars to the origin 
and fate of the cosmos. Beautifully illustrated. Counts 
as 2 of your 3 books. $35.00 
77681. THE SELFISH GENE/SOCIOBIOLOGY 
AND BEHAVIOR. Two books on the fascinating
and controversial-new theory of sociobiology. The 2 
count as one book. $18.90 
(----------------. 

Natural Science Book Club 4-A3E 
Riverside, New Jersey 08075 
Please accept my application for membership 
and send me the three volumes indicated, billing 
me only 99� each. I agree to Aurchase at least 

���efir:�f�t���!h��l��i��e%be��eu�d���h
d
e
uj�� 

plan described in this ad. Savings range up to 
30% and occasionally even more. My member
ship is cancelable any time after I buy these three 
books. A shipping and handling charge is added 
to all shipments. 

3 books for 99¢ each 
Indicate by number the books you want. 

A few expensive books (noted in book descriptions) 
count as 2 or 3 choices. 

Name ______________________ __ 

Address __ ________________________ __ 

City ____________________________ _ 

State Zip ____________ __ 

(Offer good in Continental U.S. and Canada 
only. Prices slightly higher in Canada.) 

----- - ----------� 
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THE SECOND EMPIRE 
JIrt in France under Napoleon I I I, 1 8 52 -1 8 70 
JIrt, Science, and Manufacture in an Age of Experiment 

NADAR, in his friend Daumier's 
cartoon, rises above the bou
levards of newly transformed 
Paris to take the first photographs 
from the air. 

Having shown by his portraits 
that science could assist art, N adar 
took his camera into the catacombs 
to emerge with the first photo
graphs made by artificial light. 

His balloons carried printing 
presses aloft to publicize projects 
for heavier-than-air flight, and the 
second voyage of the "Giant," the 
largest balloon ever made, resulted, 
thanks to a strong gale, in the first 
international passenger flight. 

Undaunted by a crash near 
Hanover, Nadar's restless 
imagination conceived the idea 
of the balloon airmail which broke 
the siege of Paris in 1870 by flying 
above the reach of Prussian guns. 

The Philadelphia Museum of Art presents, from October 1 to November 26, 1978, 

an exhibition of more than 300 Second Empire objects, including painting, sculpture, 

outstanding decorative arts of the period, architectural drawings, and photographs. 

The exhibition will also be shown at The Detroit Institute of Arts from January 18 

to March 18, 1979, and at the Grand Palais, Paris, from April 24 to July 2, 1979. 
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O
UTSIDE MAGAZINE 

goes for it, and 
brings it back 
each issue in 

superbly written 
articles and breathtaking 
photos -the rare , the adven
turous, the outrageous. 

Together with humor, 
analysis, and OUTSIDE's own 
contemporary perspective. 

You'll get stories.!ike: The 
Propwash Chronicle -barn
storming America in a single
engine plane. The Man Who 
Invented Running-a profile 
of Frank Shorter, the Olympic 
marathoner who started 
America running; the Colos
sus of Crazy Horse-a man's 
twenty year struggle to carve 
the biggest statue in the world; 
The New Cowboys , by 
Thomas McGuane-uI like 
to get a leetle loaded and rope 
horned cattle"; Death Raft-a 
true saga of survival on 
the open sea. 

Plus OUTSIDE's regular 
service features for outdoor 
people: Almanac, Law of the 
Land, Exposure, Hardware/ 
Software, and Out There. 

A year's subscription to 
OUTSIDE (6 big bi-monthly 
issues) costs just $6. You'll 

#' saVe $3 (a full one-third) off 
the newsstand price of$9. 

So go for it. OUTSIDE. 

Subscribe to 

today and save one-third! 
[]DDDDDD 

ALL Send me a year's 
D RIGHT subscription 

to OUTSIDE 
D (6 bi-monthly issues) for 

D just $6! I'll save $3 off 
the newsstand price of $9. 

o 0 Payment enclosed 
.�,._�� D 0 Bill me 

D Name .... 

D Address 

D City .... . 

State .............. Zip ..... . 

D Send your order to: 

B�� p.o. Box 2444 D Boulder, Colorado 80302 8130 
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r---------------------� 
• What your home could : : have in common with the Met, • 

: the Tate, and the Louvre. : 
• Beautiful, original works by artists who • 
• are represented in the world's great museums . 

and galleries can be yours for very reasonable . • pnces. 

• We offer original etchings, lithographs • 
and serigraphs signed by Calder, Chagall, 

• Dali, Delacroix, Renoir and other important • 
artists. • • (Jean-Pierre Cassigneul's nostalgic litho- • • graph, Femme au Chien a Deauville, is just 

• one of the many fine prints we've recently • made available.) 

• Our expert advice and full money-back • 
• guarantee are your assurances that the art • 

you buy wiIl have lasting value and beauty. 

• Send for our colorful, descriptive bro- • 
• chure, without obligation. • 

: C.";'"'"Ori;i;;;;';;� group,Ltd. w' : 
• 120 East 56th Street, Dept. SA-14 , New York, N.Y. 10022 11 • 
• 

0 PLEASE SEND ME YOUR FREE COLOR BROCHURE • 
Name 

• • 
I �� 

• 
L City State Zip I 

---------------------� 
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laboratory at the Massachusetts Insti
tute of Technology. In addition the in
vestigators used as the bacterial host a 
"crippled" strain of E. coli, designated 
Xl776, which can survive only in a com
plex synthetic medium and hence can
not infect man or other organisms. 

Gilbert and his co-workers got 48 
clones of E. coli that contained plasm ids 
with the inserted proinsulin gene. About 
two-thirds of the clones were resistant to 
penicillin, indicating that active penicil
linase was being manufactured. The 
degree of resistance varied, suggesting 
that different segments of the two genes 
were being expressed to yield hybrid 
proteins of different sizes and stabilities. 
Only one clone secreted a hybrid protein 
that incorporated nearly all the proinsu
lin molecule in addition to about two
thirds of the penicillinase molecule. 
This hybrid protein reacted with anti
bodies specific to proinsulin and peni
cillinase, indicating that it contained 
regions whose three-dimensional struc
ture resembled the native conformation 
of the two molecules. Determining the 
sequence of nucleotides in the plasmid 
DNA for the hybrid protein revealed 
that the proinsulin gene had by chance 
been inserted into the penicillinase gene 
in the correct orientation and "read
ing frame" for it to be successfully ex
pressed. 

The Harvard group has obtained bio
logically active rat insulin from the hy
brid protein by digesting it with a pro
tein-cleaving enzyme, but the yield of 
the product is extremely low: about 100 
molecules per cell. One problem is that 
small proteins such as insulin are very 
sensitive to degradation by enzymes that 
are normally present in E. coli. The 
group is now attempting to increase the 
amount of pro insulin that is manufac
tured and secreted by the bacterium. 

Rat insulin cannot be utilized by hu
man diabetics, but Gilbert and his col
leagues believe much the same ap
proach can be taken in preparing hu
man insulin in E. coli. Indeed, the bac
terial manufacture of human insulin 
may eventually prove to be cheaper and 
more efficient than the purification of 
the hormone from pigs and cattle, and it 
would be particularly valuable to dia
betics who are allergic to animal insulin. 

(7ost-1?J5rective 

Preventive medicine is the best exam
ple of the adage "An ounce of pre

vention is worth a pound of cure," and 
the economic equation implied by the 
adage can take some interesting forms. 
A case in point is presented by Brandon 
S. Centerwall and Michael H. Criqui of 
the School of Medicine (at La Jolla) of 
the University of California at San Die
go, who have analyzed a simple preven
tive measure: fortifying alcoholic bever
ages with thiamine (vitamin B-1) in or
der to forestall the Wernicke-Korsakoff 
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The 
Ultimate 

Tax Shelter 
Tax experts are 
calling a small, 
privately-owned 
corporation "the 
ultimate tax 
shelter." I ForA11 

Deomes 
Because government has 
recognized the important 
role of small business in our 

Save $300 to $1500 
You'll save from $300 to $1,500 simply 
by using the convenient tear-out forms 
included in my book. Everything you 
need is there: certificates of incorpora
tion, minutes, by-laws and complete 
instructions. 

Reader Comment 
"Whether or not to establish a corpora
tion is a business decision. At the present 
time your lawyer will charge from $300 
to $1500. In reality, in most cases he 
will spend less than an hour working for 
you. In order to protect yourself from 
your lawyer, read Ted Nicholas' book. 
You will be amazed at how simple it is 

country, there are numerous laws 
favoring corporation owners. 

»""' v._ and how little time it takes. Even ---;��' .���- '�� �� .�.�' �=::=::'-...'t!..J!���i more important, you will discover 
With the help of my book, 
anyone-from any income bracket can 
take advantage of this readily available 
tax shelter. 

Anyone Can Incorporate 
Small unincorporated businesses, enjoy· 
able hobbies, part·time businesses, even 
existing jobs can be set up as full-fledged 
corporations. I've written this book to 
show you the simplest, fastest and 
least expensive way to incorporate. 

If you're intrigued with the thought of 
running your own corporation, even on 
a part-time basis, but don't have a 
specific idea in mind, I believe my 
book can stimulate you to action. It's 
important to remember that you don't 
need to have a big operation or business 
to benefit. Ninety-eight percent of 
new businesses formed every month in 
the U.S. are small businesses-often 
just one person working out of his home. 

How You Benefit 
Your initial investment can vary from 
zero to a few hundred or a few thousand 
dollars. I know it can be done because 
at age 22, with no capital, credit or 
experience, I incorporated my first 
company-a candy manufacturing 
concern and raised $96,000. From that 
starting point grew a chain of 30 stores. 
You too ca."1 go as far as your determina
tion and imagination will take you. 

\'Jhen you incorporate, this limited 
personal liability is your investment in 
the business. Your home, furniture and 
car are not at risk. You can raise capital 
by borrowing or selling stock and still 
keep control of your business. You can 
put aside up to 25 percent of your 
income tax free into lucrative retirement, 
pension and profit sharing plans. Your 
own corporation enables you to maintain 
continuity and facilitate transfer of 

ownership. Many tax free fringe benefits 
can be arranged, such as the deductible 
health and life insurance programs. 
Medical and dental expenses for both 
you and every member of your family, 
can become tax deductible to your 
corporation. If you wish you may set up 
a non-profit corporation or foundation. 
It'll show and draw a salary while helping 
your favorite charity. If you prefer maxi
mum privacy you may operate anony
mously under a pen name you can 
record for one dollar. 

Startling Facts Revealed 
Lawyers charge substantial fees for 
incorporation when often they prefer 
not to and 11l explain why. You'll discover 
why 2/3's of the New York and American 
Stock exchange companies incorporate 
in Delaware -the state most friendly 
to corporations. You'll learn how you can 
have the same benefits as the largest 
corporations. 

You'll be able to hold all corporate 
offices, President, Vice-President, and 
Secretary, if you wish. 

My Personal Guarantee 
If you are not 
completely satisfied 
with my book, 
return it un
damaged within 
a full year and 
your money will 
be promptly 
refunded. And 
even if you do 
return it, The 
Income Portfolio 
is yours to keep. 

If coupon 's miSSing. wnte to ENTERPRISE PUBLISHING COMPANY' 501 Beneflc,al Bldg ' W,lmlngton. DE 19801 

you can form your own corpora-
tion without a lawyer and save a lot 

of money." 

Samuel A Weems, Former Judge 
and District Attorney, Author 
of "How To Protect Yourself 
From Your Lawyer" 

Free Bonus 
As a bonus for ordering my book How 
To Form Your Own Corporation Wl'thout 

d Lawyer for Under $50, 11l send you 
absolutely free The Income Plan. This 
portfolio of valuable information which 
normally sells for $9.95 shows you 
how to convert almost any job into 
your own corporation. You could 
increase your take-home pay by up to 
25 percent without an increase in 
salary. Employers could also save time 
and money on payroll records and 
withholding taxes. 

14 day free examination offer. 
Complete coupon and mail at once. 
----------------

Mail to: 
SJ!:i'8X<:: 

Enterprise Publishing' Company • 501 
Beneficial Bldg. • WWnington, DE 19801 
Aease mail __ oopies of HOW TO FORM 
YOUR OWN CORPORATION WITHOUT 
A LAWYER FOR UNDER $50 by Ted 
Nicholas @ $14.95. It is my understanding 
if I am not oompletely satisfied with the book 
I may return it within two weeks of receipt 
for a prompt refund and keep the Income 
portfollo for my trouble. 

__ I enclose my check for $14.95 
__ 01arge my BNMC a=unt 

;c.1I ______ expiration date __ _ 

Signature ___________ _ 

My name is _______ ___ _ 

I llve atL ______________ ________ __ 

Oty State __ z,p Gx!e __ 

---------------
Enterpnse Publishing 1978 C 1 047 
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WE MAKE WINE AS IFTHE TURN 
OFTHECENTURYNEVERTURNEU 

AFTER 100 YEARS, our philosophy for 
making Estate Bottled wine remains the 
same as our Founder's: "Perfection, at 
any cost:' T hat's why we still make wine 
much the same way we have for the last 
century. 

Our 200 year old German Casks 
could probably be replaced with modern 
steel vats . But Black Forest Oak has a "Perfection. at any cost:' 

Captain Gustave Niebaum mellowing effect on red 
wine we just couldn't get any other way. 

And we age our red wines at least one 
year longer than many other wineries. 

Traditions like these are the basic 
difference between good wine and fine 
wine. And after 100 years of making 
truly fine wine, we're not about 
to change. 

Inglenook Vineyards. Rutherford. Napa Valley. California 
Celebrating 100 years 0/ Superior Winemak.ing. 

1879-1979 

syndrome, a thiamine-deficiency disor
der occurring primarily among alcohol
ics. They have concluded that the adop
tion of the measure in the U.S. would 
be worth at least $53 million per year. 
Writing in The New England Journal of 
Medicine, they report that the annual 
cost of the long-term institutionaliza
tion of sufferers from the Wernicke
Korsakoff syndrome is $70 million and 
that "the cost of adequately fortify
ing alcoholic beverages is estimated to 
range from $3 million per year if allithi
amines are used to as much as $17 mil
lion per year if thiamine hydrochloride 
proves necessary." (The allithiamines 
are analogues of thiamine that appear to 
have the same pharmacological effects 
and are absorbed from the intestinal 
tract essentially without limit; thiamine 
hydrochloride, the standard form, is ab
sorbed poorly by alcoholics.) 

The Wernicke-Korsakoff syndrome is 
a neurological disorder that begins with 
an acute phase characterized by palsy 
and poor muscular coordination; with 
treatment the acute phase gives way to a 
chronic phase, Korsakoff's psychosis, 
characterized by severe amnesia. The 
patients usually do not respond to treat
ment and must be institutionalized. Thi
amine deficiency, brought on by the typ
ical alcoholic's poor nutritional habits. 
has been well documented as the cause 
of the disease. Since alcoholic beverages 
already contain a small fraction of the 
recommended daily allowance of thia
mine, which is from one milligram to 
1.5 milligrams, Centerwall and Criqui 
renew a proposal that others have made 
previously: add thiamine to alcoholic 
beverages, as vitamins are added to 
milk. They buttress their proposal with 
an array of economic data, including the 
cost of institutionalizing victims of Kor
sakoff's psychosis, the U.S. consump
tion of alcoholic beverages in 1977 (21. 5 
billion liters, or 5.7 billion gallons, con
sisting of 1.5 billion liters of wine, 1.5 
billion liters of liquor and 18.5 billion 
liters of beer) and the cost of adding two 
milligrams of allithiamine to every half 
liter (pint) of liquor, two liters (two 
qllarts) of wine and four liters (one gal
lon) of beer. 

"Some may believe," they write, "that 
alcohol is not a legitimate 'food' and 
that adding vitamins would give it an 
undeserved aura of legitimacy. Unfor
tunately, alcohol is the chief source of 
calories for millions of Americans. Sim
ilarly, some may think drinking should 
not be made safer because it will only 
encourage the practice. We can only 
suggest that the presence or absence of 
thiamine in alcoholic beverages is un
likely to influence rates of alcoholism." 

Past and Future Shocks 

Predicting earthquakes can be a shaky 
business, but two geologists have 

been able to make some interesting pre-
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By the end of this century, when the world's 
demand for petroleum will exceed what it can pro
duce, alternative fuels will have already begun phasing 
into the energy picture. 

What will these new fuels be? Scientists here at 
the General Motors Research Laboratories long ago 
started exploring the possibilities. They've conducted 
engine studies with hydrogen, methane, ammonia, 
propane, acetylene, methanol, ethanol, and with liquid 
hydrocarbons from coal and oil shale. 

(/) 

Most 
Likely 

POTENTIAL AUTOMOTIVE FUELS 
-__ least 

...... _� __ Likely 

PETROLEUM OIL SHALE COAL BIOMASS NUCLEAR 

5 Diesel Fuel--. ________ ..... _. g Methanol -_ 
Ethanol-----------_ 

Hydrogen--------] 
(/) Methane -------- i_I---I-
� Ammonia----------------i __ 
� Propane-- -__ _ 

Acetylene--------__ 

Although the principal aim was to understand the 
combustion process, the overall system - from 
resources in the ground to power at the wheels -
was also considered. 

So what have we learned? Hydrogen, for exam
ple, behaves well enough in an engine. However, 
storage and control problems in a car severely limit its 
prospects. 

Methanol, on the other hand, is more manage
able. And we have modified production vehicles to run 
on this fuel. But methanol poses a serious starting 
difficulty below 5° C. Moreover, it would be costly. 

,---- RELATIVE COST OF FUEL FROM SOURCE ---� 
(Estimated on an Energy Basis) 

Methanol _ Gasoline _ Diesel Fuel 
4r--�=----��---------_. 

3r------------� 

o 
(Methanol is made 
from natural gas) 

COAL BIOMASS 
{Synthetic _ (Synthesis Gas) 
Crude Oil ) 

Which brings us to gasoline and diesel fuel 
derived from oil shale. Environmental, social, and 
political factors may favor other alternatives. But our 
studies, based on energy efficiency and economics, 
indicate that these two derivatives have the greatest 
potential for being the automotive fuels of tomorrow. 

Alternative fuel research. It's one of the many 
ways General Motors is preparing for the future. 

We currently have ()jJenings for Ph.D.s in engineering 
or the physical, mathematical, or biomedical sciences. If 
interested, please send your resume to: GMR Personnel, 
Dept. 1010. An Equal Opportunity Employer. 

There"s no fuel 
like the old fuel_ 
But there are 
alternatives_ 

General Motors 
Research Laboratories 
Warren, Michigan 48090 
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©1978 Polaroid Cqrporation,"Polaroid:'''SX-70',' "Pronto" and "One Step,"· 

At the press of one button, sound waves bounce off your subject and return to 

Polaroid introduces 

automatic focusing. 
Imagine taking pictures with a camera that matic ultrasonic technology. 

does all the focusing for you automatically, At the press of one button, the new Sonar 
instantly and perfectly-with sound waves. OneStep cameras automatically focus, set the 

A new era in photography is here. shutter speed, the lens aperture, and make the 
Polaroid's revolutionary Sonar OneSteps exposure. In as little as a second and a half, 

are the first cameras ever introduced that you have the developing picture in your hand. 
focus by themselves using completely auto- No other camera has ever given photog-
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the camera. In a split second, the lens automatically rotates to the precise focus. 
raphers such complete freedom to make 
instant pictures so accurate so easily. 

These unique sonar cameras send out an 
inaudible sound,signal that bounces off the 
subject and returns to the camera, in 
milliseconds-and the lens automatically 
rotates to perfect focus. 

Sonar automatic focusing is 
dramatically faster 
than conventional 
manual focusing. 
You can shoot in
stant pictures, one 
after the other, from 
close-up to infinity, 
without wasting time 
focusing. Just aim 
and press one but
ton You can get 
sharp, precisely 
focused pictures �:��iiii_:::1� 
every time. It's that simple. 

With split-second sonar focusing, those 
unposed, once-in-a-lifetime shots are easy 
because this camera does all the work for you 
automatically. In dim light, or even total dark-

ness, you can take sharp, precisely focused 
flash pictures. All you do is pop on a flashbar 
and press the button. This amazing camera 
automatically measures the distance to your 
subject in any light. 

Polaroid's new Sonar OneStep Land camera 
is available in two models. The SX-70 Sonar 

OneStep and the Pronto Sonar OneStep, 
from $99.95. 

The Sonar OneSteps 
from $9995* 

'Suggested list Pronto SONAROneStep 
OneSteps.The worlds simplest cameras. 
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WHEN YOU'RE READY TO 
STEP Up, YOU'RE READY FOR 

A HEWLETT·PACKARD. 
Hewlett-Packard is the step up - in 
quality, ease of use and total 
design . Whether i t 's a powerful 
ful ly  programmable model or 
your first scient ific  calculator, 
there's a Hewlett -Packard j ust 
right for you . 

THE FIRST STEP. 
The HP-31E.  Scientific. $60:' 
The first of our new, economical 
Series E .  Consider i t  the new 
standard for scientific calculators . 
Tri g ,  exponen t i a l  a n d  m a t h  
functions plus metric conversions, 
scientific  and fixed display 
mode s .  4 separate user memories .  
The HP-32E. Advanced Scientific 
with Statistics. $80:' Every
thing the HP-3 1 E  is - an d  more. 
More math and metrics plus 
statistics , hyperbolics and decimal 
degree conversions .  SCI , ENG,  
and F I X  display modes . 15  user 
memories . 
The HP-33E. Programmable Sci
entific. $100:' Science , math 
and statistics with the added clout 
of programmabil i ty. 49 pro
gram lines of fully merged keycodes. 
Editing keys ,  control key s ,  and 
a ful l  range of conditional key s .  
8 u s e r  memories .  

THE NEXT STEP. 
The HP-29C. Advanced Program
mable with Continuous Memory. 
New Low Price $175:' Continuous 
Memory lets you retain pro
grams and data. 30 user memories. 
98 program l ines .  Prepro
grammed functions include : trig ; 
rectangular/polar conversion s ;  
mean a n d  standard deviation ; sta
tistical functions ; angle con
version s .  SCI , ENG and F I X  
display mode s .  
The HP-19C Advanced Printing 
Programmable with Continuous 
Memory. New Low Price $275:' 
All the functions and power of the 
H P-29C - with full printing 
capabi l i ty. So you can list a pro
gram,  the contents of the 30 
user memories ,  or the conten ts  of 
the memory stack.  I t 's inval uable 

when edit ing programs or 
performing calculations with 
lengthy output . 

THE ULTIMATE STEP. 
The HP-67. Fully Programmable. 
$450:' The most powerful 
handheld programmable we make. 
Handles up to 224 fully merged 
program lines on a single magnetic 
card . Write your own programs 
or use the hundreds of prerecorded 
programs we have avai lable .  26 
user memories , 3 subroutine levels ,  
10  user-definable key s ,  10  con
dit ional four tlags , and indirect! 
relative/label addressing.  10 
optional prerecorded appl ication 
pacs - each typically contains 
over 6000 program l ines .  I n  addi
tion - a wide choice of software 
in Science , Engi neeri ng and 
Busines s .  
The HP-97. Fully - Programmable 
with Printer. I dentical in power 
and completely program compat
ible to the H P -67. Operates on 
both batteries and AC -so you can 
have a printed record whenever 
and wherever you need it.  Features 
an extra- l arge d i s p l ay for 
improved readability and buffered 
keyboard for high-speed data 
entry. 

HEWLETT-PACKARD 
IS WITHOUT EQUAL. 

In logic systems. Our scientific 
calculators use parentheses-free 
RPN logic exclusively to let you 
solve lengthy problems easily and 
consistently. You 'l l  find i t 's by 
far the shortest possible distance 
between the quest ion a n d  the 
answer. 
In documentation. We support 
you with : I ntroductory Booklet s ;  
Owners' Handbooks ; Applica
tions Books ; and User's Library 
and Solutions Books for mat h ,  
biology, space a n d  earth sciences 
and much more . 
In quality. J ust ask any Hewlett
Packard owner. For quality, 
rel iabil ity and engineering excel 
l e n ce - n o t h i n g  else co m e s  

close. Hewlett-Packard is the choice 
of astronauts and Nobel Prize 
winners . 

AN ENLIGHTENING OFFER. 
For a very enlightening booklet on 
the subject of choosing your 
next calculator, send the coupon 
for a free copy of. " The Pro
fessionals Choice . . .  the Logical 
Choice : '  

Additional detail s on the calcu
lators shown ? We'l l  send you a 
free copy of our Digest magazine.  

And if  you're now ready to 
purchase your first  or move up to 
your next scientific calculator 
see your Hewlett -Packard dealer 
right away. For the address ,  
CALL TOLL-FREE 800-648-47 1 1  
except from Hawaii or Alaska. 
I n Nevada call 800-992-5 7 1 0. Once 
you see what we offer - you'l l  
agree stepping up to Hewlett
Packard is the only logical choice. 

H E WLETT if PA C KA R D  

o.:p, ViI I ) .  1000 N E .  Circle B l v d  . .  Corva l l i s .  O R  97330 

HEWL ETT-PAC KARD 
Dept . 236 D 
1 000 N. E. Circle Bl vd . 
Corval l i s ,  OR 973 30 

1 Please send : 

Professiona l s  Choice . 
o Logical Choice Booklet  

o Hewlet t ·Packard Digest 

N A M E  __________________ _ 

1 A D D R ESS _______________ _ 

1 C I TY __________ _ 

STAT E ______ Z I  P ___ _ 

1 
� _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J 

"'S uggested rew i l  price excl uding appl ic;ablc s t a l e  and 
l ocal t a xes - Con t i ne n t a l  U . S. A..  Alaska ri nd HawaIi  
Displays arc photogra phed scp:wa t d y  1 0  
s i m u l n l C  '�'pical  a ppearance. 016 76 
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When we bu i ld  Questars for special  appl ications, they a re engi neered to 
c om bat the hosti l e  environm ents that preve nt an optical  syste m from del iver ing 
its theoretica l perform a n ce.  O u r  designs tackle the problems of atmospheric 
condit ions, extre mes of temperature, high vibration l evels a n d  high g ravitationa l  
forces  i n  a combi nation of ways, depending on the  critical  demands of  the  
a p p l icat ion.  

Here at  Questa r we have been bui ld ing Maksutov te l escopes for 25 yea rs, and 
we have learned a great deal  about the capabi l ities of  this versati l e  syste m, on  
wh ich  we have bui l t  o u r  world-wide reputation,  a s  we pursued the  engi neering 
c h a l l e nges presented to us.  

. 
Ruggedization a n d  temperature stabi l i ty were ear ly demands made of th i s  

m i n i atur ized i nstru ment i n  appl ications where space was the th i rd  l i mit ing factor. 
And so  our  off-the-shelf  Questars were modified by su bstituti ng mater ia l s  to meet 
the requireme nts. In turn these became stock items, so that now whe n a sudden 
need a rises for  a tel escope to put a board a n  orbit ing sate l l ite, or to use with  
sta b i l i z i n g  e q u ipment  mou nted i n  a he l icopter, or  to observe hot materi a l s  i n  a 
la boratory, there is usua l l y  a m odified Questa r i n sta ntly a va i l a b l e .  

Dema nds f o r  more highly specialized equipment h a v e  kept us in t h e  forefront 
of research a nd development, where optical modification, also, is ofte n a part 
of the job .  These photographs show the Questar SR-7, the prime optical component 
of a laser tracking system.  It features diffraction limited optics of Cer-Vit® and 
quartz housed in a ruggedized barrel assembly of Invar, so that the system is 
essentia lly temperature compensated and extremely sta ble when operating in a 
variety of environmental and climatic conditions. 

I f  you have a specia l  probl e m  we may have solved it .  Why not ca l l  us? 

© Q U ESTAR C O R PORAT I O N  1 97 4  

A l l  r ig hts  reserved 

QUESTAR 
BOX SR20,  N E W  H O P E ,  PA.  1 B938 

SEND FOR O U R  L I T E RA T U R E .  

O U R  B O O K L E T  A B O U T  Q U ES· 

TAR, THE WORLD'S F I N EST, 

MOST VERSAT I LE T E L E S C O P E  

C O N TA I N S  B E A U T I F U L  P HOTO· 

G R A P H S  BY Q U ESTAR O W N E R S .  

$ 1  COVERS M A I L I N G  COSTS 

O N  T H I S  C O NT I N E N T; BY A I R, 

TO S. AMER I C A  $3; E U R O PE 

A N D  N. A F R I CA, $3 .50; ELSE·  

WHERE $4.  

® Registered Trademark  of 
Owens· l l l i nois, I n c. 

dictions about the earthquakes in Cali
fornia's future by looking into the past. 
Kerry Sieh of the California Institute of 
Technology and Duncan Carr Agnew of 
the Scripps Institution of Oceanography 
have used historical accounts-newspa
per stories, letters, diaries and so on-to 
reconstruct the events of the great earth
quake of 1857, the last major quake to 
strike southern California. Their find
ings about the causes of the quake have 
enabled them to draw some interesting 
conclusions about the form and impact 
of any future earthquakes that might 
strike in the area. 

The great earthquake occurred on 
January 9. 1857. It was caused by a rup
ture of a fault in the San Andreas fault 
system extending from near Parkfield in 
central California south to near San 
Bernardino, with slippage along the 
fault amounting to as much as 9.5 me
ters. The quake is estimated to have had 
a magnitude of approximately 8 Yt on 
the Rlchter scale. about the same as the 
famous San Francisco earthquake of 
1906. (The 1857 quake did far less dam
age than the 1906 one because it oc
curred in a much less populated area.) 

Sieh and Agnew used the historical 
accounts of the 1857 earthquake to rate 
its intensity at various points through
out central and southern California. 
They found that the intensity of the 
earthquake in the area that is now met
ropolitan Los Angeles was not notably 
high. In fact, although heavy shaking 
in the vicinity of the fault caused dam
age even to well-designed structures, 
the damage to houses and other small 
structures in the present metropolitan 
area was slight. Sieh and Agnew con
clude that if the 1857 quake were to 
occur today. "there would not be exten
sive damage to low-rise construction in 
the metropolitan area," although there 
would probably be substantial damage 
to low-rise structures close to the earth
quake fault. Their evidence also sug
gests that the 1857 quake was character
ized by substantial long-period, or low
frequency, waves. Such slow undulating 
movements would have their greatest 
impact on modern high-rise structures. 

The analysis of the accounts of the 
1857 earthquake also revealed that 
there were numerous foreshocks
smaller quakes with an estimated mag
nitude of 4 or 5 on the Richter scale-in 
the hours preceding the main earth
quake. Sieh has located the epicenters of 
those shocks in central California, about 
halfway between San Franciso and Los 
Angeles, at the northwest end of the 
fault rupture that caused the main earth
quake. It is possible that the foreshocks 
triggered the main quake. To the north
west of the epicenters there is a creeping, 
or constantly slipping. segment of the 
fault and to the southeast there is a 
locked segment of the fault. Sieh be
lieves that although slippage in the 
creeping section relieves much of the 
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Here's the famous original you' l l  see on the Concorde, 
the shuttle to Washington, the commuter out of 
O'Hare. The Kluge Bag. The only combination over
nighter and fortnighter in the world. 

And the only bag that's as easy to carry to the last 
airl ine gate with a complete wardrobe as it is with a 
single change of clothing. 

A "no waiter" you never check in. Never have to wait 
for at the baggage counter. 

Extra Comfort and Convenience 
You' l l  use the Kluge Bag like a week-ender, too, 

because �'s just as easy to carry on and a whole lot 
better. Better because nothing gets wrinkled or 
creased . . .  because you have extra room for all the 
reports and papers you need, the tennis things you 
may or may not use, the sweater you'd l ike to be able 
to knock around in at night, and to bring back anything 
from reports to a new suit you pick up on your trip. (You 
can prove it yourself at our risk!) 

Beautifully Organized 
The almost infinite flexibility is the result of an or

ganization system designed by Peter Kluge, an inter
national businessman, who travels constantly, from 
Chicago to Dallas, New York, Los Angeles, to Europe 
and the Middle East, never sure if he'll be away two 
days or two weeks, or of the clothing he'l l  need. 

So, in one lightweight, compact, easy-to-carry 
handle or shoulder bag you get (1) a garment bag that 
holds two suits, (2) a pullman case, (3) a week-ender, 
(4) a tote-ten nis bag, (5) a toilet-accessories kit, (6) a 
laundry-wet stuff bag . . .  plus a full-size portfolio. 
Compartmentalized for easy access to your shirts, 
ties and belts ; shoes and socks; underwear; suits, 
slacks and jackets; sportswear, sweater, bathrobe; 
business reports and papers. Anything and every
thing you need. 

Two time TV Emmy Award Winner Stan Hart: "The Kluge 
Bag is the best. The only piece of luggage I ever use. " 

Pennsylvania cattleman Robert Johnson: "For quality, 
convenience, organization, the Kluge Bag tops any set of 
luggage I've ever used. " 

DRG Record Company President Hugh Fordin: "One 
carry-on piece sure beats three or four check-in bags. I 'm 
delighted. " 

One Vs. Two, Three or Four 
You can't even begin to compare the ease and 

convenience of the Kluge (rhymes with huge) Bag with 
the bulky, heavy, loaded-down check-in luggage you 
usually carry on trips of three, four or more days. 

The Kluge Bag alone easily outcarries a garment 
bag, a weekender or pullman plus a dispatch case. It 
not only looks better, weighs less, �'s also much easier 
to carry and leaves your hands free to get your wallet 
or ticket. Most important of all, only the Kluge Bag is 
always ready when you are to get off the plane. 

Top Quality Construction 
Simply, there's no other piece of luggage anything 

l ike this. Beautifully made of top-quality cellulose 
rayon, the material that's most often used in expensive 
luggage today because it's as strong as it is light, and 
sponges clean in an instant to retain its beauty 
through years of use and abuse, the Kluge Bag is 
available in natural canvas color with rich brown piping 
and in striking solid black diamond and brown trim. 

Outside there are three sectional zippers, so you 
can get to anything in a second, with secur�y snap 
locks and an over-all snap lock safety strap, plus 
comfortable carrying handles and the adjustable, 
burden-bearing shoulder strap. 

Inside, a fold-up rigid bottom supports everything 
you can carry in the zippered main compartment. The 
fittings and details are 
equally impressive, l ike 
a tie rack, a fitted com
partment for toiletries, a 
zippered compartment 
for valuables, pockets 
for cards, notes, keys 
and more. Plus a huge 
volume portfolio. Every
thing you need to make 
packing and traveling 
f o r  d a y s  or w e e k s  
easier and faster than 
it's ever been before. 

Yet fully packed the Kluge Bag is just 16" high by 23" 
long and 1 2" deep. 

Only $40.00! 
Most extraordinary of all ,  though, is the price. At $90 

and $1 00, which is the price you'd probably have to 
spend in  a fine retail store, the Kluge Bag would be an 
excellent value. At $40.00 it's absolutely unbeatable. 

A price that's possible because we're one of the 
largest mail merchandisers in the United States
able to commit for an entire manufacturing run, and to 
el iminate salesmen, distributors and retailers and 
their costs by selling direct. 

No Risk Trial 
Now we invite you to judge the Kluge Bag for 

yourself-for 30 days without risk or obligation. You 
m ust be convinced that �'s the finest, most useful ,  
convenient and versatile piece of luggage on the mar
ket today, a time and trouble saver, the perfect piece 
for every trip, or return it to us for a complete refund. 
No questions asked. 

CALL 800-325-6400 
OPERATOR #8 

(Missouri residents call 800-342-6600) 
These lines are in operation 24 hours, 

7 days a week 
To order with any credit card, just call us at the toll 

free number above. Or send your check to Douglas 
Dunhil l  at the address below. Be sure to specify 
natural or black. ( I l l inois and New York State residents 
are required to include sales tax.) 

Of couse we want you to try it on a trip during your 
30-day trial. Don't worry about how you handle it. 
Nothing will hurt �. And we' l l  take � back under any 
circumstances anyway. So order your Kluge Bag right 
now. Take the lug out of luggage, the wait out of 
baggage. 

Dept. 80-2519 
4225 Frontage Road . Oak Forest, IL 60452 

© Douglas Dunhill inc. 1 978 
"Kluge Bag" is a trademark of Douglas Dunhill inc. 
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INVESTI GACI O N  Y 

CIENCIA 
Edicion en espanal de 

SCIENTIFIC 
AM E RI CAN 

I �VIST'GACION Y 
CmNC[) 

For m o re i nfo r m at ion p l ease contact : 
Franc isco G rac i a ,  Prensa C i e nt i f ica , S . A .  2 3 5- 2 3 9  
Cal abr ia  Barce l o n a  1 5 , S pa i n ;  Wal l ace B u rg i s/ 
D i recto r, U K  O perat i o n s ,  54  Pal l M a l l ,  
Lo n d o n  SW 1 ,  Eng l an d ,  0 1 - 8 3 9 - 1 5 9 6 ;  o r  
J o h n K i r by, Adve rt i s i n g  D i recto r, 
Sc ie nt i f ic  A m e ri ca n , 4 1 5 M ad i so n  Ave n u e ,  
N ew Yo r k ,  N . Y. 1 00 1 7 ,  U . S . A . , Te lex 2 3 6 1 1 5  
SCA M , Tel e p h o n e :  ( 2 1 2 )  7 54-02 6 2 . 
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INVESTIGACI ON Y 

CIENCIA 

LAS MATEMATICAS DEL " I  CHING" 

SCIENTIFIC 
Edici6n en esparwl de AM E RI CAN 
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strain there, pressures build up in the 
locked section until finally, every few 
hundred years, a foreshock-size quake 
in the creeping section triggers a ma
jor quake, (Small foreshock-size earth
quakes are not unusual in the creeping 
section: four have been recorded in the 
past 80 years.) Sieh's findings imply that 
the earthquake of 1857 began at the 
northwest end of the fault rupture and 
propagated southeast from the creeping 
section of the fault through the locked 
section. If he is right, studies of the 
creeping section could be valuable in 
predicting the next major earthquake in 
southern California. 

A Star Is Reborn 

On July 4, 1054, a supernova flared 
up in the sky of the Northern Hem

isphere, giving rise to what is now ob
served as the Crab Nebula. It was so 
bright that it could be seen in broad day
light for 23 days, and it was visible at 
night for six months. All of this and 
more was recorded by observers in 
China and Japan. Comparable records 
from Europe and the Near East, how
ever, have been mysteriously lacking. 
The gap has now been filled by the dis
covery of a medieval Arabic text that 
provides an eyewitness account of the 
celestial event. 

The discovery is described in a recent 
issue of Nature by Kenneth Brecher, Eli
nor Lieber and Alfred E. Lieber. The 
medieval text is a biographical encyclo
pedia of physicians that was assembled 
in about 1242.  Among the physicians 
listed in the work is 'Ibn Butian, a Chris
tian who lived in Constantinople at the 
time of the supernova, and contained in 
his entry is his unmistakable personal 
observation of the event. In the tradition 
of Hippocrates and Galen, 'Ibn But
Ian believed there was a connection be
tween celestial phenomena and human 
disease. He thought the supernova of 
1054 was responsible for a devastating 
epidemic that had swept the Near East 
that year. 

Before the discovery of 'Ibn Bu�lan's 
account numerous speculations had 
been put forward to explain why no 
one in Europe or the Near East had 
noticed the supernova. Some histori
ans had blamed the failure of monas
tic chronicles to describe the event on 
the Aristotelian concept of a perfect, 
changeless celestial vault, in which there 
would be no place for such an evanes
cent and explosive phenomenon as a su
pernova. The noted historian of science 
George Sarton wrote: "The failure of 
medieval Europeans and Arabs to rec
ognize such phenomena was due not to 
any difficulty in seeing them but to prej-

udice and spiritual inertia connected 
with the groundless belief in celestial 
perfection." This explanation is not 
convincing, write Brecher and his col
leagues, because in 1006, 48 years earli
er, both Europeans and Arabs had writ
ten detailed descriptions of another su
pernova. And late in the 11th century 
Halley's comet, another fleeting and 
imperfect object from the Aristotelian 
point of view, was included in the Ba
yeux tapestry depicting the Norman 
conquest of England. Other historians 
had suggested that for the entire six 
months of the supernova Europe and 
the Near East had been covered with 
clouds. Such cloud cover is not only im
probable; it is not indicated by any evi
dence. 

Although 'Ibn Butlan's account is evi
dence that people outside the Orient did 
observe the supernova, it leaves unex
plained why so few of them wrote about 
it. It suggests, however, that since his
torians seeking evidence of medieval 
astronomical observations have con
centrated on astrological and monastic 
works, the real significance of the find 
made by Brecher and his colleagues is 
that such historians might well turn their 
attention more toward neglected medi
cal writings, which, in their astrological 
speculations, might reveal much about 
medieval astronomy. 

A knowing look 
at what we don't know. 

1 02 

Man's knowledge is awesome. But what we don't 
know is more so. It is this subject-what remains unex
plained-that some of the most eminent scientists of our 
time address in The Encyclopaedia of Ignorance. Each 
one surveys the unsolved problems in his own field-biol
ogy, ecology, physics, mathematics, space-and gives his 
personal views on those questions he deems most impor
tant for our future. 

Now available in soft cover at only $7.95. 
Get it at your bookstore, or just fill out the coupon. r - - - - - - - - - - - - - - - - - - - ,  

I Pocket Books Dept. SP·SA I 1230 Avenue of the Americas, New York, N.Y 10020 
I Enclosed is $7.95 plus 50¢ for postage and handling (add sales I 
I tax where applicable) for The Encyclopaedia of Ignorance. I 
I Name I 
I I 
I M� I 
I City State Zip___ I 
I � I 
I 7 90 5 0  Ja:OCKET BOOKS I 
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5% better mi leage Keeping a cool head 

Eaton Update: 
1 Heavy-duty fan drives 
Eaton 's viscous fan d r ive i n  
the e ng i ne compartment i m 
p roves m i leage.  T h e  fan d r ive 
senses tempe ratu res ,  automat i 
ca l ly  d i sengages w h e n  i t 's not 
needed . This cuts d ra i n  on eng i ne 
horse power, boosts fue l  economy. 
It also red uces operat i n g  noi s e .  

Eaton was a p ioneer  o f  t h e  f l u i d  
s h e a r  p r i nc i p le beh i n d  v iscous 
fa n d ri ve s .  And i t 's  one of  the rea
sons Eaton has been the l e a d i  ng 
s u p p l i e r  of  fan systems for the 
automotive ma rket-for over  
twenty years . 

2 Valves and l ifters 
Tru c k  and auto manufac-
tu re rs know good valves when 
they see the m .  That 's  why d e 
mand f o r  E ato n 's v a l v e s  and valve 
l i fters g ets b i g g e r  every year. I t 's 
a l ready made Eaton the largest  

i n dependent  valve gear compo
nent  manufacturer in the worl d .  
A n d  i t 's kept us looki ng t o  the 
futu re .  Th i s  year, we ' re hard at 
work on better valve des i g n s  and 
stronger a l l oys needed for the 
auto i nd u stry's h otter-ru n n i n g ,  
more demand i n g  e n g i ne s .  

That 's Eato n .  C reat i ng better 
p rod u cts . Ready for tomorrow. 

3 Research and development 
Eato n 's s p rawl i ng 1 65 , 000 
sq . ft . Corpo rate E n g i neer i n g  & 
R esearch Ce nter i n  Southf i e l d ,  
M i c h i g a n ,  i s  t h e  foca l  poi nt o f  ou r 
wo r l d w i d e  R & D  act iv i t i e s .  H e re 
more than 300 s c i e nt i sts , e n 
g i neers and s u p port perso n n e l  
a re f i n d i n g  ways to turn  good 
i d e as i nto new and better p rod
ucts for  tomorrow. What 's  on the 
way? Tou g h er, more effi c i e nt 
t ransm i s s i o n s ,  ax les and b raki ng 
systems for t rucks . Soph i st i c ated 

Tomorrow starts here 

e lectron ic  and mechanica l  con
t ro ls  for a p p l i ances ,  automo b i les  
and ind ustry. Dozens of  new 
p rod ucts-to h e l p  cut  costs and 
save e n e rg y  on farms , in facto r ies , 
at home . That's Eaton-c reat ing a 
bette r way. 

Eaton is a fami ly of tech nolog i 
cal ly re l ated bus inesses w i t h  a 
balanced co mbi nat ion of man
ufactu r ing and engi neeri ng sk i l ls .  
We ' re always looking for  new 
ways to use these s k i l l s  i n  mar
kets where needs are grow i n g .  
Th is  approach t o  t h e  manage
ment of change has been ach i ev
i n g  record sales and earn i ng s .  
F o r  the complete story ,  write to : 
Eaton Corpo ratio n ,  1 00 Eri eview 
P laza, Cleve land , Ohi0 441 1 4 .  
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Fermat's Last Theorem 
For 300 years mathematicians have tried without success to prove 
a theorem Pierre de Fermat asserted he could prove: No nth power 
can be the sum of two other nth powers, where n is greater than 2 

The 1 7th-century French mathema
tician Pierre de Fermat was the 
father of modern number theory. 

the branch of mathematics that deals 
with the properties of whole numbers. 
Like many other scholars of his time he 
studied the classics of antiquity. In num
ber theory he drew inspiration from 
Diophantus. the Greek mathematician 
whose Arithmetica had been rediscov
ered by Europeans in the mid-16th cen
tury. Fermat made extensive marginal 
notes in his copy of the book. and af
ter his death in 1665 his son published 
a new edition of Arithmetica including 
Fermat's notes. One of the notes has 
become one of the most famous state
ments in the history of mathematics. 

Next to a problem on finding squares 
that are sums of two other squares (for 
example. 25 equals 9 plus 1 6). Fermat 
wrote (to translate from the Latin): "On 
the other hand. it is impossible for a 
cube to be the sum of two cubes. a 
fourth power to be the sum of two 
fourth powers or in general for any 
number that is a power greater than the 
second to be the sum of two like powers. 
I have discovered a truly marvelous 
demonstration of this proposition that 
this margin is too narrow to contain." 
The proposition has come to be called 
Fermat's last theorem. and although the 
keenest mathematicians of the past 
three centuries have tried to prove it. no 
such demonstration has been found. 
Fermat's last theorem remains one of 
the great unsolved problems of modern 
mathematics. 

Did Fermat really have a "marvelous 
proof" of the theorem? He was certainly 
a prodigious mathematician. helping to 
establish the disciplines of analytic ge
ometry (with Descartes). infinitesimal 
calculus (with Leipniz and Newton) and 
probability theory (with Pascal). He was 
not a mathematician by profession but 
a jurist at Toulouse in the south of 
France. His extensive participation in 
the intellectual life of his time was con
ducted entirely through his private cor
respondence with other scholars in the 
major European centers of learning. 

It is charming to think of a provincial 
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17th-century jurist outsmarting the best 
mathematical minds of three centuries 
with his theorem. but the facts suggest 
that he did not have a proof. Except for 
the famous note in the margin of Dio
phantus' book there is no mention of a 
proof of the theorem in any of Fermat's 
writings that have survived. He did state 
elsewhere that he could show it was im
possible to find solutions to the equa
tions x3 + y3 = z3 and X4 + y4 = Z4. If 
he discovered a valid proof of the full 
theorem (that xn + yn = zn is impossi
ble for positive whole numbers x. y. z 
and n. where n is greater than 2). it is 
surprising that he did not mention it too. 
It seems most likely that at the time he 
wrote the note Fermat had an idea for a 
proof he later realized was faulty. His 
notes were almost certainly not intend
ed for publication. and there may have 
been no occasion for him to go back and 
delete or amend the note. 

It is of course more exciting to believe 
Fermat did have a rigorous proof of the 
theorem. and it is just possible that he 
did. In either case the theorem has 
played an important role in the devel
opment of number theory. Some of 
the greatest creations of mathematical 
thought have been prompted by the 
study of the theorem. and the techniques 
that have been developed in the effort to 
prove it have contributed to the solution 
of many other problems. 

Finally. the history of Fermat's last 
theorem provides an excellent illustra
tion of the real nature of mathemati
cal inquiry. Mathematicians are often 

asked: "How is it possible to do research 
in mathematics?" I dou!;>t that physicists 
or astronomers or biofogists are ever 
asked such a question. but to many peo
ple mathematics seems to be such a cut
and-dried subject that work in it should 
amount to nothing more than an orderly 
recording of the facts. Of course. noth
ing could be further from the truth. In 
mathematics. as in any other field. unan
swered questions are everywhere. and 
the difficulty mathematicians face is 
finding questions they can answer. not 
ones they cannot. It is difficult. however. 
to illustrate the point for a nonmathe
matician. because the formulation of in
teresting mathematical questions usual
ly calls for specialized terminology and 
background. Fermat's last theorem is a 
rare exception to this rule. 

Proof by Infinite Descent 

Part of the fascination of Fermat's 
last theorem is due to the fact that the 
theorem is unusually simple to state and 
understand: It is impossible to find posi
tive whole numbers x: y, z and n for 
which n is greater than 2 and the equa
tion xn + yn = zn holds. Nonmathema
ticians usually approach the theorem in 
what seems to be a very reasonable way: 
by "trying it out." Consider the case 
where n is equal to 3. that is. the case 
that consists in proving that x3 + y3 = z3 
has no solution. The cubes of the first 1 0  
positive integers are 1. 8. 27, 64,  1 25, 
2 1 6 , 343, 5 1 2, 729 and 1 .000. It is not 
difficult to see that none of these num-

PIERRE DE FERMAT is called the father of number theory, the branch of mathematics that 
deals with the properties of the whole numbers. Born in 1601 near Toulouse, Fermat spent all 
his life in the south of France, far from the great European centers of learning. He worked as a 
jurist, not as a professional mathematician, and none of his mathematical works was published 
until after his death. His extensive participation in the mathematics of his time was conducted 
entirely through his private correspondence with other scholars. Fermat formulated many 
challenging and perceptive theorems that were not proved until long after his death. By 1840 
only one of these theorems remained to be proved. It has come to be called Fermat's last theo
rem: There are no solutions in whole numbers to the equation xn + yn = Z n, where 1/ is great
er than 2. Fermat's last theorem is one of the most famous unsolved problems of modern math
ematics. This painting of Fermat is in the collection of the Academie des Sciences, Inscriptions 
et Belles Lettres de Toulouse; it is reproduced here with the kind permission of Robert Gillis. 
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the worlds 
��--nal computer. 

owners on top of what's new. 
Apple is so powerful and easy to use 

that you'll find dozens of applications. 
There are Apples in major universities, 

,� helping teach computer skills. There 
WWhich personal computer will be are Apples in the office, where they're 

most enjoyable and rewarding for you? being programmed to control inven
Since we delivered our first Apple® II tories, chart stocks and balance the 
in April, 1977, more people have chosen books. And there are Apples at home, 
our computer than all other personal where they can help manage the family 

computers combined. Here are the budget, control your home's environ-
reasons Apple has become such an ment, teach arithmetic and foreign 
overwhelming favorite. languages and, of course, enable you 

Apple is a fully tested and assembled to create hundreds of sound and 
mainframe computer. You won't need action video games. 
to spend weeks and months in assembly. When you buy an Apple II you're 
Just take an Apple home, plug it in, investing in the leading edge of tech-
hook up your color TV* and any cassette nology. Apple was the first computer 
tape deck-and the fun begins. to come with BASIC in ROM, for 

To ensure that the fun never stops, example. And the first computer with 
and to keep Apple working hard, we've up to 48K bytes RAM on one board, 
spent the last year expanding the Apple using advanced, high density 16K 
system. There are new peripherals, devices. We're working to keep Apple 
new software, and the Apple II Basic the most up-to-date personal computer 
Programming Manual. And wait till money can buy. Apple II delivers the 
you see the Apple magazine to keep features you need to enjoy the real 

satisfaction a personal computer can 
bring, today and in the future. 

Don't settle for a black and 
white display! Connect your 
Apple to a color TV and 
BASIC gives you instant 
command of three display 
modes: Text, 40h x 48v 
Color-graphics in 15 colors, 
and a 280h x 192v High 

Resolution 
array that 
lets you plot 
graphs and 
compose 
3-D images. 
Apple gives 

you the added 
capability of combining 

text and graphics, too. 

Back to basics,and 
assembly�too. 

Apple speaks three languages: fast 
integer BASIC, floating point BASIC 
for scientific and financial applications, 
and 6502 assembly language. That's 
maximum programming flexibility. And, 
to preserve user's space, both integer 
BASIC and monitor are permanently 
stored in 8K bytes of ROM, so you 
have an easy-to-use, universal language 
instantly available. BASIC gives you 
graphic commands: COLOR=, VLIN, 
HLIN, PLOT and SCRN. And direct 
memory access, with PEEK, POKE 
and CALL commands. 

Software: Ours and yours. 
There's a growing selection of pre

programmed software from the Apple 
Software Bank -Basic 
Finance, Checkbook, High 
Resolution Graphics and 
more. Now there's a User 
Section in our bank, to make 
it easy for you to obtain 
programs developed 
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by other Apple owners. Our Software 
Bank is y our link to Apple owners all 
over the world. 

Alive with 
the sound 
ofDtUSk. 

Apple's ex
clusive built-in 
speaker delivers 
the added dimension of sound to your 
programs. Sound to compose electronic 
music. Sound to liven up games and 
educational programs. Sound, so that 
any program can "talk" back to you. 
That's an example of Apple's "people 
compatible" design. Another is its light, 
durable injection- molded case, so you 
can take Apple with you. And the 
professional quality, typewriter-style 
keyboard has n-key rollover, for fast, 
error-free operator interaction. 

Apple is the 
prowen computer. 

Apple is a state-of-the-art single 
board computer, with advanced LSI 
design to keep component count to a 
minimum. That makes it more reliable. 
If glitches do occur, the fully socketed 
board and built-in diagnostics sim
plify troubleshooting. In fact, on our 
assembly line, we use Apples to 
test new Apples. 

• Apple II plugs into any standard TV using 
an inexpensive modulator (not included). 

'In California, call 408/996-1010. 

Apple peripherals 
are smart peripherals. 

Watch the far right column of this ad 
each month for the latest in our grow
ing family of peripherals. We call them 
"intelligent interfaces:' They're smart 
peripherals, so you can plug them in 
and run them from BASIC without 
having to develop custom software. 
No other personal computer comes 
close to Apple's expandability. In addi
tion to the built-in video interface, cas
sette 110, and four AID inputs with two 
continuously variable game paddles, 
Apple has eight peripheral slots, three 
TTL inputs and four TTL outputs. Plus 
a powerful, state-of-the-art switching 
power supply that can drive all your 
Apple peripherals. 

Available now. 
Apple is in stock and ready for 

delivery at a store near you. Call us for 
the dealer nearest you. Or, for more 
details and a copy of our "Consumer 's 
Guide to Personal Computers," call 

800/538-9696* * 
or write Apple 
Computer, Inc., 
10260 Bandley 

Drive, Cuper
tino, CA 

95014. 

computczr® 
Programming is a snap! 

I'm halfway through Apple's BASIC 
manual and already I've programmed 

L 
my own space wars game. 

Those math programs I wrote 
last week-I just rewrote them using 
Apple's mini-assembler and got them 

to run a hundred times faster. 

New from Apple. 
Valuable new series of software 
packages for investors 

Now private investors can generate 
their own stock market reports and per
form critical investment analysis instantly 
with Apple II. Just log your Apple II 
computer on to Dow Jones' central data 
bank with powerful Apple software: the 
Dow Jones Series. The first two of these 

highly practical programs 
are available now. �___ . With Apple's Stock ��= Quote Reporter 

'--- program, a local tele-
.. Ii�_.+""", .... phone call 

��le��J links you to 
Dow Jones' 
continuously 

.��IIIIi!""""'''''''' updated 
stock quotes for 

more than 
6000 com

panies listed 
on six major U.S. 

exchanges. Current 
activity for stocks in 

the investors portfolio is delivered 
automatically: ask/open, bid/close, high, 
low and last prices, and volume traded. 

Our Portfolio Evaluator enables 
you to analyze current value of your 
portfolio, and short- and long-term gain! 
loss for each stock -or for your entire 
portfolio. 

Cost of Apple's Dow Jones service 
is a one time contract fee of $25, which 
includes the Stock Quote Reporter pro
gram. An additional $3 charge is made 
for the first three minutes of any transac
tion and 50¢ per minute thereafter. 

To take advantage of Apple's new 
financial services, Apple II users need 
only a communications card, a modem 
and an ordinary telephone. This equip
ment, the Dow Jones Series, and a broad 
selection of other Apple software are 
now in stock at your local Apple dealer. 

Apple's smart peripherals make 
expansion easy. Just plug 'em in and 

they're ready to run. I've already 
added two disks, a printer and the 

communications card. 

� 
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A BABYLONIAN CLAY CUNEIFORM TABLET dating from 
about 1500 D.C. is one of the oldest-known documents dealing with 
number theory. The tablet lists (in slightly disguised form) several sets 
of Pythagorean triples, or distinct, positive whole numbers x, y and 
z, for which x2 + y2 = Z2, for example 4,961, 6,480 and 8,161. Fer
mat formulated his last theorem while he was considering a prob
lem concerning Pythagorean triples (see illustration on next page). 
Any triple provides an immediate proof that the theorem is not true 
when the exponent n is equal to 2. Pythagorean triples are named 

for their relation to the Pythagorean theorem, which states that in a 
right triangle the square of the hypotenuse is equal to the sum of the 
squares of the other two sides. It is not easy to find triples by trial 
and error, particularly those that involve large numbers, and so tbe 
Babylonians probably had a method for finding them. It seems most 
likely that their interest stemmed from the geometric applications of 
the sets of numbers and that therefore they knew of the Pythagore
an theorem 1,000 years before Pythagoras. The tablet is part of the 
Plimpton Collection in the Butler Library at Columbia University. 

bers can be expressed as the sum of two 
other cubes. For example. if 512 were 
equal to the sum of two other cubes. the 
cubes would be smaller than 512 and 
would precede it on the list of cubes. 
The cubes 216 and 343 are good candi
dates. but their sum is 559. which is too 
large. The next smaller sum. 216 plus 
216. equals 432 and not 512. Hence 512 
is not equal to the sum of any two cubes. 

It is easy to verify by this procedure 
that any particular cube is not the sum 
of two other cubes. The required cal
culations could be carried out at high 
speed on a computer. and it could be 
shown very quickly that no cube with 
fewer than. say. 10 digits is the sum of 
two other cubes. There are. however. an 
infinite number of cubes to be tested. so 
that with this procedure even the largest 
computer could never resolve the ques
tion of whether any cube can be the sum 
of two other cubes. 

Once nonmathematicians have seen 
that the imposs.ibility of x3 + y3 = z3 
cannot be proved simply by "trying it." 
they may swing to the opposite extreme 
and ask how such a statement can ever 
be proved. The answer is that it can be 
proved by the method of reasoning to a 
contradiction: One assumes that there is 
a solution to the equation. and one de
duces from this assumption a statement 
known to be false. Arriving at a false 
statement. or contradiction. shows that 
the original assumption was false and 
therefore that there can be no solution. 

More specifically. in the case of state
ments. such as Fermat's last theorem. 
that are concerned with positive whole 
numbers a proof by contradiction often 
takes the form of a proof by infinite de
scent. Fermat maintained he had invent
ed this method. which he said was the 
basis of all his proofs in the field of num
ber theory. In a proof by infinite descent 

one shows that if a solution in positive 
whole numbers to the equation in ques
tion is given. it can be used to produce a 
smaller 'solution. also in positive whole 
numbers. The same argument then 
shows that the smaller solution can be 
used to produce a still smaller one. and 
the process can be repeated indefinitely. 
Since the solutions are all positive whole 
numbers. however. it is obviously im
possible to find increasingly small solu
tions ad infinitum. Hence there can be 
no solution at all. 

Early Findings 

In all Fermat's writings on number 
theory that have been preserved there is 
only one proof. found in another of the 
marginal notes in Diophantus' Arithme
tica. It concerns Pythagorean triangles. 
or right triangles with sides of integer 
length. (They derive their name from 
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their relation to the Pythagorean theo
rem, which states that the sides x and y 
and the hypotenuse z of a right triangle 
are related by the equation x2 + y2 = 
z2.) Fermat proved that the area of 
such a triangle cannot be a square: If x, 
y and z are positive integers and x2 + 
)'2 = z2, then ( l!2)xy is not the square 

of an integer. It is easy to show that ei
ther x or y must be even and therefore 
that ( l!2)xy must be a whole number. 

Fermat used the method of infinite de
scent in the proof. Specifically, he gave 
an explicit method by which, given posi
tive whole numbers x, y, z and u that 
satisfy the equations X2 + y2 = z2 and 
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LIBRI SEX., 

E T DE NVMERIS MVLTANCVLIS 
LIBER VNVS. 

CPM COMA1E:A(r .A1{jJS c. g. 73,dCHETJ. 17. C� 
&obforuationihu.rV. P.de FER MA T Senatorh<Tolofani. 

Acceaic DoCl:rinre Analyticre inuentum nouum,colleaum 
ex varijs eiufdem D. de F E RMAT Epiftolis. 

TOLOS..£ , 
Excudebat B ERN A R D V S B 0 S C ) e Regione Coltegij Societatis leut. 

- ----------
M. D.�,.�J5 .�. 

FERMAT'S LAST THEOREM was first set down in the margin of Arithmetica, a work on 
number theory by the ancient Greek mathematician Diophantus. Fermat had studied the book 
closely, making many marginal notes in his copy of it, a translation into Latin by C. G. Bachet. 
After Fermat's death in 1665 his son published a new edition of Bachet's translation of Arith
metica that included Fermat's marginal notes in an appendix. The title page of the book is 
shown in this illustration. Translated from the Latin, it announces Six Books of Arithmetica 
and One Book on Polygonal Numbers by Diophantus of Alexandria, "with notes by the distin
guished gentleman C. G. Bachet and observations by Doctor P. de Fermat, Senator of Tou
louse," and "a new discovery of analytical doctrine collected from the various letters of the 
aforementioned Doctor de Fermat." Fermat's historic note referred to a problem concerning 
Pythagorean triples. He wrote: "On the other hand, it is impossible . •. for any number that is a 
power greater than the second to be the sum of two like powers. I have discovered a truly mar
velous demonstration of this proposition that this margin is too narrow to contain." To this 
day it is not known whether Fermat really had a rigorous proof of the theorem. In any case 
no other mathematician has been able to prove the theorem or to find a counterexample to it. 
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(1 !2)xy = u2, it is possible to derive an
other set of positive whole numbers X. 
Y. Z and V such that X2 + Y2 = Z2 and 
( l!2)XY= V2. and such that the trian
gle with sides X. Yand Z is smaller than 
the triangle with sides x, y and z in the 
sense that the hypotenuse Z is less than 
the hypotenuse z. Fermat's method for 
deriving X. Y. Z and V is subtle and 
would call for a long explanation. The 
fact that such a method exists, however, 
shows that it is impossible to find any 
positive whole-number solutions to the 
equations x2 + y2 = z2 and (1 !2)xy = 
u2, because one solution x, y, z and u 
would lead to a smaller solution X. Y. Z 
and V. which in turn would lead to a 
still smaller solution X', Y', Z' and V', 
and so on. That would imply the ex
istence of infinitely decreasing sequen· 
ces of positive whole numbers z> Z> 
Z' > ... , which is impossible. (The 
sign" > " stands for "greater than.") 

It is interesting and probably not coin· 
cidental that the fact that the area of a 
Pythagorean triangle cannot be a square 
immediately implies that X4 + y4 = Z4 
has no solution, or that Fermat's last 
theorem is true for the case where n 
equals 4. A simple but ingenious trick 
suffices to connect the two propositions: 
assume that X4 + y4 = Z4 for some posi
tive integers x. yand z, and set a equal to 
y4, b equal to 2X2Z2, c equal to Z4 + X4 
and d equal to y2XZ. Then the simple 
algebraic identity (r + S)2 = r2 + 2rs + S2 
implies that a2 + b2 equals (Z4 - X4)2 + 
4X4Z4, or Z8 - 2X4Z4 + x8 + 4X4Z4, or 
(Z4 + X4)2, which is equal to c2. Further
more, ( l!2)ab is equal to (1!2)y42x2z2• 
or (y2xz)2, which is equal to d2. Thus 
a2 + b2 = c2 and (1 !2)ab = d2, which 
Fermat proved was impossible. Hence 
the original assumption, that X4 + y4 = 
Z4 has a solution, must be incorrect, 
and Fermat's last theorem is established 
for the case n equals 4. In essence. then, 
Fermat himself proved his last theorem 
for the case of fourth powers. 

This proof also establishes that Fer
mat's last theorem is true whenever n is 
a multiple of 4, because if n is equal to 
4k for some positive integer k. then 
xn + yn = zn implies that (Xk)4 + (yk)4 = 
(zk)4, which is impossible because a 
fourth power cannot be the sum of two 
other fourth powers. In exactly the same 
way, if the theorem can be proved for 
any given exponent m, then it is true 
for all multiples of m. Therefore. since 
every whole number n greater than 2 
is divisible either by an odd prime (a 
prime number other than 2) or by 4. it 
suffices to prove Fermat's last the
orem in all cases where the exponent is 
an odd prime number. 

Fermat maintained he could prove 
the theorem in the case n equals 3, but 
no published proof of the impossibility 
of finding a solution for x3 + y3 = z3 
appeared until about 100 years later. 
The proof. which was the work of the 
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Swiss mathematician Leonhard Euler, 
did, however, have a serious flaw. 

Euler's Proof 

Euler proved the case n equals 3 by 
infinite descent, setting forth a method 
by which it is possible to derive from 
any given solution x, y and z for the 
equation x3 + y3 = z3 a new solution X. 
Yand Z such that Z is less than z. The 
method is too long to explain in detail 
here, but in outline, by making calcula
tions concerning various characteristics 
of x, y and z, Euler reduced the problem 
of deriving a smaller solution to one of 
proving the following proposition: If p 
and q are relatively prime integers (if 
they have no common factor, or divisor, 
greater than 1) and p2 + 3q2 is a cube, 
then there must be integers a and b such 
that p equals a3 - 9ab2 and q equals 
3a2b - 3b2. The proposition is quite 

correct and can be proved by apply
ing simple variations of methods found 
elsewhere in Euler's published work. In 
this instance, however, Euler chose to 
employ a novel type of argument that 
involved introducing numbers of the 
form a + b v=1, where a and b are in
tegers. 

To understand why Euler found the 
numbers a + b v=1 useful, expand the 
expression (a + b v=1)3. It is equal 
to a3 + 3a2bv=1- 9ab2 - 3b3v=1, 
or (a3 - 9ab2) + (3a2b - 3b3) v=1, or 
p + q v=1, where p and q are defined 
as they are in the conclusion of the 
l?roposition. In other words, the conclu
sion of the proposition states that 
(a + b v=1)3 = p + q v=1. Now. the 
proposition assumes that p2 + 3q2 is 
a cube. If p2 + 3q2 is rewritten as 
(P + qY-3)(P - qv=1), then the prop
osition can be restated: If (P + qY-3) 
(P - qv=1) is a cube, then p + qv=1 

LEONHARD EULER proved Fermat's last theorem for the case of the first odd prime expo
nent. n equals 3. This painting, made in about 1745, shows the Swiss mathematician during his 
lifetime. Before Euler's proof Fermat's last theorem had been established (by a direct applica
tion of Fermat's own work) in only one case: n equals 4. It is easy to show that if the theorem is 
true when n equals some integer r, then it is true when n equals any multiple of r. Since every 
integer is divisible either by 4 or by an odd prime, it remained only to prove the theorem in the 
cases where n is an odd prime. The first successful effort in this direction was Euler's, but al
though his proof was ingenious, it had a serious flaw. The flaw was easily corrected in the proof 
of the case n equals 3, but it turned out to be a central issue in many later attacks on theorem. 
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must be a cube, that is, must have the 
form (a + b Y-3)3 for some integers 
a and b. Thus the introduction of the 
numbers a + b v=1 makes it possi
ble to write the proposition much more 
simply and naturally. 

The numbers a + b v=1 form a 
number system much like that of the 
integers. In either case adding, subtract
ing or multiplying any two numbers in 
the system gives another number in the 
system, whereas dividing two numbers 
usually does not. For example, 4 does 
not divide 5 in the system of integers 
(that is, no integer can be multiplied by 4 
to give 5), and given two numbers of the 
form a + b v=1 it is not usually possi
ble to find a third number of that form 
that is their quotient. The similarities of 
the two systems led Euler to take an in
novative and incorrect step in his proof. 
He applied an established property of 
the integers to the numbers a + b v=1. 

The property of the integers that Eu
ler needed for his proof is derived from 
the unique factorization of integers into 
primes. A positive integer can be writ
ten as a product of prime factors in just 
one way. For example, 124 is equal to 
2 X 2 X 3 1, and no prime number other 
than 2 or 3 1  divides 124 evenly. Unique 
factorization implies the following prop
erty of the integers: A product of rel
atively prime positive integers can be 
a cube only if each of the integers is a 
cube. For example, assume that c and d 
are relatively prime and that cd is equal 
to 1,000, or 103. Expressed as a product 
of prime factors, 1,000 equals 23 X 53. 
The factorizations of 1,000 are obtained 
by splitting the factors into two subsets, 
for example (2 X 2 X 5)(2 X 5 X 5), 
or 20 X 50. If the splitting must be done 
in such a way that the two subsets are rel
atively prime, then all the 2's must go in 
one subset and all the 5's must go in the 
other. Hence the only possible values of 
the factors c and dare 23 X 53, 23, 53 
and 1, all of which are cubes. Similarly. 
the product of two relatively prime pos
itive integers can be an nth power only 
if each of the integers is an nth power. 

Euler assumed that this property of 
the integers was also a property of the 
numbers a + b v=1 ,  and he proved 
the proposition by the following line of 
argument. The proposition states that 
if p and q are relatively prime and 
(P + q Y-3)(P - qY-3) is a cube, 
then p + q vi - 3 is a cube. Euler first 
showed that if p and q are relatively 
prime, then p + q Y-3 and p - q v=1 
are also relatively prime. By extension 
of the property of the integers, the prod
uct of relatively prime numbers of the 
form a + b v=1 can be a cube only 
if the numbers themselves are cubes. 
Hence the assumption that (P + qv=1) 
(P - qY-3) is a cube implies that p + 
qv=1 is a cube. and the proposition 
is proved. 

The argument certainly gets Euler to 
his desired conclusion. The problem is 
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that reasoning by analogy to the arith
metic of the integers does not constitute 
a valid proof. Arguments by analogy are 
extremely suggestive and. as the history 
of mathematics demonstrates. can yield 
useful ideas. but they cannot be taken as 
proof of anything. It is particularly sur
prising that Euler was not more circum
spect in his use of analogy. because 
although the numbers a + b v=3 do 
have many properties in common with 
the integers. there are also many proper
ties in which the two number systems 
differ. For example. the integers have 
a natural ordering . .. . -2. -1. O. 1. 
2 . . . . .  but the numbers a + b v=1 do 
not. There is only one way to be sure the 
numbers a + b v=1 share with the in
tegers the property that the product of 
two relatively prime numbers is a cube 
only if each of the numbers is a cube. 
and that is to prove they do. 

The Flaw in Euler's Work 

Even the best mathematicians. how
ever. succumb to the temptation of 
proof by analogy from time to time. 
often failing to be sufficiently critical 
of an argument because they know the 
conclusion it reaches is correct. The 
temptation is particularly strong when 
the argument has the appealing sim
plicity of Euler·s. It is quite possible 
that Euler neglected to be more rigor
ous because he knew from other con
siderations that the final conclusion 
p + q -v'=3 = (a + b Y-3)3 was cor
rect. Long before he published his proof 
of the case n equals 3 of Fermat's last 
theorem Euler worked on other un
proved assertions of Fermat's concern
ing the representation of numbers in the 
form X2 + 3y2. In particular he proved 
Fermat's assertion that every prime 
number p that is one more than a multi
ple of 3 (p equals 3n + 1) has a unique 
representation as a square plus three 
times a square (p equals x2 + 3y2); for 
example. 7 equals 2 X 3 + 1 and 22 + 
3 X 12. The techniques Euler devel
oped in the proof of this theorem are 
easily applied to prove the proposition 
in the case n equals 3 of Fermat's last 
theorem. It is possible Euler realized he 
could prove the proposition with the es
tablished techniques and therefore did 
not subject his more unusual proof to 
sufficiently careful scrutiny. 

In the earlier proof Euler was ex
tremely cautious about employing ques
tionable arguments. For example. an in
termediate step in the proof requires a 
proof that if a and b are relatively prime 
integers. then every odd prime factor of 
a2 + 3b2 can be written in the form 
c2 + 3d2• In this instance Euler did not 
have the dangerous assurance that the 
statement to be proved was correct. and 
his demonstration is a model of clarity 
and rigor. It is curious. however. that his 
experience with this proof did not alert 
him to the unreliability of his later argu-
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ment. The argument by analogy can be 
used to prove that every odd prime fac
tor of a2 + 3b2 is of the form c2 + 3d2, 
but it can also be used to prove that 
every odd prime factor of a2 + 5b2 is of 
the form c2 + 5d2, which is false. (Note 
that 42 + 5 X 12 eq uals 21 and that nei
ther of the factors of 21. 3 and 7. can be 
written as the sum of a square and five 
times a square,) Such considerations 
may have prompted the rigor that char
acterizes Euler's earlier proof. He had 
evidently forgotten them when he re
turned to the subject many years later. 

Euler's lapse in rigor is closely related 
to his great strengths. namely his ex
traordinary imagination and inventive
ness, His ability to see new connections 
and formulate problems in original and 
perceptive ways made his work a great 
source of inspiration for generations of 
mathematicians. His factoring of the 
numbers a + b Y-J into primes by 
analogy to the factorization of the inte
gers certainly showed great ingenuity. In 
fact. although his application-of the idea 
in his proof of the case n equals 3 of 
Fermat's last theorem was premature. 
later events would prove the idea to be 
an inspired one. Indeed. the flaw in Eu
ler's argument-the fact that a property 
derived from the unique factorization of 
the integers does not necessarily hold 
for number systems resembling the inte
gers in other ways-would turn out to be 
a central issue in more sophisticated in
vestigations of the theorem. 

Two More Cases 

Euler's proof needed some patching. 
but it essentially established Fermat's 
last theorem for the case where n equals 
the first odd prime 3. In the 1820's Gus
tav Lejeune Dirichlet and Adrien-Marie 
Legendre proved the theorem for the 
case where n equals the next prime 5. 
Their method of proof was basically an 
extension of the one Euler had used in 
the proof of the case n equals 3. and 
the analogue of the crucial equation 
p + qv=3 = (a + bv=3)3 was the 
equation p + q V5 = (a + b VS)5. (As 
n increases, the equations encountered 
in this type of proof become much more 
complex and the method fails to work.) 
For the case n equals 5 in order to prove 
that p + q V5 is a fifth power it must be 
assumed not only that p2 - 5q2 is a fifth 
power and p and q are relatively prime. 
as in the case n equals 3. but also that 
they have opposite parity (that one is 
odd and the other is even ) and that q is 
divisible by 5. Dirichlet's proof of this 
fact was based on a completely rigor
ous study of the numbers of the form 
x2 - 5y2. The proof, modeled on other 
works of Euler·s. including his rigorous 
study of numbers of the form x2 + 3y2 . 
and on works by Joseph-Louis Lagrange 
and Carl Friedrich Gauss, did not rely in 
any way on analogy to the factorization 
of the integers. 

Some 15 years passed before G;;tbriel 
Lame proved Fermat's last theorem for 
the case of the next prime: 7. The proof 
was a great accomplishment. but it did 
not bode well for future proofs because 
it was long. difficult and closely bound 
to the number 7. There was little hope 
that the proof could be applied to the 
next case. n equals 11. or to any other 
cases of the theorem. It seemed. then. 
that substantial progress would not be 
made in the study of Fermat's last theo
rem until a new approach to the prob
lem was discovered. 

Lame himself proposed such an ap
proach in 1847. He tried to prove the 
general theorem. introducing a complex 
nth root of unity: a complex number a 
for which an equals 1. but ak does not 
equal 1 for any positive integer k less 
than n. The idea was not new. In the 
preceding century Lagrange had point
ed out that introducing a into the study 
of Fermat's last theorem makes it possi
ble to split xn + yn = zn into n factors. 
each one containing x and y to the first 
power. (It is usually easier to deal with' 
lower powers of variables.) 

To obtain the factorization note that 
l.a,a2, .... an-1 are the roots. or solu
tions. of the equation Xn - 1. and so 
by the fundamental theorem of alge
bra Xn - 1 = (X - 1 )(X -a)(X - a2) .. .  
(X-an-I). Now set X equal to - xly 
and multiply both sides of the equation 
by yn. Since only the cases where n is 
odd are under consideration. the result
ingequation is xn + yn = (x + y)(x + ay) 
(x + a2y) . . . (x + a n-Iy). 

The Cyclotomic Integers 

Each of the factors of xn + yn is a 
number of the form ao + ala + a2a2 + 
... + an_Ian-I, where ao, .... an-I 
are integers. Today the numbers of this 
type-the numbers in the system made 
up of the integers and powers of a
are called the cyclotomic integers. be
cause the nth root of unity a is close
ly related to the problem of dividing 
a circle into n equal parts. (The com
plex number a can be interpreted as a 
point on a circle of unit radius whose 
center is at the origin of the complex 
plane; the arc of the circle that lies be
tween 1 and a is lInth of the entire 
circle.) Like the numbers a + b v=3 .  
the cyclotomic integers form a num
ber system resembling the integers in 
that adding. subtracting or multiplying 
two cyclotomic integers results in a cy
clotomic integer but dividing usually 
does not. 

Lame's treatment of the arithmetic 
of the cyclotomic integers resembles 
Euler's treatment of the numbers 
a + b v=3. although it may have been 
an independent invention. Given the 
factorization of xn + yn into cyclotomic 
integers. Lame proposed applying the 
"fact" that the prod uct of relatively 
prime numbers (here by numbers he 
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meant cyclotomic integers ) can be an 
nth power only if each of the numbers is 
an nth power. From this point Lame saw 
a fairly direct route to completing the 
proof that xn + yn = zn is impossible. 
The problem is that a property derived 
from the unique factorization of the in-

tegers is no more automatically applica
ble to the cyclotomic integers than it is 
to the numbers a + b -v'"=3 .  In fact, al
though the application is valid for the 
numbers a + b -v'"=3 (for a reason that 
is not obvious ), it is usually not valid 
for the cyclotomic integers, that is, it is 

ERNST EDUARD KUMMER made the greatest advance that has ever been made on Fer
mat's last theorem. In 1847 the German number theorist. working on a system of numbers 
called the cyclotomic integers, discovered a sufficient condition for a prime number p to be an 
exponent for which Fermat's last theorem is true, that is, if a prime p satisfies Kummer's con
dition, then xP + yP = zP is impossible. Today prime numbers that satisfy the condition are said 
to be regular. When regular primes were discovered, Fermat's last theorem had been estab
lished only for the cases where n equals 3, 4, Sand 7, but Kummer was able to prove the 
theorem true for aU but three of the primes (37, S9 and 67) smaller than 100. More recently suf
ficient conditions that are far more inclusive than Kummer's have been discovered. All primes 
within the range of computation, even on the largest computers, have been proved to be ex
ponents for which Fermat's last theorem holds. The theorem has still not been proved, how
ever. In fact, it has not even been shown to be true for an infinite number of prime exponents. 
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valid for only a few values of n, where 
n is an odd prime and a is an nth root 
of unity. 

The unfortunate Lame was so carried 
away by his own optimism that he an
nounced to a meeting of the French 
Academy of Sciences that he had 
proved Fermat's last theorem by this 
method. As soon as he had presented a 
sketch of his proof, however. Joseph 
Liouville rose to object to Lame's appli
cation of the properties of the ordinary 
integers to the arithmetic of the cyclo
tomic integers. It is not clear whether 
Liouville knew of Euler's similar error. 
In any case it is remarkable that he was 
able to instantly spot the weakest point 
in Lame's argument. There were other 
weak points, however. Lame's enthusi
asm was so extreme that he overlooked 
several other serious difficulties. In fact, 
his method turned out to be unwork
able, even for the exceptional values of 
n for which his main assumption holds: 
n equals 3, 5 , 7 , 1 1 , 13 , 1 7  and 19. 

Naturally Lame was embarrassed by 
the foolishness of his errors and by hav
ing them published in the proceedings 
of the French Academy for the entire 
mathematical world to see. "If only you 
had been in Paris or I had been in Ber
lin," he wrote to his friend Dirichlet in 
Berlin, "all of this would not have hap
pened." Actually it would have been 
enough for Lame to have read the pro
ceedings of the Berlin Academy of Sci
ences, where a few months earlier there 
had appeared the first announcement of 
a new and important theory of the arith
metic of cyclotomic integers. 

Kummer's Contribution 

The author of the new theory was 
Ernst Eduard Kummer. Several years 
earlier Kummer had realized that for 
problems in number theory such as Fer
mat's last theorem the important prop
erty of ordinary integers is their unique 
factorization into primes, and so he had 
attempted to prove that the property ap
plied to the cyclotomic integers as well. 
What he proved, however, was that 
unique factorization usually does not 
hold for those numbers. (He had pub
lished the finding in 1844, but in a rath
er obscure place. ) As Kummer contin
ued to work on the cyclotomic integers, 
however, it became clear to him that , 
the full power of unique factorization, 
which could not be obtained in the cy
clotomic integers, was not really nec
essary. His theory of 1847 showed that 
there was a way to modify the concept 
of unique factorization so that the mod
ified version could be applied to prove 
some subtle and useful properties of the 
cyclotomic integers. 

The basis of Kummer's theory was 
the introduction of what he called ideal 
prime factors into the arithmetic of cy
clotomic integers, in a manner some-

what analogous to the introduction of 
the imaginary number ;, or Y-1 ,  into 
the arithmetic of ordinary integers. I 
shall not discuss the character of Kum
mer's ideal numbers except to say they 
restored some of the most important 
properties derived from unique factori
zation to the cyclotomic integers and to 
other number systems, such as the num
bers a + b -v=3 ,  that arise in proving 
the various cases of Fermat's last theo
rem. The theory of ideal factorization 
was unquestionably one of the major 
achievements of 19th-century mathe
matics. Through a rather bizarre evolu
tion of terminology Kummer's ideal 
prime numbers and certain classes of 
numbers that are related to them are 
now called ideals. Today ideal theo
ry is a separate branch of mathemat
ics, which is further testimony to the 
far-reaching importance of Kummer's 
ideas. His work illustrates a strange fact 
about mathematical research, namely 
that it is impossible to predict in ad
vance which lines of investigation will 
lead to useful discoveries. His study of 
extremely pure. or theoretical, ques
tions in the field of number theory led 
him to formulate concepts of unforesee
able value and versatility for mathemat
ics in general. 

Kummer's theory led in particular to 
the greatest advance that has ever been 
made in the study of Fermat's last theo
rem. Only a few years earlier the proofs 
for the cases n equals 5 and n equals 7 
had been considered major accomplish
ments, but in 1847 Kummer was able to 
prove .the theorem true for all prime ex
ponents smaller than 37,  thereby, of 
course, establishing the theorem for all 
exponents smaller than 37 .  Moreover, 
he came close to proving the theorem 
for all prime exponents smaller than 
100. Only the exponents 3 7, 59 and 67 
eluded his method. 

Although many historians of mathe
matics have stated that Kummer's theo
ry grew out of his work on Fermat's last 
theorem, a careful study of Kummer's 
work and correspondence indicates that 
Fermat's last theorem was rather inci
dental. Kummer's main aim was to find 
the solution to another problem in the 
area of higher arithmetic, or number 
theory: the problem of the higher reci
procity laws posed by Gauss. (The prob
lem of the higher reciprocity laws con
sists in generalizing to higher powers the 
famous quadratic reciprocity law that 
Gauss proved for second powers. Brief
ly, the quadratic reciprocity law states 
that if p and q are odd prime integers, 
then there is a simple relation between 
the answers to the questions "Does p dif
fer from the square of an integer by a 
multiple of q ?" and "Does q differ from 
the square of an integer by a multiple 
of p ?") In 1847 Kummer's work on the 
higher reciprocity laws was still in its ear
ly stages, but by 1859 he had achieved 
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great success. proving a general theorem 
that was the culmination of his work in 
number theory. The traditional view 
that Kummer was motivated by interest 
in Fermat's last theorem is not entirely 
false. however. because the theorem is 
closely related to the problem of the 
higher reciprocity laws. Gauss himself. 
although he always denied that he was 
interested in Fermat's last theorem per 
se. expressed the hope that from his re
sults concerning the higher reciprocity 
laws he would one day be able to deduce 
Fermat's theorem easily. 

Regular Primes 

Kummer's theory of 1 847 was partic
ularly valuable because it provided a 
sufficient condition for an odd prime p 
to be an exponent for which Fermat's 
last theorem is true. In other words. if an 
odd prime p satisfies Kummer's condi
tion. then xP + yP = zp has no solution. 
In modern terminology a prime that sat
isfies the condition is called regular. 
(Specifically. a prime p is regular if and 
only if it does not evenly divide the nu
merator of any of the first p - 3 num
bers in the series of fractions called the 
Bernoulli numbers. ) Although regulari
ty is a sufficient condition for Fermat's 
last theorem. it is not a necessary condi
tion. There are primes p that are not 
regular for which xP + yP = zp has been 
proved impossible. Of the primes small
er than 1 00 all but 3 7 .  59 and 67 are 
regular. 

Kummer jumped to the conclusion 
that the set of regular primes was infi
nite. but he soon realized he could not 
prove it to be true. Indeed. no subse
quent effort has yielded a proof. al
though on the basis of intuition and nu
merical evidence the assertion that there 
are infinitely many regular primes seems 
to be as certain as an unproved state
ment can be. (Oddly enough. it has been 
proved that there are infinitely many ir
regular primes. About 60 percent of the 
primes within the present range of com
putation are regular. and there are good 
reasons to believe the majority of all 
primes are regular. Hence all the prime 
numbers can be divided into two sub
sets. the regular primes and the irregular 
primes. where the set that is expected to 
be larger cannot be proved infinite but 
its complement can be proved infinite. ) 

In later years Kummer established 
other sufficient conditions for Fermat's 
last theorem that covered even more 
prime numbers. including the irregular 
primes 3 7 .  59 and 67.  Since Kummer's 
time even more inclusive sufficient con
ditions have been found. some of the 
most inclusive of them by H. S. Van
diver of the University of Texas. Even 
the most inclusive conditions. however. 
have still not been shown to apply to an 
infinite number of prime exponents. 
Thus it is still conceivable. no matter 
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how unlikely , that Fermat's last theo
rem is true only for a finite number of 
prime exponents and consequently that 
there is some very large number M such 
that the theorem is false for all prime 
exponents greater than M. 

On the other hand, the sufficient con
ditions for the theorem are now so in
clusive as to cover all the prime num
bers that have ever been tested.  In other 
words, all the primes within the range of 
computation have been proved to be ex
ponents for which Fermat's last theorem 
is true. The algorithms for checking 
whether primes satisfy the conditions 
are quite simple, and over the past 2 5  
years intensive checking has been done 
on large modern computers, notably by 
D. H. Lehmer of the University of Cali
fornia at Berkeley, R. G. Selfridge of the 
University of Florida, Wells Johnson of 
Bowdoin College and Samuel S. Wag
staff of the University of Illinois. In the 
early 1970's  Johnson's computations es
tablished that Fermat's last theorem was 
true for all prime exponents smaller 
than 3 0,000. More recently Wagstaff, 
working with sophisticated techniques 
and a large computer at the University 
of Illinois, has pushed the limit past 
125 ,000. 

The Present Situation 

These computations also show that a 
counterexample to Fermat's last theo
rem, a set of integers x, y, z and p for 
which xP + yP = zP, would consist of 
numbers so immense that they would be 
far beyond the range of hand computa
tion or even of computation on the larg
est existing computers, indeed far be
yond the range of any computer that is 
remotely conceivable . If p is a prime be
yond Wagstaff's limit, say p is about 
3 00,000, then it can be shown that 
xP + yP = zp is impossible unless x, y or 
z is divisible by p. Therefore zp must be 
greater than 3 00,000300,000 , a number of 
at least a million digits. Other results 
show that a counterexample would 
involve even more outlandishly large 
numbers. 

Thus in a certain sense Fermat's last 
theorem is empirically true. If there is a 
solution for xn + yn = zn, then the num
bers in it are so inconceivably large that 
human beings will never be able to deal 
with them . From a philosophical and 
mathematical point of view, however , 
the size of the numbers has no bearing 
on the validity of Fermat's last theorem. 
When a mathematician says a statement 
is true for all numbers, he does not mean 
that it is true only for all the numbers 
anyone has ever encountered or ever 
will encounter . On the contrary,  since 
Fermat's last theorem has not even been 
proved true for an infinite number of 
prime exponents, one might say that all 
the work on the problem has done noth
ing more than verify the theorem in a 
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few thousand special cases, and that 
there is not even any reliable indication 
of whether the theorem is true. 

What, then, is the present status of the 
work on Fermat's last theorem? It is cer
tainly one of the most famous unsolved 
problems in mathematics today, but it is 
not the object of a great deal of mathe
matical research because no one knows 
how to attack it. It has withstood Kum
mer's powerful methods and their many 
subsequent refinements, and it has still 
not even been proved for infinitely many 
prime exponents. If someone were to 
put forward a concept that promised to 
bring about some real advances on the 
problem. it would surely elicit a great 
deal of interest and activity. At the 
present time. however. the subject of 
Fermat's last theorem is more or less 
dormant. 

Interest in the Theorem 

In the past 100 years Fermat's last the
orem has become a favorite topic of 
mathematical amateurs. taking a place 
beside the problems of squaring the cir
cle and trisecting the angle with ruler 
and compass. Fermat's last theorem dif
fers from circle squaring and angle tri
secting in that those tasks are known to 
be impossible, and so any purported so
lutions can be rejected out of hand. No 
such assurance exists for Fermat's last 
theorem. On the contrary, there is just 
an outside chance that there is a reason
ably elementary proof of the theorem 
that Fermat did discover. Amateurs 
rarely succeed, however. in proving 
even the case n equals 3 of Fermat's last 
theorem. which was proved by Euler 
two centuries ago. much less the harder 
but also well-known cases n equals 5. 7 
and 11. 

Perhaps the persistence of amateurs
the belief that mathematical results are 
just "out there" waiting to be noticed
has to do with a general lack of under
standing about what it is that mathema
ticians do. In this article I have attempt
ed to show that mathematics is certainly 
not cut and dried. that. on the contrary, 
mathematicians are usually adrift in a 
sea of unanswered questions. In fact. re
search in mathematics routinely takes 
such unexpected turns that the investi
gator often ends up finding answers to 
questions quite different from those he 
set out to answer. Moreover. as the his
tory of Fermat's last theorem shows. 
even great mathematicians make mis
takes. Fermat's last theorem remains 
in itself an intriguing question. and al
though its importance is largely a histor
ical accident. it will surely continue to 
attract the attention of mathematicians 
until the proof is found. There is every 
reason to believe that in the future. as in 
the past. attempts to solve Fermat's last 
theorem will bring about important ad
vances in mathematics. 

© 1978 SCIENTIFIC AMERICAN, INC



Announcing an inexpensive 
practical method for conserving 
energy in summer and winter. 

WI NT E R  SUMM E R  

� �  Ec:' . a= . .. . 
Mitsubishi Electric has 

come up with a series of 
elegantly simple total-heat 
exchangers that the average 
home, building, or factory 

• Fresh wa r m  a i r  1:::::::::1 Sta le  wa rm a i r  0 F resh coo l  a i r  Sta le  cool  a i r  owner can easily afford . 
Capable of exchanging 

both sensible heat ( temperature) and latent heat (humidity) , these Lossnays 
effectively use the permeating properties of specially treated paper. 

The basic element is constructed entirely of paper, is totally static, and 
remarkably easy to maintain . 

No mixing of intake and exhaust air occurs in a Lossnay heat exchanger. 
And yet the average rate of total-heat exchange is a high 70% . With the 
price of energy today, it 's definitely worth 
getting the exact figures for your building . 

Mitsubishi makes dozens of models to 
accommodate any size facility, with air-flow 
capacities ranging from 60 to 60,OOOCFM . 

Moreover, they're sold at prices you can 
afford. 

For more information, please write to us 
at the address below. Briefly outline your 

I N DO O RS ! OUTDOO RS  
I ntake 
(exchanged)  a ir  

R oo m  
( u n c h a n ge d )  a i r  

E x h a usted 
( e x c h a n g e d )  a i r  

building's dimensions and specifications, and L-..M-i ts-u b-iS-h i  -L o-ss-n a-y -a i r-. to-'.a-i r  -he-at-e x-c h-an-ge-rS-ef-f i c-i e-n t-'I Y 
we'll forward you the necessary technical con serve h e a t i n g  a n d  coo l i ng energy n o r ma l l y  l ost th rough 

ve n t i l a t i o n .  The L ossnay syste m is a s i m p l e ,  pract ica l  
material . way to red u ce e n ergy costs wi th a l ow i n it i a l  i nvestme nt.  

• MITSUBISHI 
" ELECTRIC 

M I TSU B I S H I  E L EC T R I C  CORPORAT I O N ,  2·3, M a r u n o u c h i  2·chome, C h i yoda·k u ,  To kyo 1 00. T E L E X :  J 24532 C A B L E :  M E L C O  TOKYO 7806· X 01 ·A9·38 

1 23 

© 1978 SCIENTIFIC AMERICAN, INC



Did a Supernova Trigger 
the Formation of the Solar System? 

Isotopes found in a few primitive meteorites are probably debris 

from a massive star that apparently exploded near the developing 

solar system about a million years before the meteorites formed 

by David N. Schramm and Robert N. Clayton 

The stellar explosions called super· 
novas are rare events: among the 
1 00 billion stars of our galaxy 

there are probably about three superno
vas a century. In spite of their rarity. 
however. supernovas had a seminal role 
in the origin of the solar system. M uch 
of the material that came together to 
form the sun and the planets was dust 
and gas that had been ejected by super
novas over a period of several billion 
years. Now there is evidence for a more 
intimate connection with a partic ular 
supernova. It appears that a massive star 
exploded in the vicinity of the develop
ing solar system at about the time the 
system condensed.  

The evidence comes from studies of 
the chemical elements in meteorites. 
and in particular from measurements of 
the abundance of the various isotopes of 
certain elements. In specimens of mate
rial from the most primitive class of me
teorites the relative abundances of some 
isotopes is different from what it is on 
the earth. in moon rocks and presum
ably everywhere else in the solar system. 
The isotope anomalies can be explained 
by assuming that matter from a super
nova was injected into the solar system 
no more than a few million years before 
the meteorites solidified.  Indeed. there is 
reason to believe the close association 
between the supernova and the birth of 
the solar system was not a coincidence. 
The collapse of a diffuse cloud of gas 
and dust into the sun and its planetary 
system may have been triggered by the 
concussion from the nearby explosion. 

I sotopes are species of atoms that have 
the same number of protons (and 

hence represent the same chemical ele
ment) but different numbers of neu
trons. Oxygen. for example. has three 
isotopes that are stable to radioactive 
decay. All of them have eight protons. 
but they have eight. nine or 10 neu
trons. The isotopes are generally identi
fied by the symbol for the element 
and by the atomic mass number. which 
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is simply the sum of the proton and neu
tron numbers. Thus the stable isotopes 
of oxygen are 0- 1 6 .  0- 1 7  and 0- 1 8. 

It is often said that the isotopes of an 
element are chemically identical. It is 
certainly true that chemical processes 
cannot change one isotope into another. 
any more than they can change one ele
ment into another. For most purposes it 
is even a reasonable approximation to 
say that chemical processes do not dis
tinguish between isotopes. so that any 
one isotope enters into the same reac
tions as the others. In the formation 
of minerals. for example. different ele
ments are segregated according to their 
chemical properties. but all the isotopes 
of a single element ordinarily remain 
together . Indeed. isotopes are similar 
enough in this respect that separating 
them is a difficult and costly process. 

The statement that isotopes are chem
ically equivalent to one another is none
theless an approximation: most isotopes 
do exhibit small differences in their 
chemical properties.  The differences are 
all determined strictly by atomic mass, 
which has a slight influence on the rate 
and the equilibrium point of chemical 
reactions. The effect is seldom large. but 
it can be significant. For example. the 
extent to which the heavier isotopes of 
oxygen are incorporated into marine 
sediments is sensitive to temperature. 
and so the abundance of the isotopes in 

such sediments can be employed to de
duce the temperature of ancient oceans. 

Because the chemical segregation of 
isotopes is always dependent on atomic 
mass it follows a simple pattern. If the 
ratio of 0- 1 7  to 0- 1 6  is slightly in
creased by a chemical process. the ratio 
of 0- 1 8  to 0- 1 6  must be increased by 
twice as much since the difference in 
mass is twice as great. Knowing this re
lation. it is possible to compensate for 
the effects of chemical fractionation and 
retrieve the "true" isotopic abundance. 

When these minor chemical effects 
are taken into account. it is found that 
the relative abundances of isotopes are 
constant to high accuracy . Terrestrial 
oxygen is 9 9 . 7 5 6  percent 0- 1 6  .. 03 9 per
cent 0- 1 7  and .205 percent 0- 1 8. The 
same ratios can be observed (after ad
j ustments for chemical effects) in oxy
gen from the atmosphere. from sea
water and from sedimentary or igneous 
rocks. The amount of oxygen in these 
substances varies widely. of course. but 
the oxygen itself seems to be identical in 
isotopic composition. 

Isotope ratios for oxygen and for oth
er elements have been measured in 
moon rocks and have been found to be 
essentially the same as they are on the 
earth. Indeed. the most widely accepted 
theory describing the origin of the solar 
system leads one to expect that the same 
ratios would also be observed if materi-

MINERAL GRAINS from a meteorite inclnde elements whose isotopic composition differs 
from that of all other known matter in the solar system. The specim ens on the opposite page 
are from the Allende meteorite, which fell in Mexico in 1969. In the micrograph at the top a 
polished section of rock has been irradiated with electrons so that minerals can be identified by 
the characteristic color of their Inminescence. One mineral of particular interest is anorthite, 
which is unusually rich in aluminum and poor in magnesium. Grains of anorthite appear light 
blue; other minerals are melilite (dark blue or purple), pyroxene (red) and spinel (yellow). At 
the bottom three crystals of anorthite are seen in a photomicrograph made with crossed polar
izing filters, which lend their false colors to the crystals. Near the upper left of one crystal is a 
small crater made by an ion beam employed to extract elements for isotopic analysis. The anal
ysis of this specimen revealed an excess of the magnesium isotope with a mass number of 26, 
which was created by the radioactive decay of aluminum 26. The aluminum isotope must 
have been made in a supernova explosion shortly before meteorite condensed. Photographs 
were made by Ian M. Steele (top) and Ian D. Hutcheon (bottom) of University of Chicago. 
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al from any of the other planets could 
be examined. In this theory the solar 
system is seen as emerging from the 
gravitational collapse of a diffuse and 
swirling cloud of gas and dust. The light
est and most abundant elements in the 
cloud, hydrogen and helium, were pri
mordial materials, but the heavier ele
ments were mainly the debris from su
pernovas. 

The matter ejected by all the super
novas contributing to the protosolar 

cloud need not have been identical in 
isotopic composition or even in elemen-

tal composition; in fact, it is likely that 
each supernova issued a distinctive mix 
of isotopes and elements. Once these di
verse contributions joined the cloud, 
however, they were thoroughly blended. 
By the time the solar system condensed 
from the cloud the isotopic composition 
was homogeneous and reflected only the 
average isotopic content of all the super
nova debris. The recent discovery of 
material with an isotopic composition 
that departs from the solar-system aver
age indicates there was at least one su
pernova that exploded later than the 
rest, too late for the matter it ejected to 

STELLAR CORE 

be fully blended with all the earlier con
tributions. 

Although isotope ratios are not sub
stantially altered by chemical reactions, 
anomalous ratios can be expected to 
persist today only in material that has 
been subject to little chemical process
ing. The reason is that the blending of 
materials from diverse sources that took 
place in the protosolar cloud has contin
ued unabated in the chemical systems of 
the more active planets. Suppose, for ex
ample, in the region of the cloud where 
the earth took form 1 percent of the oxy
gen had an anomalous isotopic compo-

SUPERNOVA 12C�I2Cr 
18()_-----

4He 

SYNTHESIS OF THE ELEMENTS in which anomalies in isotopes 
have been found iuvolves nuclear reactions either in the core of a 
massive star or iu the explosion of a massive star. In either case a su
. 
pernova is required to eject the material. Unstable nuclei can be fur
ther transformed by spontaneous decay after they are ejected. For two 
of the elements, oxygen and magnesium, a few representative reaction 
sequences are shown. The most abundant isotopes of both elements, 
0-16 and Mg-24, occupy important positions in a major nucleosyn
thetic pathway; in part, that is why they are abundant. The other iso
topes are made in more peripheral pathways. Oxygen 17 and 18 are 

formed in stars during a cycle of reactions whose eventual product is 
helium 4. 0-17 and 0-18 nuclei, however, cannot survive the high 
temperatures that prevail in a supernova. 0-17 is a fragile nucleus 
that can break down in many ways; 0-18 readily absorbs a helium 
nucleus to become neon 22. Some 0-17 and 0-18 can escape from a 
star in the stellar wind (not shown), but the oxygen cast off by a super
nova is essentially pure 0-16. Mg-25 and Mg-26 can form during a 
supernova as a result of neutron capture by the abundant Mg-24. 
Some of these isotopes can then give rise to AI-27, the only stable 
isotope of aluminum. Other reactions, such as the simultaneous abo 
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sltlon. It might have been possible to 
find some trace of that isotopically dis
tinctive oxygen when the planet first 
condensed 4.6 billion years ago. but it 
could not be detected today. Oxygen in 
the atmosphere. in water. in rocks and 
in living organisms passes continually 
through an interlocking web of chemi
cal cycles. Precisely because the iso
topes are chemically similar the iso
topically unusual oxygen would mix 
with all the rest. The anomalies could 
not be recognized today by the analysis 
of terrestrial materials alone. but they 
could be observed by comparing oxygen 

INTERSTELLAR 
MEDIUM 

r----------------------->�'� 

r-----------------------�,� 

�----------------------� �2.Mg 

r-----------------------� �Mg 

26Mg--------------------;>� 26Mg 

sorption of a proton and emission of a nen
tron, produce small quantities of the radioac
tive isotope AI-26. The A1-26 is for the most 
part made in supernovas and decays with a 
half-life of 720,000 years to Mg-26. Excess of 
Mg-26 with A1-27 in a meteorite can he inter
preted as evidence the meteorite condensed 
not more than a million years after a super
nova exploded; if delay had been much long
er, virtually all AI-26 would have decayed. 
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from the earth with oxygen from an
other planet. 

One likely place to search for distinc
tive isotope ratios would be in comets. 
which have probably been very little al
tered by chemical processes. Comets. 
however. are quite inaccessible. The 
best sources of primitive solar-system 
materials that are readily available 
are meteorites. which apparently never 
formed aggregates sufficiently large for 
geochemical cycles to become estab
lished. Among the meteorites the most 
primitive class consists of those called 
carbonaceous chondrites. They are dis
tinguished by the presence of carbon 
and by small round inclusions called 
chondrules. which show evidence of 
having once been melted. It is thought 
that the carbonaceous chondrites solidi
fied early in the history of the solar sys
tem and that little has happened to alter 
them since. 

Most of the recently discovered iso-

tope anomalies were first observed in 
material from a single carbonaceous 
chondrite. which fell in 1 969 near the 
village of Pueblito de Allende in north
ern M exico. It is now known simply as 
the Allende meteorite. The same dis
tinctive ratios have since been found in 
other carbonaceous chondrites. and so 
they are not peculiar to the Allende ma
terial; on the cqntrary. they are proba
bly common to all meteorites of this 
kind. It is an interesting question why 
earlier examinations of meteoritic mate
rial failed to detect the isotopic discrep
ancies. One part of the explanation is 
probably that the Allende meteorite was 
much larger than any other carbona
ceous chondrite. and so more material 
was available for study. The Allende 
meteorite broke into many fragments. 
most of them only fist-size. but the origi
nal body is estimated to have had a mass 
of more than two tons. Another factor 
is that the Allende meteorite fell at a 

""'CAR BONACEOUS CHONDRITES 

o�o--------------------------------------------------------------� 
RATIO OF 1.0 TO 160� 

OXYGEN ISOTOPES in many specimens of meteoritic material have a composition notably 
different from that in terrestrial rocks. Chemical processes can slightly alter all isotope ratios, 
but the change is always proportional to the atomic mass of the isotopes. For this reason the 
isotopic composition of the earth's oxygen is not quite uniform, but the variations follow a 
simple pattern. If the ratio of 0-17 to 0-16 is increased by one unit, then the ratio of 0-18 to 
0-16 must be increased by two units because the mass difference is twice as great. Thus a 
graph of the two ratios (curve in black) is a straight line with a slope of 112. In the meteorites 
called carbonaceous chondrites, including the Allende meteorite, a differeut relation has been 
discovered. In these specimens if the ratio of 0-17 to 0-16 is raised by one unit, so is the ratio of 
0-18 to 0-16; in other words, the graph has a slope of 1 (color). These findings suggest the oxy
gen in the carbonaceous chondrites is a mixture of two components. One component is normal 
terrestrial oxygen. The other is pure 0-16, which has been added in various proportions ranging 
up to about 5 percent. The most reasonable source for the extra 0-16 is a supernova that ex
ploded too late for the debris to become thoroughly mixed with the rest of the protosolar cloud. 
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time when several laboratories were be
ing equipped to analyze lunar material 
brought back by the Apollo expeditions. 
In those laboratories isotope ratios in 
the Allende material could be measured 
with greater precision than had been 
possible with earlier meteorites. On the 
other hand. the anomalies might have 
been found a few years earlier if the 
same laboratories had not been busy 
analyzing the moon rocks. 

The first anomaly to be discovered in 
the Allende material was in the iso

topes of oxygen. It was found in 1 973 by 
one of us (Clayton) in collaboration 
with Toshiko Mayeda and Lawrence 
Grossman of the University of Chicago. 
Oxygen is a common element (it is a 
constituent of most minerals). and oxy
gen isotope ratios had been routinely de
termined in a variety of solar-system 
materials. All the earlier measurements 
had been consistent with the hypothesis 
of a completely homogeneous protoso
lar cloud. The discovery of a different 
ratio in some specimens from the Allen
de meteorite was startling. 

The isotope ratios were measured 
with a mass spectrometer. the instru
ment that separates atoms on the basis 
of their mass. Oxygen was first isolated 
from the Allende material by chemical 
means and the oxygen atoms were ion
ized so that they could be accelerat
ed. The accelerated ions then passed 
through a magnetic field. where they 
were deflected by an amount deter
mined by their mass. By positioning an 
ion detector beyond the magnet the 
number of atoms of each isotope could 
be counted. 

As was pointed out above. terrestrial 
oxygen is more than 99 percent 0- 1 6 ;  
the heavier isotopes are trace constitu
ents. In the Allende material the propor
tion of 0- 1 6  was found to be still higher. 
Comparison of the various ratios in 
question showed that the discrepancy 
could not have been caused by chemical 
fractionation; it was not proportional to 
the mass difference. In fact. the ratio of 
0- 1 7  to 0- 1 8  was undisturbed. The oxy
gen in the meteorite seemed to be a mix
ture of two components. one having the 
isotopic composition of normal solar
system oxygen and the other being made 
up of pure 0- 1 6. In some specimens the 
pure 0- 1 6  represented as much as 5 per
cent of the oxygen. 

Since 0- 1 6  is already the most abun
dant isotope of oxygen. the addition of 5 
percent more of it changes the isotope 
ratio only slightly: from 99.756 percent 
0- 1 6  to 99.768 percent. The ratio is con
sistent enough in other materials. how
ever. for the small discrepancy to be 
considered significant. It implies that the 
protosolar cloud was not entirely homo
geneous and that some components of it 
had a different isotopic composition. If 
the "extra" 0- 1 6  had been in the form of 
a gas. it would have mixed with the rest 
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The deck: The Sony TC-K5 
cassette deck . 

The deal: A high-performance 
deck that also lets your money perform. 

And the reason Sony gives you 
more for your money is that Sony is 
more of a company. After all, we've 
been making tape recorders for over 
30 years. Other manufacturers have to 
charge you for their learning experi
ences; Sony's experience saves you 
money. 

A new motor solves 
an old problem. 

The KS's DC motor is known as 
FG servo-controlled. What separates it 
is that thecommutator is separately 
housed, to reduce vibration. 

You'll also find a built-in frequency 
generator servo system. Infrequently 
found at this price , it monitors and cor-

rects speed variations, which reduce 
wow and flutt�r. 

Go to the head of the class. 
That's where you'll find our ferrite

and-ferrite record/playback head. 
Ferrite improves high frequency 
performance, and allows for a wider 
frequency response . 

Ferrite is more expensive, but it 
lasts 200 times longer than conven
tional heads. And the body of the TC-KS 
is built to last as long as its head. 

Measure a cassette deck 
by its meters. 

The TC-KS has two professionally 
calibrated VU meters. And there's also 
three LED peak-level indicators . 

Controls include an automatic 
shut-off in all modes, tape counter and 
memory, a rec-mute switch, and an 

automatic tape-repeat mechanism. 
And since we're not biased' about 

standard, chromium dioxide, and ferri
chrome tapes, our bias and equaliza
tion switches let you play all three. In 
fact, with nine possible combinations, 
any tape of the future can be handled. 

The TC-KS, with built-in Dolby 
noise reduction system, is priced like a 
basic cassette. But you'd never know it 
from the elegant electronics and con
trols. It has features above and beyond 
the call of duty-but not the call of Sony. 

It's for those on a budget. But 
who, when it comes to quality, refuse 
to budge. 

SONY. 
&TIJJJI» II cQ) 

© 1978 Sony Industries. a division of Sony Corp. of America, 9 West 57. NY. N.Y. 10019. Sony i�a trademark of Sony Corp. 
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EXCESS OF OXYGEN 16 alters the isotopic composition of the element only slightly be
cause normal oxygen is already more than 99 percent 0-16. The composition of terrestrial oxy
gen (corrected for chemical fractionation) is given at the left, with the uppermost .25 percent 
shown at an enlarged scale. Mixing such a gas with 5 percent pure oxygen 16 raises the propor
tion of 0-16 only from 99.756 percent to 99.768 percent. Although the enhancement is numer
ically small, it is significant because the scale of other variations in the ratios is still smaller. 
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of the cloud and been diluted very tapid
ly. It is more likely that the anomalous 
oxygen entered the cloud in chemically 
combined form within solid grains. 

Two possible origins for such grains 
could be proposed. They might have 
been primordial grains. and indeed all 
interstellar grains might have an isotop
ic composition different from that of in
terstellar gas. That difference would not 
be detected in other bodies of the solar 
system because elements from the solid 
phase and the gas phase have been thor
oughly blended. Alternatively. most gas 
and dust grains in the cloud might have 
been identical in isotopic composition. 
with only a few anomalous grains that 
were added too late for complete mix
ing. These grains could have been pre
served in some meteorites, whereas they 
would have been chemically broken 
down and recombined in the earth and 
the other planets. As will be seen below. 
there is strong evidence favoring the lat
ter hypothesis. but the oxygen isotopes 
alone do not provide a basis for choos
ing between the two possibilities. 

It must be emphasized that the oxy
gen isotopes carry no information about 
the date when the peculiar grains were 
formed. All three oxygen isotopes are 
stable . and so an unusual isotope ratio 
(such as 1 00 percent 0- 1 6) could have 
been frozen into some dust grains hun
dreds of millions of years before those 
grains were incorporated into the solar 
system. The only requirement for ex
plaining the observations is that the 
grains must have had no chance to mix 
completely with more typical solar-sys
tem materials. 

Another isotopic anomaly first ob
I\. served in the Allende meteorite can 
be dated. It consists of evidence that 
when the meteorite formed .  it included 
some quantity of a radioactive isotope 
of aluminum. AI-26. The evidence was 
found in experiments carried out by Ty
phoon Lee . who was then at the Califor
nia Institute of Technology and is now 
at the University of Chicago. and by 
Dimitri A. Papanastassiou and Gerald 
J. Wasserburg of Cal Tech. 

Aluminum has only one stable iso
tope. with 13 protons and 14 neutrons 
and hence an atomic mass number of 
27. Terrestrial aluminum consists en
tirely of this isotope. Aluminum 26.  
with 1 3  protons and 13 neutrons. has a 
half-life of 720.000 years. that is. after 
such an interval half of the AI-26 atoms 
in a specimen will have decayed. The 
decay is by positive beta emission: a 
positron (or antielectron) and a neutrino 
are emitted and one proton in the nucle
us is changed into a neutron. In this 
transformation the atomic mass number 
is unchanged but the new nucleus has 
only 12 protons and 14 neutrons: that 
makes it a nucleus of magnesium 26. a 
stable isotope. 

Suppose a quantity of AI-26 was in-
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RATIO OF 27 AI TO 24Mg 

EXCESS OF MAGNESIUM 26 in tbe Allende meteorite was caused 
by tbe decay of aluminum 26. Tbe data are for minerals identified 
witbin a single rock inclusion in tbe meteorite. Normal terrestrial 
magnesium is 78.99 percent Mg-24, 10 percent Mg-25 and 11.01 
percent Mg-26; bence tbe ratio of Mg-26 to Mg-24 is about .139. 
Some of tbe Allende minerals approacb tbis ratio, notably fassaite 
and spinel. In melilite tbere is a sligbt enbancement in Mg-26, and 
in anorthite tbere is a substantial enbancement. Wbat demonstrates 
tbe origin of tbe Mg-26 excess is tbe close correlation witb tbe alumi
num content of tbe mineral (expressed quantitatively as tbe ratio of 
AI-27 to Mg-24). Fassaite and spinel contain botb aluminum and 

magnesium, but tbe magnesium abundance is so great tbat tbe small 
excess of Mg-26 from AI-26 is not experimentally measurable. Meli
lite is aluminum-rich and magnesium-poor, and anorthite is alumi
num-rich and almost devoid of magnesium, and so tbey display large 
enhancements of the ratio of Mg-26 to Mg-24. Tbe isotopic enrich
ment is proportional to tbe elemental abundance ratio. From tbe con
stant of proportionality or from the slope of tbe graph the original 
abundance of AI-26 can be calculated: the aluminum in the Allende 
inclusion bas one atom of AI-26 for each 20,000 atoms of AI-27. The 
measurements were made by Typboon Lee, Dimitri A. Papanastas
siou and Gerald 1. Wasserburg of California Institute of Technology. 
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DEC A Y OF ALUMINUM 26 provides a means of dating tbe super
nova that produced tbe isotope. Because AI-26 bas a balf-life of only 
720,000 years little of it survives more tban about two million years. 
If the last supernova that contributed to the solar system bad taken 
place more tban two million years before tbe system condensed, al
most all the AI-26 would bave decayed before it could be trapped 
in solid bodies. Chemical processing would tben have segregated the 
aluminum and the magnesium, and no isotope anomaly could be de-
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tected. If tbe last contributing supernova was somewhat later, a sub
stantial fraction of tbe radioactive isotope would have remained wben 
tbe meteorites solidified. In tbe cbemical sorting of tbe elements at 
condensation tbat fraction would remain with tbe rest of the alumi
num, and when it finally did decay in a meteorite, it would be subject 
to little furtber chemical disturbance. Tbus only if the supernova was 
late enougb would it create an excess of Mg-26 in aluminum-rich 
rocks. Abundance of AI-26 is exaggerated for tbe purpose of clarity. 
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troduced into the proto solar cloud j ust 
before the carbonaceous chondrites 
condensed. It would have essentially the 
same chemical properties as AI-27 and 
so would appear in a constant ratio with 
AI-27 in all minerals that include alumi
num. After a few million years, how
ever, most of the AI-26 would have de
cayed, and after the 4.6 billion years 
that have passed since the formation of 
the solar system all of it would have 
been converted into Mg-26. If the rock 
was never melted or subjected to other 
processes that could separate the ele
ments, then the amount of AI-26 origi
nally present could be determined sim
ply by measuring the amount of Mg-26. 

In practice the measurement is not 
that simple because virtually all min
erals include magnesium from other 
sources; indeed, magnesium is much 
more abundant than aluminum. There 
are three stable isotopes of magnesium, 
with mass numbers of 24, 25 and 26; the 
normal isotopic composition is 78. 99 
percent Mg-24, 1 0  percent Mg-25 and 
1 l. 0 1  percent Mg-26. Thus any Mg-26 
created by the decay of AI-26 could be 
detected only as an excess over the nor
mal abundance of that isotope. 

Enhancements of exactly this kind 
were found in the Allende material by 
Lee, Papanastassiou and Wasserburg. 
In some specimens the percent of Mg-26 
was increased from its normal level of 
1 l.0 1 to about 1 1 . 5 .  Anomalies that 
large were observed only in minerals 
such as anorthite that are rich in alu
minum and poor in magnesium; most 
of the anomalies were much smaller. 

The enhancement in Mg-26 could not 
have been caused by chemical fraction
ation; if it had been, there would have 
been a similar but smaller enhancement 
in Mg-25,  which was not observed. It 
remained to be demonstrated, however, 
that the extra Mg-26 was derived from 
the decay of AI-26;  several other nucle
ar reactions could give rise to the same 
product. The origin of the Mg-26 could 
be established, however, by comparing 
the excess of Mg-26 with the elemen
tal ratio of aluminum to magnesium 
in each mineral grain. These measure
ments appear to have a simple linear 
relation: the greater the AI/Mg ratio, 
the greater the excess of Mg-26. If the 
Mg-26 had come from any other source, 
no correlation would be expected. The 
correlation of aluminum content and 
Mg-26 excess in many minerals even 
makes possible an estimate of how 
much AI-26 was initially present. It 
seems the AI-26 was a minor contami
nant: about one atom for every 20,000 
atoms of the stable isotope AI-27.  

The discovery of an Mg-26 excess was 
particularly important because it sup
plies a date for the creation of the anom
alous material. Since AI-26 is a radioac
tive isotope, it had to be incorporated 
into the minerals no more than a few 
half-lives, or a few million years, after it 
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STRUCTURE OF A SUPERNOVA just before it explodes is a series of shells, which are 
measured here in units of the sun's mass. The structure is that predicted for a star with an origi
nal mass 22 times the mass of the sun; by this stage in its evolution it would have lost, through 
stellar winds, part of the initial mass, but the actual extent of the outer hydrogen envelope is 
not known, The star explodes when the core of iron and nickel collapses, releasing energy that 
blows off the outer layers. Because of differences in temperature and composition each shell 
contributes a distinctive set of isotopes to the ejecta. Aluminum 26 is probably made only in 
carbon shell. Heavy elements from silicon to nickel can probably be made only in interior layers. 

was created. If there had been any long
er delay, all the AI-26 would have been 
converted into Mg-26. That isotope 
would have mixed freely with other 
magnesium, so that no correlation be
tween aluminum and magnesium could 
be detected. The most reasonable con
clusion is that the AI-26 was made in a 
supernova no more than a few million 
years before the solar system formed. It 
is estimated that the condensation of a 
star the size of the sun takes about 1 0  

million years, and so on the time scale of 
star formation the two events were es
sentially simultaneous. 

Other explanations are conceivable, 
but they cannot account for all the data. 
For example, the AI-26 might have been 
ejected from a much earlier supernova 
and have immediately condensed with 
other elements in solid grains, which lat
er were incorporated without alteration 
in the meteorites. The radioactivity of 
the AI-26 would then have been extinct 

STAR FORMATION can be observed at the leading edge of an expanding supernova rem
nant. The bright nebula, which appears dark in this negative image, is in the constellation Canis 
Major. In the regions marked by arrows, where the ejecta of the supernova evidently collide 
with matter in the interstellar medium, concentrations of young, bright stars have been discov
ered. The condensation of the stars may be induced by shock waves from the supernova, and 
the sun may have formed through a similar interaction with the supernova responsible for the 
magnesium and oxygen anomalies. This evidence for star formation near supernova remnants 
was found by William Herbst and George E. Assousa of Carnegie Institution of Washington. 
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DENSITY WAVES associated with the spiral structure of the galaxy 
provoke episodes of star formation as they pass a given region within 
tbe galaxy once every 100 million years. The isotope anomalies in me
teorites seem to include traces from the passage of two successive 
density waves. About 4.7 billion years ago (a) a wave gave rise to the 

stars, including at least one massive star, in the neighborhood of the 
cloud of gas and dust that gave rise to the solar system. That star 
evolved into a supernova (b) and injected a quantity of new materi
al into the cloud (c). Among the isotopes injected were iodine 129 
(half-life 17 million years) and plutonium 244 (half-life 82 million 

before the solar system formed, but the 
macroscopic relation between alumi
num and magnesium would not have 
been preserved. The AI-26 anomaly 
is uniform throughout centimeter-size 
volumes of material, and it is unlikely 
that primordial grains could have been 
that large ; moreover, other elements in 
the grains have isotope ratios matching 
the solar-system average . A supernova 
would not have made AI-26 and simul
taneously all other elements with abun
dances that exactly mimic the composi
tion of the protosolar cloud. 

Another possibility is that the AI-26 
was made within the allowed interval of 
a few million years before solidification, 
but not in a supernova. It could have 
been manufactured within the protoso
lar cloud itself if some of the elements 
already present were exposed to intense 
radiation. No source of such radiation is 
known, however, and if it had existed, it 
would have created many other types of 
isotopic anomaly that are not observed.  

In order to understand why a super
nova is the most probable source of 

AI-26 (and of many other isotopes) it is 
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necessary to consider how the chemical 
elements were formed. The "big bang" 
with which the universe began 1 5  to 20 
billion years ago was responsible for 
very little nucleosynthesis; the matter 
created in that initial event was almost 
entirely hydrogen and helium and per
haps traces of a few other light elements 
such as lithium. All the heavier elements 
in the universe were made at various 
stages in the life cycle of stars.  

One of the initial stages in stellar nu
cleosynthesis is the fusion of hydrogen 
atoms to make helium. This can take 
place through a direct reaction between 
hydrogen nuclei and also in a more intri
cate cycle in which various isotopes of 
carbon, nitrogen and oxygen effectively 
serve as catalysts on which helium at
oms are built. In a later stage that re
quires higher temperature helium nuclei 
fuse to make heavier elements that in 
turn fuse to make even heavier nuclei. 
Such fusion generates in particular 
abundance those nuclei that can be re
garded as multiples of the isotope He-4.  
The first of these, beryllium 8, is unsta
ble and decays if it does not absorb an
other helium nucleus, but the rest are all 

abundant isotopes.  They include carbon 
1 2 ,  oxygen 1 6, neon 20, magnesium 24 
and silicon 28. If still higher tempera
tures are available, other fusion reac
tions can be ignited.  In the highest-tem
perature process that operates in normal 
stars helium nuclei are stripped from 
some silicon nuclei and added to other 
silicon nuclei. In this way iron, with 26 
protons, can eventually be created .  

A feature common to al l  these nucle
ar-fusion reactions is that they liberate 
energy . In each case the larger nucleus is 
stabler than the smaller nuclei from 
which it was assembled, and so heat is 
released by the fusion. The sequence 
must stop at iron, however, because that 
is the stablest of all nuclei. Ejection of 
this newly made material from its pro
duction site in the center of massive 
stars out into interstellar space requires 
breaking up the stars in supernova ex
plosions. In addition many other ele
ments between carbon and iron are 
made solely under the extreme condi
tions that prevail in supernova explo
sions themselves.  

Only stars that are more than about 
six times as massive as the sun can 
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years), some fraction of which survived until the solar system formed. 
That fraction can be detected in meteorites through the decay prod
ucts of 1-129 and Pu-244, which include isotopes of xenon. About 
4.6 biUion years ago another wave passed the same region and anoth
er generation of massive stars were born (c!), including one star that 

was probably within 60 light-years of the protosolar cloud. When this 
star exploded (e), another assemblage of isotopes was added to c1ou� 
(f). Because those isotopes included the short-lived aluminum 26 it 
is known that the cloud must have condensed soon afterward, and 
condensation may have been induced by the supernova explosion. 

evolve into supernovas. When such a 
star has exhausted its reserve of fuels for 
nuclear fusion. it becomes stratified.  At 
the core there is iron and nickel. then a 
silicon shell that also includes traces of 
magnesium and oxygen. and then an 
oxygen shell. a neon shell and a carbon 
shell that also has some oxygen. neon 
and magnesium. At the periphery are 
the lighter elements: helium (with traces 
of carbon 1 2) and an outer envelope of 
hydrogen. 

The exact instability that causes such 
a star to explode is not yet well un

derstood. In some way the energy that 
sustains the internal pressure of the iron
nickel core is removed from the central 
region and transferred to the more pe
ripheral layers .  This enables the core to 
collapse under its own gravitational at
traction (to form a neutron star or per
haps a black hole). whereas all the outer 
shells are blown off at high speed. The 
explosion is so energetic that some su
pernovas shine brighter than entire gal
axies for a short time. 

During the explosion the ejected 
shells are heated to a temperature of 

several billion degrees Kelvin; making 
possible nuclear reactions that probably 
take place nowhere else in the universe 
(except in specially designed particle 
accelerators). There is an intense flux 
of particles. including neutrons. protons 
and helium nuclei. The neutrons are 
particularly important in the synthesis 
of the heavy elements. An iron nucle
us. for example. can absorb many neu
trons. creating a heavy and extremely 
unstable isotope of iron that then de
cays by beta emission. For the elements 
heavier than lead and bismuth and 
for some lighter elements the neutrons 
must be absorbed in rapid succession. 

Aluminum 26 is made in the carbon 
shell of supernovas. M agnesium 24 ac
cumulates in this region through the fu
sion of pairs of carbon atoms. and the 
heavier magnesium isotopes are then 
formed by· neutron absorption. Some 
AI-26 can be made when an Mg-26 nu
cleus absorbs a proton and immediately 
emits a neutron. Another production 
method begins with Mg-24. which can 
absorb a neutron (to make Mg-25)  and 
then a proton (to make AI-26).  In the 
environment of a star j ust before and 

during a supernova explosion many 
similar reactions with the same end 
product are possible . None of them is 
a major nucleosynthetic pathway. but 
that is not to be expected. since AI-26 
and even AI-27 are not particularly 
abundant nuclei. 

Mechanisms of this kind. operating 
only in supernovas. are responsible for 
making most of the elements between 
carbon and iron that are not in the direct 
helium-nuclei sequence. There are a few 
exceptions. however . among the more 
important of which are oxygen 1 7  and 
oxygen 1 8. These isotopes can be 
formed in supernovas (as a result of neu
tron capture by 0- 1 6. for example) .  but 
they do not survive long enough to enter 
the interstellar medium. 0- 1 7  is a fragile 
nucleus. and at supernova temperatures 
it breaks down faster than it is formed. 
0- 1 8  is slightly sturdier. but it readily 
absorbs a helium nucleus. and most of it 
is converted in this way into neon 22.  

The probable source of the heavier 
oxygen isotopes found in the solar sys
tem is the outer envelope of the senes
cent stars called red giants. 0- 1 7  and 0-
18 are made there (and in other stars) as 
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SHOCK WAVE from a nearby supernova explosion may have sup
plied the compressive forces needed to convert a diffuse cloud of gas 
and dust into the sun and its planetary system. At first the cloud of 
material ejected by the supernova must have been in the form of a gas 
(a), but there is reason to believe grains made up of refractory miner
als would have condensed fairly early (b). When the expanding super-
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nova remnant encountered the protosolar cloud (c), some of the grains 
might have penetrated the cloud like shrapnel, carrying with them 
the isotope anomalies that are observed today in meteorites. Most of 
the gas, on the other hand, would have been swept around the outside 
of the cloud, compressing it (cl) until it had exceeded a critical density 
and had collapsed under its own gravitation to form a new star (e). 
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intermediates in the catalytic fusion of 
hydrogen in the carbon-nitrogen-oxy
gen cycle. In a red giant 0- 1 7  and 0- 1 8  
might not b e  destroyed b y  exposure to 
higher temperatures. and so some of the 
atoms could escape in the stellar wind 
that is continuously cast off by the star's 
atmosphere. This mechanism could not 
account for the manufacture of large 
quantities of 0- 1 7  or 0- 1 8. but both iso
topes are present only in traces .  All the 
0- 1 7  in the protosolar cloud was proba
bly made in this way. and so was most or 
all of the 0- 1 8. 

H is notable that both the oxygen and 
the magnesium anomalies could be ac
counted for by the introduction of mate
rial from just one shell of a supernova: 
the carbon shell. That is the outermost 
of the zones containing elements heav
ier than hydrogen and helium. AI-26 
is made only in the carbon shell. 0- 1 6  
i s  also present. but there i s  no 0- 1 7  and 
probably no 0- 1 8. 

Before the discovery of the M g-26 ex
cess in the Allende material a few 

other isotope anomalies had been in
terpreted as decay products of extinct 
radioactive species. M ore than a dec
ade ago John H. Reynolds and his col
leagues at the University of California 
at Berkeley found that in some meteor
ites there are traces of the inert gas xe
non with an unusual isotopic composi
tion. Excess Xe- 1 29 in these meteorites 
was shown to be a decay product of io
dine 1 29. Four heavier xenon isotopes 
(Xe- 1 3  1. Xe- 1 3  2. Xe- 1 3  4 and Xe- 1 3  6) 
were present in proportions that indicat
ed they were formed by the spontaneous 
fission of plutonium 244. 

Both iodine and plutonium are made 
in supernovas and nowhere else. From 
the half-lives of the parent isotopes ( 1 7  
million years for 1- 1 29 and 8 2  million 
years for Pu-244) it was possible to de
duce how much time had elapsed be
tween the formation of the iodine and 
plutonium and the trapping of the xenon 
in the solid matrix of the meteorites. 
The radioactive isotopes were made 
about lOQ million years before the me
teorites condensed. Clearly they could 
not have come from the same event that 
gave rise to the magnesium anomalies. 

The interval of 1 00 million years be
tween the two supernovas has an ap
pealing although conjectural explana
tion. In the disk of our galaxy major 
episodes of star formation are associat
.ed with the spiral arms. which appear 
bright precisely because young stars are 
concentrated there. The spiral arms are 
thought to be density waves that propa
gate around the center of the galaxy . 
rather like the compressions and rare
factions of a sound wave. The compres
sions induce clouds of dust and gas to 
collapse into stars.  and the most massive 
of these stars live onlY'a few million 
years before they explode as superno
vas. What is most significant. a density 
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wave passes a given neighborhood in the 
galaxy about once every 1 00 million 
years.  and so major contributions of 
heavy elements to the interstellar gas 
would be expected at about the same 
interval. 

An obvious objection could be made 
to this hypothesis. It is not surprising 
that 0- 1 6  and AI-26 manufactured by 
the earlier supernova left no traces in 
meteorites :  the 0- 1 6  would have been 
thoroughly mixed with all the other oxy
gen present. and all the AI-26 would 
have decayed before the solar system 
condensed. It is disturbing. however . 
that no evidence of 1- 1 2 9  or Pu-244 
from the later supernova has been de
tected .  Such an absence of evidence may 
never be satisfactorily explained.  but 
two possibilities deserve consideration. 
First. it should be pointed out that 1- 1 2 9  
and Pu-244 are made only b y  the rapid 
capture of many neutrons. This process 
is not well understood. and it is entirely 
possible it does not take place in all su
pernovas. Perhaps no 1- 1 2 9  and Pu-244 
nuclei entered the protosolar cloud after 
the most recent supernova because none 
were made in that explosion. Another 
possibility is that only the outer zones of 
the later supernova were able to pene
trate the protosolar cloud. The heavier 
elements may come from deeper layers. 

In addition to the extinct radioac
tive species other anomalies have been 
found among the stable isotopes of xe
non. and still more are known in two 
other noble gases: krypton and neon. 
These findings have not been completely 
explained. although the neon anomaly 
(which was discovered in 1 972 by David 
Black of the Ames Research Center of 
the N ational Aeronautics and Space 
Administration) . as well as the others.  
may require a nuclear transformation 
outside the solar system. 

Other isotope ratios that are nonstan
dard have also been detected in mate
rial from the Allende meteorite. In the 
Allende minerals the excesses of Mg-26 
and of 0- 1 6  are not strongly correlated;  
a mineral grain that has a large excess of 
0- 1 6  will not necessarily have a large 
one of Mg-26.  since the Mg-26 excesses 
are found only in minerals rich in alumi
num. In two Allende specimens. howev
er. both anomalies are large. and they 
have a somewhat different character 
from the isotopic disturbances in the 
rest of the material. Part of the effect is a 
consequence of nuclear processing. but 
there has also been extensive chemical 
fractionation: about 10 times as much as 
in other samples. In one of these speci
mens unusual isotope ratios have been 
measured not only for oxygen and mag
nesium but also for silicon. calcium. 
strontium. barium. neodymium and sa
marium. In fact. every element exam
ined in that specimen has been found to 
be isotopically anomalous. The most 
reasonable explanation is that the spec
imen received an exceptionally large 
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proportion of matter from the recent 
supernova. which condensed before it 
could mix with other components of the 
cloud. In particular . the specimen may 
have been contaminated with a gener
ous share of material from the carbon 
shell of the supernova. 

Given the rarity of supernovas. it 
would have been a most unlikely 

coincidence for one to explode at j ust 
the time and place where the solar sys
tem was about to take form. The close 
association between the two events need 
not have been a coincidence ; on the 
contrary . both theoretical arguments 
and the observation of distant superno
va remnants suggest that the explosion 
may have been instrumental in creating 
the solar system. 

The theoretical calculations show that 
a sufficiently diffuse isolated cloud of 
gas and dust with a mass comparable to 
that of the sun cannot collapse under the 
influence of its own gravitation with
out some outside stimulus. Gravitation
al forces decline as the square of the dis
tance. so that in a cloud of gas and fine 
dust the cohesive force is determined in 
large part by the density . Until the den
sity exceeds some critical value the inter
nal pressure of the gas is enough to pre
vent the cloud from condensing. Once 
the critical density is reached.  however . 
the collapse is spontaneous. 

The need for an initiating event is a 
long-standing problem in the theory of 
star formation. The possibility that the 
explosion of a nearby star might provide 
the necessary compression was pro
posed more than 30 years ago; it was 
discussed in particular by Fred Hoyle 
and by E. J .  Opik. More recently Paul 
Woodward of the Lawrence Livermore 
Laboratory of the University of Califor
nia has shown that expanding shock 
waves could apply enough compressive 
force to create a star . As the shock front 
passes a diffuse cloud of gas the cloud is 
enveloped and squeezed into a smaller 
volume. These generalized shock calcu
lations can be applied to the specific case 
of a supernova shock hitting an inter
stellar gas cloud. 

Photographs that seem to show this 
process in action have recently been 
made by William Herbst and George E.  
Assousa of the Carnegie Institution of 
Washington. The photographs are of ex
panding nebulas left behind by superno
vas elsewhere in the galaxy. At the lead
ing edge of such supernova remnants 
Herbst and Assousa have found concen
trations of young. bright stars.  

The distance from the protosolar 
cloud to the supernova that triggered its 
collapse can be estimated from the ener
gy required for compression. from the 
observed dilution of the isotope anoma
lies and from the size of star-forming 
regions. including those observed by 
Herbst and Assousa. The best estimate 
consistent with all these constraints is 

that the supernova was no farther than 
about 60 light-years from the cloud. 
which would make it one of the nearer 
stars. There is no hope today of identify
ing the remnant core of the supernova. 
The explosion itself probably gave the 
core a high velocity with respect to the 
solar system. and so it must be far away 
now. Moreover . there have been some 
40 to 50 galactic density waves since 
then. each one adding another genera
tion of stars and supernovas. 

The survival of minerals bearing iso
topes that can be traced to a particular 
supernova is more plausible if those iso
topes entered the protosolar cloud as 
solid grains than it is if they were inject
ed in gaseous form. Gases mix so quick
ly that disparate isotope ratios would 
probably be equalized in less than a mil
lion years. Steven M argolis of the Uni
versity of Chicago has recently shown 
that grains are also more likely to pene
trate the protosolar cloud; the grains act 
like shrapnel,  whereas gases from the 
supernova tend to blow around the 
cloud. Once in the cloud the grains tend 
to bunch together . thereby improving 
the probability that an isotope anomaly 
will be observable even if the total mass 
contributed by the most recent superno
va was small compared with the mass of 
the solar system. 

These findings are meaningful only if 
grains are actually formed in supernova 
explosions. M argolis and Sydney Falk. 
also of the University of Chicago. with 
James Lattimer of the University of Illi
nois have found that the condensation 
of solid grains is predicted by a standard 
model of supernova explosions. The 
grains form not in the explosion itself 
but as the nebula expands and cools. 
They derive from interior shells. where 
the heavier elements are found. and 
some of the grains that solidify at the 
highest temperature are j ust the ones 
that would have the greatest excess of 
oxygen 1 6 .  Such refractory minerals 
would be among the first to form and 
among the most resistant to later vapori
zation. It is not reasonable to expect that 
any of the mineral grains found in mete
orites today were made in the superno
va and have been preserved unaltered; 
even carbonaceous chondrites have un
dergone some vaporization. melting 
or chemical processing . In the modern 
grains the supernova material was none
theless an important constituent. 

Measured isotope ratios can be com
bined with other evidence to con

struct a tentative account of the events 
that gave rise to the solar system. Some 
aspects of this account are necessarily 
speculative. in particular the conclusion 
that a supernova triggered the collapse 
of the proto solar cloud. The isotope 
anomalies have no bearing on this ques
tion and show only that the two events 
happened at about the same time and 
place. The hypothesis of causality seems 
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more plausible. however . than that of 
mere chance association. 

At the time the solar system formed. 
the galaxy had been evolving for at least 
seven billion years and perhaps for as 
long as 1 5  billion. and so there had al
ready been many generations of stars.  
The dust and gas that is abundant in the 
plane of the galaxy had been enriched in 
the heavier elements by stellar nucleo
synthesis and supernovas in those earli
er generations. It can be assumed that 
the composition of the dust and gas was 
uniform throughout the region where 
the solar system took form as a result 
of the blending of the contributions of 
many supernovas and other sources. 

About 4.7 billion years ago one in a 
series of density waves associated with 
the spiral structure of the galaxy passed 
through the region. In the wake of the 
density wave some stars were formed. 
including a few massive ones that quick
ly consumed their nuclear fuel and ex
ploded as supernovas. At least one 
supernova in this generation created 
iodine 1 2 9  and plutonium 244. some of 
which entered the protosolar cloud. No 
doubt aluminum 26 was made as well. 
but all of it decayed during the next sev
eral million years. The decay products 
of such short-lived radioactive species. 
along with stable isotopes from the su
pernova. became mixed with the cloud 
and left no trace . 

About 1 00 million years later . or 4 . 6  
billion years ago. another density wave 
passed and another generation of mas
sive stars arose. This time a supernova 
exploded within about 60 light-years of 
the protosolar cloud; indeed. the super
nova may have been created from an
other part of the same cloud. No iodine 
or plutonium from that supernova or 
from any other in the same generation 
was incorporated into the solar system. 
and so it seems the nearby supernova 
may have been one of the first in its gen
eration. Aluminum 26. oxygen 16 and 
other newly formed nuclei did reach the 
cloud. along with a shock wave that in
duced it to collapse into a star and plan
etary system. In most of the bodies of 
the new solar system chemical process
ing obliterated all evidence of the super
nova products. Only in the smallest and 
coldest bodies. the meteorites.  were pe
culiar isotope ratios preserved.  Some 
of those bodies condensed early enough 
for the radioactivity of aluminum 26 to 
leave fossil traces .  

The words nova and supernova are 
derived from the Latin stella nova. "new 
star . "  That was a descriptive term at a 
time when the phenomenon was per
ceived as the sudden appearance of a 
star where none had been visible. but the 
name took on a degree of irony when it 
was learned that a supernova represents 
not the creation of a star but the cata
clysmic death of one. Now. however . it 
appears that a supernova did preside at 
the birth of at least one star : the sun. 
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The Prehistoric Ground Drawings 
of Peru 

They look so much as if they were intended to be viewed from the alr 

that they have stimulated much vivid speculation. The archaeological 

evidence indicates who made them and perhaps also why they were made 

In the coastal deserts of Peru are the 
remains of ancient irrigation sys
tems that held a particular fasci

nation for Paul Kosok of Long Island 
University. a student of pre-Columbi
an South America. Some 40 years ago, 
while he was mapping what he took 
to be shallow irrigation ditches lead
ing away from tributaries of the Rio 
Grande on the south coast, Kosok en
countered something quite unexpected. 
In the valley of one such tributary. the 
Rio Nazca. he came on the giant image 
of a bird. more than 100 feet long. sil
houetted as though it was meant to be 
viewed from above. 

Irrigation ditches seldom if ever form 
pictures of animals. Kosok inquired 
among his Peruvian colleagues and 
learned that many even larger "dirt 
drawings" of a geometric nature had 
been noted in the same area. They 
included long lines (usually called 
"roads"), zigzags. trapezoids and spi
rals. Kosok's discovery of a seminat
uralistic dirt drawing, however. was a 
surprise. 

Among those who had studied the 
geometric figures was Toribio Mejia 
Xesspe of the National University of 
San Marcos. In a paper published in 
1938 he had argued that the ground 
drawings of the Nazca area were unre
lated to irrigation and must have served 
some ceremonial function in pre-Co
lumbian times. Reconnaissance contin
ued. A huge spider was the next semi
naturalistic ground drawing to be added 
to the list. and others soon followed. 
Today the total number of such figures 
exceeds 30. 

Before Kosok left Peru in 1941 he 
speculated that the "roads." at least. 
might represent ancient astronomical 
sight lines. He made this suggestion as a 
possibility worth investigating to Maria 
Reiche, a German-trained student of 
mathematics and astronomy who lived 
in Lima. She has been studying the 
ground drawings ever since. 

What can archaeology and its related 
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disciplines do to explain an odd phe
nomenon such as the Peruvian ground 
drawings? Three questions that seem 
difficult to answer arise immediately: 
When were the drawings made? Who 
made them? Why did they make them? 
In the years since Kosok brought these 
curiosities to the attention of the general 
public the first two of the questions have 
been answered beyond doubt. As for the 
third question. a number of reasonable 
conjectures can be proposed. Here I 
shall review the steps that have led both 
to the answers and to the conjectures. 

The south coast of Peru consists of a 
range of low hills that runs generally 

from north to south. Between this coast
al rise of land and the foothills of the 
Andes to the east lies a long lowland 
basin. For thousands of years the runoff 
from the higher ground to the west and 
east carried erosion products into the 
basin. Most of the eroded material is 
fine light-colored soil. Occasional flash 
floods also carried in larger erosion 
products: stones ranging in size from 
tiny pebbles to boulders. 

Where the Rio Nazca runs down from 
the foothills to join the Rio Grande 
these thousands of years of erosional 
filling have created a wide and level 
plain. The strong south winds that blew 
across the plain carried away much of 
the dusty surface soil. leaving behind a 
"desert pavement" of pebbles and boul
ders. In the early morning the stones 
were damp with dew. but for the rest of 
the day they were exposed to the hot 
desert sun. As a result the stones oxi
dized until their color became a dark red 
brown. 

This change in color actually reduced 
the amount of wind erosion in the de-

sert. The south wind still blows today, 
but as the damp stones dry and get hot in 
the sun their radiation helps to maintain 
a surface layer of hot air that serves as a 
buffer against the wind. As for rain ero
sion, rainfall is so rare along the south 
coast of Peru that its erosive effects have 
been negligible for at least 3.000 years. 

The geological circumstances that 
have produced hunclreds of square miles 
of natural blackboard in southern Peru 
are nowhere seen better than in the pla
teau above the valley of the entrenched 
Rio Nazca: an area about 30 miles long 
and 15 miles wide known as the Pampa 
Color ada (the Red Plain). Here if one 
picks up one of the red brown stones, 
the light soil that lies under it is ex
posed to view. Pick up a row of rocks 
and a light-colored line appears. That 
is how the ground drawings were made: 
by selective displacement of the desert 
pavement. 

Natural blackboards are well known 
to archaeologists in areas other than 
Peru. In southern Britain. where a thin 
dark soil overlies formations of chalk. 
the ancient inhabitants selectively ex
posed the chalk to form. among other 
images. the great "white horse" effigies 
of Wiltshire and Kent. Desert pavement 
was also removed to form figures in the 
deserts of southern California. as sur
veys by Dean R. Snow of the State Uni
versity of New York at Albany have 
shown. Indeed. if wind and water ero
sion were as slight in other desert areas 
of the world as they are on the south 
coast of Peru, the total number of 
ground drawings known today might be 
substantially greater. However that may 
be. all such figures present a challenge. 
How can one determine when the work 
was done? 

DESERT "BLACKBOARD" of the ground drawings, the Pampa Colorada near Nazca, ap
pears in the aerial photograph on the opposite page. A variety of drawings are visible. Roadlike 
lines run in different directions. The broader cleared areas are trapezoidal in outline. A typical 
spiral appears at the left center. An animal effigy, perhaps a lizard, appears at the bottom right. 
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The prehistoric pottery found at grave 
sites in southern Peru, such as the great 
mortuary center at Cahuachi. is so dis
tinctive in decoration that it has been 
given the name Nazca, after the modern 
city and the river valley where many ex
amples of these wares have been un
earthed. The Nazca wares were made 
from about 200 B.C. to about A.D. 600. 
Students of Andean archaeology call 
this span in the prehistory of Peru the 
Early Intermediate Period. 

Some Nazca pots are effigies: they are 
made in the shape of animals and hu
man beings. Others are painted with ani
mal figures: fish, a trophy-bearing kill
er whale. seabirds, hummingbirds, rep
tiles, monkeys and llamas. When it was 
learned that a similar repertory of semi
naturalistic animal figures was to be 
found among the ground drawings of 
the Pampa Colorada. it was hard to 
avoid the conclusion that the same pre
historic population was responsible for 
both creations. 

WEST COAST OF SOUTH AMERICA is 
dominated by the steeply rising Andes. In Peru 
the foothills of the great mountain range re
duce the coastal plain to a narrow·str;p of·des
ert made fertile only where rivers carry high
land rains down to the Pacific. Rain along the 
coast of southern Peru is almost nonexistent. 

This evidence, however, was. only 
iconographic; a more direct kind of evi
dence was soon forthcoming. A limited 
amount of broken pottery is to be found 
on the Pampa Colorada. Since the area 
is too arid for settlement, it seems rea
sonable to conclude that the potsherds 
must have been left by temporary visi
tors to the desert: casual travelers, trad
ers, pilgrims (if the ground drawings 
were ritual ones) or work gangs (if the 
making of the ground drawings was an 
organized effort). In the early 1970's 
Gerald S. Hawkins of the Smithsonian 
Astrophysical Observatory collected a 
number of sherds from the Pampa Col
orada and asked Gordon R. Willey of 
Harvard University and John H. Rowe 
of the University of California at Berke
ley to identify them. Willey and Rowe 
found that 85 percent of the sherds were 
Nazca wares. The remaining 15 percent 
were wares of a subsequent period:- the 
interval between A.D. 900 and 1400. At 
about the same time Rodger Ravines of 
the National Cultural Institute of Peru 
made a collection of sherds from sites 
on' the periphery of the Pampa Col
orada; they proved to be exclusively 
Nazca wares. The peripheral sites give 
the appearance of being temporary shel
ters; perhaps they were camps for work 
gangs. 

This evidence. a positive identifica
tion of users of Nazca pottery as visitors 
to the ground drawings. taken together 
with the presence of the same animal 
figures in both mediums. settled once 
and for all the question of who had so 
artfully disturbed the desert pavement 
of the Pampa Colorada. The fact re
mains that the interval between 200 B.C. 
and A.D. 600 is almost a millennium. 
Might it be possible to find more pre
cisely when during the Early Interme
diate Period such activity took place? 
Precise dating of this kind became pos
sible after World War II with the de
velopment of carbon- 14 analysis. Some 
of the long lines laid out on the Pampa 
Colorada terminate where a wood stake 
was driven into the ground. In 1953 
W. Duncan Strong of Columbia Uni
versity collected a sample from such a 
stake for carbon- 14 analysis. The analy
sis showed that the wood was from a 
tree that had been cut down in A.D. 
525 (± 80). very late in the Early Inter
mediate Period. To be sure. the finding 
can at best only suggest when the long 
line associated with this particular stake 
was laid out (and perhaps not even that 
if one considers that the stake might be 
the second. the third or the 30th replace
ment of the original one). Nevertheless. 
the carbon- 14 date falls within the lim
its of Nazca times and therefore lends 
weight to the other evidence. 

Now that the questions "Who?" and 
"When?" are answered. it is time to 

consider the question "Why?" Again ar
chaeology and its related disciplines. 
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GROUND DRAWINGS have been located in the coastal deserts of Peru from as far north as 
the Virn valley to as far south as the Sihuas valley. They are found in the vicinity of Supe, Lima 
and Ica and have been reported but not confirmed in the Zaiia valley. They are commonest 
in the vicinity of Nazca, where ancient graves have been found to contain distinctive pottery. 

DESERT PLATEAU north of the Rio Nazca, the Pampa Colorada, is 30 miles long and 15 
miles wide. It has the greatest concentration of ground drawings in Peru. The nearby ruins of 
Cahuachi, a mortuary site of the Peruvian Early Intermediate Period (200 B.C.-A.D. 600), is 
one of the numerous sources of the Nazca-style pottery that is indigenous to this part of Peru. 
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ethnology in particular. offer useful 
clues. For example, it may seem pecu
liar that any population would invest a 
significant amount of energy in con
structing displays that are best seen 
from the air rather than from the 
ground. Indeed. the people who made 
the chalk figures in Britain did so on 
hillsides where they are clearly visible. 
On the other hand. parallels to the 
Nazca displays do exist. Among the am
bitious earthworks raised by the Hope
well cultists of pre-Columbian North 
America are a number of figures that 
would certainly be less readily recog
nized from the ground than from the 
air. The great serpent mound in Ohio is 
an outstanding example. The same is 
true of the California desert figures doc
umented by Snow. Since this feature 
of the Nazca ground drawings is not 
unique. it would seem unnecessary to 
suppose the drawings were made to be 
viewed from the air. even if one could 
imagine how it was done. 

What about the cost in energy that 
had to be paid to shift stones and create 
a ground drawing? Here again archaeol-

, ogy offers a clue. Elsewhere in Peru dur
ing the Early Intermediate Period the 
local farming populations were engaged 
in work-gang labor of staggering pro
portions. For example. the largest pre
historic pyramid in Peru is located in the 
valley of the Rio Moche. An enormous 
temple platform. the Huaca del Sol, 
called for the manufacture of 140 mil
lion adobe bricks. Studies of the con
struction methods and of the bricks 
themselves indicate that the work was 
done by crews of unskilled laborers. 
Each crew. probably composed of men 
recruited from a single region. manufac
tured its own bricks, tr.ansported them 
to the construction site and there built 
one or more of the columns of brick that 
make up the pyramid. Each crew's work 
is still identifiable by the distinctive 
marks on different batches of brick. 

The pyramidal structures and other 
monumental buildings of the Early In
termediate Period in northern and cen
tral Peru evidently represent the apogee 
of a pre-Columbian period of Andean 
ceremonial architecture. Some temple 
platforms are also found along the south 
coast of Peru, but they are modest com
pared with the massive adobe edifices 
raised to the north. By the same token 
ground drawings were laid out at desert 
sites along the north and central coast of 
Peru, but they are modest by Nazca 
standards. 

Those who are not familiar with the 
ground drawings may find it hard to 
compare the effort involved in their cre
ation with the effort involved in mak
ing and laying bricks. The reason is that 
the discussion so far has been confined 
largely to the animal effigies. In terms of 
the tonnage of stone shifted the animal 
portrayals represent only a fraction of 
the total energy input. For example, an 
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KILLER WHALE is the subject of this ground drawing on the Pampa 
Colorada (top). The circular object seen to dangle below the jaw of the 
whale is a human head, a war trophy that is regularly depicted in 
Peruvian pottery designs and other decorations of the pre-Columbi-
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an period. The effigy pot (bottom) also depicts a killer whale, com
plete with a trophy head. The effigy was unearthed near the Pam
pa Colorada; it was made during the Early Intermediate Period of 
Peruvian prehistory. It appears here courtesy of Wilfredo Loayza. 
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animal may be sketched out by a single 
continuous line. Many of the lines. how
ever. originate at a distant trapezoid or 
rectangle and then return to it. 

The geometric figure that provides the 
point of origin may be more than a kil
ometer long. The same figulie may also 
be the point of origin for a series of zig
zags or for a single line that runs straight 
across the desert eight kilometers or 
more before terminating at a stake or a 
heap of stones. Only if one were to mea
sure the effort required to duplicate a 
representative ground drawing today 
would it be possible to estimate the total 
prehistoric investment of labor at the 
Pampa Colorada in any but the most 
general way. It nonetheless seems rea
sonable to suppose the ground-drawing 
efforts in the Nazca area represent an 
energy investment roughly comparable 
to that which created the monumental 
adobe structures to the north. 

Whether or not the two efforts were 
equal in scale. both seem to have 

fulfilled similar economic functions. 
These functions are related to the draft
ing of community labor for public 
works. The nationwide controls exer
cised by the Incas at the time of Pizar
ro's conquest of Peru are well known. 
It is less well known that the earliest of 
the Incas' imperial predecessors had a 
similarly centralized regime. Whereas 
the Incas' capital was at Cuzco. that of 
the earlier empire was at Huari. 

Provincial administrative centers. all 
linked to Huari. collected and stored 
large quantities of foodstuff and goods 
produced in the rural hinterland. If 
there were local or regional variations 
in agricultural or cottage-industry pro
ductivity. the overall economy was bal
anced by adding to the centralized stores 
or by exchanges among the provincial 
centers. Such economic uniformity en
abled the population of prehistoric Peru 
to expand and then to stabilize at a level 
higher than that in the preceding period 
of regional autonomy. 

Such was far from the case during the 
Early Intermediate Period. That some 
kind of control was exercised over com
munity labor is apparent in the con
struction of the great adobe temple 
platforms. There is no evidence. how
ever. that the people of the period built 
administrative structures or storage fa
cilities such as were characteristic of the 
imperial regimes of Huari and Cuzco. 
This suggests that each region was sub
ject to local economic fluctuations and 
directly related population changes. 

Consider the effect of such fluctua
tions. A series of good agricultural years 
in a region would have led. in the ab
sence of any local control mechanism. 
to a population increase. Thereafter a 
series of bad years would have been dis
astrous for the larger population. The 
way to avoid this kind of response to 
economic fluctuations is to keep the 
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An advance 
announcement 
ofthe nevv 
SCIENTIFIC AMERICAN 
CUMULATIVE INDEX 
MAY 1948-JUNE 1978 
This November the Editors of SCIENTIFIC AMERICAN 

will publish a Gumulative Index to the 362 issues 
of the magazine from May 1948 throughlune 1978. 
This new Index embraces all the issues published 
under the present editorial direction, recording 30 
momentous years of intellectual history. 

An encyclopedia of science 
For libraries, scholars, scientists, engineers 

and all who have an active concern in the 

work of science the Index will prove a produc

tive research and reference tool. It will mul

tiply many times the value and the usefulness 

of the collected issues of the magazine. 

Indeed, the Index will transform these issues 

into an encyclopedia of the work of science in 

the last three decades. 

The Index consists of these eight indepen

dent parts: 

Index to Topics 

A rotated key word index that offers access 

to the subject matter of all articles and Sci

ence and the Citizen items (see facink page). 
Index to Proper Names 

The names of all persons mentioned in the 

articles or Science and the Citizen items and 

of places and institutions featured in a pri

mary role. 

Listing of Tables of Contents 

A chronological listing of the contents of all 

362 issues that pennits ready identification, 

by titles and authors, of the articles cited in 

the two foregoing indexes. 

Index to Authors 

An alphabetical listing of all authors of 

articles. 

Index to Titles 

An alphabetical listing of all articles by the 

first key word in the title and by the other 

key words in the title. 

Index to Book Reviews 

A listing of the longer book reviews in three 

parts: authors of books reviewed, titles of the 

books and reviewers. 

Index to Mathematical Games 

ship of Martin Gardner. 

Index to The Amateur Scientist 

A listing of the projects, experiments and 

demonstrations presented in this department 

from April 1952 through February 1976 
under the editorship of the late C. L. Stong 

and from July 1977 through June 1978 under 

the editorship of Jearl Walker. 

Save at the pre-publication price 

The regular price of the Cumulative Index, 

upon publication in November, will be $45 
(plus shipping). You are invited to order now 

and to save 20 percent at the spe<:ial pre

publication price of only $36 (plus $2.50 for 

shipping). If you enclose payment with your 

order, we will absorb the cost of postage and 

handling. 

A listing of the puzzles, games and diver- Please send your order to: SCIENTIFIC 
sions presented in this department since its AMERICAN, Index Dept., P.O. Box 5947, 
inception in January 1957, under the editor- New York, N.Y. 10017. 
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How the Index to Topics provides 
direct access to subject matter of 362 issues of 

SCIENTIFIC AMERICAN ... and how to use it. 
The Index to Topics is a rotated key-word index_ That is: The topics cited 

in a given article are entered together in a cluster: 

UNA. genetics, molecular structure_ x-ray crystallography, DNA double helix 
resolved 1954 Oct. p_ 54-{,1 151 
Each of these "key words" takes its turn as the first term in the cluster in 

its entry and re-entry down through the alphabet of the Index of Topics: 

DNA. genetics, molecular structure_ x-ray crystallography, DNA douhle helix 
resolved 1954 Oct. p_ 54-{,1 15 J 

genetics, DNA, molecular structure, x-ray crystallq,'l'aphy, DNA double helix 
resolved 1954 OcL p_ 54-61 IsJ 

molecular structure, DNA, genetics, x-ray crystallography. DNA double helix 
resolved 1954 Oct. p_ 54-{,llsl 

*.ray crystallography, DNA. genetics, motecular structure, DNA double 
helix resolved 1954 OcL p_ 54-61 IS] 

In most cases, a secondary citation, highlighting some aspect of the arti
cle, rides along with the rotating primary citations (In the example above: 
DNA double helix resolved). Each entry serves, therefore, as a "miniabstract" 
of the original. The alphabetical sequencing of the key words. in turn, brings 
together in chronological order references to each key word from various 

A 

SCI£N11F1C A'I£RlfAN 

Index to Topics 

, ...... The Amateur 

issues of the magazine_ A portion of the grouping of clusters for "x-ray 
crystallography" follows: 

x-ray crystallography, DNA_ genetics, molecular structure_ DNA double 
helix resolved 1954 Oct. p. 54-61 151 
amino acids, myoglobin, proteins, 3-D structure of protein molecule 

1961 Dec. p. 96-1101121 J 
crystal structure, solid state, semiconductors 1962 Dec. p. 3� 1249] 
Bragg's law, crystal structure, diffraction, fourier series 

1968 July p. 58-70 1325] 
photoelectric effect. x-ray absorption 1976 Apr. p. 96-103 

Articles are referenced by first and last page numbers. Thus, the entry 
for x-ray crystallography informs the reader that first appearance of the term 
is in the October 1954 issue, pages 54-{,1. Reference to the Listing of Tables 
of Contents discloses that the article is "The Structure of the Hereditary 
Material" by F.H.C. Crick_ 

References to about one-third of the articles close with a bracketed 
number_ This is the offprint number and identifies articles republished as 
offprints. Thus. the Crick article in the example is identified as Offprint #5. 

Reference to the Index of Authors will disclose, as well. all of the articles 
written for SCIENTIFIC AMERICAN by F.H.C. Crick. 
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SCIENTIFIC CUMULATIVE INDEX 1 
AMERI CAN MAY 1948-JUNE 19781 
P.o. Box 5947 New York, N.Y. 10017 

Please accept my order for _____ copies of the new 
SCIENTIFIC AMERICAN Cumulative Index to the 362 issues 
from May 1948 to June 1978. at the pre'publication price 
of 536 each (a 20 percent saving) plus 52.50 for shipping. 
If I enclose payment. you will absorb the shipping charge. 

The Index will be sent to me when it is published in 
November 1978. 

o My check for $ _________ is enclosed. saving me 
shipping charges. 0 Bill me for $38.50 per copy. 

Name ______________________________________________ _ 

Address ____________________________________________ __ _ 

Clty ___________ State _______ Z,p ---

PO Ii _______ _ 

(Please add sales tax for California. Ilimois. Massachusells. Michigan. 

Ohio and New York.) 
-------------------� 
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surplus of the good years from fueling 
an increase in population. An artificial 
leveling of the economy will inhibit pOp
ulation growth, holding the total below 
the one that taxes the maximum carry
ing capacity of the regional economy. 

How might this leveling be achieved? 
One way is to cultivate a common con
cern with ceremonial activities that call 
for a large investment of labor. In Naz
ca times the kinds of centralized food 

storage characteristic of the Huari and 
C\lZCO regimes would not have exist
ed, and surpluses would have been dis
persed not on a provincial and state lev
el but on a local or even familial one. 
If an autonomous region suffered bad 
years, drawing on such decentralized 
stores would help to tide it over. If, on 
the other hand, the region enjoyed good 
years, the accumulated private stores 
could be tapped to provide support for 

PERUVIAN SCHOLAR Maria Reiche (left) demonstrates the surveying methods she has used 
for more than 30 years in recording Nazca ground drawings. Her audience is Patricia J. Knob
loch of the State University of New York at Binghamton, a visiting archaeologist. The rocks 
that form the "desert pavement" at the Pampa Colorada range in size from pebbles to boulders. 

ZIGZAG PATTEIUoo{ on the Pampa Colorada was formed, as were all the ground figures, by 
selectively removing the rocks that cover the desert floor, thereby revealing the lighter-colored 
earth under them. Here some of the shifted rocks were piled up at the bends of the figure. 
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THREE GROUND FIGURES (top) are compared with portrayals 
of the same animals that appear on Nazca pottery (bottom). At left 
is a stylized monkey with a mnch exaggerated tail. The drawing of a 

monkey appears on a douhle-spout pot photographed hy Loayza. The 
bird fignre at center may represent a frigate bird; these birds have a 
conspicuous throat pouch. The drawing of a similar bird figure ap-

local work gangs engaged in ceremonial 
activities such as building temple plat
forms or laying out ground drawings. In 
either event the population would re
main relatively stable. 

Seen in this light the basic function 
(or. if one prefers the terminology of 
Darwinian evolution. the selective ad
vantage) of laying out ground drawings 
has nothing to do with whether they 
were viewed from the ground or from 
above, or for that matter with whether 
they were viewed at all. The function 
lies in the fact that societies with a cul
tural mechanism for investing unpre-

'. dictable surpluses in ceremonial activ
ities have a selective advantage over 
societies lacking such a mechanism. 
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They regulate their population, and so
cieties that do not are doomed to cy
cles of "boom" and "bust." 

Were the leaders of these region
al societies in the Early Interme

diate Period of Peruvian prehistory 
consciously aware of such complex con
cepts as the allocation of surplus re
sources to prevent an excess of popula
tion? Whether or not they were aware 
of them makes little difference; those 
who had such a system eventually re
placed their neighbors, and the suc
cessful ceremonial behavior was there
by perpetuated. At the conscious level 
such continuity may have been based 
on a decision-making process no more 

profound than the argument that "this 
is the way we have always done it. " 

Much human behavior is based on 
this kind of "custom," a simple follow
ing of behavior patterns that have been 
successful in the past. In nonliterate so
cieties the information on such behav
ior is often codified as ritual to ensure 
that it is conveyed to future generations. 
A pertinent example is contained in the 
study of a modern but barely literate 
Peruvian highland village by my wife. 
Billie Jean Isbell of Cornell University. 

Her research has revealed that these 
farming families depend for their eco
nomic independence on a strategy of 
cultivating a variety of crops at different 
elevations. The villagers have a specific 

© 1978 SCIENTIFIC AMERICAN, INC



pears on a Nazca pot in the collection of the Pntnam Museum in Dav
enport, Iowa. The JizardJike figure at the right has a long tail that 
does not appear in this aerial photograph, but its hind legs were not 

executed with the same detail as its forelegs. The drawing of a similar 
lizard appears on a Nazca pot in the collection of the Robert H. Lowie 
Museum of Anthropology at University of California at Berkeley. 

name for each crop zone. The distinc
tion between the zones has been symbol
ized by the construction of a chapel at 
the boundary of each one. The annual 
harvest ritual involves a series of visits 
to the chapels and the harvesting of a 
sample of the produce grown in each 
zone. A cross is taken from each chap
el and is decorated with the harvested 
plants. All the crosses are then brought 
to the village and presented to the vil
lage priest. 

Even if a young villager fails to learn 
how to farm from his family and his 
village elders. the message of this annu
al ritual could scarcely be overlooked: 
"Here are the sections that divide the 
earth. Here are the crops that are grown 

in each section. It pleases God (and the 
priest) that all these crops are grown ev
ery year." Conscious recognition of the 
economic advantages of mixed farming 
may not even exist among the villagers. 
but the pattern of behavior that the ritu
al symbolically reinforces helps to pro
tect its practitioners from the danger of 
single-crop failure and the social disrup
tion that accompanies dependence on 
wage labor. 

R. Tom Zuidema of the University of 
Illinois has reconstructed similar rituals 
observed by the people of Cuzco when 
the city was the capital of the Inca em
pire. At that time imaginary lines radi
ated in all directions from Cuzco. The 
lines were imaginary in that they were 

unmarked. but the orientation of each 
line was indicated by a series of shrines. 
Every day of the year a different kin 
group among the city dwellers wor
shiped at a different shrine; in effect the 
floor of the valley of Cuzco had been 
mapped out in an annual ritual calen
dar. Information about the agricultural 
cycle. social obligations. military activi
ties and many other topics was there
by symbolically communicated to the 
people of Cuzco. The fact that the Incas 
felt a concern for this kind of inform
ative mapping is demonstrated by the 
ground plan of the capital itself. The 
Incas called Cuzco "the puma" and its 
inhabitants "members of the body of 
the puma." The city was laid out in the 
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shape of a puma, although the animal 
form was somewhat distorted by the 
fact that it had to conform to the topog
raphy of the valley. 

I have suggested that the ground draw
ings at Nazca were primarily a prod

uct of social mechanisms for regulat
ing the balance between resources and 
population. Zuidema's findings on the 
symbolic ground-mapping practices of 
the Incas (who eventually succeeded 
to authority over the Nazca region) and 
Billie Jean Isbell's documentation of 
agricultural ritual among the highland 
Indians of Peru today suggest that the 
Nazca ground drawings also contained 
certain symbolic information, mapped 
on the ground for successive generations 
to observe. recognize and memorize. 

What were these mapped messages? 
As Reiche has pointed out for many 
years, certain of the Pampa Colorada 
lines mark the position of the sun at the 
summer and winter solstices and certain 
other lines also appear to have calendri
cal significance. A computerized anal
ysis of line orientation conducted by 
Hawkins. although it failed to demon
strate that a majority of the lines have 
astronomical significance, showed that 
twice as many of them were oriented 
with respect to annual solar and lunar 
extremes than would be expected on the 
basis of chance. 

Both studies indicate that at least 
some of the Nazca ground drawings 
have calendrical potential. The map
ping of calendrical data on the ground. 
if it was combined with ritual observa
tions. could have communicated not 
only information of agricultural signifi
cance but also other kinds of informa
tion useful to a complex but pre literate 
society faced with a pressing need to 
store the knowledge acquired from gen
erations of experience. 

To return to the questions I raised at 
the outset: Can archaeology and related 
disciplines determine when the ground 
drawings of the Pampa Colorada were 
made, who made them and why? It 
seems clear that the answers to the first 
two questions are that most if not all of 
the drawings are the work of the same 
people who shaped and painted the 
lovely pottery of Nazca in the period 
between 200 B.C. and A.D. 600. The 
graves of this prehistoric farming peo
ple and the ruined towns and villages 
where they once lived both lie near the 
drawings. 

As for the question why. it also seems 
clear that the making of the drawings, 
like the building of the enormous ado
be-brick structures to the north, served 
to regulate population increases relat
ed to changes in the available energy. It 
is one thing. of course. to recognize the 
function served by energy investments 
of this regulatory kind and quite anoth
er to gain an understanding of the tangi
ble form the investment takes. I none-
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theless find,it a credible hypothesis that 
the ground drawings reflect the general 
need by the various preliterate societies 
of Peru to record or. perhaps more ac
curately. to store significant information 
about how their system worked, 

The storage of inventories by means 
of the well-known Peruvian string-and
knot system of enumeration. the quipu. 
was evidently a practice adopted early 
in the prehistory of the Andes. Calen
drical data. particularly when their use 
calls for the cross-check of actual astro
nomical observation. might be impracti
cal or impossible to store by means of 
quipus, I suggest that such kinds of in
formation were symbolically coded and 
recorded in the most durable medium 
available: the surface of the earth itself, 

If the Pampa Color ada ground draw
ings were the only ones in Peru. such a 
hypothesis might carry little weight, Ac
tually ground drawings have been found 
in many other places, A rectangular fig
ure 60 meters long and 30 meters wide 
and including geometric "decorations" 
has been mapped in an area above the 
Sihuas valley south of Nazca, "Road" 
lines are present in the lea valley just 
north of Nazca. in the vicinity of Lima 
still farther to the north. north of Lima 
in the Virti valley near the monumental 
Huaca del Sol and reportedly in the 
Zaria valley 180 kilometers north of 
Virti, In the Supe valley between Lima 
and Virti. Alberto Carbajal. Carlos Wil
liams and I recently photographed pre
viously unreported lines. geometric fig
ures. chains of spirals and a ground 
drawing of a human face 43 meters 
wide. Low-altitude aerial photography 
and ground surveys of other Peruvi
an desert-pavement areas might reveal 
many more figures. It is plain that ener
gy was invested in the production of 
ground drawings even in parts of Peru 
where the major community-labor in
v:estment was in the construction of 
adobe platforms and other monumental 
works. The ground drawings along the 
north and central coast may be modest 
by Nazca standards. but they demon
strate that such figures were not exclu
sively a south-coast phenomenon. 

In the centuries following the Early 
Intermediate Period the energy invest
ment in temple platforms continued but 
on a far smaller and less impressive 
scale. The same appears to be true of the 
ground figures. Evidently the emerging 
state authority centered at Huari saw to 
it that the main community effort was 
redirected into the construction of ad
ministrative buildings. storage facilities. 
fortifications and what seem to have 
been manufacturing centers. Regional 
autonomy gave way to centralized au
thority. setting the stage for the even
tual rise of the Inca empire, One can 
logically expect that the earlier practice 
of regional data storage and retrieval. 
written on the earth and vested in local 
ritual. then slowly ceased to be. 

M A M M A L S ! 
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Pattern Formation 
in Biological Development 

In the embryo of many organisms the differentiating cells become 

organized in space by first learning just where they are and then 

interpreting that information according to their genetic program 

H
ow does a single cell. a fertilized 

egg. develop into an intricate 
system of many different cell 

types organized in predictable patterns 
to form a particular kind of adult ani
mal? Most efforts to answer this central 
question of developmental biology fo
cus on how the cells of the dividing egg 
become different from one another and 
so give rise to the various cell types. 
ranging from cartilage and muscle to 
nerve cells and blood cells. that make up 
an adult animal. Because each cell type 
is characterized by the presence of par
ticular proteins. and because it is gener
ally accepted that the genetic informa
tion in every cell is the same and re
mains unchanged during development. 
attention has largely been directed to 
learning how the genes that code for 
specific proteins are regulated. or turned 
on and off. in different cell types. 

Cellular differentiation is. however. 
only one aspect of development. The 
various forms that characterize the 
adult animal arise largely from a rath
er different process: pattern formation. 
Consider the arm and the leg. They both 
contain the same types of differentiated 
cells-muscle. cartilage. connective tis
sue. skin-but the spatial organization 
of the cells is different. It is this spatial 
organization of differentiated cell types 
that is the essence of pattern formation. 
The histologist recognizes some 200 cell 
types in the human body. and the chim
panzee has exactly the same cell types; 
the difference between a man and a 
chimpanzee is a difference in the spatial 
organization of the cells. Among the 
vertebrates as a whole-fishes. amphib
ians. reptiles and mammals-there is 
some variation in cell type. but the key 
to the different organization of all these 
forms does not lie in the cells as such; it 
lies in how these basic building units are 
arranged in space during development. 
To emphasize the point: knowing how 
cartilage. muscle and tendon differen
tiate tells one very little about how the 
five fingers of the hand take shape. 
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by Lewis Wolpert 

One way to think about pattern for
mation is in terms of the French flag. 
Consider a linear array of cells. each of 
which can differentiate into a blue. a 
red or a white cell [see top illustration 
on page 156]. How might the cells in 
the line be organized to make a French 
flag. one-third blue. one-third white and 
and one-third red? There are a number of 
possible solutions to the problem. but 
the obvious one is for the cells to come 
to "know" their position with respect 
to the ends of the line and to be pro
grammed to differentiate appropriately 
on the basis of such positional knowl
edge. If a cell is in the right-hand third of 
the line. it will differentiate as red; if in 
the middle third. as white; if in the left
hand third. as blue. Such a mechanism 
for pattern formation can be viewed as 
a two-step process: first the cells are as
signed positional information and then 
they interpret that information accord
ing to their genetic program. 

This conceptually simple mechanism 
has some interesting features. The only 
communication the cells need to have 
with one another is a message specifying 
positional information. and that can be 
quite simple. Moreover. the same inter
actions and positional information can 
give rise to a variety of patterns depend
ing on the particular developmental 
program according to which the infor
mation is interpreted. For example. the 
American flag consists of cells of the 
same colors as the French flag. If the 
two flags develop on the basis of posi
tional information specified by the same 
two-dimensional coordinate system. 
then a graft of a piece of one flag into the 
other flag should behave according to 
its position and its genetic program. A 
small piece of "undifferentiated" Amer
ican flag grafted into the upper left-hand 
corner of the French flag should devel
op into white stars in a blue field; graft
ed near the lower right-hand corner. it 
should develop into horizontal red and 
white stripes. 

There is good evidence for this kind of 

development in biological systems. Curt 
Stern of the University of California at 
Berkeley and his colleagues achieved 
what are in effect just such grafts by 
making genetic mosaics. In the fruit fly 
Drosophila a mutation in a single gene 
gives rise to a mutant form. aristapedia. 
with a leg where the antenna should be. 
By genetic manipulation it is possible to 
have both wild-type. or normal, cells 
and aristapedia cells in the antenna re
gion. The cells behave according to their 
position and their differing genetic pro
grams. If cells at the tip of the antenna 
are wild-type. they form normal anten
na-tip structures. but if they bear the 
aristapedia gene. they form leg struc
tures. and not just any leg structures but 
the end structures of the leg. This sug
gests that positional information (how 
near the tip?) is the same in the antenna 
as in the leg; it is the interpretation that 
is different. A variety of other pattern 
mutants behave similarly in mosaics. 
the cells developing according to their 
position and their genetic constitution. 
The exciting possibility. then. is that po
sitional information may have an under
lying universality. 

The idea that position determines how 
cells will develop was stated explic

itly by Hans A. E. Driesch at the end of 
the 19th century and was implied in the 
gradient theories of pattern formation 
championed in the 1920's by C. M. 
Child of the University of Chicago. 
Thinking about pattern formation in 
terms of positional information enables 
one to analyze this aspect of develop
ment in rigorous terms and forces one to 
think about the mechanisms by which 
position is specified. The specification of 
position implies a coordinate system. 
and such a system in turn requires a spe
cial "boundary region." with reference 
to which position is measured; polarity. 
which determines the direction in which 
position is measured. and some quantity 
that can measure position. An approach 
based on positional information makes 
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WING BUD OF A CmCK is seen at successive stages of its incuba
tion: after four, five and six days (top), seven and eigbt days (middle) 
and 10 days (bottom). Tbe cartilaginous structures (see top illustra-

tion on page 158) are easily recognized in a stained wbole mount of 
tbe tissue because tbey take up a specific dye. Tbe pbotographs were 
made by Dennis Summerbell and Jim Smitb in autbor's laboratory. 
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FLAG ANALOGY shows how a line of cells (top) that can differentiate as blue, white or red 
cells (second line) can be organized to form the French Rag. Here positional information is de
livered by a gradient of a diffusible morphogen, and the cells have appropriate thresholds. A 
source keeps the gradient concentration fixed at a at one end and a sink keeps concentration 
at a' at the other end. Thresholds are cellular properties that enable the gradient in position
al information to be interpreted. For example, above concentration TB a cell becomes blue. 

GRAFTED FLAG MATERIAL develops on the basis of position and "genetic program." Un
differentiated American-Rag material grafted in upper left-hand corner of French Rag devel
ops as stars; similarly, a piece of French Rag grafted to American Rag develops in accordance 
with its own genetic program, which near bottom right calls for vertical white and red patches. 
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more concrete the old concept of em
bryonic fields within which develop
ment proceeds and is regulated: the 
fields can now be viewed as particular 
coordinate systems. And if position is 
specified by a coordinate system, then 
positional information may be quite 
similar in widely different organisms. 

How might position be specified? One 
way wpuld be for a gradient to be set 
up-for some property to decrease con
tinuously with increasing distance in a 
positional field from a boundary, or ref
erence, region. One general feature of 
positional fields is that they are always 
small and another feature is that the 
time required to establish them is long; 
all known positional fields are less than 
100 cells (or about one millimeter) in 
length and they are usually much small
er, and the time taken to set them up 
is on the order of hours. Noting these 
facts, Francis H. C. Crick pointed out in 
1970 that one plausible means of speci
fying position would be the diffusion 
through the field of a "morphogen," a 
substance whose concentration could 
be sensed by individual cells. Given a 
source of a fixed concentration of the 
morphogen at one end of the field and a 
sink at the other end, a linear gradient 
could be established across the field. Al
fred Gierer and Hans Meinhardt of the 
Max Planck Institute for Virus Re
search in Tiibingen later showed how a 
diffusion gradient can be set up without 
a localized source or sink [see "Hydra as 
a Model for the Development of Biolog
ical Form," by Alfred Gierer; SCIENTIF
IC AMERICAN, December, 1974]. 

However such a gradient is estab
lished, it can be interpreted by cells if 
their genetic program is specified in 
terms of thresholds: if above a certain 
concentration the cells differentiate as 
one type and below it they differentiate 
as another type. In my laboratory at the 
Middlesex Hospital Medical School in 
London, Julian Lewis, Jonathan Slack 
and I have found that it should be pos
sible to specify some 30 different cell 
states along a line of about 100 cells. 
The factor that limits the precision with 
which this can be done is the accuracy 
with which thresholds can be estab
lished for individual cells, which de
pends in turn on the accuracy with 
which cells can control the concentra
tion of the molecules inside them. That 
rather basic cellular property is not 
known, but an accuracy with a 20 per
cent error seems to be a reasonable 
guess. Part of the variability character
istic of developmental (and other cellu
lar) processes must arise from this in
trinsic variability. 

Dennis Summer bell, Lewis and I have 
proposed another model, specifically 
for growing systems, in which cells mea
sure distance by measuring the time 
they spend in a particular region we call 
the "progress zone." Since the cells are 
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dividing and since the width of the zone 
remains constant. cells are always leav
ing the zone-being left behind as the 
zone advances. The cells that come out 
first are at the beginning of the line (in 
the sense of the line of cells in the flag 
analogy) and the cells that come out last 
are at the end of the line; if the cells can 
measure the time they spend in the prog
ress zone. they will have acquired infor
mation about their position. 

Here I shall primarily be illustrat
ing the diffusion-gradient and progress
zone models with respect to the develop
ment of the wing of the chick. I should 
note that these models appear to involve 
rather simple cell-to-cell interactions. 
There is a widespread belief that cells 
have complex conversations with one 
another during development. The possi
bility should be considered that in pat
tern formation. at least. their conversa
tions may instead be very limited. even 
boring. 

The wing of the chick develops from a 
paddlelike bud very similar to the 

arm bud of a human embryo. It starts off 
as a small bulge that appears about two 
days after the egg is laid and at a time 
when the main axial structures such 
as the somites have already been laid 
down. The pattern of cartilage. muscle 
and tendons takes shape within a loose 
network of mesenchymal cells encased 
in a sheet of ectodermal cells that will 
become skin. After 10 days in the in
cubator the basic pattern of the limb 
bones-humerus. radius and ulna. wrist 
and digits-is well established in the 
form of cartilage (most of which will 
later turn into bone). In fixed prepara
tions the cartilage takes up a dye that 
makes it clearly visible through the skin. 

Most of the important discoveries 
about interactions within the developing 
bud were made by John W. Saunders. 
Jr .. of the State University of New York 
at Albany and his colleagues. He found 
that a thickened region of the ectoderm 
running like a ridge across the tip of the 
limb bud is essential for development. If 
this apical ectodermal ridge is removed 
while the cartilaginous elements are be
ing laid down. parts of the limb will fail 
to develop. The later the ridge is re
moved. the more structures develop. If 
the ridge is excised at an early stage. 
only the humerus may be formed; if it is 
removed later. only the digits may fail to 
develop. This shows that the structures 
are specified in a proximodistal se
quence. that is. beginning near the point 
of attachment of the limb to the body 
and proceeding outward toward the tip 
of the limb. That sequence is clearly ob
served in the growing bud. in which the 
humerus becomes visible long before 
the digits appear. 

If the pattern of cellular differentia
tion in the limb bud proceeds on the 
basis of positional information. the cells 

GENETIC MOSAIC combining the cells of the normal fruit fly Drosophila meiallogasler and 
those of the arislapedia mutant, in which a leg is formed where an antenna should be, de
velops as in the flag analogy. Cells behave according to position and genetic program: mutant 
cells located at the base of the developing antenna form basal leg structures, whereas those near 
the tip of the antenna form claws or tarsal segments. The arrows indicate the leg and antenna 
regions that appear to have similar positional values. This drawing is adapted from the work 
of Howard A. Schneiderman and John Postlethwait at the University of California at Irvine. 

can be thought of as being assigned posi
tional values in a three-dimensional co
ordinate system; the interpretation of 
those positional values would give rise 
to the observed pattern of cartilage. 
muscle and tendon differentiation. It 
would be somewhat like sculpting by 
numbers. The three natural axes of the 
limb are the proximodistal (from upper 
limb to digits). anteroposterior (front to 
back) and dorsoventral (top to bottom) 
axes. Here I shall consider only the first 
two of these axes. for which Summer
bell. Lewis. Chery II Tickle and I have 
proposed two different mechanisms to 
specify positional information. For the 
proximodistal axis we propose a mecha
nism in which time provides informa
tion about position. The mechanism we 
suggest for the anteroposterior axis is a 
signal from a boundary region. which 
sets up a gradient in positional values. 

The specification of proximodistal po
sitional values appears to take place 

within a progress zone near the tip of the 
limb bud. The zone is always associated 
with the apical ectodermal ridge. and 
some influence from the ridge presum
ably brings it into being. The progress 
zone is about 350 micrometers (thou
sandths of a millimeter) long. It con
tains a population of dividin

'
g cells that 

are like fibroblasts in general appear
ance. We assume arbitrarily that posi
tional value decreases autonomously 

with time spent in the zone. that is. the 
longer a cell remains in the zone. the 
lower its positional value will be. Since 
all the cells are dividing. cells will con
tinually be leaving the zone. and those 
that come out first will form proximal 
structures whereas those that come out 
late will form the tips of the digits; the 
gradient in positional value generated 
by this process will specify the series of 
elements along the proximodistal axis. 
One can now see why removal of the 
apical ectodermal ridge leads to trunca
tion of the limb: the progress zone is 
abolished. and so no new positional val
ues are generated. 

This model suggests that if there are 
no long-range interactions between the 
mesenchymal cells. a progress zone 
should continue to develop autono
mously when it is excised and grafted to 
another site. If the zone from a young 
bud is grafted in place of the zone in a 
bud in which the positional values corre
sponding to the humerus and the radius 
and ulna have already been generated. 
the grafted zone should generate a sec
ond set of such values; this should lead 
to duplication of elements along the 
proximodistal axis. The converse exper
iment. in which an older progress zone is 
grafted to a young bud. should lead to 
the absence of proximal structures: the 
digits should appear but the humerus. 
ulna or radius should be missing. Our 
experimental grafts conform rather well 
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CARTILAGINOUS ELEMENTS of tbe cbick limb are identified in tbis drawing. Tbe bar be
low tbe drawing sbows tbe effect on limb development wben tbe apical ectodermal ridge, a 
paddlelike tbickening at tbe tip of tbe limb bnd, is removed at different times. Time is indicated 
in terms of a standard series of developmental stages and in terms of cell cycles. For example, 
if tbe ridge is removed at Stage 20, only tbe bumerus and balf of tbe radius and ulna will de

. 
velop. Wbat is notable bere is tbat two cell cycles are required to lay down sbort wrist region. 

to the theory [see illustration on opposite 
page]. (I should point out. however. that 
Madeleine Kieny and her colleagues at 
the University of Grenoble have had 
different results. finding less of this kind 
of autonomy and more evidence for 
regulation and interaction to achieve 
a more normal set of structures.) 

We had difficulty getting further ex
perimental evidence for the progress-

a:: a b 0 
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t 
a:: 0 
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PROXIMAL � DISTAL 

zone model, but some recent experi
ments with X-ray irradiation were en
couraging. Tickle and 1 studied the ef
fect of large doses of X rays (up to 2.000 
rads) on limb-bud development. Such 
doses kill the embryo. and so we grafted 
the irradiated bud to a site on an unirra
diated host embryo. We found that as 
the radiation was increased it was the 
proximal structures that were lost; the 

c 

LIMB BUD is diagrammed as it is seen from above, sbowing tbe proximodistal axis (from tbe 
point of attacbment toward tbe tip) and tbe anteroposterior (front to back) axis. According to 
tbe autbor's model, positional values along tbe proximodistal axis are specified by tbe amount 
of time a cell spends in tbe progress zone, wbicb is associated witb tbe apical ectodermal ridge 
(a). Tbe cells in Region 1 bave bad tbeir position specified; tbe position of tbe cells in Region 2 
is still being specified (b); tbe two regions will ultimately come to form different structures (c). 
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distal ones (the digits) were relatively 
normal. It may seem surprising that ir
radiation should least affect structures 
laid down at a later stage. but that is just 
what our model predicts. If irradiation 
kills a large percentage of the cells in the 
progress zone. the remaining cells must 
stay in the zone longer as it becomes 
repopulated; they acquire a lower posi
tional value and so give rise to distal 
structures. The model thus begins to 
provide clues to certain congenital mal
formations of human limbs such as pho
comelia. or seal limb. that result in a 
similar arrangement of parts. The drug 
thalidomide could cause phocomelia. 
among other abnormalities. in a fetus 
when it was taken by a pregnant woman. 
Its mode of action is unknown. but our 
results imply that it may somehow have 
destroyed cells in the early limb bud of 
the embryo. 

When one records the length of time 
(in terms of cell-division cycles) cells 
destined to form particular structures 
spend in the progress zone. one is struck 
by the relatively long time required for 
laying down the very short wrist region. 
An analysis conducted by Lewis and 
Summerbell accounted for the apparent 
disproportion. which turns out to have 
important implications for the growth 
process. The various segments of the 
limb are not very different in size when 
they emerge from the progress zone; in 
fact. their initial length is roughly equal 
to the amount of material that leaves 
the zone during one cell cycle. or about 
350 micrometers. Although the wrist 
is short. it is relatively complex. appar
ently consisting of two cartilaginous ele
ments laid down in sequence. and that 
explains the length of time needed for 
laying it down. It is short only because it 
does not grow much after emerging 
from the zone. whereas the other limb 
structures do grow. The wrist and the 
adjacent ulna start off at about the same 
length. but after some 10 days the ulna 
is about 16 times longer than it was 
and the wrist has only doubled in size. 

Nigel Holder found that this relative 
lack of growth is an autonomous prop
erty of the wrist region. since it persists 
when the isolated wrist is cultured or is 
grafted to other parts of the limb. It 
would appear that the positional values 
imparted to the cartilage lead to differ
ent growth programs in different re
gions; two bits of cartilage that seem to 
be similar but are in different regions 
may in fact have different properties. 
Lewis and 1 have called this situation. 
in which cells of the same differentia
tion class have different properties pro
grammed by different positional values. 
"nonequivalence." The ultimate length 
of cartilaginous elements is determined 
by their size on emerging from the prog
ress zone and by their program of 

growth. and both determinants are spec
ified by positional values. These val
ues can be altered during evolution. 
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and the alterations presumably account a 
for some of the differences in the size 
and form of vertebrate limbs. 

O
ur morphogen-gradient model for 
the anteroposterior axis is based 

on another discovery by Saunders. He 
found a small region of cells at the pos
terior margin of the wing bud that, if 
grafted to a site near the front of the 
bud, could cause the limb to form addi
tional digits-roughly a mirror-image 
duplication along the anteroposterior 
axis. We think a graded signal from this 
region, which is called the zone of polar
izing activity, provides positional infor
mation along the anteroposterior axis. 
Our hypothesis is that a gradient is set 
up in a morphogen issuing from the 
zone and that the various digits, for ex
ample, are specified at various thresh
olds. The digits, conventionally num
bered 2, 3 and 4, are convenient markers 
because they are easily distinguished· 
from one another in the chick wing. To 
test the hypothesis we therefore graft
ed a zone of polarizing activity to suc
cessive sites along the anteroposterior 
axis and looked to see whether or not 
the pattern of digits conformed with the 
model's predictions. 

If positional information is delivered 
along a gradient and is interpreted in 
terms of thresholds, then digit No. 4, 
closest to the normal zone of polarizing 
activity, should have the highest thresh
old and digit No.2 should have the low
est. A new zone of polarizing activity 
grafted quite far forward on the bud, 
with the original zone left in its normal 
posterior position, should give rise to a 
mirror duplication [see illustration on 
page 161]. That is, the pattern of digits 
should be 4, 3,2,2,3,4. And so it was in 
our experiment. If the graft is placed 
nearer the middle of the bud, the gradi
ent should be such that the predicted 
pattern (reading from the anterior edge 
of the wing to the posterior edge) is 2, 
3, 4, 4, 3, 3, 4, and we obtained limbs 
with approximately that pattern. On the 
whole the patterns observed in various 

. experiments conformed rather well to 
the predicted patterns. 

Three further observations support 

TIME MEASUREMENT in the progress 
zone (stippled area) is demonstrated for a 
group of cells (colored dot ill drawillg a) after 
one, two and three cell cycles (TrTa). The 
cells' positional value falls (colored curve) 
while they remain in the zone but stays con
stant after they leave the zone. If the progress 
zone of an early limb bud is grafted in place 
of the zone on an older bud (b), and if the 
progress zones behave autonomously, a new 
gradient should be generated in tandem with 
original gradient in positional value (c). This 
can cause structures to be repeated along the 
proximodistal axis. One possible sequence is 
humerus, radius and ulna, humerus, radius 
and ulna, wrist and digits. This sequence is 
shown in Summerbell's picture of limb (d). 
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the idea of a graded signal. First. if a 
second zone of polarizing activity is 
placed next to the host's zone. it has no 
apparent effect; if the zone acts as the 
source of a morphogen whose concen
tration is regulated to remain fixed. that 
is to be expected. Second. if the graft 
is placed very far forward. no addition
al digits form; the signal is not strong 
enough to rise above the threshold. As 
the graft is implanted successively far
ther back. the first additional digit to 
appear is No. 2; it has the lowest thresh
old. Third. the model predicts that in
creasing attenuation of the signal from a 
zone of polarizing activity should inter
fere successively with the formation of 
digits 4. 3 and 2. Jim Smith subjected 
zones to extremely high X-ray irradia
tion before grafting them to a position 
where the resulting pattern of digits is 
usually 4. 3. 2; he found that with in
creasing irradiation (and therefore in
creasing attenuation) it was in fact digit 
No. 4 that first failed to appear. then No. 
3 and finally No. 2. 

One of the implications of a mecha
nism of pattern formation based on po
sitional information is that signals like 
the ones that have an effect in the chick 
limb bud might have an effect in all ver
tebrates. with the difference in limb pat
tern reflecting differences in interpreta
tion. We were therefore pleased when 
Tickle found that a bit of tissue taken 

from the presumed region of the zone of 
polarizing activity in the mouse embryo 
specified additional chick digits when it 
was grafted to a chick limb bud. Jeffrey 
A. MacCabe of the University of Ten
nessee got the same result with hamster 
embryos. John F. Fallon of the Univer
sity of Wisconsin has shown that the 
zone of polarizing activity from the limb 
of a turtle embryo and that from the 
limb of a human embryo have similar 
effects in chicks. The signal seems to be 
the same in the vertebrates; what has 
changed in evolution is the response. 

In spite of the conformation of the 
experiments to our model it is important 
to point out that direct evidence for a 
diffusible morphogen is still lacking. 
Other models. which establish graded 
positional values in other ways. could 
also account for the observed results. 

Up to this point I have considered 
only the cartilaginous elements of 

the chick limb. The pattern of muscles 
and tendons is just as important and 
is somewhat more complex. Geoffrey 
Shellswell and I have examined the de
velopment of muscle and tendon pat
terns in the context of our ideas about 
positional information. concentrating 
on the distal part of the limb: radius and 
ulna. wrist and digits. Although carti
laginous elements can be examined easi
ly in the intact limb. for muscle and ten-
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ly. The wrist grows hardly at all, Summerbell found, compared with the humerus and the ulna. 
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don it is necessary to follow the tedious 
procedure of cutting serial sections and 
reconstituting the pattern from them. 

If pattern results from the interpre
tation of positional information in a 
three-dimensional coordinate system-if 
it really is like sculpting by numbers
then tendons. muscles and cartilage 
should develop autonomously. purely 
on the basis of position. Therefore one 
of the first questions we asked was: How 
autonomous is the development of mus
cle. tendon and cartilage? There is a 
muscle called the flexor digitorum pro
fundus (FDP) that is anchored to the 
ulna near the elbow and connected by a 
long tendon to the tip of digit NO.3. We 
asked: Does the development of the ten
don depend on the development of its 
muscle? What will happen to the ten
don's development if its normal proxi
mal site of attachment is missing? We 
grafted the tip of an early limb bud to 
the flank of the embryo. The FDP ten
don developed normally even though its 
muscle was not there. and the muscle 
left behind in the stump of the bud de
veloped normally even though its ten
don was absent. 

That experiment and others showed 
in general that muscle. tendon and carti
lage develop autonomously once their 
position has been specified in the early 
bud. There does. however. seem to be a 
seek-and-join rule for tendons. which 
seldom end in "midair" following a 
graft operation but rather attach them
selves to nearby tendons. muscle or car
tilage. For example. it is possible to in
vert the tip of the early limb bud dorso
ventrally (upside down) by grafting a tip 
from a left-limb bud to a right-limb bud. 
In that case the ventral tendons of the 
graft join up with the dorsal host ten
dons closest to them. and dorsal muscles 
may integrate with ventral muscles. 

We believe the pattern of muscles and 
tendons is specified by the same coor
dinate system as the cartilaginous ele
ments. Another indication of this is the 
fact that a graft of the zone of polarizing 
activity of the type causing a mirror-im
age duplication of the bones causes 
a comparable mirror-image duplication 
of the muscles and tendons. 

This discussion of muscles and ten
dons may have misled the reader by 

implying that the interpretation by cells 
of their positional values is responsible 
not only for the pattern of muscle differ
entiation but also for determining which 
cells will form muscle in the first place. 
Actually the specification of cell differ
entiation into muscle does not depend 
on position in the limb bud. There is 
excellent evidence from B. Christ. H. 
Jacob and M. Jacob at the University 
of Bochum and from Kieny and Alain 
Chevalier at Grenoble that muscle cells 
have a lineage different from that of the 
other mesenchymal cells. They migrate 
into the bud from the somites at an early 
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stage. and apparently it makes no differ
ence which somite is their source. sug
gesting that particular cells are not nec
essarily destined for particular muscles. 
Unlike cartilage cells. muscle cells are 
"eq uivalent." 

If muscle cells are in effect prediffer
entiated. what specifies the pattern of a 
particular muscle? To understand how 
this specification may be achieved it is 
necessary first to understand how an in
dividual muscle develops. Muscle first 
becomes visible in the limb in the form 
of large dorsal and ventral blocks. 
which subsequently go through a series 
of divisions to become individual mus
cles. The early blocks are made up of 
precursor muscle cells and precursor 
connective-tissue cells. Our suggestion 
is that the muscle cells are all equivalent 
and that the pattern of the muscles is 
determined by connective-tissue cells. 
According to this view. the connective 
cells in the regions where the muscle 
blocks take shape have properties such 
that precursor muscle cells migrating in 
from the somite tend to adhere better to 
these connective cells than to others and 
therefore accumulate to form the dor
sal and ventral blocks. The properties of 
the connective-tissue cells change with 
time. presumably in accordance with 
their interpretation of positional infor
mation. If cells at. say. the center of the 
ventral block come to have a lower affi
nity for muscle cells. then muscle cells 
will migrate away from them. thereby 
subdividing the muscle. It is as if the 
future connective-tissue cells were act
ing as a template for the muscle cells. 

The process is analogous to the move
ment and patterning of mesenchymal 
cells in the sea-urchin embryo. which 
Trygve Gustafson of the University of 
Stockholm and I studied some years 
ago. Here the moving cells could be ob
served directly with time-lapse cine
matography. and it was clear to us -that 
the pseudopodia. the temporary protru
sions by means of which the cells move. 
were continually making and breaking 
contact with the substratum; the chang
ing patterns in the distribution of the 
cells appeared to reflect a changing sta
bility in their contact with the sub
stratum. much as the patterning of mus
cle in the chick limb seems to reflect 
contacts between muscle cells and a 
connective-tissue substratum. The pat
terning of muscles by connective tissue 
would have important implications for 
the patterning of nerves in a developing 
limb and how they connect with mus
cles. We do not know how correct con
nections between nerve cells and mus
cles are established. but if some kind 
of specificity is involved. the specificity 
may reside in connective tissue rather 
than in muscle cells themselves. 

T
here is now substantial evidence that 
gradients in positional information 

underlie pattern formation in a variety 
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ZONE OF POLARIZING ACTIVITY (colored square) is assumed to be the source of a mor
phogen wbose gradient specifies anteroposterior positional information. A normal zone at the 
posterior margin of the bud (a) sets up a gradient (broken curve in b) tbat interacts with cellu
lar thresholds to specify the normal pattern of digits 2, 3 and 4. If an additional zone of polar
izing activity from a late-stage bud is grafted near the front of an early bud (I), the gradient cre
ated by it and the host's zone of polarizing activity (solid curve in b) specifies a mirror-image 
duplication of digits (photograph c). Grafting a zone near the middle of the bud (II) should re
sult in a different gradient (light curve in b). The experimental result was dose to the predic
tion (photograph d). The grafts were done by Smith, and photographs were supplied by him. 
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FDP MUSCLE 

MUSCLES OF AN EMBRYONIC CHICK WING, seen from be
low, include one designated FDP (color), which is attached by a long 
tendon to the tip of digit No. 3 (le/t). H early in development the 
tip of the bud is grafted to the flank of the embryo, a more or less 

normal hand develops without an upper limb (right). The tendon in 
this case has been shown by the work of Geoffrey Shellswell to de
velop autonomously; the tendon is normal even though the muscle 
attached to it is absent. The photograph was made by Summerhell. 

of organisms. Some of the evidence is 
old; the role of gradients in early sea
urchin development, for example, was 
proposed by the Swedish investigators 
John Runnstrom and Sven o. Horstadi
us in the 1920's and 1930's. The recent 
evidence is particularly impressive in 
the case of insects. Both Peter A. Law
rence of the British Medical Research 
Council's Laboratory of Molecular Bi
ology in Cambridge and Horst Bohn of 
the Zoological Institute in Munich have 
reported that pattern in the insect epi
dermis can be understood in terms of 
gradients. Of particular importance is 
the recent discovery of compartments in 
insect development by Antonio Garcia
Bellido at the University of Madrid. 

a 

These are groups of cells in a particular 
position whose developmental program 
is changed at the same time. A succes
sion of such events divides the embry
onic wing, for example, into a number 
of discrete regions. The genes associat
ed with the formation of compartments 
can be identified and manipulated, so 
that studying this process is a promising 
approach to the task of linking gene ac
tion with pattern formation. 

Klaus Sander of the University of 
Freiburg has shown how gradients can 
control the earliest patterning in a devel
oping insect egg. It seems that the poste
rior margin of the egg of the leafhopper 
can be considered the source of a gradi
ent much like the zone of polarizing ac-

00 
8 8 
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tivity in the chick limb. The formal simi
larities of the two systems are striking. 
Moving some of the cytoplasm from the 
posterior end of the egg toward the ante
rior end can give rise to a pattern of 
embryo segments just like the pattern of 
digits obtained by grafting an additional 
zone of polarizing activity to the early 
wing bud. Both the posterior cytoplasm 
of the egg and the zone of polarizing 
activity of the wing bud appear to act 
as boundary regions that provide a po
sitional signal. Analogous regions are 
found in other animals: the classical "or
ganizer" in amphibian embryos, the 
head of the hydra and what are called 
micromeres in sea-urchin embryos. 

Mechanisms based on positional in-

INDIVIDUAL MUSCLES begin to develop as is shown in photo
micrographs in which a cross section of the limb is enlarged some 3S 
diameters. At first (a) muscle cells are grouped in large dorsal (D) 
and ventral (V) muscle blocks above and below the ulna (U) and ra-

dius (R). About 12 hours later each block has split in two (b). After 
another half day the dorsal masses have divided again; the ventral 
masses will divide later. The FDP muscle will arise from division 
of one ventral mass (F). The photographs were made by Shellswell. 
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Room for Rent. 

If you want to carry payloads into space, 
conte see McDonnell Douglas. 

Until now, few scientists and industries could 
tap the weightless environment of space for 
investigative research and manufacturing. 
Cost was just too great. But Shuttle is changing 
all that. 

NASA has named McDonnell Douglas 
payload integration contractor for Spacelab 
flights on Shuttle. 

We have also commercially developed a 
propulsion system called PAM for payloads 
which require boost to higher orbit from the 
Shuttle. This means, on a space-available basis, 
we can put your satellites, research and manu
facturing projects onto the Shuttle, and with 

our P ayload Assist Modules, into space, where 
you want them. 

And we're not only in integration and 
propulsion. We're also developing equipment 
for new and more efficient production of 
pharmaceuticals in the gravity-free environment 
of space. 

If space holds promise for you, contact 
McDonnell Douglas now. We have the people, 
the technology, the systems, and the experience 
to get you there. Contact: M. J. Schmitt, A3-DO, 
McDonnell Douglas Astronautics Company, 
Huntington Beach, CA 92647. Telephone: 
(714) 896-5043. 

EQUAL OPPORTUNITY IN PROFESSIONAL CAREERS. SEND RESUME: BOX 14526, ST. LOUIS, MO. 63178 

163 

© 1978 SCIENTIFIC AMERICAN, INC



formation are, to be sure, not the only 
ones by which pattern can be specified' 
during development. Another mecha
nism involves the presence of determi
nants of some kind at specific locations 
within the cytoplasm of the egg; as the 
egg divides, cells in different regions ac
quire different cytoplasmic components 
that specify the course of their differen
tiation. Karl IlImensee and Anthony P. 
Mahowald of Indiana University found 
that what is called the polar plasm at the 
posterior end of the insect egg specifies 
the development of germ cells in the in
sect. By transplanting the cytoplasm to 
the anterior end of the egg they caused 
cells that would normally form head 
structures to develop instead as germ 
cells. Cytoplasmic localization of this 
kind is the exception rather than the 
rule, at least for vertebrate animals, and 
does not account for most of the overt 
patterns that are seen. A large number 
of experiments indicate that most pat
terns arise as the result of cell-to-cell 
interaction: if parts of the early embryo 
are removed or rearranged, some form 
of regulation arranges things so that a 
normal animal develops. 

Both such regulation of pattern when 
a part is removed during development 
and the regeneration of a missing struc
ture in an adult animal can be under
stood in terms of positional informa
tion. Regulation and regeneration call 
for the replacement of missing position
al values by new values, which are re-
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interpreted by the cells. There are two 
main ways in which this can happen. as 
Thomas Hunt Morgan realized early in 
this century. In morphallaxis (as in the 
regeneration of a hydra or in most of the 
regulation within the early embryo) the 
regenerated structure is molded from 
the remaining tissue without the prolif
eration of cells. Morphallaxis can now 
be understood as the establishment of a 
new boundary region at the cut surface 
and the specification of new positional 
values with respect to that boundary. 
In epimorphosis (regeneration of the 
amphibian limb is a classic example) 
the regenerated structure arises through 
growth: the proliferation of a small 
group of cells at the cut surface. New 
positional val ues are generated in the 
new tissue. 

Some major insights have recently 
been supplied by the work of Peter J. 
Bryant and Susan V. Bryant of the Uni
versity of California at Irvine and Ver
non French of the University of Edin
burgh [see "Biological Regeneration 
and Pattern Formation," by Peter J. 
Bryant. Susan V. Bryant and Vernon 
French; SCIENTIFIC AMERICAN, July. 
1977]. They developed a model based 
on a polar-coordinate system. in which 
the positional value of any cell is defined 
by two coordinates. one meridional and 
one along a proximodistal axis. An im
portant feature of their model is that 
intercalary. or interpolated, regenera
tion takes place whenever discordant 
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EGG OF LEAFHOPPER (a) has a region at the posterior end (colored dot) that has an effect 
much like that of the zone of polarizing activity in the chick limb. The insect's egg normally 
gives rise to embryonic segments A through E. (Region X does not give rise to anything in tbe 
embryo proper.) By moving the region to a more anterior position (b) and then ligating the egg, 
Klaus Sander of the University of Freiburg obtained embryos with a new pattern of segments 
(c) mucb like the digit pattern in a chick wing bud when a zone is moved near the middle. 
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positional values come to be adjacent to 
each other; new positional values are 
generated in the growing tissue until the 
discordance is eliminated. These work
ers have shown that their model can ac
count for a variety of phenomena (in 
insect and amphibian limbs and in the 
imaginal disk of insect larvae), some 
of which were complete mysteries until 
they were analyzed. That the same kinds 
of phenomena are observed in various 
animals and that they obey the same 
rules is encouraging if one believes in 
the universality of mechanisms for pat
tern formation. 

I have tried to show that the concept 
of positional information provides a 

useful framework within which the de
velopment and regulation of biological 
patterns can be understood and investi
gated. There is accumulating evidence 
(some of the most impressive of it from 
studies of insect development. which 
has only been touched on here) that cells 
have a property corresponding to their 
positional value and that the rules for 
pattern formation and regulation are 
very similar in very different systems. If 
these views are correct, those of us who 
work on such problems are in the situa
tion of genetics long before DNA was 
identified as the genetic material: we 
have rules governing the phenomenolo
gy but the molecular basis of the phe
nomena is completely unknown. We 
have no idea how positionai signaling is 
accomplished (it could involve simple 
ions or complex nucleic acids) or how 
cells record and remember their posi
tional value. Moreover. if positional in
formation is similar in different systems, 
the wide variation in patterns must stem 
from differing interpretation of posi
tional values by cells. Just how the in
formation is interpreted is obviously a 
central problem. 

It is sometimes held that no real prog
ress has been made until a biological 
mechanism is placed on a firm molecu
lar basis (until. in this case. the molecu
lar nature of the gradients. or positional 
signals. is known). Such a view denies 
the existence of different levels of orga
nization at which one can meaningfully 
investigate biological processes. Devel
opmental biologists would like to know 
the molecular basis of pattern forma
tion. but at present there is no obvious 
way to find it. Our problems are similar 
to those of any workers trying to reduce 
cellular behavior to molecular terms. 
particularly when it involves reactions 
within cells that lead to changes in cell 
state or behavior. Perhaps we should be 
less apologetic and remember that the 
study of genetics was (and is) effective at 
levels other than the level of DNA, and 
that unless we have the right phenome
nology we do not know what we are try
ing to explain or where to look for the 
explanation. 
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IBM Reports 

The wonder Qf tecq.nology 
versus rIsIng prIces 

In Wonderland, Alice can 
shrink magically in an instant. Magic, 
though, can't shrivel prices. 

Except perhaps the magic of 
technology. 

A set of computations that 
cost $1.26 on an IBM computer 
in 1952 costs only 7/lOths of a 
cent today. T hat's because 
IBM scientists and engineers 
have put their imagination and 
intelligence to work to create and 
improve information technology. 

Magic? We call it innovation. 
Innovation without pause. The 

technologies being explored in our 

laboratories hold even greater 
promise ... things with curious 
names like magnetic bubbles, 

fiber optics and Josephson 
junctions that one day may 

make today's technology seem 
prehistoric . 

With every innovative advance, 
and every resulting reduction in 

computing costs, the advantages 
of information technology become 

available to more and more people. 
The computing power of a machine 

which filled a large room 25 years ago, for 
example, is contained in circuits that now 
can be held in your hand. And the computa
tion speeds are over a thousand times faster. 

Technology which increases productivity. 

And greater productivity can indeed help 

bring costs down to size . 

--- ------ - ---- ---- - ---
-=- -=-= -= ":' =---_.-® 

Helping put information to work for people 
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An Oceanic Mass Migration 
of Land Birds 

Every fall millions of songbirds and small shorebirds leave the 

east coast of North America for the Caribbean and South America. 

Their diflicult journey has now been followed with the aid of radar 

by Timothy C. Williams and Janet M. Williams 

For about two months after the sum
mer visitors leave the beaches of 
New England and the Canadian 

Maritime Provinces those areas experi
ence a far more massive departure that 
goes unnoticed by most of the remain
ing inhabitants. More than 100 million 
birds. most of them fairly small. cross 
those shores on their annual flight south
ward over the Atlantic from eastern 
North America to the Caribbean and 
South America. A patient observer with 
a powerful pair of binoculars might see 
a few of the birds as they traverse the 
face of a full moon or pass through a 
beam of light pointed upward at night. 
but for the most part the participants in 
the migration cannot be seen directly. 
With the aid of John M. Teal and John 
W. Kanwisher of the Woods Hole Oce
anographic Institution. Leonard C. Ire
land of the Bermuda Biological Station 
and others we have exploited a network 
of radars to observe the behavior of the 
birds. The studies have yielded much in
formation about this remarkable migra
tion and have indicated why some birds 
succeed at it and others. which seem to 
be out over the ocean by mistake or mis
fortune. perish in large numbers. 

The birds we have observed by radar 
along the Atlantic coast during the last 
week of September and the first half of 
October are most likely shorebirds (such 
as sandpipers and plovers) and small 
songbirds (such as warblers). The vast 
majority of the birds begin their journey 
at night. after a cold-front weather sys
tem has moved southeast over the coast. 
If you stand in a quiet area of Cape Cod 
early of an October evening with a brisk 
northwest wind at your back. you can 
hear great numbers of small birds call
ing to one another as they pass over
head. If you then were to go to any of 
the three large radar installations on the 
Cape (Air Force surveillance. air-traffic 
control or weath�r radar). you would 
find the center portion of the screen 
filled with small bright dots moving 
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in a roughly southeasterly direction. 
Such a radar screen represents a map 

of the area surveyed by the apparatus; 
north is at the top. and the distance of an 
object from the radar installation is indi
cated by concentric range rings at inter
vals representing about 10 kilometers. 
The location of any object detected is 
represented on the screen by a bright 
dot. The radars to which we had access 
displayed each object in this way from 
once to 15 times per minute. 

In order to record information from 
the radar screen we made time-exposure 
photographs. Any slowly moving object 
such as a bird would show up in the 
photograph as a series of small dots or 
as a streak. By briefly closing and then 
reopening the shutter toward the end of 
the time exposure we could ascertain 
the direction of motion of the bird. By 
measuring the length of the streak. 
and therefore the distance traveled. we 
could (knowing the duration of the time 
exposure) compute the speed of the 
bird. The number of birds detected per 
unit of area served as a basis for estimat
ing the density of migration. which we 
classified in four categories: no move
ment. light migration. moderate migra
tion and heavy migration. Most of the 
radar units could also estimate the alti
tude of birds from the angle of elevation 
of the radar beam and the distance of 
the birds from the radar. 

We began our research on these 
southerly migrations by observing 

birds as they moved over Cape Cod. 
Like William H. Drury and Ian C. T. 
Nisbet of the Massachusetts Audubon 
Society before us. we were fascinated by 
the great numbers of birds (up to 12 mil
lion per night) that left Cape Cod mov
ing southeast toward the middle of the 
Atlantic. To determine what happened 
to these birds we watched from radars 
on the islands of Bermuda and Antigua. 
We found that many but not all of the 
birds continued flying southeast over 

Bermuda but arrived in the Caribbean 
flying southwest. Land birds and most 
shorebirds would have no chance to 
land during that flight of more than 
3.000 kilometers. Moreover. they could 
not navigate by following coastlines or 
other landmarks; some other system of 
guidance was necessary. 

The only way we could study the 
movement of the birds while they were 
over water was with radars at coastal 
sites and on islands and ships along 
the route. These observations had to 
be made simultaneously with similar 
radars and under similar conditions. 
Therefore during the last week of Sep
tember and the first two weeks of Octo
ber for six years we enlisted the coopera
tion of six national governments. four 
Federal agencies. the Woods Hole Oce
anographic Institution and a large num
ber of our friends and students to man as 
many as nine radar stations along the 
route of the migration. 

The basic patterns of migration that 
we found appear to involve at least two 
routes from North America to South 
America. On one route the birds follow 
the coast southwest to the vicinity of 
Florida and then turn southeast to move 
along the Caribbean islands. The second 
route involves birds leaving the coast 
from at least as far north as Nova Scotia 
and as far south as Virginia. and thereaf
ter moving southeast (a direction of 
flight observed from ships in all the ar
eas of the Atlantic we studied). We sup
pose the birds turn in the area of the 
Sargasso Sea (approximately the south
ern limit of our observations) as they 
encounter the northeast trade winds. 
Aided by those winds. they move in a 
southwesterly direction over the region 
occupied by the Caribbean islands. 

At all the radar sites we found that the 
migrations proceeded in waves. Several 
days would pass with little or no activi
ty. and then for a day or two birds would 
move in large numbers. The intervals 
between periods of migratory activity 
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became longer as one moved away from 
the coast. At coastal sites some move
ment could almost always be observed 
at night. At Bermuda we encountered 
occasional periods without migration. 
and in the Caribbean several days often 
passed with no migrants being observed. 

By plotting the data obtained by radar 
on a series of photographs made 

from weather satellites operated by the 
National Oceanic and Atmospheric Ad-

ministration (NOAA) one can establish 
a correlation between migratory activity 
and the state of the weather. An exam
ple is provided by the satellite photo
graphs for October 3 through October 6. 
1973 [see illustration on page 173]. On the 
first day a departure of birds from the 
North American coast was beginning. A 
cold front had just moved offshore from 
Cape Cod to Florida. As the cloud pat
terns show. the front crossed the shore
line between Cape Cod and Halifax. 

Coastal radars recorded heavy move
ments of birds that night. Birds were 
moving both along the coast and off
shore. 

By October 4 the frontal system had 
become stationary between Bermuda 
and the coast. Birds observed from a 
ship penetrated the frontal system all 
day. moving southeast and reaching the 
Bermuda area by midafternoon. On Oc
tober 5 these birds were between Ber
muda and the Caribbean. At Bermuda 

MIGRATING BIRDS show up as white streaks on this photograph 
of a radar screen on the Caribbean island of Antigua. North is at the 
top. The white rings represent 10-kilometer intervals from the radar 
station. The center of the display is blacked out to prevent over
exposure of the photograph from ground clutter. The photograph is 
a five-minute time exposure, in which the largest concentration of 

streaks representing birds is in the range circles from 20 to 45 kilome
ters. A dot at the end of a streak, caused by briefly closing the shutter 
of the camera, shows direction of movement. The white line at the left 
shows the angle of elevation of the radar beam, which was intersect
ing a layer of birds at altitudes of from three to six kilometers. Most 
of the birds were moving southeast; a few were moving southwest. 
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ATLANTIC MIGRANTS, drawn to a common scale, are portrayed. 
Included are three shorehirds, the Hudsonian godwit (a), the Ameri
can golden plover (b) and the white-rumped sandpiper (c), and one 
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songbird, the blackpoU warbler (d). Perhaps half of the migrants are 
songbirds. An indication of the scale is provided by the warbler, which 
in life is from 4.5 to 5.5 inches long and weighs less than an ounce. 
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the movement had shifted from south
easterly to southerly (possibly reflecting 
birds moving south from Halifax the 
previous night). Bird movements at the 
ship. which was about 400 kilometers 
behind (northwest of) the weather front. 
appeared to be scattered in all direc
tions. although the density of birds was 
scored as being heavy. 

On October 6 the wave of migra
tion reached the Caribbean. with heavy 
movements reported at Antigua during 
the day and at Barbados during the eve
ning. The total time of flight from North 
America to Antigua was about 64 hours 
and to Barbados about 72. 

The timing of this migration is typical 
of the data we have been able to gather. 
Departures from the coast are triggered 
by favorable flight conditions behind a 
cold front. The significant feature of 
the weather is strong northwest winds. 
which help the birds to move from the 
coast to the area of Bermuda in an aver
age of only 18 hours. Radar indicates 
that few birds land on Bermuda; the 
great majority of them continue south
east over the island. usually in light and 
variable winds. until they reach the area 
of the Sargasso Sea. where they encoun
ter the northeast trade winds that assist 
them in reaching the Caribbean. This 
second part of the journey is much slow
er than the first; the birds appear to fly 
for about 48 hours between Bermuda 
and Antigua. The radars at Antigua in
dicate that. as at Bermuda. few of the 
birds land; instead most of them seem to 
continue flying for another 18 hours to 
reach South America. The total time of 
nonstop flight over the ocean hence ap
pears to be 86 hours. plus or minus 12. 

To the best of our knowledge this mi
gration is the longest (in both time and 
distance) nonstop flight known for small 
birds. It also seems to take place at the 
greatest height above the ground of any 
bird migration. From radar observa
tions we found that the densest migra
tions from the North American coast to 
Bermuda are at an altitude of two kil
ometers (about 6.500 feet) or some
what less. although some birds are de
tected at five kilometers (about 16.000 
feet). At Bermuda a different pattern 
begins. Most birds fly at an altitude of 
from one to two kilometers. By the time 
they reach Antigua they are up between 
three and six kilometers. and on some 
days the radar showed significant num
bers of birds flying over the island at 
6.5 kilometers (21.000 feet). Although 
we made many fewer observations at 
Barbados and Tobago. it appeared that 
the birds were by then dropping in alti
tude. until at Tobago we recorded no 
birds above 800 meters. Evidently in 
approaching the South American coast 
the birds come down gradually in prep
aration for landing. 

Birds at an altitude of six kilometers 
above Antigua are flying in air at a tem-
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AREA OF MIGRATION from North America to the Caribbean and South America appears 
based on radar observations from Halifax, Cape Cod, Wallops Island, Bermuda, Miami, Puer
to Rico, Antigua, Barbados and Tobago. The broken colored lines indicate two sets of possible 

migratory routes, one for birds Dying along or near the North American coast and the other 
for birds making most of the trip over the ocean. (The data for Puerto Rico are derived from ob
servations by W. J. Richardson of Environmental Research Associates in Toronto.) The gray 
lines forming triangles show the relation of the wind to the heading and track of the birds. In 
each case the broken line shows the direction of the wind (with the relative wind speed indicat
ed by the length of the line), the dark gray line represents the average heading of the birds and 
the light gray line shows their average track. The birds consistently have a southeasterly head
ing, but the trade winds that blow from the northeast in the Caribbean create a drift that has the 
effect of turning the migrating birds toward the southwest as they approach their destination. 

perature of zero degrees Celsius. and the 
air has only about half as much oxygen 
as air at sea level. The advantage of fly
ing at such heights seems to be that it 
puts the birds in a region of favorable 
wind conditions. We plotted the average 
wind velocity at various altitudes on the 
days when we detected moderate or 
heavy migrations at Antigua at an aver
age altitude above 4.2 kilometers. The 
average direction of bird movement on 
those days was southeast. Our data for 
altitudes below four kilometers showed 
strong east-southeast winds. which were 
avoided by the high-flying birds. 

Physiologically flight at such altitudes 
is made possible by the distinctive res
piratory system of birds. The system 

embodies a number of adaptations for 
flight. but in this connection the crucial 
one is the countercurrent flow of blood 
and air in the bird's lung. It is the key to 
the bird's ability to extract oxygen effi
ciently and so to fly at high altitudes. 

Observations made both visually 
(with the aid of binoculars) and by 

radar from ships at sea yielded a much 
clearer picture of how the birds behave 
during their long flight over the ocean 
and also indicated what kinds of birds 
might be making the flight. In order to 
follow our discussion of these results 
one needs to be clear about the distinc
tion between a bird's track and its head
ing. If a bird is flying in a wind. the 
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But for you. . 
Robert Goddard. 

the moon 
Look where the science 
of space is today. 

With Robert Goddard's help, man has 
been able to free himself from Earth's gravita
tional apron strings, to launch himself and his 
satellites into space - and into a new era. 

For companies like Rockwell, who helped 
make the great leap possible, ours is an era rich 
in challenge. We're working in many areas to 
help bring the current and potential benefits of 
space down to Earth. 

The science of space is just one of 
the sciences of Rockwell. For more about the 
diverse company that supports these 
developments, write for our Annual Report. 
Rockwell International, Dept. 8155, 
600 Grant Street, Pittsburgh, PA 15219. 

Today, only expensive one-way rockets can put man-made satel
lites into Earth orbit, but next year a Rockwell-built Space Shuttle 
orbiter will fly its first of over 100 missions into space. It's one of a 
fleet of orbiters under construction for NASA - as part of the 
world's first reusable space transportation system. Shuttle orbiter 
crews will place, service and retrieve satellites in space; operate 
scientific and industrial laboratories carried into and out of space; 
and develop the technology for new space systems such as solar 
power satellites. The Shuttle is the key to space operations ... and a 
whole new era of benefits for mankind. 
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On October 19, 1899, 17-year-old 
Robert Goddard climbed a tree 
in his backyard to do some 
pruning. Suddenly he en
visioned in his fertile mind a 
device for flying into space. 
The idea was later entered in 
his diary - and never left his 
imagination. As a student 
and later a doctor of physics, 
Goddard did exhaustive, original 
research on rocket propulsion -
and on March 16, 1926, fired the 
world's first liquid-fueled rocket to a 
height of 41 feet. 

Three years later, aviation pioneer 
Charles Lindbergh championed 
Goddard's cause and arranged 
a desperately needed financial grant 
for further research. Today, the 
U.S. is using over 200 of Robert 
Goddard's patents - most 
of them basic to rocket 
engine operation. 

might still be 
green cheese. 

Rockwell is building 150 earth 
stations for the new, nation
wide, satellite-based television 
system of the Corporation for 
Public Broadcasting (CPB). This 
system, the world's largest, will 
improve signal quality, increase 
programming flexibility, and 
substantially reduce distribu
tion costs for all publ ic televi
sion affiliates. 

This is a 570-mile-high view of Two thirds of all U.S. manned 
Cape Cod, provided by NASA's space flights and satellites have 
LAN DSAT - one of many been launched with rocket en
satellites that Rockwell engines gines built by Rockwell. We 
have boosted into space. also make attitude control sys
LANDSAT's orbiting cameras tems, Shuttle orbiter main en
now help locate oil and gas gines, and smaller propulsion 
deposits - and improve the systems for deep space. 
management of agricultural, 
forestry, range, water and 
marine resources. 
Photo courtesy EROS Data Center 

NAVSTAR satellites for the De
partment of Defense Global 
Positioning System (GPS) are 
designed and bui It by Rockwell. 
When fully operational in 1985, 
GPS will give land, sea, air or 
space navigators their positions 
to within 30 feet, their exact 
speeds and the correct time. 

Rockwell International 
... where science gets doNn to business 
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From solar power to turbochargers ... 
Garrett has SOllie anSYJen. 

A lot of people talk about the 
energy crunch, but Garrett is doing 
something about it. Garrett's 
unique combination of high-speed 
turbomachinery and heat transfer 
technologies requires a deep 
understanding of energy uses and 
efficiencies. 

From the very beginning, 40 
years ago, Garrett engineers under
stood that a well-designed piece 
of machinery is more fuel efficient, 
gives greater power output, and 
lasts longer. So, reliability and 
efficiency were the first two spec
ifications for virtually everything we 
made. As space and weight 

became more critical in aircraft, 
we became expert at reducing them 
while retaining dependability and 
efficiency. 

Today, Garrett has outstanding 
capabilities in the key high-speed, 
high-temperature, high-efficiency 
technologies that will help us 
better utilize and conserve energy 
generated by fossil fuels and 
nuclear systems. And we also 
know ways to harness the power 
of the sun-the only inexhaustible 
source of energy there is. 

Some of our answers include 
a gas centrifuge for uranium enrich
ment, a battery/flywheel electric
powered passenger car, a high-

!-.�� 
The Garrett Corporation 

One of The Signal Comp:!nies III 
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temperature ceramic turbine, 
a ceramic heat exchanger, a solar 
assisted heat pump, and even 
a down-to-earth automotive turbo
charger. 

For more information on how 
Garrett can help you with answers 
to energy problems, write: 
Director, Advanced Programs, 
T he Garrett Corporation, PO. Box 
92248, Los Angeles, California 
90009; or phone (213) 776-1010 
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movement shown on a radar screen (the 
track) does not necessarily correspond 
to the direction in which the bird is ori
enting its body (the heading). The wind 
introduces drift, that is, it blows the bird 
to the downwind side of its heading. 

Another factor to be taken into ac
count is the bird's airspeed, which is of 
course the speed of its flight through the 
air. Airspeed and heading are calculat
ed from our radar data by means of the 
direction and speed of the wind as deter-

mined by a weather balloon at the alti
tude of the bird. In order to distinguish 
the behavior of birds from their drift 
caused by the winds we have plotted 
both track and heading for observations 
of bird migrations at sea. Following the 
lead of Ronald P. Larkin of Rockefeller 
University, who analyzed the first two 
years of these observations at sea, we 
have divided all the observations from 
ships into periods of consistent migrato
ry behavior. 

2 

A plot of these data on a map reveals 
four rather different categories of be
havior [see top illustration on page 175]. 
The first category consists of the periods 
when no significant amount of migra
tion is detected. The second consists of 
birds with headings from south to south
east and tracks that are southerly. These 
birds, if they continued the pattern, 
would be likely to reach South America. 
The third category consists of groups 
of birds that appear to be disoriented. 

PROGRESS OF MIGRATION during four days in October, 1973, 
is plotted on weather-satellite photographs made by the National 
Oceanic and Atmospheric Administration (NOAA). The colored ar
rows represent the average track of a bird migration, and the thick
ness of an arrow indicates whether the migration was light, medium 
or heavy, The black arrows show the wind direction at the altitude of 
the birds; tbe longer the arrow, the higher the average wind speed. A 
migration began October 3 under typical conditions (1), after a cold 

front had just moved offshore from Cape Cod to Florida. The accom
panying northwest winds aided the birds. By the next day (2) the 
frontal system was stationary between Bermuda and the coast, and 
most of the birds had reached Bermuda. Once past Bermuda (3 and 4) 
they encountered the northeast trade winds that shifted them toward 
their destinations in the Caribbean and South America. The birds 
were at Barbados by the fourth day after about 72 hours of flight 
The total time of nonstop flight over the ocean was about 86 hours. 
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ALTITUDE (KILOMETERS) AIRSPEED (KILOMETERS PER HOUR) 

ALTITUDE AND SPEED of migrating birds, as ascertained by radar observations, are cbart
ed. The plot of altitude (left) shows the percent of birds found at given altitudes during times of 
moderate or heavy migration. The average altitude reaches a peak at Antigua and then declines 
as the birds approach their destination. The plot of airspeed (right) shows the percent of birds 
detected at each speed. The loss of both the faster and the slower birds between Cape Cod and 
Antigua suggests that only certain species are adapted to this long migration. The number fly
ing at less than 50 kilometers per hour suggests that many of the birds are small songbirds. 

Their headings are widely scattered, and 
any net progress of a group is largely 
attributable to drift caused by the wind. 
The calculated airspeeds of these birds 
are generally quite low, less than 20 kil
ometers per hour. It appears unlikely 
that any significant proportion of the 
birds in this category would reach the 
Caribbean or South America if they 
persisted in poorly oriented flight at 
low speed. The last category consists 
of birds that are apparently trying to 
move in a direction other than toward 
the Caribbean. 

We could not discern a statistically 
significant tendency for these four types 
of behavior to be grouped in any area of 
the Atlantic we studied. We therefore 
concluded that some factor other than 
geography must have been determining 
the categories of behavior we observed 
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from the ships. If one plots the same 
data on a diagram of the predominant 
weather patterns at a given time, a clear
er picture emerges. 

A typical weather system for which 
we made such a plot consisted of a low
pressure center or hurricane, a moving 
cold front, a stationary front and two 
high-pressure air masses, one SUbtropi
cal and the other (northwest of the fron
tal system) representing air that had just 
moved off the North American conti
nent [see bottom illustration on opposite 
page). The migratory patterns differed 
according to the weather. In the area 
around the subtropical high we found 
only migrants with headings to the south 
or southeast; they were making effective 
progress toward the Caribbean. Groups 
of birds with scattered headings were 
found only northwest of frontal systems 

or south and east of low-pressure cen
ters. A common factor in both cases is 
that the disoriented birds have recently 
experienced strong offshore winds. It is 
in these areas also that we found most 
of the birds with an average airspeed of 
less than 20 kilometers per hour. 

Based on this analysis we can tenta
tively classify birds observed over the 
Atlantic as true migrants if they have 
penetrated the frontal system that initi
ated their departure and as unsuccessful 
migrants if they are observed in a high
pressure center northwest of a fron
tal system or in a low-pressure system. 
(Some true migrants will occasionally 
turn up in the second category, usually 
because the observation was made near 
the North American coast when the 
birds had not yet penetrated the fron
tal system.) It is probable that the un
successful migrants are birds that would 
normally migrate over land but have 
been blown out to sea. 

Aheading that is generally southeast is 
typical of the true migrants, regard

less of whether the radar that detects 
them is coastal, island-based or on a 
ship. Nevertheless, it is not always easy 
to identify the true migrants because of 
the frequent simultaneous occurrence 
of two or more patterns of migratory 
behavior, particularly at the large coast
al or island-based radars. Therefore at 
each site we separated groups of birds 
on the basis of track direction and then 
computed the average heading of each 
group. Although the average heading of 
all migrants at Cape Cod, Wallops Is
land, Miami and Bermuda was to the 
southeast, the analysis at Antigua is 
probably the most important one. There 
we divided the birds into two groups: 
those that were moving along the An
tilles to the southeast and those that 
were arriving from the Atlantic moving 
southwest. In spite of this arbitrary divi
sion the average heading of both groups 
was to the southeast; the difference in 
track direction was due to the fact that 
the birds were flying in different wind 
conditions. 

The analysis of headings suggests that 
a remarkably simple guidance system is 
adequate for this 3 ,OOO-kilometer flight. 
Once birds leave the coast of North 
America they maintain a constant com
pass heading to the southeast until they 
reach the coast of South America. It 
apparently is not necessary for them 
to change this heading; the shift from 
a southeast track to a southwest one is 
accomplished for them when they en
counter the northeast trade winds in the 
area of the Sargasso Sea. A substantial 
body of experimental evidence supports 
the notion that a bird can establish and 
maintain a compass heading on the ba
sis of the sun, the stars or the magnetic 
field of the earth. 

Although radar has many advantages 
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for studying the migration of birds. it 
does not enable us to identify the birds 
that are detected on the radar screen. 
We have gone at the question indirectly 
by determining the airspeed of the 4.600 
or more birds we have detected by ra
dar. At coastal sites the range of air
speeds is quite broad. but in the Car
ibbean it is mainly between 30 and 60 
kilometers per hour. Even though air
speed is not a precise means of identify
ing birds. most of the birds flying at less 
than 45 kilometers per hour are proba
bly small songbirds. Shorebirds and wa
terfowl fly faster. 

Much better identifications can be 
made of birds that are seen passing or 
landing on ships. During the last two 
years of our shipboard observations 
Carol P. McClintock of the State Uni
versity of New York at Buffalo under
took to obtain as many specimens as 
possible. Since firearms are not allowed 
on the ships. she resorted to live traps 
or a slingshot for which green grapes 
served as the ammunition. Her findings. 
together with careful observations made 
with binoculars. reveal that small song
birds were by far the most abundant spe
cies seen from ships in all the areas of 
the Atlantic we investigated. 

The variations in the observed distri
bution of songbirds appeared to reflect 
behavioral differences rather than phys
ical ones. For example. warblers. spar
rows and juncos are about the same size 
and weight. yet all but one of our obser
vations of sparrows and juncos were 
confined to the area between the coast 
and Bermuda. and warblers were seen as 
far south and east as the ships traveled. 
We believe many of the birds we have 
defined as true migrants are warblers. 
whereas many of the birds seen wander
ing behind frontal systems or south of 
low-pressure areas (the unsuccessful mi
grants) are such species as sparrows and 
juncos. which do not migrate to the Car
ibbean or South America. 

The Atlantic is not a hospitable place 
for small songbirds. During storms at 
sea hundreds or thousands of small 
birds have been seen flying around a 
ship. entering cabins and hitting masts 
or wires. At such times it seemed unlike
ly that many of the birds could survive 
for more than a few hours. Our belief 
that large numbers of these birds per
ish at sea is supported by reports from 
oceanographers that bird feathers are 
often found in the stomachs of deep-sea 
Atlantic fishes. 

Our radar data indicate. however. 
that such losses arise primarily among 
birds that lack the behavioral adapta
tions for flying over the ocean. For the 
true migrants a relatively simple migra
tory strategy takes advantage of a sur
prisingly predictable series of weather 
conditions along the route. First the mi
grants wait on the east coast of North 
America until a strong cold front passes 

o 
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MIGRATORY BEHAVIOR of birds over the ocean was observed by means of shipborne ra
dar. The dark gray arrows indicate the average heading of the birds and, by the length of the 
arrow, the relative airspeed; the longer the arrow, the higher the average airspeed. The light 
gray arrows similarly indicate the average track of the birds and their average speed in rela
tion to the ground. The open circles represent areas where no migrating land birds were seen. 
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EFFECT OF WEATHER on migratory behavior is indicated by plotting the data from the 
illustration at the top of the page on a diagram of typical weather conditions. Weather pat
terns are much more important than geography in influencing the behavior of migrating birds. 
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LEAR SIEGLER TERMINALS 
ADM3A. Kit. . . .. . . . . . . . . . . . . . . .  $745.00 
ADM3A. assembled . . . . . . . . . . . . . . .  835.00 
ADMIA . . . . . . . . . . . . . . . . . . . . . .  1.445.00 
Call lor other models pricing. complete micropro· 
cessors line. peripherals «. terminals. 

'TuDs Insttuments 
TI·57 . . . . . .  $ 48.50 SR·40 ..... .. . $19.95 
TI·58 . ...... 87.50 MBA . . . . . . • . . .  52.95 
TI·59 in stock .208.50 TI·55 . . . . . . • . . .  43.50 
SR·60A • . .  1995.00 TI·1750 LCD . . . . 16.50 
TI·Programmer .48.00 TI·25 LCD . . . . . .  26.50 
PC·IOOA . .. 145.50 TI·745 Terminal .. 1625.00 

HEWLETT PACKARD 
We I.e r'lr>CI'I,Nd H·P dell., 

All acc ... or,ft II o,scoonl 

Hp·31E New .49.50 Hp·38E Financial . ... 98.50 
Hp·32E New .65.50 Hp·67 ........ 352.00 
HP·33E New .82.50 Hp·97 . . . . . . . .  584.50 
Hp·37E New . 61.50 Hp·29C ... .... 144.50 

SCM TYPEWRITER SPECIAL 
SCM·2200 . . . . . . . . . .. . . .. . .... . $249.00 
SCM·1200 . . . . . . . . . ... . . . . . . . . . . 219.00 
CLASSIC 12 ... . . . . . . . . . . . . . . . . .  144.00 
All units shipped in original cartons with occeuories 
according 10 manufacturer's specificafions, Send money 
order, personal check (2 weeks to clear), In Illinois odd 
5% soles tox. Add $4.50 min. shipping charges per unit. 
WE SHIP UPS. Subject to availability. Above prices ore 
for moil order and prepaid only. Send mail orders. 
We also carry microprocessors ond terminals. 

1!atd'", 'la, 
519 DAVIS ST. EVANSTON. ILL. 60201 

TEL: 312·869·6140 

- - - Mail Ad, No Letter Needed - - -
Mystery 

Electronic T 
Spins For Days 
Invisible 
Powerl 
Unique Giftl 

What Makes It Go On and On and On at 
2500 r.p.m. with no apparent energy 
source 7 BAFFLING BRAIN BUSTER that 
EST. Demonstrated at science fairs and conventions. The 
higher their IQ the more puzzled they are. Perpetual Motion 
solved at lalt 7 The answer to UFO &. Flying Saucer 7 let 
the whiz kids examine it. start it. stop it or whatever. 
Psychic Power? Anti-Gravity? Scientific Breakthru from 
Space? You'lI laugh at some axplanations. Magic, Mystery 
& Science combined. Keeps spinning WITHOUT ANY 
APPARENT ENERGY LOSSI Fascinating fun at panies. 
science classes, etc. Carry in pocket ready to fool and 
entertain friends & wise-guys. Never wears out. Spins for 
days on Invisible Wirele .. Power that you can defy anyone 
to See. Understand or Explainl Beautifully made with plastic 
base and saucer-shaped spinner. Patented. Complete with 
secret scientific explanation. Orders shipped .. me day re
ceived. Money Back Guarantee. Send check or money order 
for $ 7 .95 each. Add $1.00 shipping. Save: Gat 3 for $22.65 postpaid; 6 for $43.00 postpaid. Master Charge or 
BankAmericard (Vi .. , accepted by mail or phone. Give card 
numbor • e.plratlon. Phone: (3131 791·2800. 

Sound 
Activated 

Switch 
Turns on lights, bells, horns. sirens, alarms, tape re
corders, wireless mikes, etc. Operates by voice. whistle 
or any sound from across room. Hundreds of fun & 
practical uses. Do mysterious tricks & stunts. Great for 
experiments. electronic bugs. NOT A KIT. Completely 
assembled, wired. Includes sensitive SWitch which re
ceives sonic signal. transistorized relay circuit & elec
tronic switch. crystal mike, schematic. Regular value to 
$5. Limited quantity electronics surplus. $1.96 each. 2 for 
$3.00. Add 75¢ handling. 

Johnson Smith Co., 35075 Automation 
Dept. 69 '10, Mt. Clemens, Mich. 48043 

F R E E I Catalog of 1I1D Novelties, Tricks. .likes. 
• Odd Scientific, Hobby and Fun Items. 

o Rush Your New 1978 Catalog To Me 
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BIRD SIGHTINGS from ships in the western Atlantic reveal a difference between the migra
tory patterns of small songbirds that winter in the southern U.S. and those that winter in the 
Caribbean and South America. The first group, represented by gray dots and gray hatching in 
the wintering area, includes three types of sparrow and the slate-colored junco. The second 
group includes eight species of wood warbler and is represented by colored dots and hatch
ing. Some species of warbler winter in Central and South America rather than the West Indies. 

southeast over the coast and out into the 
Atlantic. This weather pattern not only 
ensures the birds favorable northwest 
winds during the first part of their flight 
but also is a remarkably good indica
tor of fair weather between the coast 
and the Sargasso Sea. Tropical storms 
or hurricanes approaching the North 
American coast usually halt the south
eastward movement of cold fronts. On 
93 days or nights we observed moderate 
or heavy movement of birds along the 
North American coast or at Bermuda. 
and on only two of those occasions did 
we see birds apparently flying into the 
path of an approaching storm. 

Once the migrants have left the coast 
they have only to fly constantly to the 
southeast until they reach the Caribbean 
or South America; their actual track will 
be first to the southeast to the Sargas
so Sea and then. as they encounter the 
trade winds. southwest until they reach 
their destination. As soon as they have 

penetrated the frontal systems near Ber· 
muda their flight will be for the most 
part under clear skies with either light 
and variable winds or moderate, steady 
northeast ones. 

The ocean route from Halifax to An
tigua is about 2.800 kilometers (47 per
cent) shorter than a route by way of 
Florida. Moreover. birds on the ocean 
route take advantage of both northwest 
offshore winds and the northeast trade 
winds as tailwinds. and the route pre
sumably is without predators. The trip 
does. however, require a degree of exer
tion that is not matched by any oth
er vertebrate. For a man the metabolic 
equivalent would be to run four-minute 
miles for 80 hours. The avian respira
tory and muscular systems show many 
adaptations that make such an output 
possible. If a blackpoll warbler were 
burning gasoline instead of its reserves 
of body fat. it could boast of getting 
720.000 miles to the gallon! 
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Theaeam. 
Olympus introduced the OM-1 and 

startled the world of photography with the 
creation of the compact SLR. Today. the OM 
System is still the cream of the crop. 

Because while others have emulated 
our compact design. OM cameras continue to 
offer features others can't. 

The OM-1 Becomes t1. 
Enter the OM-1. Suddenly. the SLR 

camera is 33% smaller and lighter. yet incredibly 
rugged to meet the demands of professional 
wear and tear. Miraculously. the viewfinder is 70% 
brighter and 30% larger for faster, easier compos
ing and focusi ng . 

And suddenly, the OM-1 became the #1 
selling compact SLR. Its metering system is de
signed to give complete control to professionals 
and photojournalists. No distractions, blinking 
lights. or obsc u red images in the viewfinder. 

A Quiet Revolution. 
Olymp us created a unique shock 

absorber and air damper system to eliminate 
noise and vibration . for sharper. unobtrusive 
photography. Especially vital for long tele shots 
and macro/micro photos . 

The Biggest Smallest System. 
More than 280 components. all com

pact design. include 13 interchangeable screens 
so you can meet any photographic challenge. 
Ingeniously designed to change in seconds 
through the lens mount. And more compact 

Theemp. 
lenses than any other system. each a marvel of 
optical design and performance. 

Olympus " U nlocks" Motor Drive. 
OM-1 is still unsurpassed in its con

tinuous-view motor drive capability: 5 frames per 
second. And a Rapid Winder that fires as fast 
as 3 shots a second! With no mirror "lock-uo:' 
regardless of lens used. 

Enter The OM-2. Automatically. 
It's the fully automatic OM , with major 

differences from al/ other automatics! The only 
SLR with "off-the-film"light measurement for 
those J:)hotographers demanding the ultimate 
innovation in automatic exposure control. Which 
means each frame in motor drive or rapid winder 
sequences is individually exposure-controlled. 
And it makes possible the unique Olympus 310 
Flash whose exposure duration is controlled by 
the camera's metering system. 

And of course, the OM-2 shares every 
other innovation and system component with 
theOM-1. 

We Wrote The Book On Compact SlR's. 
Write for our full color brochure: 

OLYMPUS, Woodbury, New York 11797. Read it all. 
Discuss the advantages of an Olympus with your 
photographer friends. 

Visit your camera store. Compare. You'll 
discover that Olympus is not only the cream of the 
crop. It's the creme de la creme ! 

OLVMPUS � 
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DIDYOU HEAR THE ONE ABOUT 
THE TRAVELING SALESMAN WHO HAS 
7711,000 MILES ON HIS VOLVO? 

It's no joke. 
Back in 1965, Norbert G. Lyssy, a travel

ing salesman from Texas bought a Volvo 
1800 S for his work. Since then, he's driven it 
through deserts and over mountains an 
average of 70,000 miles a year. 

When Mr. Lyssy isn' t working, he uses his 
Volvo for fun. On weekends, it lugs a 16-foot 
power boat through the mountains to the 
Lyssys' favorite lake. 

In all this time, Mr. Lyssy says, "Old Red 
(as he affectionately calls his Volvo) has 
never failed to get me to my destination." He 
adds, "I think she'll reach a million miles 
with ease. After all, I only have 226,000 
more miles to go." 

It's fair to say Mr. Lyssy is happy with 
that old Volvo of his. But that's an old Volvo. 
What about people who buy new Volvos? 

According to an independent nationwide 
survey, they're happy too. Happier than the 

owners of 48 new models from G.M., Ford, 
Chrysler and AMC� 

We can't guarantee that their Volvos will 
last 774,000 miles. 

But if Mr. Lyssy's experience is-any 
indication, these new Volvo owners have a 
lot of happiness to look forward to. 
'Survey condUCled among owners of new cars boughl in May. 1977. 
VOLVO @1978VOlVOOF AMERICA CORPORATION. LEASING AVAILABLE 

VOLVO. A [AR YOU [AN BELIEVE IN. 
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THE AMATEUR 
SCIENTIST 

Some whispering galleries are simply sound 
reflectors, but others are more mysterious 

by] earl Walker 

W
hispering galleries, which are 
usually a domed room, are 
an attraction for visitors the 

world over. Their distinctive feature is 
that they carry a sound as soft as a whis
per over distances the whisper would 
not traverse without acoustic aid from 
the structure. At first the listener finds 
the effect startling, particularly when he 
can see the whisperer and so can recog
nize the improbability of the sound's 
carrying over such a distance. 

The effect occurs mainly in two types 
of structure. In the simpler type the in
side surface of the room is a section of a 
sphere or an ellipsoid. When a speaker 
stands at the center of curvature of the 
sphere. the spreading sound waves are 
reflected and focused back to him with 
surprising loudness. If an ellipsoid is in
volved, the speaker is at one focus and 
the listener is at the other. Again the 
curved surface reflects the spreading 
sound waves and focuses them, this time 
to the second focal point. In both types 
of structure a sound can travel through 
a large volume of air and still remain 
audible because of simple reflection and 
focusing. 

The second type of whispering gallery 
is also curved but is more difficult to 
analyze because it involves no focusing. 
When a speaker whispers along one of 
these circular walls, the sound is some
how held in a layer adjacent to the wall; 
it travels along the wall and can be heard 
by a listener anywhere on the circumfer
ence. Why the sound clings to the wall in 
this manner and how you can demon
strate the effect for yourself are my sub
jects for this month, although I should 
make it clear at the outset that I do not 
understand all the features of the dem
onstration. 

The most famous whispering gallery 
of the second type is at the base of the 
dome of st. Paul's Cathedral in London. 
The gallery is a walkway about 40 me
ters above the main floor. The walkway 
is six feet wide and forms a circle with a 
diameter of 108 feet. The wall along the 
side of the walkway is inclined slight
ly inward. About 40 meters above the 
walkway is the top of the dome. 

Long ago it was noticed that someone 
whispering along the gallery wall could 
be heard by anyone who was close 
to the wall at any point around the 
walkway. If the speaker whispered di
rectly across the diameter of the circu
lar gallery, however, the spreading of 
the sound waves made the sound inau
dible to a listener on the far side. 

The anomalous audibility in the gal
lery was first brought to scientific atten
tion by Sir John Herschel. who is largely 
noted for his contributions to optics and 
astronomy in the first half of the 19th 
century. Later (in 1871) Sir George 
Airy, the astronomer royal. explained 
the effect in terms of simple reflection 
and focusing of sound waves by the 
dome. In 1878, however, Lord Rayleigh 
pointed out that such an explanation 
could not possibly be correct because it 
would require the listener to be on the 
opposite side of the gallery from the 
speaker. Since the listener could actual
ly be anywhere along the circular walk
way, the effect was clearly not due to 
reflections from the dome. 

Rayleigh's first explanation appeared 
in his Theory 0/ Sound (Volume II, Sec
tion 287, published in 1878), in which he 
drew on his earlier work on the diffrac
tion of sound as it leaves a person's 
mouth. In general. when sound waves 
pass through an aperture that has a 
width comparable to their wavelength, 
they interfere with one another and cre
ate a diffraction pattern. The most in
tense sound is at the center of the pat
tern; angled off from the center are 
alternating regions of destructive inter
ference (corresponding to less intense 
sound) and constructive interference 
(corresponding to more intense sound, 
although not quite as intense as the 
sound in the central region). A similar 
diffraction occurs when sound waves 
pass an edge or move around an object 
of a size comparable to the wavelength. 

When someone speaks, the sound 
coming from his mouth forms the pat
tern because the sound diffracts first 
through the opening of the mouth and 
then backward around the head. It is 
more difficult to determine the pattern 

than it would be if the sound went 
through a single aperture in an other
wise solid surface, but for the moment 
we can simplify the pattern by concen
trating on the central peak of intensity in 
an idealized experiment with a single ap
erture. The angular width of the central 
region depends in part on the wave
length of the sound: the longer the wave
length (the lower the frequency), the 
more spread the central region. If you 
are to hear a person making sounds pri
marily of shorter wavelengths (higher 
frequencies), the person should be fac
ing you, otherwise you will not be in the 
central region of the diffraction pattern. 
If the voice of the person speaking con
sists primarily of longer wavelengths, 
you can still hear the sound well even 
if he is partly turned away from you, 
because diffraction makes the central 
region wide enough so that a significant 
amount of sound is sent to the side of 
the speaker and even to the rear. 

Rayleigh pointed out that to demon
strate the whispering-gallery effect on 
St. Paul's walkway a person had to whis
per along the wall. Since whispering 
consists only of high frequencies, most 
of the sound emerged in a fairly narrow 
cone along the wall. For the sake of sim
plicity let us consider the cone as having 
two dimensions rather than three and as 
lying horizontally, so that we can ignore 
the vertical spread of the sound. 

The sound leaves the wall in a cone of 
rays forming a maximum angle of 8 
with a tangent to the wall. The rays re
flect from the curved wall at various 
points along the circumference in such a 
way that with each reflection the angle 
of reflection equals the angle of inci
dence. Because the rays began in a cone 
of angle 8 they remain in a region 
bounded on the outside by the wall and 
on the inside by an imaginary wall with 
a radius that is the radius of the real wall 
multiplied by the cosine of 8. The rays 
are therefore trapped in a layer along 
the wall and can be heard by a listener in 
that layer but not by someone outside it. 
In this model the thickness of the layer is 
determined by the radius of curvature of 
the gallery and by the maximum angle 
at which the sound leaves the wall when 
the speaker whispers along it. That an
gle is in turn determined primarily by 
the diffraction of the sound coming 
from the speaker. The higher the fre
quency, the smaller the diffraction pat
tern; the smaller the maximum angle is, 
the more closely the sound is confined 
to the wall. 

When sound from a small source 
spreads out in a plane in free space, its 
intensity drops off as the inverse of the 
square of the distance from the source. 
With the multiple reflections in Ray
leigh's model for St. Paul's gallery, how
ever, the intensity diminishes only as the 
inverse of the first power of the distance. 
Hence the sound remains stronger as it 
travels around the wall than it would 
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if it were sent directly across the gal
lery. The sounds of lower frequency in 
normal speech do not contribute as no
ticeable a layer of clinging waves be
cause their diffraction from the speak
er's mouth spreads them over such a 
thick layer that a listener somewhere 
around the wall will intercept a smaller 
fraction of the original intensity. Ray
leigh's model was appealing because of 
its simplicity; as we shall see, however, 
its simplicity is somewhat misleading. 

In 1904 Rayleigh returned to the 
whispering-gallery effect, working with 
a laboratory model consisting of a long 
strip of zinc ( 12 by two feet) bent into a 
semicircle. Inside one end of the strip 
Rayleigh placed a birdcall whistle and 
at the other end a flame that was sensi-

tive to the pressure variations produced 
by sound. When the whistle was blown. 
it emitted a high-frequency sound at 
a wavelength of about two centimeters 
and caused the flame at the far end 
of the semicircular wall to oscillate. If 
Rayleigh placed a narrow barrier (about 
two inches wide) anywhere along the in
side wall of the zinc strip, however, the 
flame was not disturbed by sounds from 
the whistle. This result indicated to Ray
leigh that sound waves were indeed trav
eling al<;mg the surface of the curved 
strip rather than passing directly across 
the semicircle. In a like manner surface 
waves were traveling along the wall in 
st. Paul's gallery. 

In spite of the success of his model 
Rayleigh was not satisfied with it. He 

finally published a wave model of the 
effect in 1910. He then likened the exci
tation of the air enclosed by the circular 
gallery of St. Paul's to an excitation of 
a circular membrane on a drumhead. 
In an ideal case the membrane would 
oscillate in a wave pattern with zero am
plitude along the rim (because the mem
brane is fastened in place there) and am
plitudes changing toward the center of 
the membrane according to an equation 
involving Bessel functions, which are 
also known as cylinder functions (from 
the type of problem in which they are 
helpful). 

In a circular gallery a voice or any 
other noise makes the molecules of air 
oscillate, causing the air pressure to os
cillate. The oscillations of air pressure 

The whisperillg gallery of St. Paul's Cathedral ill LOlldoll (below windows at top) 
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are what we call sound. since they cause 
the eardrum to oscillate. The molecules 
next to the wall cannot readily move 
(because the wall is in the way), but mol
ecules farther out can. When the os
cillating molecules farther out move 
toward the wall. they squeeze the mol
ecules next to the wall and increase the 
air pressure. When the molecules move 
away from the wall. they leave the mol
ecules next to the wall less dense and 
therefore decrease the pressure. Hence 
the pressure variations in the layer of 

O�cillQtor 
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� Wood supports ----

Barrier '-

John S. Derov's setup for testing the St. Paul's effect 

air next to the wall are relatively large. 
With a vibrating membrane on a 

drum the mathematical condition to be 
met at the rim is that the amplitude of 
the vibrations be zero. With air pressure 
the condition to be met at the wall is that 
the amplitude of the variations in air 
pressure be at a maximum. To a listener 
this result means that the sound has an 
intensity maximum at the wall. As the 
listener moves away from the wall the 
pressure variations and therefore the in
tensity of the sound die away according 

Barrier 

Overhead view of Derov's arrangement 
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to a Bessel function of the listener's dis
tance from the center of the gallery. 

On a real drumhead and in a real 
circular gallery many of these patterns 
(the Bessel-function solutions) can exist 
simultaneously. For the sake of simplic
ity Rayleigh considered the oscillations 
in the gallery to be due to a single Bessel 
function of a high order, the high order 
being necessary so that the oscillations 
occurred only near the wall and then 
rather quickly died away with distance 
toward the center of the circle. (Lower-

Microphone 
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order Bessel functions would produce 
oscillations nearer the center.) Such ex
citation only along the wall was re
quired because the speaker whispered 
close to the wall. hence creating little or 
no excitation away from the wall. Ray
leigh was thus able to demonstrate that 
the pressure variations due to the sur
face waves would be at a maximum at 
the wall and essentially zero away from 
it. Moreover, he was able to write an 
equation that gave the amplitude of 
the pressure variations as a function of 
radial distance from the center of the 
gallery. Once again, however, the sim
plicity of his results can be somewhat 
misleading. 

John S. Derov, a physics student at 
Cleveland State University, has per
formed a series of experiments with sur
face waves on a curved surface similar 
to Rayleigh's. The results cannot be as 
clearly interpreted as Rayleigh's work 
implied. This means that you can do a 
lot more work on the experiment if you 
would like to pursue it. 

Derov fashioned a semicircular wall 
by joining two pieces of sheet metal 
eight feet long and two feet wide to get 
one sheet 15 feet long. At the overlap 
the sheets were attached with pop rivets. 
The gauge of the metal is not particular
ly important, except that with a heavier 
gauge the structure would be sturdier. 
To support the metal wall in a semi
circle on the top of a large table De
rov erected eight wood braces behind 
the wall about two feet apart. To in
crease the mass and rigidity of the wall 
he glued some concrete slabs to the out
side of it and also stuck on some large 
slabs of Play-Doh. 

Reflections from the room and its 
contents can tremendously complicate 
the behavior of sound, and so Derov 
suspended a tent of blankets over the top 
and across the front of the semicircle. 
He replaced Rayleigh's birdcall whistle 
and sensitive flame with several things. 
In one set of trials he used a two-inch 
paper loudspeaker for the sound source 
and a microphone for the detector. In 
another set he worked with two three
inch piezoelectric oscillators, one as the 
source and the other as the detector. He 
also briefly tried a pair of tiny earphones 
of the type supplied with some televi
sion sets, but their frequency range was 
quite narrow. In each case the source 
was driven by a sine wave from an audio 
oscillator with a controllable volume 
and frequency, and the signal from the 
detector was read on an oscilloscope. 

A variety of equipment is available if 
you would like to do this experiment 
yourself. Primarily you need a source 
capable of emitting frequencies from 
about one kilohertz to at least 25 kilo
hertz, or as close to that range as you can 
get. The detector need not be anything 
more than a volume meter of the kind 
found in some tape recorders. Avoid 

Barrier 

Lord Rayleigh's experimental arrangement 

putting large objects into the experimen
tal setup because the reflections of the 
sound waves from them can complicate 
your data. Piezoelectric transducers are 
often sold in electronic and audio sur
plus shops as tweeters for stereo sys
tems; they cost about $8 each and are 
good over the frequency range from 
seven to 25 kilohertz. 

For each set of experiments Derov 
placed both the source and the detector 
at equal heights (about halfway up the 
wall). The source was pointed along the 
wall; the detector also faced along the 
wall, although it was occasionally re
oriented to test for sound being trans
mitted directly across the semicircle. As 
a first check Derov placed the source 
and the detector at opposite ends of the 
semicircle as Rayleigh did. Like Ray
leigh, he found that the sound was more 
intense in the layer next to the wall. He 
also found as Rayleigh did that the 
sound was easily eliminated by a narrow 
board placed anywhere along the wall 
between the source and the detector. 
Thus both Rayleigh and Derov seem to 
have found that sound waves cling to the 
surface of the curved wall as they travel 
along it. 

To systematically analyze the sound 
near the wall the detector was shifted 
in two ways. First it was moved along 
the circumference of the wall to see if 
the intensity was indeed at a maximum 
there. Then at various points along the 
circumference it was moved radially in
ward to see if the peak of intensity on the 
wall died out toward the center of cur
vature. We ran into trouble with the first 
set of measurements, because Derov im
mediately found that the intensity along 
the circumference varied considerably, 
alternating between the expected high 
values and some surprising values of 
near-silence. 

Similar variations along the circum
ference had been observed by C. V. Ra
man and G. A. Sutherland in 192 1 in the 
whispering gallery of St. Paul's. They 
placed a continuous, single-frequency 
source of sound near the gallery wall 
and then checked the level of the sound 
at various points along the walkway. 
Some had a proper loudness but oth
ers had near-silence. They attributed 

this variation to the interference of the 
waves that traveled around the circu
lar walkway more than once and over
lapped other waves. At some points the 
interference was constructive, yielding a 
noticeable sound, but at others the inter
ference was destructive, yielding near
silence. 

Something similar must have been 
happening in Derov's setup. It could not 
have been that waves were traveling 
more than once around a circular wall, 
because he had built only a semicircle. 
The explanation presumably was that 
some of the waves were coming off the 
end of the wall opposite the source, re
flecting from apparatus, the blankets or 
even Derov himself and then traveling 
back along the wall in the opposite di
rection to interfere with the oncoming 
waves. 

To check this possibility Derov PHt a 
large piece of acoustic tile (removed 
from our ceiling) at the end of the wall, 
angling it to help reflect waves out of the 
setup. He found that the regions of near
silence were either eliminated or greatly 
reduced, yielding an almost constant 
level of volume along the entire length 
of the wall. If you want to continue the 
experiment, you should take pains to 
eliminate the waves reflecting back 
along the wall. 

More difficult for us to explain were 
Derov's measurements along a radial 
line. We expected to find that once the 
troublesome reflected waves were elim
inated a detector moved outward in 
a direction perpendicular to the wall 
would show a single intensity peak at the 
wall and zero intensity a short distance 
away. Instead we always recorded at 
least two peaks, the largest peak at the 
wall as expected and one or two more 
away from the wall. 

At first we found these extra peaks 
dismaying, but on further thought we 
realized we should probably have ex
pected them for two reasons. First, the 
sound from the source was not emerging 
in a narrow cone running along the wall; 
rather it was diffracting out of the 
source and then spreading. As a result 
more than one of Rayleigh's Bessel
function solutions was being excited, 
creating a net pattern that has both a 
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strong Bessel-function peak at the wall 
and other Bessel-function peaks away 
from the wall. Derov was measuring the 
more complicated composite pattern. 
Second. reflections of the emerging 
sound from the tabletop. the apparatus 
and even the blankets were inevitable 
and would complicate the data by creat
ing interference patterns whose peaks 
Derov was apparently observing. 

By going to higher frequencies we ex
pected to narrow the diffraction out of 
the source and thereby to decrease the 
distance from the wall at which the 
multiple peaks occurred. Derov's data 
might have confirmed this expectation 
to some extent. but the scatter in the 
data points was too large to make the 
argument convincing. If Derov had 
been able to go to even higher frequen
cies (and therefore shorter wavelengths) 
with his apparatus. he probably would 
have come closer to having a single lay
er of sound along the wall. as Rayleigh 
did. Nevertheless. the assumption of a 
single layer of sound is not particularly 
good even in St. Paul's whispering gal
lery because Raman and Sutherland 
also found multiple layers of sound 
there as they moved their detector radi
ally away from the wall. 

You could do a good deal of work 
with this experiment. First. you could 
improve on the design by eliminating 
more of the reflected sounds. For exam-
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pie. instead of mounting the wall on a 
table you might place it on Styrofoam 
to absorb the sound. To totally elimi
nate any reflected signals I suppose you 
could hang the semicircle outdoors. fac
ing upward in a large open space. You 
might also want to build a larger semi
circle or use an existing architectural 
structure that has a large radius of cur
vature. If you do not have access to a 
larger structure. you probably should 
try higher frequencies. so that the wave
lengths are significantly smaller than the 
radius of curvature. 

In addition to taking data such as De
rov's you might want to see how the 
intensity of the surface waves changes 
with height along the wall and how the 
intensity pattern changes if the source 
and the detector are not halfway up the 
wall. One of the interesting features of 
the St. Paul's gallery is that the wall 
leans slightly inward. Some investiga
tors have suggested that this slanting 
aids in maintaining the surface waves. 
By building a wall with a slight lean you 
might be able to confirm this suggestion. 
The whispering-gallery effect is sup
posed to work even with nonrigid struc
tures (although the mathematical mod
eling is more complicated). and so you 
could also run the experiment with thin 
walls for a comparison. 

If you are good at electronics. you 
might want to measure the speed of the 
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surface waves in the normal setup. They 
travel a bit slower than sound traveling 
in a straight line. and it would be inter
esting to see how much slower they are. 
You could find out by using an oscillator 
that emits a short pulse of sound (make 
it as close to a single frequency as you 
can) and also triggers an oscilloscope. 
Have the detector plugged into the oscil
loscope. The time needed for the pulse 
to reach the detector starts when the 
trace begins on the oscilloscope and 
ends when the oscillation pattern begins. 

If you visit London. you should try 
the whispering gallery of St. Paul's Ca
thedral for yourself. Although I knew 
what to expect. I found its acoustics 
amazing. A friend of mine stood on the 
opposite side of the walkway from me 
and spoke facing the wall. I could hear 
her whispers and normal speech in spite 
of the great amount of noise made by 
tourists on the walkway and far below in 
the pews. (It is best to visit the gallery 
in the winter. when fewer tourists are 
there.) 

The effects seemed most pronounced 
when my friend and I stood next to the 
wall. but in normal speech the effect was 
still present when either or both of us 
moved toward the railing along the in
side of the walkway. Following a sug
gestion by Robert S. Shankland. an ex
pert on architectural acoustics. I spoke 
to my friend using words chosen be
cause they result in sounds of either high 
or low frequency. As I expected. the 
words dominated by high frequencies 
were the easiest to understand. 

While I was in the gallery I noticed 
that its wall not only tilts inward but 
also has a significant lip at the top. 
Shankland believes these two features 
must be largely responsible for the gal
lery's unique acoustics. The many oth
er circular walkways in the world that 
lack these features do not display the 
same remarkable acoustics. 

Whispering galleries of the simple re
flection type can be found in a variety of 
places. Some. such as the old hall of the 
House of Representatives in the Capi
tol Building in Washington. have been 
famed for their ability to transmit even 
slight whispers. In 185 1 the hall was 
made into the Hall of Statues and be
came. as the acoustic expert Wallace C. 
Sabine once noted. "one of the most per
fect of whispering galleries." The ceiling 
was a portion of a sphere whose center 
of curvature was almost at head level. 
When someone stood at the center and 
whispered. the sound echoed back to the 
center. focused by the spherical surface. 
Sometimes guides would place one per
son on one side of the center and another 
person on the opposite side at about the 
same distance from the center. where
upon a whisper from one of them would 
be reflected and partially focused on the 
other. In 190 1 a fire elsewhere in the 
building led to a refurbishing of the hall. 
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and the smooth wood ceiling was re
placed by steel and plaster along with 
recessed panels and reliefs of moldings 
and ribs. The resulting roughness of the 
surface greatly reduced the simple re
flection and focusing, and the hall was 
no longer as good a whispering gallery. 

The Mormon Tabernacle in Salt Lake 
City is almost an example of an ellipsoi
dal whispering gallery, although the in
terior shape is not a perfect ellipsoid. 
Sounds created at the reader's desk in 
front carry by way of reflection and fo
cusing to the rear of the room, making 
the sounds audible at the front of the 
rear balcony. 

According to Herschel. a similar fo
cusing in an ellipsoidal interior caused 

. considerable embarrassment to parish
ioners at the old cathedral of Girgenti 
in Sicily not long after it was built. 
Although the details of the interior 
were later disputed by Sabine, Herschel 
maintained that one of the interior foci 
was unwittingly chosen as the place for 
the confessional. and so anyone stand
ing at the other focus had access to 
even the faintest confessions. ''The fo
cus was discovered by accident,'" Her
schel wrote, "and for some time the per
son who discovered it took pleasure in 
hearing, and in bringing his friends to 
hear, utterances intended for the priest 
alone. One day, it is said, his own wife 
occupied the penitential stool. and both 
he and his friends were thus made ac
quainted with secrets which were the re
verse of amusing to one of the party." 

Whispering galleries of both general 
kinds are thought to exist below the 
smooth, curved arches of some bridges. 
In 1948 several such arches were sepa
rately analyzed by Herbert Grove Dor
sey and Arthur Taber Jones to deter
mine if the acoustic properties were due 
to Rayleigh surface waves. For exam
ple, Dorsey investigated the arch under 
the Massachusetts Avenue bridge over 
Rock Creek in Washington, D.C. This 
circular arch has a diameter of 148 feet 
and a width of 74 feet. Both ends termi
nate on a base of smooth concrete that 
provided sharp echoes, supposedly of 
Rayleigh surface waves bouncing back 
and forth from end to end on the arch 
as they clung to the inside surface. "If 
one stands close to the arch wall in 
early-morning quiet," Dorsey wrote, 
"one can hear two distinct echoes from 
a faint whisper cr from a pin dropped a 
half-inch into a little pasteboard box." 
A hand clap produced from five to 10 
echoes. 

Later Jones investigated a similar 
bridge at Newton Upper Falls, Mass., 
but was unable to confirm Dorsey's hy
pothesis that the sound traveled along 
such an arch as a Rayleigh surface wave 
does. If surface waves were involved, 
Jones contended, an observer at the cen
ter point under the arch would not hear 
the echoes generated when another per-

son clapped hands at one end of the 
arch, since the sound would be confined 
to a relatively narrow belt just below the 
surface of the arch. Stationing an ob
server under the bridge, Jones discov
ered that the echoes were seemingly as 
abundant there as at the ends of the 
arch. Hence the contribution of surface 
waves to the mUltiple echoes was left 
undecided. 

Certain natural formations have no
ticeable whispering-gallery properties. 
The Ear of Dionysius, a grotto in an old 
quarry near Syracuse in Sicily, is such a 
natural formation. The grotto is in the 
shape of a horizontal backward S, with a 
total floor length of 67 meters and a 
height of 22 meters. Along the floor the 
width of the grotto is about 10 meters, 
but the S narrows toward the top until 
tile width is only one or two meters. At 
the end of the S opposite the quarry, 
near the top of the grotto, a small open
ing leads to a short passageway, which 
in turn leads to a stone stairway to the 
top of the rock formation. When one 
stands on the floor of the grotto, the ech
oes from speech are so numerous that 
the speech is difficult to understand. If 
one listens at the small opening at the 
back of the grotto, however, one can 
hear even whispers from others standing 
on the grotto floor. Although the grotto 
is not strictly a whispering gallery of the 
kind I have been discussing, its design 
does somehow funnel the sound from 
the floor to a listener who is strategi-

cally placed in the small back opening. 
The reason for the name Ear of Dio

nysius is that the grotto was used as 
a prison by Dionysius, the infamous 
builder of Syracuse. According to leg
end, he had a prison designed in such a 
way that he could hear even the faint 
whispers of the prisoners and so could 
thwart any attempt at revolt. 

You might want to search for whis
pering galleries. You could check any 
obvious sections of spheres or ellipsoids 
in buildings and natural shapes such as 
domes in cave ceilings. You might also 
want to check smooth archways (such as 
those under bridges), the interior of silos 
and other large structures with a circu
lar cross section. Once a Whispering gal
lery is discovered you ought to check for 
Rayleigh surface waves by an appropri
ate set of experiments such as placing a 
relatively narrow barrier on the curved 
surface to block any surface waves. 

In the months since an experiment in
volving the creation of multiple

order rainbows in the laboratory was 
described in this department for July, 
1977, several people have written to me 
about having seen more than two nat
ural rainbows simultaneously in the 
sky. The primary rainbow arises from a 
single reflection of light inside a fall
ing raindrop. The occasional secondary 
rainbow arises from two internal reflec
tions. In the experiment you can see the 
next dozen or so rainbows, which arise 

Maximum angle between my 
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185 
© 1978 SCIENTIFIC AMERICAN, INC



Loudspeakers 
designed/or 
your room 

ALLISON 
Room malched 
IOlldspellker syslems 

ALLISON ACOUSTICS he 

Allison Acoustics has consolidated, in 
a new publication, information on all 
Allison loudspeaker systems with a 
description of the room-matching 
principle. 

An introductory section explains why 
loudspeakers desig ned for flat 
response in anechoic chambers (the 
usual procedure) cannot be flat in a lis
tening room, and how the design of 
Allison Room-Matched'M speaker sys
tems enables them to generate flat 
power output in a real room. 

An entirely new class of direct-radia
tor drivers has been developed for use 
as mid-range and tweeter units in Alli
son systems. They employ convex dia
phragms driven centrally. In the case of 
the tweeter, the diaphragm is forced to 
flex in a manner Simulating the motion 
of a pulsating hemisphere. This yields 
high acoustic output combined with 
almost perfectly uniform dispersion up 
to 20 kHz. The operative principle is 
described in the catalog for the first 
time. 

The rest of the catalog is devoted to 
descriptions of the four Allison models, 
a statement of Full Warranty for Five 
Years, and what we believe to be the 
most comprehensive set of mechani
cal, electrical, and performance speci
fications ever published on loud
speaker systems for consumer use. 

A free copy of the catalog, review 
reprints, and a list of Allison dealers are 
available on request. 

ALLISON ACOUSTICS 
7 Tech Circle, Natick. Massachusetts 01760 
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from a progressively larger number of 
internal reflections from single water 
drops suspended on a thin wire. 

I had believed observing any natural 
rainbows beyond the first two was im
possible because the colors of rainbows 
of higher order become so faint that 
they would be masked by the glare from 
the sky, from the light reflected from the 
outside surface of the drops and from 
light transmitted through the drops with 
no internal reflections. Still, perhaps 
under some circumstances rainbows of 
higher order might be visible. 

M. L. Herr of the University of New 
Orleans recalled seeing more than two 
simultaneous rainbows, maybe even 
four, in Malaysia, which often has brief 
thundershowers brightly illuminated 
with direct sunlight. Other places such 
as Ireland are said to be good for bril
liant rainbow displays, possibly with 
more than the first two rainbows, be
cause many showers are lighted by di
rect sunlight. Such observations would 
be improbable in places where a thun
derstorm usually means that the entire 
sky is clouded before and after the rain. 

J. R. Prescott of the University of 
Adelaide described seeing what might 
have been the third-order rainbow un
der an unusual circumstance. As was 
demonstrated in my rainbow experi
ment, the third-order rainbow lies in the 
portion of the sky near the sun and so is 
normally lost in glare. Just before sunset 
Prescott saw colors arching through 
rain falling from very dark clouds that 
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were high enough in the southwestern 
sky for the sun to be visible below the 
clouds. The colors were therefore seen 
against a dark background while the 
rain was well illuminated by the low 
sun. If this sighting was indeed of a 
third-order rainbow, it means that the 
rainbow becomes visible when the back
ground is dark enough to keep the back
ground light of the sky from masking 
the rainbow's colors. 

You might want to watch carefully 
for such a fortunate arrangement of 
clouds, rain and sun. If you photograph 
the colored arc, measurements of its 
width would verify that the arc was truly 
a rainbow rather than a colored halo or 
some other atmospheric optical effect 
caused by ice crystals [see "Atmospher
ic Halos," by David K. Lynch; SCIENTIF
IC AMERICAN, April]. You should also 
be careful not to confuse rainbows of 
the fifth and sixth orders, which lie near 
the first two rainbows, with well-devel
oped supernumerary bows of the pri
mary and secondary rainbows.· If you 
do manage to photograph an authentic 
higher-order rainbow, it will be the first 
known photograph of any order except 
the common first two. 

Several groups have worked with the 
suspended-drop rainbows described in 
my article. Steve Lai. a student of Fred 
Brace's in a high school in Portland, 
Ore., observed quite a few of the higher
order rainbows. To see rainbows of the 
10th and 14th orders, which requires 
looking almost along the incident beam, 
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Lai cleverly aimed a dentist's small mir
ror to reflect an image of the drops and 
the rainbows, thereby keeping his head 
out of the incident beam. 

At this year's International Science and 
.fl. Engineering Fair, Joseph E. Becker 
of Spokane, Wash., showed me his work 
on experimentally determining a func
tion by which the angle of a rainbow of 
any order can be determined for a fluid 
of any given refractive index. Three oth
er exhibits at the fair were also ex
tensions of topics taken up in this de
partment. The Leidenfrost phenomenon 
(August, 1977) of fluid drops floating 
on a thin vapor layer over a hot plate 
was investigated by Jerry Ritter, Jr., of 
CIOlidcroft, N .M., and byStuartA. Trav
is of Akron, Colo. Ritter was interested 
in how the Leidenfrost point changes 
when the water is contaminated with 
various substances and how a measure
ment of the Leidenfrost point might 
serve to indicate the extent of the con
tamination. Travis measured the Lei
denfrost points of distilled water (400 
degrees Fahrenheit) and acetone (330 
degrees F.) and had good luck photo
graphing the floating drops with a 55-
millimeter lens and a 6x extender. 

Peter Rathmann of Brookfield, Wis., 
made an impressive analysis of a salt 
oscillator (October, 1977) in which he 
determined the oscillator's frequency as 
a function of hole size, running time, 
difference in densities between the salt 
water and fresh water and other factors. 
He found that for the range of holes 
small enough to allow the system to 
oscillate the oscillation frequency in
creased almost linearly with hole size. 
He also demonstrated that the frequen
cy decreased with the running time of 
the experiment, a result he interpreted 
as indicating that as the experiment ran, 
the difference in density between the two 
fluids in the oscillator decreased be
cause of mixing and therefore the force 
driving the oscillations weakened. 

Rathmann and independently J. E. 
Schmidt of Charlestown, Ind., have 
properly pointed out that in my article I 
should have emphasized the pendulum
like nature of the salt oscillator. Once 
the fluid begins to flow it does not stop 
when the pressures at the hole are equal
ized, because the flow has momentum 
and the system overshoots its equilibri
um state. Once the stream stops, the sys
tem again finds itself with unequal pres
sures around the hole and fluid begins 
to run in the opposite direction, again 
overshooting the equilibrium, slowing 
to a stop and reversing. The Rayleigh 
instability I discussed in that article is 
needed to keep the oscillator going be
cause the viscosity of the fluids tends to 
decrease the momentum in the streams. 
Otherwise the pendulurnlike oscillations 
of the system would die out relatively 
quickly. 

Richer. And, of course, costlier. 
For the very good reason that it is 
blended from the Cognacs of more 
than 70 select vineyards, all of which 
lie within France's two pre-eminent 
Cognac districts, Grande Cham
pagne and Petite Champagne. Truly, 
the world's most civilized spirit. 
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Talk space. Talk features. Talk whatever pleases you. 
But when it comes to ride, feeling is believing. 

Test-drive the 1979 Oldsmobile Custom Cruiser. 

When you buy a station wagon, 
you expect plenty of room for 
your family and your cargo. And 
you get it-the Olds Custom 
Cruiser is a hard-working wagon. 
But take a test drive, and you'll 
know you're getting more than 
just another wagon. 

You'll get a ride so smooth you 
just might think you're riding in a 
big, comfortable sedan. 

If the ride seems particularly 

quiet, it might be because of the 
special sound insulation in the 
doors and cargo area, and the 
thick carpet on the floor. And 
you'll see luxury touches you'd 
expect to find in a full-size Olds
mobile. (You can even choose rich 
velour upholstery at no extra cost, 
if you wish.) 

Custom Cruiser is also the only 
full-size wagon in the world to 
offer the choice of 5.7-litre gas-

oline or diesel V8s. Test-drive a 
Custom Cruiser at your Olds 
dealer's soon, and discover that 
great Olds feeling, wagon style. � 

Custom Cruiser rr.ul 
Have one built for you. � 
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QUOTE: "The names given the different 
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the classic "accomplisher." 
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