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PLYMOUTH HORIZON 
NEW COtIRDENCE, NEW COIIIIFCIIT, 

A NEW KIND OF CAR FOR THE AMERICAN ROAD. 

COMFORT 
Horizon is loaded with comforts. Like a variety of seating options. 

And such standard comforts as cut pile carpeting and 
color coordinated interiors. 

Horizon is a new answer for a changing America. An America concerned about energy,and inflation. 
Horizon gives you four doors, fold-down rear seat and hatchback to make it easy to pack luggage. Horizon even offers the options 

of automatic transmission, stereo, roof rack and sporty trims. 
By any standard of room, ride, comfort, style, price and mileage, Horizon is uniquely suited to today's times and needs. 

© 1978 SCIENTIFIC AMERICAN, INC



Horizon is so roomy, four six-footers can relax in comfort 
• front and back. And there's still room for the things you need 

for your trips. 

SNOW WIND, RAIN 
Horizon gives you outstanding handling and traction because it's 

the first American-made car of its size with front-wheel drive. 

lONG TRIPS 
You can travel hundreds of miles in comfort and confidence 

because Horizon's front-wheel drive, rack and pinion steering 
and independent 4-wheel suspension combine for outstanding 

stability and handling. 

PRICE/ECONOMY 
Price includes front bucket seats, AM radio, whitewall radial tires, 

rack and pinion steering, front disc brakes-many things 
not standard on other cars of its type. 

W11E111OU WUfT TO GO ANYWIBE 
• COMFORT AND CONFIDENCE. 

RELAX. 
PLYMOUTH 

CAN HANDLE IT. 
You can buy or lease the new Plymouth Horizon at your 

Chrysler-Plymouth dealer. 
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Look at it this way: 
You reached the rung on the ladder 

you couldn't even see five years ago. 
And you're still drinking ordinary scotch? 

86 PROOF BLENDED SCOTCH WHISKY - RENFIELD IMPORTERS, LTD" N. Y. 
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executIve health 
the report that briefs you on what to watch 
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Linus Pauling, Ph.D. 

VITAMIN C AND HEART DISEASE 

Can vitamin C protect you, and 
how much should you take? 

Heart disease and related diseases of the circulatory 
system are the main cause of death in the United 

States. Over one million people die of these diseases 
each year, and probably more than five million people 
now living are suffering from them in a significant way. 

There is no doubt that heart disease is related to 
the diet. In the 1976 Congressional Hearings on the 

relation between diet and disease the nation's top health 
officer, Dr. Theodore Cooper (Assistant Secretary for 
Health in the Department of Health, Education, and 

Welfare), stated that 

cholesterol, and related fat-like substances (lipids). A 
tremendous campaign has been waged to promote diets 
with low cholesterol, low saturated fat, and increased 
polyunsaturated fat. Despite this campaign, the death 

rate from cardiovascular disease has remained con­
stant during the last 25 years, and it now seems to be 
almost certain that the assumption that heart disease 
is caused by a high intake of saturated fats and choles­
terol is wrong. 

"While scientists do not yet agree on the specific 
causal relationships, evidence is mounting and there 
appears to be general agreement that the kinds and 
amount of food and beverages we consume and the 
style of living common in our generally affluent, 

sedentary society may be the major factors asso­
sociated with the cause of cancer, cardiovascu­
lar disease, and other chronic illnesses." 

This development does not mean that diet is not 
important. A high intake of ordinary sugar greatly 
increases the incidence of cardiovascular disease (see 
"Sugar: Sweet and Dangerous" in Executive Health, 
Volume 9, Number I, 1972). Moreover, much evi­
dence has been gathered recently to show that cardio­
vascular disease can be controlled to a .considerable ex­
tent by the proper use of vitamin C. 

What is cardiovascular di�ease? 
For about 25 years the major culprits in cardiovas­

cular disease have been thought to be saturated fats, 

The general term cardiovascular disease comprises 
various diseases of the heart and blood vessels. Arterio-
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80ft! To Add 10 To 20 Extra 
Years To Your Life 

Discover what research scientists now know about how to take 
the best care you can of the only body you will ever have! 

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

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

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

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

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

Executive Health Report is not sold 

on newsstands but only by private sub· 

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

and its possessions. $19 a year in 

Canada and Mexico. Individual reo 

ports (back issues) $1.50 per copy. 

All other countries $24 by surface 

mail, $28 by air mail. (Only Inter· 

national Money Order or check cash­

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

Subscribe now under this unusual 

introductory offer: 

(I) Your choice of any three of 

the reports listed below ($1.50 each) 

FREE! 

(2) If you are not completely sat­

isfied with your first issue, your money 

will be promptly refunded. 

Never forget. "Men's lives are chains 

of chances," but as Euripides saw 
clearly so long ago. "Chance fights 

ever on the side of the prudent." Your 
only insurance against "tomorrow" is 
what you do today. You have but one 
life . . .  doesn't it make sense to find 
out how to take the best care of it 
you can? 

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

Mark D. Altschule, M.D.: How Much 

Do You "Know" That Isn't So about 
saturated vs. polyunsaturated fats? 
James Greenwood, Jr., M.D.: On Vita. 

min C in the Treatment of Back Pain. 

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

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

and Misuse of Medication. 
Alton Ochsner, M.D.: "On the Role 
of Vitamins C and E in Medicine." A 
world-famous surgeon tells you how 
he uses these two essential vitamins. 
John K. Lattimer, M.D., Sc.D.: On 
That Treacherous Gland Your 
Prostate. 

John Yudkin, M.D.: On "This Slim· 

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

Vitamin E? Eminent investigators now 
suspect it may be one of the key fac­
tors to help resist disease and slow 
the aging process. 
Linus Pauling, Ph.D.: On Vitamin C 
and Cancer. Recent studies show that 
vitamin C has a large life·extending 
effect for patients with advanced can­
cer and suggest a similar large effect 
for earlier stages of the disease. 
Mark D. Altschule, M.D.: Is It True 

What They Say About Cholesterol? 

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

Your Arteries to Harden? 

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

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

Serendipitous Discovery That Vita. 

min E Prevents Night Leg Cramps. 

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

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

Hans Selye, M.D.: On Stress With· 

out Distress. Your mind can make 
or break you! 

The B Vitamins . . .  Part II. On Vita· 
min B, (Pyridoxine) "The Sleeping 
Giant of Nutrition." 

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

a Substance That Can Make Us Sick 

( If we do not eat it!) 

Stephen R. Elek, M.D.: On "The 

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

Health, How Much Vitamin C Do 

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

Irregular Heart Beats (Arrhythmias). 

Some mean little or nothing, but others 
warn your heart is in trouble. 

Miles H. Robinson, M.D.: On Sugar 

and White Flour . . . The Dangerous 

Twins. How, with the best of inten·
· 

tions, we have managed to process 
natural foods into appetite-tempting, 
disease-breeding trouble·makers . . .  

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

Your Startling Biochemical Individual. 

ity. Some amazing facts about your 
body you need to know if you want 
to understand yourself (and other 
people) better. 

Alexander Leaf, M.D.: On The Phys­

ical Fitness of Men Who Live To A 

Great Age. 

Linus Pauling, Ph.D.: On Vitamin C 

and Heart Disease. Can vitamin C pro­
tect you, and how much should you 
take? 

Please use the coupon below under 

our special money.back guarantee. 

EXECUTIVE HEALTH, Pickfair Bldg., Rancho Santa Fe, CA 92067 
Gentlemen: Enclosed is my check for $ . . . . . . . .. . . . . . . . . . . . . . . .  for a year's subscription 
to Executive Health to start with this month's issue. I have circled the three 
$1.50 reports I am to receive free. It is understood that if I am not com­

pletely satisfied with my first issue, my money will be promptly refunded. 
In addition, I would appreciate your sending me a complete list of your 87 other 
reports because among them may be some from which I might greatly benefit 
and would otherwise miss. 

NAME (please print) ____________________ _ 

ADDRESS _____ ______________________________________ ___ 

ST ATE/COUNTRY ____________ ZIP _____ SA-9 
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Technology and the National Energy Plan: 
Offense or Defense? 

When people ponder America's energy 
future, there is a tendency to blame 
"technology" for not delivering what 
was expected of it and to cite "the limi­
tations of technological growth." 

The current energy crisis is not a fail­
ure of technology, nor does it forecast 
the end of technological progress. 
Since the winter of 1973, we have been 
told that our supplies of oil and natural 
gas are rapidly dwindling. And that we 
are likely to run out of these fuels 
within the next two decades. 

It is not that technology has failed 
us, nor that we have reached the limits 
of growth in production and consump­
tion of energy. Our energy problems 
are due to the fact that the world has 
suddenly entered a new era of higher­
priced energy to which it must adjust. 
It is an economic problem, not an in­
soluble technological one. 

The National Energy Plan is a neces­
sary step forward. But only a half-step. 
Government policymakers appear to 
have lost sight of the fact that our prob­
lems stem from a dwindling supply of 
oil and natural gas and escalating en­
ergy costs. Instead they have developed 
a National Energy Plan that refers to 
conservation as its cornerstone and pre­
sents a set of complicated measures to 
limit energy consumption. Few people 
would disagree that conservation is 
necessary. 

Conservation merely copes with the 
problem. It doesn't. solve it. 
The National Energy Plan's emphasis 
hinders the use of existing technologies 
to help resolve our problems. 

Production of oil and natural gas un­
der the Plan would be suppressed by 
continual price controls. New taxes on 
production would raise the price of oil 
and natural gas to help curtail their 
use. But much of the resulting revenue 
would be channeled directly to con­
sumers and would largely be withheld 
from the energy industries that need it 
to help finance expensive new explora­
tion and development projects. 

Too, present government policies 
would delay the leasing of federally 
controlled offshore areas for potential 
drilling, as well as the opening of new 
coal mines 

Red tape and environmental con­
cerns will severely handicap the con­
struction of nuclear power facilities. 
Construction lead times for new nu­
clear plants have now been extended to 
more than ten years, as compared to 
less than five years in Japan. 

Finally, the National Energy Plan re­
gards coal as the major short-term 
energy source. But the government's 
anticipated increased production of coal 
has been cited by the General Account­
ing Office as "wholly unrealistic," mainly 
because new environmental regulations 
create more economic and production 
problems than they solve. 

The technologies to deliver more en­
ergy exist today. But the National 
Energy Plan does not encourage their 
application. 

The technology for deriving gas and 
liquid fuels from coal is well advanced 
in the demonstration stage. The tech­
nology for deriving petroleum from oil­
bearing shale is now entering the dem­
onstration stage. The Liquid Metal Fast 
Breeder Reactor is considered by the 
General Accounting Office to be "the 
likely vehicle for assuring that nuclear 
fission will be a reliable energy source 
through the 21 st Century and beyond." 

Production of hydrogen from water, 
coal, or oil shale could produce energy 
equal to all the natural gas we are now 
using. And electricity could be pro� 

duced by "ocean thermal energy con­
version." 

This message is a condensation of a 12-page Gould White Paper, 
"Technology and the Energy Plan." For the complete text, write Gould Inc., 
Dept. 88-2 10 Gould Center, Rolling Meadows, Illinois 60008. 
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Any one of these and other alternate 
sources of energy could provide the 
"solution" to our problems. That re­
quires a massive commitment and in­
vestment. Probably on the magnitude of 
our commitment to the Manhattan 
Project and the Apollo program. The 
investment may seem staggering. But 
considering the long-range impact on 
society, the goal of a secure energy fu­
ture is of equal or greater importance. 

Unfortunately, there are signs that gov­
ernment will curtail its support of 
technology . 
The present administration's budget 
proposals for federal funding on energy 
research and development focus largely 
on conservation methods. 

Perhaps this attitude reflects political 
realities. Under the American system 
of government, elected officials have 
often been led to focus on the prob­
lems of today at the expense of the solu­
tions to the problems of tomorrow. 

Solving our energy problems requires 
statesmanship, not politics. We need 
leaders of vision who can focus on the 
horizon of the 21st Century as well as 
on the rocky path of the next five to ten 
years. 

Ultimately, history will treat more 
kindly those who would provide solu­
tions to our energy problems than those 
who would simply have us endure them. 
Government policymakers should 
abandon their defensive posture and 
take the offensive. There are many 
things government can do in addition 
to emphasizing conservation. Such as 
promote greater tax benefits to moti­
vate industry to invest in energy-related 
R&D. Federal loan guarantees, such as 
those already in effect in the housing 
and shipbuilding industries, are needed 
for industries which develop energy­
related technologies. And government 
should increase collaboration with pri­
vate industry to promote development 
of those technologies that will make our 
future energy-rich. 

As it has in the past, technology will 
provide the solutions. But we need to 
develop the positive environment for 
technological progress. Today. 

Science and technology can solve many 
problems. If they don't, what else will? 

GOULD 
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THE COVER 

The painting on the cover shows an insect in the process of being trapped by 
one of the several kinds of plants that augment their supply of nutrients by 
digesting animal life. The plant, Drosera rotundifolia, is one of the sundews. 
These carnivorous plants capture their prey passively; other plants are active 
trappers (see "Carnivorous Plants," by Yolande Heslop-Harrison, page 104). 
The stalks rising from the surface of the plant bear droplets of mucilage that 
hold the insect. The stimulus of contact makes adjacent stalks lose their tur­
gor selectively and bend toward the insect, tying it down more securely. The 
same glands that secrete mucilage then exude digestive enzymes and later re­
sorb the digestion products. The trapped insect is the hover fly Syrphus ribesii. 

THE ILLUSTRATIONS 

Cover painting by Enid Kotschnig 

Page Source Page Source 

38 Wan-go H. C. Weng 100-102 Lorelle M. Raboni 
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SO-53 Type Systems Inc. 
107 Yolande Heslop-Harrison 

55 National Aeronautics 
108 Yolande Heslop-Harrison 

and Space Administration 
(top), Ilil Arbel (bottom) 

56 Enrico Bonatti, III Ilil Arbel 

Lamont-Doherty 112 Yolande Heslop-Harrison 
Geological Observatory 
(top); Jose Honnorez, 131 I1il Arbel 
Rosenstiel School of 
Marine and Atmospheric 114 Yolande Heslop-Harrison 
Science, University of 117 Carlo M. Croce and Miami (bottom) Hilary Koprowski (left), 

57-60 Adolph E. Brotman Bunji Tagawa (right) 

61 R. D. Ballard (top), 118 Carlo M. Croce and 
Bruce C. Heezen and Hilary Koprowski 
Hank Chezar (bottom) 

119-125 Bunji Tagawa 
63 Ben Rose 

126-141 Gabor Kiss 
64-70 George V. Kelvin 

71 Ben Rose 
145 Mehdi N. Bahadori 

73-74 George V. Kelvin 
146-147 Alan D. Iselin 

92 Joseph L. Price 148 Mehdi N. Bahadori 

93-96 Lorelle M. Raboni 149-150 Alan D. Iselin 

97 Charles E. Ribak 152 Alan D. Iselin (top), 
(top), Lorelle M. Mehdi N. Bahadori 
Raboni (bottom) (bottom) 

98 Lorelle M. Raboni 154 Alan D. Iselin 
(top), Gordon M. 

156-160 Michael Goodman Shepherd (bottom) 
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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 e·nd 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: $.35 
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: $.35 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, Cal941 04 

Please send me Offprints: 

Title of Article Quantity 

Total 

Multiply by $ .35 

Payment Enclosed .::.$ ___ _ 

Minimum order $5.00, payment with order 
California residents add sales tax 
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Authors ... 

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

and mar keted. 
Whether your 
subject is fic­
tion, non-fiction 
or poetry, sci­
entific, scholar­
ly, specialized, 
(even contro­
versial) this 
handsome 52-
page brochure 
will show you 
how to arrange 
for prompt pub-
lication. 

Unpublished authors, especially, will 
find this booklet valuable and inform­
a t i ve. For your free c opy, write to: 
VANTAGE PRESS, Inc. Dept. F-53 

516 W. 34 St., New York, N.Y. 10001 
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Also SCM, Olivetti, National Semiconductor, Caslo, Canon, 
Corvus, APF, Sharp, Craig, Sanyo, Record·A·C.II and more. 
All AT GREAT PRICES! 
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LETTERS 

Sirs: 
Any resident of Wisconsin who dared 

asser.t that the domestic cat rivals its bo­
vine barn companion in economic im­
portance would indeed be foolish. But 
to maintain that cats "have never had 
any economic significance" ["Cats and 
Commerce," by Neil B. Todd; SCIEN­

TIFIC AMERICAN, November, 1977] 
stretches credulity in the opposite direc­
tion. There seems to be agreement, if on 
circumstantial evidence, that one spe­
cies or possibly several species of small 
Felis were originally locked in the gra­
naries of ancient cities of Libya and 
nearby regions. Here they were charged 
with protecting the stores from hungry 
rodents over the unproductive winters 
and through any long sieges. If sparing 
an entire city from starvation does not 
constitute economic significance, that 
notion becomes slippery indeed. Cats 
were later mousetraps for the Egyptians 
and the Greeks, although apparently not 
for the Romans, and their possible role 
in controlling plague is given at least 
passing notice by historians. 

JACK P. HAlLMAN 

Professor of Zoology 
University of Wisconsin 
Madison 

Sirs: 
The article "Cats and Commerce," by 

Neil B. Todd, in discussing the blotched­
tabby variety of the domestic cat, con­
cludes that there is a British focus, and 
probably a British origin, for the spread 
of this mutant. with penetration through 
France and a rapid spread eastward 
across the Mediterranean. Dr. Todd 
also notes that although the reason for 
the selective advantage of the blotched 
tabby is unclear, the type is spreading 
like an epidemic that will involve all cat 
populations. 

There is some evidence from litera­
ture that the origin of the tabby may be 
not Britain ·but possibly the eastern fo­
cus mentioned by Dr. Todd. Thus the 
spread may have been westward rather 
than eastward. 

John Aubrey, an English country gen­
tleman who lived between 1626 and 
1697, was an antiquarian and a member 
of the Royal Society who compiled and 
recorded a vast amount of biographical 
and other data that, published as Au­
brey's Brief Lives, has proved val uable as 
source material for historians interested 
in 17th-century England. According to 
Aubrey, the tabby cat was a novelty in 
England in the early 17th century. He 
noted that W. Laud, a graduate of Cam­
bridge and a lover of cats, was presented 
with some Cyprus cats, that is, tabby 

cats, which then (about 1637) sold for 
five pounds apiece. This apparently 
started a new fashion, resulting in a 
change that Aubrey greatly resented. 
The tabby quickly supplanted the "com­
mon English cat," which Aubrey says he 
well remembers was white with some 
bluish piedness. "The race or breed of 
them are now almost lost," Aubrey la­
ments. 

GEOFFREY WOOD 

Falls Church, Va. 

Sirs: 
Professor Hailman takes a broader 

view of the economic importance of the 
domestic cat than I would usually ad­
mit. I am dubious, however, that cats 
ever saved a city from starvation. except 

. perhaps by providing a reserve food 
source for the human population. This 
was the case for the island of Rhodes 
during the German occupation in World 
War II, and probably for Leningrad dur­
ing the German siege. Here the role of 
cats was not much different from that 
of wallpaper paste, tree bark and shoe 
leather. As for controlling the spread of 
plague, the mortality statistics would 
not suggest that the cat was notably ef­
fective. Anyway, as far as rats are con­
cerned, cats are probably more effective 
in competition for food than they are in 
direct predation. 

Mr. Wood introduces some intriguing 
scraps of evidence, but I find them large­
ly impossible to interpret. The "com­
mon English cat" that was white with 
some bluish piedness must now be en­
tirely "lost," because I cannot say I have 
ever seen one of these beasts. In regard 
to the supplanting tabby, what kind of 
tabby was it? I find that most cat own­
ers make no real· distinction between 
blotched and striped. 

Recent data on blotched-tabby fre­
quencies in Iran, Pakistan and the 
U.S.S.R. indicate that the focus is in 
eastern Iran (Mashhad) and that the 
area and intensity of involvement are 
substantially more restricted than they 
are in western Europe. That suggests a 
more recent origin in the East, proba­
bly the result of an independent muta­
tion, although Mashhad, astride the silk 
route, may have initially received some 
blotched tabbies in trade with the West. 

NEILB. TODD 

Carnivore Genetics Research Center 
Newtonville, Mass. 

Sirs: 
The article on the four-color-map 

problem ["The Solution of the Four­
Color-Map Problem," by Kenneth Ap­
pel and Wolfgang Haken; SCIENTIFIC 

AMERICAN, October, 1977] called to 
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mind an enigma posed by Lewis F. 
Richardson in his Statistics 0/ Deadly 
Quarrels. He comments that nowhere in 
the world do four sovereign states meet 
at a point, and he speculated on possible 
reasons for this interesting state of af­
fairs. It may be worthwhile to remark 
that since Richardson's book was pub­
lished ( 1960) political changes have in­
validated his observation and there now 
exists one place where four states meet 
at a point. The states in question are 
Rhodesia, Zambia, Botswana and the 
Caprivi Strip extension of South-West 
Africa. (It is immaterial that South­
West Africa is not a sovereign state, 
since it forms de facto part of the Re­
public of South Africa, which is one.) 
From a geographical and political, if not 
a mathematical, viewpoint the situation 
is clearly anomalous, and it will be inter­
esting to see how the stresses involved 
will be reduced. It is morally certain that 
this same point will form the geographi­
cal focus of any war between South Af­
rica and its black neighbors. 

It may be noted in passing that the 
map of southern Africa contains the 
only real-world example of the other 
configuration excluded from the "nor­
mal" maps discussed in the article, that 
of a state entirely surrounded by anoth­
er state (Lesotho). 

ROGER W. JONES, F.R.G.S. 

Llandyssul, Dyfed 
Wales 
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Fermentation: The miracle that turns 
the juice of the grape into wine. 

Although it is an oft-proclaimed 
truth that fine wine is a living 
growing thing, nowhere is this more 
evident than during that critical, and 
still somewhat mysterious, process 
called fermentation. 

Yeast: The Catalyst 
It is possible that a quantity of fine 
grapes crushed and left to them­
selves in an open container will, 
in time, ferment and yield an 
acceptable wine. 

It is probable, however, that these 
same grapes will yield a wine not 
so pleasant. 

Which it will become depends on 
the vagaries of simple, one-celled 
plants called yeasts which are found 
naturally in the bloom on the skins 
of grapes. 

A Louis Pasteur Discovery 
Until 1864, wine-making was a 
matter of uncertainty. But then 
Louis Pasteur discovered that these 
yeasts were, indeed, the agents that 
caused fermentation. 

Equally important, he discovered 
that specific strains with desirable 
characteristics could be isolated and 
substituted for the wild yeast in the 
wine-making process, a major step 
toward predictable excellence. 

Today, our winemakers are 
devoted to the study of yeasts and 
to their improvement. Because no 
one yeast works equally well in 
every case, we are constantly 
striving to isolate the ideal yeast for 
the different varieties of wines. 

This development of the specific 
yeast which maximizes a grape's 
natural flavor potential is a primary 
study we have pursued for years. 

To achieve a wine of predictable 
excellence year after year, we devel­
oped the first successful dehy­
dration of pure wine yeast. The 
dehydrated form maintains the 
consistent purity from year to year 

and provides us with a "cleaner" 
wine that is truer in flavor and 
fragrance to the grape. 

Some Like I t Cold 
During fermentation, heat is created. 
If we permit the fermenting juice 
or "must" to attain a temperature 
of only ninety degrees, the yeast can 
be injured. At one-hundred degrees, 
most yeast will die. 

Over the years, we have devel­
oped precise cooling methods for 
keeping the fermenting liquid at the 
optimum lower temperature. This 
varies from grape to grape. For 
example, the Sauvignon Blanc, 
French Colombard, Chenin Blanc, 
Riesling or Chardonnay we use for 
our white wines are far more deli­
cate and sensitive to temperature 
than their more robust red cousins. 

We determined that fermenting 
them at a cooler temperature slows 
the change from juice to wine and 
protects the delicacy of the resul­
tant wine. 

In this cooled state, the juice can 
ferment as long as fourteen days 
rather than three or four. 

The Test Fermentation 
Knowing the precise moment to 
draw the wine is a combination of 
the skill and art of our winemakers. 

In some cases we actually take 
grape samples a few days before 
harvest and, on a small scale, 
proceed with fermentation. This 
gives us a preview of what to expect, 
and, we then make whatever adjust­
ments necessary to produce the 
most consistently excellent wine. 

The Reason For All This Care 
It is only by utilizing all the skills 
gained in many years of work and 
study that we can achieve our intent: 
to bring you the finest wines that we, 
or anyone else, can provide. 

Ernest & Julio Gallo. Modesto. California 
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IT'S . THE ONE 
MUSIC LOVERS ALL OVER 

PIONEER'S SX650. 
THE NUMBER ONE RECEIVER TODAY 

WITH PEOPlE WHO CARE ABOUT MUSIC. 
This year, music lovers will buy more 

Pioneer SX650's than anyone of the other 
162 high fidelity receivers on the market. 

N\ainly because this year, for the 
second year in a row, the 650 will offer better 
value, better features, and better sound than 
any Similarly priced receiver. 

. 

PEOPLE WHO CARE ABOUT MUSIC 
WANT TO HEAR IT REPRODUCED PERFECTLY. 

The number one problem that plagues 
most music reproducing equipment today is 
distortion. Distortion that makes horns and 
basses sound muddy. And Singers sound like 
they're straining. 

The 650 solves these problems with 
things like a power section designed to 
minimize distortion at high volumes. Plus 
a pre-amp that has a phono overload level of 
200 milivolts- enough to handle the loudest 
section of one of today's most dynamic records 

. without distorting. 
Together, tliese things work t� give the 

650 a virtually inaudible total harmonic· 
distortion level of less than 0.3%, from 20 to 
20,000 hertz� A figure that some receivers 
costing $100 more can't beat. 

POWER TO SPARE. 

When a piece of music reaches a 
crescendo, it tends to put a tremendous 
strain on the power section of even the most 
expensive receivers. 

Many receivers clip the signal and 
> distort. 

. 

The SX650 goes right on producin� 
beautiful music. At35 watts per channel it's 
more than powerful enough to fill the 
average room with clean, clear undistorted 
sound. And yet still have enough power in 
reserve to handle sudden surges of low or 
high frequencies. 

So a full orchestra will sound just as 
crisp and clear as a single Singer. 

AN FM SECFION 
THAT DOESN'T SOUND LIKE A RADIO. 

At Pioneer, we've always believed that 
the FM section on the SX650 sounded more 
life-like than many $600 separate tuners. 

This 0Rinion was recently confirmed in 
an article by Julian Hirsch in Stereo Review 
Mqgazine about our TX6500 tuner. ,,----cC1 
A tuner that features the same > 

basic front end as the 650's. 
"For all practical purposes, 

the frequency response, channel 
separation, noise level, and 
distortion ... are the equa I of most 
tuners selling for two or three times 
its price." 

And who are we to argue with 
one of the leading experts in the 
hi fi industry,? 

PEOPLE WHO CARE ABOUT MUSIC 
AlSO CARE ABOUT MONEY. 

With a price of less than $325,t 
we think the SX650 offers an 
incredible value among '.-.... �� 

medium priced hi ti 
receivers. 

Especially 
when you cons 
that Similar 35 
receivers could 
you as much as $ 1 
more. \ 

But don't take our 
word for any of this. 

Go compare the value 
and sound of the SX650 to any 
other medium priced receiver at 
your nearest audio dealer. 

We think you'll find it's the 
perfect receiver for people who appreciate 
great value a s much as they aDDrE�er("lte 
great sound. 

*35watts per channel minimum continuous powerouwj..w>a�· 
from 20 to 20,000 Hz, with no more than 0.3% 

tThe value shown in thiS ad is for informational purposes only. Actual resale prices Wllt·ll!(lf". 
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THING 
AMERICAAGREE ON. 

© 1978 SCIENTIFIC AMERICAN, INC



12 

Celestron 
Beauty In Nature 

A Celestron telescope will expand 
your perception of nature ranging 

from unexplored macroscopic 
views in a tropical garden; striking 
close-ups in an animal sanctuary; 

dramatic views of the Moon and 
planets; and a journey to a remote 

twirling galaxy. 

Celestron Telescopes for the view home, casual or serious as­
tronomer, University teaching. Telephoto Lenses for the novice 
through professional. 

FOR A CLOSER LOOK-SEND $2.00 FOR GIANT FULL 
COLOR CATALOG SHOWING HOW TO SELECT AND USE A 
T ELESCOPE/PHOT OGRAPHIC LENS. 

(Dealer Inquiries Invited) 

Celestron International 
2835 Columbia, P.O. Box 3578-C 
Torrance, California 90503 
Telephone (213) 328-9560 

50 AND 100 
YEARS AGO 

FEBRUARY. 1928: "Has the uni­
verse a limit? The mathematical physi­
cist employs the word 'universe' in a 
narrow sense to describe that manifold 
of space and time with which the theo­
ry of relativity deals. Everyone knows 
now, by hearsay at least. that it is mathe­
matically conceivable the universe may 
be finite but unbounded. It is not impos­
sible that. if it is finite, human science 
may be able to measure its dimensions. 
but all that can now be said is that these 
dimensions must be so great the distance 
of the faintest nebulae our great tele­
scopes can reveal must be but a very 
small part of the way 'around' it. The 
astronomer is likely to use the word in a 
still more limited sense to denote the 
great assemblage of stars that forms the 
Milky Way. The best calculation of the 
extent of our galactic universe is the one 
completed by J. C. Kapteyn. He found 
that the form of the system is one of 
a greatly flattened ellipsoid something 
like a thick, round cake of soap whose 
diameter is a little more than five times 
its thickness. The region within which 
the star density is more than an eighth 
the density at the center is 16,000 light­
years in diameter and 3,000 light-years 
thick. This 'Kapteyn universe' gives 
much the best picture of our own uni­
verse of stars yet available." 

"Steam wells, where the earth is 
tapped for natural heat as it is elsewhere 
for natural gas or oil. promise to deliver 
power in paying quantities. The first de­
velopment of this kind in America, at 
'The Geysers' in California, has been 
given a thorough scientific examination 
by Eugene T. Allen and Arthur L. Day 
of the Carnegie Institution of Washing­
ton. There seems to be abundant steam 
at high temperatures and pressures 
when the borings are sunk. Eight wells 
have been put down so far, to depths of 
between 200 and 650 feet. Quantitative 
measurements of the output of four of 
the wells indicate a power equivalent to 
4,500 kilowatts, or more than 1,000 
kilowatts per well. A similar enterprise 
on a larger scale has been conducted at 
Larderello in Italy, where the commer­
cial production of power has already 
been realized. The California develop­
ment has one advantage over the Italian 
one in that the Larderello steam con­
tains corrosive acids necessitating more 
or less elaborate purifying processes be­
fore it can be used, whereas the Califor-
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TheStory 
of Civilization 
by Will and Ariel Durant 
All Eleven Volutnes for $20. 
Publisher's List Price $24855 

"Our century has produced no more successful attempt to 
narrate the whole common story of mankind" -CLIFTON FADIMAN 

I. Our Oriental Heritage. Ancient 
Egypt and the Near East. The Far 
East. early to modem times. 

IV. The Age of Faith. Christian. 
Islamic and Judaic civili7-'ltions, :l2;; 
to l:l(X). including the Crusades. 

VII. The Age of Reason Begins 
Europe, 1;;58·1646. The age of 
Shakespeare, Rembrandt. Galileo. 

X. Rousseau and Revolution 
Europe from the Seven Years' War 
to the storming of the Bastille. 

II. The Life of Greece. Explores all 
facets of Greek life from prehistoric 
times to the Roman conquest. 

V. The Renaissance. Italy's golden 
age. U04 to \:,7fi. A turbulent world 
of intrigue and great art. 

VIII. The Age of Louis XIV. The 
brilliant era of the "Sun King," 
Milton, Cromwell. Peter the Great. 

XI. The Age of Napoleon. France's 
domination of European history. from 
the fevers of the French Revolution 
to Napoleon's defeat at Waterloo. 

III. Caesar and Christ. The rise 
of Rome and Christianity and the col· 
lapse of classic civilization. 

VI. The Reformation. Europe's 
religious conflicts. from two 
centuries before Luther to Calvin. 

IX. The Age of Voltaire. Europe 
from 1715 to 1756. The world of 
Frederick the Great. Wesley. Bach. 

A history of European civili7-'ltion 
from 17R9 to IRIS. 

Book-of-the-Month Club offers new 
members The Story of Civilization at an 
extraordinary saving. Here is your 
opportunity to obtain for your home 
library all 11 volumes for just $20-a set 
exactly like the one sold in good book­
stores for $248.55_ To own it is to have at 
your fingertips a reference work of 
undisputed authority as well as an epic 
history of civilization. T his bounty for 
booklovers is not a one-time affair. It's a 
demonstration of a continuing benefit. 
As a member you'll keep abreast of the 
best and most important books pub­
lished today. And it's only one of the 

many reasons Book-of-the-Month Club is 
the best book club, 
Bookstore Quality at Book Club 
Savings. You conveniently shop at 
home at considerable savings. Example: 
if you took The Story of Civilization for 
$20.00. bought six books and two Book­
Dividends you could save an average of 
$240-including postage and handling, 
And these are true savings, because 
every book is exactly like the one sold in 
good bookstores-the same size, paper, 
type and binding. You never receive 
cheap book club editions altered in size, 
with inferior paper and bindings. 

Book-Dividends. Every book you buy 
earns credit which entitles you to choose 
from a wide variety of significant books 
at hard-to-believe savings of at least 700/c 
when you remain a Club member after 
the trial period. 

Additional Club Benefits. A distin­
guished collection of specially produced 
record albul7ls, beautiful gifts and 
games, children's books and a Club 
charge account with no service or inter­
est charges-all made available 

exclusively to members. 

Book·of-the·Month Club, Inc .. Camp Hill. Pa. 17012 
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Garden Camera 
CALCULATORS 

, Hewlett Packard 
HP 10 ....... 137.95 
HP 1 9C ...... 26 9.95 
HP 25 ........ 9 8.50 
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HP 2 5C . . . . . .  136.50 
HP 27 ....... 1 37.50 
HP 2 9C ...... 152.95 
HP 67 
HP 9 2  
HP 97 

Texas Instruments 
T.I. 57 ........ 59.95 
T.I. 58 ........ 89.95 
T.I. 59 ....... 2 14.95 
T.I. 51 I I  .. . ... 46.95 
PC l00A ..... 146.50 
T.I. 5040 . . . • . .  89.9 5 
T.I. 5050M • • • .  76.95 
T.I. 5100 ...... 37.50 

354.95 
4 89.95 
589.95 

NEW! MBA PROGRAMMABLE We accept .... $59.95 - r .• Speed your order VISA' . TOLL FREEl _ 

Call I (800) 221·1810 
Or lend poetage and handlfng to 

6A11.-N UMIII& 
345 Seventh Avenue, N.Y., N.Y. 10001 

New York, AI�.b & H�w�ii C�II: 
Tel: (212)11&8-1420 Open Weekct.y. 8:»6:00 
OPEN SUNDAYS lG-4p.m. Closed S�turd�ys. 

Sail a taU ship 
toasmaU 
island. 
Saba Caniacou. Nevis. Grenadines. 
Bligh's breadfruit isle. 
Stevenson's Treasure Island 
They are all here in the Caribbean 
waiting to be discovered again. 
Along with unforgettable beaches, 
forgotten forts. hushed volcanoes and . "r'- picturesque little villages. 

. . Come with us on a 
'barefoot' adventure, 

,0; 

6 or14 days, from $290. 
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To remote islands. 
Aboard schooners 

once belonging 
toOnassis, 

Vanderbilt, 
........ theDuke 

of West­
minster. 

Name __________________________ _ 

Address ________________________ _ 

nia wells yield a steam whose acidity is 
so low that it can be used in its natural 
state." 

"How far in this age of frankness can 
a journal such as SCIENTIFIC AMERICAN 
go in the discussion of sex? We recall 
that in our time some of the youth ob­
tained their information about sex from 
their parents. Most of us. however. re­
ceived it from older youths and from 
books that in some way implanted in our 
young minds the falsehood that sex was 
bad. We therefore make no apology for 
mentioning here a series of pamphlets 
we sincerely believe the majority of our 
readers should know about: the recent 
publications of the National Committee 
for Mental Hygiene. prepared by the 
well-known sociologist Katherine B. 
Davis. These several pamphlets, which 
we are advised are available for distribu­
tion to serious readers. will inevitably 
irritate many. for the truth always ir­
ritates. They will shock a few of the 
tender-minded. and they will doubtless 
confound utterly some of the misbeliefs 
even of the scientifically minded. What 
are the 'average' sex practices of the 
human race? We had thought we knew. 
yet it appears we did not. We have often 
mistaken general impressions and tradi­
tions for fact. We must liquidate our 
present beliefs and remold them on a 
more reasonable basis. In short. if what 
we have thought to be abnormal in sex 
life now turns out to have been more 
the rule. must we not now revise the 
very criterion of what actually consti­
tutes an average normal sex life?" 

FEBRUARY. 1878: "Mr. Thomas A. 
Edison recently exhibited his talking 
machine before the·Pol"technic Associ­
ation of the American Institute in New 
York. This was the first public showing 
of the instrument. and although much 
yet remains to be done to make it fulfill 
the design of its inventor. its capabili­
ties have already been considerably ad­
vanced beyond those it possessed when 
it was displayed to us in this office short­
ly after its origination. The mechanical 
construction. that is. the rotating sliding 
cylinder. the vibratory membrane and 
the tin foil strip that receives the inden­
tation and in turn transmits the pulsa­
tions to the receiving diaphragm. have 
not been materially modified. but by the 
use of reflectors Mr. Edison has suc­
ceeded in magnifying the sound so as to 
render it quite audible throughout a 
large apartment. The instrument proved 
its capacity as a linguist by repeating 
sentences spoken to it in English. Dutch. 
German. French. Spanish and Hebrew. 
It imitated with marvelous fidelity the 
barking of dogs. the crowing of cocks. 

etc.. and then. taking a severe cold. 
coughed and sneezed and wheezed. It 
withstood the test triumphantly. and re­
mained in modest silence while praises 
were lavished upon it and suggestions 
innumerable made as to its future uses." 

"On the 22d of December. 1877. oxy­
gen was for the first time liquefied by M. 
Raoul Pictet. Little more than a century 
has elapsed since the first discovery of 
this gas (by Priestley. in 1774). and vast 
has been the progress of science since 
that time. Gases at one time were looked 
upon as uncondensable vapors. but 
within the century first one and then an­
other has given way to the persevering 
efforts of experimentalists. till at last the 
number of incompressible gases. with 
the liquefying of nitric oxide about a 
month ago by M. Louis Cailletet. was 
red uced to three-oxygen. nitrogen and 
hydrogen. Now that oxygen has suc­
cumbed only two remain unliquefied." 

"The interest Mr. Graham Bell's tele­
phone has aroused among scientific men 
is extraordinary. We hear in all quar­
ters of experiments being made in con­
nection with it. with a view to throwing 
light upon its mode of action. Mr. Bell 
and others are striving to measure the 
strength of the electric currents ind uced 
by the vibration of the iron diaphragm. 
These currents are of extreme feeble­
ness. and are incompetent to affect the 
most delicate galvanometer or elec­
trometer. since they rapidly succeed 
each other in opposite directions. Other 
physicists are investigating.the mode of 
vibration of the iron membrane. and the 
part played by the steel magnetic core." 

"The convocation of the University of 
London has by a large majority agreed 
to accept what is called the Supplemen­
tal Charter. the effect of which would be 
to admit women to degrees in all the 
faculties. on the same conditions as 
men. This was done in the very teeth of 
the Medical Faculty. which in May last 
declared in the most unmistakable man­
ner its strong protest and decision 
against the admission of women to med­
ical degrees. Sir William Gull. it ap­
pears. considers it the least desirable of 
all things that women should be encour­
aged to practice medicine. Professor 
Lester claimed that in such a case the 
Medical Faculty itself should decide the 
question. Sir James Paget declared that 
it would be a scandal and a disgrace to 
examine women for medical degrees as 
men are now examined for them. Sir 
William Jenner was strongly opposed to 
the innovation. and condemned the ad­
vocates of the women's party. Sir Wil­
liam said that he had but one daughter. 
and he would prefer to see her upon the 
benches of the dissecting room than pur­
suing the course of study necessary to 
entitle her to take a medical degree." 
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Consumer ReP.2!ts thinks Y.21! should know : 

How good is the bologna 
in that sand-wich? 

Of the 35 brands and varieties of 
bologna tested by Consumer Reports 
for quality, nine were rated Poor or 
Very Poor for taste. The samples, 
bought in food stores, were either rancid 
or showed beginning signs of rancidity. 

The start of rancidity can often be 
detected by a perfume-like scent. So 
the sweet smell of your bologna may be 
trying to tell you something. 

HoW" does the bologna 
sandW"ich compare 
-with the others? 

Hamburger Bologna Tuna Salad 

Ph Ib raw beef. (3'h ounces 13'h ounces 
cooked. bologna. tuna. 1 tbsp. 

ia::�; mu�(��cD' 
on 

m':!n°:hit
i:e) 

on bun white bread bread 

Peanut 
Butter 
(I ounce 
peanut 

hutler) on 
white bread 

The bologna sandwich earned our 
lowest vote of confidence. 

Consumer Reports explored this in 
detail in its article "How Good is the 
Bologna in that Sandwich?" 

Here's how bologna stacked up against 
the other three sandwich foods ... (1 ) High­
est in cost·per·ounce of protein 
(2) Highest in fats and calories. The 
bologna sandwich, in fact, was over four 
times as expensive as the cheapest 
sandwich-peanut butter-at the prices 
prevailing when we made our test. 
What's more, bologna contains a 
potentially harmful additive called 
sodium nitrite. 

Consumer Rep'orts 
gives you the facts 
behind the "baloney". 

Today's supermarket is no place to be 
on your own. 

Without help, it's hard to know about 
subtle product differences that can 
cheat your family of nutrients and 
maybe even cost you more in the bargain. 

That's why Consumer Reports rates 
food and household products by testing 
standards just as rigorous as those we 
use for automobiles and expensive 
appliances. Equally rigorous standards 
are applied to our research into services, 
such as banking, insurance and much more. 

Consumer Reports is the nonprofit, 
reader-supported magazine of Consumers 
Union-the nation's leading independent 
organization for testing and rating 
consumer products and services. 

We don't accept advertising from 
anyone. 

We buy what we test at the same 
stores you do. And we never accept 
"free samples" from manufacturers. 

Five facts our readers 
learned that you 
could have used: 
1. Pepperidge Farm Whole Wheat 
Bread was rated lower nutritionally 
than Wonder Enriched White Bread. 

2. Pizza Hut's 10" Supreme pie gave us 
the most nutritional buyout of eight 
fast-food meals we tested ... Arthur 
Treacher's Fish & Chips the least. 

3. Bounty may be a "quicker picker 
upper" than lower-priced paper towels. 
But you may be able to handle most of 
your cleanup jobs with the cheapest 
towel you can find. 

4. That much-squeezed-on-TV bathroom 
tissue that touts its softness whittled 1 50 

sheets off each roll. (Once again, it's the 
customer who gets squeezed.) 

5. Two banks can advertise the same 
interest rate for your savings account. 
But one pays only $44.93 for the same 
period for which the other pays $75.3 0. 
It's how they calculate your interest 
that counts. (And some of the biggest 
banks in the country are the stingiest 
when it comes to paying you interest.) 

A lot of companies may not like what 
we have to say. 

But remember, those same companies 
spend millions of dollars a year on ads 
and TV commercials for their products 
and services ... so they can give you the 
facts that serve their interests. 

Shouldn't you spend just $11 a year 
on Consumer Reports-so you can get 
the facts that serve your interests? 

Subscribe no-w and get 
The Medicine Show 
and the 1')78 Buying 
Guide Issue free. 

New su bscribers will re­
ceive a free copy of our 1978 
Buying Guide Issue, 432 
page s covering more than 
1900 pr od u ct s  by br and 
name and mode l number. 
You will also !let, free, a copy 
of our revealIng book about 
health products and services, 
The Medicine Show. And 
that's not all-see details of 
money-saving offer. Then 
mail card or coupon. 

r------------------------------
Here's hoW" you save $9.50 on this 
introductory offer to neW" subscribers ..... _. 
You get 11 regular 
monthly issues of 
Consumer Reports 
(newsstand price, 
$1 each), total 
newsstand price 

You get the 1978 
Buying Guide Issue, 
single· copy price 

You get the 1979 

$11.00 

. $ 3.00 

Buying Guide Issue. 
single-copy price .. . .. $ 3.00 

You get the 384-page 
guide to health prob­
lems and products. 
The Medicine Show, 
price. . $ 3.50 

Total Price . . .... $20.50 

CONSUMERS UNION 
publisher of Consumer Reports 
Orangeburg, New York 1 0962 
Please send free copies of the 1 978 Consumer 
Reports Buying Guide Issue, and the 3 84-page 
guide, The Medicine Show. Enter my subscrip­
tion to Consumer Reports for a year at $11.00, 
including the 1 979 Buying Guide Issue when 
published. 

o Payment enclosed o Bill me, please 

Narne __________________________________ __ 

Address ___________________ Apt. N 0. __ 

City ________________________________ __ 

State _____________________ Zip ________ _ 

Save more. Check if you prefer: 
o 2 years-$20 (save $14.50) 
03 years-$27 (save $21.50) 

IA·99 

Please allow 3-6 weeks for delivery. Refund of 

You save $') 50 U1�used portion of subscription guaranteed if you 
• Wish to cancel for any reason. 

L ©1977 CONSUMEIIS UNION OF u.s., iNC J 

You Pay Only ...... $11.00 

------------ ----- -- ------------ --- � 
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THE AUTHORS 
ELLEN L. BASSUK and SAMUEL 

GERSON ("De institutionalization and 
Mental Health Services") are respec­
tively a psychiatrist and a psychologist 
who have collaborated on a study of the 
statewide psychiatric emergency service 
in Massachusetts. Bassuk is assistant 
psychiatrist at Beth Israel Hospital in 
Boston and instructor in psychiatry at 
the Harvard Medical School. She at­
tended Brandeis University and the 
Tufts University School of Medicine. 
where she obtained her M.D. in 1968. 
After an internship at Mount Auburn 
Hospital in Cambridge. Mass .. she did 
her first two years of psychiatric training 
at the Boston University School of Med­
icine. going to the Harvard Medical 
School in 1971 as a third-year resident. 
Bassuk is currently director of the Psy­
chiatric Emergency Service at Beth Isra­
el Hospital and chairman of the Psychi­
atric Emergency Directors Committee 
of the Massachusetts Psychiatric Socie­
ty. Gerson is instructor. in psychology at 
the Harvard Medical School, staff psy­
chologist at the Cambridge Ho�pital 
and assistant in psychology at Beth Isra­
el Hospital. He attended City College of 
the City University of New York. where 
he received his master's degree in educa­
tion in 1973. and he is now completing 
his thesis research for a Ph.D. in clinical 
psychology from the University of Tex­
as at Austin. 

ENRICO BONATTI ("The Origin of 
Metal Deposits in the Oceanic Litho­
sphere") is senior research associate at 
the Lamont-Doherty Geological Obser­
vatory of Columbia University and ad­
junct professor of marine geology at the 
University of Miami. Born in Rome. he 
attended the University of Pisa. where 
he obtained his doctorate in geological 
sciences. In 1960 he went to Yale Uni­
versity on a Fulbright fellowship and 
became involved in reconstructing the 
climate of southern Europe during the 
last ice age by analyzing sediments from 
small Italian lakes. The following year 
his interests turned to the geology of the 
ocean floor. and he moved to the Scripps 
Institution of Oceanography. There he 
remained until 1965. when he joined 
the faculty of the Rosenstiel School of 
Marine and Atmospheric Science of the 
University of Miami; he moved to Co­
lumbia in 1975. Bonatti has led a num­
ber of oceanographic expeditions in 
four oceans. and he has done fieldwork 
in the Afar Rift of East Africa. in the 
Philippines and in the Alps. 

JAMES L. NEVINS and DANIEL E. 
WHITNEY ("Computer-controlled As­
sembly") are research engineers at the 
Charles Stark Draper Laboratory in 
Cambridge. Mass. Nevins is the princi-
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pal investigator on a project to develop a 
programmable industrial assembly sys­
tem; he also directs the laboratory's re­
search on instrumentation and control 
systems for nuclear reactors. He attend­
ed Northeastern University. where he 
received his bachelor's degree in elec­
trical engineering in 1952. That year 
he joined the Draper laboratory (then 
the Instrumentation Laboratory of the 
Massachusetts Institute of Technology) 
as a test engineer. and in 1956 he ob­
tained his master's degree from M.LT 
in the department of aeronautics. At the 
Draper laboratory Nevins has. among 
other things. helped to develop the guid­
ance. navigation and control systems for 
the Apollo spacecraft and the lunar land­
ing module. Whitney is a mechanical 
engineer at the Draper laboratory He 
did his undergraduate work at M.I.T in 
the humanities and mechanical engineer­
ing and after two years in the Navy re­
turned to receive his Ph.D. in mechan­
ical engineering in 1968. He then joined 
the M.LT. faculty. working for six years 
in the department of mechanical engi­
neering before going to the Draper lab­
oratory in 1974. 

GORDON M. SHEPHERD ("Mi­
crocircuits in the Nervous System") is 
associate professor of physiology at the 
Yale University School of Medicine. He 
studied zoology as an undergraduate at 
Iowa State University and obtained his 
M.D. from the Harvard Medical School 
in 1959. He then went to the University 
of Oxford to work on the electrophysiol­
ogy of the olfactory system. receiving 
his D.Phil. in physiology in 1962. That 
year he became a research associate in 
the Mathematical Research Branch of 
the National Institute of Arthritis. Me­
tabolism. and Digestive Diseases. Shep­
herd then worked for two years in the 
department of physiology at the Ka­
rolinska Institute in Stockholm before 
joining the Yale faculty in 1967 

YOLANDE HESLOP-HARRISON 
("Carnivorous Plants") is currently Lev­
erhulme Research Fellow at the Welsh 
Plant Breeding Station of University 
College of Wales. She attended the Uni­
versity of Durham. where she obtained 
her doctoral degree in botany. She then 
lectured at the University of London 
and did research at the Royal Botanic 
Gardens in Kew. In addition to carniv­
orous plants her interests include the 
study of the lives of eminent Victorian 
scientists through their letters and other 
archival material and the archaeology 
of early technology in the English Mid­
lands. 

CARLO M. CROCE and HILARY 
KOPROWSKI ("The Genetics of Hu-

man Cancer") work at the Wistar Inst! 
tute of Anatomy and Biology m Phila 
delphia. Croce. who IS professor of ge 
netics. attended the University of Rome 
where he received his M.D in 1969 The 
following year he joined the staff of the 
Wistar Institute. and his research has fo­
cused on the factors that control gene 
expression and on the genetics of malig 
nancy Koprowski is director and insti 
tute professor at the Wistar Institute and 
professor of research medicine at the 
University of Pennsylvania. He ob­
tained his M.D at the University of 
Warsaw in 1939 and came to the U.S in 
1944 He joined the institute in 1957 af 
ter working for 12 years at the Lederle 
Laboratories of the American Cyanam 
id Company His current scientific inter 
ests include the expression of immune 
functions by hybrid cells and the mecha­
nisms of viral latency in chronic and 
persistent infections. 

DANIEL Z. FREED MAN and PE­
TER VAN NIEUWENHUIZEN ("Su­
pergravity and the Unification of the 
Laws of Physics") are members of the 
physics faculty at the State University of 
New York at Stony Brook Freedman 
attended Wesleyan University and the 
University of Wisconsin. where he ob­
tained his Ph.D in 1964 He spent the 
next four years on postdoctoral fellow­
ships at the Imperial College of Science 
and Technology the University of Cali­
fornia at Berkeley and the Institute for 
Advanced Study in Princeton. N.J In 
1968 he joined the Stony Brook faculty 
he is currently on leave for a year as 
visiting professor at the California Insti­
tute of Technology Van Nieuwenhui­
zen was educated at the University of 
Utrecht. where he received his doctor­
al degrees in mathematics and theoreti­
cal physics under Martin J G Veltman. 
From 1969 to 1971 he was a fellow at 
the European Organization for Nuclear 
Research (CERN). and then he moved 
to the University of Paris at Orsay for 
two years on a Joliot-Curie fellowship 
In 1973 he went to Brandeis University 
and two years later he joined the Stony 
Brook faculty He is now on leave as a 
visiting scientist at CERN 

MEHDI N BAHADORI ("Passive 
Cooling Systems in Iranian Architec­
ture") is professor of mechanical engi­
neering and director of the Solar Ener­
gy Center at Pahlavi University in Iran. 
He writes: "I should like to thank the 
Pahlavi University Research Council 
for supporting my research and the cul­
tural offices of the cities of Yazd. Ker­
man and Bam for facilitating my visits 
to buildings of interest in those cities 
I am also grateful to S H Izadpanah 
for making similar arrangements for 
the city of Semnan. and to Profes­
sors Sabzevari and Shahmpoor for the 
interesting diSCUSSIOns I have had with 
them " 
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"Collling or going nobody 
gets you out of tlie airport 

faster than Hertz!' 
Hertz knows what business trips 
are like. 

The rushing. 
The waiting. 
Planes delayed by bad 

weather. 
Meeti ngs that run late. 
And Hertz knows to keep your 

business. we've got to give you the 
fastest possible service. 

Hertz not only has more cars 
and more locations all across the 
country. but more good ReoRle. too. 

The kind of people who can 
put out that extra effort to rush you 
away from the counter into 
a clean. reliable car fast. /. . " 

Nobody can do it 
faster. 

It takes a com­
pany like Hertz. 
dedicated to 
giving you the 
fastest possible service. 
to invent almost every good idea to 
get you away fast. 

Like the Hertz # 1 Club. 
prewritten rental agreements. 
preassigned cars. as well as 
Express Check-in so you 
spend no time dropping off 
your car when you have a 
plane to catch. 

You don't get to be 
The Superstar in rent -a-car by just 
waiting around for some other 
company to come up with good 
ideas to speed up service. 

You do it first. 
And you keep on doing it. 
Next business trip. ask your 

travel consultant to book a car for 
you with Hertz. Or call Hertz direct 
at 800-654-3131. 

Her�z 

The Superstar 
in rent-a-car. 

HERTZ FEATURES THE EXCITING NEW FORD FAIRMONT 

® 

OJ� 

© HEf\TZ SYSTEM INC 1911 
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We wish that were. the case ... that raising a 
car's miles per gallon lowers its exhaust pollutant 
parts per million. But mpg and ppm don't 
seesaw. They tend to move up or down to­
gether, unfortunately. 

Given that tendency and a fixed pollutant 
limit, how do you achieve good fuel economy in 

MINICOMPUTER 
an automobile engine? 

Electronics en­
gineers here at the 
General Motors Re­
search Laboratories 
are helping close in on 
the answer. They're 
doing it through an 
understanding of the 
dynamic interaction 

between spark advance (SA), air-fuel ratio 
(A/F), and exhaust gas recirculation (EGR) and 
how this affects fuel economy and emissions. 
Their goals have been to determine the optimum 
control strategies for the three variables and 
devise systems to implement these strategies. 

By extending and applying microprocessor 
(minicomputer) technology and optimal control 
theory - the same kind of sophisticated theory 
used to control the descent of lunar modules -
Lab engineers have: 
• Produced the first on-line dynamometer sys­

tem in which a computer, programmed with a 
mathematical optimization algorithm, auto­
matically converges on the maximum 
economy point 
(represented at 
ri�ht) in a r.un­
nIn g e n gIn e 
within specified 
emission limits. 
It d o e s  t h i s  
a t  s peed-load 
points typical of 
federal driving 
schedules. 

• Modified this 
system so that 
the computer 
makes the engine think it's in a vehicle, then 
drives the "vehicle" through federal 
schedules. 

• Developed a unique computerized test facility 
in a station wagon to evaluate experimental 
control concepts in a real-world environment. 

Not exactly a giant leap for mankind. Just 
three of the many determined steps we're taking 
on earth to push mpg up while holding ppm 
down. 

Up with mpg., 
down with ppm_ 

General Motors 
Research Laboratories 
Warren, Michigan 48090 
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MATHEMATICAL 
GAMES 

On checker jumping, the amazon game, weird 
dice, card tricks and other playful pastimes 

by Martin Gardner 

The equipment used in familiar 
games-dice. chessmen. checkers. 
cards and so on-has always been 

a rich source of problems in recreation­
al mathematics. Here are some recent 
examples of such problems. chosen for 
their variety and elegance. Most of the 
questions are answered here but I am 
withholding one solution until next 
month and another until I hear from 
readers. 

I shall begin with dice. Is it possible to 
number the faces of a pair of cubes in a 
way completely different from that of 
standard dice so that the cubes can be 
used in any dice game and all the odds 
will be exactly the same as they are 
when standard dice are used? 

As far as I know. Col. George Sicher­
man of Buffalo was the first to pose and 
solve this question. The answer is yes. 
and the weird pair of dice in the illustra­
tion on this page show the only way 
it can be done if we assume that each 
face must bear a positive integer. It 
does not matter how. the six numbers 
are arranged on each die. Sicherman 
has placed the numbers so that opposite 
sides of the left die total five and oppo­
site sides of the right die total nine. 

At the left in the top illustration on 
page 22 is the familiar matrix that dis­
plays all the ways each sum from 2 
through 12 can be made with a pair of 
standard dice. There are 36 combina­
tions. To determine the probability of 
throwing a given sum. II. count the num­
ber of 1I's on the chart and divide by 36. 
For example. there are three 4·s. and so 
the probability of throwing a 4 is 3/36. 

or 1/12. The corresponding chart for 
Sicherman dice is at the right in the illus­
tration. It proves that the odds for each 
sum are exactly the same as with ordi­
nary dice. A casino could use Sicherman 
dice on the crap table without altering 
any of its betting rules or changing the 
vigorish (house percentage). although it 
might be hard to convince customers 
that the probabilities were unaltered. 

found that it is impossible to redesign a 
set of three or more dice that have the 
same odds as ordinary dice without uti­
lizing his two dice. For example. Sicher­
man's pair plus one conventional die 
have the same odds as three ordinary 
dice. two pairs of Sicherman dice be­
have like four ordinary dice and so on. 

The standard way numbers are ar­
ranged on Western dice (opposite sides 
total 7. and 1. 2 and 3 go counterclock­
wise around a corner) is involved in 
many puzzles and magic tricks and even 
in bits of numerology. The four edges of 
each face of a die represent the four sea­
sons. The 12 edges of the cube stand for 
the 12 months. There are three pairs of 
digits on a die that add up to 7. the num­
ber of days in a week. If 7 X 7 X 7 
is added to 7 + 7 + 7. the sum is 
343 + 21. or 364. Adding I for the die 
gives 365. the number of days in a year. 

A die can be held so that one. two or 
three faces are visible. Is it possible to 
turn the die in different ways so that 
what is seen adds up to every number 
from I through IS? Curiously. only the 

• 

I 
I 

, I 

• 

• 

• • • • 

• • 

• • • • 

• 

• 
• 

unlucky 13 is impossible. Multiplying 
13 by 4 (for the four corners of a face) 
gives 52. the number of weeks in a year. 

Karl Fulves. a New Jersey magician. 
writer and computer scientist. recently 
invented an unusual extrasensory-per­
ception trick based on the way the digits 
are arranged on a die. The magician 
hands someone a die. turns his back and 
gives the following instructions. The 
subject is asked to place the die on a 
table with any face uppermost. If the top 
number is even. he must give the die a 
quarter turn to the east (to his right). If 
the top number is odd. he must give the 
die a quarter turn to the north (away 
from him). This procedure is repeated 
sequentially. always obeying the rule: 
Turn east if the top face is even. turn 
north if it is odd. Every time the subject 
moves the die he calls out. "Turn." He 
does not. of course. reveal the number 
he started with or any subsequent top 
number. 

After a few turns the magician tells 
the subject to stop as soon as 1 appears 
on top. The subject is then asked to give 
the die one additional turn (in compli­
ance with the rule) and next to concen­
trate on the number this brings upper­
most. It seems as though the number 
could be any one of four possibilities. 
Nevertheless. with his back still turned. 
the magician names the number. 

A little experimentation discloses the 
secret. After at the most five turns the 
die enters the following loop: 1-4-5-6-
3-2. 1-4-5-6-3-2.. . . .  Therefore the 
number following 1 is always 4. Actual­
ly the die loops within three turns except 
when it is initially placed with 6 up and 5 
facing the subject. 

The following combinatorial problem 
was sent to me several years ago by 
Christer Lindstedt. a correspondent in 
Sweden. Imagine a three-by-three-by-

• 
• • 

• • 
• • 

, • I 
, , I " , , 

, I 

• • 

• • 

• • 

• • • • • • • 

• • • • 

• • • • • • • 

• 

• 
• 

To demonstrate that there is no other 
way to construct such a chart with posi­
tive integers takes a bit of doing that I 
shall not go into here. Sicherman also Sicherlllall dice 
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wonder 
about 

*and# 
With * and #; new telephone 

services will soon be at your finger· 
tips. These services will be possible 
because technological innovations 
from Bell Laboratories and Western 
Electric are transforming the nation's 
telecommunications network. 

For example, with * and #; you 
may be able to arrange distinctive 
ringing for incoming calls from tele· 
phones you designate. 

You'll be able to protect your 
privacy by having caIlers get a "do 
not disturb" signal when they dial 
your number; or, when you dial a call 
and reach a busy signal, you'I1 be 
able to set up a caIlback system that 
wiIl wait until the line is free, then 
ring your phone and the one you're 
calling automaticaIly. 

A New Kind of Network. 
New telecommunications tech· 

nology designed by BeIl Labs and 
manufactured by Western Electric is 
bringing you this versatile network. 
Its main elements are an array of 
electronic switching systems (ESS) 
interconnected by high·capacity 

transmission links, and a new 
"signaling" system to carry call· 
handling information. 

Stored-Program Control. 
At the heart of each ESS is 

something called stored'program 
control. With it, the system's calls 
are controlled by coded instructions, 
stored in a memory and executed by 
a central processor. New features 
can be added by updating the stored 
instructions rather than rewiring 
or making complex equipment 
changes. 

The new signaling system that 
wiIl connect these switching systems 
operates like a high· speed private 
intercom. It carries all the information 
needed to handle each caIl and frees 
time on the voice circuits that pre· 
viously carried such information. 

Over 1000 local and long·distance 
ESS's are already in service, and 
twenty regional centers for the new 
signaling network are in place. 

These innovations are 

electronics. Because of their decreas· 
ing cost, low power consumption 
and speed of operation, today's 
integrated circuits are enabling 
engineers to design more capability 
into communications systems at 
lower cost. 

Building on BeIl System accom· 
plishments such as Direct Distance 
Dialing, digital communications and 
high·capacity transmission systems, 
modern electronics permits the new 
network to handle a wide variety of 
communications needs. 

Continuing Innovation. 
AIl these technical achievements, 

and their integration into the tele· 
communications network, result from 
the close coIlaboration of BeIl Labs, 
Western Electric and BeIl System 
telephone companies. 

Because of this teamwork, BeIl 
telephone companies wiIl give you 
the innovative services represented 
by * and # and continue to provide 

possible largely because 
of advances in solid· state @ 

the world's most reliable 
telephone service for the 
least $ and <I:. 

Bell Laboratories 

21 

© 1978 SCIENTIFIC AMERICAN, INC



Model Sailboat 

kits for radio control. Send 
$1 .00 for information to: 

Vortu Model Engineerinc 

Department SA 

210 East Ortega Street 

Santa Barbara, CA 93101 

- -- Mail Ad, No Letter Needed - --

Mystery 
Electronic Top ---'<:.=,'-=---­
Spins For 
Days On ". 
Invisible Powerr 

Greatest New Gadget in Years. A 
Look into the Future! What Makes it 
Go On and On and On at 2500 r.p . m. with no Bopa­
rent energy source? BAFFLING BRAIN BUSTER thet 
BUGS the BRIGHTEST. Demonstrated at science fairs 
and conventions. The higher their IQ the more puzzled 

��eb:o ' :eFfvi��8�:��� �:I��: !��:S
k

t
i�:�:a��:'h: 

start it, stop it or whatever. Psychic Power? Anti-gravity? 
(Yes, but more). Scientific Break-thro from Space? (Par­
tially) You'll laugh at some explanations. Magic, Mystery 
& Science combined. Keeps spinning apparently WITH­
OUT ANY ENERGY LOSS! Fascinating fun at parties. 
science classes, etc. Carry in pocket ready to fool and 
entertain friends & wise-guys. Never wears out. Spins 
indefinitely on Invisible Wireless Power that you can 
defy anyone to See. llnderstand or Explain! Beauti­
fully made with tlastic base and black saucer-shaped 
spinner. Patente . Complete with secret scientific ex­
planation. Handsome gift box. 
Send $7.95 each. Add $1.00 shipping & hendling. Un· 
limited Money Back Guarantee. 

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. $1.95 each. 2 for 
$3.00. Add � handling. 

Johnson Smith Co., 35075 Automation 
Dept. 692, Mt. Clemens, Mich. 48043 

FREE I Catalog of lID) Novelties, Tricks, .mkes, 
• Odd Scientific, Hobby and Fun hems. 

o Rush Your New 1978 Catalog To Me 
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Chart of odds for standard dice (left) and Sicherman dice (right) 

three cube formed with 27 standard 
dice. There are 54 pairs of facing num­
bers in such a configuration. Multiply 
each pair of numbers and then add the 
54 products. What is the minimum sum 
that can be achieved by a suitable ar­
rangement of the dice? What is the max­
imum sum? I do not know the answer to 
either question, and I do not see any 
good way to find the answers without 
a computer. Interested readers should 
send me their best results. I cannot ac­
knowledge the letters, but I shall report 
later on the best answers. At the mo­
ment I am not even sure of the maxi­
mum and minimum sums for a cube of 
eight dice. The best results I have ob­
tained are 306 and 40. 

Here is a little-known chess task prob­
lem with a special case that provides a 
pretty puzzle, although the general case 
is unsolved. Can five queens of one color 
and three of another color be placed on 
a five-by-five chessboard so that no 
queen of one color attacks a queen of 
the other color? You can sketch the 
board on paper and use pawns or coins 
for queens. Surprisingly, there is only 
one solution (not counting rotations and 
reflections). I shall not spoil the read­
er's pleasure by giving the solution this 
month, but I shall include it in next 
month's column. 

On the same order-5 board (a board 
with five cells on a side) it is impossible 
to place five queens so that more than 
three cells are unattacked or to place 
three queens so that more than five cells 
are unattacked. This fact suggests the 
more general problem. Given a board of 
order n, and k queens of one color, what 
is the maximum number of un attacked 
cells that can be produced by a suitable 
arrangement? Of course, queens of a 
different color can be placed on the un­
attacked cells, so that this problem is the 
same as asking for the maximum num­
ber of, say, white queens that can be 
placed along with k black queens on an 
order-n board so that no queen of one 
color attacks a queen of the other color. 

The general problem is meaningless 
for boards of orders 1 and 2, and it is 

easy to see that on the order-3 board a 
queen can be put on a corner or side cell 
to leave a maximum of two cells umit­
tacked. The problem starts to get inter­
esting when n equals 4. It is not known 
whether there are unique patterns for k 
queens on boards of order higher than 
5, and finding a formula for the gen­
eral problem seems difficult, if not im­
possible. 

There are dozens of classic chess task 
problems involving knights. Some of 
them are given in Chapter 14 of the lat­
est collection of my columns, Mathe­
matical Magic Show. Scott Kim has pro­
posed the following knight task, which I 
have not seen before. Can 16 knights be 
placed on the standard chessboard so 
that each knight attacks just four oth­
ers? The illustration below displays the 
beautifully symmetric solution. The 
black lines, which show all the attacks, 
form a planar projection of the skeleton 
of the hypercube. 

In April, 1977, Jan Mycielski. a math­
ematician at the University of Colo-. 
rado, wrote to ask if the following prob­
lem, suggested by his colleague Richard 
J. Laver, is new. Can a finite set of equal­
sized squares be drawn on the plane in 
such a way that every corner of ev­
ery square is also a corner of at least 
one other square? The squares may over-

Hypercube solution to Kim's knight problem 
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A 2,OOO-year-old murder mystery solved ... the current 
state-of-the-art in astronomy ... the secret life of animals 

... buried civilizations ... the future of the universe ... 
sooner or later everything you want to know in the natural 

world reveals its secrets to members of the 

Natural Science 

(Publishers' Prices shown) 

00470·3. VAN NOSTRAND'S SCIEN· 
TIFIC ENCYCLOPEDIA. Edited by 
Douglas M. Considine. Nearly 200 experts 
have contributed to the thoroughly revised 
and expanded Fifth Edition of the most 
authoritative single-volume source of sci­
entific infonnation ever assembled. Over �;:. illustrations. Counts as 3 0/ $67�5� 

63340-2. MY STERIES OF THE PAST. Beauti­
fully illustrated volume explores the riddles of past 
civilizations. Totally absorbing reading. Counts as 2 
o/your 3 books. $34.95 

37211·2. THE CAMBRIDGE ENCYCLOPAE­
DIA OF ASTRONOMY. Huge. definitive work 
covers everything from the life and death cycles of 
the stars to the origin and fate of the cosmos. Hun­
dreds of photographs, charts and drawings. Counts 
as 2 o/your 3 books . $35.00 

66545. OUT OF THIS WORLD. Paul Dicksoll . 
200 of the most spectacular photo�raphs ever re­
turned to earth have been collected m this first fully 
illustrated survey of American space photography. 

$19.95 

48601. THE FIRST THREE MINUTES/THE 
COLLAPSING UNIVERSE. First. a particle 
physicist analyzes the first few minutes following 
the Big Bang. Then Isaac Asimov investigates such 
frontiers of astronomy as black holes, pulsars, and 
quasars. The 2 count as olle book. $17.90 

61660. MECHANICS OF THE MIND. Colill 
Blakemore. Reports discoveries now being made 
about the human brain: why we have an awareness 
of self, how we feel and see the world we live in, 
why we sleep. how we remember. 200 beautiful 
photographs. $19.95 

34210. THE ARCHAEOLOGY OF NORTH 
AMERICA. Dean Snow. Prehistoric Indiari cul­
tures, from the first crossings into this continent to 
the 20th century death of the last stone-age man. 195 
photos. charts and maps. $18.95 

Book Club 

34670. ASTRONOMY AND COSMOLOGY. Sir 
Fred Hoyle. A peerless survey of the ideas, princi· 
pies, and processes of astronomy by one of the 
world's finest astronomer-cosmologists. $16.50 

61610. MAYA. Charles Gallenkamp. The rise of 
Mayan civilization and its march to extinction. A 
view of the life, arts, religion, and science of this 
unique civilization. 512.95 

39560. COLONIES IN SPACE. T. A. Heppen­
heimer. Examines how towns will be laid out; how 
food, water and air will be supplied; what is being 
planned for future interstellar flight. 100 illus­
trations. $U.95 

34665. ASTRONOMY: Fundamentals and Fron· 
tiers. Thir d Edition. Roben Jastrow and Malcolm 
T hompson. Extraordinary tour of modem as­
tronomy. Includes data gathered by Apollo and �:�er probes and over 330 illustrauons-m

$
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MEMBERSHIP BENEFITS • In addition 
to gerting three books for only 99¢ each when 
you join. you keep saving substantially on the 
books you buy. • If you continue member­
ship past the trial period, you will be eligible 
for our Bonus Book Plan, with savings of at 
least 70% off publishers' prices. • At 3-4 
week intervals (15 times per year) lOoU will 
receive the Book Club News, describing the 
coming Main Selection and Alternate Selec­
tions. together with a dated reply card. In 
addition, up to 4 times a year, you may re-
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Selection, or the special sefection, do nothing 
and it will be sent to you automatically. • If 
you prefer another selection, or no book at all, 
simply 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. 

55547. INSIDE THE ANIMAL WORLD: An 
Encyclopedia of Animal Behavior. Maurice & 
Robert Burlon. An elegantly illustrated, com­
prehensive survey of every facet of animal a$��

.
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48475. FIELDBOOK OF NATURAL HISTORY. 
E. Lawrence Palmer and H. Seymour Fowler. The 
most authoritative and comprehensive guide to 
natural history available. With over 800 illustra-:�s
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63350. MYSTERIES OF THE MEXICAN 
PYRAMIDS. Peter Tompkins. Absorbing investi­
gation of the arcane civilizations of ancient Mexico. 
Lavishly illustrated. $20.00 

55000. THE ILLUSTRATED ENCYCLOPEDIA 
OF ASTRONOMY AND SPACE. One-volume 
encyclopedia covers the full range of astronomical 
knowledge and space exploration. $16.95 

85085-2. THE UNDERSEA. N. C. Flemming. 
General Editor. Sumptuous pictorial survey that 
explores every aspect of the world's oceans from 
geological origins to human exploration and exploi­
tation. COUIIlS as 2 of your 3 books. $27.50 

62920. MONUMENTS OF CIVILIZATION­
THE ANDES. Roberto Magni and Enrico Guidoni. 
Breathtaking tour of the wonders of the ancient 
(ncas, Nazca, and other early South American 
civilizations. Over 100 full-color photographs 
dramatically convey the artisfic skill and engineer­
ing genius of these vanished peoples. $19.95 

84870. TUTANKHAMUN: The Last Journey. 
Text and photographs by William MacQllitry. The 
legendary treasures of the boy-king; the mysterious 
beauty of Ancient Egypt captured in a series of 
extraordinary photographs. $10.95 

59500-2. MAGNIFICATIONS. Dm'iel Sch{//f. 
Unique treasury of over 100 super-close photo­
graphs taken with the scanning electron microscope. 
A bee's wing becomes a surrealistic landscape: 
aphids appear as grazing cows; and a midge assumes 
the ferocity of an alien monster. Counts as 2 of your 
3 books. $24.95 

54995. THE ILLUSTRATED ENCYCLOPEDIA 
OF ARCHAEOLOGY. Glyn Daniel, General 
Editor. Provides a worldwide survey of all signifi­
cant sites, cultures and civilizations that ar­
chaeologists have discovered. $17.95 r---------------i 

Natural Science Book Club 4·AIE 
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 purchase at least three 
additional Selections or Alternates during the first 
12 months I am a member, under the club plan 
described in this ad. Savings range up to 30% and 
occasionally even more. My membership is can­
celable any time after I buy these three books .. A 
shipping and handling charge is added to all shIp­
ments. 

3 books for 99¢ each. 
Indicate by number the 3 books you want. 

A few eXfensive books (noted in book descriptions) 
count as 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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A 12-square solution to Richard J. Laver's problem 

Projection of a four-dimel/sional simplex that soil'es a triangle problem 

24 

lap. Mycielski had found a set of 576 
sq uares that solves the problem, and he 
wondered if that number could be re­
d uced. Shortly thereafter he reported 
that another colleague had found a solu­
tion with 40 sq uares, and then that two 
other colleagues had independently 
brought the number down to 12 [see top 
illustration at left]. Finally, Andrzej 
Ehrenfeucht, a professor of computer 
science at the university, found a solu­
tion with eight squares. 

Last October I mentioned the prob­
lem to Kim without telling him of any of 
the above results. He staggered me by 
saying instantly, "It can be done with 

4 eight." He had, of course, remembered 
his l6-knight problem that solves La­
ver's problem with eight squares. There 
is surely no solution less than eight, but I 
have no proof of that In three dimen­
sions the problem can be solved with 
three squares. On the plane six identical 
equilateral triangles can be arranged so 
that every corner belongs to two trian­
gles but no edge belongs to two triangles 
[see bottom illustration at left]. Not 
surprisingly, the solution is a planar pro­
jection of the four-dimensional simplex. 
an analogue of the regular tetrahedron. 

David L. Silverman, author of Your 
Move (a splendid collection of puzzles 
based on games), invented a novel board 
game. not included in his book. involv­
ing a nonstandard chess piece that is 
usually called the amazon. An amazon 
combines the power of a queen and a 
knight. The game is played on a stan­
dard chessboard with two amazons and 
a supply of counters. Queens can be em­
ployed as amazons. but it is important to 
remember that each such piece also has 
the power of a knight. 

White opens the game by placing his 
amazon on any cell. Black then places 
his amazon on any unattacked cell 
From that point on the players take 
turns, each player transferring his ama­
zon to any vacant cell not under attack 
by the other amazon. An amazon is not 
moved like a queen or a knight. It is 
simply picked up and placed on any cell 
that is not threatened. After each move 
a counter, say a penny, is placed on the 
vacated cell. A cell with a counter is out 
of play (henceforth no amazon can oc­
cupy it), but the counter does not block 
any attack. As the game proceeds the 
cells slowly fill with pennies until even­
tually a player is unable to find a safe 
spot for his amazon The last player to 
move wins. 

If Silverman's amazon game IS played 
on an order-5 board, the first player wins 
immediately by occupying the center 
sq uare. Since all cells are attacked, the 
second player cannot even put his ama­
zon on the board On the standard chess­
board the second player can always win 
by Silverman's clever palrlng strategy 
He mentally divides the board mto four 
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RABBIT. 1975. We intro duce the 
Volkswagen Rabbit to Amer­

=-======::;;.....:=�=---.;;;;o=. ica. Road & Track* Maga-

THE MOST zine promptlYhaiis it as one 
of the 10 best cars in the 

world. SUCCESSFUL c���� �� r�a�o
b�t

u
�ae; 

IMPORTED CAR ��;� t���������� 
car in America, ever. 

INTRODUCTION Di�:�}:t� �1
a�:� 

IN HISTORY. s , n��f:J�� :: 

'ROAD & TRACK, JUNE 1975 
t Automatic Transmission 
�VOLKSWAGEN OF AMERICA, INC. 

to the automotive scene, 
the Rabbit has been collecting 
awards and setting records. 

No wonder. 
The regular Ra bbit , with 

standard transmission, accel­
erates from 0 to 50 faster than a 
Mercedes-Benz 280 E.t 

The Rabbit Diesel gets better 
mileage than any other car in 
America. 53 mpg highway; 40, 
city, according to 1978 EPA esti-

mates. (Your mileage may vary 
depending on how and where 
you drive, optional equipment 
and car's condition.) 

Rabbit has more trunk space 
than a Cadillac Seville. And 
more passengerspace than 29 
other cars on the market. 

1978. The Ra bbit has a smooth­
er, quieter ride, a 1 .5-liter fuel in­
jected engine and many more 
refinements, that make it an 
even better car. 

We've never been ones to 
stop improving just because 
we've got a winner. 

VOLKSWAGEN 
DO IT 
AGAIN 
� 
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eight-by-two rectangles and numbers 
the cells of each rectangle as is shown 
in the upper illustration below. (Each 
number from 1 to 8 appears twice in 
each rectangle.) After each play by 
White, Black simply occupies the cell 
that is in the same rectangle as, and that 
has the same number as, the cell occu­
pied by White. The game is an excellent 
example of the extraordinary power of a 
trivial pairing strategy to win a game 
that appears to be quite difficult to ana­
lyze. The pairing strategy obviously ap­
plies to any board of an even order 
higher than 4, and it is easy to devise 
slightly more complicated pairing pat­
terns for first-player wins on all boards 
of odd order higher than 5. 

Ross Honsberger's Mathematical 
Gems II, as exciting a collection as his 
earlier volume, discloses for the first 
time a remarkable result in checker 
jumping that was discovered by the Uni­
versity of Cambridge mathematician 
John Horton Conway. Imagine a stan­
dard checkerboard divided in half as 
is shown in the lower illustration be­
low. The bottom half is shaded and the 
rows of the unshaded half are numbered 
(from bottom to top) 1 through 4. Now 
imagine a fifth row just beyond the top 
edge. If a checker jumps off this edge, it 

1 2 3 4 5 6 7 8 

5 6 7 8 1 2 3 4 

1 2 3 4 5 6 7 8 

5 6 7 8 1 2 3 4 

1 2 3 4 5 6 7 8 

5 6 7 8 1 2 3 4 

1 2 3 4 5 6 7 8 

5 6 7 8 1 2 3 4 

A pairillg strategy for the amaZOIl game 
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Johll Hortoll COli way's checker problem 

is considered to have jumped to row 5. 

All jumps must be orthogonal, that is, 
horizontal and vertical but not diagonal. 
As in checkers, pieces that have been 
jumped over are removed. The problem 
is to determine the minimum number of 
checkers that can be placed on the shad­
ed half of the board in such a way that a 
sequence of jumps will place a checker 
on row n. 

It is obvious that two is the minimum 
number of checkers required for getting 
a piece to row 1. They are placed as is 
shown at the top left in the illustration 
on page 30, and one jump does it. Four 
is the minimum number of checkers 
needed to get to row 2. They can be 
placed as is shown at the top right in the 
illustration. The bottom checker jumps 
to row 1. and then the checker farthest 
to the left makes two jumps to end on 
row 2. To get to row 3 eight checkers 
must be placed in the starting position 
shown at the bottom left in the illustra­
tion. So far the minimum numbers are in 
a doubling sequence, but to get to row 4 

the sequence is broken. At least 20 
checkers are required. They can be ar­
ranged as is shown at the bottom right in 
the illustration. The arrows show how 
the jumps begin, and it should not be 
difficult to find a way to continue that 
will get a checker to row 4. 

How many checkers are needed to get 
to row 5, that is, to jump one checker off 
the board? Astonishingly, no arrange­
ment of checkers on the shaded cells will 
get a checker to row 5. The situation is 
even more hopeless. No matter how far 
the shaded section is extended down­
ward and to the left and right no pattern 
of checkers, however large, will boost a 
piece to row 5. Interested readers will 
find Conway's ingenious impossibility 
proof given in detail in Chapter 3 of 
Honsberger's book. 

Turning to playing cards, there are so 
many new puzzles and magic tricks 
based on mathematical principles that it 
is agonizing to have space for only one. 
A few years ago Martin D. Kruskal, a 
physicist at Princeton University, made 
a strange discovery that is now known 
among card magicians as Kruskal's 
principle. 

The principle is best explained by de­
scribing the card trick to which Kruskal 
first applied it. The subject shuffles a 
deck of cards and then thinks of any 
number from 1 to 10. He deals the cards 
slowly from the top, placing each card 
face up in a pile. As he deals he counts to 
himself. noting the value of the card 
dealt at the chosen number. 

Assume that he thought of 7 and the 
seventh card is a 5. Without hesitating in 
his deal he mentally calls the next card 1 

and as he deals he counts silently from 1 
to 5. Suppose the fifth card is a 10. As 
before, the next card is mentally called 
I, and as he deals he counts silently from 
1 to 10. This procedure is repeated until 
all 52 cards have been dealt. The cards 

The MIT Press 
Bookcleari ng 
Sale 
Great bargains on fine University 
Press books in the Humanities, 
Socia! Sciences, Architecture and 
Urban Studies, Economics and 
Business, Life Sciences, Physical 
Sciences, Engineering, Systems 
Theory and Computer Sciences­
all in our free illustrated sale 
catalog. A unique opportunity to 
acquire books for general reading 
as well as hard-to-find technical 
and professional books at reduc­
tions up to 85%. 

The MIT Press 
28 Carleton Street 
Cambridge, Mass. 02142 
(Tel. 617-253-7297) 

Please send me your sale 
catalog free of charge: 

Name __________ _ 

Address __________ __ 

City ___________ _ 

State Zip, ____ _ 

(Please print) 

---------------------------

World famous SERGAL and 
MANTUA kits: large magnificent 
replicas (up to 51" long) with 
beautiful walnut planking and com· 
ponents and cast·brass details. 
Virtually museum pieces when 
completed. Large·scale plans, En· 
glish instructions, all materials in· 
cluded. Also, hundreds of other 
superb Italian kits, plans and ac· 
cessories. 

Send for our 88-page, 
full-color catalog, 

only $3.00-
refunded with your first order. 

(For purchase 01 ships. major credit cards accepted.) Mail check to 
our new U.S. Warehouse address: 
MODel EXPO, INC. 

Dept. SA· 2/ 230 Second Street 
Dunellen, N.J. 08812 
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HP measurement and computer advances 

New "smart" bidirectional printers 
make hard copy easy. 
With the help of HP's innovative SOS micro­
processors, these new printers and printing ter­
minals combine exceptional performance, con­
venience, and mechanical simplicity. They can 
print at 180 characters per second left to right and 
right to left, shift into high speed (45 inches per 
second) when 10 or more blank spaces in a row 
are detected, and skip over blanks at the begin­
nings and endings of lines. 

Both the HP 2631 printer and the HP 2635 printing 
terminal are controlled by a 16-bit parallel micro­
processor on a 34 mm2 chip produced by silicon-on­
sapphire (SOS) technology. Pioneered by HP and 
first announced on these pages several months ago, 
the SOS chip has speed, density, and power con­
sumption characteristics that allow us to design new 
high-performance products at affordable prices. 

28 

The HP 2635 printing terminal (right) 
has a keyboard with functionally grouped 
keys for interactive applications. 

The HP 2631 and HP 2635 can print in any of three 
character modes (normal, compressed, or expanded) 
under either program or operator control. Seven dif­
ferent line spacings can be selected (1, 2, 3, 4, 6, 8, 
and 12 lines per inch), or can be changed mid-text to 
permit the printing of legible subscripts and 
superscripts. 

The 9-wire print head prints clear, crisp characters, . 
including commas and semicolons, in 7 x 9 dot mat­
rix on up to six-part forms. True continuous under­
lining is available under program control. 

Our specially developed quick-change ribbon car­
tridge makes ribbon changes clean and easy. Its 
Mobius loop design results in a life span of at least 10 
million characters per cartridge. 

Both printers support the full us ASCII 128-char­
acter set; optional secondary character sets are avail­

. able. A variety of interchangeable interface options 
can link the printers to a wide range of computers, 
terminals, and instrumentation system controllers. 

Prices start at $3150* for the HP 2631 printer and 
$3450* for the HP 2635 printing terminal. 
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extend your possibilities. 

For those who design or debug 
digital system hardware and 
software, this new logic analyzer 
is a major breakthrough. 
The new HP 1615 is the first logic analyzer that 
can make state and timing measurements simul­
taneously and relate one to the other. It is also the 
first that can detect timing glitches, strip them 
from captured data, and use them to trigger 
further analyses. 

Digital machines operate both synchronously and 
asynchronously. A machine's program is im­
plemented in synchronous mode by system clocks 
that change the state of the machine. Logic state 
analyzers-introduced by Hewlett-Packard about 
four years ago-do a great job of measuring syn­
chronous activity: they monitor program flow and 
tell the designer when machine execution deviates 
from the program. 

But much of the activity of a digital system is 
asynchronous-as when the program calls for some­
thing to happen between clock pulses, e.g. to move 
data on an I/O structure or through an address de­
coder. If such an activity is not carried out on the 
specified time schedule, the system malfunctions. 
Timing analyzers are used to measure asvnchronous 
���. 

J 

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) 877-1282. 

Even with separate state and timing measurements in 
hand, the designer does not have a really good view 
of overall system activity until he can relate any 
asynchronous fault to the state of the machine at the 
time of the fault. And that's been an extremely tricky 
proposition, one that has been left to the designer's 
ingenuity and intuition. 

The HP 1615 performs both state and timing analyses 
simultaneously and interactively. Because of this 
dual capability, it can capture any asynchronous ac­
tivity that occurs at a specific point in the program; 
identify which program step a system was executing 
at the time of malfunction; or monitor handshake 
sequences at specific points in program execution. 
Before the introduction of the HP 1615, no single 
instrument had been able to make these objective 
measurements. 

Then there's the matter of glitches, those digital 
gremlins that confuse the machine's logic. Because 
they are transient and unpredictable, problem­
causing glitches are extremely difficult to distin­
guish from harmless ones. Now the HP 1615 does it 
all: (1) captures system activity, both synchronous 
and asynchronous, simultaneously, (2) captures re­
lated data on surrounding lines, (3) strips the glitches 
out of this data, and (4) uses the glitches as part of the 
trigger for state, timing, or combined state and timing 
analyses. 

The HP 1615 can be configured, through simple 
keyboard entries, as a 24-bit state analyzer, or as an 8-
bi t timing analyzer, or as a combined 16-bi t state and 
8-bit timing analyzer. It can trace events in as many as 
24 channels at rates to 20 MHz, capturing data in a 
memory that is 24 bits wide and 256 words deep. 

Although most system designers and debuggers will 
declare the HP 1615 to be priceless, it can be pur­
chased for $6800* . 

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

I HP 2631 printer & HP 2635 printing terminal 

I liP HilS logic analyzer 

Namc _______________ _ 

Company ______________ _ 

Address ______________ _ 

Cily ____ _ State __ Zip ___ _ 

-Domestic U.S. prices only. 00842 
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FA��·1. IT STRIKES 'IJNOTHER HOME 
• EVERY MINUTE! 

Protect your valuable research papers, 
collections, tax records and other docu­
ments at home or office with a Sentry 
Fire-Safe. 

Tested by Underwriters Laboratories at 
up to 1700' F for one hour with no dam­
age to its contents. Complete test details 
in Free Sentry Catalog. 

The 2}2 Inch Pyronox 
walls have 23 quarts of 
water chemically com­
bined to give protection 
equal to more than 3 
feet of solid concrete 

Two solid steel, % In 
thick dead bolts an­
chor in s t e e l-l ined 
holes in one-p iece 
steel frame No seams 
to give under fire 
stress. 

Exclusive sealed. seam 
less Ins u l a t e d  door. 
solid 4-ln wide bolt 
with throw handle, 3 
number, p u nch-proof .... --. 
F
IOCkREE SOENTllv]i:; CATALOG -; ,.., r------- . ,  

I sentry • • 122 S e ntry Bldg , Roches ter, NY 14625 

o Rush My Free Sentry Catalog to I 
I Name • 
I Address • 
I • 
L ZiP __ ..1 ------------
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DNA 
The Blueprint 
of Life 
This remarkable molecule 
is the physical basis of 
heredity. It is the "gene" 

, ' the "blueprint of all 
living things from bac­
teria to man ," 

Now you can obtain an 
actual specimen of highly 
polymerIZed DNA em­
bed ded In a beautiful, 
crystal clear lucite block 
measunng 3 \I.' x 2'1,' X 
1". A valuable teaching 
aide at any grade level It 
will also serve as a truly 
unique gift idea or con­
versation piece , Gift­
boxed with explanatory 
booklet. Send check or 
money order for $9, '15 
plus $1.25 for postage 
and handling. Return 
within 10 days for refund 
if not completelv satis­
fied. Allow three weeks for 
delivery � 10M 810 ART \Dt P.O. 80)( 30096 

Chicago, III. 60630 

at the end of each count, which deter­
mine how high the next count goes, are 
called "key cards." The last key card of 
the counting chain must be remembered 
by the magician's subject. It is the "cho­
sen card" that has been selected by this 
randomized counting procedure. 

It is unlikely, of course, that the final 
count will end on the last card. It is more 
likely that it will not be possible to com­
plete the final count. The subject is cau­
tioned to deal the cards slowly. in a reg­
ular rhythm, so that no hesitations in 
dealing will give away the key cards. If 
the final count cannot be completed, he 
still must remember the last key card, 
but in order not to reveal it he must con­
tinue dealing to the end. 

To make the counting easier, the ma­
gician explains, all face cards are given a 
value of 5. Thus if a count ends on, say, 
a queen, the next count is not to 12 but 
to 5. To make the procedure clear the 
illustration on page 32 shows a typical 
chain with theyalues of all the key cards 
indicated. The subject began by thinking 
of 4. The chosen card, which he remem­
bers, is the jack of hearts. It has a value 
of 5, but because there are only three 
cards after it the last count cannot be 
completed. It is obvious that this proce­
dure, performed with a shuffled deck, 
can select any of the last 10 cards. 

After the counting is finished and the 
subject has his chosen card in mind the 
magician takes the deck, picks a card 
from the last 10 and places it face down 
on the table. The subject names his card. 
The magician's card is turned over, and 
it is probably the chosen card. 

I have italicized "probably" to em­
phasize the strange way Kruskal's trick 
differs from almost all other tricks in 
which a magician finds a selected card. 
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In this trick the magician cannot know 
the card with certainty. The probability 
that he will know the card is about 5/6. 

Now for the curious secret. As the 
subject deals, the magician notes any 
fairly low card among the first few that 
are dealt. He treats this card as the first 
key of a chain that he counts silently to 
himself while the subject is counting his 
own chain. Kruskal's counterintuitive 
discovery is that about five times out of 
six the last key card of the magician's 
chain will be the same as the last card of 
the subject's chain! To put it another 
way, the probability is about 5/6 that 
any two arbitrarily started chains will 
intersect at a key card. Once this hap­
pens the chains will be identical from 
that point on. 

Giving face cards a value of 5 increas­
es the number of keys in an average 
chain and thereby increases the proba­
bility of intersection. By starting his 
count on a low card among the first few 
(instead of picking an arbitrary number 
from I to 10), the magician adds slightly 
to the probable number of keys in his 
chain. This raises the odds of success a 
trifle more. If the trick is done with two 
decks shuffled together, a failure is ex­
tremely unlikely. 

One of the best variations on Krus­
kal's trick comes from Cy Endfield of 
London. The trick is first performed as I 
have described it and is presented as a 
feat of telepathy. When the magician re­
moves the (probably) chosen card, he 
notes the card immediately under it. If 
that card is low enough to allow another 
count, he continues the silent counting 
and remembers the last key card. The 
removed card is not returned to the 
deck. 

The magician then hands the 5 I-card 

� 
• • • 

. • 

How to get a checker /0 rows 1, 2, 3 and 4 
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!S Coby1; 

electronic home control center 
that will cha nge your  way of l ife. 

You c a n  a utomate yo u r  plug it in a g a i n  a n y w h ere. Its handsome d ig i - comfortab le-no need to h ave them on con-

home with t h e  Coby 1 Syst e m .  t a l  c lock  g ives you the year, month ,  d ay ,  hour ,  stant ly .  You can c h a n g e  the t i m es f r o m  your  

• Coby 1 C o n t r o l  p l u g s  i n  a ny w h e re to m i n ute and second w i th  accu racy to five sec- easy c h a i r. N o  mec ha n ica l  t i m e rs ; n o  wasted 

g i ve you c o m p uterized O N / O F F  c o n - onds per month .  The ca lendar  w i l l  show t h e  powe r .  

trol  over electrical de vices in your co rrect d ate u n t i l  202 1 . W E ' R E  I NT RO D U C I N G T H E  C O B Y  1 
We've p rotected Coby 1 ' s s o p h i st i c ated 

home. brain with a handsome,  p rec is i on-a l u m i n u m  SY STE M AT A S P E C I A L LOW P R I C E. 
• I t 's  t h e  most soph i st icated t i m e r  you package that is spi l l p roof. S i n ce Coby 1 has We're i n t e rested in how you  u sers p u t  Coby 1 

c a n  buy.  It t u r n s  t h i n g s  on or off at no mov ing parts,  it req u i res no ma in tenance.  to work .  So unt i l  February 28, 1 978, we' " 
accept adva nce orders for a Coby 1 Co ntrol 

precise t imes, at the preset i nterva ls ,..--------------------, at $399. 00, the price to i nc l u de a free Co by 1 
you sel ect, a n d  c a n  be prog r a m m e d  Re mote, S u ggested reta i l  pr i ces t h ro u g h  
u p  t o  1 1  m onths i n  a dvance. stores w i l l  be $450.00 for the Contro l , $45.00 

• It 's a n  i n st a nt control ce nter fo r e lec· for t h e  Rem ote. Other rem otes wi l l  be extra. 
tr ic a l  d e v i c e s  right fro m y o u r  bed· S i m p ly f i l l  out the  co upon and send it  with 
side-or w h e rever you and Coby 1 your check ,  money order,  or cred i t  card d ata. 

Control h a p p e n  to be. You can also call i n  your  order o r  get m o re 

• Its elega nt digital  clock gives you the inform ati o n  by cal l i n g  (505) 526-3358. We ' l l  
s h i p  yo u r  Co by 1 a l o n g  w i t h  f u l l  i nstruct ions 

m o nt h ,  day,  h o u r, m i n ute,  and sec· and suggest ions  o n  i ts  use, after o u r  f i rst 
ond,  with a c c u racy to wit h i n  five se c· IT'S FUN TO U S E  C O B Y  1. p rod u ct ion run in January.  We' l l  also i n c l ude 
onds per month. Each Co by 1 Remote is aSSi g ned an identif i- o u r  1 year parts-and- Iabor  l i m ited wa rranty . 

CO BY 1 C O N T R O L  N E E D S  NO W I R I N G  cation num ber. If the fro nt hal l lamp is N um ber WHO E N ER G Y T E C H N O L O G Y  I S :  
- P L U G S  I N  A N YW H E R E .  One, you s imp ly tel l Co by 1 Control t o  turn The com pany was started by the th ree of us ,  

The com pact control panel ,  whi ch we cal l 
N um ber One on or off-now , T uesd ay, any B roo k  Reece, Ph i l  Reed, and Keith B u rn . We 

Co by 1 Contro l ,  p l ug s into any o rd i nary wal l  day o r  every d ay, if you l i ke, And if  you've ever developed the system o u rselves. We' re ex­
o u t le t ,  send i n g  c o m p u te r- coded p u l se s  operated a pocket cal c u lato r,  you' l l  have no cited a b out Co by 1 because everyone we've 

thro ugh y o u r  p resent 
p ro b lem whatsoever with Co by 1 .  tal ked to has ex pressed real in terest i n  the r;-:\:, I w i r ing . The p u l ses tr ig- . prod u ct and sees a need 

UJ ger Coby 1 Remotes- CO BY 1 I S  A M O N G  THE We've been work i ng on 
sma l l  remote sw itches G R EATEST LUXU R I E S  YOU CAN OW N . Co by 1 for months. Devel­G to go between pl u g-i n  Pi ct u re yo u rsel f  on a fri g id w i nter m o rni ng.  opment and test ing of 
ap p l i a n ces and w a l l  Co by 1 can wake you with yo u r  h i-fi  system prod u ction mode l s  is 
s o c ket s .  S o o n  ( b y  and a lamp .  n o w  com p lete. They ' l l  
M a r ch )  w e  w i l l  al s o  Y o u  r ise to a warm bathroom .  When you be ready to s h i p  i n  

lL... __ -"'-"-__ -' have Co by 1 Rem otes come o ut,  the coffee is ready to p o ur .  Co by 1 Jan uary. 
to replace wal l switches and Co by 1 Remotes tu rns the hi-fi  off and the TV on,  whi le you De a ler inqu ir ies 
to take care of b u i lt- i n  ap pl iances l i ke water enjoy y o u r  coffee and paper. i n vited_ En ergy 
heaters and ai r cond i t ioners .  I t 's  safe, s i m p le ,  Coby 1 h a s  warmed the c a r  eng i n e  for you , Tec h nology, Incorpo· 
and sure. There' s nothing l i ke it. so it starts read i ly and warms u p  q u ick ly .  rated, 1 601 South 

A R E M A R K A B L E  A P P L I CAT I O N  At bedt i me, with Co by Control now p l u g ged M a i n  St. , P.O. Box a, 
B RE A KTH R O U G H I N  i n  a t  bed side, you t u rn off al l the l i g hts and La s  Cruces, N M 88001 . 

M I C R O E LECT R O N I C S  A N D  P U L S E. switch off the TV-without gett ing u p. You go Ph one : (505) 526-3358 
C O D E  C O M M U N I CATI O N . to s leep knowi ng  t h i n g s  wi l l  be ready for yo u  Patents Pend ,ng  fo, CoOy 1 and 

again  in the m o rn ing .  I f ,  d u ri n g  the n i g ht ,  you CoOy 1 Ae.mo1es. 
The Coby 1 Syste m ™  is the  res ult  of bri l l iant  
eng i neer ing by a team of aerospace e lectron- want to turn on the outside o r  l iv i n g  room - - - - - - - ­

ics people .  Coby 1 Control  i n c l udes an Inte l  l i g ht ,  you  have the comfort and secu rity of 1 M a i l  t o '  
8085 M i croprocessor-a co m plete t iny c o m. be i n g  ab le  to d o  so from your  beds ide  tab le .  1 

. 
puter-p lus  contro l  c i rcu i try,  powe r s u p p ly IT 'S A CA RETAK E R  Energy electro n ics, cod i n g  and s igna l-generati n g  c i r- W H E N  YO U ' R E  G O N E. I 
cu its ,  an emergency powe r ce l l ,  and memory.  2 Now you can g o  away for 114 h I I The m e m o ry conta i n s  2 048 words of l ow- a week (or a month )  and  I ec no ogy. nc p o w e r , p ro g r a m m a b l e  ra n d o m  a c c e s s  l eave Co by 1 i n  c h a rge .  , .  
memory (RA M) and 2048 bytes of read-on ly 9 0  Cons id.er  a potent ia l  th ief I 1 S01 So u t h Ma in St . ,  P .O.  Bo x 0, Las C ,uces . N M 8800t 
mem o ry ( RO M) .  I t  sto res dev i ce n u m be rs ,  <> w a t c h  I n g  y o  u r h o u s e : 1 Put me d o w n  fo, one of the fi '"t Co by 1 · s .  
commands ,  and stat us informat ion for u p  to l i g hts (NOS . 1 -6) g o  on and 1 S h i p  me o ne Coby ' Control  a n d  o ne ' S.amp p l u g · i n  Coby ' 
o n e  h u n dred Co by 1 R e motes. :3 off as If peop le  were mov- R e m ote at th e Special Introductory Price ot $399.00, sh i p· 

The cod ing  and s ignal-generati ng hardware ing aro u�d .  The TV ( N o . 7) 1 p i n g  include d. $399.00 
transl ates c o m m ands and d istr ib utes them g oes on ,  t h e n  g oes off.  l i n  add i t i o n .  I want to o,de' t h e  f o l l o w i n g :  
through your  home wir ing (but  w i thout i nter- 4 0 F in a l ly ,  the bath room ( No .  mo re 1 5.am p  p l u g. in  Co by 1 Remotes @ $45.00 __ _ fer ing  with any of your  other app l i ances) to 8)  and bed room l i g hts (No .  1 -
the Co by 1 Remotes,  wh ich decode the S ig nals 0 9) go out .  You c a n  repeat Total ---

and turn th i ngs ON or O F F .  � the pattern d a i ly or vary 
1 New Me X I C O  re S i d e n t s  6 5

't f t ' I I p l ease add G r o ss R e c e i pt tax 
As you enter commands  through the key- I or up 0 a year I n  cyc es D C h e ck D BAN 

board ,  the  d i s p l ay l i g hts up to conf i rm .  It can as s h o rt as a seco nd or as 1 D M o n ey O rd e ,  D M C  
Total 

also be used to rev iew co m m a nds sto red in long as 1 00 ho urs .  Yet it  will use less e n ergy 
m e m o ry .  Al l p ro g rams are ente red , sto red , and sug gest m o re activ i ty than leav i ng l i g hts I Card No . . --'1--'.1....1.1 -',---'�, -'-.l.I�' ..JI---,�-'-..L..�L-

and mod if ied through 1 2  funct ion and contro l  or a rad i o  on constant ly ,  I Ca,d 

keys and a 1 0-key n u mer ic  pad (p lus  A M and When you come home,  Coby '1 can h ave the I n t e , b a n k N o . 
E x p .  d a t e  _

___ 
_ 

PM keys) .  ho use warm (or  c o o l ,  i n  s u m mer) ,  t h e  porch 1 . 
ITS ACCU RACY IS B L A C K O UT. P R O O F. l i g h t  o n ,  the sofa l amp o n ,  and the h i-f i  on to 1 S h i p  t o  -------------
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_____________ _ 
Coby 1 ' s m e m o ry fres h .  U n l i ke a convent iona l  
t imer  o r  c lock rad io ,  Coby 1 's c lock won ' t  lose Coby 1 can do wonders for your  e lectr ica l  b i l l .  I City _______ State __ Z i p  

_
_ _ 

a seco nd .  When power comes back o n ,  the It never forgets to t u rn t h i n g s  off. It can turn 1 S A 2 .7 8  
batteries auto m at ica l ly  rec harge .  Th is  featu re car heaters, a i r  cond i t ioners,  or  e lectr ic heat-
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PROGRAMMABLE 
Scientist MODE L #452 5  

$3995 
100 STEPS 
1 00 STE P LEARN 
M O D E .  K E Y BOAR D 
P R OG R A M M I NG 
CAPA B I LITY. 
• R PN log iC . Rollable 

4-level stac k . 8-
d i g it plus 2-digit  exponent LED display 
• Scient i fic notation • S i n e .  cosine.  
ta ngent & inverse trigonometric functions 
• Common & natural logarithms & anti­
logarith ms . Instant a utomatic ca lc ula­
tion of powers and roots . Single-key 
sq uare root calculations . Single-key Pi 
entry • Sepa rate storage memory • 

S q uare. sq uare root and reciprocal cal­
cu lations • Change sig n & re'gister ex­
change keys . Includes N iCad batteries. 

Mfg by N a t i o n a l  Sem iconductor  
1 year warranty . 1 0  day money back guarantee 

ILIlAN Inc. _4 5 2 5  
2901 Sentney Ave.,  0 39 .95  

Culver City , Ca 90230 -A.C Ch:�9�; 
TO O R D E R  CALL 

TOLL FR E E  

_ Protective 

case n 2 . 9 5  
_ 1 00 pg . 

a p plication 
Hand book 0 5 . 00 
_ Ca lc Stand 

(800) 
421-4356 

in  Calif. Cal l :  

( 2 1 3) 559-1 044 

0 2 .00 
Calif  res. 6% tax 

S h i p. hndl .  & ins.  5 3 . 7 5 
Tota l 

AN N O U N C I N G  . . . .  

O PT I C S  
A N D  

LAS E R S  
T EC H N I CAL S E M I N A R S  
" t h e  f i nes t  ever s c h e d u  l ed " 

R E P R I N T  TEXTS 
bou n d  vo l u me on  each sem i na r  t o p i c  

• SAFETY O F  LAS E R S  
M a rch 27-31 , 1 978 
C i n c i n nati . OH 

• O PT I CAL  RAD IAT I O N  
M EAS U R E M ENTS 
Apr i l  1 0- 1 4 ,  1 978 
Ann Arbor . M I 

• O PT I CAL  AUTO M AT I O N  
M ET H O D S  
M ay 1 5- 1 9 . 1 978 
I n d ia n a po l i s , IN 

Send today for course b rochures  -
or p h o n e  your  reservat ions  or refer­
e nce text orders . 

R E P R I N T  TEXTS A V A I L A B L E  S E PA-
RATELY . . . . . . . . . . . . .  $20 . 00 ea . 

CO l  S E M I NAR MANAG E M ENT 
2998 WOODBURN AVEN U E  
C I N C I N NAT I ,  O H  45206 

COl SEMINAII "" ... N.t.OEMENT ( 5 1 3 ) 281 -3338 
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pack to the subject (without shuffling it) 
and asks him to repeat the trick. using a 
different starting number. "This time," 
the magician says. " I  shall try to name 
your card by precognition. " He writes a 
prediction on a shee t  of paper that is 
folded and put aside. What he writes, of 
course . is the card he is remembering. 
Since the structure of the deck has not 
been altered, it is likely (with the same 
odds of about five to one) to be the sec­
ond chosen card. 

It should also be possible to program 
a computer to play the role of the psy­
chic. Fifty-two punched cards would 
bear the names of the playing cards. The 
subject shuffles. selects a card by the 
Kruskal count and feeds the deck to 
the computer. The computer is pro­
grammed to guess the card and simulta­
neously to remember the card most like-

rr§l AC' 

�lF " N G � '  

�-" 

ly to be chosen when the trick is repeat­
ed. If the first guess is correct, the chosen 
card is removed from the computer's 
deck and the trick is done again with a 
new starting number. This time the com­
puter prints out the name of the card 
without examining the deck. 

Even a computer will not always be 
right, but the fact that the trick some­
times fails makes it all the more impres­
sive. When Uri Geller failed on the 
Johnny Carson show a few years ago 
(Carson, a former magician, guarded 
the test materials carefully before going 
on camera), Merv Griffin declared that 
the failure proved to him that Geller's 
powers were genuine. Magician's tricks, 
Griffin explained. always work. We all 
know how the "force" comes and goes. 
Why should a psychic robot control it 
any better t1!an a humanoid? 

�-, - 3  

. ���' 1 0  

� l [[t(��_, 2 
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[� 
JACK 0' N"ROS /tl[o 

Typical chaill for a Irick based all Kruskal's prillciple 
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Burglar Alarm 
Breakthrough 
A new computerized burglar alarm requires no 
installation and protects your home or business 
like a thousand dollar professional system. 

I t 's  a security system computer. You can 
now protect everyth ing - windows, doors, 
wal ls ,  cei l ings and floors with a near fai l -safe 
system so advanced that it doesn·t req u i re 
instal lat ion.  

The Midex 55 is a new motion-sensing com­
puter .  Switch it on and you place a harmless 
inv is ib le  e nergy beam through more than 
5 , 000 cubic feet in  your home. Whenever this 
beam detects motion, it sends a signal to the 
computer which interprets the cause of the 
motion and tr iggers an extremely loud alarm . 

The system's alarm is so loud that it can 
cause pai n - loud enough to drive an intruder 
out of you r home before anyth ing is stolen or 
destroyed and loud enough to alert neighbors 
to cal l the pol ice. 

The powerful optional blast horns can also be 
placed outside your home or office to warn 
your neighbors. 

Unl ike the complex and expensive com­
mercial alarms that require sensors wi red into 
every door or window, the Midex requ i res no 
sensors nor any other additional equipment 
other than your stereo speakers or an optional 
pair  of b last horns. Its beam actual ly pene­
trates wal l s  to set up an electronic barrier 
against intrusion. 

NO MORE FALSE ALARMS 
The M idex is not triggered by noise,  sound,  

temperature or humidity - just motion - and 
s ince a computer interprets the nature of the 
motion, the chances of a false alarm are very 
remote. 

An experienced burglar can d isarm an ex­
pensive security system or break into a home 
or office th rough a wal l .  Using a Midex system 
there is no way a burglar can penetrate the 
protection beam without triggering the loud 
alarm. Even if the burglar cuts off your power,  
the four-hour rechargeable battery pack wi l l  
keep you r  unit  triggered, ready to sense 
motion and sound an alarm. 

DEFENSE AGAINST PEEPING TOMS 
By point ing your unit towards the outdoors 

from you r bedroom and instal l ing an outside 
speaker, l ight, or alarm, your unit can sense a 
peeping Tom and frighten him off. Pets are no 
problem for the Midex. Simply put them in one 
sect ion of the house and concentrate the 
beam in a nother. 

When the Midex senses an intruder, it re­
mains s i lent for 20 seconds. It then sounds the 
alarm u nti l the burglar leaves. One minute 

after the burglar leaves, the alarm shuts off 
and resets, once again ready to do its job. This 
shut-off fe ature, not found on many expensive 
systems, means that your alarm won't go wail­
ing  a l l  n ight long whi le you 're away. When your 
ne ighbors hear it , they'l l  know posit ively that 
there's trouble. 

PROFESSIONAL SYSTEM 

M idex is portable so it can be placed any­
where in  your home. You simply connect it to 
your  stereo speakers or attach the two op­
t ional  blast horns. 

Operat ing the Midex is as easy as its instal­
lat ion. To arm the unit ,  you remove a special ly 
coded key. You now have 30 seconds to leave 
your premi ses. When you return, you enter 
and insert your  key to disarm the unit. You 
have 20 seconds to do that. Each key is regis­
tered with Midex, and that number is kept in 
the i r  vault  should you ever need a dupl icate . 
Three keys are suppl ied with each unit .  

As an extra security measure, you can leave 
your unit on at night and place an optional 
panic button by your bed . But with al l  its 
optional featu res , the Midex system is com­
plete, designed to protect you, your home and 
property just as it arrives in its wel l  protected 
carton.  

The M idex 55 system is the latest electronic 
breakthrough by Solfan Systems, Inc. - a com­
pany that special izes in  sophisticated profes­
s ional  security systems for banks and high 
security areas. JS&A first became acquainted 
with Midex after we were burglarized. At the 
time we owned an excellent security system, 
but the burg lars went through a wall that could 
not have been protected by sensors. We then 
instal led over $5, 000 worth of the Midex com­
mercia l  equ ipment in  our warehouse. When 
Solfan Systems announced their intentions to 
market the i r  un its to consumers, we immedi­
ately offered our services. 

COM PAR E D  AGAINST OTHERS 

I n  a recen t  issue of a lead ing consumer 
p u b l i cati on,  there was a complete article 
written o n  the tests g iven security devices 
w h i c h  were pu rchased in New York. The 
M idex 55 is not available in New York 
stores, but  had it been compared, it would 
have been rated tops i n  space protection 
and p rote ction against false alarm s - two 
of the top criteria used to eva luate these 
systems. Don't be confused. There is no 
system u nder $1 ,000 that provides you 
with the same protection.  

YOU J U D G E  T H E  QUALITY 
Will the Midex system ever fai l ?  No product 

is perfect, but judge for yourself. Al l  com­
ponents used in  the Midex system are of aero­
space qual ity and of such high rel iabi l ity that 
they pass the mi l itary standard 883 for thermal 
shock and burn-in. In  short,  they go through 
the same rugged tests and controls used on 
components in manned spaceships .  

Each component is fi rst tested at  extreme 

The Midex security computer looks like a 
handsome stereo system component and 
meas ures only 4 "x 1 0 '/2 "x 7." 

tolerances and then retested after assembly . 
The ent i re system is then put under ful l  elec­
tr ical load s at 1 50 degrees Fahrenheit for an 
ent i re week .  I f  there is a defect, these tests wi l l  
cause it to surface. 

PEOPLE L I K E  THE SYSTEM 
Wally Sch i rra, a scientist and former astro­

naut ,  says th is about the Midex 55. "I know of 
no system that is as easy to use and provides 
such solid protection to the homeowner as the 
Midex .  I would strongly recommend it to any­
one. I am more than pleased with my unit . " 

Many more people can attest to the qual ity 
of th is  system , but the true test is how it per­
forms in  your home or off ice. That is why we 
provide a one month trial period. We give you 
the opportuni ty to see how fai l -safe and easy 
to operate the Midex system is and how 
thoroughly it protects you and your loved ones. 

Use the Midex for protection whi le you sleep 
and to protect your home while you ' re away or 
on vacat ion .  Then after 30 days, if you ' re not 
convinced that the Midex is nearly fai l-safe, 
easy to use, and can provide you with a 
security system that you can trust, return your 
unit and we' l l  be happy to send you a prompt 
and courteous refund.  There is absolutely no 
ob l igation .  JS&A has been serving the con­
sumer for over a decade - further assurance 
that your investment is well  protected .  

To order  your  system,  s imply send your 
check in  the amount of $1 99.95 ( I l l inois resi­
dents add 5% sales tax) to the address shown 
below. Credit card buyers may call our tol l -free 
n u m ber be low. There are no postage and 
handl ing charges. By return mail you wi l l  
receive your system complete with al l  con­
nections,  easy to understand instructions and 
a one year l imited warranty. I f  you do not have 
stereo speakers, you may order the optional 
b last horns at $39.95 each, and we recom­
mend the purchase of two. 

With the Midex 55, JS&A brings you : 1 )  A 
system bui l t  with such high qual ity that it com­
plies with the same strict government stan­
dards used in the space program, 2) A system 
so advanced that it uses a computer to deter­
m ine  unauthorized entry, and 3) A way to buy 
the system,  in  complete confidence, without 
even being penal ized for postage and hand­
l ing charges if it's not exactly what you want. 
We couldn 't provide you with a better oppor­
tun ity to own a security system than right now. 

Space-age technology has produced the 
u l t imate personal security computer. Order 
your Midex 55 at no obl igation , today. 

I� (O)/AN�TIONAL 
���6up 

Dept.SA One JS&A Plaza 
Northbrook, I I I .  60062 (3 1 2) 564-9000 

Cal l  TOL�FREE . . . . .  800 323-6400 
In I l l inois Call . . . . . .  (31 2) 498-6900 

© JS&A Group, I nc . , 1 978 
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BOOKS 
The variable sun, the cuisine of China, 
primates of the night and other matters 

by Philip Morrison 

THE SOLAR OUTPUT AND ITS VARIA­

TION, edited by Or an R. White. 
Colorado Associated University 

Press ($8.95). Unsleeping Cassius had 
his theory: the fault was not in our stars. 
This remarkably diverse and readable 
collection of papers by an international 
set of experts assembled in the spring of 
1976 tends to take the other side, at least 
in the short run, where we have some 
direct evidence. The present II-year 
sunspot cycle is beyond doubt (although 
lately even that cycle has been shown 
anew to be itself inconstant). This vol­
ume includes a summary of the histori­
cal evidence from which the absence for 
centuries of sunspots, auroras and even 
of the eclipse-revealed corona is con­
vincingly inferred. To these data is 
joined a careful study of tree rings and 
the associated radioactivity in carbon 
14, a comparison made possible by the 
bristlecone pines that have so long en­
dured the inhospitable climate of the Si­
erra Nevada summits. The conclusion 
from the 7,000-year carbon record, full 
of noisy signal, suggests irregular solar 
activity all right, but activity that aver­
ages out in the long run. The Little Ice 
Age coincided with the last two irreg­
ular sunspot declines; could the Great 
Ice Age 10 millenniums ago have come 
from the same cause extended? 

We certainly do not know. A fine pa­
per from a paleoclimatologist who deals 
in the geological record takes quite the 
opposite view, closer to the Cassius re­
mark. Three well-established glacial in­
tervals are revealed in a billion-year rec­
ord in the rocks. For two of the glaciated 
epochs the continents were so arranged 
that land covered the South Pole; there 
are good continental-drift data to show 
it. Climate modeling suggests that the 
ocean-land arrangement sets the stage 
fo!

: 
widespread glaciation, thus exoner­

ating the sun. The oxygen-isotope ratio 
in the shells of microplankton recovered 
from deep-sea sediments is a measure of 
the water held as ice on continental 
highlands. The waxing and waning of 
the ice volume suggests three recurrence 
periods, which match ("persuasively," 
the editors say) the periods of the small 
perturbations in the earth's orbital path 
around the sun. (A reader will not be 
persuaded by this volume alone, be-

14 

cause the authors in question have put 
their earlier statistical studies else­
where.) Those 100,000-year jiggles are 
the fault, so to speak, of Venus, Jupiter 
and Saturn. They work differently from 
solar flicker. The total sunlight falling 
annually on the earth is not much affect­
ed by orbit wobbles; rather, its distribu­
tion between hemispheres changes. Sub­
tle feedback loops (for example, the ice 
cap reflects more heat as it grows, and 
then grows still faster) are then invoked. 

But what of sunlight itself? Is the 
gross input wattage, what is called the 
solar constant, really unvarying? The 
global surface temperature has varied 
by about one degree Kelvin during the 
past 10 millenniums or so. A "state-of­
the-art, order-of-magnitude" estimate 
suggests that such a change could arise 
from a variation of the solar constant by 
between .2 percent and 2 percent that 
lasted for some years; so far the climate 
modelers can offer no better accuracy 
Since the turn of the century simple 
ground-based monitors of the input of 
sunshine in the dominant spectral re­
gion, the visible and very near infrared, 
have been at work around the world. 
Only in the past decade, however, has a 
serious international effort concerned it­
self with absolute measures that are reli­
able for more than the relative readings 
of a single type of instrument at a single 
location. A dozen measurements from 
mountaintops and balloons, from rock­
ets and satellites were available to pro­
vide sure answers for energy flow in the 
range of accuracy below 1 percent. 

The ground stations had a terrible 
handicap in that absorption by the at­
mosphere amounts to some 20 percent, 
so that a small change in clarity over the 
years would vitiate any result. Russian 
high-altitude balloon experiments in the 
mid-1960's seemed to show the solar 
constant changing with sunspot num­
ber. The latest work (reported here al­
though it was completed only after the 
end of the conference), done from the 
Nimbus 6 weather satellite in orbit, does 
not confirm the balloon result. Over the 
years from 1969 to 1976, perhaps half 
of the latest solar cycle, it looks as 
though the sun offered us a power input 
that was unchanging to within 75 per­
cent. In the 1980's shuttle-recoverable 

instruments that can be recalibrated and 
still better instruments in high orbit may 
answer the questions. 

More than half of the volume reviews 
the spectrum of many wave bands of 
small and often strongly variable solar 
output: radio, far infrared, ultraviolet. 
X rays soft and hard. Particles too come 
from the sun, both the strong, low-speed 
proton flux of the solar wind and the 
chancy flares ranging up to cosmic-ray 
energies. All those diverse flows account 
for many phenomena here on the earth, 
but if they are to affect climate, they can 
do so only by way of some amplifying 
step, some link with photochemistry, 
some ionosphere trigger that is still un­
guessed. There is simply not much ener­
gy in all these wide-flung colors: more 
than 99 percent of the solar radiation 
lies in the visible and the relatively near 
infrared. 

The sun is a star among stars, and two 
interesting, if technical, papers examine 
the theory of the sun as a star in the 
context of stellar activity in general. The 
factor of more than a billion by which 
the flux of the sun overweighs that of the 
distant stars has given us too dazzling a 
look, it may be, at solar complexities. 
The sun has its starry sibling: Alpha 
Centauri. With the same spectral type 
and a little greater mass, that star seems 
much like the sun but further evolved, 
perhaps twice as old. We know nothing 
much of its spots, its cycles, its corona or 
its versions of other enigmatic layers 
that engage our attention whenever we 
regard our own sun, the only star close 
enough to see warts and all. 

This rich, comprehensive and yet ten­
tative book (very neatly made) leaves a 
reader full of doubt and hope. Surely 
modern physics and its high technology 
cannot much longer leave us uncertain 
about our star and its suspect inconstan­
cy. There are few problems in physical 
science so intimate and yet so tantaliz­
ing as this one. When will the ice come 
again, and why? 

FooD IN CHINESE CULTURE: ANTHRO­

POLOGICAL AND HISTORICAL PER­

SPECTIVES, edited by K.· C. Chang. Yale 
University Press ($20). In Peking dialect 
to have lost one's job is to have fa p'o Ie 
fan wan, broken the rice bowl. The bowl 
of fan is indeed the center of every Chi­
nese meal, as it has been for four or five 
millenniums. But "rice" is too narrow a 
translation, since fan is in fact any staple 
food made from grain: rice, steamed 
breads of wheat, millet or maize flour, 
pancakes, noodles. Each diner has his 
own portion of fan. To "assist" the fan 
every meal should have some fs'ai, selec­
tions from the overwhelming, flexible 
variety of dishes of cooked meats, fish 
and vegetables, those products of "the 
art of mixture," cut into small morsels 
and served for the entire table, to be 
shared through personal selection, often 
with individual sauces. Chopsticks are 
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As a matter of fact, this new Chevy S 3661-Monza is priced lower than all imported 

• hatchbacks, except Honda Civic, 
Mazda GLC, Plymouth Arrow, and 

Renault LeCar T hat slick little fastback 
hatchback shown above, equipped 

with available sport mirrors and wheel 
moldings, is priced $1,678* less than 

a Toyota Celica GT Liftback. And 
$2,034* less than a VW Scirocco. 

'78 Chevy Monza 2+2 Hatchback Coupe. 

*Price and price comparisons 
based on manufacturers' suggested 
retail prices including dealer prepara­
tion. Tax, license, destination charges, 
and available equipment extra. Prices 
differ in California. 

So if you're looking for a sporty car, 
compare Chevy Monza to the foreign 
sports. It's quite a car at quite a price. 
No matter what language you speak. 

SEE WHAT'S NEW TODAY IN A CHEVPDLEt 
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"You can't tell a customer 
we're short of No-nox because of a 
foggy day in the AzoresZ' 

"That doesn't sound like 
much of a problem, does 
it?" says Operations 
Planning Supervisor 
Wayne Broussard. "A 
tanker delayed by fog. 

"But for any refinery­
even one as modem as 
Gulf 's Alliance Refinery 
- a constant crude oil 
supply is essential. To 
meet customer demand 
for gasoline and fuel oil, 
it's necessary to have 
200,000 barrels per day 
of crude oil supply. 

Uninterrupted 
supply 

"So even if a ship's 
held up only a few hours, 

"One day's delay 
could leave you 
short several 
hundred thousand 
barrels." 

Gulf Oil Corporation 

you may be short several 
hundred thousand bar � 
rels of crude. The whole 
process depends on an 
uninterrupted supply. So 
you have to talk to the 
transportation and sup� 
ply people to make other 
arrangements for crude 
oil delivery. 

"And to make sure we 
meet product quality 
specifications, you have 
to refine different crudes 
or crude mixtures in 
different ways. That 
means changing process 
operations and product 
blends. 

Peoplevs 
the elements 
"There's an enormous 

investment in hardware 
here at Alliance, but even / 

more valuable are the 

"You have to refine 
different crudes 
different ways to get 
the same product." 

people who make it all 
happen. Bad weather is 
just one of the chal� 
lenges our people meet. 
But every day, all year 
long, we maintain the 
crude supply to produce 
200,000 barrels of 
products. 

"It's a real challenge­
but that's the job: meet� 
ing the challenge, and 
doing it righe' 

(� '-
Gulf people: 

meeting the challenge. 
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usual. and have been common for 3.000 
or 4,000 years. The kitchen always has a 
cauldron for Is 'a i, a steamer or boiler for 
Ian; the dual principle defines a Chinese 
meal even more sharply than the famil­
iar ingredients from Chinese farm. field 
or stream. 

That dual scheme is found in the in­
variable paired utensils in Han digs. in 
famous Chou texts of Homeric age and 
every day at a couple of hundred million 
family tables. The miraculous infant 
"Lord Millet" began to wail. says the 
ancient poem: his baby voice was very 
loud. but soon he showed the people the 
husbandry of the yellow crop. which 
"failed nowhere. it grew thick." The 
Chinese food style is truly an agricul­
tural style. Some wild tribes on their 

marches ate no Ian and some other bar­
barians took uncooked meat, but to be 
fully Chinese meant and still means eat­
ing grain food and cooked morsels./an­
tsai. Even in the dumplings and filled 
buns that may appear to mix the grain 
with its staple meat-and-vegetable ac­
companiment. the Ian and tsai are not 
mixed but rather put together. the wrap­
ping distinct around the filling. 

Eight lively and learned chapters 
present an informal descriptive history 
of food in China, dynasty by dynasty. 
drawing on archaeological. literary, 
graphic and scientific evidence. sea­
soned with a good deal of personal expe­
rience in contemporary China north and 
south. The second aim is to interpret the 
rich material as a part of cultural histo-

A Sung dynasty banquet, from Food in Chinese Culture 
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ry. probing the social and ritual implica­
tions in a pioneering way that is far from 
mature but full of interest. The final 
chapter (by E. N. Anderson, Jr., and 
Marja L. Anderson of the University of 
California at Riverside) draws a conclu­
sion of remarkable force. The authors 
first show persuasively what everyone 
would concede, that the everyday Chi­
nese cuisine is a "minimax game" mak­
ing efficient use of land and sun. What 
then of the festival meals in their variety 
and splendor? Only here is/an made sec­
ondary to Is'ai, and here too the result is 
adaptive. Nothing is wasted: the pigs 
and chickens have converted scraps into 
high-quality protein. and the production 
of diverse crops and foodstuffs is en­
couraged by the habit of feasting. 

The shared community essential to 
Chinese life is given tangible expression 
by the social use of enjoyable food. In 
China today this experience is more and 
more widely shared. The polarization of 
the past-the many hungry, the elegant 
few-is dwindling. and the old struc­
tures of holiday enjoyment remain as 
public goods. The tsai dishes are today 
less expensive but more numerous. In­
deed. it is attractive to foresee the future 
in a world of limited resources. where in 
any country the scheme of life will not 
be some wasteful and mediocre ham­
burger every day but a frugal everyday 
diet set lower on the food chain and 
punctuated by a variety of socially sanc­
tioned and highly enjoyable special oc­
casions. yet economical overall. In 1972 
Peking one couple of authors enjoyed 
not only "the best Peking duck we had 
ever tasted" but also "separate little 
dishes of sauteed duck's kidneys. sau­
teed duck's liver and intestines. deep­
fried duck's tongue. salt-fried duck's 
pancreas. smoked duck's brain. and eggs 
steamed with duck fat." 

Here are a few tidbits from this artful 
mixture of comment. The recent find of 
the remarkably well-sealed Han tombs 
(the lady of the Marquis of Tai died in 
about 160 B.C., but her grave goods and 
her body are wonderfully preserved) has 
fully verified the texts. In the tomb many 
bamboo slips bear meticulous recipes 
(distinguishing the use of dog flank and 
liver and of beef lips and tongue). Fer­
mented darkened soybeans came in 
then, and perhaps bean curd: the great 
discovery. flowing out of new large­
scale grinding technology, was "noodle 
food" based on wheat flour. attributed 
by a writer in the third century A.D. to 
the "invention of the common people." 

The Tang. a time of well-being. an 
era of cosmopolitanism and intercourse 
with foreign lands. may perhaps have 
seen Chinese invention of distilled spir­
its. which is usually ascribed to the phy­
sicians of Salerno in Italy at about the 
same epoch. In the Sung. a period of 
population growth. we know that early­
maturing rice was introduced from the 
region of present-day Vietnam. reliev-
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'What your home could 
have in common with the Met, 

the Tate, and the Louvre. 

Name 

Address 

City 

Beautiful, original works by artists 
who are represented in the world's 
great museums and galleries can be 
yours for very reasonable prices. 

We offer original etchings, litho­
graphs and serigraphs signed by Cal­
der, Chaga'll, Dali, Delacroix, Renoir 
and other important artists. 

Victor Vasarely's vivid color seri­
graph, Bika, is just one of rhe many 
fine prints we've recently made avail­
able.) 

Our expert advice and full money­
back guarantee are your assurances 
that the art you buy will have lasting 
value and beauty. 

Send for our colorful, descriptive 

o;;:.';;nt �;:;;u;.{ 
120 East 56th Street, Dept. SA9, New York, N.Y. i0022 

o PLEASE SEND ME YOUR FREE COLOR BROCHURE 

State Zip 

© 1978 Original print collectors group, Ltd. 
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CARNEGIE-MELLON UNIVERSITY Carnegie Institute of Technology 
Mellon Institute of Science 

Program for 
Technical Managers 
April 24-May 19, 1978 
a NEW TECHNOLOGY BRIEFING 

for research, development and 
engineering management 

The greater your management responsibilities, the less 

your contact with actual technical work, Yet building an 

effective staff of younger professionals and setting effec· 

tive technical strategies demands a familiarity with the 

latest developments in modern science and engineering, 

In response, Carnegie-Mellon University has developed 

the Program for Technical Managers. Designed for the 

experienced technical executive, the Program is an inten­

sive tech nology update coupled with a review of im­

portant auxiliary topics such as the law, product lia­

bility, the environment and the management of technical 

activities. 

Increase your capacity to help solve your organization's 

technical problems. Make time for the Program for 
Technical Managers .. For your organization. For the next 

20 years of your career. 

Call Gus Walker (412/578-2207) for information. Or 

write Post College Professional Education, Carnegie­

Mellon University, 405 MMCH, Pittsburgh, PA 15213. 

ing famine by making possible a second 
crop and by spreading rice culture to the 
drier uplands. Tea drinking reached the 
entire population and sugarcane began 
to be cultivated widely. China grew and 
prospered; in the Ming there was iced 
storage, and refrigerated barges plied 
the Grand Canal carrying fresh fruit 
and fresh shad. The 17th century saw 
new species from America come to 
nourish many Chinese; maize, peanuts, 
sweet potatoes (but never widely the 
white potato) and of course tobacco be­
came major crops, as they still are. 

The volume cites gourmets in many 
eras, one of them of such refinement 
that he included in the rice water the 
dew collected from flowers, although 
the dew from garden roses was too 
strong in flavor and could not be recom­
mended! Such a pose is far from the 
honest "classic fare of the everyday Chi­
nese world." In China today a huge bowl 
of rice, a dollop of bean curd, a dish of 
cabbage (fresh in season, otherwise 
pickled), some flavor from fermented 
soybean and a little rapeseed oil to stir­
fry the greens constitute a square meal. 
The diet has "quality, variety and a nu­
tritional effectiveness" and is able to 
sustain "more people per acre than any 
other diet on earth," at least beyond 
laboratory scale. And New Year's and 
someone's wedding are sure to come. 

ECOLOGY AND BEHAVIOUR OF NOCTUR­
NAL PRIMATES: PROSIMIANS OF 

EQUATORIAL WEST AFRICA, by Pierre 
Charles-Dominique. Translated by R. 
D. Martin. Columbia University Press 
($17.50). For 300 or 400 velvet black 
nights one clever diurnal anthropoid 
moved unexpectedly around the high­
canopied primary rain forest at Mako­
kou, in the interior of Gabon. He was the 
zoologist-author of this study, and his 
"ingenuity, versatility and tenacity" are 
manifest in this readable, much-illus­
trated and uncompromisingly serious 
monograph (written in French and well 
translated by an informed English col­
league to appear first in English). He 
could see in the dark, because he bore a 
strong headlamp whose probing beam 
caught bright orange yellow reflections 
from the crystalline layer behind the ret­
inas of his subjects: our ancient little 
cousins, the five Gabon species of bush 
babies and lorisines. 

The rain forest houses two worlds of 
animals, the sunlit and the night-shad­
owed. The birds long ago staked out the 
daylight: 96 percent of bird species are 
diurnal. The mammals chose the night: 
80 percent of the mammalian forms in 
this forest live nocturnally. Rodents, in­
sectivores, bats and the older primates 
are all night folk. There are exceptions: 
in addition to the large ground-living 
hoofed mammals nearly all the squirrels 
and our monkey kin earn a living by 
day. They seek arboreal insects and 
fruits through vision, capitalizing on 
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"A remarkable overview of the human 
being - body, mind and society." 

-ISAAC ASIMOV 

"A wide-ranging look at the 
past, present and future of the 
human species . Peter Farb, no 
prophet of doom. has written a 
positive and realistic evaluation qf 
our prospects on planet earth.· 

-JOHN PFEIFFER 
"I'd call Mr. Farb's book awe­

some. if that didn't make it 
sound formidable - which it 
isn't ... ever·interesting. frequently 
surprising ... always illuminating .• 

-MORTON HUNT 
"Held me enthralled from the 

first page to the last ... a land· 
mark publication." 

-ELIOT PORTER 

A rich. powerful and brilliant 
celebration of our species ... 
a survival kit for modern 
humans. 

$15.95. just published 

An Alternate Selection of 
the Book-of-the-Month Club 

� Houghton Mifflin Company 

No dials to turn. 
No weights to adjust. " 
No lifting. 
No cueing. 

Nothing but one touch and music. The 8eogram 2400 turntable. 
It does everything for you. and does it exceedingly well. 

Write for literature. 

& 
& OLUFSEN OF AMERICA. DEPT. 13. 515 BUSSE ROAD. E L K GROVE VI LLAGE. ILl. 60007 . 

color perception. binocular perception 
of depth and foveal specialization for 
high-resolution optics; their hands assist 
in the catch. picking the insect or vegeta­
ble foods cunningly out of hiding places 
in litter or bark. By night. even though 
the prosimians have those hypertro­
phied eyeballs. with light-reflecting lay­
ers to make the most of the low light 
level (only 1 percent of the night-sky il­
lumination reaches below the canopy). 
their insect hunt is done by sound or 
scent. The sharp. mobile ears of the ag­
ile bush babies detect a moving insect; 
the keen smell of the slow-moving lori­
sines "can detect an immobile cricket 
hidden from view at a distance of one 
meter." 

There are two contrasting strategies in 
this nocturnal primate life. One is for 
the small and swift: bush babies leap 
and spin. propelled by long tails and 
powerful hind limbs. The stout potto 
and the slenderer angwantibo never leap 
but climb with a silent. deliberate mo­
tion. the former through the canopy and 
the latter in the undergrowth. The slow 
movers take slow and often unpalatable 
or irritant insects-ants and caterpil­
lars-whereas the fast ones get the faster 
and tastier insects. All the forms prefer 
insects. but the bigger species. the potto 
and two bush babies. eke out the meaty 
diet with fruits or gums. The potto seeks 
its fruits high in the canopy. crossing 
from tree to tree on the stoutest branch­
es and lianas of the forest. The angwan­
tibo stays closer to the ground. using 
small Iianas to move about the under­
growth in its hunt for the bristly cater­
pillars it can stomach. The bush babies 
all leap remarkably. under good binocu­
lar-vision control even on dark nights. 
sometimes flying two or three meters 
without loss of altitude. A potto. no 
mean fighter if cornered. may take two 
minutes to ooze one meter without rus­
tling the dense leaves. "When extremely 
frightened, a potto may simply fall to 
the ground." 

The methods of this devoted and pen­
etrating four-year field study are as in­
teresting as the subjects. The author 
made surveys by headlamp beam. had 
radio transmitters weighing under an 
ounce and made stroboscopic-flash pho­
tographs. He isolated trees and tree 
clumps by cutting their branches and li­
anas to force the animals to choose cer­
tain paths and take certain detours. of­
ten so that they would a.ctuate switches 
installed on the vines. thus recording the 
time and direction of their passage. Tak­
ing a careful census of stomach con­
tents. recording the complex calls with a 
parabolic microphone reaching the ul­
trasonic range. observing captive ani­
mals for long periods. alarming the ani­
mals with such stimuli as the skins of 
snakes and cats-those techniques are 
perhaps more usual. The richness of un­
derstanding that has been gained even of 
the social life of these nightbound crea-
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WHAT'S BETTER 
THAN SPEED READING? 

SPEED LEARNING 
(SPEED PLUS COMPREHENSION) 

Speed Learning is replacing speed reading because it's easy to learn ... lasts a lifetime ... applies to 
everything you read ... and is the only fully accredited course with the option of 3 college credits. 

Do you have too much to read and too 
little time to read it? Do you mentally 
pronounce each word as you read? Do 
you frequently have to go back and re­
read words or whole paragraphs you just 
finished reading? Do you have trouble 
concentrating? Do you quickly forget 
most of what you read? 

If you answer "yes" to any of these 
questions - then here at last is the prac­
tical help you've been waiting for. 
Whether you read for business or plea­
sure, school or college, you will build excep­
tional skills from this major breakthrough 
in effective reading, created by Dr. Russell 
Stauffer at the University of Delaware. 

Not just "speed reading" - but speed 
reading-thinking-understanding­

remembering-and-Iearning 
The new Speed Learning Program 

shows you step-by-proven-step how to 
increase your reading skill and speed, so 
you understand more, remember more 
and use more of everything you read. 
The typical remark made by the 75,000 
slow readers who completed the Speed 
Learning Program was: "Why didn't 
someone teach me this a long time ago?" 
They were no longer held back by the 
lack of skills and poor reading habits. 
They could read almost as fast as they 
could think. 

What makes Speed learning so successful? 
The new Speed Learning Program does 

not offer you a rehash of the usual eye­
exercises, timing devices, costly gadgets 
you've probably heard about in connec­
tion with speed reading courses or even 
tried and found ineffective. 

In just a few spare minutes a day of 
easy reading and exciting listening, you 
discover an entirely new way to read and 
think - a radical departure from any-

EARN PROFESSIONAL & COllEGE CREOITS 
Speed Learning is approved for credit by the fol· 
lowing professional and educational institutions: 
• AMERICAN MEDICAL ASSOCIATION 
15 Credit Hours - Category I 
Louisiana State University Medical Center 
• FOUNDATION FOR 

ACCOUNTING EDUCATION 
20 Continuing Professional Education Credit Hours 
• COLLEGE CREDIT 
3 credits from the National College of Business 
Details and registration forms included with each 
program. Note: Many firms and government agen· 
cies have tuition assistance plans for employees 
providing full or partial payment for college credit 
programs. 
ENDORSED BY 
• American Management Associations 
• Institute of Electrical & Electronics Engineers 
• 1000s of executives. physicians and educators 

thing you have ever seen or heard about. 
Research shows that reading is 95% 
thinking and only 5% eye movement. Yet 
most of today's speed reading programs 
spend their time teaching you rapid eye 
movement (5% of the problem) and ig­
nore the most important part (95%) think­
ing. In brief, Speed Learning gives you 
what speed reading can't. 

Imagine the new freedom you'll have 
when you learn how to dash through all 
types of reading material at least twice as 
fast as you do now, and with greater 
comprehension. Think of being able to 
get on top of the avalanche of newspa­
pers, magazines and correspondence you 
have to read ... finishing a stimulating 
book and retaining facts and details more 
clearly and with greater accuracy than 
ever before. 

listen-and-Iearn at your own pace 
This is a practical, easy-to-learn pro­

gram that will work for you - no matter 
how slow a reader you think you are 
now. The Speed Learning Program is sci­
entifically planned to get you started 
quickly ... to help you in spare minutes 
a day . It brings you a "teacher-on­
cassettes" who guides you, instructs, en­
courages you, explain­
ing material as you 

read. Interesting items taken from Time 
Magazine, Business Wee k, Wall Street 
Journal, Family Circle, N. Y. Times and 
many others, make the program 
stimulating, easy and fun and so 
much more effective. 

Executives, students, professional 
people, men and women in all walks of 
life from 15 to 70 have benefi ted from this 
program. Speed Learning is a fully accred­
i ted course ... costing only 115 the price 
of less effective speed reading classroom 
courses. Now rou can examine the same, 
easy, practica and proven methods at 
home .. . in spare time without 
risking a penny. 

Examine Speed learning 
FREE for 10 days 

You will be thrilled at how quickly this 
program will begin to develop new 
thinking and reading skills. After listen­
ing to just one cassette and reading the 
preface you will quickly see how you can 
achieve increases in both the speed at 
which you read and in the amount you 
understand and remember. 

You must be delighted with what you 
see or you pay nothing. Examine this 
remarkable program for 10 days. If, at the 
end of that time you are not convinced 
that you would like to master Speed 

Learning, simply return the 
program and owe noth­
ing. See the coupon 
for low price and con-

venient credit terms. 

In most cases, the 
entire cost of your 
Speed Learning Program 
is Tax Deductible. 

r---- -- ------------------- - -
SA-21 

learn 113 Gaither Drive, Mount Laurel, N.J. 08054 
I 

INCORPORATED 

Please send me the Speed Learning Program at $79.95 plus $3.00 for handling and insured delivery. 
Please check the method of payment below: 

o Check or money order enclosed for items ordered. 

o Please charge my credit card under their regular payment terms: 0 Bank Americard 

o Master Charge Interbank No. 0 American Express 0 Diners Club 

Card No. Exp. Date ______ _ 
I understand that if after 10 days I am not delighted in every way, I may return the materials 
and obtain a full refund with no questions asked. 

Name ________________ __ 

Address _______________ _ 

City ______ __ State ___ Zip __ _ 

x Signature ______________ _ 

If you don't already own * 
a cassette player, you 
may order this Deluxe 
Cassette Recorder for 
only $49.95. (Includes � .. .. 
handling and deliVery.)

" 
Check here to order 0 �----. 

L _______ New Jersey Residents add 5% sales tax ______ __ ..J 
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tures. who signal by sound and scent. is 
a tribute to the work. (Charles-Domi­
nique is careful to point out to us herded 
simians that "solitary" is the opposite 
not of "social" but of "gregarious. ") 

The bird-reptiles chose daylight 100 
million years ago. The first primates 
were probably like the little fellows in 
Gabon. nocturnal. The dark night en­
trapped them all; their few adaptations 
are admirable. but they have remained 
in the rain forest almost as they began. 
since the rain forest itself remains un­
changing over the ages. Thirty million 
years or so back some primates chose 
the riskier daylight. The eye-hand pre­
cision loop. color vision. free ground 
movement. larger size. wider diet. gre­
garious existence and in the end even 
volumes on ethology all appeared along 
that path of light. 

KEY PROBLEMS OF PHYSICS AND As-

TROPHYSICS. by V. L. Ginzburg. 
Translated from the Russian by Oleg 
Glebov. Mir Publishers. Moscow. Dis­
tributed by Imported Publications. Inc .. 
320 West Ohio Street. Chicago. Ill. 
60610 ($2.25). Not many people could 
have written this book. We are lucky 
one of them did-a witty. candid. versa­
tile and brilliant theoretical Moscow 
physicist who. in the spirit of his univer­
sal teacher. the late Lev D. Landau. has 
made stimulating contributions to su­
perconductivity. phase transitions. par­
ticle theory. cosmic-ray origins. general 
relativity, plasmas and much more. Ac­
ademician Ginzburg has written this lit­
tle book. a tiny bargain equivalent of 
about 100 easily read pages. in a unique 
tone. The three chapters. each with sev­
en to nine distinct sections. deal respec­
tively with macrophysics. microphysics 
and astrophysics. In each domain he 
surveys the issues of the day and pro­
nounces on them. firmly enough but 
with an honest admission that his is but 
one contribution to a debate. an effort 
"to argue . . .  to be bold in bringing for­
ward suggestions and defending them 
(but not imposing them)." Only the sim­
plest of formulas (but they are deep 
ones) and a few key numbers appear in 
these pages. The argument is not intend­
ed for the true novice in physics. but it 
will engage anyone who has some seri­
ous background in the modern sUbject. 
even a qualitative one. The "key prob­
lems" are those "the answer to which is 
substantially unclear in character and 
content." (Biophysics is set aside.) 

It is not reasonable to excerpt from 
such a brief book. but we can cite a few 
conclusions. Superconductivity at high 
temperature is bound to be one of the 
key issues. Thin metal-insulator sand­
wiches. formed to allow electron inter­
action through the exchange of electron­
hole pairs. seem promising to Professor 
Ginzburg. who writes that he "would 
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not be too much surprised to read 
about" such a discovery. We are still 
waiting. (The references end about three 
years back; this edition has been some­
what revised to about 1976.) The elec­
tron-hole fluid he expects has in fact 
been seen. Metallic hydrogen is not at 
hand. or controlled fusion. or the laser 
analogue for X rays. although the last is 
close. One can read here a convincing 
account of why materials with extraor­
dinary properties are often reported. 
even in respectable publicati(ims. but 
cannot later be confirmed. The theory of 
phase transitions has been pursued more 
or less as Ginzburg urges. Superheavy 
elements remain claims. 

Nuclear. or particle. physics appears 
to the author to be losing the preemi­
nence it held only a generation ago be­
cause it now focuses on unstable matter. 
or matter with almost no interaction 
here on the earth. Once physics studied 
everyday things. atoms and their cores; 
today it deals with the outlandish and 
the rare. That cannot fault the depth and 
intellectual sublimity of the discipline. 
but it does reduce the impact. What was 
once the "first lady" of the natural sci­
ences is now only the most beautiful; it 
has merely a subjective distinction. not a 
socially defined one. "I differ from some 
of my colleagues in believing that ado­
ration should not be accompanied by 
neglecting changes in age and charac­
ter." This was written before charm and 
other flavors. but it remains pointed. 

In astrophysics Professor Ginzburg. 
obviously no conservative by nature. 
takes a skeptic's role. Gravitational 
waves he sees as "pseudodiscoveries" 
wanting confirmation. The singularities 
of general relativity. even the black hole 
dear to popular and scientific authors 
for a decade. may in fact not be realized. 
in spite of the classical theory of Ein­
stein and its recent tentative extensions. 
A new length. somewhere below the 
present limit of our probing of small dis­
tances. may intervene to forbid the star­
tling extrapolations. We do not know. 
Nor is it clear that the new findings 
of astronomy-the quasars. pulsars and 
masers. thermal background and X-ray 
stars-will demand any similar novelty 
from physicists. Molecular biology has 
fallen under the sway of ordinary quan­
tum chemistry. something Bohr. for ex­
ample, never expected. For Ginzburg 
new physics may at most be needed in 
the near neighborhood of the "classical 
singularities." at the final collapse of 
matter. or the cosmological analogue. 

The book ends with a characteristic 
few pages in which one seems to hear the 
lively voice of the author himself. "I just 
could not write I in a purely scientific 
paper and it was sometimes with an ef­
fort that I wrote so in this book which is. 
after all. a popular account of my per­
sonal views." Surely our scientific litera-

ture has gone too far in its laconic and 
impersonal style; will some able col­
league reply to Vitaly Ginzburg's pun­
gent views? We need what he invites; "a 
d�bate on the development of science 
going on in the atmosphere of tolerance 
and goodwill." 

THE ARTICULATE MAMMAL: AN IN­
TRODUCTION TO PSYCHOLlNGUISTlCS, 

by Jean Aitchison. Universe Books. 
New York ($10). "The rabbit is ready to 
eat." Chefs statement or pet owner's? 
Two distinct "deep structures" underlie 
the single plausible sentence, both of 
which can be transformed by relatively 
simple rules into the single form cited. Is 
that how you were able to read the line? 
For nearly 20 years, under the sustained 
and penetrating inquiry led by the phi­
losopher-linguist Noam Chomsky of the 
Massachusetts Institute of Technology, 
the discipline of psycholinguistics has 
worried its way into independence. To 
one side of it lies the apt but stupid pi­
geon pecking at a picture. to the oth­
er the epistemological constructions of 
Descartes and Kant. Language is so 
close to thought, so widely and swiftly 
learned among human beings. so subtle 
in its complexity that it claims the right 
to occupy a special place in psychology. 
a place where the linguist's learning and 
mathematical bent dispute the experi­
menter's sovereignty. The controlled ex­
periments of the one and the extraordi­
nary richness of the spontaneous data 
from the field that is so central to the 
other have begun to complement each 
other. 

They nonetheless have a long way to 
go. This cheerful little volume by a 
linguist at the London School of Eco­
nomics is an engaging summary at an 
introd uctory level of the present sta­
tus of three grand topical problems: In 
what way is language genetically pro­
grammed into human behavior? How 
does that internal knowledge find use? 
How do we in fact understand and pro­
duce sentences? With plenty of word­
play, puns. epigraphs from Ogdel1 Nash 
and others, whimsical terms and even 
cartoon diagrams, Dr. Aitchison leads 
us through the literature of the turbulent 
science. The story begins with the fa­
mous review of 1959 in which Chomsky 
made plain that "language is infinite­
ly more complex and less predictable" 
than a theory of learned responses can 
possibly encompass. (Of course, there 
is some learned-response verbal behav­
ior-people who "invariably say 'Damn' 
if they drop a raw egg. ") 

The author leads us through the pseu­
dospeech of mynas to the proto speech 
of chimpanzees, to a little brain archi­
tecture. to the biological preconditions 
of human speech (for example. how we 
easily do at least three things at once 
in speaking). to the way infants utter 
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Why a Mercedes-Benz 
doesn't lose its dignity on 
sharp curves, in panic stops 
or on washboaro roads. 
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Independent vertical wheel action. 
�;\,�[j1Jl----+--- The spring action of one rear wheel 

does not affect the other. Each wheel 
can adhere to its road surface. 

'?o\��'-+- The differential is mounted to the +------11-

In 1931 Mercedes-Benz engineers 
launched a new era of driving comfort, 

performance and safety by introducing 
4-wheel independent suspension. For 
the next 46 years they continued to 
modify and improve this revolutionary 
concept in the quest of perfection. Their 
achievements are reflected in the new 
Mercedes-Benz automobiles of today. 

Surer grip of the road 
Four-wheel independent suspension 
put the automobile on the road to 
greater safety. 

For the first time every wheel of 
a passenger car could adapt to rough 
road surfaces without losing a 
sure grip. 

And since the wheels acted inde­
pendently, if one encountered a soft 
shoulder or pothole, the remaining 
three wheels could handle the an­
noyance with greater safety than was 
ever before possible. 

Handle bumps without jostle 
In 1954 Mercedes-Benz introduced 
Single-joint swing a.·des to passenger 
cars. This gave the driver a surer feel of 
the road. It also let a Mercedes-Benz 
step nimbly, up and over brutal bumps 
and around tight curves with much less 
transmitted vibration. 

In 1961 air suspension with auto­
matic level adjustment was engineered 
into the 300 SE sedans. It eliminated 
even more vibration and added an even 

body through the axle carrier. This 
reduces the unsprung weight, 
IJrG'vidznJ! a better ride. 

H----+ Constant-velocity couplings in the 
axle shafts transmit torque evenly 
while permitting each wheel to move 
independently. These couplings 
operate quietly and without vWI'''''''''''-1 

smoother ride. In 1968 diagonal-pivot 
swing rear axles with four constant­
velocity couplings were designed in 
to keep that smooth ride constant. 

Then in 1972 Mercedes-Benz intro­
duced zero-offset steering on the front 
suspension of the 450 Series sedans. 
This helped straight-line tracking under 
heavy braking conditions and provided 
more precise steering control in 
emergencies like blowouts. 

The suspension of the future 
It's the ingeniously engineered hydro­
pneumatic suspension on all four 
wheels of the Mercedes-Benz 6.9. 
It gives the driver a level of control 
almost unmatched by any other 4-door 
sedan. It provides exceptional stability, 
even on curves or dirt roads laced with 
potholes. 

Why does Mercedes-Benz go to 
all this trouble just to keep four wheels 
on the road? Simple: The engineers be­
lieve their job is to advance the state of 
the automotive art. 

They continually strive to find better 
ways to make a Mercedes-Benz even 
easier to drive. So the driver has more 
time to keep his mind on the road 
ahead. Fatigue is reduced by blessing 
him with an absence of vibration, 
bouncing, swaying and undue noise. 

Safety iust 
All cars surround you with safety belts. 
A Mercedes-Benz also surrounds you 
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with an additional belt of safety: a 
unitized steel protected passenger shell 
which is designed to help absorb 
impact energy. 

In an unavoidable accident situa­
tion a Mercedes-Benz is designed to 
crumple progressively For example­
on impact the forward subframe can 
absorb shock by gradually closing like 
a metal accordion. 

All in all a Mercedes-Benz surrounds 
you with over 100 safety features-
most of which you'll probably never 
notice or need. But they're there-just in 
case. 

Engineered like no other 
car in the world 

People give many reasons for choosing 
a Mercedes-Benz. 

But the company's aim in designing 
and constructing them is doggedly 
Single-minded. 

It is to build safe, comfortable, prac­
tical cars-with as few imperfections as 
possible. 

This philosophy puts engineering 
ahead of petty economies and pre­
cludes the mass production of inex­
pensive cars. 

It allows little room for compro­
mise or for shortcuts; just the pursuit 
of engineering excellence. 0 

A Mercedes-Benz is 
engineered like no 
other car in the world. 
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Ultimately It's Marnlltz. 

Go u It. 
Now, professional 
3-head monitoring 
in a cassette deck. 

Up to now you had to 
choose between a cassette 
deck for convenience. Or, 
reel-to-reel for profes­
sional recording features. 
Now have it both ways in 
the Marantz 5030 cassette 
deck. 

Here's how: 
The Marantz 5030 has 

separate record and play­
back heads ... the same as 
reel-to-reel. This gives you 
an instant check of the 
quality of your recording 
as you record. And, like some of the most expen­
sive reel-to-reel decks, the record and playback 
heads on the Model 5030 are super-hard perm­
alloy-a long-lasting metal alloy that gives 
better frequency response and signal to noise 
ratio than Ferrite material. 

For precise azimuth alignment, both the 
playback/monitoring and record heads are 
set side-by-side within a single metal en­
closure. They can't go out of tracking 
alignment. 

Complementing this outstanding "head­
technology" is Full-Process Dolby'" Noise Reduc­
tion Circuitry. It not only functions during 
record and playback ... but during monitoring 
as well. 

What drives the tape past the heads is every 
bit as important as the heads themselves. For 
this reason the Model 5030 has a DC-Servo 

Motor System. The steadi­
est, most accurate tape­
transport method. Speed 
accuracy is superb, with 
Wow and Flutter below 
0.05% (WRMS). 

To adapt the Model 5030 
to any of the three most 
popular tape formulations, 
press one of the three but­
tons marked "Tape EQ and 
BIAS�' There are settings 
for standard Ferric-Oxide, 
Chromium Dioxide (Cr02) 
or Ferri-Chrome (FeCr) 
tape. 

With Mic/Line Mixing, 
two sources can be re­
corded at the same time, 

combining line and microphone inputs. The 
Master Gain Control lets you increase or de­
crease the overall volume of the total mix. 

What else could we pack into a front load 
cassette deck? 

More features. Like a 3-digit tape counter 
with memory function. V iscous Damped Verti­
cal-load Cassette Door. Switch able Peak Limiter. 
Fast-response LED Peak Indicators. 3" Extended­
range Professional VU Meters. Locking Pause 
Control for momentary shut-off in record or 
play ... and Total Shut-off in all modes when 
the tape ends. 

And, of course, the unbeatable Marantz 5030 
is front loading. Easy to stack or fit on a shelf. 
The styling is clean and bold. The sound is the 
truest recreation of what was put on tape. If you 
want the best-then do what you really want to 
do-go for it. Go for Marantz. 

--------.---�® 
We sound better. 

"'TM Dolby Labs, Inc. © 1978 Marantz Co., Inc., a subsidiary of Superscope, Inc., 20525 Nordhoff St., Chatsworth, CA 91311. 
Prices and models subject to change without notice. Consult the Yellow Pages for your nearest Marantz dealer. 
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sounds, to the speech of children and of 
dysphasics, to the study of mature lan­
guage structure and comprehension and 
finally to a close look at the results of the 
past decade or so of seeking out an­
swers, It is reported that English parents 
could identify the "messages" of crying 
Italian and Spanish babies as easily as 
those of English ones. Chinese infant 
babbles tend toward the monosyllabic 
and tonal, distinguishable from Russian 
or Arabic ones; the result "supports the 
notion of a 'babbling drift' '' in which the 
infant's babble gradually comes to re­
flect the speech sounds it hears. Infants 
cry in no language, but they babble in a 
familiar tongue. The one-word and two­
word stage-found to be full of insight­
leads to the chattering flood of chil­
dren's  fluent speech. 

The tentative stance with which our 
guide leaves us is most conformable to 
the present view of the mind as a whole. 
What we hear is the "best guess" result 
of a series of strategies in the space of 
meaning as well as of syntax, neither a 
simpleminded search of an impossibly 
rich store of possibilities nor an open­
minded and acute attention to what is 
said as it is said. People hear to a surpris­
ing extent "what they expect to hear. " 
(Of course, sight is not much different.) 
We speak with great speed in spite of the 
need for a series of overlapping partial 
plans, made by tone groups, guided in 
time by a pattern of rhythm. The slips 
of the tongue that mainly support such 
a view are fascinating. The Reverend 
Spooner (whose absent students hissed 
all his mystery lectures) turns out a little 
too good to be true. 

The biggest issue left unsettled comes 
down to this: How distinct will language 
be from the other deep topics of human 
psychology once the mind is better un­
derstood? The lawful English sentence 
"The cat the dog the man the baby 
tripped up bit scratched collapsed" is 
"about as difficult as any sentence could 
possibly be."  It is certainly unexpected, 
it lacks such clues as "that," its words 
appear in a strange order, it contains 
unusual meaning, it strains short-term 
memory with its impacted subroutines 
and it has to be worked out in part back­
ward. Any comprehension program at 
all would be wise to reject it, and indeed 
most sensible listeners say, "Sorry . it's 
just not English." Yet it seems to be cor­
rect grammatically, unique and simple 
in deep structure. Here one feels the ab­
sence of nearly all quantitative mate­
rial in this area, except for time-delay 
studies of various kinds; logical pat· 
tern dominates completely . Perhaps a 
stronger sense of quantity will enter 
with computer studies, the only relevant 
domain that is not discussed at all in this 
admirable book for any general reader 
able to enjoy (or to put up with) the au­
thor's whimsical style. 

N umber of E lements 4 Angle  of Acceptance 3 ° 25' 
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Deinsti tu tionalization 
and Mental Health Services 

The resident population oflarge mental hospitals has been reduced 
by two-thirds in 20 years, but chronic patients are being discharged 
to a lonely existence in hostile communities without adequate care 

by Ellen 1. Bassuk and Samuel Gerson 

F ifteen years ago the u.s. undertook 
a massive reform in the delivery of 
mental health services under the 

banner of "community mental health." 
A major objective. urged by a spirit of 
reform and presumed to be brought 
within reach by the availability of new 
psychoactive drugs. was the release 
from institutions and the rehabilitation 
within their own community of people 
with severe mental illness. Today the 
population of mental hospitals has in­
deed been reduced by two-thirds. That 
achievement is offset. however. by huge 

increases in the rate of admissions to 
those hospitals (signifying a high turn­
over of patients through short periods of 
hospitalization) and in the number of 
discharged but severely and chronical­
ly disturbed former patients consigned 
to bleak lives in nursing homes. single­
room-occupancy hotels and skid-row 
rooming houses. 

Does "deinstitutionalization" repre­
sent an enlightened revolution or an ab­
dication of responsibility? It is probably 
too early for a definitive judgment. but 
it is not too soon to review the issues 
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raised by this aspect of the community 
mental health movement and to consid­
er how such a well-intentioned reform 
as de institutionalization could have cre­
ated so many problems. 

The mandate of those who attend to 
the mentally ill has always been shaped 
by the social. economic. religious and 
philosophical temper of the times. and 
in no case is that effect more clearly il­
lustrated than in the history of the insti­
tutional segregation of people who are 
labeled "mad." The movement toward 
institutionalization started with the 
growth of secularism in the 17th and 
18th centuries. As the power of the 
churches waned. so did the view that 
disturbed behavior was a symptom of 
demonological possession. to be dealt 
with by exorcism or death. In its place 
came the belief that deviance was a re­
flection of sloth and moral turpitude. 
best managed by disciplinary measures 
and segregation from society. Institu­
tionalization replaced witch-hunting. 
but the basic objective continued to be 
to protect society rather than to care for 
the individual. It was not until the as­
cendancy of "moral treatment." advo­
cated primarily by Philippe Pinel at the 
Hopital Salpetriere in Paris. early in the 
19th century that concern for the wel­
fare of the institutionalized person com­
peted with concern for the protection of 
society. As inhuman living conditions 
and harsh punishment began to give 
way to a more humane approach. there 
was growing interest in understanding 
the nature and causes of disturbed be­
havior from a medical perspective. Con­
cepts of illness replaced concepts of 
social deviance: medical treatment be-
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came the new rationale for institutional­
ization. 

In the U.S. parallel efforts to treat dis­
turbed behavior as a medical problem in 
special hospitals were limited at first to a 
few large Eastern cities; by the mid-
1840's only some 25 such hospitals had 
been established with a total capacity of 
perhaps 2.500. The great majority of 
those who were segregated because they 
could not function appropriately within 
the community lived under squalid con­
ditions. sequestered in county homes or 
almshouses or even in jails with people 
who were simply poor or old or physi­
cally sick-in any case without treat­
ment. In the second half of the 19th cen­
tury. however. there was a revolution in 
the care of the mentally ill. brought 
about by a convergence of social. medi­
cal and economic influences. Public at­
tention was drawn to the plight of the 
severely disturbed by a reform move­
ment led by Dorothea Dix. which coin­
cided with the development of new med­
ical models of disturbed behavior. As 
the mentally ill began to be transferred 
from local homes and jails to small 
county institutions. it became evident to 
state legislatures that larger state insti­
tutions would more economically as­
suage the reform movement. By 1900 
more than 100 new state institutions 
were built. 

In time the large. cost-effective mental 
hospitals came to serve as receptacles 
for a wide range of socially trouble­
some individuals. including many of the 
indigent and disturbed-or seemingly 
disturbed-people among the waves 
of late- 19th-century immigrants. As the 
proportion of chronically ill patients 
increased. the hospitals became over­
crowded. patient care deteriorated and 
both psychiatrists and the public lost 
faith in the possibility of cure and return 
to the community. The reform move­
ment. having seen its original objectives 
apparently accomplished. had ceased to 
be a significant influence. By early in 
this century the network of state mental 
hospitals. once a proud tribute to an 
era of reform. had largely turned into 
a bureaucratic morass within which pa­
tients were interned. often neglected 
and sometimes abused. 

That was the general situation after 
World War II. when social. econom­

ic and medical developments prompted 
a teassessment of the delivery of psychi­
atric services. The rejection of large 
numbers of young men from military 
service on the ground of diagnosed psy­
chiatric disturbance had made the coun­
try aware of the prevalence of mental 
disorders and of the lack of adequate 
resources for prevention or treatment. 
The new awareness led to more fund­
ing of research and training programs in 
the area of mental health. Then came a 
major medical development: the wide-

spread and effective introduction of an­
tipsychotic drugs in the early 1950·s. 
The possibility arose that thousands of 
patients previously considered manage­
able only within the confines of an in­
stitution could now be treated as out­
patients. That possibility increased the 
growing pressure for the development 
of comprehensive programs of commu­
nity-based treatment. The pressure was 
further augmented by the desire of state 
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legislatures to reduce the financial bur­
den of state mental hospitals. 

These various trends combined to 
lead Congress to establish in 1955 the 
Joint Commission on Mental Illness and 
Health to evaluate services for the men­
tally ill and to formulate a national men­
tal health program. The commission's 
recommendations. reported in 1960. 
provided the groundwork for a land­
mark address to Congress by President 
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RATE OF HOSPITALIZATION, or the number of days in the hospital per 1,000 of U.S. pop­
ulation, has decreased by 65 percent in state, county and private mental hospitals since 1940. 
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RATE OF ADMISSIONS has increased by 129 percent as the resident population and hospi­
talization rate of mental hospitals have dropped. The drop is the result of shorter average stays. 
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PORTRAITS OF MENTAL PATIENTS were engraved by Am­
broise Tardieu for a two-volume work publisbed in 1838, Des ma-

ladies mentales, cOl/siderees SOliS les rapports medical, ;'ygiel/iqlle et 
medico-!egal. The author, Jean-Etienne-Dominique Esquirol, was a 

Kennedy urging a "bold new approach" 
to the management of mental illness, 
which led in turn to the passage of the 
Mental Retardation Facilities and Com­
munity Mental Health Centers Con­
struction Act of 1963. The legislation 
and related guidelines from the Depart­
ment of Health, Education, and Welfare 
called for the establishment of a new 
kind of community-based center and 
promised Federal funding for such fa­
cilities if they provided five essential 
services: inpatient care, outpatient care, 
emergency treatment, partial hospital­
ization and "consultation and educa­
tion." The legislation marked a momen­
tous shift in the ideology of treatment 
for mental illness and led to radical 
changes in the delivery of psychiatric 
services. 

The concept of "community mental 
health" implied a dual promise: treat­
ment and rehabilitation of the severely 
mentally ill within the community and 
the promotion of mental health general­
ly. The first promise was to be fulfilled 
by the development of an extensive sup­
port system for the mentally ill, based 
on community mental health centers 
and offering comprehensive and coordi­
nated treatment and rehabilitation ser­
vices. These new and "less restrictive" 
services were to take over the traditional 
function of large custodial institutions 
in caring for chronically disturbed indi­
viduals. The quantitative goal set for 
this deinstitutionalization process was a 
50 percent red uction in the patient pop­
ulation of state hospitals for the men­
tally ill within two decades-a statis­
tic that, as we mentioned above, has al­
ready been achieved. The second aim 
of the program, the broad improvement 
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of the nation's menta! health status, was 
to be accomplished largely by preven­
tive programs originating in the mental 
health centers, each of which would be 
responsible for a population of 75,000 
to 200,000 people in a geographically 
defined "catchment" area. 

Implicit in these objectives was an ex­
pectation that mental illness could in­
deed be prevented and that even chronic 
patterns of severely disturbed behavior 
could be altered. There was a mood of 
enthusiastic optimism, which in retro­
spect can be seen to have bordered on 
blind faith. The shortcomings of the ini­
tial legislation, the lack of an adequate 
system of follow-up care, the hard reali­
ties of insufficient funding, the probable 
impact of patients on communities and 
even the uncertainties as to effective 
therapy that continue to plague psychi­
atry-all of these were largely ignored 
in the rush to implement the new goals. 
In some programs established by the 
legislation ignoring the realities has 
only made for confusion and waste. For 
thousands of hospitalized patients re­
leased haphazardly to a nonsystem of 
community aftercare, however, it has 
meant real hardship and even tragedy. 

As of mid-I975, 507 community men­
£\.. tal health centers were in full oper­
ation; an additional 96 centers had re­
ceived large grants from the National 
Institute of Mental Health for construc­
tion and staff. (According to NIMH esti­
mates, however, the 603 centers would 
provide coverage for only some 40 per­
cent of the U.S. population; some 1,500 
centers are needed.) Outpatient facili­
ties, which include the community cen­
ters, other clinics and emergency rooms, 

now account for more than 65 percent 
of all mental health patient-care "epi­
sodes," an increase from 23 percent in 
1955. (An episode is an entry into care; 
the total number of episodes in a year is 
the sum of the inpatient and outpatient 
rolls and the additions to those rolls in 

FIRST STATE HOSPITAL built expressly 
for the humane custodial care of chronically 
disturbed patients under medical supervision 
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pioneer in psychiatry who classified mental 
illnesses and advocated humane treatment. 

the course of the year.) At the same time 
that outpatient episodes were more than 
doubling between 1955 and 1975, there 
was a 65 percent decrease in the census 
of resident patients in state mental hos­
pitals. from 5 59.000 to 193,000. 

The deinstitutionalization statistics 

are illusory, however. Although the an­
nual census was decreasing. admissions 
to state hospitals increased from 178.-
000 in 1955 to a peak of 390,000 in 
1972 and had declined only to 375,000 
by 1974. That trend reflects a new phi­
losophy of short-term hospitalization. 
Moreover, a growing proportion of the 
admissions were readmissions (in 1972. 
64 percent of them); about half of the 
released inpatients are readmitted with­
in a year of discharge. Those statistics 
must surely refiect the lack of a fully 
effective community-based support sys­
tem. As a matter of fact, the Depart­
ment of Mental Health in Massachu­
setts, where we work (at Beth Israel 
Hospital and Cambridge Hospital and 
the Harvard Medical School), has esti­
mated that between half and three­
fourths of the readmissions could have 
been avoided if comprehensive commu­
nity facilities had existed. 

And they generally do not exist. As 
contemplated in the 1963 legislation 
and made more explicit in an amend­
ment in 1975, the de institutionalized pa­
tient was to be supported by a spectrum 
of aftercare services delivered by half­
way houses, family and group homes. 
therapeutic residential centers, foster­
care arrangements and so on. with the 
local community mental health center 
as the coordinator. In 1977 a report is­
sued by the General Accounting Office 
concluded that the centers have not ful­
filled their intended function in behalf 

of patients returned to the community. 
There are some obvious reasons. One is 
that the centers developed and have 
been administered without connection 
with the state hospitals; the two systems 
are most often completely un integrated 
and frequently not even in communica­
tion with each other. so that the dis­
charges are inadequately coordinated 
with the availability of community fa­
cilities. Moreover, in the rush to reduce 
their census the hospitals discharged pa­
tients long before most of the commu­
nity centers had been established and 
before supporting programs had been 
developed. 

There are, to be sure. a few centers 
that have devised innovative pro­

grams to enhance the quality of life for 
chronically ill patients; there are some 
experimental programs that offer total 
care for discharged patients in a com­
munity setting. Such centers and pro­
grams are few. however, and they are 
the result of efforts by particular indi­
viduals or institutions. special funding 
or other special circumstances rather 
than of any consistent plan. In part this 
inconsistency results from a deliberate 
choice: the development of community 
services was not based on data collected 
by systematic research; rather, it was as­
sumed that each center would be shaped 
by the particular needs of its area as they 
were perceived by the community itself. 

A major problem in gauging the ef-
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was the Willard Asylum for the Insane, opened in 1869 at Ovid in 
western New York. Its sprawling plant, which included a central build­
ing, farm buildings and "detached blocks" for men and women, ac-

commodated 1,500 patients, many more than any earlier U.S. mental 
institution. This engraving of the hospital grounds was an illustration 
in the ninth annual report of the board of trustees, published in 1878. 
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fectiveness of the community support 
programs is the paucity of follow-up 
studies whose data can be generalized 
and compared and that trace the move­
ment of discharged patients through the 
labyrinth of psychiatric facilities and 
living conditions after their release. The 
existing evidence is clear. however. par­
ticularly to those of us who are engaged 
in the emergency care of severely dis­
turbed people in outpatient departments 
of city hospitals. Time and time again 
we see patients who were released from 
state hospitals after months or years of 
custodial care; who then survived pre­
cariously on welfare payments for a few 
months on the fringe of the communi­
ty. perhaps attending a clinic to receive 
medication or intermittent counseling; 
who voluntarily returned to a hospital 
or were recommitted (which in Massa­
chusetts is possible only if the patient is 
acutely suicidal or homicidal or mani­
festly unable to care for himself); who 
were maintained in the hospital on an­
tipsychotic medication and seemed to 
improve; who were released again to 
an isolated "community" life and who. 
having again become unbearably de­
spondent. disorganized or violent. either 
present themselves at the emergency 
room or are brought to it by a police 
officer. Then the cycle begins anew. 

The generally ineffective functioning 
of community mental health centers in 
caring for discharged patients means 
that there is an inadequate system of fol-
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low-up psychiatric treatment for them. 
or even of basic guidance in coping with 
the mechanics of daily living. The fail­
ure to establish sheltered housing shunts 
former patients into nonpsychiatrical­
Iy oriented facilities. Most patients are 
placed in nursing homes (a category that 
includes skilled nursing facilities. inter­
mediate-care facilities. rest homes and 
homes for the aged). a process the De­
partment of Health. Education. and 
Welfare has labeled "reinstitutionaliza­
tion." since most homes have more than 
100 beds (and yet offer only custodi­
al care). A national survey in 1974 of 
skilled-nursing facilities revealed that 
22 percent of their 284.000 patients less 
than 65 years old were diagnosed as be­
ing mentally ill or retarded. Of the pa­
tients 65 years and over. a third had 
chronic brain disease and a tenth were 
diagnosed as being neurotic or psychot­
ic. The inappropriate occupying of nurs­
ing-home beds by these former patients 
means that the beds are not available for 
patients with chronic physical illnesses. 
whose stay in general hospitals is there­
fore unnecessarily prolonged. 

Untherapeutic though many nursing 
homes are. living conditions in most of 
them are at least tolerable. Conditions 
may be worse for discharged patients 
living on their own. without enough 
money and usually without any possibil­
ity of employment. Many of them drift 
to substandard inner-city housing that is 
overcrowded. unsafe. dirty and isolated. 
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Often they come together to form a new 
kind of ghetto subpopulation. a captive 
market for unscrupulous landlords. 
Their appearance and their sometimes 
bizarre behavior may disturb the neigh­
borhood. and they are usually shunned 
and frequently feared. Even patients 
who live in recognized residential cen­
ters such as halfway houses have been 
found to have inadequate medical and 
psychiatric care or none at all. minimal 
activities and little interaction with peo­
ple outside the facility. For the signifi­
cant proportion of ex-patients who re­
turn to live with their own families phys­
ical conditions may be relatively good. 
but severe stresses can be placed on both 
the family and the patient. particularly 
in the absence of close follow-up treat­
ment; there may be long-term effects. 
especially on children in the household. 
Finally. whatever the living arrange­
ment for a discharged patient may be. he 
is almost sure to find a shortage of voca­
tional rehabilitation. sheltered employ­
ment or job referrals. transportation and 
recreation. 

I t is not enough to review and deplore 
the plight of the chronically dis­

turbed ex-patient. It is important to see 
just where de institutionalization has en­
countered difficulties. and that requires 
some understanding of the dynamics of 
the program: the complex interaction of 
financial. professional. political and ad­
ministrative factors that operate almost 
independently of the intentions or the 
legislation that initiated it. Perhaps the 
most important single element in this 
case is money-the lack of money in 
general. the issue of cost ineffectiveness 
and more specifically the effect of vari­
ous methods of compensation. 

Community mental health centers 
were constructed and originally staffed 
by grants of Federal "seed" money. but 
they were expected eventually to be­
come self-supporting. The idea was that 
enough income would be generated by 
individual fees. third-party (insurance) 
reimbursements and budget expendi­
tures by state and local governments. 
The expectation of fees turned out to be 
unrealistic. The great majority of the 
people who apply for community men­
tal health services are poor; people with 
money go to private or voluntary hospi­
tal clinics or to individual practitioners. 
In recognition of these facts the Federal 
Government kept amending the original 
legislation and now helps to fund the 
centers for a 12-year period. A major 
burden is nevertheless placed on third­
party reimbursement. Insurance cover­
age of the mentally disabled has always 
been incomplete. biased in favor of in­
patient care and markedly inferior to 
coverage for physical illness. (In 1968 a 
fourth of all physical patient episodes 
were covered by insurance and only an 
eighth of all mental-care episodes; re-
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imbursement for inpatient treatment is 
usually more time-limited for mental ill­
ness than it is for physical illness.) 

The major Federal insurance plans 
are the Medical Assistance Program, or 
Medicaid (for the medically indigent), 
and Medicare (for the elderly), and their 
specifications have been important de­
terminants of the community mental 
health centers' growth and activity. 
Medicaid pays the states between about 
50 and 78 percent of the mental health 
costs of eligible individ uals. Each state 
defines its own benefits, but Medicaid 
has established some restrictive general 
guidelines. Mentally ill people between 
21 and 65 ordinarily are not eligible for 
Medicaid if they are hospitalized in fa­
cilities that care for mental disorders 
exclusively, including even residential 
treatment centers such as halfway hous­
es. Medicaid benefits are available, on 
the other hand, for inpatient psychiatric 
care in general hospitals-and for main­
tenance in most nursing homes. That is 
why the nursing home, rather than more 
psychiatrically oriented facilities, has 
become the principal alternative to the 
state hospital. Medicaid coverage of 
outpatient care in mental health clinics 
is very limited (although there has been 
a trend toward increasing the benefits), 
md in most states the coverage for day­
care programs is inadequate. 

Medicare provides limited inpatient 
coverage in state hospitals and more ex­
tensive coverage in general hospitals. It 
allows no more than $250 a year for 
outpatient coverage, a figure that has 
been frozen since Medicare was initiat­
ed in 1965 in spite of marked increases 
in the cost of psychiatric services. A 
third source of Federal money that has 
an impact on mental health care is 
the Supplemental Security Income pro­
gram, which provides income-support 
funds for some mentally ill individuals. 
It ordinarily provides monthly pay­
ments of $167.80 to ex-patients (with 
some states adding a supplement), but 
generally not if they live in a halfway 
house. a group home or a similar institu­
tion-actually giving the individual an 
incentive to choose a welfare hotel or 
nursing home rather than a psychiat­
rically oriented facility. 

The combined effect of the Feder­
al programs has been to limit devel­

opment and use of community-based 
alternatives. Their eligibility require­
ments have channeled many patients 
into nursing homes and substandard 
housing with minimal opportunities for 
psychiatric services and have under­
mined the development of a full range 
of outpatient services and residential 
treatment programs. (It should be said. 
on the other hand. that both Medicaid 
and Medicare have established "utiliza­
tion review" systems and criteria for ad­
equate treatment and for discharge plan-
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ning that should in time help to improve 
the quality of care in mental hospitals.) 

Apart from insurance programs the 
financial support of community mental 
health centers and their 3ervices has 
had to come from Federal grants and 
state and local budgets. At the state and 
local level funds for community ser­
vices have had to compete with funds 
for the traditional mental-hospital sys­
tem. Between 1968 and 1974 the cost of 
that system increased from $l.7 to $2.8 
billion. There is little indication that the 
reduction in the population of large in­
stitutions has freed funds for less restric­
tive services. The hope was that the 
community approach would save mon­
ey. but it is now clear that effective care 
req uires very large expenditures. The 
political influence of discharged mental 
patients is small. to say the least, and 
appropriations by state and local legis­
latures are inevitably guided more by 
political priorities than by clinical con­
cerns. 

It is hard to see how the fiscal viability 
of the community mental health system 
can be improved except by the passage 
of some form of comprehensive nation­
al health insurance. As such legislation 
is debated it is important to bear in mind 
the great potential for shaping public 
policy that is inherent in the details of 
the insurance coverage. For example. 
the Kennedy-Corman Health Security 

Act. one of the most comprehensive 
proposals. encourages ambulatory care 
by providing coverage for unlimited vis­
its to a community mental health center. 
Yet it wbuld cover only 20 visits per 
benefit period (which in existing insur­
ance programs is generally one year) to 
a private practitioner. Inpatient treat­
ment would be covered for up to 45 days 
in a benefit period. The effect of such 
coverage would be to make the centers 
the major source of outpatient care. 
which may well be desirable. but it 
would strictly curtail visits to private 
practitioners and clinics except by the 
affluent. 

In addition to being short of funds the 
community mental health centers are 
short of personnel. The demand for 
services far exceeds the supply. There is 
a relative lack of well-trained profes­
sionals in psychiatry in general. and 
their concentration in large urban cen­
ters compounds the scarcity. In 1975 the 
National Institute of Mental Health es­
timated that psychiatrists constituted 
less than 6 percent of the staffs of the 
centers and that most of them were en­
gaged in administration. Over the past 
decade there has been a decrease in the 
proportion of psychiatrists in the centers 
and only a small increase in the number 
of other relevant specialists such as psy­
chologists and social workers. 

To make up for the shortage of pro-
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fessionals, special programs for the 
training of paraprofessionals have been 
instituted, and an attempt has been 
made to enroll volunteer workers. These 
trends have resulted in a blurring of pro­
fessional roles and in controversy over 
the qualifications and training required 
to treat severely mentally ill patients ef­
fectively. Moreover. the centers' devia­
tion from traditional methods of psy­
chotherapy and their frequent preoccu­
pation with nonclinical issues involving 
public health, social problems and eco­
nomics have made many academic pro­
fessionals reluctant to become engaged 
in community mental health programs. 
It is important that specific roles and 
tasks be defined for the personnel staff­
ing the centers and that adequate re­
cruitment and training programs be de­
veloped. 

Given the shortage of money and per­
sonnel. the allocation of sufficient re­
sources to research is another major 
problem. The authors of the 1960 report 
on mental health proposed an increased 
allocation of funds for long-term basic 
research in mental illness and for the 
establishment of mental health research 
centers. Those goals were broadly ac-
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cepted, and yet there has been a signifi­
cant decrease in the availability of funds 
for such activities over the past 15 years. 
Knowledge of the origins of severe men­
tal illness, particularly the psychoses, 
and understanding of complex social­
behavioral systems and of effective 
methods of treatment are still only ru­
dimentary. 

Psychiatry still lacks criteria for se­
lecting patients to be treated with 

most of the various therapeutic meth­
ods; the methods themselves are not 
well defined and there is only a small 
body of data on the efficacy of particu­
lar approaches. It is clear that some pa­
tients cannot be treated with any exist­
ing technique, so that new approaches 
need to be developed. The very nature 
of many conditions psychiatrists at­
tempt to treat is still not well under­
stood. In view of this lack of basic 
knowledge it is not surprising that there 
are no accepted guidelines for establish­
ing comprehensive systems for the de­
livery of mental health care-notably 
systems for reaching disadvantaged 
people, who may be subjected to partic­
ular stresses and may respond to them 
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PATIENT-CARE "EPISODES" (the number of people on inpatient and outpatient rolls plus 
the number of additions during the year) have risen sharply in proportion to the population. 
The increase is due almost entirely to the growth in outpatient services. Inpatient episodes have 
remained constant in spite of the drop in the population of hospitalized patients. These data 
cover most public and private psychiatric services except for offices of private practitioners. 
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in ways requiring specific interventions 
with which many psychiatrists are not 
familiar. Systematic basic research is 
needed if comprehensive and effective 
treatment is to be provided for varied 
groups of patients. 

The complex and interrelated tasks of 
reducing the patient population in state 
hospitals, providing alternative commu­
nity facilities and ensuring the best pos­
sible outpatient treatment would be dif­
ficult ones in any case, and the difficulty 
is compounded by organizational chaos. 
The bureaucratic fragmentation. diffu­
sion of responsibility and lack of coordi­
nation begin at the Federal level and ex­
tend through the state and local mental 
health apparatus. Eleven major Feder­
al departments and agencies share the 
task of administering 135 programs for 
the mentally disabled. Inevitably (as in 
the case of Medicaid and Medicare cov­
erage) the provisions of one program 
may undercut the objectives of anoth­
er. Some agencies have not considered 
deinstitutionalization a major goal; oth­
er agencies have given it a high priority 
but lack the power to distribute funds or 
monitor Federally funded programs. At 
the state and local levels there is a simi­
lar fragmentation of roles, and in partic­
ular there are lack of coordination, com­
petition for funds and even enmity be­
tween the administrators of the old state 
hospital systems and the managers of 
community programs. 

The problem of conflicting govern­
mental jurisdictions in mental health 
has been exacerbated in recent years by 
increased judicial involvement. Signifi­
cant decisions by courts in several states 
have asserted the civil liberties of pa­
tients and have established a constitu­
tional right to treatment. have defined 
minimum standards of care and have 
delineated objective criteria for invol­
untary commitment. Many of these de­
cisions have advanced the cause of hu­
man and civil rights, but in some cases 
the immediate effect has been damaging 
to patients. For example, a landmark 
right-to-treatment case in Alabama, 
Wyatt v. Stickney, defined minimum 
standards of care and stated that unless 
a hospital could provide specific treat­
ment for a patient's condition it could 
not hold that patient against his will. 
Providing such treatment would have 
required the expenditure of large sums 
of money. The Alabama state legisla­
ture chose not to appropriate the addi­
tional funds, thus in effect mandating 
the release of thousands of patients­
who ended up in substandard housing 
and with still less in the way of psychiat­
ric services. 

Officials at the National Institute of 
Mental Health have recognized that a 
comprehensive national strategy needs 
to be adopted, agreed to at all levels of 
government and carried out in a coordi­
nated manner. The institute is develop-
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SHIFT TO OUTPATIENT SERVICES is illustrated by the two pie 
charts. The numbers give the percent of total episodes accounted for 
in 1955 and 1973 by various facilities offering either inpatient (gray) 

or outpatient (color) services. The community mental health centers 
that have been established since 1963 account for much of the out· 
patient increase, but other outpatient facilities have also expanded. 

ing what it calls a Community Support 
Program. which would require coordi­
nation of the relevant activities of all 
Federal agencies and careful deline­
ation of the roles of each and would 
define responsibility for policy making. 
A "fiscal partnership" would be estab­
lished among the various levels of gov­
ernment to develop a genuinely integrat­
ed system of direct services to meet the 
needs of the severely and chronically ill 
patient. Although some details of the 
system are still to be worked out. $3.5 
million has recently been allotted to 16 
states for program development. What 
is most important is that the NIMH plan 
asserts the willingness of the Federal 
Government to accept more responsi­
bility for the mentally ill and that it ac­
knowledges the specific needs of the 
chronic. severely disabled patient. For 
the first time in several decades the pro­
posal explicitly affirms the existence of 
chronic disability. an implied denial of 
which has permeated the mental health 
movement. and asserts the importance 
of supportive and rehabilitative services 
as well as preventive measures. 

The view that a massive shift in the 
locus and form of treatment can in 

itself combat mental illness is not new. It 
was. after all. the view of Dorothea Dix 
and her supporters 100 years ago. when 
they urged the development of large 
state institutions as both sheltering asy­
lums and centers of treatment. Their 
movement gained impetus from a cult 
of curability. and the community men-

tal health movement may have been a 
victim of a similar faith. Although the 
institutionalization movement of the 
19th century and the recent push for 
de institutionalization were nominally 
opposite in their objectives. they suf­
fered from a similar confusion of goals. 
In both cases the aims of social reform 
and of more effective treatment became 
entangled; the improvement of living 
conditions or the assertion of civil rights 
was somehow expected to bring ad­
vances in treatment and rehabilitation. 
Social justice may be a necessary condi­
tion for successful treatment. but it is 
not a sufficient condition. 

Even too narrow an emphasis on 
"treatment" can be inappropriate if it 
shifts attention from the patient's daily 
life situation. This is true particularly in 
the case of the chronically mentally 

·
iII. 

for whom definitive therapies are gener­
ally unavailable. Treatment within a 
community may in concept seem to of­
fer a better chance of rehabilitation than 
hospitalization does. Actually. howev­
er. the quest for treatment may obscure 
a more basic responsibility: the respon­
sibility to provide living conditions that 
ensure human dignity and that offer ref­
uge to individuals who seek such refuge 
themselves or are demonstrably unable 
to manage their lives independently. 

In meeting this responsibility it is im­
portant to remember that neither the 
hospital nor the community approach is 
inherently the more humane. Some 100 
years ago the trustees of the Willard 
Asylum for the Insane in western New 

York explained the purpose of their new 
institution in their first annual report. 
It would be a home "for those people 
who have neither home nor friends. and 
who are without the means financially 
or capacity intellectually to provide 
for themselves. with intellect shattered. 
minds darkened. living amid delusions. 
a constant prey to unrest. haunted by 
unreal fancies and wild imagining. They 
now have in their sore misfortune a safe 
refuge. kindly care. constant watching. 
and are as comfortable as their circum­
stances will allow. This is a result over 
which every humane and Christian citi­
zen of the state will rejoice." The subse· 
quent failure to maintain and improve 
institutions with that purpose seems to 
us to reflect economic. political. admin­
istrative and clinical realities rather than 
any inherent fallacy in the goals them­
selves. 

Priorities must be established. The 
first task is to provide decent places of 
habitation-of asylum (which is a hu­
mane term in spite of its association 
with the old label "insane asylum"). 
New approaches to treatment should be 
undertaken only after rigorous research. 
and those approaches must not ignore 
and thus jeopardize the individual life 
situation of patients whom the treat­
ment presumes to serve. One must ac· 
cept the fact that psychiatry is not now 
able to cure some forms of severe emo· 
tional disability. and that psychiatry 
alone cannot assume the broad respon· 
sibilities of a society to care for its help· 
less fellows. 

S3 
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The Origin of Metal Deposits 
in the Oceanic Lithosphere 

The geochemical processes that give rise to metal-rich minerals 

are largely localized in mid-ocean ridges: "spreading centers" 

where new material is added to the plates of the earth's crust 

For centuries men have searched for 
deposits of metallic ores in the 
crust of the earth with little more 

than past experience as a guide to where 
they should look. One of the results of 
the recent revolution in man's under­
standing of the earth. which is best sum­
marized by the theory of plate tectonics. 
is the growing realization that most de­
posits of metallic ores originate in the 
intense physicochemical activity taking 
place at the boundaries between the 
huge plates into which the lithosphere. 
or outer shell of the earth. is divided. 
Where the process is currently under 
way, as it is along active plate bounda­
ries on the ocean bottom. it can be stud­
ied. Where it took place at ancient 
boundaries that are now on dry land. ore 
deposits of exploitable size either are 
found or can be searched for with a rea­
sonable expectation of success. 

The essence of the geological revolu­
tion is that the earth is dynamic rather 
than static. The lithospheric plates (a 
dozen major divisions of the lithosphere 
and several minor ones) move like rafts 
on the denser. hotter and more fluid 
rock of the asthenosphere. The activity 
at the boundaries between plates de­
pends on the type of boundary. At a di­
vergent boundary two plates are pushed 
apart because hot fluid magma rising 
from the mantle forms new crust that 
cools and moves outward in both direc­
tions. Such an axis of spreading is one 
place where metal may be deposited. At 
a convergent boundary two plates meet; 
in a subduction zone one plate plunges 
under the other and returns to the hot 
asthenosphere; in a region of outright 
collision parts of the crust are thrust 
up to become mountains. At parallel 
boundaries two plates move edge to 
edge. Important metal deposits are gen­
erated also at convergent and parallel 
plate boundaries. 

In most of this account I shall be con­
cerned with metal deposits that are cre­
ated at spreading centers. Some of the 
deposits are formed under the sea floor. 
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within the crust and the upper mantle; 
others are formed at the sea floor. Some 
of the deposits are termed hydrother­
mal deposits. for reasons I shall return 
to. First. however. it will help to set 
the stage if I describe two other types 
of metal deposition on the sea floor: 
hydrogenous and diagenetic. 

The term hydrogenous is from the 
Greek for generated from water. 

Hydrogenous deposits are formed by 
the slow accumulation on the sea floor 
of metallic elements extracted from sea­
water. Such water contains minute but 
significant quantities of metals in solu­
tion; examples are iron and manganese 
in concentrations of less than one part 
per million by weight. The metals are 
supplied to the ocean partly by streams, 
which in turn acquire them as a result 
of the weathering and decomposition of 
rocks on the continents. 

Iron. manganese and most other me­
tallic elements have a very limited solu­
bility in an alkaline and oxidized medi­
um such.as seawater, and so they tend to 
be extracted easily from the water. The 
extraction occurs mainly through inor­
ganic reactions whereby dissolved iron 
and manganese. say. are oxidized (by 
oxygen in solution in the seawater) to 
form insoluble oxides and hydrexides of 
iron and manganese. Thus extracted. the 
metals are deposited on the ocean bot­
tom as tiny particles (a few microns 
in diameter) or as films and crusts on 
any solid material outcropping from 
the sea floor. Certain metals can also be 
extracted from seawater by living orga­
nisms, either planktonic (free-floating) 
or benthic (bottom-dwelling). After the 
organisms die the metals are released 
near the interface of water and sedi­
ment. where they can become incorpo­
rated in the sediments. 

All these processes are slow. The 
growth rate of hydrogenous deposits. es­
timated by means of the decay of radio­
active elements in them. can be as low as 
one millimeter or less per 1.000 years. 

Hydrogenous deposits, including most 
of the sea-floor concretions known as 
manganese nodules. are particularly 
well developed in regions of the ocean 
basins that receive a minimal inflow of 
material from the land. Examples in­
clude abyssal plains far from the conti­
nents and elevated areas of the sea floor 
such as seamounts and isolated shallow 
banks. Elsewhere dilution by detrital 
sedimentation (the steady rain onto the 
sea floor of clay and other mineral parti­
cles derived from the land) prevents the 
metals from growing into concentrated 
deposits. 

Another source of metal deposits on 
the sea floor is the water in pores of the 
sediment. These deposits are called dia­
genetic after the term diagenesis. which 
defines all the physicochemical reac­
tions (including compaction and recrys­
tallization) that occur in a sediment af­
ter it has been deposited. Diagenetic 
deposits are formed in the areas of the 
sea floor where fairly large amounts of 
organic matter are incorporated in the 
sediment. In general the areas are be­
low water masses that teem with life. 

The gradual oxidation. and decompo­
sition of organic matter in the sediment 
deplete the dissolved oxygen in the pore 
water and create reducing conditions at 
some level below the sea floor. When the 
particles of iron and manganese that 
were formed hydrogenously reach this 

APENNINES OF ITALY appear on the op­
posite page in a photograph made from a Land­
sat satellite, They have numerous outcrops of 
the ancient oceanic lithosphere known as ophi­
olites, many of them rich in metals. In late 
Mesozoic time, about 100 million years ago, 
the region was part of the sea floor near a 
spreading center where new crust is formed. 
Metals concentrated there by various mech­
anisms include manganese oxide and copper 
and iron sulfide. The new crust moved slowly 
away from the spreading center. Eventually, 
on colliding with another of the earth's plates, 
it was thrust up to its present position. Metals 
have been mined in the region for centuries. 
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level as they are gradually buried in the 
sediment. they are dissolved. Iron and 
manganese then become strongly con­
centrated in the pore solution of the sed­
iment. Thereafter they tend to migrate 
upward. mainly by diffusion. and back 
into the oxidized zone of the sediment. 
where they are deposited again as solid 
particles. 

The boundary between the oxidized 
zone and the reduced zone thus acts in 
effect as a filter for some of the metals; 
as a result they become concentrated 
just above the boundary. When the 
boundary is close to the interface of sed­
iment and water. metal crusts and con­
cretions may form on the sea floor by 
this process. These diagenetic deposits 

MANGANESE AND IRON minerals were brought up from the West Indian Ocean in 1976 
by the research vessel Vema, operated by the Lamont-Doherty Geological Observatory. In 
this sectioned and polished specimen the gray metal is manganese oxide and the reddish metal 
is iron hydroxide. The deposit was found 4,000 meters below sea level in a fracture zone near 
the axis of the Mid-Indian Ridge, a spreading center. It is a hydrothermal deposit: its metals 
were leached from the crustal basalt by circulating seawater and brought up through the sea 
floor at a hot spring. When such a hot solution enters the cold oxygenated water of the sea floor, 
metals such as iron and manganese tend to be oxidized and deposited. Iron and manganese sep­
arate because iron is less soluble than manganese in seawater and so may be deposited first. 

METAL SULFIDES appear in this micrograph of altered basalt dredged from the floor of the 
Atlantic near the Mid-Atlantic Ridge. The sulfides are the black clusters in the light vein that 
passes diagonally through the basalt. They are mainly chalcopyrite (copper-iron sulfide) and 
pyrite (iron sulfide). The sulfides, like the manganese and iron shown in the photograph in the 
upper illustration on this page, were created by hydrothermal systems. Seawater circnlating 
deep in the earth's crust near the ridge, which is a spreading center, became enriched in metals 
and sulfur from the basalt. The combination of sulfur with certain metals created insoluble 
minerals that were deposited under the sea floor. The micrograph is enlarged 4S diameters. 
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are different in composItIOn from hy­
drogenous ones. For example. they have 
a lower ratio of iron to manganese. Iron 
is less mobile than manganese in re­
duced sediments, partly because it can 
readily be extracted from solution by 
combining with sulfur to form particles 
of iron sulfide. 

To return to the hydrothermal depos­
its. they are associated with the ac­

tive zones of the sea floor, where, ac­
cording to the theory of plate tecton­
ics. new lithosphere is created. These 
spreading centers. which are zones of 
intense seismic and volcanic activity. 
correspond generally to the axis of the 
ridge that runs roughly down the middle 
of an oceanic basin. The processes that 
lead to the creation of metal concentra­
tions along oceanic spreading centers 
have stirred considerable interest in the 
past few years. 

In the middle 1960's several investiga­
tors, working independently, reported 
finding geochemical anomalies in wide 
areas of the sea floor. centered along the 
axis of the East Pacific Ridge in the 
southeast Pacific. Kurt G. V. Bostrom 
of the Institute of Marine Sciences of the 
University of Miami and I. S. Skornya­
kova of the Institute of Oceanology of 
the U.S.S.R. detected unusually high 
concentrations of iron and manganese 
in sediments from those areas. Gustaf 
O. Arrhenius of the Scripps Institution 
of Oceanography and I had found in the 
same region anomalously high concen­
trations of barium in the form of the 
mineral barite. At the Institute of Ma­
rine Sciences, Oiva I. Joensuu and I 
studied samples of unusual deposits. ob­
tained right at the crest of the East Pa­
cific Ridge. containing more than 30 
percent iron by weight. 

All these workers recognized at the 
time that their discoveries could not be 
accounted for by detrital sedimentation 
or by chemical deposition from normal 
seawater. They agreed that a local 
source of metals was required to ac­
count for the deposits. They suggested 
that the source might be related to vol­
canic or hydrothermal activity (perhaps' 
both) centered on the axis of the ridge. 
Since then the origin. composition and 
distribution of such deposits have been 
greatly clarified. 

Deposits of this type have been found 
to outcrop in young sea floor along the 
active spreading centers of the major 
oceans and of regions that are becoming 
ocean. such as the Red Sea, the Afar Rift 
and the Gulf of Aden. Deep drilling by 
the research vessel Glomar Challenger 
has revealed that identical deposits are 
also present in older sea floor, far from 
modern spreading centers, as a layer 
buried at the base of the sediment col­
umn. The layer lies just above the basal­
tic crust characteristic of ocean basins. 

This distribution suggests that the 
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processes responsible for the creation of 
metal deposits at modern spreading cen­
ters also operated throughout the past 
history of the major oceans. The rate of 
deposition of iron. manganese and other 
metals has been found to be several 
times higher along spreading centers 
than elsewhere on the sea floor. confirm­
ing that a local source of metals must 
exist there. What is the nature of this 
source? 

The formation of metal deposits that 
are similar in composition to those 

at ocean ridges has been observed di­
rectly in shallow water in several vol­
canic areas: near the island of Thera in 
the Mediterranean. near Matupi Harbor 
in the western Pacific and on the subma­
rine volcano Bunu Wuhu in Indonesia. 
In each place the deposits were seen to 
form by the precipitation of metals from 
warm solutions. rich in silica and metal. 
that were discharged through the sea 
floor by hydrothermal springs. 

This line of evidence and others sug­
gest that metals are supplied along oce­
anic spreading centers by the discharge 
of hot springs. Indeed. active hydrother­
mal springs have recently been observed 
at the Galapagos spreading center in the 
eastern equatorial Pacific by groups 
from the Woods Hole Oceanographic 
Institution and from Oregon State Uni­
versity. who were riding in a submers­
ible at a depth of 2.500 meters. 

When a hot solution rich in metal and 
silica emerges from such a spring into 
cold oxygenated seawater. metals such 
as iron and manganese tend to be oxi­
dized and deposited. Iron tends to be 
deposited earlier than manganese. since 
it is less soluble in seawater. Silica is also 
deposited. since its solubility decreases 
sharply with decreasing temperature. 

Chemically hydrothermal deposits 
differ significantly from hydrogenous 
deposits. The latter contain iron and 
manganese in roughly equal amounts. 
whereas the ratio ranges between wid­
er extremes in hydrothermal deposits. 
Some deposits from the Mid-Atlantic 
Ridge contain more than 35 percent 
manganese and less than 1 percent iron. 
whereas in certain other deposits (from 
the East Pacific Ridge) the proportion 
of the two metals is reversed. Samples 
consisting of an iron-rich layer overlain 
by a manganese-rich layer have also 
been recovered. The metals tend to sep­
arate because one reacts slower than the 
other in certain chemical processes such 
as oxidation (iron tends to oxidize faster 
than manganese); oxidation is followed 
by deposition. which therefore occurs at 
different rates for the two metals. 

Another difference between hydro­
thermal and hydrogenous deposits is 
that the concentration of trace metals 
(nickel. copper. cobalt. lead. zinc and 
so on) is lower in the hydrothermal de­
posits. although it is higher there than it 

SEAWATER 

WATER + OXYGEN + IRON = 
IRON HYDROXIDE OXYGEN 

HYDROTHERMAL DEPOSITION of iron and manganese is depicted. Hot seawater driven 
by convection from the basaltic rock deep in the crust, where it is able to penetrate and circu­
late because the rock is fractured, emerges through the sea floor at a vent in a spreading center. 
The water carries in solution ions of iron and manganese that it has leached from the basalt. In 
the cold oxygenated water of the sea floor the metals are oxidized and deposited as manganese 
oxides, which are represented here by triangles, and iron hydroxides, represented by circles. 

SEAWATER 

,\ � .  
STAGNANT BRINE POOL on the sea floor also provides conditions for the formation of 
metal deposits. Such a pool can form if the metal-rich solution that has circulated in the crust 
is discharged through the sea floor in a topographic setting that prevents mixing of the solution 
with seawater. Lacking oxygen, the brine favors the combination of iron, copper, lead and zinc 
with sulfur to form insoluble sulfide compounds. The sulfide minerals are then precipitated 
onto the sea floor to give rise to metal deposits of the type found at the axis of the Red Sea. 
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MET AL-RICH SEDIMENTS occur along spreading centers at mid­
ocean ridges in a distribution indicated by tbis map. In the shaded 
areas the sediments have an anomalously high concentration of such 

metals as iron, manganese, barium, copper and uranium. Concen­
trated metal deposits have been found in regions marked by clus­
tered dots. Question marks indicate possible metal-rich sediments. 

is in normal oceanic sediments. The rel­
atively high rate of deposition of the hy­
drothermal deposits can explain their 
low content of trace metals on the as­
sumption that trace metals are largely 
scavenged from seawater by the parti­
cles of iron and manganese oxide and 
hydroxide. The longer such particles 
stay in contact with seawater (the lower 
their rate of deposition is), the more op­
portunity they have to pick up trace 
metals and other elements such as phos­
phorus and uranium through adsorp­
tion. The trace metals then become in­
corporated in the deposits. The high 
concentration of trace metals. particu­
larly cobalt and copper. in deep-sea hy­
drogenous deposits is what makes them 
attractive economically. 

A few trace metals, such as copper 
and zinc. can also be carried by the hy­
drothermal solutions and are discharged 
through the sea floor along with iron 
and manganese. They can become con­
centrated in deposits formed near the 
hot springs only when the discharge oc­
curs in a topographic and hydrologic 
setting that gives rise to the formation of 
stagnant and red uced pools of brine on 
the sea floor. The oxygen-free condition 
of a reduced environment prevents the 
oxidation of the metals and favors the 
combination of copper and zinc with 
sulfur to form insoluble sulfides. One 
finds such conditions in the Red Sea de­
posits (where the concentration of cop-
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per and zinc reaches a few percent. mak­
ing the deposits economically attract­
ive) but not in most deposits at mid­
ocean ridges. where the bottom waters 
are oxidized and sulfides cannot form 
above the sea floor. 

The geochemistry of the rare-earth el­
ements provides another means where­
by hydrothermal deposits can be distin­
guished from hydrogenous ones. The 
rare earths are a group of 15 elements 
(atomic numbers 57 through 71) with a 
remarkably similar chemical behavior, 
so that during most of their geochemical 
cycle on the earth they tend not to frac­
tionate from one another. 

Cerium is one of the rare earths that 
under certain conditions can behave 
somewhat independently because its 
chemical valence can be changed. Ceri­
um, alone among the trivalent rare 
earths. can be oxidized to the relatively 
insoluble quadrivalent state. As a result 
seawater loses cerium more readily than 
it does the other rare earths. The cerium 
is gained by the slowly growing hy­
drogenous deposits. 

Hydrothermal deposits usually show 
a cerium-depleted rare-earth pattern, 
similar to that of seawater. and a total 
rare-earth concentration that is substan­
tially lower than the concentration in 
hydrogenous deposits. Such data sug­
gest that rare earths can be captured 
from seawater by hydrothermal depos­
its. although to a limited extent because 

the deposits accrete so rapidly. Some 
hydrothermal metal deposits have been 
shown to have a rare-earth distribution 
similar to that of oceanic basalts. sug­
gesting that the basaltic oceanic crust is 
the source for at least some of the ele­
ments contained in the metal deposits 
from spreading centers. 

Two pertinent questions emerge from 
this discussion. Where do the hot so­

lutions that discharge at spreading cen­
ters come from. and what is the source 
of the metals they carry? To answer 
these questions I need to digress briefly. 

According to the theory of plate tec­
tonics. a lithospheric plate slowly cools 
as it moves away from the axial zone 
where it was created. Knowing its ini­
tial temperature at the axis of creation 
(about 1.000 degrees Celsius), its thick­
ness and its average composition, one 
can calculate the vertical conductive 
heat loss of the aging plate. The curve 
derived from this calculation matches 
well the actual values of heat flow mea­
sured on the sea floor, with the excep­
tion of young lithosphere close to the 
axis of spreading. There the measured 
values of heat flow exhibit much varia­
tion and are always substantially lower 
than the theoretical curve. 

This discrepancy can be explained if 
one assumes that close to the ridge axis a 
substantial fraction of the heat is lost 
not by conduction but by convection, 
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that is. the flows set up by the tendency 
of a hot fluid to rise and a cold fluid 
to sink. Convective loss would occur 
where seawater penetrated into the oce­
anic crust within the sediment-free and 
highly fractured zone close to a spread­
ing axis. 

The permeability of young oceanic 
crust is such that seawater can probably 
reach several kilometers below the sea 
floor. There. in the hot zone where mag­
ma is rising in the axis. the water is heat­
ed and is driven back up by convection 
and discharged through the sea floor at 
hot springs. 

One next wonders what happens dur­
ing this process to transform a liquid 
such as seawater. which has an exceed­
ingly low concentration f metals. into a 
solution that is highly enriched with 
metals and has a totally different chem­
istry. The circulation of seawater I have 
described takes place mainly in rocks 
of basaltic composition. Therefore it 
is possible that the observed chemical 
changes result from reactions between 
basaltic rocks and heated seawater. 
These reactions have been studied in the 
laboratory by several geochemists. Sea­
water and powdered samples of basalt 
are made to react with each other under 
controlled conditions of temperature 
and pressure for periods of time ranging 
from hours to years. 

A considerable exchange of elements 
results from these reactions. particular­
ly the reactions conducted at tempera­
tures of a few hundred degrees C. The 
seawater changes from an oxidized and 
slightly alkaline solution (the normal 
condition of seawater) to an acidic and 
reduced one. highly enriched in silica. 
calcium. iron. manganese. copper and 
other elements. all of which have been 
leached from the basalt. On the other 
hand. the seawater loses certain ele­
ments. such as magnesium. that are ac­
quired by the rock. The composition of 
the solutions resulting from these exper­
iments is remarkably similar to that of 
solutions discharged by hydrothermal 
systems operating in basaltic terrains. 

A complementary approach to the 
same problem is to compare fresh oce­
anic basalt with oceanic basalt that has 
been altered by the action of seawater. 
Large chemical differences are observed 
between the two kinds of basalt. The 
metals are again among the elements 
that have decreased most in concentra­
tion in the altered basalts. Several lines 
of evidence thus support the concept 
that reactions between hot seawater and 
basalt. occurring below the sea floor. are 
a major supplier of metals to the depos­
its associated with ocean ridges that are 
or have been spreading centers. 

Asimplified model can be advanced 
to summarize the development of 

metal deposits at oceanic spreading cen­
ters. Seawater penetrates below the sea 
floor in the vicinity of the active zone 

of lithospheric accretion. It circulates 
within the zone of young. highly frac­
tured oceanic crust to a depth of up to a 
few kilometers and is heated to a tem­
perature of up to a few hundred degrees 
C. The heated water reacts with the ba­
saltic crust; a number of elements are 
leached from the basalt and carried in 
solution by the hydrothermal water. 
which is driven back up by convection 
and discharged through the sea floor. 
Iron and manganese are oxidized. partly 
separated and deposited. together with 
silica and minor elements. A number 
of elements. including phosphorus. the 
rare-earth elements and some trace met-

also are captured from seawater and in­
corporated in the deposit. 

The elements contributed to hydro­
thermal systems by the basaltic crust 
derive ultimately from the mantle. since 
ocean-ridge basalts are produced by the 
partial melting of mantle material at 
depths of 25 to 50 kilometers. In addi­
tion. however. hydrothermal systems at 
accreting plate margins may provide a 
medium for the discharge into the ocean 
of gases derived directly from the man­
tle. An example of such degassing of the 
mantle is the discovery of nonatmo­
spheric helium along oceanic spreading 
centers. The isotopic composition of the 
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HYDROTHERMAL PROCESS is modeled schematically. Seawater enters the fractured 
basalt of the crust near a spreading center and penetrates to a depth of several kilometers. Be­
cause of the high temperatures in the zone of magma injection along a spreading center, the 
water is heated to a temperature of a few hundred degrees Celsius. The heated water extracts 
a number of elements, including metals, from the basalt and also loses a few. Thermal convec­
tion drives the now metal-rich water back up to the sea floor, where it is discharged through 
hot springs. Some of the metals are deposited as sulfides within the crust. The metals remain­
ing in solution are deposited on the ocean bottom. The discovery of mantle-derived heli­
um along oceanic spreading centers suggests that hydrothermal systems also bring gases up. 
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helium suggests that it came from the 
mantle. One therefore cannot exclude 
the possibility that some of the elements 
incorporated in the deposits associat­
ed with oceanic spreading centers may 
have such a direct origin in the mantle. 

It has been estimated that a volume of 
water equivalent to the total volume of 
the present oceans has undergone hy­
drothermal circulation below the sea 
floor at spreading centers in 100 million 
years or less. One derives from this esti­
mate a measure of how important these 
hydrothermal systems are in accounting 
for the chemistry of seawater and for 
chemical exchanges between the solid 
and the liquid layers of the earth. 

The oceanic crust moves away from 

AXIS OF SPREADING 

� 

the axis of accretion at a speed of one 
centimeter or a few centimeters per 
year. Eventually the crust reaches a 
margin of the ocean basin and becomes 
involved in such complex geologic proc­
esses as subduction and collision. In the 
course of these processes fragments of 
oceanic lithosphere may be uplifted and 
exposed on land at the margins of conti­
nents. Fragments of ancient oceanic 
lithosphere. which are known as ophio­
lites. have been identified in various 
parts of the world. Can one recognize 
in ophiolites metal deposits like those 
in the modern oceanic lithosphere? In­
deed one can. 

An example is provided by the ophio­
lite complexes of late Mesozoic time 

DISTRIBUTION OF METAL DEPOSITS in nnits of the oceanic lithosphere is depicted sche­
matically. Hydrogenous metal deposits, such as manganese nodules, are fouud at the summit 
of the sediment layer. Hydrothermal systems near an axis of spreading give rise to sedimen­
tary metal deposits at the base of the sediment layer and to metal sulfides within the upper (ba­
saltic) part of the crust. Chromite deposits can be formed at the base of the crust, within cu­
mulitic gabbro and ultramafic rocks, and particularly within the upper mantle by segregation 
from pockets of magma created by partial melting of ultramafic rocks far below the spreading 
axis. Concentrations of platinum and nickel sulfides can form in magma pockets in the up­
per mantle. A similar distribution is found in uplifted fragments of former oceanic lithosphere. 
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(about 100 million years ago) exposed 
on the Apennines of northern Italy. Like 
similar complexes elsewhere. they con­
sist of an upper sedimentary layer; a lay­

'er of basalt. corresponding to the upper 
part of the oceanic crust; a zone of gab­
bro (the lower part of the oceanic crust). 
and an ultramafic layer. corresponding 
to the oceanic upper mantle. Metal de­
posits. which are particularly rich in 
manganese. exist in the ophiolites at the 
base of the sedimentary pile. just above 
the area where it was in contact with 
basalt. This stratigraphy is the same as 
what has been found associated with 
the metal deposits of modern oceans. 
as revealed by the drillings of the Glo­
mar Challenger. Moreover. the geochem­
istry of the Apennine ophiolite sedimen­
tary deposits is identical with that of 
deposits from modern oceanic spread­
ing centers. Similar results obtained in 
ophiolite complexes from Cyprus and 
elsewhere demonstrate that their metal­
rich sediments were formed originally 
by hydrothermal activity at ancient 
spreading centers. 

The study of ophiolites not only con­
firms the validity of the model of hy­
drothermal metallogenesis but also sug­
gests that additional classes of metal de­
posits are formed at oceanic spreading 
centers. Within the basalt units of the 
Apennine ophiolites. deposits o( sulfides 
of iron. copper. lead and zinc have been 
known for a long time. having been ex­
ploited by the Romans. The deposits 
consist generally of large lens-shaped 
mineralizations. up to about 100 meters 
across. emplaced between basalt flows 
or of networks of mineralized veins 
and disseminated concentrations within 
the basaltic rock. Similar deposits are 
known on Cyprus. on Luzon in the Phil­
ippines and in most other ophiolite com­
plexes. where they have provided a rich 
source of copper. lead and zinc. 

The realization that ophiolites are 
fragments of former oceanic lithosphere 
and the discovery that zones of accre­
tion of the modern oceanic lithosphere 
are the locus of large hydrothermal sys­
tems have shed light on the origin of the 
ophiolitic metal sulfide deposits. In the 
course of the circulation of seawater 
below the sea floor the waters become 
strongly reduced. They acquire metals 
and also become enriched in sulfur. part­
ly through leaching from the basaltic 
rocks and partly through the reduction 
of sulfate ions in the seawater. These 
conditions favor the combination of sul­
fur with certain metals (mainly iron. 
copper. lead and zinc). which are thus 
extracted from the hydrothermal solu­
tion to form insoluble sulfide minerals. 

It is therefore evident that metal-sul­
fide deposits similar to those observed 
in ophiolite complexes can be formed 
at spreading centers within the basaltic 
oceanic crust by the same hydrothermal 
systems that give rise to the metal-rich 
sedimentary deposits found there. The 

© 1978 SCIENTIFIC AMERICAN, INC



extent to which metal sulfides are depos­
ited from hydrothermal systems below 
the sea floor depends on such factors as 
the temperature of the hydrothermal so­
lutions. the depth and speed of the circu­
lation of seawater in the hydrothermal 
system. the concentration of metal and 
sulfur. and so on. The extraction of cer­
tain metals from the solution by sulfide 
precipitation before the solution is dis­
charged through the sea floor can result 
in the fractionation of the metals. For 
example. manganese does not readily 
form sulfide minerals. It is therefore 
kept in solution until the hydrothermal 
water is discharged through the sea 
floor. Iron. on the other hand. is partly 
deposited within the crust as iron sul­
fide. This fractionation might explain in 
part why some hydrothermal sedimen­
tary deposits on the sea floor are rich in 
manganese but contain almost no iron. 

Do modern oceanic basalts offer any 
evidence of the deposition of metal 

sulfides by the hydrothermal process? 
They do. Some hydrothermally altered 
basalts that have been recovered from 
the Mid-Atlantic Ridge are extensively 
mineralized by veins and disseminated 
concentrations of chalcopyrite (copper­
iron sulfide). pyrite (iron sulfide) and 
other metal sulfides. These mineraliza­
tions are identical with the ones that in 
ophiolite complexes are closely associ­
ated with massive deposits of metal-sul­
fide ores. It is unlikely that a massive 
sulfide deposit would be revealed by 
drilling into the oceanic crust. but soon­
er or later it is bound to happen. 

Ophiolite complexes can also provide 
information on the generation of metals 
deep in the oceanic crust and upper 
mantle. below the zone reached by the 
hydrothermal systems. Some of the 
largest chromite deposits in the world. 
many of them associated with concen­
trations of nickel and platinum. are 
found in ophiolites within ultramafic 
rocks. which represent what was for­
merly the oceanic upper mantle. These 
concentrations of chromite originally 
formed 10 kilometers or more below the 
sea floor by segregation from pockets 
of magma scattered in the upper man­
tle along accretionary plate boundaries. 
Such pockets are probably generated by 
partial melting of ultramafic rocks in the 
mantle. The melting is caused by de­
creasing pressure during the upwelling 
of mantle material below an axis of 
spreading. 

Mantle-derived ultramafic rocks have 
been sampled in the oceans where 
blocks of upper-mantle material have 
been uplifted and exposed on the sea 
floor. The oceanic ultramafic rocks con­
tain concentrations of chromite (usually 
small ones). It is unlikely that anyone in 
the near future will be lucky enough to 
sample in the ocean concentrated chro­
mite deposits of the type exposed in the 
ophiolites of Cyprus and Luzon. 

HYDROTHERMAL VENT was photographed at a depth of 2,500 meters near the Galapagos 
spreading center in the east Pacific by investigators in the sulfmerslble Alvin. The warmth of 
the water emerging from the vent has attracted a much larger number of organisms than would 
be found elsewhere on the sea floor. Hydrothermal vents are associated with metal deposition. 

MANGANESE NODULES photographed on the sea floor in the South Pacific represent a hy­
drogenous process whereby metal deposits are formed in the oceans. In such a process metal 
that is present in seawater in minute quantities, in part having been brought from land by 
streams, is extracted from the water by oxidation or by certain organisms living in the sea. De­
posits of metal thus built up develop slowly; rate is as low as one millimeter per 1,000 years. 
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Computer-controlled Assembly 
High-volume products are assembled by people or by special-purpose 

machines. An experimental programmable robot suggests that robots 

would be cost-effective for the assembly of products in lower volumes 

by James 1. Nevins and Daniel E. Whitney 

C
ontinuing inflation. competition 

from other countries and record 
deficits in international trade 

have created a widespread awareness in 
the U.S. of the need to increase produc­
tivity in manufacturing. which means 
decreasing the man-hours. materials. 
energy or capital required to produce 
industrial goods of all kinds. An addi­
tional stimulus for increasing produc­
tivity arises from the desire to improve 
the quality of life. including the life of 
workers now engaged in stultifying. re­
petitive and sometimes hazardous tasks. 
For most of the past century growth in 
manufacturing productivity has been 
maintained by the substitution of pow­
er-driven machines and new technologi­
cal methods for labor. Today there are 
pressures to use power. materials and 
capital more efficiently. The conven­
tional remedies need to be reexamined 
and new solutions need to be sought. 

Although there are many ways of in­
creasing manufacturing productivity­
financial. fiscal and social-we shall fo­
cus here on the possibility of raising 
productivity through the application of 
science and advanced technology to an 
old field: assembly. Technology has 
brought about radical changes in many 
areas-power generation. transporta­
tion. chemical manufacturing. commu­
nications and data processing-but it 
has had only a minor effect on the way 
the broad spectrum of consumer goods. 
from electric toasters to automobiles. 
are actually assembled. Alert to the 
need for raising productivity. Germany. 
Japan. Norway and other countries 
have begun long-term government fi­
nancing of research on manufacturing 
methods. In the U.S. the National Sci­
ence Foundation and a few industrial 
firms joined forces several years ago to 
support similar studies. although on a 
much more modest scale. 

Attacking assembly alone will not be 
sufficient. The fraction of the manufac­
turing labor force engaged in assembly 
operations varies widely from industry 
to industry. It is seldom less than 10 per-
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cent. and even in the automobile indus­
try. which has the volume to justify 
a heavy investment in mechanization. 
roughly a third of the total work force 
is engaged in assembly. Thus massive 
shifts in productivity can come about 
only if great changes are made in the 
entire production system. including as­
sembly but extending well beyond it. 

At present manufacturing is based 
largely on experience; it is really an art 
form. Equipment designers and factory 
managers prefer to repeat what has 
worked in the past. which can be taken 
as evidence that they are struggling with 
a vastly complicated situation. Such 
changes as are introduced tend to be 
small ones. Wholesale shifts in tech­
nique are expensive and risky. 

At the Charles Stark Draper Labora­
tory in Cambridge. Mass .. with support 
from the National Science Foundation 
and industry. our goal is to contribute 
to a base of manufacturing knowledge 
from which new theories. experimental 
techniques and assembly methods can 
emerge rather than to develop devices 
of limited value one at a time to meet 
specific factory problems. With guid­
ance from our industrial partners we 
have developed economic models of the 
role of assembly in manufacturing. In 
this way our studies can be focused on 
the problems most in need of solution at 
the same time that we are acquiring the 
basic knowledge for solving them. 

One lesson learned from this ap­
proach is that certain problems ad­
dressed in the past are of little interest 
to industry. For example. highly com­
plicated robot-arm computer systems. 
guided by television "eyes." that will 
pick up parts arriving in any orientation 
and mate them to other randomly ori­
ented parts. although intellectually chal­
lenging. do not tackle the core problems 
of assembly. What happens when parts 
touch each other? How can close-toler­
ance parts be mated when there is no 
way to see into the hole where wedging 
and jamming actually take place? What 
should a computer-controlled assembly 

machine "know" in the way of general 
assembly skills and what should it be 
taught "on the job" in order to perform a 
particular task on the factory floor? 
What industrial products lend them­
selves to robot assembly? One must be 
able to answer these questions and simi­
lar ones on a firm factual basis if assem­
bly technology and other manufactur­
ing technologies are to advance. 

At present assembly is performed by 
Il. people and. when the production 
volume is high enough. by special­
purpose machines. People are readily 
taught new tasks. and they adapt to 
changing conditions (such as slight vari­
ations between one part and the next). to 
different models of the same product on 
the same assembly line and to major 
changes in product design. They make 
skillful use of sight and touch both to 
move objects around and to carry out 
the fine tasks required for assembly. As 
a result they have little need for special 
tools and parts holders (generally called 
jigs and fixtures). On the other hand. 
people are subject to fatigue and the in­
ability to perform a task exactly the 
same way time after time. These limita­
tions often lead to substantial problems 
in quality control. 

Special-purpose machines are very 
efficient. give reproducible performance 
and are not subject to fatigue. but they 
consist almost totally of jigs and fixtures 
built to perform one task. or a closely 
related series of tasks. on one product. 
They cannot easily be altered to accom­
modate different models on the produc­
tion line or changes in product design. 
Such machines do not have sensors to 
guide or monitor the assembly process. 
although they can perform simple tests 
on the assemblies. Each machine is usu­
ally one of a kind. expensive and labori­
ously tuned to the accuracy necessary to 
handle one set of parts. Slight variations 
in the parts can cause such machines to 
jam as much as a third of the time. The 
high cost of special-purpose machines 
and their inability to handle new tasks 
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or products limit them to applications 
where millions of identical units are 
made each year for several years. It has 
been estimated that such high-volume 
production characterizes only 5 percent 
of all goods manufactured. 

Most products are manufactured in 
batches with wide style variations. in 
quantities too small or a design life too 
short to justify investment in a special­
purpose machine. In addition many 
items are not designed with sufficient at­
tention to assembly problems. partly 
because assembly phenomena are not 
well enough understood to allow precise 
requirements to be placed before the 
product designers. Moreover. assembly-

line workers do more than just put parts 
together. They often make spot repairs 
and perform many vital inspection 
tasks. It is for these reasons that most 
assembly is still done by people. It is 
unlikely that completely unmanned fac­
tories will ever exist. because people will 
always be needed to supervise and re­
pair the machines. 

Our research group at the Draper 
Laboratory has been examining the hy­
pothesis that low-volume batches of a 
product (a few hundred thousand items 
or fewer per year) and mixed batches 
of similar models of a product can be 
assembled profitably by machines that 
are adaptable and programmable. An 

adaptable machine is one that can per­
form an assembly task as it accommo­
dates itself to relative position errors be­
tween the parts. Such errors arise from 
the usual tolerances within which all 
manufactured parts are allowed to vary 
and from the lack of perfectly repeat­
able performance by the assembly ma­
chine itself. It is these errors that cause 
parts to jam rather than go together 
smoothly. Adaptability is therefore cen­
tral to successful assembly. A pro­
grammable machine is one that can be 
taught. with minor alterations. to per­
form a new assembly task or that can 
perform several tasks in sequence. This 
capability is essential if assembly ma-

PROGRAMMABLE ROBOT ASSEMBLY STATION built at the 
Charles Stark Draper Laboratory can assemble the 17 parts of a com­
mercial automobile alternator in two minutes 42 seconds. At the far 
right is a control box through which the robot can be taught a se­
quence of moves that can then be recorded in the memory of a mini­
computer. The robot serves as a test bed for exploring theories, tech-

niques and costs of computer-controlled assembly systems capable 
of being reprogrammed for various comparable tasks. The alternator 
was selected for the assembly experiment because it is an actual indus­
trial product and thus requires mating of component parts that have 
standard industrial clearances. Alternator was also chosen because it 
is a "stack" product: all the parts can be added from a single direction. 
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DISTRIBUTION OF LABOR in four major durable-goods industries demonstrates the large 
role that manual-assembly labor still plays, even in the highly mechanized motor-vehicle in­
dustry. The different distributions are characteristic of the industries, for example the inten­
sive use of labor in fabricating precision parts of metalworking machinery and in inspecting 
radio and television receivers. The data for the chart are taken from the 1970 U.S. Census. 
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chines are to be economic for low-vol­
ume manufacturing. 

Before setting out to design an adapt­
able and programmable assembly 

machine one must answer a number of 
questions. What assembly tasks will the 
machine face. or what tasks are appro­
priate? What should the machine's per­
formance capabilities be in terms of 
speed. size and accuracy? Should it be 
capable of all the possible motions a hu­
man arm can execute, or of more or few­
er-including both gross motions and 
fine ones? Should the machine be pro­
vided with efficient but inflexible fix­
tures or with an elaborate reteachable 
sensing capability to enable it to find the 
exact locations of parts? If the machine 
is to be programmable. it cannot be built 
from the start to do its assigned task; 
how then is it to be "taught" what to do? 
Should one machine be expected to as­
semble an entire product or should the 
assembly tasks be distributed among 
several machines that pass partially 
completed work along as in a conven­
tional assembly line? 

These questions have plausible but 
conflicting answers. Our approach has 
been to divide the problem into two seg­
ments: parts-mating phenomena and as­
sembly systems. The mating of parts in­
volves all the events that occur as parts 
touch and go together. Such events are 
governed by the geometry of the parts . 
particularly including the amount of 
clearance (or free space) between them 
after assembly, by the degree to which 
they are misaligned laterally and an­
gularly when they first touch and by 
the influence of contact and frictional 
forces between them as they slide to­
gether. In order to understand the mat­
ing of parts we have studied idealized 
tasks, formulated hypotheses and veri­
fied them experimentally. 

When we began this work five years 
ago we had several further assumptions. 
some of which have survived and others 
have not. We postulated machine sys­
tems with several work stations, each of 
which incorporated an "arm" something 
like today's conventional industrial ro­
bot [see "Robot Systems," by James S. 
Albus and John M. Evans, Jr.; SCIENTIF­
IC AMERICAN, February, 1976]. Such de­
vices repeat a sequence of taught moves, 
combined with the opening and closing 
of grippers. that enable them to transfer 
objects from place to place. Current in­
dustrial robots do not have sophisticat­
ed controls or sensors to allow modified 
behavior in case of difficulty, although 
they can detect trouble and stop before 
damage is done. Neither are they accu­
rate enough to perform assembly. Many 
of these limitations are being overcome 
or soon will be by research and redesign. 
At present. however. the robots are too 
big and too expensive for most assem-
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bly applications, and it is questionable 
whether assembly applications require 
all the motions they are capable of. 

We further postulated that the arm at 
each work station should be capable of 
executing both gross motions for the 
transfer of parts and fine motions, mea­
sured in fractions of a centimeter, for 
the assembly of parts. In order to guide 
the fine motions we proposed placing 
in the arm's "wrist" a sensor capable 
of detecting both forces and moments. 
We concluded early that the spatial in­
formation necessary to put close-fitting 

SUBASSEMBLY FIXTURE 

MAIN ASSEMBLY FIXTURE 

parts together could be sensed as physi­
cal forces much more readily than it 
could be acquired by viewing mecha­
nisms such as television. 

Whether parts will mate successfully 
in any given instance depends on 

the relative error between the parts as 
they touch for the first time. If the parts 
touch with some relative error, a contact 
force will arise, causing the parts or the 
grippers and jigs to deform slightly. The 
deformation has the effect of altering 
the path along which the arriving part 

REAR 

HOUSINGS FINISHED UNITS ---H.����=I 
UNLOADED HERE 

moves, with results that are either ad­
verse, beneficial or neutral. If the rela­
tive error is small. mating can proceed 
without difficulty. but adverse effects 
are increasingly likely as the errors get 
larger. If the addition of expensive and 
inflexible fixtures is to be avoided. our 
mating mechanisms must be able to tol­
erate errors larger than those tolerat­
ed by existing machines. This require­
ment means not that the contact forces 
merely be allowed to work their will on 
the motions but rather that a strategy 
for producing beneficial responses and 

TEACHING AND 

CONTROL 

SWITCH BOX 

LA YOUT OF ROBOT ASSEMBLY STATION shown in the photo­
graph on page 63 places tools and parts within easy reach of the ro­
bot's arm, which has four degrees of freedom (colored arrows), The 
assembly task requires six different kinds of tools, held on a table that 
"indexes," or turns, to supply the proper tool for each operation, The 
alternators's 17 parts are fed by gravity from 12 feeders. (The 17 
parts include three screws, which have only one feeder, and three long 
bolts, fed together with the rear housing.) The assembly is performed 

on two different fixtures, one for the main assembly, the other for a 
subassembly. The robot is operated by a computer that drives the four 
joints to designated stopping points at designated speeds. The points, 
speeds and tool operations are programmed with the aid of a control 
box and a simple keyboard language. The language names and se­
quences the points and tool operations. A major feature of the robot 
is a wrist-and-gripper mechanism that responds compliantly so that 
parts can be inserted into close-fitting openings without jamming. 
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INSERTION OF A PEG IN A HOLE, a typical assembly task, is 
basically a problem in positioning. Holes are usually chamfered (bev" 
eled around the edge) to aid insertion. As the peg slides down the 
chamfer and enters the hole (a) it touches one side of the interior 
first (one-point contact). If the angular misalignment is large (b), the 
peg will soon touch the opposite side of the hole as well (two-point 
contact), with danger of jamming. In manual assembly vision can help 
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CONTACT FORCES BETWEEN PARTS can be used to guide cor­
rective motions of the "wrist" of an assembly robot's arm. In the ab­
sence of friction (a) the contact force at the chamfer is sensed as two 
equal reactions, one vertical and the other lateral. The lateral force 
can serve as a cue to the desired corrective motion (colored arrow). 
Later (b) contact forces create a moment around the tip, which pro-

b 

IF COMPLIANT GRIPPERS are used to hold a peg, a lateral error 
becom es an angular error as the peg slides down the chamfer and 
enters the hole (a). Continued application of force at the top of the 
peg (b) creates a torque that can lead to jamming. If the peg could 
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to find the chamfer, but after the peg enters the hole one must rely 
on the ability to sense the resisting forces in order to maneuver the 
peg to the bottom (c). The geometry of the peg and the hole keeps 
the peg within the insertion "funnel" (d), the path that is traced by 
the top of the peg at successively deeper stages of the two-point con­
tact. The smaller the clearance between the peg and the hole, the nar­
rower the insertion funnel and the more difficult the insertion task. 
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vides a cue to the desired corrective motion (colored arrow). When 
there is friction (c), the upward reaction at the chamfer is exagger­
ated, reducing the useful lateral reaction. Friction also reduces the 
useful information about moment (d). The ratio of the friction force 
(broke" arrows) to the contact force, in other words the coefficient 
of friction, is about 0.2 for steel parts and 1.0 for aluminum ones. 

c d 

. 
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, 

be grasped compliantly at its tip (c), insertion could be accomplished 
in spite of substantial angular error. The same force that would lead 
to jamming if it were applied at the top of the peg would tend not 
to cause jamming if it could be applied at the bottom of the peg (d). 
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avoiding adverse ones be determined 
in advance. 

One of us (Nevins) proposed that the 
force sensor on the wrist could be used 
to measure all the components of the 
vector of the contact force. The sensor 
would be designed to measure three 
components of force along three mutu­
ally perpendicular axes. x. y and z, to­
gether with three components of torque 
around the same axes. Thus we pro­
posed to perform assembly as a blind 
person might. by measuring the forces 
and executing appropriate motions in 
response to what was felt. thereby cor­
recting errors in steps until the parts 
were successfully mated. One of us 
(Whitney) then formulated a general 
strategy for force feedback that gener­
ates a vector of motions (three xyz trans­
lations and three rotations about the xyz 
axes of the tip of the entering part) in 
response to the sensed vector of the con­
tact force. 

We analyzed and experimentally veri­
fied this technique on two different com­
puter-controlled robots and in the proc­
ess learned a great deal about harnessing 
sensory feedback for assembly. The 
technique has many of the characteris­
tics of a closed-loop control system. 
which operates as follows. The wrist 
force sensor detects the contact-force 
vector. The assembly strategy. residing 
in the arm's controller. will call for a 
certain response motion whose direction 
depends on the direction of the contact 
force and whose magnitude depends on 
the magnitude of the force. This motion. 
when it is executed. will change the de­
formation of the parts and the grippers. 
thereby changing the force. New force 
gives rise to new motions. which give 
rise to new force and so on in a loop. 

Care must be taken in designing the 
strategy so that the right amount of 

motion is called for in response to the 
felt force. Too much motion will cause 
the arm to react as a person does when 
he touches a hot surface; too little mo­
tion will let large contact forces build up 
to a damaging level. The less stiff (more 
compliant) the parts and the grippers are 
and the lighter the arm's moving compo­
nents are. the easier it is to obtain rapid. 
stable and effective responses with low 
contact forces. When low stiffness and 
rapid response motion cannot be built 
into the apparatus (because. for exam­
ple. it is too heavy or the workpieces it is 
holding are). the only remedy for avoid­
ing large contact forces is to make all the 
closed-loop motions slowly. This alter­
native is an unattractive one from an 
economic point of view. 

One conclusion of this work was that 
assembly is best understood in terms of 
the forces and moments acting on the tip 
of the part. where it touches its mate 
during assembly. Another conclusion 
was that devices capable of fine assem­
bly motions must be small. light and 

fast. Arms capable of gross motions 
cannot meet these criteria. indicating 
that in future assembly systems fine- and 
gross-motion devices. like the human 
hand and arm. will be separate entities. 

A third conclusion was that friction 
can mask the force data needed to guide 
the strategy and can ca use the parts to 
jam rather than slide together. Our co­
worker Sergio N. Simunovic has dem­
onstrated mathematically that there are 

really two distinguishable phenomena: 
wedging and jamming. Wedging in­
volves deformation of the parts them­
selves and occurs only if the entering 
part. such as a peg. enters a hole at such 
a sharp angle that it touches opposite 
sides of the hole before it has penetrated 
very far. More specifically. wedging oc­
curs when the ratio between the depth of 
insertion and the diameter of the hole is 
smaller than the coefficient of friction; 

GRIPPERS WITH LINKAGE SUPPORTS can provide the proper response to an error either 
in lateral position (left) or in angular position (right) but not in both. The first linkage allows a 
laterally misaligned peg to slide down a chamfer and enter a hole without rotating. Second link­
age allows a misaligned peg to become aligned by rotating at the tip without moving sideways. 
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GRIPPERS WITH COMPOUND COMPLIANCE can correct for both lateral and angular 
misalignment. The "remote center compliance" at the left combines the two types of linkage 
depicted in the upper illustration. If a lateral force is exerted at the tip of the peg, it will trans­
late (move sideways) without rotating. If a torque is exerted at the tip, the peg will rotate with­
out translating. The device shown at the right can correct for misalignments by a suitable ar­
rangement of deformable rods and wire springs, which are used in place of linkages. The rel­
ative stiffness of the rods and wires determines the location of the combined center of motion. 
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DIFFERENCE BETWEEN WEDGING AND JAMMING was clarified during the develop­
ment of compliant-gripper mechanisms. When, for example, a bureau drawer becomes wedged 
(left), it is literally locked. Any further application of force will deform the drawer or the bu­
reau or both. Theory shows that wedging arises when the drawer is inserted at such an off angle 
that the ratio of L/D is less than the coefficient of friction (fL) when two-point contact first 
occurs. The only remedy is to pull the drawer out and start again. If, however, the ratio L/D 
is larger than fL at the time of initial two-point contact (right), wedging cannot result, al­
though further movement can be impeded by jamming. The remedy is to break the two-point 
contact by pushing at A, thereby changing the direction of both the applied force and the ap­
plied moment. Compliance devices on preceding page apply forces in accord with this theory. 

the ratio is typically less than 0.2. There 
is no known remedy for wedging except 
to pull the peg out and try again. 

Jamming. on the other hand. arises 
principally from the relation between 
the insertion force and the frictional 
forces. It can be remedied by changing 
the direction of the vector of the applied 
insertion force. Simunovic has derived a 
quantitative strategy that has been veri· 
fied experimentally; it calls for sensing 
the applied forces and moving the arm 
under computer control to satisfy cer­
tain relations between the components 
of applied force. This approach is an 
effective and general one. but it could be 
expensive to implement in an assembly 
device. We and many other investiga­
tors have nonetheless found it useful in 
coping with balky drawers and window 
sashes in the home. 

We conducted another illuminating 
experiment. using conventional indus­
trial robots with no force feedback and 
relying only on their ability to repeat a 
taught sequence to within half a milli­
meter. Donald S. Seltzer of our group 
taught a robot to insert a crankshaft and 
a gear into the housing of a small gaso­
line engine. with clearances of about .05 
millimeter. a tenth of the robot's accura­
cy. At first we were surprised by his suc­
cess. but closer examination revealed 
the explanation. When a peg is partway 
into a hole. it can wobble back and forth 
a good deal farther than the clearance 
itself. Because of an incidental and 
unappreciated compliance in the arm 
and the grippers this wobbling was al­
lowed to occur and the pieces went 
together. The contact forces were un­
doubtedly large. 

Can all simple peg-and-hole insertion 
. tasks be accomplished in this way? The 
answer is "Yes. but. .. . " An engineer 
wants to be sure his machine will work. 
In this instance he wants to know how 
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much wobble he can expect and how to 
arrange the compliances so that jam­
ming will not occur. He cannot depehd 
on the accidental compliance provided 
by the grippers. In order to improve our 
understanding of these effects we under­
took an experimental and theoretical 
program of geometrically analyzing as­
sembly tasks. combining the results with 
the jamming analysis. The aim was to 
create a passive compliant wrist that 
could execute the fine motions required 
for close-clearance insertions without 
the use of active sensors and actuators. 
The investigation was guided by Paul C. 
Watson. Samuel Drake and Simunovic. 

Traditional time-study methods .dis­
tinguish "easy" and "difficult" manual 
insertion tasks qualitatively. but we 
needed a description that was quantita­
tive. We found it by determining how 
much a peg could wobble in a hole as a 
function of the depth of insertion. the 
diameter of the hole and the clearance. 
The results of the analysis are expressed 
in terms of ratios so that they will apply 
to all sizes of pegs and holes. The diffi­
culty of the task is expressed in terms of 
the clearance ratio (the clearance divid­
ed by the diameter). We found that most 
parts of a given kind (washers or bear­
ings. for example) are designed for a 
particular clearance ratio almost inde­
pendently of their size. 

This finding enables us to predict the 
difficulty of insertion for many industri­
al assembly tasks. A clearance ratio of 
.001 is typical of a fairly difficult inser­
tion. In this instance a peg inserted to a 
depth equal to one diameter can wobble 
back and forth about .06 degree. The 
same peg. just entering the hole. can 
wobble about 1.5 degrees. We com­
pared this result with the angular ac­
curacy required to start screws into 
threaded holes without mismatching 
the threads on opposite sides of the hole 

and determined that a larger wobble 
was permissible. We concluded that ma­
chines accurate enough to perform most 
insertions can also install screws. 

To test the geometric and friction 
analyses Drake. with the aid of Seltzer. 
conducted a series of controlled experi­
ments with carefully measured round 
metal pegs and holes. The peg and the 
hole were mounted in a milling machine 
so that during the insertion of the peg 
precise relative errors could be imposed. 
The peg was attached to a sensor that 
measures forces and torques along three 
axes at the tip of the peg. To provide a 
known amount of compliance the top of 
the peg was attached to the sensor by a 
thin metal rod. 

The experiment showed ,the need to 
improve the compliant rod in two ways. 
With the peg pivoted from its top there 
is a tendency for lateral error to become 
angular error as insertion proceeds. This 
tendency gives rise to two-point contact. 
and further insertion is possible only if 
the top of the peg can move laterally. 
The compliant member must be flexible 
enough to allow such lateral movement. 
otherwise large contact forces will be 
exerted on the tip of the peg and on the 
walls of the hole. When the rod is made 
too flexible. however. it tends to buckle 
and collapse. 

The first step in solving such problems 
involved constructing a linkage de­

vice called a remote-center compliance. 
which allows the peg to rotate about its 
tip if it is angularly misaligned with the 
hole. A second linkage cascaded with 
the first allows the peg to move from 
side to side to correct a lateral error 
without introducing unwanted rotation. 

The mathematical analysis of jam­
ming can show that jamming is least 
likely. and insertion forces are lowest. 
when the peg is allowed to rotate about 
its tip. The combination of desirable 
properties-lateral motion. when it is 
needed. and rotation about the tip­
have been built into a compliant mech­
anism" of improved design that is not 
subject to buckling collapse. The new 
device. the first practical passive com­
pliance. is now part of our laboratory as­
sembly machinery and is being studied 
by several industrial firms. With it we 
have performed once-difficult assembly 
tasks. such as putting a bearing into a 
housing with a clearance ratio of .0004 
in a fifth of a second. starting from a 
lateral error of one millimeter and an 
angular error of 1.5 degrees. The new 
device is clearly applicable to special­
purpose automatic equipment and to 
programmable assembly systems. 

The only other fine-motion device of 
which we are aware that can achieve 
close-clearance insertions is the Hi-Ti­
Hand. developed by Hitachi. Ltd .. in Ja­
pan. It is an active motorized unit that 
inserts pegs into holes by deliberately 
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tween the force sensor and the test peg. In this pair of experiments 
the axial forces increase sharply by about the same amount after 
two-point contact takes place. The behavior of the lateral force in 
the second experiment (first pushing to the right and then to the left) 
is characteristic of combined lateral and angular error. The results of 
the part-mating experiments conformed to theoretical predictions, 
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The angular error of two degrees is more than five times greater than 
it is in the second rod experiment, The virtue of the new compliance 
scheme is that it allows the peg to rotate about its tip as it meets re­
sistance entering the hole, The peg does not jam even though the two­
point contact between it and the hole is made near the top of the hole. 
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moving the top of the peg from side to 
side and sensing with force sensors 
when, as a result of two-point contact, 
no further side-to-side motion is possi­
ble, In this way the device finds the 
boundaries of an imaginary funnel out­
side the hole defined by all the positions 
limited by two-point contact. Another 
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the same constraints we established in 
our force-feedback studies. The gripper 
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EXPLODED VIEW O F  THE ALTERNATOR shows the sequence i n  which its 17 parts are 
assembled by the authors' programmable robot and identifies the tools that perform each task, 
The center rod in the main assembly fixture is a spring-loaded plunger, The collar at the base 
of the rod contains a hexagonal cavity that frrmly holds part 1, the nut. When the rotor (13) 
is inserted, the plunger is depressed, enabling the rotor's threaded shaft to engage the nut. The 
rotor is then spun by tool 4 in order to thread the shaft tightly into the nut. The authors cal­
culate �hat time now required by entire operation, two minutes 42 seconds, could be reduced to 
one mmute five seconds if changes were made in design of tools, fixtures and the alternator. 
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holding the top of the peg must be pro­
vided with compliant springs, and 
search speeds must be kept low to limit 
the contact forces. Current models of 
the Hi-Ti-Hand are able to perform only 
vertical insertion tasks and need several 
seconds to accomplish the kinds of in­
sertion our remote-center compliance 
device does in a fifth of a second. 

One other commercial system, devel­
oped by Olivetti, S.p.A .. also incorpo­
rates force-sensing for assembling parts. 
The Olivetti system measures the forces 
along three axes as pieces come in con­
tact with each other and makes what 
amounts to a sequence of binary deci­
sions (part present or absent, hole pres­
ent or absent) until mating is either com­
plete or abandoned. The system has two 
arms and has been used for the machin­
ing and assembly of small parts. 

The passive compliance assembly 
mechanisms designed in our laboratory 
represent the confluence of three en­
deavors: the assembly strategy based 
on sensing force vectors, the geometric 
analysis of assembly tasks and the theo­
ry of wedging and jamming. It seems to 
us that comparable studies of tasks oth­
er than insertions will lead to still other 
devices for aiding assembly. Let us now 
take up the kinds of problems that must 
be considered in designing a complete 
assembly system. 

Assembly systems are collections of as­
.£\. sembly machines capable of put­
ting together one or more products. To 
design machines that can be widely ap­
plied in industry and to combine them 
into efficient systems requires an under­
standing of what ind ustrial prod ucts are 
like, what assembly tasks arise. how 
small the clearances between parts are. 
how many models of one product are 
made and so on. It is also necessary to 
understand how assembly lines are ar­
ranged efficiently so that. for example. 
one machine does not lag behind the 
others. Finally. choosing products ame­
nable to automatic assembly calls for 
thorough economic studies of what per­
formance the new methods can provide 
and at what cost compared with present 
methods. 

The first design decision is whether to 
use a manual system. a special-purpose 
machine or a programmable assembly 
machine. or perhaps some combination 
of all three. This problem is essentially 
an economic one as long as technically 
feasible designs can be formulated. It is 
common practice in industry to make 
such evaluations (between manual sys­
tems and special-purpose machines at 
present. of course) on a case basis. but 
we decided to devise a mathematical 
formulation of the imporrant factors. 
Such a formulation makes it possible to 
name variables. to establish the rela­
tions between them and to explore the 
conditions. if any. that favor the use of 
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programmable assembly machines. We 
particularly wanted to find out whether 
our original hypothesis about the appli­
cability of programmable assembly ma­
chines in low-volume manufacturing 
was correct. This effort, carried out in 
collaboration with Paul Lynch, resulted 
in our economic model of assembly al­
ternatives. 

Before we had formulated our model 
we were beset by conflicting opinions 
and rules of thumb. A common opinion, 
the result of years of studying particular 
cases, is that an automated assembly 
process is more economic than manual 
assembly only if at least a million as­
sembled units are needed each year for 
several years. How then could "low-vol­
ume programmable automated assem­
bly" be economic? 

Another opinion is that robot assem­
bly arms should have six powered joints, 
since fewer joints would prevent the arm 
from making all possible rotational and 
translational (back and forth) motions 
as it positioned an object. Arms with 
fewer than six joints would inevitably 
be specialized; the manufacturer would 
have to make several stock types or he 
would always be building expensive spe­
cial units rather than one mass-pro­
duced inexpensive arm that could "do 
everything." But should the customer 
pay for joints he does not need when 
mass-production quantities of robot 
arms are not likely to be achieved for 
many years? Without an economic 
model and a quantitative study of as­
sembly tasks such arguments can con­
tinue indefinitely and inconclusively. 

Tet us take up the problem of economic 
L modeling first; it will help to clarify 
the question of how many joints an arm 
should have. Our approach is necessari­
ly simplified, but the main considera­
tions are not greatly changed if the com­
plexity is increased. Industry normally 
judges an investment (the purchase of a 
piece of equipment) in terms of how 
much money can be saved and how rap­
idly the savings pay back the invest­
ment. A straightforward way to evalu­
ate the economics of an automatic as­
sembly system is to compare the cost of 
assembling one unit manually with the 
cost of assembling the same unit auto­
matically. The major cost in manual as­
sembly is the hourly wage. This cost can 
readily be combined with the hourly 
production rate, the number of parts in 
the unit and the time it takes a person to 
add each part to the unit, from which the 
cost of assembling the complete unit can 
be found. 

Since machines do not collect wages, 
a different approach must be taken with 
them. There are many such approaches, 
but a simple one will illustrate the prin­
ciple. The company's management es­
tablishes a minimum period over which 
the machine must pay for itself. with 

TYPICAL ASSEMBLY OPERATIONS are.shown in these multiple-flash photographs taken 
in the authors' laboratory. At the top the robot arm is performing the third step in the assem­
bly sequence in the illustration on the opposite page. With the aid of tool 1 (small three-finger 
tool) the robot is picking up a pulley from the feeder line at the right and is lowering it onto the 
plunger of the main assembly fixture. In the photograph at the bottom the robot, using the 
same tool, is picking up a fan from the feeder line at the left and placing it on top of the pulley. 
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shorter periods being the more desir­
able. Each of the units assembled during 
the selected payback period is allocated 
an equal share of the initial investment. 
thus creating what amounts to a "cost to 
assemble one unit." That cost will be 
higher if the payback period is made 
shorter. If the cost is less than the pres­
ent or projected cost of manual assem­
bly, it will be economic to buy the ma­
chine. Although other factors-taxes, 
interest rates, maintenance costs, sal­
vage values and so on-enter in, this is 
the essence. It follows that if an econom­
ic model is to predict whether or not a 
given type of machine will be economic, 
the model must be able to predict the 
amount of the initial investment. This 
requirement in turn calls for modeling 
the amount of work that must be done to 
assemble each unit. 

For the three broad alternatives­
manual assembly, special-purpose-ma­
chine assembly and programmable-ro­
bot assembly-we have measured the 
amount of work simply by counting 
how many parts make up one unit. The 
investment for special-purpose machin- . 
ery is assumed to be proportional to the 
part count, since each part calls for a 
separate dedicated work station. For 
small parts a station might cost $6,000; 
for large parts it might cost $200,000. 
This cost breaks down into three catego­
ries roughly as follows: machine parts 
and materials, 25 to 3 5  percent; design 
and copstruction, 30 to 50 percent, and 
adjusting the machine after it has been 
set up, 15 to 45 percent. The number of 
stations for a given job does not depend 
on the required production volume un­
less the volume is so large that several 
machines are needed. Hence economies 
of scale are realized if production vol­
ume is large, but the "cost to assemble 
one unit" is large if production volume 
is small. 

The investment for a programmable 
machine, in contrast, is expected to de­
pend significantly on the required pro­
duction volume, because one station can 
perform several assembly tasks on one 
unit. Thus low production volumes can 
be met, with low investment, by a few 
stations each of which puts many parts 
on one unit. Larger volumes can be met 
by many stations each of which puts on 
a few parts. To be sure, grippers and 
feeders are needed to handle each part, 
so that some of the costs do not depend 
on production volume. Simple equa­
tions relating the cost of a robot station, 
the average time required to attach one 
part to a unit and the cost of tools and 
fixtures can predict the required invest­
ment and hence the unit assembly cost 
for a given payback period. 

The models of the three assembly 
methods relate most of the recognized 
quantities: the work content of the task, 
the cost of the various techniques and 
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their speed, the cost of labor and the 
required annual production. When we 
insert reasonable numerical estimates 
for these factors into our equations, we 
get curves of the type shown in the illus­
tration on page 74. Although the curves · 
represent a theory so far unverified, they 
do appear reasonable in several re­
spects. First, they reproduce the conclu­
sion that special-purpose machines be­
come economic compared with manual 
assembly when production runs exceed 
a million units per year. Second, the 
curves show the economic benefits of 
programmability: the curve for pro­
grammable machines falls below that of 
special-purpose machines because few­
er work stations are needed at low pro­
duction volumes. This creates a range of 
production volumes below mass pro­
duction where programmable machines 
have economic promise. Since the ma­
chines are reprogrammable, it is feasible 
to apply them to the assembly of prod­
ucts manufactured in families of mod­
els. The production volume of each 
model may be small, but the aggregate 
will be large enough to justify pro­
grammable assembly. 

The equation for the costs of pro­
grammable assembly also resolves an 
old argument: whether to achieve econ­
omy by making assembly arms that are 
fast or to achieve it by making assem­
bly arms that are cheap. The equations 
show that only the cost of the arm mul­
tiplied by the time needed to add one 
part is important. An equal percentage 
change in either factor has the same ef­
fect. Further study of specific arm de­
signs has also shown that the most effec­
tive way to reduce the product of the 
two factors is to make a small, light­
weight arm that has as few joints as 
possible. 

This brings us back to the unanswered 
question of how many joints an arm 

should have, which is part of the larger 
question of matching the arm to the job. 
To ,obtain some basic information on 
assembly tasks our colleague Anthony 
S. Kondoleon took apart and reassem­
bled a number of typical products, such 
as a bicycle brake, a refrigerator com­
pressor, an electric jigsaw, a small elec­
tric motor and an electric toaster-oven. 
A key question concerned what might 
be called choreography: In what se­
quence are the parts attached to the 
product and from what directions do 
they arrive? The arrival direction is de­
termined by the part's location on the 
product, how it fits into a hole, over a 
pin or into a slot, and what other parts 
block its path. 

Kondoleon found that in all but one 
of the items he inspected about 60 per­
cent of the parts arrived from one direc­
tion, 20 percent more arrived from a 
second direction opposite to the first, 10 

percent arrived in a plane perpendicular 
to the first two planes and the remaining 
10 percent arrived from various other 
directions. This means that the products 
are essentially stacks. They are made 
of cast, machined or molded materials 
and consist of a main body or frame 
to which parts are added. The only ex­
ception in the admittedly small sam­
ple of products Kondoleon studied was 
the toaster-oven, which was made of 
sheet metal, plastic and wires. Here no 
one arrival direction predominates and 
the interlocking wires and sheet-metal 
pieces make the product difficult to as­
semble. 

Kondoleon also catalogued the vari­
ous kinds of assembly tasks required for 
each product, their relative frequency 
and the directions of approach of the 
parts associated with those tasks. Simple 
peg-hole insertion tasks were not only 
the most frequent overall but also the 
most frequent along the dominant direc­
tion of approach. The installation of 
screws was the second most frequent 
task, but interestingly enough most of 
the screws were inserted in directions 
perpendicular to the dominant one. 
Many other tasks were identified, but 
none was dominant in any particular di­
rection. 

Since the dominant directions form an 
xyz right-angled coordinate system, it 
can be concluded that an arm with just 
enough joints to move along three per­
pendicular directions can perform all 
the gross motions required to move 
parts together for typical "stack" prod­
ucts. Of course. additional degrees of 
freedom, although they could be limited 
to fine motion, would still be needed to 
carry out the total assembly task. When 
this general finding is combined with the 
compromises in arm cost and speed in­
dicated by the economic analysis, our 
conclusions are that stack products offer 
a promising area in which to apply pro­
grammable assembly and that arms 
whose gross motions follow rectangular 
or cylindrical coordinates would be well 
suited to the task. 

As part of our program we have recent­
£\. ly built and operated an adaptable 
programmable assembly system in our 
laboratory. It consists of a computer­
controlled industrial assembly robot 
with four degrees of freedom. The wrist 
of the robot contains an advanced ver­
sion of our passive-compliance insertion 
device. The system has been taught to 
assemble a Ford automobile alternator. 
using six interchangeable tools. The al­
ternator has 17 parts. all of which can be 
inserted from one direction with the aid 
of two assembly fixtures. 

The system was built in order to ob­
tain data on adaptable programmable 
assembly and to test our parts-mating 
concepts on an actual industrial prod-
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TYPICAL MANUFACTURING TASKS were identified by tak­
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duction electric motor, a toaster-oven, a bicycle brake and the auto­
mobile alternator used in robot assembly project. All the items could 
be assembled with various combinations of 12 operations depicted. 

40r-----------------------------------------------------------------------------------------, 

� 
Z 
w 
() 
a:: 
w 
� 
(/) 
:x: 
(/) 

30 

� 
u. 20 
o 
z 
o 
;:: 
::J 
CD 
cr 
f-
(/) 
i5 

10 

=n3 D I R ECTION 3 

D I R ECTION 3 

D I RECTION 2 
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DIRECTION OF ATTACHMENT OF PARTS was analyzed in the 
study that classified the types of operation required. The inset dia­
gram defines the three principal directions of attachment. Direction 
1 is dominant, followed by direction 2 and direction 3. Direction 3 is 

any direction perpendicular to the other two. The bar graph corre­
lates attachment direction with type of task involved according to 
the identification in the illustration at the top. Simple peg-and-hole 
tasks (4) outnumber all others, followed by insertion of screws (E). 
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uct. The alternator is a good experimen­
tal subject because it is a stack product 
and its assembly calls for several tight­
clearance peg-hole insertions and screw­
driving operations. The experiment was 
not designed to show whether alterna­
tors should be assembled by robots: 
nearly two million alternators are made 
each year by the Ford Motor Company. 
indicating that a special-purpose ma­
chine would be a better choice. 

The experiment has shown that the 
compliant wrist is an extremely valu­
able device. The roughness of the outer 
surfaces of the parts made it difficult to 
hold them in their feeder tracks or on 
the assembly fixtures in precisely known 
and repeatable positions and orienta­
tions. Position errors of one millimeter 
are typical and unavoidable. The com­
pliance device overcomes such errors. 
picking up parts of various sizes. placing 
them on fixtures and inserting close-tol­
erance parts successfully to assemble a 
complete alternator. The flexibility of 
the compliance device also greatly re­
duces the time required for adjusting the 
feeders and fixtures. 
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The complete assembly operation 

. 1  

takes two minutes 42 seconds. Better en­
gineering of the tools and fixtures. to­
gether with a simple design change. 
could reduce the time to about one min­
ute five seconds. The biggest saving 
would be in reducing the time needed 
for changing tools. which now takes 
about 30 percent of the total. One route 
to this end would be to assemble several 
alternators at once. so that the robot 
could carry out the same operation on 
several units before changing to the next 
tool. 

A detailed study of how the robot 
spends its time also revealed the rela­
tions among gross motions. fine motions 
and a third category: interface motions. 
Between gross and fine motion there is 
an interface region where the robot lines 
itself up for an insertion move before 
the parts have actually begun to touch. 
Trajectories must be executed carefully 
in this region. which is close to the parts. 
We found that the gross motions take up 
only 3 3  percent of the total time and the 
fine motions less than 20 percent. The 
rest of the time is taken up by inter­
face motions. This fact suggests that in­
creased assembly speed might be better 

.01 L-__________ � ______________ �-----------------------------' 
1 10  . 1  

ANNUAL PRODUCTION (M ILLIONS O F  UNITS) 

ECONOMIC-TECHNOLOGICAL MODEL leads to cost curves such as this one. As long as 
programmable general-purpose machines are not an option a manufacturer must choose be­
tween manual assembly and special-purpose machines. If labor costs $7.50 per hour, the model 
estimates that the break-even point for special-purpose machines is a production volume of 
about a million units a year, assuming a two-year period for paying back the investment. When 
programmable robots are sufficiently developed, they should be economically attractive for 
volumes as low as 300,000 units per year of one product or a group of products and should 
remain cheaper than special-purpose machines until the volumes approach three million units. 
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sought by improving interface motions 
(perhaps with an independent interface­
motion device) than by trying to speed 
up the gross motions. as many robot 
manufacturers are currently doing. 

The experiment has demonstrated the 
feasibility of assembling a stack product 
with a robot capable of moving along 
four axes only. It is important to note 
that the alternator may represent a spe­
cial case. Most stack products have 
some parts that arrive from eccentric di­
rections. which means that a single four­
axis robot could not assemble the entire 
product. 

In any case our economic analysis 
shows that a one-arm assembly system 
would be satisfactory only for products 
of low annual volume (perhaps fewer 
than 50.000 units). assuming that the ro­
bot arm. like the human one. would 
need three to five seconds to add each 
part. At higher production volumes sev­
eral arms would be needed. Each arm 
could be put to work with complete sets 
of parts-feeders and tools for assem­
bling finished products. Tooling and 
feeding expenses would be much lower. 
however. if the arms were grouped into 
an assembly line with each of them add­
ing a few of the parts. Then only one 
complete set of tools and feeders would 
be needed and the arms could be sim­
pler. 

For most products the designer of as­
sembly systems has some freedom in 
choosing the seq uence in which parts are 
added to the product. He can take ad­
vantage of such freedom to group tasks 
with similar directions and tool require­
ments at one station on the line and as­
sign an arm with the appropriate num­
ber of axes to perform the tasks. Balanc­
ing the line (giving each arm about the 
same amount of work) is also part of the 
designer's aim. and achieving all these 
goals is not easy. Along the way the de­
signer may discover that a few simple 
design changes in the product itself will 
make assembly easier. quicker or less 
expensive. Much work remains to be 
done in this area. 

Astart has been made in understand­
ing assembly on a scientific basis. 

It is our hope that this work. together 
with other studies funded by the Na­
tional Science Foundation. will find prof­
itable application in American industry. 
It should also be noted that the applica­
tion of our investigations is not limited 
to industrial assembly. People perform 
many tasks in hazardous or difficult en­
vironments with the aid of mechanical 
manipulators. Examples include con­
ducting experiments with radioactive 
chemicals. inserting fuel rods into nucle­
ar reactors. cleaning or inspecting tubes 
in steam boilers and exploring the sea 
floor for minerals or oil. The application 
of the knowledge and devices we have 
described here could make all such tasks 
easier to accomplish. 

© 1978 SCIENTIFIC AMERICAN, INC



Now, Lois, about who will be wanting these 
two new photography works . . .  

The key word in the one title is theory; in the other title it's 
practical. Both are encyclopedic, though the one on theory is 
al l  in a single 7 1 4-page volume organ ized not alphabetically 
but l ike the Kodak Research Laboratories, whose people 
wrote i t .  

For a sample of the kind of folks who might want that one,  
one might visit  the photographic science department of the 
University of Moscow. In the department's conference room 
with its portraits  of distinguished photographic scientists, one 
notes that a prominent place is occupied by portraits of S. E. 
Sheppard and C. E. K. Mees. To these scientists without 
beards the present volume owes its origin. They were both 
21 i n  1 903 when they published their first papers. On the 
stre ngth of eleven subsequent papers published as "Investiga­
tions on the Theory of the Photographic Process," they were 
j oint ly awarded the degree of Doctor of Science by University 
College, London in 1 906. A fter a few years they settled in 
R o c h e s t e r ,  N. Y . ,  where M ee s  founded and directed t h e  
Kodak Research Laboratories. 

By 1 942 he felt  that the Laboratories' progress with the 
theory, q uite walled off from all  that had been accomplished 
on the proprietary side, j ustified knocking off the first two 
words of the old title for the title of a new book. Now, with 
36 more years of sophistication in chemistry, solid-state 
physics, and related discipl ines,  sycceeding generations of 
Kodak scientists share their deepened understanding with 
colleagues everywhere for whom photography is more than 
a way to get pictures. The completely rewritten Fourth Edi­
tion of The Theory of the Photographic Process issues from 
Macmillan P ublishing Company's College and Professional 
Division. 

It is  equally appropriate to have American Photographic 
Book Publ ishing Company (AMPHOTO ) as our partner on 
the 14 volumes that will have appeared by the end of this  
year for people who want to keep within arm's reach rela-

tively brief explanations of j ust about anything that comes 
up in talking photography and doing it-explanations that 
can be followed without anything like the background of 
study expected in the orals toward a doctorate. The whole 
comes to some 2800 pages splashed with many an exemplary 
photograph in color or b&w. To help j udge scope, here are 
the topics in the first vol ume : 

A 
A a n d  B R o l l  Ed i t i n g  
A b b e ,  Ernst 
A berra t i o n  
A bney, S i r  W i l l i a m  

de Wive l e s l i e  
A c e t i c  Acid 
Acetone 
Ach romatic 
A c i d  
Act i n ic 
Action P h otogra phy 
Acuta nce 
Ada ms, A n s e l  

Add itive Color 
Synthesis 

A d u ro l  
Advert i s i n g  Agencies 
Advert i s i n g  

Ph otogra phy 
Aeria l Fog 
Aeria l Perspect ive 
Aeria l Ph otogra phy 
Afte rt reat m e n t  
Ag 
Age n c i e s, P i c t u re 
Agitat ion 

Contents 
VoluIne 1 

A i rbrush 
A l bada,  L iewe 

Evert W i l le m  va n 
A l bu m e n  
A lcohol ,  Den a t u red 
A lcohol ,  Ethyl 
A lcohol ,  I sopropyl 
A lcohol ,  Methyl  
A l ka l i  
A l ka l i ne Sa lts 
A l u m , Ch rome 
A l u m ,  Pota s s i u m  
A m brotype 
A m i d o l  
A m m o n i u m  Ch loride 
A m m o n i u m  Persu lfate 
A m mon i u m  

T h i ocya nate 
A m m o n i u m  

Th iosu lfate 
A n a g lyph 

A n a m o r p h i c  Syste m s  
A n a st i g m a t  

A n d resen, M o m me 

A n i m a l  a n d  Pet 
P h otogra phy 

A n i m a t i o n  
A n sc h utz, Ottomar 
A N S I  
A n t ifogga nt 
A pert u re 
Apochromatic 
Archer, Frederick Scott 
Arch itect u ra l 

P h ot ogra phy 
A rc h i v a l  Process i n g  

( B  Bo W) 
A rc La m p s  
A r m a t ,  T h o m a s' 
A rt, Ph otogra phy of 
Artif ic i a l  Light 
ASA, ASAP Speed s 
Aspheric 
Astroph otogra phy 
Atmospheric Haze 
A u d iovisua l P l a n n i n g  
A u t o m a t i c  Exposure 

Syste ms 
Ava i la b le·Light 

Ph otogra p h y  

B 
B a by a n d  C h i l d  

Ph otogra phy 

To help decide whether to order the whole set, photo stores 
and book stores have information on which 
top;', '" 'e  lh' oth" ,olume<. 

�[4I 
This is for people deeply committed to 

photography as a profession, an art, a busi- • • .  

ness, or an engrossing hobby rather than as 
an interdisciplinary science. 
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SCIENCE AND THE CITIZEN 
Declaration i\.erican scientists, like other citi­

zens, tend to disagree among 
themselves on a wide range of 

public issues, but on certain subjects and 
at certain times they can speak virtually 
with one voice. The present status of the 
nuclear arms race has created such an 
occasion. 

This impression is strongly conveyed 
by a document titled "Declaration on 
the N uclear Arms Race ."  which has 
been circulating through the scientific 
community in recent months. The text 
of the declaration was prepared last Au­
gust under the auspices of the Union of 
Concerned Scientists. a group that has 
played an active role in promoting pub­
lic opposition to the U.S. nuclear-power 
program. What is unusual about the 
statement. however. is that it has been 
signed so far by (among others) some 
12.000 scientists. engineers and other 
professionals. many of them leaders in 
their fields. representing a broad spec­
trum of opinion not only on nuclear 
power but also on many other contro­
versial topics. 

Where there is agreement among the 
diverse signers is on the "critical need" 
for the U,S, to "take the initiative" in 
halting the nuclear arms race. The dec­
laration makes two specific recommen­
dations toward that goal. The signers 
join in urging that: 

"I. The United States announce that it 
will halt underground testing of nucle­
ar explosives provided that the Soviet 
Union follows suit within a reason­
able time. 

"2. The United States announce that it 
will not field test or deploy new strategic 
nuclear weapons, nuclear weapons sys­
tems or missile defense systems for a 
period of 2 to 3 years provided that the 
Soviet Union demonstrably does like­
wise. 

In support of the two recommenda­
tions the scientists' statement emphasiz­
es that "these measures.  carried out with 
d ue care. do not jeopardize our security. 
The recommendations do not stem from 
blind faith in the good intentions of the 
Soviet Union. We already can dctect So­
viet tests of nuclear weapons smaller 
than the Hiroshima bomb with existing 
seismic sensors and clearly distingu ish 
them from earthquake s.  Hence under­
ground tests of strategic warheads can­
not escape detection. Our satellites al­
ready inspect Soviet missile la unche s,  
missile-site construction and su bmarine 
arrivals and departures: thus we would 
know if the Soviet Union were not fol­
lowing our lead. Should the recom­
mended initiatives not bear fruit. the in­
terruption in testing would hardly de-
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grade our security . It takes many years 
to develop and deploy strategic-weap- . 
ons systems and our strength is such that 
a short delay of the sort we recommend 
cannot put the U.S. at risk." 

The "key to a safer future" embod­
ied in the recommended measures. the 
statement continues.  is that they "can 
restrain the technological arms race. With­
out underground tests there is not 
enough confidence in the new warhead 
designs to allow deployment. New mis­
siles also depend on more accurate guid­
ance systems. and these can only be tried 
and perfected in repeated test firings. By 
reducing the number of missile test fir­
ings to those needed for maintenance 
a major hurdle to new deployments 
would be created." 

Such moves.  the signers of the state­
ment believe . would come at a propi­
tious moment. "We are . once again. at a 
turning point in the nuclear arms race . 
Because SALT I succeeded in plac­
ing ceilings on the number of mis­
sile launchers. it stimulated an intense 
race toward more accurate and power­
ful missiles. and more warheads per 
launcher. the development of new and 
more potent bombers and submarines to 
replace existing fleets, Most important. 
President Carter has displayed a more 
penetrating understanding of the dan­
gers of the arms race than the previous 
leaders of the U.S. and the U.S.S.R. and 
has indicated a readiness to consider 
imaginative policies." 

The reason the U.S. should take the 
initiative now, the statement adds. arises 
from the fact that "the U.S. lead in new 
weapons technology in the nuclear era is 
a reflection of our overall superiority in 
creating new technologies and sophisti­
cated industries. Under these circum­
stances we cannot expect the U . S.S.R. to 
take the initiative." 

In conclusion. the declaration calls on 
the Carter Administration "to demon­
strate its ded ication to arms control by 
initiating the unilateral. reciprocal steps 
we have recommende d .  which represent 
the first steps leading to grad ual d isar­
mament. These actions. if carried out by 
the Unite d State s .  would represent a 
policy of restraint of the greatest politi­
cal significance and yet. for an inter­
im period . be devoid of military risk. 
Sho uld thc Soviet Union reciprocate­
and they.  like the United States, have 
much to gain in so doing-a great step 
forward would be taken to diminish the 
threat of nuclear war ." 

The 21 sponsoring signers of the Dec­
laration on the N uclear Arms Race were 
Hans A. Be the. Mary I. Bunting, Owen 
Chamberlain. Bernard T. Fe ld.  J. Wil­
liam Fulbright .  John Kenneth Gal­
braith. Donald A. Glaser,  Donald F. 

HQrnig. Carl Kaysen. Henry W. Ken­
dall. James R. Killian. Jr .. George B. 
Kistiakowsky , Salvador E. Luria. Eu­
gene McCarthy . J.  Carson Mark.  Linus 
Pauling. George W. Rathjens. Herbert 
Scoville . Jr .. Albert Szent-Gyorgyi. Vic­
tor F. Weisskopf and Jerome B. Wies­
ner. The complete list of signers in­
cludes 27 N obel prizewinners and some 
400 members of the National Academy 
of Sciences. 

Split Genes 

A str uctural gene is defined as a seg­
ment of chromosomal DNA that 

codes for the sequence of amino acids in 
a single protein or polypeptide chain. 
Such a gene is expressed in two stages:  
the sequence of nucleotides in the DNA 
is transcribed into the complementary 
sequence of messenger RNA (mRNA), 
which is in turn translated into the spe­
cific sequence of amino acids. It has 
been known for some time that many 
str uctural genes .  together with the regu­
latory genes that control their expres­
sion. are separated from one another 
along the chromosome by segments of 
DNA called "spacers ."  which are not 
transcribed into mRNA. Now a group 
of French investigators has discovered 
that segments of untranscribed DNA 
may also be inserted into structural 
genes.  disrupting the linear continuity of 
the coding sequence. Remarkably. the 
complementary mRNA strand tran­
scribed from such a "split" gene has the 
continuous coding sequence for the pro­
tein. meaning that the inserts have been 
somehow omitted in the transcription. 
These surprising findings have raised 
new questions about the arrangement of 
genes along the chromosomes of eu­
karyotic cells (cells that have a nu­
cle us. including the cells of all higher 
organisms) and how they are transcribed 
into mRN A, 

Writing in Nature. R. Breathnach. J.  
L. Mandel and P. Chambon of the Fac­
ulty of Med icine at Strasbourg describe 
how they inadvertently discovered the 
untranscribed inserts within the struc­
tural gene of chickens that codes for 
oval bumin. one of the principal proteins 
of egg white .. The finding arose from a 
discrepancy between the structure of the 
ovalbumin gene prepared by one meth­
od and the structure of the same gene 
prepared by another method. There is 
only one copy of the ovalbumin gene in 
the entire gene complement of chicken 
DNA. so that in order to obtain enough 
of the gene for analy sis it m ust be mass­
produced. 

One method is to synthesize the oval­
bumin str uctural gene in the test tube 
from a template of purified ovalbumin 
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Whywe make it simple. 
Honda set out to design one car that suited the basic 
transportation needs of the entire world. 

So to help us discover that basic design we studied and 
analyzed data from 91 different countries. We collected 
information on everything from road conditions in 
Morocco to rainfall in Denmark to the dimensions of the 
average motorist in the United States. 

In time the answer became clear. If Honda was to fill a 
universal need, we would have to build a simple car. 

Simple to drive, simple to park, simple to understand, 
simple to own. 
Today we offer three simple cars. The Honda Civic®1200: 
the Honda Civic cvcc� and the Honda Accord� 

Consider for a moment how simplicity can 
help minimize just one of today's 
many automotive problems: the cost 
of gasoline. 

© 1978 Ame,rican Honda Motor Co., Inc. 
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An Hondas meet emissions requirements without a 
catalytic converter. So all Hondas run on regular as well as 
unleaded gasoline. 

But don't be misled. A simple design is often the most 
difficult. For all their simplicity, Hondas are among the 
most sophisticated cars in their price range. . 

There is, of course, another reason why we make simple 
cars. The reason is you. We know that choosing a new car 
can be a complex problem. 

It's a problem, however, that we can solve quite easily by 
giving you your choice of just three cars. 

There. Now haven't we made your life simple? 

m .. ·.�11IiII 
We make it simple. 

'Civic 1200 not available in California and high altitude areas. Civic®, CYCC®, Accord®, 
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HEWLETT-PACKARD 
Model VaurCost YaurCost 
HP61224 Sltp programmmg $351.95 HP91224 P,ogramStepiPrinter S596.95 
HP19CCombbetw HP25CIHP611ptr 214 95 HP29C Comb bel. HP25CIHP6J 1�.95 
HP928ondTrade' F,nance Punter 496 95 HP25CSc,ent reta,nsmemory 121.95 
HP25Sc,ent. -progrilmm,ble 99.!iO HP21CombBus.·Science·Stal. 138.95 
HP 80 RIE·Bu$·fin·200 �r c,lenda, 23(.95 HP 91 Printer $crent· HP 4S specs 259.95 
HP21 $cien1. sl.de rule 63.95 HP to hilnd held P1r-�em,.smlll 139.95 
HPuser lib. s.olul booksltOleach 9.50 HPl2RIEBuslnus·Flnilnce 99 50 

HP acceSSOrl8S at discount pr;cltS 
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will bnt any deaL Try us. 

M,'" 

TEXAS ,��:;RUMENTS� 
TlS9960 prog slep-lOOmems $211.95 
PC100 A pnnlerlo,Tl59 .!08.56.!02 146.95 Model VoureO!! 
SR4(lScienloshderule,parlnlheses 24.'3'5 Ti30 Sclen\. sllde rule,parentheses$l1.'3'5 
Bus. AnalyslRIE and Finance 28,95 MoneyMana\wfor RfEand Flnance 18.95 
SR 51-2 Super Slide Rule·Conv. q.95 Til150 Thm. wall. lCD 2M H rs, mem, 19.95 
Oat. Clip pencil tllin. tCD 1000 H r$ 28.95 MBA Busineu-Finanee·Stats. 61.95 
TI1680 InSlant Replavcalcs 25.95 tinleProf for kids 5 yr.lup 12.95 
TI 2550 ·3 Busintss·Memory 25,95 Dala·ManlBig Prol.leduc 21.95 
Tl5040 Printer· Olsplay·Memory 98.95 11 5015 Pnnler·Grand Toul·Percenl 64.'3'5 
TI5D50M AC·DC printer, memory 83 .95 115100 Desk-Dlgilal, mem-pereent .3.95 
TlIOSOMem, percent·square rool 12'3'5 1I1025 Memory·Percent·+I- 10.95 
t,branes for TI 59 and TI SB 29.00 Tl DIgitllWalches5 funcs_ from 9.'3'5 
TfSBQO step prog.·fiijmemones 91.95 fl D,gltalwatches all models ,ncl 
Tl51150 step prog,-replacesSR506 63.95 StarW.rslED-tCD·tadllS-Men"s 

All stylu 9 .95 up 
We are aTl franehlUddealerand carryTiaceessones at dlscountpnces. 
We will beat any deal, Try US. All TI calcul.tors IIraguariinteed by Texas InS!rumenls. Ine 

SPECIALS 
Model VourCosl Model VourCost 
Norelco #185 D,claling un,\ 99.'3'5 Sony KV-174I R Color remole 11" 479.00 
Noreleo#88 Dlclat'ng unlt 242 ,{)O Sony KV-I921 Calm Trinillon 19" 461.00 
Noreleo #186 Transcrib,ng unit 245,00 SonV KV 1941 R 19" remote 539.95 
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mRNA. In the tubular-gland cells in the 
oviduct of a laying hen 40 percent of the 
mRNA manufactured by the cell is tran­
scribed from the single ovalbumin gene. 
As a result the ovalbumin mRNA is 
plentiful and can be easily p urified. A 
DNA copy of the p urified mRNA can 
be made in the test tube by means of the 
viral enzyme reverse transcriptase. The 
copies of the synthetic gene obtained by 
this method therefore represent only 
those parts of the original gene that were 
transcribed into mRNA. 

The alternative method for producing 
large quantities of the ovalbumin struc­
tural gene is to isolate the segment of 
the chromosome incorporating the gene 
from chicken cells and insert it into a 
bacterial plasmid : a ring of DNA sepa­
rate from the bacterial chromosome. 
The plasmid is then taken up by bacteri­
al cells, and the foreign gene is replicat­
ed many times over by the bacteria's 
own synthetic machinery. 

Cham bon and his colleagues pre­
pared the ovalbumin DNA by both of 
these methods, assuming that the result­
ing genes would be identical in struc­
ture. But when they exposed the ovalbu­
min gene made in the test tube and the 
ov.albumin gene made by bacteria to 
certain restriction enzymes, which rec­
ognize specific nucleotide sequences on 
the DNA and cleave the DNA chain at 
those sites, they got strikingly different 
results. The test-tube ovalbumin gene 
was not cleaved by the restriction en­
zymes, since it did not contain the cor­
rect recognition sequences. The ovalbu­
min gene replicated in bacteria, on the 
other hand, was cut into several pieces 
by the enzymes. The investigators con­
cluded that the original ovalbumin gene 
in the chicken chromosome incorporat­
ed nontranscribed inserts of DNA con­
taining recognition sequences for the re­
striction enzymes. Because the inserts 
were not transcribed into mRNA, how­
ever. they did not appear in the test-tube 
ovalbumin gene made from the mRNA 
template. The inserts in the ovalbumin 
gene are quite extensive:  one of them is 
at least 7.000 nucleotides long. 

At about the same time that Chambon 
and his colleagues made their finding 
other laboratories were obtaining simi­
lar results. An insert 93 nucleotides long 
was found in the gene coding for the 
variable region of the antibody mole­
cule in the mouse . and longer inserts 
were discovered in the gene coding for 
the beta chain of the hemoglobin mole­
cule in both mice and rabbits. "It seems, 
therefore," the French investigators 
write. "that the splitting of genes within 
the protein-coding sequence may have 
some generality in e ukaryotic cells." AI· 
though the function of the DNA inserts 
is not known, it is conceivable that they 
perform some regulatory function, per· 
haps one related to the conformation of 

proteins in the chrompsome d uring the 
process of transcription. 

Cham bon and his colleagues have 
proposed three different mechanisms by 
which a split gene could be transcribed 
to yield a single continuous strand of 
mRNA. The first possibility is that the 
inserts "loop out" from the rest of the 
chromosomal DNA in such a way that 
the enzyme RNA polymerase, which 
synthesizes the complementary mRNA 
strand. can "jump across" the looped· 
out inserts and transcribe the structural­
gene regions sequentially. The second 
possibility is that the entire DNA se· 
quence, including the inserts . is tran­
scribed, after which the inserts are cut 
out of the mRNA by special enzymes 
and the segments of the mRNA corre­
sponding to the structural gene are 
joined together by another enzyme 
called a ligase. The third possibility is 
that the various portions of the ovalbu­
min mRNA are transcribed indepen­
dently and are joined at a later process­
ing stage. In that case the inserts might 
or might not be transcribed. Moreover, 
the segments of the structural gene 
would not have to be in the "correct" 
order along the chromosome. because 
the mRNA transcripts could be rear­
ranged before being joined together by 
the ligase. 

In any case the discovery of the split­
gene type of organization in e ukaryotic 
chromosomes may present new prob­
lems for studying the molecular genetics 
of higher organisms in the test tube with 
recombinant-DNA techniques. Because 
it is unlikely that bacterial cells possess 
the specialized enzymatic machinery 
that would apparently be required for 
the transcription of split genes into con­
tinuous mRNA's. it may prove extreme· 
ly difficult to insert an entire e ukaryotic 
gene and its regulatory elements into a 
bacterial plasmid and then study its ex­
pression. Progress in this field may 
therefore have to be based on the linking 
of known bacterial regulatory elements 
to synthetic e ukaryotic genes incorpo­
rating the continuous protein·coding se­
quence. 

Philadelphia Story 
At the end of J uly. 1976. there was an 

.f\. explosive o utbreak in Pennsylvania 
of a severe pneumonialike disease of un­
known origin. In less than a month 182 
cases had been reported; 147 patients 

. were hospitalized and 29 died. Most of 
the victims had just attended a state 
American Legion convention in Phila­
delphia. and so the illness was quickly 
dubbed "Legionnaires' disease." The 
sudden and mysterious epidemic at­
tracted widespread coverage by news 
media and immediately became the sub­
ject of investigation by local and state 
health departments and teams from the 
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Center for Disease Control of the U.S. 
Public Health Service. The symptoms 
and tissue pathology seemed to be those 
of a bacterial pneumonia, but no bacte­
ria could be detected in diseased lungs 
or cultured from lung tissue. The epi­
demic's association with a convention 
and with a particular hotel led to specu­
lation that the cause might be food or 
water poisoning or the spread of a toxic 
gas or heavy metal by the air-condition­
ing system. Some of the speculation 
was fed by prematurely publicized lab­
oratory reports. 

Now the first full investigative reports 
on the epidemic and its cause have been 
published in The New England Journal 0/ 
Medicine, recording what an editorial by 
Edward H. Kass of the Harvard Medi­
cal Schoql calls "a brilliant example of 
scientific achievement." The agent was 
indeed a bacterium, which has been cul­
tured, visualized in lung samples and 
shown by serological tests to have been 
responsible for Legionnaires' disease 
and some similar outbreaks. The organ.­
ism has yet to be precisely identified, 
however; its source, how it spreads and 
why it struck virulently at a particular 
place and time are still not known. 

One report, by David W. Fraser and 
a large group of colleagues at the Cen­
ter for Disease Control, describes the 
course of the epidemic and the results of 
exhaustive epidemiologic surveys de­
signed to establish the time, place and 
nature of exposure to the causative 
agent. The investigators tracked down 
the 182 cases of what they defined as 
Legionnaires' disease (a disease that fit 
the clinical description in a person who 
had attended the convention between 
July 2 1  and 24 or who had for other 
reasons entered the hotel after July 1) 
and also 39 cases of what they called 
"Broad Street pneumonia" (the same 
clinical conditions in a person who was 
not at the convention or in the hotel but 
had been within a block of the hotel af­
ter July 1). 

The shape of the epidemic curve, with 
a rapid upswing and an incubation pe­
riod of from two to 10 days, suggested 
a continuing common-source exposure. 
There was no evidence of person-to-per­
son spread; for example, there was no 
clustering of cases among roommates 
and patients' families were 'not infected. 
The primary site of exposure was appar­
ently within and in the immediate vicini­
ty of the convention hotel. More specifi­
cally, there was a strong correlation be­
tween time spent in the hotel lobby and 
the incidence of the disease. (The fact 
that hotel employees seemed not to have 
been affected was puzzling, but an ex­
planation was to emerge later.) There 
was no such correlation for attendance 
at particular convention functions or 
presence in a particular hotel room. The 
disease agent seemed not to have been 
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associated with any food or drink, in­
cluding the hotel water. The agent was 
therefore almost surely airborne. 

In a companion paper Joseph E. 
McDade and his colleagues at the Cen­
ter for Disease Control present the labo­
ratory results. Careful comparison of 
tissues from patients and controls failed 
to show the presence of any unusual 
s ubstances or levels of toxins that could 
explain the disease. The first microbio­
logical studies showed various organ­
isms in l ung tissues but no consistent 
pattern. Electron micrographs of l ung 
tissue did reveal thin-walled bacteria, 
but they could not be stained by fluores­
cent antibodies to any of 13 known 
agents. It was not until early last year 
that the agent was finally isolated by in­
fecting guinea pigs with lung specimens 
from three patients with Legionnaires' 
disease and one patient with Broad 
Street pneumonia. The guinea pigs died. 
Tissue from the animals was injected 
into embryonated eggs; the embryos 
died. A stain was found that revealed 
rod-shaped bacteria (bacilli) in the yolk 
sac of the embryos. Eventually the same 
organism was isolated directly from pa­
tients' l ung tissue; fluorescent-antibody 
tests showed that the blood serum of 
convalescing patients contained anti­
body to the organism. 

Meanwhile strong evidence that the 
isolated bacterium was responsible for 
the d isease had been obtained by testing 
the yolk-sac material with blood serum 
from a large number of patients by the 
indirect fluorescent-antibody technique. 
The yolk-sac material was incubated 
with serum samples. Any antibody to 
the organism that was present in a pa­
tient's serum became fixed to the yolk­
sac material and was then stained by flu­
orescent rabbit antibody to human im­
munoglobulin. In most cases serum that 
had been taken at d ifferent stages of the 
d isease showed an increase in the level 
of the specific antibody (seroconver­
sion); in others (where there was either, 
only one serum sample or no change) 
the antibody level was very high (a sero­
positive result). Stored serum from sev­
eral earlier outbreaks of unexplained, 
clinically similar d iseases showed simi­
lar results,' thus defining the outbreaks 
as Legionnaires' disease. Tests of se­
rum from long-term hotel employees 
showed a high level of antibody, sug­
gesting that the employees had become 
immune to the organism as

' 
the result 

of intermittent exposure over a period 
of years. 

Even after the organism had been iso­
lated it remained impossible to demon­
strate its presence visually in the l ung 
tissue of patients through the applica­
tion of conventional stains. Finally, ac­
cording to a report by Francis W. Chan­
dler, Martin D. Hicklin and John A. 
Blackmon of the Center for Disease 
Control. staining with the Dieterle sil­
ver-impregnation method was found to 

84 

reveal the small. blunt bacilli, thereby 
providing a d iagnostic tool for any fu­
ture outbreak of the d isease. 

Jets 

W
hen two marbles collide head on 
at the same speed, they do not sim­

ply stop, even though their total mo­
mentum is zero; instead they rebound 
along back-to-back paths. A similar 
kind of "hard scattering" provides a 
high-resolution image of the inner struc­
ture of the proton and of the many relat­
ed subatomic particles known as had­
mns. When hadrons appear among the 
debris of head-on collisions between 
particles, they are often emitted in well­
defined beams, or jets, that radiate from 
the point of collision. The formation of 
jets suggests that protons and other had­
rons are made up of smaller particles, 
which have the properties expected of 
the hypothetical entities called quarks. 

Jets were first observed in collisions 
between electrons and antielectrons 
(positrons). Electrons and positrons are 
not hadrons and they are not made up of 
quarks, but when an electron and a posi­
tron annihilate each other, hadrons can 
be formed from the energy liberated. 
The hadrons are often emitted at a large 
angle to the axis of the colliding beams; 
indeed, the most favored angle is per­
pendicular to the beams. When several 
hadrons are emitted, there is a high 
probability that most of them will be 
detected in two narrow jets (or occasion­
ally more than two). 

These observations can readily be ex­
plained in the quark theory. When had­
rons are created by the annihilation of 
an electron and a positron, the initial 
products are thought to be a single 
quark and a single antiquark, which fly 
apart with equal but opposite momen­
tum. Through subsequent interactions 
both the quark and the antiquark can 
give rise to a large set of hadrons, but the 
momentum of the original pair must be 
conserved. Hence all the hadrons that 
are daughter particles of the quark or 
the antiquark follow approximately the 
same trajectory. 

Jets have also been observed in the 
aftermath of collisions between protons, 
notably in experiments conducted with 
the intersecting storage rings of the Eu­
ropean Organization for N uclear Re­
search (CERN) in Geneva. Collisions 
between hadrons are more complicated 
than those between electrons and pos­
itrons because the colliding particles 
themselves have an internal structure. 
One consequence of the complication is 
that the jets are not always arrayed back 
to back around the point of collision. 
S uch asymmetry can be explained by as­
suming that the quarks are in motion 
within the hadron, so that a given quark 
would not be expected to have the same 
net velocity as the proton as a whole. If 
the event could be observed in the frame 

of reference of the colliding quarks, 
then the jets of particles would appear 
to be back to back. 

Quarks have not been seen in isola­
tion, and it does not seem possible to 
extract a quark from a hadron, The for­
mation of jets is therefore one of the few 
phenomena in which the properties of 
an individual quark are exhibited. From 
the angular distribution of the jets the 
intrinsic spin angular momentum of the 
quarks can be deduced; it appears to 
be 1!2 unit. From the charges of the 
daughter hadrons the quark charges can 
be estimated. In proton-proton colli­
sions the hadrons observed in jets have a 
large excess of positively charged parti­
cles. Protons are thought to be com­
posed of two positively charged quarks 
and one negatively charged quark, so 
that the observed charge distribution 
could reflect the higher probability of 
collisions between positively charged 
quarks. 

Chinese Fireworks 
At 3 :00 P.M. on March 8, 1976, a ball of 

I\. fire brighter than the full moon 
flashed across the sky of China, It was 
one of the largest-possibly even the 
largest of all-meteorite falls ever wit­
nessed by man. The body entering the 
earth's atmosphere traveled 400 kilome­
ters and broke into pieces that fell to the 
ground in the northern part of the prov­
ince of Kirin. Within three days the 
Joint Investigation Group of the Kirin 
Meteorite Shower had been formed by 
the K weiyang Institute of Geochemis­
try, the Institute of Geology, the Insti­
tute of Mechanics, the P urple Mountain 
Observatory of the Academia Sinica, 
the Peking Planetarium and Peking Uni­
versity and had begun conducting a two­
month on-the-spot investigation. The re­
sults of the investigation were p ublished 
in Scientia Sinica, an English-language 
journal of Chinese science p ublished by 
the Academia Sinica in Peking. 

The Kirin meteorite fall had been seen 
by thousands of people along its path. 
The J oint Investigation Group began its 
work by interviewing some 1.000 eye­
witnesses, taking fixes on the meteorites' 
landing sites, excavating for fragments 
b uried in the ground, reconstructing the 
fall's history and analyzing the frag­
ments for their chemical composition. 
"The firsthand observational data given 
by the broad cadres and masses provid­
ed the group with rich and accurate re­
search information," reported the Joint 
Investigation Group. According to eye­
witness accounts, the main fireball was 
twice as large as the apparent disk of the 
sun, reddish white in color and rimmed 
with blue. It gave off dazzling rays, a 
brilliant trail of light and whirling 
clouds of smoke and d ust. Over the 
Chinchu People's Commune on the out­
skirts of the city of Kirin the fireball ex­
ploded with a violent thunderclap, and 
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Notes and observations from IBM that may prove of interest to the engineering community 

Terminal Stands the Heat 
at Ford Steel 

Computer equipment has now 
moved right up to the mouth of the fiery 
furnace. At River Rouge, Ford Motor 
Company's sprawling complex of indus­
trial plants in Dearborn, Michigan, IBM 
5937 Industrial Terminals adjacent to 

two huge steelmaking units - a basic 
o x y g e n  f u r n a c e  a n d  an e l e c t r i c  
furnace - guide operators in the crucial 
step of measuring alloying ingredients 
into the molten metal. Because the 5937 
is tolerant of extreme heat, vibration and 

Steel from the basic oxygen furnace at 
Ford is poured into ingot molds. An IBM 
5937 Industrial Terminal helps the 
furnace operators control the amount of 
costly alloying materials they add 
during the heat. 

corrosive atmosphere, it can be installed 
where no ordinary computer terminal 
would work for long. 

Ford Steel Division makes and proc­
esses over 10,000 tons of steel a day. In 
its completely integrated River Rouge 
facility, the division smelts ore and per­
forms a wide variety of steel-making 
and finishing operations. An online 
computer tracks every slab of steel from 
the furnace right up to shipment to the 
customer, using data acquired through 
sensors in the processing machinery. 

Closing the Loop 
The two IBM 5937 Industrial Termi­

nals close the loop from the metallurgical 
laboratory back to the furnace operators. 
The loop begins at the furnace, where a 
small sample of the molten steel is drawn 
and sent to the laboratory - in another 
building-through a pneumatic-tube de­
livery system. T h e  lab promptly 
analyzes the sample, and the results pass 
automatically from the analytical in­
struments to the IBM System/370 
Model 148. 

"When the operator is ready to add 
alloying ingredients," explains Earl 
O'Shaughnessy, general superintendent 
of basic oxygen furnace melting opera­
tions, "the computer flashes a chemical 
analysis to him that shows just how much 
of each additive to use." 

It is this analysis that tells the furnace 
o p e r a t o r  h o w  m u c h  m a n g a n ese, 
aluminum, carbon, silicon or other alloy­
ing material must be added to make the 
type of steel required of each melt. 

"Before we had the 5937 terminals, 
the operators had'to walk to a typewriter 
terminal in a protected environment 
some distance away to see the analysis," 
O'Shaughnessy says. "Or, if time was 
short, they simply added excessive 
amounts of these costly materials, to 
make sure the specifications were met. 

"Putting a rugged terminal like the 
5937 right out on the floor with the 
operators has meant significant direct 
dollar savings in steelmaking costs." 

© 1978 SCIENTIFIC AMERICAN, INC



Advertisement 

CADAM: Interactive Graphics 
for Design Engineers 

Producing a modern aircraft can re­
quire more mechanical drawings than 
rivets. 

rraditionally, engineers sketch, then 
draftsmen draft. Then engineers dis­
cover needed changes or improvements, 
and draftsmen draft some more. A lot 
more. Move a stiffener or bracket, say, 
two inches to the left, and a chain reac­
tion of changes riffies through the entire 
set of drawings. 

But now the computer has opened up 
a new way to meet design engineering 
needs with speed and reliability for a 
broad range of products, from high­
performance aircraft to complex inte­
grated circuits. Computer-Graphics 
Augmented Design and Manufacturing 
(CADAM), a set of interactive programs 
available from IBM, allows the designer 
to sketch directly on the screen of a 
graphic terminal. He defines lines and 
contours by pressing keys and position­
ing a light pen, and the computer dis­
plays what he has expressed. . 

Curve fitting, or reducing the design 
to a set of control equations, is com­
pleted iteratively at the terminal, 
eliminating coding, card punching, and 
repeated computer batch runs. Then 
CADAM converts the preliminary de­
sign to a dimensioned drawing with aux­
iliary views. 

If something needs fixing - if, for 
example, the dimensioned drawing re­
veals a problem of component or subas­
sembly compatibility-the pieces can be 
moved around with the light pen and 
CADAM will revise all of the affected 
drawings. And do it automatically. 
® CADAM is a trademark of Lockheed-California Corp. 

CADAM encourages doodling, an 
important source of deSIgn inspiration. 
The user can translate or rotate any 
graphic element. Or change its scale. Or 
stack parts, separate them, or watch 
moving parts move. 

CADAM stores the design as it is 
developed, displays any element on de­
mand, then generates the final detailed 
drawings. It supports complete design of 
the part, including structural members 
and such elements as ribs, stiffeners, 
lightening holes and fasteners. Once a 
design is stored in the system, CADAM 
analysis programs can calculate its 
weight or determine its structural prop­
erties. Any frequently used design ele­
ment or drawing symbol can be stored 
and reproduced automatically wherever 
it is needed. 

As its name implies, CADAM in­
cludes a direct link to manufacturing. It 
can generate a "part program" (path of 
travel) for the cutter of an automatic 
machine tool. 

CADAM has cut drafting manhours 
drastically for engineering departments 
-by as much as 90 percent or more on a 
few special tasks. It helps prevent and 
correct errors and improves the quality 
of the engineering product. One user's 
experience is described below. 

Productivity Up 
Northrop Corporation is one of the 

world's largest manufacturers of high 
performance jet aircraft. Today, North­
rop engineers design complex aircraft 
parts with CADAM in a fraction of the 
time once spent at drafting boards. 

Engineers at Northrop Corp. use computer graphics to speed the structural 
design of high-performance jet aircraft. 

CADAM converts freehand sketches, 
made directly on the CRT screen with a 
light pen, into fully defined and dimen­
sioned graphics. 

Says Northrop's Aaron Feder: "In 
addition to the time savings, we can 
identify improvements in design quality. 
Because changes are so easy to make at a 
CADAM terminal, we can keep up with 
changes traditionally required during 
the design development of an aircraft 
part and still release the drawing on 
time." Feder is manager of technical 
computer graphics at Northrop's Aircraft 
Division in Hawthorne, California. 

"Before installing CADAM," Feder 
points out, "we ran a number of carefully 
controlled tests. When we saw produc­
tivity gains ranging from four to one to as 
high as 17 to one, for changes to a draw­
ing, we saw the potential for CADAM 
and decided to adopt it. 

"We compared the manhours re­
quired to prepare several types of draw­
ings using CADAM with the time re­
quirements using our established man­
ual systems. 

"This involved a broad sampling of 
different types of drawings, including 
layouts, structural and electrical draw­
ings. We saw productivity gains of four to 
one or better on every one of 14 test 
problems. Even though productivity is 
lower in the hectic, day-to-day devel­
opment design world, CADAM has still 
proven cost-effective. 

"Once a tentative design is in the 
computer," Feder adds, "we can run 
CADAM engineering analyses: calculat­
ing weights and determining the 
capabilities of the design aircraft and the 
dynamic behavior of itS'Structure. 

"The data required for this kind of 
analysis is already in our System/370 as a 
byproduct of the graphic design effort. 
That means another major savings in 
manhours, the elimination of a signifi­
cant source of error, and the assurance 
that all departments are working from 
the same data." 
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Fast Answers to Tough Energy Questions 
"Suppose the government made 

major changes in national energy policy,» 
speculates Prof. John J. Donovan of 
MIT. "What would be the economic im­
pact on each region of the U. S.? How 
would the economy change if the fuel 
supply were to be altered? If prices were 
to change? What effective actions can be 
taken by homeowners, industry and 
public policymakers?" 

To help provide prompt answers to 
such questions, the Generalized Man­
agement Information System (GMIS) 
was jointly developed by IBM, MIT 
Sloan School of Management and the 
MIT Energy Laboratory. IBM provided 
staff support and the use of a System/370 
Model 158 at its Cambridge Scientific 
Center. GMIS h�s been used to analyze 
conservation strategy in, for example, 
the consumption of energy for residen­
tial heating across the United States. 
And it has been used to produce pro­
grams and a data base for energy policy 
analysis in New England. Called the 
New England Energy Management In­
formation System (NEE MIS), this ap­
plication was developed through a col­
laborative effort among MIT, the New 
England R egional Commission (a 
Federal-New England states partner­
ship) and IBM. 

What can the homeowner do? Ac­
cording to Donovan, an associate profes­
sor at the Sloan School:"An econometric 
model shows that, for a homeowner in 
the Northeast or upper Midwest, a 
thermostat setting of 65 degrees (day­
time) and 55 at night - or 63 around the 
clock-will save 15 percent of his energy 
costs. 

"Other computer models produced 
using GMIS suggest measures for com­
mercial buildings. For some institutions 
in the Boston area, these models iden­
tified ways to reduce energy costs by 40 
percent (of which 20 percent required no 
capital improvements). 

"To answer questions like these," he 
continues, "the Energy Laboratory has 

Most homeowners today want to keep warm without wasting energy. 
At MIT, computer simulation has shown that a 24-hour thermostat setting 

of63 degrees saves as much fuel as a night setting of55 degrees. 

collected data and computer programs 
from government research, professional 
and technical groups, and university re­
search efforts. A user can scan the data 
base interactively to locate and define 
the needed data and select a suitable 
modeling system. 

"GMIS is a universal bridge to this 
diverse collection of data: Whatever 
type of analysis is to be used -a simula­
tion or a regression analysis, for instance 
-GMIS provides the interface between 
the required language and the data: 

Users with terminals in their offices 
are now working out solutions interac-

tively. Using programs created under 
GMIS, engineers in the government of 
the state of Maine are conducting studies 
to determine the best use of the money 
available for energy conservation. 

GMIS data has helped the New Eng­
land region avert a proposed oil tariff by 
demonstrating its negative economic ef­
fects there. 

"Sound public and private policy­
making and resource management re­
quire prompt, accurate information on 
many such issues," Donovan says. 
"GMIS is designed expressly as a tool to 
provide that information: 

FORTRAN and Logic ProgranuningAids 
DP Dialogue is designed to provide you 
with useful information about data proc­
essing applications, concepts and tech­
niques. For more information about IBM 
products or services, contact your local 
IBM branch office, or write Editor: DP 
Dialogue, IBM Data Processing Division, 
White Plains, N.Y. 10604. 

Three program products available 
from IBM Simplify the programming of 
engineering and scientific applications: 

1. FORTRAN Interactive Conver­
sion Aid facilitates the conversion of 
non-System/370 FORT RAN dialects 
into System/370 FORTRAN IV execu­
table source code. 

2. APL Decision Table Processor 
(DTABL) converts a decision table (a 

powerful method of notation for com­
plex logic) into an executable program. 

3. FORTRAN Interactive Sub­
rou tin e Library (FISLI B )  makes 
FORTRAN a truly interactive tool for 
any application that requires human 
judgment during the course of the pro­
gram. 

For more information on these and 
other IBM program products, contact 
your local IBM branch office or write to 
the Editor of DP Dialogue at the ad­
dress on the right. 

--. - � -----
- - -_ .... 
-�--- -. ---- - - - --

==--- =-:=® 
Data Processing Division 
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NOBODY HATES A 
WELL DE CAR •. 

A recent survey shows there's something 
the average new car owner doesn't like about 
his car. And it's one of the things the average 
new Volvo owner likes most about his� 

Namely, the way his car was put together. 
Volvo owners can appreciate things like 

a paint job that's four coats deep. Two separate 
undercoatings. And a body whose inside 
sections are protected with rust -proofing 
compounds. 

Volvo has inner strengths, too. 
Like a strong, unitized body that helps 

eliminate squeaks and rattles. 
Overhead cam engines which are individ­

ually hand-assembled and bench-tested. 
The fact is, Volvos are so well built that 

in the past ten years their average life expec-

tancy in Sweden has increased by 37%. 
(Latest projections show that in Sweden the 
average Volvo will live to the ripe old age of 
16 years.) 

You may not keep your Volvo that long, 
but while you do you'll be able to appreciate 
the things that make such long life possible. 

You'll also be able to understand why 
new Volvo owners are happier than the 
owners of 48 cars from G.M., Ford, Chrysler 
andAMC. 

At a time when most Americans are fed up 
with the quality of new cars, we ask you: why 
buy a car there's a good chance you'll hate, 
when you can buy a car there's an even better 
chance you'll love? 
• Survey conducted among owners of new cars bought in May, 1977. 

YOLYO. A [AR YOU tAN BELIEYE IN.C"" 
VOLVO OF AM'RICA CORPORATION "ASING AVAILAB" 
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three smaller fireballs continued travel­
ing toward the southwest in procession. 

The largest of the three smaller fire­
balls, later named Meteorite No. 1 .  fell 
in the village of the No. 10 production 
team of the Kaoshan Prod uction Bri­
gade of the Huapichang People's Com­
mune, 6 5  meters from the nearest house 
and only 30 meters from three com­
m une members and three children. The 
six witnesses reported that they heard 
what sounded like a sonic boom, and a 
grayish mass "like a huge jar" hit the 
ground with "an appalling roar." The 
shock wave from the impact shattered 
windows, caused clay to fall from ceil­
ings and pushed open unlatched doors. 
The main body of the meteorite exca­
vated a slightly ell iptical crater some 
two meters across, drilling its way six 
meters into the ground and scattering 
lumps of frozen soil and meteorite frag­
ments as far as 1 50 meters. A dense 
cloud of yellow d ust and smoke rose 
from the crater to a height of 50 meters, 
forming a small mushroom cloud. 

The Joint Investigation Group report­
ed: "Under the unified leadership of the 
Kirin Municipal Party Committee, the 
workers from electrical industry, com­
m unication and transportation and con­
struction departments, and local poor 
and lower-middle peasants. dug the cra­
ter of Meteorite No. 1 . " The total 
weight of the pieces collected in the cra­
ter was 1 ,770 kilograms: the main speci­
men was almost a cubic meter in volume 
and weighed 1 . 170 kilograms. Over the 
next few months additional fragments 
of the shower were gathered from an 
elliptical area 72 kilometers long and 
8.5 kilometers wide: the total weight of 
the fragments recovered was about four 
metric tons. 

Analysis of the path of the meteorite 
shower indicates that it stemmed from 
one large meteorite that overtook the 
earth from behind in the direction of the 
earth's  revolution around the sun. The 
velocity of the meteorite with respect 
to the velocity of the earth was about 
10 kilometers per second. The object 
plunged into the atmosphere from the 
east at a shallow angle . Friction with 
the air soon heated it to incandes­
cence (some 10.000 degrees Celsius) 
and slowed its fall. The resulting ther­
mal and compressional stresses broke 
the body apart some 1 7  kilometers above 
the Chinchu People 's  Commune, creat­
ing the three smaller fireballs and a se­
ries of rolling. thunderlike echoes last­
ing four to five m inutes that were audi­
ble to perhaps a million people over an 
area of 200 square kilometers. By the 
time the fragments struck the ground 
they had been slowed to less than 300 
meters per second and had cooled to be­
tween 50 and 80 degrees C. Chemical 
analysis of the fragments revealed that 
the Kirin object was a stony meteorite : 
specifically it was an olivine-bronzite 
chondrite. The largest specimen of Me-

teorite No. I is the largest stony meteor­
ite known. 

R 317 Is Prime 
A n  area of partic ular importance 

n in number theory .  the branch of 
mathematics concerned with the prop­
erties of integers, is the analysis of prime 
numbers: any number that can be exact­
ly divided only by itself and 1 .  Although 
primes have been studied since the time 
of Euclid, there is still no efficient way 
to recognize and prove that a large num­
ber is prime. Of course, dividing the 
number by all smaller prime numbers 
will show whether or not it is prime. but 
even with today' s fast computers that 
procedure is prohibitively time-con­
suming for large numbers. Therefore it 
is of special interest that Hugh C.  Wil­
liams of the University of Manitoba 
has discovered a new prime number. 
The number is 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 , 1 1 1 . -
1 1 1 . 1 1 1 . 1 1 1 , 1 1 1 . 1 1 1 , 1 1 1 . 1 1 1 , 1 1 1 . 1 1 1 , ­
I l l ,  1 1 1 , 1 1 1 . 1 1 1 , 1 1 1 , 1 1 1 . 1 1 1 , 1 1 1 . 1 1 1 , -
1 1 1 , 1 1 1 . 1 1 1 ,  1 1 1 , 1 1 1 ,  1 1 1 , 1 1 1 . 1 1 1 . 1 1 1 . -
1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . -
1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 , 1 1 1 , 1 1 1 , 1 1 1 . 1 1 1 . -
1 1 1 , 1 1 1 , 1 1 1 , 1 1 1 . 1 1 1 . 1 1 1 , 1 1 1 . 1 1 1 . 1 1 1 . -
1 1 1 . 1 1 1 , 1 1 1 , 1 1 1 , 1 1 1 . 1 1 1 , 1 1 1 , 1 1 1 , 1 1 1 .-
1 1 1 . 1 1 1 . 1 1 1 . 1J 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 , -
1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 .-
1 1 1 . 1 1 1 , 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 , 1 1 1 . 1 1 1 ,-
1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 , 1 1 1 . 1 1 1 . 1 1 1 .-
1 1 1 . It is called R317 for short. 

The new prime is a member of an elite 
group of numbers: it is a rep-unit num­
ber. that is. all its digits are 1. Each rep­
unit number, R no is equal to I On - 1 di­
vided by 9.  and so n is the number of l 's 
in Rn.  For example ,  R I  is equal to 1 .  R2 
is eq ual to 1 1  and so on. It is easy to see 
that if Rn is prime. then n is equal to a 
prime number. p. (If a divides n. then Ra 
will  divide R n  exactly.)  Rp is not, how­
ever. necessarily prime. In fact, until 
Williams discovered Ra17 last year there 
were only three known rep-unit primes: 
R2,  R I9 and R 23. Almost 50 years had 
elapsed since the last discovery of a rep­
unit prime. 

Williams did not set out to find the 
fourth rep- unit prime but gave a com­
puter problem to Eric Seah, an under­
grad uate student. Seah was to run a 
pseudoprimality test on all the Rp' s  for 
which p is less than 1 ,000. The test, 
based on the work of the 1 7th-century 
mathematician Pierre de Fermat. con­
sists in looking at the expression 1 3  Rp - I 
to see whether it is equal to 1 modulo Rp. 
that is. whether the remainder is 1 when 
13 Rp - I is divided by Rp. The proced ure 
is called a pseudoprimality test because 
if an integer fails the test (if the remain­
der is not 1 ) , then the integer is definitely 
not prime . but if the integer passes the 
test (if the remainder is 1 ). then the inte­
ger is probably prime. 

It seemed that nothing new could be 
expected from Seah's testing of the Rp's  
because they had all  been tested before. 

Amateur 
1eIescope 
MaIdng 
Edited by Albert G. l ngalls 
Foreword by Harlow Shapley 
ThiS  th ree-book set is the 
a uthoritative reference l i bra ry 
of the ent h ra l l ing hobby of 
a mateur telescope making. 
Through these books thou­
sands have d iscovered a fasci ­
nat ing mech a n ica l a rt com­
bined with a great science. 

BOOK ONE begins at the 
begin n i ng, teaches the basics 
of glass gri nd ing and how to 
com plete the fi rst te lescope. 
(497 pages, 300 i l l ustrat ions.)  

BOOK TWO leads on i nto ad­
vanced methods of a mateur  
opt ica l work and descri bes 
new projects for the tele­
scope ma ker. (650 pages, 36 1 
i l l ustrations.)  

BOOK THREE ope n s  u p  
further f ields of enterprise : 
b inoculars, camera lenses, 
spect rogra phs, Sch m idt 
opt ics, ray traci ng (made 
easy) .  (644 pages, 320 
i l l ustrat ions.)  

r SCI ENTI FIC - - - - - - -, 
AM E RI CAN ATM Dept. .  I 415  Madison Avenue. New York. N. Y. 1O(ll 7 I 
Please send me post pa id the 
fol lowing AMATEU R  TELE­
SCOPE MAK I NG books. 
My rem itta nce of $ __ 

is enclosed . 

o BOOK ONE 
o BOOK TWO 
o BOOK THREE 

$ 8.00 
$ 9.00 
$ 10.00 

For s h i pment outside U S add 7 5C each 

Na me ____________________ __ 

Add ress __________________ _ 

City __________ _ 

State· _______ Z ip,  ___ _ 

R e s i d e n t s  of New York City p l e a se add 

c ity  s a l e s  t a x .  Ot h e r  NYS residents 

L���
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What makes Plenco a leader 
in Heat-Resistant Phenolics? 

A few good words good companies 
say about PleDeo : 

" La b  d e s i g n  test i n g  f o r  the ba s e  of  
ou r fryer  wa s done on a n u m b e r  of  
p l a st i c s  . . .  You r P l e n c o  4 6 6  B l a c k  
p h e n o l i c  wa s c h o s e n  a s  m o s t  
d e s i ra b l e  f o r  i ts r e s i s ta n c e  to h i g h  
te m p e ra tu r e s , a n d  fa c i l i ta te d  
o b ta i n i n g U L a p p rova l . " 

" R e su l t s a re extra o r d i n a ry .  P l e n c o  
4 8 5  B l a c k  g i ve s  o u r  sw i tc h e s  t h e  
req u i re d  r e s i sta n c e  to h i g h  
te m p e r a t u r e s-p l u s  extre m e l y  fa s t  
c u r e , f i ne su r f a c e  f i n i s h ,  r i g i d  s e t  
a n d  l ow s h r i n k a g e . I t 's the b e s t  w e  
h a ve ha d . "  

" H i g h  h e a t - re s i s t i ng  P l e n c o  349 
gave u s  i n s u l a t i n g  p r o p e rt i e s  a n d  
e l ec t r o l yte res i s ta n ce tha t 
p r ov i d e s  us w i th the a b i l i ty to 
ea s i l y  c h a n g e  the e l e ctr i ca l 
c h a r a c te r i s t i c s  of ou r ca pa c i to r s . "  

" O u r  expe r i e n c e  w i th P l e n c o  4 1 4 
B l a ck he a t - re s i sta n t / e l e c tr i ca l 
p h e no l i c  c o m p o u n d  showe d i t  to 
be a d e p e n d a b l e  a n d  ve rsa t i l e 
m a te r i a l .  I ts a b i l i ty to w i thsta n d  
e l eva te d te m peratures  d i d  a j o b  
for o u r  wa ter  h e a t e r  c o n t r o l  s . " 

" When i t  ca me to se l ect i n g  a 
m o l d i n g c o m p ou n d ,  wha t o u r  
rece s s e d  down l i g ht f i xt u r e s  
n e e d e d  wa s a b l a c k  m a t e r i a  I t h a t  
wa s h i g h l y  hea t-re s i s ta n t ,  not 
b r i tt l e ,  a b l e  to h o i  d a sha r p  e d g e  
a n d  k e e p  u p  a g o o d  a p pea ra n c e . 
The a n swer your  P l e n c o  3 4 9  
p h e n o l  i c  g a v e  u s  wa s Yes . "  

P l en c o  p r o d u c e s  d i ve r s i f i e d  
the r m o s e t  m a te r i a l s  w i t h  a w i d e 
ra n g e  of p r o p e r t i e s , f o r m u l a te d  
wi th o r  w i thout  a s be stos , t o  m e e t  
a wo r l d  of  va r i e d  a n d  d e ma n d i n g 
customer  req u i rements . I t ' s  l i ke l y  
P l e n c o  ca n p r ov i de a t h e r m o s e t  
tha t ' s  su i ta b l e  for  you r p a r t i c u l a r  
a pp l i ca t i o n . 

PLENCC> 
T H E R M O S ET PLAST I C S  

PLASTICS ENGINEERING COMPANY 
Sheboygan. WI 53081 

Through Plenco research . . .  a wide range of 
ready-made or c u sto m-fo r m u l ated phenol i c ,  

m e l a m i n e - p h e n o l i c  a n d  a l k y d  t h e r m o s e t  
m o l d i n g  compounds. a n d  i ndustrial  resi ns. 

John D. Brillhart of the University of 
Arizona and John L. Selfridge of N orth­
ern Illinois University had tested all the 
rep- unit n umbers from R I  to R 358 and 
had determined that all except the three 
known primes were composite numbers . 
Other mathematicians had extended the 
list past R 1 ,000' 

Seah began with a preliminary sift of 
the Rp's, divid ing each one by every 
prime smaller than 1 .000 and discard ing 
those Rp's that divided exactly . Next he 
ran the pse udoprimality test on the re­
maining Rp· s .  S urprisingly,  four rep­
unit numbers passed the test: R2, R 19 , 
R 23 and R317 .  Seah's results convinced 
Williams that R317 was indeed prime . 
"If  a number passes one pse udoprimali­
ty test , "  he said , "in your heart you know 
it is prime . "  Even so. Williams retested 
R317 for pse udoprimality with three dif­
ferent computer programs and 50 varia­
tions of the pseudoprimality test. Each 
time R 317 turned out to be a pse udo­
prime . "The real proble m , "  Williams 
said. "was to prove that it was prime . "  

I t  is extremely difficult t o  prove that 
such a large number is prime. Williams 
chose to prove that R317 is prime by 
finding several factors for the number 
R317 - I .  The discovery of each factor 
of R317 - I places strong restrictions on 
the possible factors of R317 .  Therefore if 
R317  is prime , when a sufficient number 
of factors have been found for R317  - 1, 
no possible factors remain for R317 (ex­
cept. of course, itself and 1). Williams 
was unable to factor R317 - 1 sufficient­
ly.  and so he sent the problem to Brill­
hart and also to D. H. Lehmer of the 
University of California at Berkeley. 
who had access to the powerful com­
puter ILLIAC IV. Brillhart responded 
first. saying that Samuel S .  Wagstaff of 
the University of Illinois had discov­
ered a large divisor of 1 0 79 + 1 .  one of 
Williams' remaining composite factors .  
T w o  weeks later Williams received a let­
ter from Lehmer. who had computed 
the same divisor . With this ne w infor­
mation Williams completed the proof 
that R3l7 is prime . 

Williams asserts that his discovery of 
R3I7  involved "a lot of luck ."  Primal­
ity testing is difficult beca use at present 
all primality-testing algorithms involve 
factoring numbers,  which is very hard to 
do in a reasonable amo unt of time . On 
the other hand,  recent developments in 
the techniq ues of factorization and pri­
mality testing are bringing larger num­
bers within the scope of modern com­
puters .  The discovery of R317 provides 
no information about the existence of 
other rep- unit primes.  but there is no 
reason to believe there are not more of 
them. The mistake in the work of Brill­
hart and Selfridge was probably the re­
sult  of h uman error in typ ing rep- unit 
numbers. but assuming that the rest of 
the pse udoprimality testing that has 
bee n  done is valid . the next candidate 
for a rep- unit prime is R j ,031 ' 
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The Sinclair Cambridge Programmable 
with library of 290 programs. 

How pocket calculators grew up 
A couple of years ago, calculators 

took a step forward. Programmab i l ity 
transformed the sl ick s l ide-rule calculator 
i nto an advance scientific machine. 

Sadly, it also transformed an inex­
pensive aid i nto a $100-$ 200 capital i n­
vestment. 

Now the Sinclair Cambridge Pro­
grammable puts programmabi l ity where 
it belongs; in the palm of your hand, for less 
than $ 35. 

The features of the Sinclair Cam­
bridge Programmable 

The Cambridge Programmable is 
genuinely pocketable. A mere 4-1 /2:' x 2:', 
it weighs about 2 oz. and operates on a 9 
volt battery (avai lable anywhere). 

Yet there is absolutely no compromise 
in the package of functions it offers. 

Because the Cambridge Program­
mable is both a scientific calculator with 
memory, algebraic logic and brackets 
(which means you enter a calculation 
exactly as you write it) , and a program­
mable calculator which offers simple, flex­
ible through-the-keyboard program entry 
and operation . .  

The Cambridge Programmable has a 
36-step program memory, and features 
conditional and unconditional branching 
(go to and go if negative).  

There is also a step faci l i ty, which al­
lows you to step through the program to 
check that it has been entered correctly. If 
there is any programming error, the l eam 
key al lows you to correct single steps with­
out destroying any of the remainder of the 
program. 

To achieve this,  each program key­
stroke has an identifying code, or 'check 
symbol ' .  (The symbols for the digit keys are 
the digits themselves, while the symbols for 
the operator keys are letters printed be­
side the keys.)  

The check symbol for 8, for example, 
is F. So if, as you step through the program, 
the display shows 

check symbol step 

F G O a D  2 5  

A mere $34.95. 
it means that 8 is programmed as 
step 26. If step 26 should have 
been I±J ,  all you have to do is press 

learn 
[,I" [RUN' C!J 

puts machine Into the correct step 
'Ieam' mode. 

It's as simple as that ! 
These faci l ities make the Cambridge 

Programmable exceptional ly powerfu l .  
whether it's running programs you devise 
or programs already ava i lable to you 
through the 290 Program Library included 
when you purchase the calculator. 

You can use the 290-program library 
to tailor the machine to your own 
specialty 

Like a ful l -size computer - and 
unl ike far more expensive special ist 
calculators - the Sinclair Cambridge 
Programmable can be programmed to 
handle calculations concerned with any 
specialty. In fact, once it's programmed , 
figures can be produced by an operator 
who need not understand the program !  

To save you time, and to help inex­
perienced programmers, Sinclair has pro­
duced a l ibrary of 290 programs ready to 
be entered straight into the calculator. 

Using these standard programs, the 
Cambridge Programmable solves prob­
l ems from quadratic equations (where the 
program gives both real and imaginary 
roots) to twi n-Hi lter design, and from l inear 
regression to bond yields. It even plays a 
lunar landing game ! 

Why the Cambridge Programmable 
costs so IlHIe 

The Sinclair Cambridge Programma­
ble uses the Sinclair ta lent for miniaturiza­
tion to the ful lest - as you'd expect from 
the company that pioneered the truly 
pocketable pocket calculator, and re­
cently introduced the world's first pocket 
TV 

Chip and circuitry design are unique 
to Sinclair. Shipped direct, and sold to you 
direct, the Cambridge Programmable 
accumUlates no middleman's profits on 
the way. 

The result is a pocket programmable 
calculator of  advanced design, sold by 
Sinclair with a Sinclair I-year complete 
guarantee, at a price unmatched by any 
comparable calculator. 

1 0-day no-obligation 
offer 

There's a lot more to this remarkable 
calculator than a brief written description 
can cover. You need to see it and handle it . 
to program it yourself in a few seconds 
to save you hours . . .  to check its perfor­
mance against tables and graphs . . .  to 
test the ful l  range of programs avai lable 
. . .  to evaluate. An excel lent engi neeri ng 
tool .  Also can be used as an educational 
aid in  developing a student's computer 
understanding. 

Send your check or money order with 
the order form below, and you' l l  receive a 
calculator direct. Use it for 1 0 days, and if 
you don't feel it's the finest $ 34.95 you've 
ever invested, send it back for refund. 

There's nothi ng to lose, and so much 
calculati ng power to gain.  

Mai l  your order today. 

sinclair 
Sinclair Radlonlcs Inc., Galleria 
115 East 57th Street 
New York, N.Y. 10022 
Tel :  (212) 355-5005 

r - - - - - - - - - - - - - - - -
SA 2 

To : Sinclair Radlonlcs Inc., 
Galleria, 115 East 57th Street, 
New York, N.Y. 1 0022, USA. 

Enclosed is  check/MO payable to 
Sinclair Radionics Inc. 

P lease send me (qty) 
Sinclair Cambridge Programmable(s) 
at $ 34.95 each, including fu l l  
instructions. and complete l ibrary of 
290 programs. $ ___ _ 

____ (qty) AC l i ne adaptor(s) 
at $4.95 $ __ _ 

Sales tax (NY resident) S ___ _ 

Post and packing $ 2.50 

Total $ __ _ 

Name 

Address 

City 

State 

Zip 

(PLEASE PRINT) 
I understand that you wil l refund purchase price in ful l if I return calculator(s) and accessories in same condition as received within 10 days of receipt. 

Signature 

9 1  
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Microcircui ts 
in the Nervous System 

Nerve circuits are usually analyzed in terms of the axon, the long 

fiber of the nerve cell. It now appears that there are many circuits 

involving only the nerve cell's shorter extensions, the dendrites 

/ 

F
or nearly a century the investiga­
tion of the physiological basis of 
behavior has been dominated by 

the concept that the nervous system is 
composed of centers and pathways. 
Within the centers groups of neurons. or 
nerve cells. sub serve specific functions 

MITRAL·CELL DENDRITE 

SIMPLEST MICROCIRCUIT in tbe brain is 
tbe reciprocal synapse, a specialized junction 
between two nerve cells tbat transmits botb 
excitatory and inbibitory signals. Tbe electron 
micrograpb on tbe opposite page, made by Jo­
sepb L. Price in tbe laboratory of T. P. S. Pow­
ell of tbe University of Oxford, sbows recipro­
cal synapses between two types of nerve cells 
(mitral cells and granule cells) in tbe olfactory 
bulb of tbe rat. Tbe large oval structure at tbe 
center of tbe micrograpb is an extension of tbe 
mitral cell, seen in section; at tbe left are two 
terminals of tbe granule cell. Tbe reciprocal 
synapse (top left) consists of two synaptic con­
tacts tbat are side by side. Tbe paired synap­
ses bave opposite polarities, tbat is, tbey con­
duct information in opposite directions. More­
over, one is excitatory (colored arrow 011 map) 
and tbe otber is inbibitory (black arrow). Tbe 
junction functions as an inbibitory feedback 
loop. Tbe magnification is 77,500 diameters. 

by Gordon M. Shepherd 

such as the processing of sensory infor­
mation and the control of movement. 
Some of these cells give rise to single 
long. thin fibers called axons. which 
transmit information from one center to 
another in the form of electrochemical 
impulses. Behavior therefore involves 
the continual transmission of impulses 
in the axons of different pathways. 

This traditional view has naturally fo­
cused attention on the nerve impulse 
and the axon. Neurophysiologists have 
elucidated how the nerve impulse is gen­
erated and neuroanatomists have traced 
the trajectories of the axons. Such inves­
tigations have been brilliant chapters in 
the development of neuroscience. Yet 
they have left unanswered a central 
question: What controls the activity in 
the axons? The answer appears to lie in 
the intimate organization of the centers 
themselves. Recent studies of the con­
nections and interactions between nerve 
cells within the centers-the microcir­
cuits of the brain-have begun to pro­
vide the basis for a deeper understand­
ing of the neural mechanisms underly­
ing behavior. 

Dendrites and Synapses 

Within each center. nerve cells give 
rise to dendrites: short. branching 
strands that terminate in the vicinity of 
the cell. The lengths and branching pat­
terns of the dendrites are many and var­
ied. Some dendrites branch sparingly. 
others profusely; some radiate in all di­
rections. others are confined to single 
trunks or tufts. Dendrites may extend 
fo� less than a tenth of a millimeter or as 
far as several millimeters. The various 
types of dendritic branching pattern are 
characteristic of the nerve cells in each 
of the many specialized regions within 
the central nervous system. 

In the 1950's the electron microscope 
revealed the intimate junctions that con­
nect nerve cells: the synapses. At these 
junctions information is transferred 
from one neuron to another. usually by 

means of the chemical messengers 
known as neurotransmitters. A synapse 
between an axon and the soma (the cell 
body) of a neuron is called axosomatic; 
one between an axon and a dendrite is 
called axodendritic. For many years it 
was assumed that these were the only 
possible types of synapse and hence that 
the neuron was functionally polarized. 
receiving signals with its dendrites and 
cell body and transmitting them through 
its axon. As we shall see. the nervous 
system is much more resourceful in put­
ting together synaptic circuits. 

The effect of a synaptic input is to 
induce a postsynaptic potential: a slow 
change in the voltage across the outer 
membrane of the receiving neuron. De­
pending on the type of neurotransmitter 
involved. the postsynaptic potential is 
either excitatory or inhibitory. Whereas 
a nerve impulse traveling down an axon 
is an all-or-nothing phenomenon. the 
excitatory and inhibitory postsynaptic 
potentials are graded: the amplitude of 
the response depends on the intensity of 
the input. In neurons that have a long 
axon. if the sum of the excitatory poten­
tials reaches a certain threshold. the cell 
will "fire." or send an impulse down its 
axon. If. on the other hand. the excitato­
ry input does not reach the threshold. or 
if it is opposed by an inhibitory input. 
the cell will not fire. Thus the relative 
activities of the excitatory and inhibito­
ry synapses impinging on a neuron de­
termine the frequency of impulses trans­
mitted through the cell's axon to other 
regions. 

Investigation of synaptic inhibition 
showed that it can be mediated by axons 
projecting from neurons in distant cen­
ters or alternatively from the axons of 
neurons whose cell bodies are in the im­
mediate vicinity. For example. the axon 
of a motor neuron in the spinal cord 
gives off a collateral branch that makes 
excitatory synapses onto a small short­
axon cell called a Renshaw interneuron; 
the interneuron then makes inhibitory 
synapses back onto the motor neuron. 
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This inhibitory feedback loop, postulat­
ed by Birdsey Renshaw of Rockefeller 
University, was found in 1954 by John 
C. Eccles, Paul Fatt and K. Koketsu 
of the Australian National University. 
Since the Renshaw interneuron is con­
fined to the same region of the spinal 
cord as the motor neuron it inhibits, the 
circuit is local compared with the long 
axonal pathways that connect one ner­
vous center to another. 

The Olfactory Bulb 

In 1959, when I began my own re­
search in the laboratory of Charles Phil­
lips at the University of Oxford, the 
Renshaw inhibition pathway was the 
only type of local feedback circuit that 

had been well studied. Phillips was in­
terested in determining whether similar 
circuits might be found in other parts of 
the central nervous system. To this end 
we, together with T. P. S. Powell, decid­
ed to study the organization of the neu­
rons in the olfactory bulb, an oval struc­
ture attached to the front part of the 
brain that serves as a relay station be­
tween the olfactory receptors in the nose 
and the olfactory cortex in the brain. 

The advantages of the olfactory bulb 
for neurobiological investigation are 
several. First, the input and output path­
ways of the bulb are separate: the axons 
from the olfactory receptor cells all en­
ter the surface of the bulb, and the out­
put axons arise from a different layer 
and leave through the depths of the bulb 

OLFACTO\Y RECEPTORS 

to connect to the olfactory cortex. This 
ciear separation is quite rare in the ner­
vous system; it is of great value to 
the experimenter, who can activate the 
pathways specifically. Second, the three 
major types of nerve cells in the olfacto­
ry bulb are arranged in discrete layers, 
which makes it possible to easily corre­
late anatomical and physiological stud­
ies. The principal neuron in the bulb is 
the mitral cell, which has a long axon 
projecting to the olfactory cortex. Its 
dendrites are of two types: branched 
secondary dendrites that extend lateral­
ly from the cell body and a long trunk­
like primary dendrite that terminates in 
a tuft of branches. The dendritic tuft of 
each mitral cell receives incoming axon 
terminals from olfactory receptor cells 
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OLFACTORY BULB, a relay station linking the sensory receptors 
in the nose to the brain, contains numerous microcircuits that trans­
mit and process olfactory information. In many of these circuits the 
nerve cells communicate directly through their dendrites (the short, 
branching extensions of the cell body) rather than sending an impulse 
down the axon (the nerve fiber). This diagram shows the various types 
o.f nerve cells in the olfactory bulb as revealed by treating tbe tis­
sue by the Golgi method, which darkens only a few cells but does so 
throughout their extensions. The bulb is divided into discrete layers. 
Within the semispherical glomeruli the axons from the olfactory re­
ceptor cells (blue) make synapses with the dendrites of the periglo-

merular cells (red) and the dendritic tufts of the mitral cells (purple)_ 
Other types of neurons, including tufted cells (orange), also extend 
their dendrites into the glomerulus. In the external plexiform layer 
the horizontal secondary dendrites of the mitral cells make synapses 
with the "spines," or protruding terminals, that cover the dendrites of 
the granule cells (green). The deep granule layer of the olfactory bulb 
contains the output axons of the mitral cells, which project to the 
brain, and short-axon interneurons (brown). Insets at the left show 
main types of synaptic connections in glomeruli (top) and the exter­
nal plexiform layer (bottom) as revealed by the electron microscope. 
Reciprocal synapses between dendrites are present in hoth regions. 
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within a small spherical region called a 
glomerulus. which acts as a kind of min­
iature relay station within the bulb. 

The other two types of neurons in the 
olfactory bulb have all their processes 
confined within the bulb. and by that 
definition they are interneurons. One 
type. the periglomerular cell, sends a 
small dendritic tuft into a glomerulus 
and gives rise to a short axon that termi­
nates nearby. The other type. the gran­
ule cell, sends out in opposite directions 
two long vertical dendrites that are cov­
ered with tiny cytoplasmic "spines." As 
long ago as 1875 the Italian neuro­
anatomist Camillo Golgi noted that the 
granule cell lacks an axon. This observa­
tion left the function of the cell entirely 
enigmatic: if. as the classical doctrine 
required. the output of a neuron is 
through its axon. what could be the out­
put of a neuron without an axon? 

Our initial studies showed that fol­
lowing an electrical stimulus to the axon 
of the mitral cell a nerve impulse is con­
ducted along the axon to invade the cell 
body. (In this experimental situation the 
impulse travels in a direction that is the 
reverse of the normal one.) The spread 
of the impulse into the dendrites of the 
mitral cell is followed by a period of 
inhibition. Although the impulse lasts 
for only a millisecond or two. the subse­
quent inhibition lasts for up to several 
hundred milliseconds. which is quite 
long on the time scale of neurophysio­
logical events. We hypothesized that the 
inhibition of the mitral cell was due to 
the action of the granule cell. How a 
cell without an axon could function as 
an inhibitory interneuron. however. re­
mained a tantalizing mystery. 

Dendrodendritic Synapses 

The mechanism of action of the gran­
ule cell was still unknown in 1962. when 
I moved to the laboratory of Wilfrid 
Rail in the Mathematical Research 
Branch of the National Institute of Ar­
thritis. Metabolism. and Digestive Dis­
eases. Rail was one of the first to recog­
nize the importance of dendrites in the 
synaptic integration of neuronal activi­
ty. and his most important finding was 
that the electric currents set up by syn­
apses onto the dendrites flow through­
out the dendritic tree. These "electro­
tonic" currents are the functional link 
between the sites of synaptic input on 
the dendrites and the site of impulse 
generation. if there is one. in the cell 
body of a neuron. Rail showed that the 
electrotonic currents and the potential 
changes associated with them could be 
rigorously described by taking account 
of the electrical properties of the den­
drites and the geometry of their branch­
ing. His methods have now become the 
accepted basis for analyzing and under­
standing synaptic integration in den-

a 

Ml 

, 
G 

M2 

b 

Ml 

G 

M2 

C 

�J Ml 

\ G 

I M2 
! I 

J\PULSE 

I I 
1--1 
I I 
I I 
I I 

-f1 
I I 
I I 
I I , 

I I 
0 2 3 

I 
I '" I 
l lNHIBITORY SYNAPTIC 
I POTENTIALS I 
I 

/ 
I 

'- .-J.-

I I I 
4 5 6 7 8 

MILLISECONDS 

FUNCTION OF THE MICROCIRCUIT between the mitral cell and the axonless granule cell 
in the olfactory bulb was deduced by interpreting the results of physiological experiments with 
the aid of computer simulations. Here the activity in the circuit during a typical experiment is 
diagrammed. First the mitral-cell axon is electrically stimulated, triggering an impulse that is 
conducted backward up the fiber to the cell body. The impulse travels throughout the second­
ary dendrites of the mitral cell, activating excitatory syuapses onto the deudritic spines of the 
granule cell (a). The excitation of the granule cell in turn activates inhibitory synapses from the 
granule-cell dendrite back outo the mitral-cell dendrite (b). As a result of this feedback loop 
the initially excited mitral cell is inhibited from firing. Moreover, because of the passive spread 
of current in the granule-cell dendrite, inhibitory synapses in other parts of the dendrite act to 
inhibit additional mitral cells (c). Normally, of course, the initial impulse in the mitral cell is 
triggered not by electrical stimulatiou but rather by input from the olfactory receptor cells. 

drites throughout the nervous system. 
Our work together was mainly con­

cerned with constructing computer 
models of the mitral and granule cells 
that realistically represented their elec­
trical and geometric properties. Begin­
ning with the impulse conducted back­
ward up the mitral-cell axon and into 
the cell body, we modeled the spread of 
activity in the dendrites of the mitral 
and granule cells, modifying our simu­
lation as we went along so that it agreed 
'with the physiological recordings Phil­
lips. Powell and I had obtained at Ox­
ford. The sequence of events that fit the 
experimental data was an unexpected 
one. According to our computer model, 

the arrival of an impulse in the mitral 
cell triggers the activation of excitatory 
synapses from the secondary dendrite of 
the mitral cell onto the spines of the den­
drite of the granule cell. This excitatory 
synaptic input depolarizes the granule 
cell (that is. it discharges the voltage 
across its outer membrane) and acti­
vates inhibitory synapses back onto the 
mitral cell to produce the observed long­
lasting inhibition. The graded depolar­
ization is conducted electrotonically 
throughout the dendritic tree of the 
granule cell, so that inhibitory synapses 
onto neighboring mitral cells are acti­
vated as well. 

This scheme was highly unorthodox 
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RECONSTRUCTION OF A RECIPROCAL SYNAPSE in three dimensions shows a gran­
ule-ceil spine (color) forming a junction with the secondary dendrite of a mitral cell. Within 
the single ending are two synaptic contacts with opposite polarities. The synapse from the mi­
tral cell to the granule cell (top) has round vesicles and a fuzzy thickening of the postsynaptic 
membrane characteristic of an excitatory synapse, whereas the synapse from the granule cell 
to the mitral cell (bottom) has flattened vesicles characteristic of an inhibitory synapse. The 
reconstruction was done by Thomas S. Reese and Milton W. Brightman at the National Insti­
tute of Neurological Diseases and Stroke by tracing a series of electron micrographs of 23 con­
secutive sections through the junction; no sections are omitted in showing the cut surfaces. 

in that it postulated the existence of in­
hibitory and excitatory synaptic interac­
tions between dendrites. for which there 
was no precedent at the time. By good 
fortune, however, we were in frequent 
contact with Thomas S. Reese and Mil­
ton W. Brightman. who were studying 
the structure of the olfactory bulb with 
the electron microscope in a nearby lab­
oratory at the National Institute of Neu­
rological Diseases and Stroke. It was an 
exciting moment early in 1965 when we 
learned that synapses between the den­
drites of mitral and granule cells actual­
ly exist. The discovery of such dendro­
dendritic synapses. together with our 
functional model. contradicted the clas­
sical doctrine that the nerve cell could 
only receive signals with its dendrites 
and cell body and transmit them 
through its axon. since it suggested that 
neurons can communicate with each 
other through their dendrites without 
the intervention of an axon or a nerve 
impulse. 

The careful studies of Reese and 
Brightman made it possible to recon­
struct the dendrodendritic synapses in 
the olfactory bulb in three dimensions 
and to clearly identify them with the 

96 

dendrites of the mitral and granule cells. 
The most striking aspect of the structure 
was that the excitatory and inhibitory 
synapses were arranged in reciprocal 
pairs oriented in opposite directions. 
and hence they were appropriate for 
mediating the postulated sequence of an 
excitation proceeding from the mitral 
cell to the granule cell followed by an 
inhibition proceeding from the granule 
cell to the mitral cell. 

Anthony Pinching and Powell at Ox­
ford and Edward White in Reese's lab­
oratory subsequently found that the 
short-axon periglomerular cells also 
make connections with the dendritic tuft 
of the mitral cell inside the glomerulus 
through reciprocal dendrodendritic syn­
apses. Moreover. in my laboratory at 
the Yale University School of Medicine. 
Thomas V. Getchell and I have ob­
tained physiological evidence that the 
periglomerular cells are inhibitory in 
their synaptic actions. Thus the two 
types of interneurons in the olfactory 
bulb share basic features in their inter­
actions with the mitral cells. 

For many research workers the exis­
tence of dendrodendritic circuits has 
been difficult to reconcile with tradition-

al notions of neural organization based 
on circuits formed by axons. The den­
drodendritic circuits have been termed 
"primitive." "non usual" and "unconven­
tional.·· The available evidence indi­
cates. however, that dendrodendritic 
synapses are similar in basic respects to 
the synapses made by axons. It is now 
apparent that they are a logical and eco­
nomical way to organize synaptic inter­
actions in the minimum space. The re­
ciprocal synapse between dendrites is 
the most compact synaptic circuit yet 
identified in the nervous system. We can 
therefore consider it to be a microcir­
cuit. at the opposi�e extreme from the 
macrocircuits between nerve centers 
made through long axonal pathways. 

Sensory Functions 

How is the operation of microcircuits 
through dendrites related to the sensory 
function of the olfactory system? One 
important property of sensory systems 
is their sensitivity. We and others have 
found that molecules of odorous sub­
stances can be detected at extremely low 
concentrations in the air. a finding that 
implies a high degree of sensitivity in the 
circuits of the olfactory bulb that trans­
mit under these conditions. Actually the 
situation is somewhat more complex. 
Computer simulations I have recently 
carried out in collaboration with Robert 
K. Brayton of the Thomas J. Watson 
Research Center of the International 
Business Machines Corporation suggest 
that different microcircuits of the olfac­
tory bulb differ markedly in the sensitiv­
ity of their synapses to electrotonic cur­
rent flow. For example. the synapses 
made by the secondary dendrites of the 
mitral cell appear to have a relatively 
low sensitivity, since they are activated 
by the spread of the impulse generated 
in the cell's primary dendrite by input 
from the olfactory receptor cells. In 
contrast, the synapses made by the gran­
ule-cell dendrites seem to have a rela­
tively high sensitivity. since they are ac­
tivated by graded synaptic potentials. 
High-sensitivity synapses may also be 
present in the olfactory glomeruli. More 
needs to be known about the electroton­
ic properties of dendrites. however. be­
fore the sensitivities of the dendroden­
dritic synapses in the olfactory bulb can 
be characterized quantitatively. 

Recently John S. Kauer and I have 
been analyzing the responses of mitral 
cells in the olfactory bulb of the sala­
mander to various olfactory stimuli, us­
ing pulses of odorous substances at care­
fully controlled levels of concentration. 
It is clear from our work so far that inhi­
bition is important in shaping the re­
sponses of the mitral cells, and we are 
currently trying to identify the specific 
contributions of the circuits through 
periglomerular and granule cells to this 
inhibition. It seems safe to say that the 
ability to distinguish one odor from an-
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other depends on interactions between 
excitatory and inhibitory activity in the 
dendritic circuits of the olfactory bulb. 

An entirely different approach has 
been to correlate the activity of the cir­
cuits in different parts of the olfactory 
bulb with different olfactory stimuli. To 
this end Frank R. Sharp. Kauer and I 
have utilized a new biochemical tech­
nique developed by Louis Sokoloff and 
his associates at the National Institute of 
Mental Health. Because nerve cells that 
are physiologically active consume glu­
cose for fuel, they can be identified by 
providing them with a chemical deriva­
tive of glucose that is taken up like glu­
cose by active cells but that cannot be 
further metabolized; the substance is 
therefore trapped in the tissue. The glu­
cose derivative is labeled with atoms of 
a radioactive isotope. so that its location 
is revealed by its radioactivity. The ra­
dioactivity is detected by slicing the tis­
sue into thin sections and placing them 
on photographic film; after a week's ex­
posure the radioactive cells have dark­
ened the emulsion of the film in propor­
tion to their physiological activity. 

With the aid of this technique we have 
found that odor stimulation is associat­
ed with spatial patterns of activity in the 
olfactory bulb. The foci of activity are 
located precisely in groups of glomeruli. 
which have a high density of dendrites 
and synapses. In collaboration with Wil­
liam B. Stewart and our colleagues in 
the Neurosurgical Research Laborato­
ries at Yale we are currently analyzing 
the distribution of these active sites in 
relation to different odors. including 
pheromones. the chemical substances 
that coordinate social activity in insects 
and mammals. The glucose method is 
one of a growing battery of biochemical 
techniques available to neuroscientists. 
and it promises to be of great service in 
correlating synaptic organization with 
sites and levels of functional activity. 

Distribution of Microcircuits 

Are dendrodendritic synapses per­
haps found only in the olfactory bulb? 
This possibility never arose. because as 
we were studying the bulb independent 
investigations by John E. Dowling. who 
was then at Johns Hopkins University. 
in collaboration with Brian B. Boycott 
of the University of London. showed the 
presence of similar synaptic arrange­
ments in the retina of the eye. One type 
of interneuron in the retina. the ama­
crine cell. was known to lack an axon. 
and in this respect it presented the same 
puzzle that the granule cell in the olfac­
tory bulb did. Dowling and Boycott 
helped to solve the puzzle by finding re­
ciprocal synapses between the dendrites 
of the amacrine cells and those of neu­
rons known as bipolar cells. Subsequent 
work by Frank S. Werblin and Dowling 
in 1969. and by many others since then. 
has shown that most of the cells in the 

retina generate slow synaptic potentials 
serving as both the synaptic response 
and the synaptic output. a situation 
analogous to the ones we have seen in 
the olfactory bulb. 

Over the years since the early work on 
the olfactory bulb and the retina much 
evidence has accumulated for similar 
types of synaptic circuits through den­
drites in other parts of the nervous sys­
tem. The evidence was slow to come at 
first; most neuroanatomists were trained 
to think of synapses as being made only 
by axons onto cell bodies or dendrites. 
and they had to retrain themselves (and 
in some cases revise earlier conclusions) 
to include synapses made by dendrites. 
Now. however. the list of synaptic cir­
cuits through dendrites is quite long. 
and it can be said that such circuits have 
been found in most of the major parts of 
the nervous system. 

For example. the synaptic connec­
tions of the trigeminal nerve to the brain 
stem have been studied by Stephen Go­
bel at the National Institute of Dental 
Research. This nerve carries sensory in­
formation from the face. and it feeds 
into a complicated microcircuit that ap­
pears to be essential for integrating the 
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information and transferring it to the 
brain. Several types of synaptic arrange­
ments have been identified in this re­
gion: single and reciprocal axodendritic 
synapses. single dendrodendritic synap­
ses and even axoaxonic synapses. in 
which an axon receives synapses from 
another axon. This variety of synaptic 
arrangements suggests the existence of 
many small computational units that 
provide for a highly localized and spe­
cific processing of information. 

One of the important sensations medi­
ated by the trigeminal nerve is that of 
pain. There is currently an enormous 
range of investigations of pain. includ­
ing studies of the neuronal mechanisms 
of normal pain. of the dysfunctions re­
sponsible for states of intractable pain. 
and of the localization of opiate recep­
tors in the nervous system. It is likely 
that our understanding of such prob­
lems will require precise knowledge of 
the dendritic circuits that process the 
inputs from the spinal and trigeminal 
nerves. 

Another brain region in which den­
dritic circuits have been identified is the 
thalamus. the final relay center for sen­
sory pathways to the cerebral cortex. 

TYPE OF NEUROTRANSMITTER that is 
released at the inhibitory synapse from the 
granule-cell dendrite to the mitral-cell den­
drite was identified by a cytochemical study 
conducted by Charles E. Ribak, James E. 
Vaughn, Kihachi Saito, Robert Barber and 
Eugene Roberts at the City of Hope National 
Medical Center in Duarte, Calif. In this elec­
tron micrograph the terminals of the granule 
cell contain a precipitate: a positive test for 
the enzyme glutamate decarboxylase, which 
converts the amino acid glutamic acid into the 
neurotransmitter gamma-aminobutyric acid 
(GABA). This finding suggests that GABA is 
released from the granule cell. Magnification 
of the micrograph is some 37,000 diameters. 
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PATTERNS OF IMPULSES generated by mitral cells in the olfactory bulb in response to 
pulses of an odorous substance were recorded with an extracellular micro electrode by John S. 
Kauer and the author at the Yale University School of Medicine. The substance they used was 
amyl acetate, which to human beings smells like bananas. (The odor pulse is represented by the 
lower trace, beginning at the arrow.) At a low concentration of amyl acetate (top) there was an 
impulse discharge in the mitral cells that lasted through most of the odor pulse. At higher con­
centrations the impulses fired faster and the discharge was cut short by a long-lasting inhibi­
tion. This interplay of excitation and inhibition appears to underlie processing in olfactory bulb. 

AUTORADIOGRAPH OF A THIN SECTION through the olfactory bulb reveals the focal 
activity of the synaptic circuits in response to a specific odor. To make this image Frank R. 
Sharp, Kauer and the author injected a rat with a radioactively labeled sugar, deoxyglucose, 
and then exposed the animal to air containing a vapor of amyl acetate. The nerve cells in the 
bulb that were most active in detecting and discriminating the odor preferentially took up the 
radioactively labeled sugar from the blood. When sections of the bulb were placed on X-ray 
film, the nerve cells darkened the film in proportion to their radioactivity, providing an activi­
ty map of the bulb. Here the darkest regions are located precisely over the olfactory glomeruli. 

98 

Within the thalamus incoming axon ter­
minals make synapses onto the den­
drites of both long-axon relay neurons 
and interneurons; the interneurons then 
make both dendrodendritic and axoden­
dritic synapses onto the relay neurons. It 
therefore appears that much of the in­
formation flowing into the cerebral cor­
tex is processed by microcircuits at the 
thalamic level. Dendrodendritic synap­
ses have also been found in regions that 
regulate movement in monkeys. such as 
the motor area of the cerebral cortex 
and the basal ganglia of the cerebrum 
and the midbrain: which have been im­
plicated in the derangements of move­
ment that occur in Parkinson's disease. 
These regions are difficult to study, how­
ever, and the quantitative importance of 
dendrodendritic and other types of cir­
cuits found in them has yet to be estab­
lished. 

A final example is the suprachiasmat­
ic nucleus, a tiny region in the forward 
part of the hypothalamus above the op­
tic chiasm (the region where the optic 
nerve from one eye meets the optic 
nerve from the other). Fritz H. Giildner 
and J. R. Wolff of the Max Planck Insti­
tute for Biophysical Chemistry in Got­
tingen have shown that dendrodendritic 
synapses are a distinctive feature of the 
synaptic organization of the suprachi­
asmatic nucleus. Reciprocal synapses 
have also been observed there. What lit­
tle is known about the region suggests 
that it plays an important role in slow 
cyclic behavior, such as the daily physi­
ological cycles of the body, by control­
ling the release of certain hormones. It 
therefore appears that dendrodendritic 
synapses may be related not only to rap­
id information processing but also to 
slow activity measured in hours or days. 

Invertebrate Systems 

So far I have focused on the nervous 
system of vertebrate animals. In inverte­
brate animals information recently ob­
tained suggests a striking parallel with 
the findings in vertebrates. The nervous 
system of invertebrates is characteristi­
cally organized in a chain of ganglia, or 
small nerve centers. Within a ganglion 
the nerve-cell bodies lie at the periph­
ery; the dendrites arise from the axon 
and branch and intermingle in the center 
of the ganglion, at some distance from 
the cell bodies. This separation has 
greatly complicated the identification of 
the cells from which the dendrites arise. 
Recently, however, David King of the 
University of California at San Diego 
has been able to reconstruct the dendrit­
ic terminals within the ganglion of the 
lobster and has found that a given termi­
nal can have both sending and receiving 
synapses. These results and others ap­
pear to confirm that the basic types of 
dendrodendritic synapses are present in 

© 1978 SCIENTIFIC AMERICAN, INC



Get updated • • •  keep updated with 
- .. === 

the leading lIIagazine in the 
personal cOlllputer field 

The personal 
computer 
age is here. 
Join Byte's 110,000 sub­
scribers and catch up on 
the latest developments 

- .. �\ 

IJt:JT� 
110.· " ..... " �N""'n''''�'''H.''1 

Home computers 
... practical, 
affordable. 

Large scale integration has 
slashed prices of central 

in the fast-growing field of microprocessors. Read 
BYTE, The Smalf Systems Journal that tells you 
everything you want to know about personal com­
puters, including how to construct and program 
your own computer (over 30,000 BYTE readers 
have already built, or bought, their own systems 
and half of these have 8K bytes or more). 

processors and other com­
puter components. This has encouraged the devel­
opment of new, low-cost peripherals resulting in. more 
hardware and software - more applications than you 
could imagine, more opportunities for you. BYTE brings 
it all to you. Every issue is packed with stimulating and 
timely articles by professionals, computer scientists and 
serious amateurs. 

You'll find our tutorials on hardware and software, 
invaluable reading, also our reports on home ap­
plications and evaluative reviews based on ex­
periences with home computer products. 

BYTE editorials explore the fun of using and applying 
computers toward personally interesting problems such 
as electronic music, video games and control of systems 
for alarms to private information systems. 

Subscribe now tp BYTE . The 'Small Systems Journal 

Read your flnt copy of 
BYTE, If It'. -vtf\1ng you 
expected, honor our In­
voIc4t, If It Isn't, tuet write 
"CANCEI." acron the In­
voIc4t and moll It back. You 
won't be billed and the 
flnt ....... . youn. 

o 
a,te PubllcatloM.lnc.l917 

BYTE Subscription Dept. 7128 • P.O. Box 590 • MartinsvOle, NJ 08836 

PLEASE ENTER MY SUBSCRIPTION FOR: 
o One year $15 (12 issues) 0 Two years $27 0 Three years $39 
o Check enclosed (entitles you to 13 issues for price of 12) 
o Bill VJSa/BankAmericard 0 Bill Master Charge 0 Bill me 

Card Number I I I I I I I I I I I I I I I Expiration Date -----­

___________ Name (please print) ----------Signature 

Address 

City ---------------- State/Country ---- Code ---

FOREIGN RATES (Please remit In U.S. Funds) 

o Canada or Mexico $17.50 - One year 0 Two years $32 0 Three years $46.50 
o Europe $25 - One year (Air delluered) 

o All other countries except above $25 - One year (Surface delluery) 

AIr deUvery available on request 

© 1978 SCIENTIFIC AMERICAN, INC



100 

OLFACTORY BULB RETINA 

SIMILARITY BETWEEN THE SYNAPTIC ORGANIZATION of the olfactory bulb and 
the retina is shown in this schematic diagram. Both regions are way stations between the sen­
sory receptor cells (color) and the brain. Both have a framework of vertical pathways (opell) for 
straight-through transmission combined with horizontal pathways (shoded) for lateral inter­
actions. The horizontal connections are organized in two main layers and involve single and re­
ciprocal synapses that operate by combinations of slow graded potentials and impulse activity. 

the invertebrate nervous system. and 
that some of the patterns of interconnec­
tion are similar to those found in the 
vertebrate nervous system. 

Neurophysiologists have often taken 
advantage of the relative simplicity of 
the nervous system of invertebrates to 
explore the fundamental properties of 
nerve cells. As early as 1959 the electro­
physiological activity of a number of 
different types of neurons in inverte­
brate ganglia had been recorded by im­
paling individual cells with thin glass 
electrodes. In reviewing these studies 
Theodore H. Bullock. who was then at 
the University of California at Los An­
geles. concluded that the normal func­
tions of many of the small neurons in the 
invertebrate ganglion might be mediat­
ed by graded potentials rather than by 
the generation of all-or-nothing nerve 
impulses. Evidence to support this hy­
pothesis was difficult to obtain in inver­
tebrate neurons because of the separa­
tion between the cell body. where the 
recordings are made. and the dendritic 
terminals. where the synapses occur. 
Recently. however. several examples of 
neurons have been found that commu­
nicate only through graded potentials. 

Particularly striking are the results 
obtained by Keir Pearson and C. R. 
Fourtner at the University of Alberta 
with the nervous system of the cock­
roach. The legs of the cockroach arise 
from the thorax. and walking is con­
trolled by alternating bursts of impulses 
in the nerves from the thoracic ganglia 
to the flexor and extensor muscles in the 

legs. The rhythmic and reciprocal na­
ture of this activity arises in the ganglia 
themselves. and Pearson and his col­
leagues have shown that nonfiring neu­
rons there are responsible for generating 
the motor pattern [see "The Control of 
Walking." by Keir Pearson; SCIENTIFIC 
AMERICAN. December. 1976]. 

Other Local Interactions 

In this account of microcircuits I have 
emphasized dendrodendritic interac­
tions. but I could also note a number of 
locations where interactions between 
axons (axoaxonic synapses) have been 
found or suspected. Similarly. I have fo­
cused on the role of graded potentials in 
microcircuits. but all-or-nothing nerve 
impulses do occur in short axons. in 
axon collateral branches and in some 
dendrites. In addition. although most 
synapses operate by releasing chemical 
neurotransmitters. there are a number 
of specialized regions called gap junc­
tions where 'transmission is mediated by 
the direct flow of electric current. Final­
ly. there are interactions between neu­
rons that take place independently of 
specific points of contact; they include 
the continual flow of substances within 
nerve cells and across their membranes. 
and the electric fields that are set up 
when populations of nerve cells are 
active in concert. All these phenom­
ena contribute to functional operations 
within the microenvironments of the 
nervous system. 

At a 1973 meeting in Boston of the 
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HORIZONTAL CELL FROM THE RETINA of a cat was visual­
ized with the Golgi method by Brian B. Boycott of tbe University of 
London. Tbe cell is divided into two highly branched regions connect­
ed by a tbin fiber. Dendrites associated with the cell body (left) receive 
signals predominantly from tbe color receptor cells (cones), whereas 
tbe terminal arborization (right) receives signals primarily from tbe 
light-intensity receptor cells (rods). Tbe axonlike process connecting 
tbese two regions neitber generates impulses nor allows significant 

passive conduction between tbem. Instead it appears to serve to elec­
trically isolate tbe cell body from its terminal arborization wbile main­
taining a nutritive link. In some mammals tbis arrangement appar­
ently restricts tbe interactions between tbe rod and cone systems, 
wbicb bave different dynamic ranges of function. Tbe advantage of 
baving single nerve cells witb electrically isolated regions is tbat tbe 
number of independent integrating units witbin tbe brain can be in­
creased witbout tbe need for augmenting number of individual cells. 

CEREBRAL CORTEX 

BASAL GANGLIA 

SUPRACHIASMATIC NUCLEUS 

TYPICAL MICROCIRCUITS in different regions of tbe brain are 
diagrammed. Tbe insets represent in scbematic fasbion tbe outlines 
of terminals and tbe sites of synapses; dendrites are sbaded in color 
and axons in gray. Tbe synaptic connections in tbe tbalamus and tri-
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geminal nucleus are organized in clusters as sbown; tbe connections 
in tbe otber regions are more diffusely distributed tban is indicat­
ed bere. Tbe circuits are involved in functions ranging from rapid 
processing in tbe tbalamus to tbe generation of long-term rbytbms. 
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Neurosciences Research Program. an 
interdisciplinary organization that con­
ducts scientific meetings to explore cur­
rent problems in the neurosciences. the 
new work on synaptic organization was 
reviewed. In this session. organized by 
Francis O. Schmitt of the Neuroscien­
ces Research Program and chaired by 
Pasko Rakic of the Harvard Medical 
School, the term "local circuits" was 
used to describe the pathways confined 
within nerve centers. The pathways 
through dendrites that occur in the ol­
factory bulb and other regions may be 
regarded as the prototypes of local cir­
cuits. characterized as they are anatom­
ically by local connections and physi­
ologically by local potentials. 

Microcircuits and Behavior 

How are investigations at this micro­
scopic level of nervous organization re­
lated to the large-scale actions that char­
acterize behavior? The simplest types 
of microcircuit are concerned with the 
properties of synaptic excitation and in­
hibition and with sequences of these ac­
tivities. In many instances. as in the ol­
factory bulb or the retina. the patterns in 
which the synapses are organized are 
complicated but stereotyped. which sug­
gests that some microcircuits might be 
organized into more complicated mi­
croprocessing units. each with a particu­
lar operation to contribute to local inte­
gration. 

From considerations such as these it is 
becoming evident that the nervous sys­
tem is built up of hierarchies of func­
tional units of increasing scope and 
complexity. The traditional concept of 
the single neuron. receiving information 
'by way of its dendrites and sending it out 
through its axon. can now be seen to 
represent only one type of functional 
unit within these hierarchies. The new 
findings indicate that a single neuron 
may comprise many functional units in 
terms of its individual synaptic rela­
tions. In addition any given neuron is 
only one small component of larger 
functional units made up of multineu­
ronal assemblies. 

At the highest levels of organization 
such functions as perception. memory. 
learning and complex behavioral acts 
call for coordination of many centers. In 
this coordination a microcircuit and a 
macrocircuit are not separate entities; 
one is indissolubly embedded in the oth­
er. Thus whether one starts with an in­
terest in the bi9Chemicai aspects of be­
havior. or in the electrical activity that 
underlies it one is led to a common fo­
cus; the synaptic circuit through den­
drites. Although an understanding of 
the neural basis of behavior is still re­
mote. some clues have now been given. 
and it seems clear where the search is 
most likely to be rewarded. 
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Carnivorous Plants 
The luring, capturing and digesting mechanisms they have evolved 
to devour insects augment their supply of mineral nutrients and 
enable them to survive in habitats where few other plants can live 

Geen plants gain their energy 
from the sun. their carbon from 
the atmosphere and their water 

and mineral elements from the soil. The 
atmospheric carbon (in the form of car­
bon dioxide) and the soil nutrients are 
replenished from the wastes of microor­
ganisms and animals. and in this way 
plants and animals are complementary 
in the general economy of nature. A 
few plants. however. have evolved the 
capacity of feeding directly on animals. 
supplementing their nutrition by captur­
ing and digesting animal prey. By adopt­
ing this habit they have gained the abili­
ty to survive in nutrient-poor environ­
ments. although in some instances at the 
expense of being unable to exist in rich­
er habitats in competition with species 
that have a more usual life-style. 

Those flowering plants that have 
evolved the carnivorous habit can be di­
vided into two groups according to their 
methods of catching prey: active trap­
pers and passive trappers. Of the ac­
tive trappers Dionaea muscipula, the Ve­
nus·s-flytrap. is one of the most familiar. 
In nature this species is found only in 
certain habitats on the coastal plains of 
North and South Carolina. Now. how­
ever. it is also widely cultivated and 
can even be seen on sale as a novelty at 
the checkout counters of supermarkets. 
Its natural prey are mainly hopping 
or crawling insects and spiders. Prey 
touching the leaf agitate tactile hairs; 
the action triggers a closing mechanism 
and the hinged leaf snaps shut. 

A closely similar mechanism of trap­
ping. although on a diminutive scale. is 
found in another genus of the same 
plant family: Aldrovanda, the water­
wheel plant. As its common name in­
dicates. Aldrovanda is an aquatic plant. 
The genus includes only one species. A. 

vesiculosa, but it has a widespread distri­
bution. occurring in central and south­
ern Europe and eastward across Asia 
into Japan and parts of India and Aus­
tralia. The commonest of all the active 
trappers belong to the genus Utricularia, 

which incl udes some 150 species. In the 
aquatic or semiaquatic species of this 
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genus the traps take the form of small 
elastic-walled bladders. hence the com­
mon name bladderwort. When the blad­
der is "set." it is flattened. and the en­
trance to it is sealed by a flap of cells. 
The prey are swept into the bladder with 
the current of water produced when the 
walls spring apart following the opening 
of the entrance flap. an action that is 
triggered by tactile hairs near the en­
trance. 

The passive trappers include the 
pitcher plants. where the prey is cap­
tured and digested in pitcherlike struc­
tures formed by modification of the en­
tire leaf. as in the North American genus 
Sarracenia, or by an extension of the leaf 
tip. as in the genus Nepenthes of the east­
ern Tropics. The prey are enticed to en­
ter· the pitcher by colors and scents. 
much in the way that pollinating insects 
are attracted to flowers. and they are 
then drowned and digested in the pitcher 
fluid. A different strategy is seen in 
plants with flypaperlike leaves. as in the 
species of Pinguicula, the butterworts. 
and Drosera, the sundews. In these gen­
era glands on the leaf surface secrete 
adhesive droplets. The prey. usually a 
flying insect attracted by odor or color 
or perhaps by the brilliant refractions of 
the droplets. is trapped by the adhesive 
when it alights. It becomes more firmly 
attached to the leaf surface as its efforts 
to escape bring it into contact with more 
glands. 

The effectiveness of carnivorous 
plants as predators has been well 

documented for several species. and the 
published lists of animal species cap­
tured are remarkably long. The prey are 
usually quite small. but mice have been 
found in the pitchers of Nepenthes, prob­
ably the victims of a chance fall. and the 
remains of small tree frogs have been 
found in the pitchers of Sarracenia. 

Bladderworts sometimes catch small 
fishes and tadpoles. but the bladders are 
never more than a few millimeters wide 
and are more adapted to the capture of 
rotifers. copepods and the aquatic lar­
vae of such insects as mosquitoes. 

The quantity of prey captured is 
sometimes quite large. In the pitcher 
plants the pitchers usually survive for 
several months. and they may be virtu­
ally filled with the decaying remains of 
their catch. In plants with more ephem­
eral traps. such as the species of butter­
worts in which the effective life of a leaf 
may be only five days. the total catch of 
a growing season is more difficult to as­
sess. A butterwort such as Pinguicula 
grandi/lora grows one new leaf about 
every five days. so that a total of 400 
square centimeters of catching surface 
may be produced in a single season. 
even though the diameter of the leaf ro­
sette never exceeds eight centimeters. 
Carnivorous plants also occasionally 
form dense stands. Some 30 years ago 
Francis W. Oliver of University College 
London described a sward of sundews 
extending over an area of more than two 
acres near Barton Broad (not far from 
the Norfolk coast in eastern England) 
that had captured vast numbers of but­
terflies. most of them cabbage whites 
trapped when they settled after a migra­
tory flight from the Continent. Oliver 
found four to seven butterflies adhering 
to each plant and estimated the total 
number of trapped insects to be about 
six million. 

What. then, is the value of the carniv­
orous habit in plants? Charles Darwin. 
who was one of the pioneers of work on 
the physiology of carnivorous plants. 
addressed himself to the question a little 
more than a century ago. With his son 
Francis he showed convincingly that 
sundews in cultivation that had been fed 
artificially by applying insects to their 
leaves were more vigorous. produced 
more flowers and set more seed than 
those denied such fare. More recently 
Richard Harder of the University of 
Gottingen and others have shown that 
butterworts. sundews and bladderworts 
cultivated in controlled environments 
with carefully regulated access to nutri­
ents perform better when provided with 
prey. confirming the Darwins' results. 
They have also found that butterworts 
make use of pollen carried in the atmo-

© 1978 SCIENTIFIC AMERICAN, INC



ARRAY OF GLANDS in the leaf surface of a butterwort, Pinguicu­
la grandijlora, appears in this scanning electron micrograph. The 
prominent stalked glands trap insect prey. The many small semi-

TRAPPED ANT is firmly attached to the leaf surface of a butter­
wort, held by strands of the mucilage secreted by the stalked glands 
of the leaf. Untouched stalked glands appear in the foreground of 
this scanning electron micrograph. The ant's head (left) has one of 

recessed glands spread over the leaf surface are the digestive glands; 
after an insect has been captured they emit enzyme-rich fluid that 
forms a pool. The same glands later resorb the digestion product. 

the adhesive strands attached to a mouthpart and another attached 
near the right antenna; a third strand is attached to the thorax (up­
per right) and two others secure the tip of the abdomen (lower right). 
The smaller, stalkless digestive glands have not yet started to secrete. 
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ACTIVE AND PASSIVE TRAPPERS among carnivorous plants 
are exemplified by four species. At tbe top is tbe bladderwort Utricu­
[aria injlata, a widespread American species that has "float leaves" 
at the base of the flower stalk. The bladders are submerged suction 
traps. When swimming prey, for example the small crustacean of the 
genus Daphnia shown here, touch the trigger hairs around the mouth 
of the bladder (center), the flap of tissue that forms the door springs 
open and the bladder expands suddenly to draw in both water and 
prey (right). Second from the top is another active trapper: the Veo 
nus's-f1ytrap, with its basal rosette of hinged leaves. When a visiting 
insect or spider touches one of the trigger hairs on the leaf surface, 
the two sides of the leaf move quickly together, closing the trap. 
Third from the top is a passive trapper: the pitcher plant Sarracenia 
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purpurea, shown witb its basal array of pitcher-shaped leaves that 
form pitfall traps. The prey is lured to the pitcher's slippery edge by 
a trail of nectar (broken line), falls into a pool of digestive fluid and 
cannot climb out. In this particular species the plant itself may not 
contribute much to the digestive properties of the pitcher fluid; the 
main digestive action is due to a commensal bacterial flora. In other 
pitcher-plant species glands below the surface of the pitcher fluid 
secrete enzymes into the fluid, at least early in the life of the trap. At 
the bottom is another type of passive trap: an adhesive trap exempli­
fied by one of the sundews, Drosera intermedia. Small flying insects 
that alight on the attractively colored leaf surface touch the secretion 
globules that are carried on the stalked glands. These glands secrete 
the digestive enzymes, and later they resorb the products of digestion. 
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sphere. digesting it much as they digest 
insects. 

The nutrients derived from captured 
prey enter the leaves with surprising ra­
pidity. Some years ago Bruce Knox and 
I used algal protein labeled with the ra­
dioactive isotope carbon 14 in order to 
follow the movements of the products 
of digestion in the plant. The leaves of 
butterworts were fed minute quantities 
of the labeled protein. and the break­
down products were traced by means of 
autoradiographs. We found that the 
amino acid and peptide products of pro­
tein digestion moved into the leaf in two 
or three hours and then passed into the 
stem and on toward the roots and grow­
ing points in less than 12 hours. The 
main pathway through the leaf was the 
xylem. the water-conducting tissue of 
the plant. 

Recently John S. Pate and Kingsley 
Dixon of the University of Western 
Australia have labeled fruit flies by 
feeding them on yeast containing the 
isotope nitrogen 15 and have used the 
flies as a diet for Drosera. In the sundews 
growth arises from corms formed dur­
ing the preceding season, and much of 
the nitrogen reserve in the corms is in 
the form of the amino acid arginine. 
Pate and Dixon found that at the end of 
their experiment some 40 percent of the 
arginine in the corms of the experimen­
tal plants contained nitrogen 15, a strik­
ing demonstration of how important the 
supplemental nutrients obtained from 
the prey must be for the survival of the 
species in nature. 

About a quarter of a million species of 
I\. flowering plants exist on the earth 
today. and of them some 400 are known 
to be carnivorous. They belong to 13 or 
so genera of six families. Some of the 
families are quite diverse, with members 
on every continent. If the main func­
tion of the carnivorous habit is to pro­
vide scarce nutrients. one might expect 
the plants to inhabit the kinds of envi­
ronment where such supplementation 
would be most beneficial. That is just 
what is found. The plants are most often 
encountered in nutrient-poor communi­
ties: on heaths or in bogs. on impover­
ished soil in forest openings and occa­
sionally on marl. the crumbly clay soil 
associated with weathered limestone. 
Often two or three different genera of 
carnivorous plants will be found grow­
ing together in such localities. For ex­
ample. in the Pine Barrens of New Jer­
sey several species of sundew. pitcher 
plant and bladderwort coexist. 

At the same time some carnivorous 
species occupy remarkably narrow eco­
logical niches. Certain bladderworts of 
South America are found only in the 
pools of water that accumulate in the 
natural basins formed by the leaf ro­
settes of bromeliads. members of the 
pineapple family. In this environment 
they are essentially free from competi-

BASE OF A TRIGGER HAIR on the surface of a Venus's-flytrap leaf appears in this scan­
ning electron micrograph. The low mounds are the glands that secrete the digestive fluid and 
then resorb the digestion products after the trap closes. The flow of secretion does not auto­
matically follow the springing of the trap but depends on chemical stimuli provided by prey. 

tion. Species of the pitcher-plant genus 
Heliamphora provide another example. 
They occur in nature only in the remote 
mist zone high in the mountains along 
the border between Guyana and Brazil, 
and their environmental requirements 
are so peculiar that the plants can be 
maintained in greenhouse cultivation 
only with difficulty. Still another exam­
ple is the cobra plant of North America. 
the only species in the pitcher-plant ge­
nus Darlingtonia; its distribution is limit­
ed to mountain slopes and coastal bogs 
in Oregon and California. 

A number of the carnivorous plants 
are able to survive in quite extreme envi­
ronments. Sarracenia purpurea. one of 
the nine North American species of this 
pitcher-plant genus. is found from Flor­
ida northward to British Columbia and 
Newfoundland. At the northern limit of 
its range the bogs where it grows may be 
frozen for several months each winter. 
In Australia (where more sundew spe­
cies are found than are found anywhere 
else in the world) some of the sundews 
native to the northwest are exposed to 
near-freezing night temperatures during 
the wet winter months when they are 
actively growing and become dormant 
during the summer dry season. when the 
daytime temperatures in the shallow de­
pressions in granitic rocks where they 
live may exceed 50 degrees Celsius (120 
degrees Fahrenheit). The dewy pine of 
the western Mediterranean. a passive 
trapper and the only species in the genus 
Drosophyllum. is relatively drought-re-

sistant during its main growing period 
Found on the dry, sandy coastal plains 
of Portugal and Morocco. it depends on 
sea mists for a part of its water supply 

Contemplating the range of adapta­
tions found together in the plant 

carnivores. one can readily appreciate 
Darwin's absorption with them as ex­
amples of evolutionary virtuosity. The 
trapping mechanisms themselves repre­
sent elaborately modified leaves or leaf­
like organs. and they are usually associ­
ated with lures and guides that tempt 
and direct the prey into or onto the trap. 
Specialized glands secrete the digestive 
enzymes. and the -same glands or others 
retrieve the products and pass them 
back into the plant for distribution 
through the conducting tissues to the 
sites of growth. None of the individual 
features-the traps. lures, odors. direc­
tional guides. secreting glands and ab­
sorbing glands-is itself peculiar to the 
carnivores. Many plants have leaf parts 
capable of rapid movement. for exam­
ple Mimosa pudica. the sensitive plant; 
others have elaborate insect-trapping 
mechanisms associated with pollina­
tion. and plants of many families have 
glands capable of secreting water. salt. 
mucilage. sugars. proteins and other 
products. It is the assemblage of fea­
tures that gives carnivorous plants their 
unique character, the bringing togeth­
er of so many individual adaptations 
into a functional combination directed 
to an end so unusual for a photosyn-
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STALKED AND STALKLESS GLANDS of the dewy pine Drosophyllum appear in this 

scanning electron micrograph. Two kinds of glands, one for capture of the prey and the other 
for digestion, are present as in the butterworts, although plants belong to different families. 

ANATOMY OF THE GLANDS of the dewy pine is shown in this drawing based on the origi­
nal study by C. A. Fenner. Both the stalked glands that secrete the adhesive trapping mucilage 
and the stalkless glands that release enzymes after prey is trapped and then resorb products 
of digestion are connected directly with leaf's vascular system, or system of conductive vessels. 

108 

thetic plant that it seems grotesque and 
even macabre. 

Students of plant morphology have 
long been interested in the special fea­
tures of the carnivorous plants. Nota­
ble among them in Britain. besides Dar­
win. was Joseph Dalton Hooker. at that 
time director of the Royal Botanic Gar­
dens at Kew. and his assistant. William 
Thiselton-Dyer. who succeeded Hooker 
as director. IIi Germany they included 
Karl I. E. von Goebel, a leading plant 
morphologist and anatomist. and C. A. 
Fenner. In North America. Francis E. 
Lloyd later contributed many detailed 
observations. notably on the trap of the 
bladderworts and its firing mechanism. 
Lloyd published his classic study. The 

Carnivorous Plants, in 1942; it is still a 
standard in the field today. 

T ittle could be added to the remarkably 
L precise work of these earlier observ­
ers until the advent of electron micros­
copy. The transmission electron micro­
scope has revealed many features of 
subcellular structure connected with the 
processes of secretion and absorption in 
carnivorous plants. and in the past dec­
ade the scanning electron microscope 
has provided revealing new views of the 
traps and their associated glands. 

The traps of the different types of car­
nivorous plants have several kinds of 
surface glands. some concerned with 
capture and digestion and some with 
other functions. Certain glands produce 
nectar as a lure for prey, much as the 
nectar-secreting glands in flowers that 
attract insect pollinators do. In Nepen­

thes such glands are around the lip of 
the pitcher; in Sarracenia glands of this 
type may form an "ant-guiding" trail up 
the outer surface of the pitcher. 

In the butterworts the glands that se­
crete the viscous globules of the "flypa­
per" leaf surface are specialized for that 
function only. In the sundews. however. 
the stalked glands secrete not only the 
adhesive but also the enzymes that di­
gest the captured prey. The sundews 
also possess many minute stalkless 
glands, which are visible only with the 
microscope; these glands are scattered 
over the upper surface of the leaf and on 
the stalks of the larger glands. The func­
tion of the stalkless glands is not known, 
but it seems possible they are concerned 
with the movement of the larger stalked 
glands. The larger glands. which earlier 
observers saw as "tentacles," move in 
the direction of the prey when they are 
stimulated. The movement results from 
the loss of turgor in groups of cells along 
the side of the stalk closest to the stimu­
lus. The stalkless glands may be respon­
sible for the withdrawal of fluid that 
causes the loss of turgor. 

Glands of a similar type may serve the 
same function in the butterworts when 
the leaf rolls lip to enfold a captured 
insect, forming what Darwin called a 
temporary stomach. Evidence that cer-
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tain glands perform this kind of func­
tion in the bladderworts has been pre­
sented recently by P: H. Sydenham and 
G. P. Findlay of Flinders University in 
Australia. The glands involved are on 
the outside of the bladders. and Syden­
ham and Findlay showed that the glands 
are concerned in the active transport of 
ions from inside the cavities of the traps 
to the bathing water outside. By setting 
up an osmotic gradient the ion move­
ment generates an outward flow of wa­
ter from the interior of the bladder. In 
the bladderworts such an outward flow 
is needed for the resetting of the trap. 
In the related genus Genlisea the prey 
moves along what is virtually a digestive 
tract. on the outside of which are glands 
similar to those found on the outside of 
the Utricularia bladder. Here they prob­
ably function to generate a flow of fluid 
along the tract. 

The digestive glands of the carnivo­
rous plants function under different 

conditions in the various genera accord­
ing to the nature of the trapping mecha­
nism. In Nepenthes the glands in the low­
er third of the pitcher become totally 
immersed in their own secretion fluids 
as the trap matures and before any prey 
is captured. In the larger species the ac­
cumulation of fluid can be as much as 
a liter. In the four other genera of pitch­
er plants smaller quantities of fluid col­
lect. in some cases scarcely enough to 
immerse the glands. but here again it 
seems that the presence of prey is not 
necessary to stimulate secretion. 

In contrast. the digestive glands on the 
leaf of the Venus's-flytrap remain dry 
until the prey is captured. If the trap is 
sprung with a pencil or a glass rod. the 
digestive glands remain dry and the leaf 
soon reopens. When an insect is trapped. 
however. the glands become active and 
a secretion pool builds up between the 
closed lobes of the leaf. Evidently the 
onset of secretion depends on chemical 
stimulation rather than mechanical. Al­
though the glands in the bladders of 
the bladderworts are permanently im­
mersed in water. it seems that they too 
do not secrete enzymes until they are 
stimulated by prey. 

The sundews are different. Here the 
viscid secretion droplets accumulate on 
each gland head as the leaf matures; the 
load is held until the gland is touched 
by prey. and then still more secretion is 
released. The butterworts and the dewy 
pine Drosophyllum in some respects com­
bine the features of the Venus's-fly­
trap and the sundews. In these genera 
there are two classes of glands on the 
leaf surface: stalked glands that carry 
secretion droplets at maturity and are 
mainly concerned with catching prey. 
and stalkless ones that remain dry until 
they are stimulated. when they pour out 
a less viscid secretion containing the di­
gestive enzymes. 

In Darwin's experiments on the sun-

dews and butterworts he found that se­
cretion could be stimulated by many 
sources of combined nitrogen but not. 
for example. by sugar or sodium car­
bonate. Insects excrete many nitroge­
nous products. but it has recently been 
suggested by Richard Robbins of the 
University of Oxford. who was studying 
the Venus·s-flytrap. that the main stimu­
lant may be uric acid. which is abun­
dantly present in all insect excreta. 

The digestive glands of the carnivo­
rous genera vary considerably in their 
morphology. In the pitcher-plant genus 
Nepenthes the glands are some 60 mi­
crometers in diameter and are partly 
sunk below the inner epidermis of the 
pitcher. where they are protected by 
an overlying flap of tissue. In the sun­
dews the heads of the digestive glands 
are borne on multicellular stalks. The 
glands of the butterworts. both the 
stalked glands specialized for insect cap­
ture and the sessile ones concerned with 
digestion. are smaller and consist of 
many fewer cells than the glands of the 
other genera. 

Notwithstanding such structural vari­
ations. a common architectural theme 
can be traced in all the digestive glands. 
Indeed. the theme is one that recurs 
in many other classes of plant-surface 
glands. In all cases it is the secretory 
cells that form an outer cap or layer one 
cell or a few cells thick. which lies di­
rectly over a specialized single cell or 
a pavement composed of several such 
cells side by side. This second layer is 
either in direct contact with the cond uct­
ing vessels of vascular tissue or is sepa­
rated from such tissue by two or three 
large "reservoir" cells. 

The secretory outer cells of the gland 
are epidermal cells specialized for their 
function of enzyme synthesis. and they 
show many features reminiscent of 
those found in animal cells with similar 
functions. The network of cytoplasmic 
membranes known as the endoplasmic 
reticulum is well developed. and some­
times the elements are stratified. as they 
are in the cells of the animal pancreas. 
The endoplasmic reticulum is some-

DIGESTIVE SEQUENCE is traced dia­
grammatically, based on the author's studies 
of butterworts. At the top is a digestive gland 
in its resting phase. Colored dots in the rec­
tangular upper vacuoles and in the invagina­
tions of some of the cell walls represent the 
stored digestive enzymes. In the middle the 
stimulus of prey capture induces an osmoti­
cally driven outward flow of fluid. This flow 
flushes out the stored digestive enzymes, 
which reach the surface of the leaf through 
discontinuities in the cuticle, the otherwise 
impermeable layer coating the cell wall. At 
the bottom, after digestion is complete, the 
secretiou pool on the surface of the leaf is re­
sorbed, and the products of digestion (black 
dots) are trausported through the cell wall 
and are distributed to the other parts of the 
plaut through the plant's vascular system. 
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SITES OF ENZYME STORAGE in a butterwort digestive gland are revealed in these two 
light micrographs in different focal planes. The activity of the enzyme ribonuclease has been 
made visible by a cytochemical reaction that produces a dark product. At the left the focus is at 
the surface of the cells in the head of the gland; the dark granules of the reaction product show 
that the enzyme sites are clustered at the surface of the eight cells of the gland head. At the right 
the level of focus is at the center of gland. Most of the granules are associated with cell walls. 

times associated with colorless plastids. 
Plastids are a type of organeIle not 
found in animal ceIls. the most familiar 
example being the green chloroplast of 
the photosynthetic apparatus. In the se­
cretory ceIls they may be concerned in 
some manner with the synthesis of pro­
tein. but so far there is little evidence on 
this point. 

The secretory ceIls of carnivorous 
plants are comparable to those of 

animals in still other ways. The vacuoles 
of the secretory ceIls. formed as inflated 
bays of the endoplasmic reticulum. are 
sites of enzyme storage; they are there­
fore comparable to the lysosomes of 
animal ceIls. Furthermore. in some in­
stances the nuclei of the secretory ceIls 

of the gland head contain more DNA 
than most body ceIls. This is a feature of 
such animal glands as the salivary gland 
of the fruit fly. And finaIly one can see a 
paraIlel in the luxurious development of 
the Golgi apparatus in those glands con­
cerned with mucilage secretion on the 
leaves of the sundews and butterworts. 
Many types of animal gland show a sim­
ilar development of this cytoplasmic 
system. which is concerned with the 
packaging of various synthetic products 
and their passage out of the cell. 

The ceIls of animal glands have an 
outer membrane but do not have a ceIl 
waIl of the kind found in plants. and 
many of the adaptations of the gland 
ceIls of the carnivorous plants are 
unique in that they have to do with the 

MOVEMENT OF DIGESTED MATTER from a leaf surface back int01he plant is traced in 
this autoradiograph of a butterwort leaf. A small amount of protein labeled with the radioac­
tive isotope carbon 14 was placed on the surface of the leaf at one side of the midrib. After 
eight hours the radioactive digestion products (amino acids and peptides) had spread over 
much of the leaf surface (large bright areas). Movement of products in vascular system of leaf, 
mainly toward stem but also toward leaf margin and tip, is indicated by thin bright lines. 
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structure and function of the cell wall. 
The outer walls of the secretory cells are 
coated with a water-resistant. cutinized 
layer. but this layer is perforated by dis­
tinct pores or less well-defined disconti­
nuities through which the secretions can 
reach the outer surface of the cell. The 
waIls themselves are often modified for 
the storage and transfer of secretion 
products. Some are thickened irregular­
ly to form extensive embayments or lab­
yrinthine ramifications; the cell mem­
brane follows these convolutions. so 
that the interface between the cell wall 
and the cytoplasm is greatly increased 
in area. For example. in the butterworts 
the interface may be enlarged by at least 
one order of magnitude. In the muci­
lage-secreting cells of the glands of the 
butterworts and the sundews the pre­
cursor products accumulate in the vesi­
cles of the Golgi apparatus and dis­
charge outward by fusing with the cell 
membrane. whence they pass across the 
cell wall and accumulate on its outer 
face. The vigor of this activity can be 
judged from the fact that the glands se­
crete several times their own volume of 
the mucilage during their active life. 

The digestive glands secrete enzymes 
by other methods. In some instances 
the enzymes seem to diffuse directly 
through the plasmalemma. the outer 
membrane of the cytoplasm. In others. 
as in the sundews. the transfer involves 
a local disruption of the plasmalemma 
during the period of rapid secretion that 
foIlows the capture of the prey. 

The cells of the layer underlying the 
secretory ceIls show some of the charac­
teristics of those of the endodermal lay­
er of the root. a sheath of ceIls that sep­
arates the root cortex from the inner 
conducting tissues. The side walls of the 
ceIls are heavily cutinized. and in them 
the plasmalemma is fused with the ceIl 
wall. Water cannot pass through the side 
waIls. and so it is constrained to move 
through the cytoplasm. 

Because the glands of the different 
genera of carnivorous plants function 
under widely different circumstances it 
is only to be expected that the processes 
of secretion and resorption should vary 
accordingly. My own observations of 
such "flypaper" trappers as butterworts 
and sundews suggest that these plants 
have secretory and resorptive mecha­
nisms that are quite different from the 
ones likely to operate in pitcher plants. 
Among the butterworts some enzymes. 
notably amylases. are secreted by the 
stalked glands whose sticky exudate 
captures the insect prey. but it is the 
stalkless glands at the surface that fur­
nish the main outflow of digestive fluid. 
Before stimulation the stalkless glands 
hold in reserve a supply of proteases. 
nucleases. phosphatases. esterases and 
other digestive enzymes. stored both in 
the spongy ceIl walls and in the vacuoles 
of the secretory cells. Stimulation induc­
es an outpouring of fluid. and this flush-
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es the stored enzymes out onto the sur­
face of the leaf. 

One can follow the activity of the en­
zymes that build up in the pool of secre­
tion on the leaf surface. The pool ex­
tends and deepens to engulf the prey. 
and then. after the digestion is com­
pleted. the fluid is resorbed. Generally 
speaking. the size of the pool is related 
to the size of the prey. A small captive 
insect induces only a modest flow of di­
gestive fluid. and in the butterworts after 
such a catch the pool may reach its max­
imum size in an hour or so. A large in­
sect may stimulate so much secretion 
that surplus fluid will drip off the edges 
of the leaf. Under such circumstances 
the secretion may go on for several 
hours. and its volume may exceed the 
entire volume of liquid originally held 
in the leaf. showing that the flow is sup­
plemented by the passage of water from 
elsewhere in the plant through the vas­
cular system. Overstimulated leaves do 
not complete the digestive cycle. Re­
sorption does not take place. and the 

FAMILY AND 

GENUS 

NUMBER OF 

SPECIES 

leaf begins to rot. a victim. so to speak. 
of plant indigestion. 

If the digestive cycle is normal. the 
period of resorption is only a little long­
er than the period of initial outflow. 
Knox and I found in our tracer experi­
ments that the labeled end products of 
the digestion of algal protein passed 
from the secretion pool back into the 
leaves of butterworts through the same 
glands that had supplied the digestive 
fluid. The spongy gland walls where the 
digestive enzymes had been stored be­
came the channels for the inward pas­
sage. The products of digestion then 
passed through the endodermal cells 
into the vascular system of the leaf. 
where autoradiography detected them 
in the xylem vessels. 

In other experiments we added a mark­
er substance. colloidal lanthanum ni­

trate. to the secretion pools on butter­
wort leaves just as resorption was begin­
ning. The marker is opaque under the 
electron microscope. As in the experi-

TRAP 

ments with radioactive tracers. the sub­
stance could be tracked entering the 
gland cells through discontinuities in the 
cutin layer of the cell walls and moving 
on into the endodermal cells. 

The protoplasts of the butterwort 
gland cells show striking changes during 
the process of digestion. In the secretory 
half of the cycle the vacuoles shrink and 
eventually become ill-defined. At the 
same time the plasmalemma. which is 
normally in continuous contact with the 
sinuous inner surface of the cell wall. 
loses this contact. As the glands enter 
the resorption phase of the cycle the cy­
toplasm condenses. the nucleus of the 
cell becomes clumped and the labyrin­
thine invaginations of the cell walls be­
come blurred. probably through a par­
tial dissolution of the wall structure. 

In a detailed electron-microscope 
study of Venus's-flytrap glands during 
the digestive cycle D. Schwab. E. Sim­
mons and James Scala of the Owens-Illi­
nois Corporate Technology Technical 
Center in Toledo. Ohio. found corre-

DIGESTIVE ENZYMES 

NEPENTHACEAE 

NEPENTHES 60 SPECIES BORNEO 
AND NEARBY X ? + + + + - ? + 
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be present; a blank, that there is no information on whether it is 
present. The bladderwort genus Utricularia is sometimes subdivid­
ed into three genera on the basis of its flower forms, but the blad­
der trapping mechanism of the plant is the same in all of them. 
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sponding changes in the fine structure of 
the cell walls. In the secretory half of the 
digestive cycle the invaginations of the 
cell wall became eroded and the plasma­
lemma took on a smoother profile. In 
the butterwort. where each gland func­
tions only once. the changes are irre­
versible. In the Venus·s-flytrap. howev­
er. the walls of the secretory cells can be 
rebuilt and the cells can return to their 
former state before the leaf reopens to 
catch new prey. 

The butterworts. and probably other 
genera of carnivorous plants with 

the same pattern of digestive-gland 
function. have thus evolved a definite 
digestive cycle. The secretion and re­
sorption phases. respectively associated 

with massive movements of fluid first 
outward and then inward through each 
gland. are geared to far-reaching chang­
es in the gland cells. There appears to 
be no such cycle in the pitcher plants. 
In this group the early period of secre­
tion is followed by a prolonged interval 
when the pitcher holds a more or less 
constant amount of fluid. Trapped in­
sects accumulate in the fluid. and the 
digestion products are withdrawn con­
tinuously from the pitcher into the main 
body of the plant. In a number of inge­
nious experiments Ulrich Liittge of the 
Darmstadt School of Technology in 
West Germany has demonstrated that 
the same glands responsible for the se­
cretion of pitcher-fluid enzymes also 
participate in the uptake of the digestion 

"TEMPORARY STOMACH" of the butterwort, as Charles Darwin called it, is seen unroll­
ing in this photograph after the digestion of three fruit flies. No enzyme that can digest the 
chitinous external skeleton of the flies is present in the digestive fluid of butterwort glands, so 
that the bodies of the flies remain as empty shells after their inner tissues have been digested. 
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products. The process is essentially the 
same as in the butterworts except that 
resorption is achieved not through a 
wholesale uptake of fluid but through 
the selective inward passage of specific 
molecules and ions. 

Liittge found that the rates of uptake 
differ with the substance involved. For 
example. the amino acid alanine moved 
into the gland faster than phosphate 
ions. and phosphate ions were transport­
ed faster than sulfate ions. To explain 
these varying rates it is necessary to as­
sume that participating in the uptake are 
"pumps" with different specificities. The 
pumps would be driven by the metabol­
ic processes of the plant. and such an 
assumption is supported by the fact that 
transfer is partially paralyzed when 
metabolic inhibitors are present. Just 
where the pumps are located is not 
known. but it is significant that the large 
digestive glands of the Nepenth eipitcher 
possess the equivalent of an endodermal 
layer. Here. because of the thickening 
of the side walls of the cells. the fluids 
must move through the protoplasts. The 
metabolically driven transport systems 
may be incorporated in the membranes 
of the endodermal cells. if not in the 
membrane of the secretory cells them­
selves. 

In the butterworts it is scarcely possi­
ble to explain the events of the digestive 
cycle in terms of selective pumping. The 
system involves mass flow in both direc­
tions. I have suggested that the initial 
outflow of digestive fluid following the 
capture of the prey is driven osmotical­
ly. If one supposes the stimulus of cap­
ture induces a rapid breakdown of the 
cell-wall polysaccharides. this could be 
the source of soluble sugars that could 
promote rapid fluid transfer into the 
gland cells by osmosis. In the initial peri­
od this flow would be through the intact 
membranes of the endodermal cells. wa­
ter being abstracted first from the adja­
cent reservoir cell and then. through the 
contiguous vascular elements. from the 
rest of the plant. One can visualize the 
flow's reversing at the end of the secre­
tion phase because control is lost by the 
now irreversibly altered endodermal 
cells. Resorption from the leaf surface 
would then be a matter of reverse flow 
through the gland and into the vascular 
system in response to diffusion gradients 
set up elsewhere in the plant. , 

The uptake mechanism Liittge has 
proposed for the Nepenthes pitcher is 
distinctly similar to the mechanism as­
sumed to be responsible for the normal 
uptake of soil minerals by plant roots. It 
is as though in each pitcher the plant 
were creating its own enriched soil solu­
tion and abstracting from it the minerals 
it needs. The analogy seems even apter 
when one considers that after the pitcher 
has been open for some time its fluid 
becomes infected with a commensal 
flora. mostly bacteria. that quickly as-
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sumes most of the burden of digesting 
the captured prey. 

At this stage the pitcher fluid has be­
come distinctly alkaline-and distinctly 
malodorous. The plant enzymes may 
now play little part in the digestive proc­
ess; the digestive glands act mainly as 
organs of absorption, selectively taking 
up and concentrating useful products. 
To carry the analogy even further, it is 
possible that pitcher plants rooted in the 
ground may benefit at the beginning of 
each season's growth from a temporary 
local enrichment of the soil by nutrients 
released by the decay of the preceding 
season's dead pitchers and their partial­
ly digested contents. Here the useful 
products of predation would be taken 
up in the usual plant fashion: through 
the roots rather than the leaves. 

I t seems clear that the supplemental 
nutrients available to carnivorous 

plants offer them special advantages, 
particularly in environments where cer­
tain kinds of nutrients are scarce. It has 
commonly been supposed the principal 
benefit of the capture and digestion of 
animal prey by a plant is a supplemental 
supply of nitrogen. Current research in­
dicates, however, that supplementary 
phosphorus is equally important and 
perhaps in some circumstances even 
more important. The presence in the di­
gestive-gland secretions of nuclease and 
phosphatase enzymes may well be relat­
ed to this requirement. In habitats where 
plant growth is limited by deficiencies of 
major nutrient elements such as phos­
phorus-or of one or more of the oth­
er elements required only in trace 
amounts-the advantages to be gained 
by acquiring contributions from animal 
prey would be substantial. 

So much for the advantages of the 
carnivorous habit. Are there counter­
balancing costs? Most plants live in 
competitive circumstances; is the car­
nivorous plant's energetic investment in 
the synthesis of digestive enzymes and 
other secretion products, not to mention 
the investment in the plant's elaborate 
structural adaptations, cost-effective? 
The intriguing conclusion of this line of 
thought is simply that any energy bal­
ance sheet is scarcely relevant. In all but 
a few instances the carnivorous plants 
are found in places where an abundance 
of sunlight, adequate carbon sources 
and unlimited access to water during the 
growing period place no limit on pho­
tosynthesis, the primary energetic re­
source of the plant. Thus the energetic 
cost of capturing an atom of nitrogen or 
of phosphorus, or of whatever else may 
be the principal growth-limiting ele­
ment, is not significant. If the capture of 
such vital nutrients enables the plant to 
survive in places where no noncarnivo­
rous competitor can intrude. then it is 
proved that, whatever the energetic cost 
may be, the investment is justified. 
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After eope learn 
1.Vha: weve done, 

no one . . heckle 
011r speakers. 

We're as close to the impossible 
as possible. 

Our new speakers color sound. 
Anybody's do. 
Should they tell you otherwise, they 

speak with forked frequency response. 
We at Sony developed our new speaker 

line with this grim reality in mind. 
Our goal was to create speakers with a 

minimum of coloration. With a frequency 
response flat and wide. With low distortion. 
And with repeatabil ity. Which means that 
each speaker we turn out will sound like the 
one before and the one after. 

Searching and researching. 
Before you can make a good speaker 

you have to make a lot of bad ones. 
We turned out dozens of prototypes 

that were made with the same specs, but 
sound like they weren't. 

That's because your ear is more sophis­
ticated than our measurements. 

You can hear how pure water is, for 
example. 

The purity of the water in which the pulp 
for the speaker cone is pressed influences 
the sound. 

But it would hardly change the frequency 
response-or any other measurements. 

Now there are dozens and dozens of ele­
ments that interact this way. 

Changing one changes the other and 
almost changed our minds about going into 
the speaker business. 

But we stuck it out. Applyi ng the age-old 
technique of trial and error. 

That's why we labored for three years to 
bring you our speakers. While other manu­
facturers rushed frantically to market with 
theirs. 

We keep the whole world ful exception-the handsome finish on our 
in our hands. cabinets.) 

Understanding how to control the sound That includes the carbon fiber we mix 
of our speakers, we realized we had to con- into the speaker cone paper. 
trol what went into them. Carbon fiber is light and strong. Light, so 

So we did the only logical thing. our speaker needs less power to operate it, 
We built a plant. Which does nothing but and is therefore more efficient. 

produce-under outrageously close control Light, so our speaker cone reacts quickly 
-the components for our speakers. to stops and starts in the signal. The result: 

Few companies watch what you hear so improved transient response. 
carefully. Strong, so the cone won't bend out of Improvements that are shape in the high frequency range. 

heard and not seen. Moreover, carbon fiber'won't resonate 
As you can see, a lot goes into producing much. It has a low 0, and it took someone 

a speaker that's not easily seen. (One beauti- with a high IOto realize it would absorb the 
Cl1977 Sony Corp. of America. Sony, 9 W. 57 St., NY., NY. 10019. SONY is a trademark of Sony Corp. 

unwanted vibration. 
Unwanted vibration is also reduced by 

our cast aluminum basket, which is superior 
to a cheap stamped metal one. 

We're confident that the results of our 
three year effort will be clear after three 
minutes of listening. 

At which point, far from heckling our 
speakers, you'll be tempted to give them a 

standing ovation. 

SONY" 

© 1978 SCIENTIFIC AMERICAN, INC



The Genetics of Human Cancer 
A new experimental approach makes it possible in certain 
cases to identify the specific human chromosome involved 
in the transformation of a normal cell into a tumor cell 

by Carlo M. Croce and Hilary Koprowski 

The evolution of the modern view 
of cancer as a disease that arises 
from the transformation of the ge­

netic material of one or more of the 
body"s normal tissue cells. leading to the 
uncontrolled proliferation of descend­
ant cells. can be traced back in part to 
the pioneering theoretical studies of the 
German zoologist Theodor Boveri. who 
in 1914 formulated his "somatic muta­
tion" hypothesis of the origin of cancer. 

t 

.r.; 
, 

According to Boveri's theory. which in 
modified form is widely accepted by 
cancer investigators today. the "primor­
dial cell" of a malignant growth is a so­
matic cell (any cell other than a germ 
cell) that "contains as a result of an ab­
normal process a definite and wrongly 
combined chromosome complex." He 
was referring. of course. to the array of 
rodlike bodies into which the genetic 
material is marshaled for part of the life 

.. 
� 

, 

cycle of the cell. He added: "This is 
above all the cause of the tendency to 
rapid cell proliferation. which is passed 
on to all descendants of the primordial 
cell. " 

Boveri. who also recognized the im­
portance of environmental factors such 
as chemical carcinogens and ionizing ra­
diation as triggering agents in malignant 
transformation. went so far as to specu­
late on the identity of the presumed can-

::; a: 
� 
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HUMAN CHROMOSOME NO.7 
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HUMAN CANCER CHROMOSOMES are indicated by the colored 
circles in the photomicrograph at the left. All the chromosomes shown 
were obtained from the nuclens of a hybrid cell formed by fusing a 
human tumor cell with a mouse cell. The human cell had been trans­
formed into a malignant cell in the laboratory by infecting it with the 
tumor-inducing virus designated SV40 (simian virns 40). The hybrid 
cell contains 40 mouse chromosomes (not circled), the entire comple­
ment of the parental mouse cell. The two human chromosomes pres­
ent (out of a normal complement of 46) can both be identified on the 

basis of their distinctive pattern of dark and light bands as human 
chromosome No.7. The banding pattern is accentuated in the photo­
micrograph by the addition of a special stain to the preparation. A 
diagram of human chromosome No.7 appears at the right. The pres­
ence of chromosome No.7 in tumorigenic hybrid cells of this type, 
coupled with its absence in the nontumorigenic hybrids, is taken as 
strong evidence that No.7 is the human chromosome integrating the 
genetic material of the SV 40 virus, thus making it responsible for the 
malignant transformation of normal human cells grown in culture. 
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cer chromosomes. "It is conceivable," he 
wrote, "that there is for a definite kind 
of cell only a single abnormal chromo­
some combination that gives the cell 
the quality of malignity." 

Over the past two decades. thanks to 
the advent of a number of powerful new 
laboratory techniq ues. it has become 
possible to detect nonrandom chromo­
somal changes in association with sever­
al types of human cancer. More recent­
ly, however. a new method has been de­
vised for identifying what Boveri called 
the "single abnormal chromosome com­
bination" responsible for the trans­
formed cell's "quality of malignity." 
The principal technique on which the 
new approach depends is the fusion, or 
hybridization, of transformed human 
somatic cells with the cells of other ani­
mals. Here we shall describe how pres­
ent-day cell biologists. including our 
group at the Wistar Institute of Anato­
my and Biology in Philadelphia, have 
exploited these techniques and others to 
advance the line of inquiry begun by Bo­
veri more than six decades ago. 

Can a predisposition to cancer be in­
herited? It is now well established, 

mainly on the basis of the familial distri­
bution of various types of cancer in a 
given population, that certain types are 
indeed heritable. For example. it is pos­
sible to demonstrate a hereditary predis­
position in several comparatively rare 
cancers that originate in the human em­
bryo and appear during infancy or early 
childhood. One such hereditary tumor. 
retinoblastoma, has been studied more 
intensively than any of the others. Reti­
noblastoma is a condition that affects 
the retina of both eyes (bilateral) or one 
eye (unilateral). It is usually detected af­
ter a child's vision becomes impaired 
during the first few years of life. The 
disease occurs at a frequency of one 

child in 25.000, accounting for almost I 
percent of the total number of cancer 
deaths in infancy and for 5 percent of 
the cases of childhood blindness. All bi­
lateral retinoblastomas and a small per­
centage of unilateral retinoblastomas 
are transmitted within families as auto­
somal-dominant traits, that is, as diseas­
es caused by the presence of a single 
dominant gene on one of the parents' 
autosomes, or nonsex chromosomes. 
(Another manifestation of the disease, 
sporadic unilateral retinoblastoma, is 
apparently not inherited.) Polyposis of 
the colon, a condition characterized by 
the appearance of small benign growths, 
or polyps, in the wall of the intestine, 
can also be inherited as an autosomal­
dominant trait. 

Individ uals with inherited tumors 
such as familial retinoblastoma or poly­
posis of the colon appear to be predis­
posed to develop tumors in other parts 
of the body as well. For example, pa­
tients with familial retinoblastoma tend 
to develop bone tumors, leukemia, kid­
ney tumors and muscle tumors more of­
ten than other people. In addition they 
are more likely to develop tumors in ar­
eas of the body exposed to radiation 
therapy. Bone, brain and skin tumors 
have also been found at a greater than 
average frequency in patients with in­
herited polyposis of the colon. 

The one characteristic common to all 
tumor cells is their uncontrolled prolif­
eration. Tumor cells somehow escape 
the restrictions the body imposes on 
normal cells that limit either their rate 
of multiplication or the number of times 
they can divide. The cells of certain ma­
lignant tumors also tend to migrate 
more freely through neighboring tissues 
than normal cells, thereby infiltrating 
distant organs to form metastases, or 
secondary tumors. Boveri's somatic­
mutation theory of the origin of cancer 

MALIGNANT TRANSFORMATION of human cells by SV40 viruses results in the produc­
tion of a characteristic tumor antigen (known to biologists as T antigen) within the nucleus 
of the transformed cell, The presence of this antigen can be detected by means of a fluorescent 
antibody serum, In photomicrographs the transformed, or antigen-positive, cells have bright 
nuclei (right), whereas the untransformed, or antigen-negative, cells have dark nuclei (le/t), 
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postulates that whatever the cause of a 
particular tumor is�nvironmental fac­
tors or hereditary predisposition-it is 
basically a change in the genome, or full 
complement of genes, of a normal tissue 
cell that initiates the sequence of steps 
leading to the growth of the tumor. 

If. however, the inheritance of the 
genes for retinoblastoma and polyposis 
of the colon were the only event respon­
sible for the development of these par­
ticular tumors, one would expect all the 
epithelial cells of the retina and the co­
lon to be tumorigenic. That is not what 
is observed. On the contrary, the num­
ber of tumor cells in the affected tissues 
is generally quite small, and the great 
majority of the cells remain normal. 

To account for the development of 
inherited tumors of this type Alfred G. 
Knudson, Jr .. of the University of Texas 
Graduate School of Biomedical Sci­
ences suggested in 1971 that there mU,st 
be an additional precipitating event. Ac­
cording to Knudson's hypothesis, such 
tumors will result only if a second muta­
tion affects the retinal cells or the colon 
cells of individuals already carrying the 
genes for retinoblastoma or polyposis. 
If the additional mutation (or muta­
tions) takes place in the cells of tissues 
other than the retina or the colon, that 
would account for the secondary tu­
mors sometimes observed to arise in 
such gene carriers either spontaneously 
or after irradiation. 

In the case of familial retinoblastoma 
one or more tumors of the eye typically 
appear at the age of 14 months, whereas 
in sporadic unilateral retinoblastoma 
(the nonfamilial form of the disease) the 
single tumor is usually not discovered 
until after the age of 30 months. Be­
cause of the time disparity and because 
of the lower overall freq uency of spo­
radic retinoblastoma Knudson pro­
posed that the two mutations required 
for the appearance of this tumor must 
both occur in the same retinal cell, 
which then gives rise to malignant prog­
eny. It is not known at present whether 
two or more mutations are required to 
convert a normal cell into a tumor cell in 
any other type of cancer. 

Boveri's assumption of the unicellular 
origin of cancer has been challenged re­
cently on the basis of findings arising 
from a new experimental approach to 
the problem developed by Philip J. Fi­
alkow of the Veterans Administration 
Hospital in Seattle, With the aid of a 
technique based on the ability of tumors 
to produce one form or both forms of a 
certain sex-linked human enzyme Fial­
kow has been able to show that although 
many types of tumor do originate in a 
single "primordial" cell, other types are 
clearly multicellular in origin. 

How can cancer chromosomes be 
identified? Beginning in 1960 vari­

ous investigators have succeeded in as­
sociating specific chromosomal changes 
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with different types of tumor. Peter C. 
Nowell and David A. Hungerford of the 
University of Pennsylvania School of 
Medicine. �or example. observed non­
random chromosomal aberrations char­
acterized by the deletion of the long 
"arm" of the human chromosome desig­
nated No. 22 in abnormally proliferat­
ing white blood cells derived from pa­
tients with chronic myelogenous leuke­
mia. Janet Rowley of the University of 
Chicago later found that in this case the 
long arm of chromosome No. 22 is spe­
cifically transferred to chromosome No. 
9. Nonrandom chromosomal changes 
have been observed in other types of 
leukemia. including the acute version of 
myelogenous leukemia. More recently 
Rowley found a doubling of chromo­
some No.1 in 34 patients suffering from 
blood disorders such as acute nonlym­
phocytic leukemia and polycythemia 
vera (a rare disease characterized by the 
abnormal proliferation of red blood 
cells). 

In addition J. Mark and his co-work­
ers at the University of Lund have re­
ported that in tumor cells obtained from 
patients with meningiomas (benign tu­
mors of the brain) one end of chromo­
some No. 22 is deleted. and it does not 
appear to be transferred to any other 
chromosome. In the case of familial 
retinoblastoma it was shown by K. P. 
Lele. L. S. Penrose and H. B. Stallard of 
University College London that the 
chromosomal abnormality involves the 
deletion of the long arm of human chro­
mosome No. 13. 

Although many other chromosomal 
aberrations have been observed in cells 
obtained from a variety of benign and 
malignant tumors of man. there remain 
many cases in which one can find no 
such evidence of chromosomal abnor­
mality in association with a tumor. In 
general, therefore. it has not been pos­
sible to say whether a specific chro­
mosomal change invariably results in 
a given type of human malignancy. 
Moreover. tumors induced in the labo­
ratory by means of physical, chemical 
or viral mutagens might not result in 
morphologically observable chromo­
somal changes. It is in these cases that 
the new experimental method for iden­
tifying human cancer chromosomes has 
proved most valuable. 

The experimental use· of viruses to 
transform normal human cells into 

cancer cells was first demonstrated more 
than 15 years ago by one of us (Koprow­
ski) in collaboration with a group of co­
workers at the Wistar Institute. In such a 
biological system the DNA of the virus 
becomes integrated in some way into the 
DNA of the host cell. and the trans­
formed cell can be propagated indefi­
nitely in standard tissue-culture glass­
ware. The descendant cells exhibit per­
manent hereditary changes: they prolif­
erate continuously; they form clones. or 
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HYBRIDIZATION TECHNIQUE employed by the authors and their colleagues at the Wis­
tar Institute of Anatomy and Biology in Philadelphia is illustrated here. SV 40 viruses were first 
used to transform human cells obtained from patients with a deficiency in the enzyme hypo­
xanthine phosphoribosyl transferase (HPRT). The transformed human cells were then fused 
with mouse cells deficient in the enzyme thymidine kinase (TK), a process that is facilitat­
ed by the addition of a chemical fusion factor. The mixture of fused and unfused cells is next 
put in a culture medium containing three other substances: hypoxanthine, aminopterin and 
thymidine (HAT). Cells that are deficient in either HPRT or TK die in the HAT medium, but 
the fused heterokaryon cells (cells with more than one type of nucleus) survive because they 
contain both enzymes: HPRT from the TK-deficient mouse cell and TK from the HPRT­
deficient human cell. The hybrid cells, each of which carries the full complement of mouse 
chromosomes but only a few human chromosomes, grow into cell colonies, called clones, in 
the HAT medium. Hybrid clones that retain human chromosome No.7 are antigen-positive, 
whereas those that retain combinations of human chromosomes other than No.7 are antigen­
negative. Antigen-positive cells that later lose chromosome No. 7 become antigen-negative. 
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identical-cell colonies. in a semisolid 
growth medium. and they are able to 
ind uce tumors after being injected into 
experimental animals [see "The Induc­
tion of Cancer by Viruses." by Renato 
Dulbecco: SCIENTIFIC AMERICAN. April. 
1967). 

In a recent series of experiments con­
ducted with Anthony 1. Girardi at the 
Wi star Institute we made use of the tech­
nique of somatic-cell hybridization to 
determine whether such a tumor-ind uc­
ing virus is in fact integrated into a spe­
cific human chromosome. and therefore 
whether the chromosome identified in 
this way is responsible for the malignant 
transformation of the cell. 

For our purposes the most important 
aspect of the techniq ue of somatic-cell 
hybridization is the fact that a large part 
of the normal human complement of 46 

ANTIGEN-POSITIVE 

HYBRID CELL 

CULTURE MEDIUM 

HETEROKARYON 

CONTAINING HUMAN 

CHROMOSOME NO. 7 

FUSION 

FACTOR 

\\� 

chromosomes (22 pairs of autosomes 
and the two sex chromosomes) is typi­
cally lost in the hybrid cells formed by 
fusing human cells with mouse cells. 
Hence by repeatedly testing the fused 
cells for particular characteristics. one 
can in principle determine whether or 
not a specific human chromosome is re­
tained in the hybrid. 

In one such experiment we employed 
the virus strain designated SV 40 (simian 
virus 40) to transform human cells ob­
tained from a patient suffering from 
Lesch-Nyhan syndrome. a sex-linked 
disorder characterized by a deficiency in 
the enzyme hypoxanthine phosphoribo­
syl transferase (HPRT). Cells with this 
particular enzyme deficiency cannot live 
in a culture medium that contains a 
mixture of three other substances: hypo­
xanthine. aminopterin and thymidine 

(known as the HAT medium). As it hap­
pens. mouse cells deficient in the en­
zyme thymidine kinase (TK) also die in 

. the HAT medi um. Hybrids formed by 
fusing these two types of cell. however. 
can grow in the HAT medium [see "Hy­
brid Somatic Cells." by Boris Ephrussi 
and Mary C. Weiss: SCIENTIFIC AMERI­
CAN. April, 1969). 

After we eliminated all but the fused 
cells from our test cultures by passing 
them through such a selective medium 
we obtained two different populations 
of hybrids: one of them expressed the 
characteristic tumor antigen associated 
with SV 40 transformation: the other did 
not [see illustratioll Oil preceding page). 
The antigen-positive hybrid clones (those 
that showed the presence of the SV 40 
tumor antigen) always retained the 
human chromosome designated No. 7. 
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SV40 

VIRIONS 

SV 40 VIRIONS (virus particles) can be recovered from SV 40-trans­
formed hybrid cells by fusing them in turn with African green mon­
key kidney cells, which are known to produce factors that promote 
the replication of SV 40. In this experiment both the antigen-positive 
hybrids (which contain human chromosome No.7) and the antigen­
negative hybrids (which contain human chromosomes other than No. 
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7) were fused with the monkey kidney cells. When the new hybrids 
were later assayed, it was found that SV 40 virions could be detect­
ed only in those heterokaryons derived from the antigen-positive 
hybrid clones and not in those derived from the antigen-negative hy­
brid clones, thus confirming that the genome, or full set of genes, of 
the SV40 virus is indeed integrated into human chromosome No.7. 
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Who else gives you all this inside 
plus all this outside for S5772: 

Grand Prix. . . .... $4880· 
4.9 litre (301 CID) V-8 

(305 V-8 in Calif.) . . 150 
Power steering .. . . . . 152 
Power brakes . . . . . . . • . . 69 
Auto. transmission . . . . . . • . . .. 307 
White sidewalls. . . . . . . . • • . . 39 
Deluxe wheel covers . . . • • . . . . 38 
Sport mirrors. . . . . . • • . . 34 
Front bumper guards . 20 
Delco-GM AM radio. . 83 
Total. 

Standard features include: notchback seat 
with fold-down armrest, full carpeting, Radial 
Tuned Suspension, more head, leg, luggage 
room than last year. Grand Prix equipped 
with engines built by various GM divisions. 
See your dealer. 

·Manufacturer's suggested retail price in- � 
eluding dealer prep. Taxes, title, license, GM destination charges additional. Priced higher 

in California. _ 197sypontiac'S best year yet! .�,�<tt"U"� 

Pontiac Grand Prix 
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WAITING TO STEP UP 
TO A HEWLETT·PACKARD 

ADVANCED 
PROG LEt 

WE THINK YOU'VE 
WAITED LONG ENOUGH. 

A FREE SOFIWARE OFFER. 
To an already long list of reasons 

for owning a Hewlett-Packard 
programmable calculator-add 
another. A free software offer: 
purchase one of our advanced pro­
grammables between February 1 
and March 31. 1978, and you'll 
receive up to $105* worth of free 
software. 

THE HP-67/97 OFFER. 
Buy a fully programmable HP-67 

or HP-97. T hen choose any five 
Users' Library Solutions Books­
a $50* value; any one Applica­
tion Pac-a $35* value. Together 
with 40 blank magnetic cards­
a $20* value-you get $105* worth 
of software. Free. 

THE HP-19CI29C OFFER. 
Or purchase a keystroke pro­

grammable HP-19C or HP-29C. 
You'll have a choice of any five of 
our NEW HP-19C/29C Solutions 
books. T hey're worth $37.50*­
but they're yours free. 

HP-67/97 Users' Library Solutions Books: 
ENGINEERING: Antennas: Butterworth & 
Chebyshev Filters; T hermal & Transport Sciences: 
EE (Lab): Industrial Engineering: Aeronautical 
Engineering; Beams & Columns: Control Systems 
PHYSICAL/LIFE SCIENCES: Chemistry; Optics; 
Physics; Earth Sciences: Energy Conservation: Space 
Science: Forestry; Biology BUSINESS: Options! 
Technical Stock Analysis: Portfolio Management! 
Bonds & Notes: Real Estate Investments: Taxes: 
Home Construction Estimating: Marketing/Sales: 
Home Management: Small Business COMPUTA­
TION: High-Level Math: Test Statistics: Geometry: 
Reliability/Quality Assurance MEDICAL: Medical 
Practitioner: Anesthesia: Cardiac: Pulmonary 

HEWLETT-PACKARD 
OFFERS MORE. 

If you're familiar with these 
calculators, you know they are 
without equal. All use paren­
theses-free RPN logic for logical 
problem solving-with fewer 
keystrokes. 
. T he HP-19C/29C have a "con­
tinuous memory" system that 
remembers your programs even 
when turned off. And the 
HP-19C is the only pocket-size, 
printing programmable in the 
world. 

T he HP-67/97 have a "smart" 
mag-card reader to let you load 
programs and go-automatically. 
Each has fully-merged keycodes 
for more programming power per 
step-plus a MERGE key to let 
you add program /data fast and 
easy. 

Try each machine. You'll notice 
every feature -every detail-is 
designed to help you get your job 
done. And the proof is in the 

OTHER: Games: Games of Chance: Aircraft 
Operation: Avigation: Calendars: Photo Dark Room: 
COGO/Surveying: Astrology. 

HP-67/97 Prerecorded Applications Pacs: 
(Each contains over 6.000 stored keystrokes) 
Electrical Engineering: Business Decisions Pac: 
Mechanical Pac I: Civil Engineering Pac: Stat Pac I: 
Math Pac I: Surveying Pac I: Clinical Lab & 
Nuclear Medicine Pac: Navigation Pac. 

New HP-19C/29C Solutions books: 
Mathematics: Statistics: Finance: Electrical 
Enginee,·ing: Surveying: Games: Navigation: 
Civil Engineering: Mechanical Engineering: 
Engineering for Students. 

vast range of software solutions 
available. 

DON'T WAIT. 
To take advantage of this lim­

ited offer, stop by your Hewlett­
Packard dealer. While you're there, 
check out all the other Hewlett­
Packard programmables. Like the 
HP-25 and the HP-25C with 
c-ontinuous memory. For the 
address, CALL TOLL-FREE, 
800-648-4711 . In Nevada, 800-
992-5710. Or for more details, send 
the coupon. But whether you 
call or write, do it now. You've 
already waited long enough. 

HEWLETTfP PACKARD 

Dept. 236B 1(xx) N. E. Circle Blvd .. Corvallis. OR 97330 

r ------------------------, 
I HEWLETT-PACKARD 
: Dept.236B 

: 1000 N. E. Circle Blvd. 
I Corvallis, Oregon 97330 
I 

I Send details on: 
: 0 HP-67/97 
I 0 HP-19C/29C 
I 

I NAME ________________________ _ 

I 

: ADDRESS ____________________ ___ 

: CITY ________________________ __ 

I STATE ZIP I 

L ________________________ � 
"'Suggested retLlil price excluding appiicLibic 
state and local taxes -Continental U. S. A .. 
Alaska & Hawaii. Software offer void where 
prohibited by law. regulation or otherwise 
Offer valid only in Continental U.S.A. 616/58 
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On Photographing the Invisible 

� the naked eye, it was a Swedish 
l SO-ore postage stamp. A rarity, and 

very valuable. 

The camera, however, told quite 
another story. The stamp was a coun­
terfeit. 

Faint traces of tampering that were 
hidden to the naked eye were revealed 
by the camera. Someone, somewhere, 
had ingeniously altered the stamp by 
chemically removing a surprint. The 
stamp was worthless. 

To the naked eye (left), the 
stamp was genuine. To the cam­
era (right), it was a counterfeit. 
Note the faint, dark traces of 
tampering now revealed in the 
upper section. 

What manner of exoti� camera 
was this that could "see" the invisible? 

The lens: one of the 20 in the 
Hasselblad arsenal, the lOSmm Zeiss 
UV-Sonnar f4.3. Designed for pho­
tographywithin the ultraviolet portion 
of the electromagnetic spectrum, its 
costly quartz elements can detect 
radiations that are unseeable by the 
human eye. 

It has peered at objects in outer 
space, examined forgeries, laid bare 
the secrets of counterfeit money. Not 
a lens for everyone, obviously, but an 
indication of just how awesomely com­
prehensive the Hasselblad System is. 

The camera: an otherwise per­
fectly standard Hasselblad SOOCIM, 

120D 

normally fitted with an SOmm Zeiss 
Planar f2.S multi-coated lens. 

This is the basic model that allows 
you to tap into the vast Hasselblad 
System. It is one of the most bewilder­
ingly versatile cameras the world has 
ever known. Yet so marvelously simple 
to operate that it often plays the part 
of the family snapshot camera. 

A True System. 

The Hasselblad System is a prodigious 
array of 4 cameras, 20 lenses, S view­
finders, 9 film magazines, and over 
300 other accessories. Choose the right 
pieces, and your SOOCIM would be 
equipped for sports, aerial, architec­
tural, and fashion photography. 

And portrait, landscape, medical, 
underwater, and news photography. 

And wildlife, laboratory, indus­
trial, and child photography. 

And you would always have the 
right film in the camera at the right 
time. You can shift from color to 
black-and-white and back again. to 
color-and resume shooting at pre­
cisely the right frame-by popping in 
the protective dark slide and switch­
ing film backs . 

The Camera with Nine Backs. 

There is a small button on the film 
back of every Hasselblad SOOC/M. 
Slide it sideways with your thumb and 
the back will come away in your hand. 

The standard back holds 12 ex­
posures. Each frame of film is 2y.j 
inches square, almost four times the 
area of a35mm frame. (See box,below 
right, for actual size.) 

This IS only the beginning. There 
are eight other backs available: Backs 
that let you change to a 6 x 4.Scm for­
mat ... or a 4.S x 4.Scm superslide 
format for showing in any 3 Smm 
projector. Backs that give you a choice 
of 1, 12, 16, 24, 70, or SOO exposures. 
A back that is a sheet-film adapter. 

Even two backs for Polaroid film, so 
you can check composition, lighting, 
and exposure ahead of time. 

You begin to realize why eight out 
of ten top commercial photographers 
surveyed name Hasselblad as the 
medium-format camera used in their 
work. 

Retained Value vs. 
Obsolescence. 

In an age when machines spew out 
cameras in the tens and hundreds of 
thousands, when flashy new models 
thrust last year's marvels into early 
obsolescence, Hasselblad goes its own 
way. 

Planned obsolescence is taboo at 
Hasselblad. All but two of the acces­
sories for the SOOCIM will fit every 
Hasselblad made since 19S7 (except 
the Super Wide C) ... and will fit every 
future Hasselblad. 

The greater part of a year is spent 
on building each camera, much of it 
crafted by hand. And fully one quarter 
of the work force devotes its time to 
nothing but quality control. 

Little wonder, then, that a pre­
owned Hasselblad commands such a 
high price ... if its owner can be per­
suaded to part with it at all. 

HASS£lBlAD' 

The Hasselblad 500C/M. 

A lavish brochure is available free if you write: 
Braun North America. Dept.SA278. 55 
Cambridge Parkway. Cambridge. Mass. 02142. 
Braun North America is a division of The 
Gillette Company and exclusive marketer of 
Hasselblad cameras in the U.S. 
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sometimes alone and sometimes with 
other human chromosomes. The an­
tigen-negative clones. in contrast. re­
tained various combinations of all the 
other human chromosomes. but they did 
not retain No.7. In instances where the 
antigen-positive clones subsequently 
lost human chromosome NO.7 it was 
possible to show that those clones also 
became antigen-negative. It follows 
that the gene for the expression of the 
SV40 tumor antigen must be part of 
human chromosome No. 7. We were 
able to recover SV40 virions (virus par­
ticles) only from those hybrid cells that 
contained human chromosome No.7. 
thus confirming our earlier finding and 
proving that the SV 40 genome is indeed 
integrated into human chromosome No. 

7 [see illustration on page 120]. 

In fu[ther tests conducted with George 
Khoury of the National Institute of 

Allergy and Infectious Diseases we ex­
tracted the double-strand DNA from 
both the antigen-positive and the anti­
gen-negative hybrid clones and separat­
ed the strands by heating them to a high 
temperature. The DNA from SV40 vi­
rions was also separated into single 
strands by heating. and the resulting sin­
gle strands were then "annealed" with 
the cellular DNA at a lower tempera­
ture. The speed of the annealing reac­
tion between viral and cellular DNA de­
pends on the amount of viral DNA ini­
tially present in the DNA obtained from 
the hybrid cells. This method enabled us 
to determine the number of SV40 DNA 
molecules already present in the hybrid 
cells. The results of this experiment indi­
cated that the SV40 DNA was integrat­
ed only into the cellular DNA of those 
hybrid cells containing human chromo­
some No. 7. and that the number of 
SV40 DNA molecules per hybrid cell 
was the same as the number of No.7 
chromosomes present in the hybrid cells. 
Moreover. SV40 DNA molecules were 
not detected in those hybrid cells in 
which human chromosome NO.7 was 
not present. 

In order to determine whether or not 
the cellular genes in the human chromo­
somes carrying the genome of the SV 40 
virus were functional in the hybrid cells. 
we screened the antigen-positive and an­
tigen-negative hybrid cells for the pres­
ence of the enzyme beta-glucuronidase. 
the gene for which is known to be part of 
human chromosome No.7. Only those 
hybrid cells that expressed the SV40 tu­
mor antigen and also contained human 
chromosome No.7 were found to ex­
press the human form of this enzyme. 

Additional tests were then undertaken 
to determine whether the presence of 
human chromosome No.7 in the hybrid 
cells would result in their being able to 
form tumors. As in the preceding exper­
iments SV40-transformed human cells 
were fused with mouse fibroblasts. a 
normally propagating type of connec-
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PARENTAL CELLS AND HYBRID CELLS were analyzed by means of an electrophoretic 
techniqne for the presence of the enzym e beta-glucuronidase, the gene for which is known to 
be part of human chromosome No.7. Extracts of both parental cell lines (normal mouse cells 
and SV 40-transformed human cells) and of both hybrid cell lines (antigen-positive and anti­
gen-negative) were placed in slots at the base of a cellulose acetate membrane and were ex­
posed to an electric field in which the mouse and human forms of the enzyme migrate at dif­
ferent speeds. Both forms of the enzyme have a four-part structure, denoted here by the letters 
aaaa for the mOUSe form and bbbb for the human form. Therefore in the hybrids that carry 
the gene for beta-glucuronidase one would expect to find in addition to the two pure parental 
forms of the enzyme (aaaa, bbbb) three different combined forms of the two parental forms 
(aaab, aabb, abbb). As it happens, the hybrid clones that retain human chromosome No.7 and 
are antigen-positive produce both the parental forms of the enzyme lind the combined forms, 
whereas the clones that lack human chromosome No.7 and are antigen-negative yield only 
the mouse form. This test served to demonstrate that the normal cellular genes in the human 
chromosome carrying the SV 40 genome were functional in the virus-transformed hybrid cells. 

tive-tissue cell that under ordinary cir­
cumstances is unable to form colonies in 
a semisolid culture medium. This time. 
however. the transformed human cells 
were also fused with mouse macro­
phages. nondividing cells obtained from 
the peritoneal cavity of the animal. All 
the cells were then grown in a HAT 
medium. which resulted in the selection 
of a variety of hybrid clones [see illus­
tration on next page]. 

The hybrid clones resulting from the 
fusion of the virus-transformed human 
cells with the mouse fibroblasts either 
retained human chromosome NO.7 and 
expressed the SV 40 tumor antigen or re­
tained human chromosomes other than 
No. 7 and did not express the SV 40 
tumor antigen. All the hybrid clones 
resulting from the fusion of the vi· 
rus-transformed human cells with the 
mouse macrophages. on the other hand. 
contained human chromosome No. 7 
and expressed the SV 40 tumor antigen; 
in some of these clones NO.7 was the 
only human chromosome present. The 
proliferation of the hybrids of the hu-

man cells with. the mouse macrophages 
indicates that human chromosome No. 

7. containing the SV 40 ge·nome. contrib­
utes one or more factors that result in 
the replication of these otherwise non­
proliferating cells. All the hybrid clones 
that expressed the SV 40 tumor antigen 
could form colonies in a semisolid cul­
ture medium. one of the key tests for 
distinguishing transformed cells. In con­
trast. the hybrids formed by the fusion 
of the human cells with the mouse fibro­
blasts that had lost the ability to express 
the SV 40 tumor antigen were unable to 
form colonies in a semisolid medium. 

The hybrid cells that both contained 
human chromosome No. 7 and ex­
pressed the SV 40 tumor antigen were 
subseq uently found to ind uce tumors 
when they were injected into "nude" 
mice. a hairless laboratory strain often 
used as a host in such experiments be­
cause they lack a thymus gland and 
therefore are unable to reject trans­
plants of foreign tissue [see illustration on 
page 123]. In contrast. nude mice that 
were injected with cells that lacked hu-

121 

© 1978 SCIENTIFIC AMERICAN, INC



man chromosome No.7 and were anti­
gen-negative did not develop tumors. 
Cells derived from the tumors induced 
in nude mice and transferred to tissue­
culture vessels were found to contain 
human chromosome No. 7 and to ex­
press the SV40 tumor antigen. 

(In a related experiment we observed 
that when SV40-transformed human 
cells derived from a patient with anoth-
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er kind of enzyme-deficiency disease. 
galactosemia. were fused with either 
mouse fibroblasts or peritoneal macro­
phages. it was human chromosome No. 
17. not No.7. that was retained by all 
the antigen-positive hybrid clones and 
was therefore responsible for the ex­
pression of malignancy in the hybrid 
celis. Moreover. it is possible that inte­
gration sites for SV40 DNA may be 

found on human chromosomes other 
than NO. 7 and No. 17 in other kinds of 
SV40-transformed human cells.) 

Because hybrid cells containing the en­
tire complement of 40 mouse chro­

mosomes (19 pairs of autosomes and 
two sex chromosomes) along with the 
human chromosome (or chromosomes) 
carrying the viral genome were always 
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FURTHER EVIDENCE tbat tbe genome of tbe SV40 virus, includ­
ing one or more factors responsible for its replication, is integrated 
into buman cbromosome No. 7 in SV40-trans{ormed human cells 
was obtained with the aid of tbis experiment. This time SV40-trans­
formed buman cells deficient in HPRT were fused not only with 
mouse fibroblasts, a normally propagating type of connective-tis­
sue cell, but also witb mouse macrophages, nondividing cells ob­
tained from tbe peritoneal cavity of tbe animal. All the cells were then 
grown in tbe HAT medium, wbich resulted in the selection of se"eral 
different bybrid clones. Tbe hybrids derived from tbe fusion of the 
mouse fibroblasts with tbe virus-transformed buman cells either re­
tained human chromosome No. 7 and were antigen-positive or re-

taincd human chromosomes other than No.7 and were antigen-nega­
tive. The surviving clones derived from the fusion of tbe mouse mac­
rophages with the virus-transformed human cells, on the otber hand, 
invariably retained buman chromosome No.7 and were antigen-pos­
itive. (Mouse-macrophage-derived hybrids tbat contain buman chro­
mosomes other than No.7 presumably fail to multiply and disappear.) 
It therefore seems that buman chromosome No.7 is responsible for 
the proliferation of these otherwise non proliferating cells. Both types 
of surviving bybrids could be propagated furtber in a semisolid cul­
ture medium, provided that they continned to be antigen-positive and 
to contain human chromosome No. 7. Growth in sucb a semisolid 
medium is considered to be a key characteristic of transformed cells. 
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found to be tumorigenic. it became evi­
dent that the characteristic of tumori­
genicity is inherited as a dominant trait 
in the SV40-transformed cells. Since hu­
man cells can be similarly transformed 
by certain RNA-containing viruses. it 
seemed reasonable to expect that the 
chromosomal location of the genome of 
the RNA tumor viruses can also be in­
vestigated in transformed human cells 
by means of the cell-fusion technique. 
This possibility arises from the fact that 
RNA tumor viruses contain a remark­
able enzyme called reverse transcript­
ase. which was discovered in 1970 by 
Howard M. Temin of the University of 
Wisconsin and David Baltimore of the 
Massachusetts Institute of Technology. 
This enzyme is able to transcribe the 
RNA of the virus into complementary 
DNA. which then becomes integrated 
into the cellular DNA in the trans­
formed cells. We found that the fusion 
of these cells with normal mouse cells 
results in the formation of hybrids that 
are tumorigenic when they are injected 
into nude mice. The tumorigenic hybrid 
cells contain the entire chromosome 
complement of the mouse but not more 
than five human chromosomes. Hence 
the ability of RNA-containing viruses to 
form tumors also seems to be inherited 
as a dominant trait. 

The hybridization of mouse cells with 
human cells transformed by either 
DNA or RNA tumor viruses introduces 
new ways of identifying the human 
chromosomes responsible for the ex­
pression of malignancy in certain types 
of human cancer. This approach also 
makes it possible to determine whether 
the integration of tumor-virus genomes 
into the cellular DNA takes place at spe­
cific or preferential chromosomal sites 
or is a random event. The loss of part of 
the normal human complement of chro­
mosomes is the key to the success of 
these studies. 

An exception to this general rule has 
been found in the case of hybrid cells 
formed by the fusion of human cells de­
rived from a fibrosarcoma (a highly ma­
lignant human connective-tissue tumor) 
with mouse macro phages or other cells 
obtained directly from living mice [see 
illustratioll 011 lIext page]. In this case all 
the hybrid cells were found to be tumor­
igenic in nude mice. The hybrids pref­
erentially lost mouse chromosomes. 
however. while retaining the entire com­
plement of human chromosomes. In 
contrast. somatic-cell hybrids formed 
by fusing the same type of human fibro­
sarcoma cells with normal mouse fibro­
blasts maintained in laboratory cultures 
were found to lose human chromo­
somes preferentially. as in the case of 
the hybrids between mouse cells and 
SV 40-transformed human cells. The hy­
brid cells in both of the latter cases seg­
regate into clones. some of which are 
tumorigenic and some of which are not. 
In short. by using human fibrosarcoma 
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HYBRID CELL 

ANTIGEN-POSITIVE 

HYBRID CELL 

TUMOR WAS INDUCED in "nude" mouse 
(a specially bred laboratory strain) by inject­
ing tbe mouse with antigen-positive hybrid 
cells containing human chromosome No. 7. 
Nude mice that were injected with antigen­
negative hybrid cells lacking human chromo­
some No.7· did not develop tumors. Subse­
quent analysis of cells obtained from the tu­
mors showed that all were antigen-positive 
and contained human chromosome No. 7. 

cells in a hybridization experiment it 
should be possible not only to identify 
the human chromosome (or chromo­
somes) responsible for the expression of 
malignancy but also to determine the 
location of genes on the mouse chromo­
somes. 

Boveri postulated that in addition to 
the "single abnormal chromosome com­
bination that gives the cell the quality 
of malignity" there may be "inhibiting 
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chromosomes." He added that "cells of 
tumors with unlimited growth would 
arise" if these inhibiting chromosomes 
were eliminated. Based on the observa­
tion that somatic-cell hybrids between 
normal and malignant mouse cells are 
malignant only when there is a loss of 
mouse chromosomes. several investiga­
tors have suggested in recent years that 
normal cells must contain genes capable 
of suppressing the cells' ability to induce 
tumors: the loss of the "inhibiting chro­
mosomes" carrying these genes would 
therefore result in the expression of ma­
lignancy. Our results. obtained through 

the use of interspecies hybrids formed 
by fusing either virus-transformed hu­
man cells or human fibrosarcoma cells 
with normal mouse cells. indicate. on 
the contrary. that malignancy is domi­
nant. Moreover. hybrids formed by the 
fusion of human fibrosarcoma cells and 
normal human cells behave like tumor 
cells. even though they retain the entire 
complement of chromosomes from 
both parental cells. 

so far we have discussed how a variety 
of environmental triggering agents. 

including viruses. can induce human 

cancers either through mutations of the 
cellular DNA or through the integration 
of viral genomes into the cellular DNA. 
Are there any examples of malignancy 
caused by changes in gene function rath­
er than changes in gene structure? There 
are. One such malignancy is the terato­
ma. a tumor that principally affects the 
gonads. Teratomas contain many differ­
ent tissues. including skin. muscles. fat. 
glands. hair and teeth. all derived from 
"totipotent" cells: cells that by definition 
are capable of developing into all types 
of body tissue. Teratomas can be in­
duced in experimental animals by im-
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PREFERENTIAL LOSS OF CHROMOSOMES is unusual in the 
case of hybrid cells formed by fusing human cells derived from a fi­
brosarcoma, or connective-tissue tumor, with mouse cells obtained 
from mouse tissue. Unlike the hybrids formed in the preceding ex­
periments, these hybrids tend to lose mouse chromosomes while re­
taining the entire complement of human chromosomes. All the re-
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suIting hybrid cells were found to cause tumors in nude mice (dia­
gram at left). In contrast, hybrids formed by fusing the same type 
of fibrosarcoma cells with normal mouse fibroblasts maintained in 
laboratory cultures were found to lose human chromosomes prefer­
entially. Hybrid cells in the latter case segregate into clones, some of 
which are tumorigenic and some of which are not (diagram at right). 
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planting an early embryo at an abnor­
mal site in the animal's body. typically 
under the kidney capsule. 

In two recent experiments Ralph L. 
Brinster of the University of Pennsylva­
nia School of Veterinary Medicine and 
then Beatrice Mintz and Karl Illmensee 
of the Institute for Cancer Research in 
Philadelphia injected totipotent cells de­
rived from teratomas into the cavity of a 
blastocyst (an early embryo) obtained 
from a normal mouse belonging to a 
strain that was different from the one 
from which the teratoma cells were de­
rived. The teratoma-containing blasto­
cysts were then surgically implanted in 
the uterus of mouse "foster mothers. " 
After the normal development of the 
embryos from the implanted blastocysts 
the mice that were born turned out to be 
chimeric. that is. they had in their nor­
mal tissues cells that had been derived 
from both the blastocyst and the tera­
toma. Moreover. tissue-specific gene 
products. such as hemoglobin and im­
munoglobulin. were found that were 
specific for the strain of mouse from 
which the teratoma was derived. Since 
the teratoma cells had become perfectly 
normal and had developed into normal 
tissues when they were placed in the 
proper environment (the blastocyst). it 
can be concluded that teratomas are 
caused by changes in gene function and 
not by mutations of the cellular genome. 

Taking advantage of the fact that toti­
potent mouse teratoma cells can be 
grown in tissue culture. we have pro­
duced TK-deficient mouse teratoma 
cells that are able to differentiate into 
normal mouse tissue after being injected 
into mouse 'blastocysts. The resulting 
cells are then fused with human cells. 
and the hybrids are found to retain hu­
man chromosome No. 1 7. which carries 
the gene for the TK enzyme. The hybrid 
cells are next injected into mouse blasto­
cysts. which are in turn implanted into 
mouse foster mothers. The chimeric 
mice that are born contain tissues de­
rived from both the blastocysts and the 
hybrid cells [see illustration at right). The 
question of whether the human TK en­
zyme is expressed in these mice is cur­
rently being investigated. 

An interesting experiment for the fu­
ture will be to produce hybrids by fusing 
mouse teratoma cells with human cells 
derived from patients with familial can­
cers. Such hybrids. having lost most of 
the human chromosomes but having re­
tained the genetic information responsi­
ble for the expression of. say. retinoblas­
toma or polyposis of the colon. could 
then be injected into mouse blastocysts. 
which in turn could be implanted in the 
uterus of mouse foster mothers. If via­
ble progeny were to develop as a result 
of the procedure. that would open an 
entirely new path for exploring the ef­
fects of human cancer genes in an exper­
imental animal. 

GRAY MOUSE WITH TERATOMA 

MOUSE 

TERATOMA CELL 

DEFICIENT IN TK 

BLACK MOUSE 

FUSION 

FACTOR 

HUMAN CELL 

DEFICIENT IN 

HPRT 

HYBRID CELL CONTAINING 

HUMAN CHROMOSOME NO 17 

HYBRID CELL INJECTED INTO 

BLASTOCYST FROM BLACK MOUSE 

BLASTOCYST IMPLANTED IN 

BLACK "FOSTER MOTHER" 

"TOTIPOTENT" CELLS, cells that by definition are capable of developing into the cells of 
all types of body tissue, can be obtained from a laboratory mouse with a teratoma, a tumor of 
the gonads. When teratoma cells that had been made deficient in the enzyme TK were fused 
with human cells deficient in HPRT, and hybrid clones were selected in the HAT medium, the 
resulting hybrids were found to retain human chromosome No. 17, which carries the gene for 
the TK enzyme. The hybrid cells were then injected into mouse blastocysts (early embryos), 
which were in turn implanted into mouse "foster mothers." The chimeric, or multicolored, mice 
that were then born were found to contain tissues that had been derived from both blastocysts 
and hybrid cells. It is not yet known whether the human TK enzyme is expressed in these mice. 
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Supergravity and the Unification 
of the Laws of Physics 

In this new theory the gravitational force arises from a symmetry 
relating particles with vastly different properties. The ultimate 
result may be a unified theory of all the basic forces in nature 

by Daniel Z. Freedman and Peter van Nieuwenhuizen 

Acatalogue of the most basic con­
stituents of the universe would 
have to include dozens or even 

hundreds of particles of matter, which 

interact with one another through the 
agency of four kinds of force : strong, 
electromagnetic, weak and gravitation­
al. There is no obvious reason why na­
ture should be so complicated,  and per­
haps the most ambitious goal of modern 
physics is to d iscover in the diversity of 
particles and forces a simpler underly­
ing order. In particular , a more satisfy­
ing understanding of nature could be 
achieved if the four forces could some-
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how be unified .  Ideally they would all be 
shown to have a common origin; they 
would be viewed as d ifferent manifesta­
tions of a single more fundamental 
force. 

In the past 50 years remarkable prog­
ress has been made in identifying the 
elementary particles of matter and in 
understanding the interactions between 
them. Of course, many problems remain 
to be solved ;  two of the most fundamen­
tal ones concern gravitation. First, it is 
not understood how gravitation is relat­
ed to the other fundamental forces. Sec­
ond , there is no workable theory of 
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HISTORY OF THEORIES in physics suggests a gradual development toward unification. The 
first great synthesis was achieved by Newton, who showed that the motion of projectiles on the 
earth and the orbits of the planets could be explained by the same simple law. In a similar way 
James Clerk Maxwell devised a single theory encompassing both electricity and magnetism. In 
the 20th century Newton's theory has been superseded by Einstein's general theory of relativ­
ity, and Maxwell's theory has been extended to create a quantum field theory, called quantum 
elec;trodynamics. Recently the weak force has been combined with electromagnetism. The 
strong force is also described by a quantum field theory, and ultimately it may be possible to 
regard all three of these forces (strong, weak and electromagnetic) as manifestations of a sin­
gle principle. Supergravity is a theory developed in the past two years that describes gravita­
tion in terms of a quantum field theory. It is still untested but it might unify all forces in nature. 
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gravitation that is consistent with the 
principles of quantum mechanics. Re­
cently a new theory of gravitation called 
supergravity has led to new ideas on 
both these problems. It may represent a 
step toward solving them. 

Of the fundamental forces in nature 
gravitation was the first to be rec­

ognized and the first for which a mathe­
matically accurate theory was found , 
namely the theory published by Newton 
in his Principia of 1 687. Newton devised 
the simple law that the gravitational 
force acts universally between all pairs 
of particles with a strength d irectly pro­
portional to the product of their masses 
and inversely proportional to the sq uare 
of the distance between them. He could 
then calculate both the motions of ter­
restrial projectiles, which agreed with 
the observations of Galileo, and the or­
bits of the planets, which agreed with 
the empirical laws of planetary motion 
formulated by Kepler . The develop­
ment of a law of force that correctly 
described both terrestrial and astronom­
ical motions was an extraordinary syn­
thesis. 

A similar unification was accom­
plished in the treatment of electromag­
netism. To the natural philosophers of 
the 1 8th century there was no apparent 
relation between the static electricity 
generated by combing one's hair, the 
magnetic force on a compass needle and 
the l ight emitted by a candle or the sun. 
In the 1 9th century,  however , all these 
phenomena were shown by James Clerk 
M axwell to be related by a set of differ­
ential equations, which are now known 
as M axwell's equations for the electro­
magnetic field. 

Near the end of the 1 9th century the 
opinion prevailed that all the complex 
manifestations of gravitation and elec­
tromagnetism could be described by the 
laws of Newton and M axwell .  All that 
remained was to work out the conse­
quences of the equations in detail. This 
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complacent view was shattered by a se­
ries of experimental results obtained in 
the decades immediately before and af­
ter the turn of the century. One impor­
tant conflict between theory and experi­
ment was created by the discovery that 
the speed of l ight, unlike the speed of all 
other waves, does not depend on the mo­
tion of the observer. Another d ifficulty 
was the interpretation of the d iscrete 

lines in the spectra of atoms. It had long 
been known that atoms emit light only 
at particular, characteristic frequencies, 
but this observation could not be recon­
ciled with the d iscovery that atoms con­
sist of electrons in orbit around a tiny, 
dense nucleus. Maxwell's theory pre­
d icted that a continuous spectrum of 
light would be emitted as electrons spi­
ral in toward the nucleus .  

QUANTUM FIELD THEORIES explain the forces acting on a particle in terms of  other par­
ticles that can be emitted or absorbed, Such events are represented graphically by vertexes. In 
the basic vertex of quantum electrodynamics lines representing an electron (e-) or a positron 
(e+) intersect a third line representing a photon (y). The vertex can be interpreted three ways, 
depending on the directions in which the various particles are moving. An electron and a posi­
tron can annihilate each other to yield a photon (left); a photon can decay into an electron and 
a positron (middle), or an electron can decay into a photon and another electron (right). The 
creation and annihilation of particles and antiparticles is the characteristic process that distin­
guishes quantum field theories from "classical" field theories such as Maxwell's or Einstein's. 

STRONG FORCE ELECTROMAGNETISM 

WEAK FORCE GRAVITATION 

INTERACTIONS BETWEEN PARTICLES can be visualized by drawing diagrams in which 
two vertexes are connected. The force between the two particles is transmitted by the exchange 
of a third particle, which is said to be virtual because it cannot be detected. Each of the four 
forces in nature has its own virtual particles, or quanta. The quantum of the electromagnetic 
force is the photon. Strong interactions between quarks (the supposed constituents of protons 
and neutrons) are mediated by particles called gluons. The weak force is transmitted by parti­
cles (W+, W- and ZO) that are thought to be exactly like the photon except that they have a 
large mass. The quantum of gravitation is the graviton, a massless particle. Of these exchanged 
quanta only the photon has been observed, but there is confidence that the others also exist. 
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These conflicts were resolved with the 
development of two theories that have 
become foundation stones of modern 
physics: the special theory of relativity 
and quantum mechanics. In order to 
achieve this resolution it was necessary 
to abandon the concepts of absolute 
time and determinism in the motion of 
particles, concepts that were so deeply 
ingrained it was d ifficult to recognize 
that they were actually hidden assump­
tions. In special relativity time and 
space were related .  and in quantum me­
chanics particles and waves were shown 
to be equivalent. It was then possible to 
understand why the speed of light is the 
same for all observers and why the spec­
tral l ines of atoms have fixed, discrete 
freq uencies. 

In Newton's theory of gravitation 
space and time do not have the close 
relation they have in special relativity, 
and so special relativity made necessary 
a revised theory of gravitation. Such a 
theory was proposed by Einstein in 1 9 16 
and was called the general theory of rel­
ativity . It too became a foundation stone 
of modern physics. 

Early in the 20th century two new fun­
damental forces of nature were dis­

covered .  They are the weak interaction, 
which is responsible for the beta decay 
of radioactive elements, and the strong 
force, which binds together protons and 
neutrons in atomic nuclei. These forces 
had not been discovered earlier because 
they are effective only over the short 
range of subatomic d istances. whereas 
gravitation and electromagnetism are 
long-range forces that can be observed 
macroscopically . 

The four forces present a bewildering 
variety of properties. Differences in 
range have already been mentioned; 
there are even greater disparities in ef­
fective strength. As might be expected, 
the strong force is the most powerful of 
the four (at short range). If  the strong 
interaction between two protons is de­
fined as having a strength of 1 ,  then the 
electromagnetic force between the same 
particles has a strength of about 1 0.2 and 
the weak force has a strength of 1 0.5. 
The gravitational force is extraordinari­
ly feeble, with an intrinsic strength of 
only 1 0.39• One can visualize how weak 
that force is by imagining an atom in 
which the electrons are bound to the 
nucleus by gravitation instead of elec­
tromagnetism; a single hydrogen atom 
would then be far larger than the esti­
mated size of the universe . 

In spite of the disparate properties of 
the four forces i t  is natural to search for 
a deeper theory in which they would 
have a common origin. Einstein devoted 
much of the last part of his l ife to the 
search for a unified field theory of gravi­
tation and electromagnetism. Other 
physicists joined the effort, but the re­
sults of their work were never convinc-
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ing, perhaps because quantum-mechan­
ical ideas were not incorporated in their 
theories. 

During the past decade the weak and 
the electromagnetic forces have been 
unified in the work of Steven Weinberg 
of Harvard University and later in that 
of Abdus Salam of the International 
Centre for Theoretical Physics in Tri­
este and John Ward of New Zealand . It 
is thought that a similar approach can 
also encompass the nuclear force. Ironi­
cally , however, this synthesis does not 
include the force that has been known 
the longest: gravitation. 

The theory of supergravity suggests a 
new approach to unification. Supergrav­
ity is an extension of general relativity , 
and it makes the same predictions for 
the classical tests of Einstein's theory ,  
such as the precession of  planetary or­
bits, the bending of starlight passing 
near the sun, the red shift of stellar spec­
tral lines and the delay of radar signals 
passing through the solar gravitational 
field. At the microscopic, or quantum, 
level ,  however , supergravity is different 
from general relativity. When the prob­
ability of certain quantum-mechanical 
effects of gravitation is calculated in 
general relativity , the probability turns 
out to be infinite , a result that makes no 
sense . In supergravity finite answers 
have been obtained in all calculations 
that have been done so far. 

In constructing new physical theories 
it is helpful to be guided by principles 
of symmetry , which allow one law to 
describe objects or concepts that had 
seemed unrelated .  As will be explained 
below, a symmetry of a physical theory 
can hold in either global or local form. 
Theories with local symmetry, which 
are also called gauge theories, have 
proved to be much more powerful. The 
general theory of relativity and Max­
well's theory of electromagnetism are 
both based on local symmetries. The re­
cent unified field theories of the weak 
and the electromagnetic interactions are 
also gauge theories. It is therefore sus­
pected that any theory unifying the four 
forces should also have local symmetry. 

Supergravity is based on a new sym­
metry so remarkable even at the global 
level that it has been given the name 
supersymmetry. Supersymmetry relates 
the two broad classes of elementary par­
ticles, namely the fermions (such as the 
electron, the proton and the ne utron) and 
the bosons (such as the photon) . Fermi­
ons and bosons have vastly d ifferent 
properties, and finding a fundamental 
relation between them was quite unex­
pected .  In supergravity , supersymme­
try is extended from the global level to 
the local level .  Remarkably, this exten­
sion leads automatically to theories that 
incorporate the gravitational force and 
suggest the possibil ity of unifying gravi­
tation with the other forces. 

Supergravity has not been tested by 
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technical position after graduation, 
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How many companies can offer 
you a nuclear submarine to operate? 
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one place-the Navy. 
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experiment. It IS still a speculative theo­
ry, but the progress that has been made 
so far is encouraging. By bringing to­
gether several of the most fundamental 
concepts in modern physics. supergravi­
ty has already achieved more than any 
earlier quantum theory of gravity 

The present understanding of the fun­
damental laws of nature arose from 

three principles: special relativity. gen­
eral relativity and quantum mechanics. 
Each of them resolved an experimental 
or theoretical conflict and each went on 
to predict new phenomena that were 
subsequently verified by experiment. 
Today there can be little doubt about 
their validity. 

Einstein proposed the special theory 
of relativity in order to reconcile the 
concept of motion in Newtonian me­
chanics with the experimental finding 
that the speed of light is constant for all 
observers. If light waves behaved in the 
same way that waves on the surface of 
water behave. an observer in motion 
with respect to the waves would mea­
sure a wave velocity different from that 
measured by an observer at rest. Max­
well's equations seemed to predict that 
the speed of light did not depend on the 
motion of an observer. and since the 
prediction was in conflict with common 
sense it was supposed Maxwell's equa­
tions were valid only for observers at 
rest. In 1 888 the experiment of A. A. 
Michelson and E. W. Morley showed 
that this supposition was false. It was 
Einstein's genius to realize that the ele­
gant form of Maxwell's equations was 
more important than the Newtonian. 
or commonsense, view of motion. He 
showed that Maxwell's equations be­
come valid for all observers if the scales 
of both length and time employed by 
any two observers depend intrinsical-

FORCE STRENGTH RANGE 

STRONG 1 SHORT 

E LECTRO-

MAGNETIC 
1 0  2 LONG 

WEAK 1 0-5 SHORT 

GRAVITATIONAL 1 0-3' LONG 

ly on their relative velocity. He then 
showed that the laws of Newtonian me­
chanics could be modified to incorpo­
rate these new concepts of space and 
time. One important prediction is that 
the speed of light is the maximum veloc­
ity allowed for any particle or signal. 
Another well known prediction is the 
relation between the energy and mass of 
a particle. E = 11lC2• a formula that de­
termines the energy released in nuclear 
reactions. 

The general theory of relativity was 
proposed by Einstein in 1916. after nine 
years of grappling with the problem of 
formulating a theory of gravitation in 
agreement with the space-time symme­
try of special relativity and with the ex­
perimental observation. known since 
Galileo. that all bodies. regardless of 
their mass. follow the same trajectory in 
a gravitational field. In its conceptual 
content and in the breadth of creative 
insight req uired. general relativity is a 
stunning achievement of the human in­
tellect. Roughly speaking, Einstein first 
reasoned that if the trajectories of fall­
ing bodies are independent of their 
mass. gravitation must be related to the 
intrinsic structure of space and time. He 
then derived equations that express this 
idea in mathematical form, drawing on 
the methods of non-Euclidean geome­
try form ulated a century earlier by Carl 
Friedrich Gauss and Bernhard Rie­
mann. The resulting theory predicted 
that starlight passing near the limb of 
the sun would be bent toward the sun 
twice as much as Newton would have 
predicted. Einstein suggested that this 
effect be measured during a total eclipse 
of the sun. The results of an expedition 
led by A. S. Eddington were announced 
on the first anniversary of the armistice 
of World War 1. It was a dramatic and 
sublime moment in the history of sci-

ence. Einstein's deep theoretical rea­
soning had found confirmation in the 
ultimate laboratory of nature. 

Years after the form ulation of general 
relativity Einstein wrote: "In the light 
of the knowledge obtained. the happy 
achievement seems almost a matter of 
course and any intelligent student can 
grasp it without too much trouble. But 
the years of anxious searching in the 
dark with their intense longing. their al­
ternations of confidence and exhaustion 
and the final emergence into light-only 
those who have experienced it can un­
derstand that." His words apply equally 
well to other path breaking discoveries 
in physics. 

Quantum mechanics. which was de­
veloped in 1926 by Werner Heisenberg. 
Erwin Schrodinger and others. gave a 
convincing explanation of the discrete 
lines in atomic spectra. Quantum me­
chanics describes the electrons in atoms 
not as point particles but as superposi­
tions of waves. which can be interpreted 
as a probability distribution around the 
nucleus. The energy of each distribution 
has a definite value. and radiation at dis­
crete frequencies is emitted when an 
electron jumps from one such quantum 
state to another. The strict determinism 
of classical mechanics is abandoned in 
the quantum theory and is replaced by a 
probabilistic interpretation of measure­
ments at the microscopic level. For ex­
ample. an electron in an atom can be 
anywhere around the nucleus: the prob­
ability of finding it at any given point is 
related to the amplitude of the wave dis­
tribution at that point. 

I f modern theoretical physics was to be 
built on the foundations of special 

relativity and quantum mechanics. it 
was essential to bring the two theories 
together The first major advance was 

MASS OF S P I N  OF 
NATU R E  OF 

PARTICLES PARTICLES FORCE BETW E E N  
EXCHANGED EXCHANGED 

ACTED ON EXCHANGED 
PARTICLES PARTICLES 

IDENTICAL 

PARTICLES 

QUARKS GLUONS ? 1 R E PULSIVE 

ELECT R ICALL Y 

CHARGED PHOTONS 0 1 REPULSIVE 

PARTICLES 

ELECTRONS, INTE R M EDIATE 

NEUTRI NOS VECTOR BOSONS 50- 1 00 GeV 1 REPULSIVE 

AND QUARKS (W', W-, ZOl 

ALL PARTICLES GRAVITONS 0 2 ATTRACTIVE 

FOUR FORCES have a character determined largely hy the proper­
ties of the associated quanta, The mass of the exchanged particle de­
termines the range of the force; only forces transmitted by massless 
particles can have a long range, Spin angular momentum also has an 
important influence, Forces transmitted by particles whose spin is an 

even integer are invariably attractive; quanta with odd-integer spin 
give rise to repulsive forces between like particles, Although gravita­
tion is exceedingly feeble, it is the only one of the four forces that is 
both long-range and attractive between all pairs of particles. Gravi­
tation therefore determines the large-scale structure of the universe. 
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SPIN ANGULAR MOMENTUM affects not only the kinetics of particles but also the statisti­
cal behavior of systems made up of two or more identical particles. Those particles whose spin 
is half an integer (such as the electron and the proton) are called fermions. They obey the exclu­
sion principle formulated by Wolfgang Pauli: No two fermions can occupy the same quantum­
mechanical state. Particles with integer spin (such as tbe photon and the graviton) are called 
bosons, and they can be brought together in unlimited numbers at one point or in one quantum­
mechanical energy state. Hence in any system with a spectrum of energy states fermions distri­
bute themselves one to a state, whereas bosons tend to condense in the lowest state available. 

made by P. A. M. Dirac. who formulat­
ed a relativistic quantum wave equation 
for the electron in 1 928. A surprising 
prediction emerged from Dirac's work. 
His eq uation was consistent only if there 
existed a new particle with the same 
mass as the electron but opposite elec­
tric charge. This antiparticle of the elec­
tron. called the positron. was discovered 
in 1 932. It is now recognized that there 
must be an antiparticle for every parti­
cle in nature. 

A full unification of special relativity 
and quantum mechanics came with the 
development of quantum field theory. 
which began with work by Dirac. Hei­
senberg and Wolfgang Pauli in the late 
1920·s. Quantum field theory is a gener­
al formalism that in principle can be 
applied to each of the four forces. In 
practice . however . d ifficulties arise from 
the infinities that appear in the calcula­
tion of certain quantum contributions 
to probabilities. These difficulties were 
first overcome in quantum electrody­
namics. which is the quantum field the­
ory that describes the electromagnet­
IC interactions of electrons. positrons 
and photons. Success came in the late 
1940·s. two decades after the formula­
tion of the theory . when Richard P. 
Feynman. J ul ian S. Schwinger . and Sin-

. Itiro Tomonaga developed simplified 
methods of calculation in closer harmo­
ny with the underlying symmetries of 
the theory. It was found that through a 
method called renormalization the in­
finities could be removed in an unam­
biguous way. The finite predictions ob­
tained could then be compared with ex­
periment. The predictions of quantum 
electrodynamics are confirmed with ex-
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traordinary accuracy.  For example. the 
theory predicts that the electron acts as 
a tiny magnet. The measured value of 
the electron's magnetic strength. which 
is 1 .00 1 1 596524 ± .0000000002. agrees 
with the theoretical prediction to within 
a few parts in 10 billion. 

The renormalization procedure can 
be applied only in a special class of 
quantum field theories where the infini­
ties can be compensated for by correc­
tion of the basic parameters of the the­
ory . such as the mass and the charge 
of the electron. The observed electron 
mass is the sum of the "bare mass" and 
the "self-energy" resulting from the in­
teraction of the electron with its own 
electromagnetic field. Only the sum of 
the two terms is observable. The self-en­
ergy can be calculated and turns out to 
be infinite. Nothing is known about the 
bare mass. and so it can be assigned a 
negatively infinite value. with the result 
that the two infinities cancel and y ield 
the observed finite mass of the electron. 

Denormalization works in quantum 
.n. electrodynamics and in the current­
ly accepted field theories constructed to 
describe the strong interactions. For 
many years it seemed there was no con­
vincing renormalizable theory of the 
weak interactions. That situation was 
changed in the early 1 970's by a theoret­
ical discovery made by Gerard 't Hooft 
and Martin J. G. Veltman of the Univer­
sity of Utrecht. which was developed 
further by them and by the late Benja­
min W. Lee of the Fermi National Ac­
celerator Laboratory and by J. Zinn­
J ustin of the Saclay N uclear Research 
Center near Paris. They showed that the 

unified field theories of the weak and 
the electromagnetic interactions can be 
renormalized. Quantum theories of the 
gravitational force still have serious dif­
ficulties with infinities; it is here that 
supergravity offers new hope . 

In quantum field theory particles are 
identified with waves or quanta of the 
underlying field. An important predic­
tion of quantum field theory is that par­
ticles sp in about an axis. The rate of spin 
can take only values that are integer or 
half-integer multiples of Planck's con­
stant. The short-lived pi meson has a 
spin of O. the electron. the proton and 
the neutron have a spin of 1 12 and the 
photon has a spin of 1 . 

One general prediction of quantum 
field theory that is strikingly confirmed 
in nature is the connection between the 
spin of a particle and its statistics. that is. 
the behavior of a system made up of two 
or more identical particles. Particles 
with half- integer spin (such as 1 12. 3 12. 
5 12) are fermions. and they obey the 
exclusion princ iple formulated by Pauli .  
which states that no two identical fer­
mions can occupy the same point in 
space or. more generally .  the same 
quantum state . It is this property of fer­
mions that explains the elaborate struc­
ture of electron shells in atoms and 
hence the diverse chemical properties of 
the elements. If it were not for the exclu­
sion princ iple. all the electrons in an 
atom would condense in the lowest ener­
gy level. In bulk matter at high density 
the same principle leads to an effective 
repulsive force between identical fer­
mions. This force explains the stabil ity 
of white-dwarf stars and neutron stars, 
which without it would collapse into 
black holes under the attractive gravita­
tional force. 

For particles with integer spin. the bo­
sons. the statistics are entirely different. 
There is an increased probability for 
two or more bosons to occupy the same 
point in space or the same quantum 
state . Such superpositions of many iden­
tical bosons can lead to macroscopically 
observable effects. For example. laser 
light is a superposition of many pho­
tons with the same energy and direc­
tion. Given the disparate properties of 
bosons and fermions. it is all the more 
remarkable that a symmetry has been 
found that can relate them. 

I n quantum field theory al l  forces be­
tween particles are described by the 

exchange of "virtual" particles. The re­
pulsive force between two electrons 
comes about when one electron emits a 
photon. which is then absorbed by the 
other electron. The intermediate photon 
is said to be virtual because it cannot be 
observed directly in this process; it ex­
ists for too short a time. It can be proved 
in quantum field theory that long-range 
forces arise from the exchange of mass­
less particles and short-range forces 
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arise from the exchange of particles with 
mass. The short-range nuclear force be­
tween two protons arises from the ex­
change of pi mesons. whose mass is 300 
times that of an electron. At a more 
fundamental level the proton. the neu­
tron and the pi meson are thought to be 
made up of quarks. In this view the 

strong force arises from the exchange by 
the quarks of virtual particles called 
gluons. The weak force is thought to 
arise from the exchange of intermediate 
vector bosons. which are very heavy 
particles of spin 1 predicted by the uni­
fied field theories of weak and electro­
magnetic interactions. 

Although a satisfactory theory of 
quantum gravity is yet to be established. 
one can anticipate that the Newtonian 
force will arise from the exchange of a 
virtual particle . This particle is called 
the graviton. It must be massless be­
cause gravity is a long-range force . Its 
spin must be an even integer. such as O. 2 

QUANTUM CORRECTIONS to the classical laws of force are rep­
resented by diagrams that have closed loops. In the interaction be­
tween two electrons the exchange of a single virtual photon (top) cor­
responds to the force predicted by Maxwell's theory of electromag­
netism. In quantum electrodynamics more complicated interactions 
must be considered. For example, a photon can be emitted and then 
reabsorbed by the same electron, two photons can be exchanged, or 

the virtual photon can give rise to an electron and a positron, which 
then annihilate each other to yield another photon. A long-standing 
problem in quantum field theories is that such loop diagrams pre­
dict an infinite probability of interaction. In quantum electrodynam­
ics a procedure called renormalization eliminates the infinities. The 
difficulty of formulating a quantum theory of gravity is that the re­
normalization procedure is not effective and some infinities persist. 
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or 4. because it can be shown that the 
exchange of bosons whose spin is an odd 
integer gives rise to forces that are repul­
sive between like particles .  The spin 
cannot be 0 because in that case light 
would not bend toward the sun. The 
next-simplest case , spin 2 .  satisfies all 
experimental tests. 

The arguments of the preceding para­
graph can be reversed ,  that is, the gener­
al theory of relativity can be derived 
from the assumption that the gravita­
tional force results from the exchange of 
massless spin-2 particles and that these 
particles are described by a quantum 
field theory . All particles are pulled by 
the virtual gravitons in such a way that 
they follow the same curved trajectories 
predicted by Einstein's equations. This 
new derivation of general relativity does 
not detracdrom Einste in's discovery . It 
simply illuminates it from the new view­
point of forces in quantum field theory. 

The basic difference between classical 
field theories and quantum field theory 
is that only in the latter can particles be 
created and destroyed .  The annihilation 
of an electron and a positron to yield 
two photons is possible only in quantum 
field theory . Since the process is fre­
quently observed in the laboratory , 
there is no doubt that this aspect of 
quantum field theory is correct. Indeed, 
the prediction of the probabil ity for this 
event by quantum electrodynamics is in 
complete agreement with experiment. 

The basic element of a quantum field 
theory is the "vertex," in which one par­
ticle disintegrates to yield two or more 
other particles .  The vertex for quantum 
electrodynamics is the intersection of 
two lines that represent electrons or pos­
itrons and one line that represents a pho­
ton. The vertex can describe the creation 

ORIGINAL SPHERE 

of an electron-positron pair by a decay­
ing photon, the annihilation of an elec­
tron-positron pair creating a photon or 
the decay of an electron into a second 
electron and a photon. 

The probability for any process in a 
quantum field theory is obtained by 
forming diagrams in which vertexes are 
connected in all possible ways. For the 
scattering of one electron by another the 
simplest diagram shows the exchange of 
a single photon, which represents the ef­
fects of the classical electromagnetic 
force. Other diagrams have closed loops 
of virtual particles .  The loop diagrams 
represent the quantum corrections to 
the classical law of force. For each dia­
gram there is a well-defined but compli­
cated mathematical expression. In suc­
cessful quantum field theories it is possi­
ble to evaluate these expressions and to 
remove the infinities they often exhibit 
by renormalization. The probabil ity for 
the process is then obtained by adding 
the amplitudes for all the diagrams and 
squaring the sum. There are an infinite 
number of diagrams and so it is impossi­
ble to obtain an exact result. In quantum 
electrodynamics the contribution of the 
diagrams with one loop is smaller than 
the contribution of the diagrams with no 
loops by a factor of less than 1 percent. 
Diagrams with two loops are smaller by 
an additional factor of 1 percent, and so 
on. Hence ,an accurate approximation of 
the total amplitude can be obtained by 
considering only a few diagrams. 

Throughout history the decorative 
patterns of many cultures bear wit­

ness to the strong appeal symmetry has 
always had for mankind. A symmetry 
can be understood as a motion that 
leaves the form of a pattern or an object 

GLOBAL SYMMETRY 
TRANSFORMATION 

invariant. For example , a cube rotated 
90 degrees appears to be unchanged,  
and a sphere is invariant after any rota­
tion around its center . Physical theories 
can have symmetries of a similar kind, 
but what is invariant after a transforma­
tion is not a pattern or an object but the 
mathematical laws of the theory itself. 
Physicists now recognize that symme­
tries play a vital role in our understand­
ing of nature. 

As an example of a fundamental sym­
metry , consider two astronauts studying 
electromagnetic phenomena from two 
spacecraft drifting freely in some inter­
stellar region, where they would have 
constant relative velocity . Each astro­
naut defines a coordinate system with 
the origin at his own position and with 
different orientation. The two astro­
nauts therefore identify external events 
by different coordinates,  and records of 
the ir observations would look quite dif­
ferent. If they red uce their findings to 
physical laws, however , they both find 
that Maxwell's equations are valid. 

The principle demonstrated by this 
thought experiment is called Poincare 
invariance , after the French mathemati­
cian Henri Poincare.  It is the space-time 
symmetry underlying the special theo­
ry of relativity. Comparison of the ob­
servations made by the two astronauts 
would show that their coordinate sys­
tems are related in the manner required 
by special relativity . Poincare invari­
ance states explicitly the experimentally 
verified assumption that the laws of na­
ture are the same across town as they are 
in your backyard. More precisely, it 
states that all laws of physics take the 
same form in any two coordinate sys­
tems, even if they are shifted and rotated 
and moving with respect to one another,  

LOCAL SYMMETRY 
TRANSFORMATION 

SYMMETRIES can be present in laws of nature as well as in pat­
terns and in objects such as crystals, Just as a crystal retains its form 
after a specified rotation or translation, a symmetrical law of nature 
remains invariant after some specified transformation. The symme­
tries in physics are of two types, called global and local; the distinc­
tion between them can be illustrated by considering an ideal spherical 
balloon (left), marked with a system of coordinates so that the posi­
tions of all points on the surface can be identified. A global symme­
try is exhibited if the sphere is rotated about some axis (middle). 

The rotation is a symm etry operation because the form of the sphere 
remains unchanged; it is a global symmetry because the positions of 
all the points on the surface are changed by the same angular dis­
placement, Local symm etry requires that the balloon keep its shape 
even if the points on the surface are moved independently (right). It 
is notable that a local symm etry operation stretches the balloon and 
therefore introduces forces between points, Each of the four basic 
forces in nature is thought to arise from a similar requirement that 
a law of nature be invariant under a local symm etry transformation, 
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as long as they have a constant relative 
velocity. 

There is a vital distinction between 
symmetries such as this one , which are 
said to be global, and local symmetries. 
Global symmetry may sound like the 
grander concept.  but local symmetries 
impose more stringent requirements on 
theories and reveal deeper unities in na­
ture . Indeed,  the transition from a glob­
al symmetry to a local one describes the 
origin of the gravitational and the elec­
tromagnetic forces. and there is reason 
to suspect that the other forces also 
emerge from local symmetries. 

A global symmetry is one in which a 
transformation is applied uniformly to 
all points in space; in a local symmetry 
each point is transformed independent­
ly. The distinction can be illustrated by 
means of a spherical balloon with vari­
ous points marked on its surface. If an 
axis through the center of the sphere 
is chosen. the balloon can be rotated 
through some angle. Because the bal­
loon keeps its spherical form the rota­
tion is a symmetry operation of the 
balloon; because all the points on the 
surface are transformed in the same 
way (by rotation through the same an­
gle) it is a global symmetry operation. 

With an ideal balloon it would also be 
possible to move each point indepen­
dently .  pushing or pulling the points to 
new positions on the surface but keeping 
their distance to the center fixed.  Again 
the sphere retains its form. so that this 
procedure is also a symmetry operation. 
Each point is transformed independent­
ly of its neighbors and so it is a local 
symmetry, There is now a significant 
change: when the points are moved in­
dependently . the membrane of the bal­
loon is stretched and elastic forces de­
velop between the displaced points. 
These forces are not artifacts of an im­
perfect model; on the contrary. forces 
appear in the same way when a physical 
theory has a local symmetry.  

The Poincare invariance discussed 
above is a global symmetry because a 
transformation between the two sets of 
coordinates employed to describe a giv­
en point in space-time is the same for all 
points. The much stronger constraint of 
local Poincare invariance is established 
by requiring the laws of physics to retain 
the same form when the coordinates of 
each point are transformed indepen­
dently.  This change is equivalent to al­
lowing the two observers to have accel­
erated motion with respect to each oth­
er. At first it would seem that observers 
under these circumstances would not 
derive the same laws of physics because 
an accelerating observer experiences 
"fictitious" forces such as the centrif­
ugal force of rotational motion. Ein­
stein recognized that fictitious forces in­
duced by acceleration are closely relat­
ed to gravitational forces associated 
with masses. He showed that the laws 
of physics can be kept invariant if the 

ISOTOPIC SYMMETRY establishes a relation between particles with the same spin angular 
momentum, such as the proton and the neutron. Both these particles can be regarded as states 
of a primitive or undifferentiated particle called tbe nucleon, wbicb can be imagined to bave 
an arrow associated witb it in some fictitious space. If tbe arrow points up, tbe nUcleon is a pro­
ton; if it points down, tbe nucleon is a neutron. For real particles tbe arrow is eitber up or down, 
since no real particle is half proton and balf neutron, but tbe laws of physics tbat describe inter­
actions between protons and neutrons remain invariant under arbitrary rotations of tbe arrow. 

S P I N  = J S P I N  = J + '12 OR J - V2 

SUPERSYMMETRY relates particles with different spins, namely those witb the adjacent 
spins ofJand eitberJ + 112 orJ - liZ. Hence any fermion and boson with adjacent spins can be 
regarded as alternative manifestations of a single "superparticle" witb an arrow in an auxiliary 
space. Such a fundamental symmetry between fermions and bosons was long tbougbt to be im­
possible. In quantum field tbeories witb local supersymmetry the gravitational force appears 
naturally. Tbe spin-Z graviton has a fermion partner witb a spin of 3 /Z. The name gravitino 
has been suggested for this particle, Neitber tbe graviton nor tbe gravitino has been observed. 

gravitational field is introd uced into the 
equations. The result is the general theo­
ry of relativity . 

The above example illustrates a pow­
erful, general feature of the relation 

between global and local symmetries. If  
a set  of physical laws is invariant un­
der some global symmetry , the stronger 
requirement of invariance under local 
symmetry can be met only by introduc­
ing new fields, which give rise to new 
forces. The fields are called gauge fields. 
and they are associated with new parti­
cles whose exchange gives rise to the 
corresponding forces .  Thus gravitation 
is the ga uge field of local Poincare' in­
variance , and the gravitational force re­
sults from the requirement that Poin­
care symmetry be local. 

The existence of electromagnetic 

forces can also be derived from the re­
quirement of local symmetry. In a quan­
tum field theory charged particles are 
described by fields that have two num­
bers at every point in space-time: an am­
plitude and a phase . The amplitude 
measures the probability of finding a 
particle at a point and the phase de­
scribes the wave properties of the parti­
cle. Observable quantities such as the 
total energy of a set of charged particles 
do not change when the phase of the 
field is shifted by an amount that is the 
same at all points. Thus the field has 
a global symmetry under a change of 
phase . Local symmetry would require 
that observable quantities remain invar­
iant when the phase is allowed to vary 
independently at each point. To accom­
modate the local symmetry it is neces­
sary to introduce the electromagnetic 
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field as a gauge field; the quanta of this 
field are photons. which give rise to the 
electromagnetic force. With only a glob­
al symmetry there would be no electro­
magnetic forces between charged parti­
cles .  no photons and no light. 

Local electromagnetic symmetry is 
called an internal symmetry :  unlike 
Poincare invariance it does not involve a 
change in space-time coordinates .  An­
other internal symmetry. called isotop­
ic symmetry . is fundamental to nuclear 
physics: it establishes a relation between 
the proton and the neutron. 

The proton and the neutron both have 
a spin of 1 12 .  and they experience nucle­
ar forces of about the same strength. 
Isotopic symmetry allows them to be re­
garded as two alternative states of a sin­
gle undifferentiated particle . the nucle­
on. The nucleon can be imagined as a 
particle with an arrow in some imagi­
nary space . If the arrow points up. say . 
the particle is a proton; if it points down. 
it is a neutron. Physical particles always 
have the arrow pointing either up or 
down (there are no real particles that 
are half proton and half neutron). but 
the equations that describe the nuclear 
force are invariant under arbitrary rota­
tions of the arrow. In nuclear physics 
isotopic symmetry is a global symmetry. 
The arrow must rotate through the same 
angle at all points if the nuclear forces 
are to be invariant. 

The problem of extending isotopic 
symmetry from a global symmetry to a 
local one was solved in 1 954 by C. N .  
Yang and Robert Mills. They found that 
the transition to a local symmetry re­
quired the introduction of three gauge 
fields. each field associated with a mass­
less particle having a spin of 1. For more 
than a decade the Yang- M ills field theo­
ry was regarded as an elegant mathe­
matical curiosity without physical ap­
plications. The three massless particles 

and the long-range forces they would 
generate simply do not exist. 

It is now known that the gauge parti­
cles of the Yang-Mills field theory can 
exist. because they are not necessarily 
massless. They can acq u ire a mass-a 
very large mass-through a mechanism 
called spontaneous symmetry-breaking. 
It was shown by Jeffrey Goldstone of 
the University of Cambridge that the 
physical manifestations of a symmetri­
cal physical theory can sometimes be 
quite asymmetrical. An analogy to this 
process is the roulette wheel:  the equa­
tions of motion for the ball and wheel 
are symmetrical around the axis of rota­
tion. but the ball invariably comes to 
rest in an asymmetrical position. 

Peter Higgs of the University of Edin­
burgh subsequently showed that in theo­
ries pf gauge fields the effect of sponta­
neous symmetry-breaking is to give a 
mass to some of the gauge particles 
whereas others would be massless. Uni­
fied theories of the weak and the electro­
magnetic forces incorporating local iso­
topic symmetry and spontaneous sym­
metry-breaking were then constructed. 
In these theories the carriers of the 
short-range weak force are the interme­
diate vector bosons. They are gauge par­
ticles of spin 1 .  which acquire mass 
through the Higgs mechanism. The pho­
ton is a gauge particle that remains 
massless. Hence the simple requirement 
of local isotopic invariance led to. the 
unification of two of the basic forces in 
nature . As will be shown below. the ad­
ditional requirement of local supersym­
metry can further unify these forces 
with gravitation. 

I nternal symmetries such as isotopic 
symmetry relate particles that have 

the same spin. One of the dreams of the­
oretical physics has been to find sym­
metry schemes that would unite parti-
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cles having different spins. This dream 
was realized by the invention of super­
symmetry. Supersymmetry relates par­
ticles that have adjacent spins. such as 
1 and 1 12. and thus of necessity it em­
braces both fermions and bosons. What 
is equally remarkable. it relates internal 
symmetries to Poincare invariance. It 
is this connection that allows the con­
struction of the new gravitational theo­
ry of supergravity. 

S upersymmetry was formulated inde­
pendently by physicists in the U.S.S.R . .  
western Europe and the U.S. It  was  dis­
cussed in 1 97 1  by Y. A. Golfand and E.  
P .  Likhtman of the Lebedev Physical 
Institute in Moscow. Their work went 
unnoticed .  however. and the subject was 
rediscovered in 1 973 by D. V. Volkov 
and V. P. Akulov of the Physical-Tech­
nical Institute in Kharkov. A symmetry 
between bosons and fermions was also 
found in 1 97 1  by Pierre M. Ramond of 
the California Institute of Technology 
and by Andre Neveu of the Ecole Nor­
male Superieure and John' H. Schwarz 
of Cal Tech. Their work grew out of an 
approach to particle physics called dual 
models. In 1 973 J ulius Wess of the Uni­
versity of Karlsruhe and Bruno Zumino 
of the European Organization for N u­
clear Research (CERN) generalized that 
work to quantum field theory and gave a 
systematic procedure for constructing 
global supersymmetry theories. 

In the mid- 1 960's theorems had been 
proved that seemed to demonstrate the 
impossibility of the unification of Poin­
care invariance and internal symmetry. 
It is now apparent that these "no go" 
theorems are incorrect. but the error 
was not in the proof. Rather. one of the 
assumptions implicit in the theorems 
turned out to be too restrictive and 
could be relaxed. The assumption seems 
plausible and unexceptional, namely 
that the numbers employed in describ-
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SUPERSYMMETRY TRANSFORMATIONS result in a change 
in the position of a particle. Supersymmetry seems to be an internal 
symmetry that concerns only the properties of a particle and not its 
position. Remarkably, however, a repeated supersymmetry transfor­
mation, such as one from fermion to boson and back to fermion, 

1 36 

moves a particle from one point in space to another. In local super­
symmetry the displacement can be different at each point in space. 
The displacement of a particle through a supersymmetry transforma­
tion suggests a relation between supersymmetry and the structure of 
space-time; it is this relation that gives rise to the gravitational force. 
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ing the symmetry should obey the com­
mutative law for multiplication. It is 
now known that there is no need for this 
limitation. Supersymmetry theory in­
corporates as an essential element num­
bers that do not have the comm utative 
property . 

The commutative law for multiplica­
tion states that the product of two num­
bers does not depend on the order in 
which they are multipJ.ied .  Thus if rl and 
r2 represent any two real numbers. then 
(rt X r2) - (r2 X rl) = O. For example. 
(6 X 2) - (2 X 6) = O. For anticommut­
ing numbers the sign in this equat ion is 
changed .  If E l  and E2 are assumed to 
be two anticommuting numbers. then 
(E l X E 2) + (E2  X E l) = O. Of course . one 
cannot substitute numerical val ues in 
this equation. but one can none the less 
imagine that new numbers with this 
property exist. Such number systems 
were invented more than a century ago 
by Hermann Gunther Grassmann. who 
taught mathematics in the German town 
of Stettin. 

Supersymmetry can be described in 
much the same way that isotopic sym­
metry is .  A hypothetical "superparticle" 
is endowed with an extra arrow in an 
imaginary auxiliary space . If the arrow 
points up. the particle is a fermion; if it 
points down. it is a boson. The spins of 
the fermion and the boson are always 
adjacent. For example. a boson with a 
spin of 1 can join a fermion whose spin is 
either 1 /2 or 3 /2 .  For physical particles 
the arrow must always point e ither up or 
down. since no real particles are half 
boson and half fermion. but the equa­
tions that describe the forces between 
elementary particles are invariant under 
arbitrary rotations of the arrow. j ust as 
they are in isotopic symmetry.  The su­
per symmetry is global if the angle of 
rotation is the same at all points of 
space-time and local if the rotation is 
d ifferent at each point. 

Let us explain how a supersymmetry 
transformation works. Denoting the bo­
son and fermion fields b and f, a trans­
formation connects them with new 
fields b' and /' .  where I' = / + bE and 
b' = b + /E . The factor E is a measure of 
the angle of rotation of the superparticle 
arrow.  Although b is an ordinary num­
ber ./and E are anticommuting numbers. 

The necessity of anticommuting num­
bers in supersymmetry theories is relat­
ed to the Pauli exclusion principle.  the 
rule that forbids two fermions from oc­
cupying the same point. The probability 
of finding one fermion at a point is given 
by the value of the field /and the proba­
bility of finding two fermions is given by 
/X f, The Pauli exclusion principle re­
quires that /X /= O. and anticommut­
ing numbers have precisely this proper­
ty.  The probability of finding two bo­
sons at a point. which is b X b. need not 
vanish. so that b can be an ordinary 
number. Compliance with the Pauli 

L O r J G  RAN G E  SHORT RANGE 

S l' P E R C. R A  "ITY provides corrections to the gen eral theory of relativity at the quantum lev­
el. I n  g e n eral rclathity the gravitational force arises entirely from the exchange of gravitons; 
in  supergra,·ity there is an additional contrihution from the exchange of spin-3 / 2  gravitinos. 
Because the gra, i t i n os are fermions they are exchanged only in pairs, a process with n egli­
gibl e probabil ity except at short range. The predictions of general relativity for long-range in­
teractions arc u n c ha n g ed in supergravity; new effects are predicted only at microscopic scale. 

principle must  also be incorporated in 
the supersymmetry rotation law. Two 
bosons can occupy the same point. but if 
they are both transformed into fermions 
by a supersymmetry rotation, the proba­
bility of finding them at the same point 
must vanish. The probability is given by 
(f + bE) X (f + bE), and it must be equal 
to zero. This requirement implies that 
(fX E) + (E X f) is zero and that E X E 
equals zero. 

The most surprising property of su­
persymmetry is that repeated applica­
tion of the fermion-boson transforma­
tion moves a particle from one point to 
another in space-time . Thus a Poincare 
transformation (of position) is obtained 
by repeating a supersymmetry transfor­
mation. Since local Poincare in variance 
is the symmetry that gives rise to gener­
al relativity , a connection between su­
persymmetry and gravitation can also 
be expected. 

I t was argued above that the transition 
from a global to a local symmetry 

always introduces new gauge fields, 
which in turn give rise to new forces. An 
obvious question, then. is whether glob­
al supersymmetry can be promoted to a 
local invariance and , if so, what the na­
ture of the new gauge fields will be. Lo­
cal supersymmetry is indeed possible if 
two new fields are introduced ;  they are 
the field of the spin-2 graviton and a 
new spin-3 /2  field. 

The construction of a gauge theory of 
supersymmetry' begins with the obser­
vation that a repeated supersymmetry 
transformation yields a physical transla­
tion of a particle . This relation is em­
bodied in an equation that in effect 
states that the product of two supersym­
metry rotations is a shift in space-time. 
To obtain a local supersymmetry theory 
a gauge field must be introduced for 
each of the symmetries present in the 
equation. The shift in space-time is a 

Poincare transformation for which the 
spin-2 graviton is the appropriate gauge 
particle .  Hence gravitation appears nat­
urally in the theory, and it is for this 
reason that local supersymmetry is usu­
ally called supergravity . The gauge field 
for supersymmetry transformations is 
less readily determined,  but since super­
symmetry relates only particles of adja­
cent spin. it must be a fermion with a 
spin of 2 + 1 /2 or 2 - 1 /2 ,  that is. 5 / 2  
or 3 /2 .  Simplicity argues that the spin 
should be 3 /2 .  and more technical con­
siderations support the same choice. 

In 1 976 the most elementary example 
of a supergravity theory was construct­
ed by us in collaboration with Sergio 
Ferrara of the Frascati Laboratories 
near Rome. Shortly afterward Stanley 
Deser of Brandeis University and Zumi­
no showed how to formulate the theory 
in a simpler way. In our derivation we 
started with the assumption that the the­
ory should include a spin-2 graviton and 
a spin-3 /2 particle and that it should 
possess local Poincare invariance and 
local supersymmetry . After a great deal 
of mathematical work we found a theo­
ry that meets these requirements. 

Work with fields that describe parti­
cles of high spin is notoriously difficult .  
A theory for noninteracting spin-3 /2  
fields was published in  1 94 1  by Schwin­
ger and William R.  Rarita of the Law­
rence Berkeley Laboratory of the Uni­
versity of California, but all attempts 
to introd uce forces between the spin-
3 /2 particles and other particles led to 
inconsistencies. For example, in some 
of the proposed theories signals would 
travel faster than light, with the result 
that the laws of causality would be vio­
lated .  We now know that these attempts 
failed because spin- 3 / 2  particles can be 
coupled to other particles only when the 
forces are supersymmetric. 

The existence of a fundamental parti­
cle with a spin of 3 !2 is inescapable in 
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supergravity . The particle is a compan­
ion to the graviton. and the name gravi­
tino has been suggested for it .  It is not 
yet clear what properties the gravitino 
should be expected to have . In the sim­
plest super gravity theories it is massless 
and is coupled to other particles only by 
the feeble force of microscopic gravita­
tion. Such particles have not been ob­
served .  but they would be exceed ingly 
difficult to detect. Even &ravitons have 
not yet been observed experimental ly .  
In more complex supergravity theories .  
however. the gravitino can acqu ire a 

MAXWELL­

E I N ST E I N  

THEORY 

mass through spontaneous symmetry­
breaking.  and stronger forces can arise 
between the gravitino and other par­
t icles .  In  these theor ies the gravitino 
would be much easier to detect. The dis­
covery of such spin -3 12 particles would 
be strong experimental evidence for su­
pergravity .  

Part  of the di ffic ulty of uniting gravi­
tation with the other three forces is not 
that the respective theories are in con­
flict but that they simply have too l i ttle 
in common. In general relativity forces 
are derived from the geometric proper-
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FINITE PROBABILITY for loop diagrams in a quantum theory of gravity is obtained by in­
cluding gravitinos in the interaction. The diagrams shown here are those for the interaction be­
tween two photons. The first diagram, labeled Maxwell-Einstein Theory, consolidates all the 
one-loop diagrams that involve only gravitons and photons; the contribution from these dia­
grams is equal to an infinite quantity m ultiplied by the coefficient 1 3 7 /60. Five one-loop dia­
grams involving gravitinos can be constructed ; each of them is proportional to the sam e in­
finite term m ultiplied by the coefficients shown in brackets. Only the sum of the diagrams is 
observable, and adding the coefficients shows that the sum is zero. Hence tbe infinite contribu­
tions of the gravitinos cancel those of the gravitons and the diagrams have a finite probability. 
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ties of space and time . and in quantum 
fie ld theory they are derived from the 
exchange of quanta. Supergravity de­
scribes general relativity in the language 
of quantum field theory . but there is no 
apparent reason supergravity could not 
also be formulated in geometric terms. 
Such a geometric derivation seems to be 
possible in an extended space-time in 
which every point has not only the four 
usual space and time coordinates but 
also an additional set of coordinates 
ident ified by anticommuting numbers. 
A "superspace" of this kind was intro­
duced by Akulov and Volkov and was 
investigated further by Salam and John 
Strathdee of the International Centre 
for Theoretical Physics. This approach 
led to the construction of other super­
gravity theories. which actually preced­
ed the one d iscussed here . One such 
theory was developed by Richard L. 
Arnowitt and Pran N ath of N ortheast­
ern University. who followed the same 
steps as Einstein but in superspace rath­
er than ordinary space . The superspace 
theories are elegant but technically com­
plicated .  It is not yet known what par­
ticles they describe or whether they are 
physically consistent. 

The simplest supergravity theory de­
scribes a world consJsting of gravi­

tons and gravitinos only . That is clearly 
unrealistic since a unified field theory 
must have a place for all elementary 
particles .  The number of such particles 
is not precisely known. It now appears 
that the q!larks. which are the building 
blocks of protons and neutrons. are ele­
mentary.  Other particles that must be 
included are the electron and three relat­
ed particles :  the muon and two kinds of 
neutrino. The various gauge particles 
must also be counted :  the photon. the 
intermediate vector bosons of the weak 
interaction and the graviton. If  super­
gravity is correct. the gravitino must be 
added to the list .  

To accommodate these particles lo­
cal supersymmetry must be extended to 
include states with a spin of less than 
3 12 .  In principle this extension is easily 
achieved .  since supersymmetry can con­
nect any fermion-boson pair with adja­
cent spins. What is required .  then. is that 
more particles be added to the theory 
in adjacent-spin doublets. Techniques 
have been developed for describing the 
interactions of these doublets with the 
basic spin-2 and spin-3 12  doublet of 
the supergravity gauge fields. In the 
past year many such theories have been 
devised .  

In one category of theories an arbi­
trary number of particles can be added 
in doublets of spino ! and spino ! 12 or of 
spino ! 12  and spin-O. The advantage of 
these theories is that the number of par­
ticles can be adj usted almost at will to 
suit the elementary particles observed .  
A price must be  paid. however. for this 
flexibility . Such theories have the unde-

© 1978 SCIENTIFIC AMERICAN, INC



sirable characteristic that infinities in 
the one-loop diagrams cannot be elimi­
nated .  The reason is the lack of full uni­
fication. In these theories there are no 
symmetry transformations that connect 
the graviton and the gravitino to the 
lower-spin particles .  Nevertheless. these 
theories may play an important role in 
the description of nature . 

Another set of theories. known as ex­
tended supergravity theories. is much 
more restrictive and completely unified .  
There are j ust eight o f  these theories and 
each of them has a characteristic num­
ber of d istinct boson-fermion transfor­
mations; this number is designated n. 
and it can assume values from 1 through 
8. In each theory there is one spin-2 
graviton and there are n spin- 3 ! 2  gravi­
tinos. The number of particles with low­
er spins is also completely determined.  
If n is equal  to I .  the theory is simply 
supergravity in its original form. with 
one graviton and one gravitino. If  n is 2 .  
the theory includes one graviton. two 
gravitinos and one spin- I particle . Per­
haps the most realistic model of this 
kind is given when n is 8 .  The comple­
ment of elementary particles then con­
sists of one graviton. eight gravitinos. 2 8  
spin- l particles. 56  spin- l !2 particles 
and 70 spin-O particles. 

An intriguing property of the eight ex­
tended supergravity theories is their ex­
treme degree of symmetry. Each parti­
cle is related to particles with adjacent 
values of spin by supersymmetry trans­
formations. and these supersymmetries 
are of local form. Thus a graviton can be 
transformed into a gravitino and a grav­
itino into a spin- I particle. Within each 
family of particles that have the same 
spin all the particles are related by a 
global internal symmetry. much l ike the 
isotopic symmetry that relates proton 
and neutron. Hence any gravitino can be 
transformed into any other gravitino 
by an internal symmetry operation. By 
combining the supersymmetry and the 
internal symmetry the entire group of 
particles is unified .  One could start with 
the graVlton and by a series of super­
symmetry operations and internal-sym· 
metry operations transform it into any 
other elementary particle that is includ­
ed in the theory. 

Like other physical symmetries. ex­
tended supergravity can also be viewed 
in terms of a "superparticle" with an 
arrow in an auxiliary space of many di­
mensions . As the arrow rotates .  the par­
ticle becomes in turn a graviton. a gravi­
tino. a photon. a quark and so on. The 
quanta of all the forces are present in the 
theory. and they are unified.  or derived 
from a common source . This degree 
of unification has never before been 
achieved in a quantum field theory. 

One remaining requirement for unifi­
cation is to make the internal symme­
tries. which relate particles that have the 
same spin. local rather than global. Lo­
cal internal symmetry is necessary so 
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\Ve turned waste water from 
this reimeIT into 

a natmal wildlife habitat. 

Phillips Petroleum's refinery at Sweeny, Texas. 

For years, the fresh �aters. of the S?TI �ernard 
River have attracted a WIde vanety of wildlife to the 
marshlands around Sweeny, Texas. 

But with a Phillips Petroleum refinery located 
nearby, it's easy to see why some people became 
concerned about the potential threat of water pollu­
tion on the surrounding environment. 

Instead of water pollution, however, the Phillips 
refinery has provided a clean, safe and healthy hab­
itat for wildlife and domestic livestock alike. 

10 steps to a cleaner environment 

Before waste water leaves our refinery, the 
people of Phillips Petr�leum p.u� it through a 40-day 
purification process to msure It IS clean. 

The special 10 
step purification 
process we use 
includes such things 
as a "sour water strip­
per" for removing 
sulfides, oil water 
separators, mechan­
ical aerators, and a tI.-_..iI:Uu ..... .-. ............... series of 35-acre Wildlife flourishes in and around 

the water from jJhillips' refinery. oxidation ponds. 

A purification system that works 

Each day water leaving our refinery is teste� for 
cleanliness, and the results reported to appropnate 
government agencies. 

But the many reptiles, fish and waterfowl that 
live around the spillway, as well as th� wil�e and 
cattle that drink from our creek, proVIde liVIng proof 
of this system's total effectiveness. In fact, dozens of 
species of animals have come �� rely on the clean 
water that comes from the Phillips refinery as an 
important part of their natural habitat. 

Setting the standards for water quality 

The water purification program at our Sweeny, 
Texas refinery has worked so well, the Environ­
mental Protection Agency used it to help set water 
quality standards for similar refineries. 

But our efforts here are no isolated case. They 
are part of a total conservation program involving 
all Phillips refineries, oil rigs, chemical plants and 
other production facilities. 

Protecting the environment while we make fine 
products for yo�� car. That's perform-

PHI LLIPS ance. From Phillips Petroleum. T!T!I. The Performance Company � 

© 1978 SCIENTIFIC AMERICAN, INC



that forces such as electromagnetism 
can be incorporated .  The requirement 
of local invariance can in fact be satis­
fied .  as was demonstrated by one of us 
(Freedman) and Ashok Das of City Col­
lege of the City University of New York 
and by E. S. Fradkin and M. A. Vasiliev 
of the Lebedev Institute . The resulting 
theories potentially unify gravitation 
with the strong. the weak and the elec­
tromagnetic forces. 

In the extended supergravity theories 
the strength of the gravitational force is 
determined by one parameter and the 
strengths of all the other forces are de­
termined by another parameter . Ideally 
in a unified theory all the forces would 
be governed by a single universal con­
stant. There does exist a third class of 
supergravity theories that have this fea­
ture.  The simplest of them was found 
by. among others. M ichio Kaku of City 
College and Paul Townsend of the State 
University of New York at Stony 
Brook. These theories are not based on 
Einstein's general theory of relativity 
but are supersymmetric generalizations 
of another theory of gravitation. dis­
covered by Hermann Weyl in 1 923 . As 
in Einstein's theory. gravitation is de­
scribed by the curvature of space-time. 
but there is an additional local symme­
try that allows the scale by which length 
and time are measured to be chosen ar­
bitrarily at each space-time point. The 
corresponding supersymmetric Weyl 
theories achieve a complete fusion of 
gravity with all the other forces. but for 
now the other two types of supergravity 
theories are likely to be more successful 
in applications to the real world. 

The principle of local supersymmetry 
leads to an elegant unification of the 

basic forces. but elegance is not enough. 
The theories must pass a test that has 
been failed by all earlier theories of 
quantum gravity : the infinities that ap­
pear in calculations of interaction prob­
abilities must be eliminated .  

In al l  quantum field theories the dia­
grams in which virtual particles form 
closed loops describe the genuine quan­
tum effects. The computation of the 
probabilities associated with any such 
diagram requires the summation of the 
virtual particles over all possible ener­
gies. These sums usually lead to infini­
ties in the mathematical expressions for 
the diagrams. In some cases. such as 
quantum electrodynamics. the infinities 
are of a relatively harmless nature and 
can be removed by the renormalization 
proced ure.  In quantum gravity . how­
ever. the infinities are much worse and 
cannot be removed by renormalization. 
One hope remains for eliminating them. 
In some diagrams the infinity is positive 
and in others it is negative . It is only the 
sum of the diagrams that gives a physi­
cally observable probability . and it is 
possible that the infinities might miracu­
lously cancel one another in the sum. 

A simple argument explains why the 
infinities in quantum gravitation are 
worse than those in quantum electro­
dynamics. The electric force between 
charged particles is independent of the 
masses or energies of the particles and 
depends only on their charge. whereas 
the gravitational force is proportional to 
the masses.  S ince in special relativity 
mass and energy are related by E = mc2• 
it follows that the strength of the gravi­
tational force increases when the ener­
gies of the virtual particles increase . 
Thus in the sum of the probabilities con­
tributed by all possible energies of the 
virtual particles the higher energies give 
a larger contribution in the case of grav­
itation and lead to more serious infini­
ties. Roughly speaking the infinities are 
of the form of the mathematical se­
ries 1 + 2 + 3 + . . .  in gravitation and 
of the milder form 1 + 1 + 1 + . . . in 
electromagnetism. 

Before the development of supergrav­
ity a careful analysis of the one-loop di­
agrams was undertaken in the quantized 
form of general relativity . The desired 
cancellation was found in diagrams that 
contain gravitons but no other particles. 
This result was obtained by Bryce S .  
DeWitt of the University of Texas and 
by 't Hooft and Veltman. The infinities 
cancel because of a special property 
of four-dimensional space- time ; they 
would not cancel if our world had some 
other dimensionality . 

Since the world is not made of gravi­
tons alone . this finding would seem to be 
of limited practicality . All attempts to 
retain the finite result in theories with 
both gravitons and other kinds of parti­
cles have failed ;  when the lower-spin 
particles are introd uced. the infinities 
spring up again. 

It was therefore a dramatic moment 

when an explicit calculation of a physi­
cal process. a process known to be 
plagued by infinities in Einstein's theo­
ry. turned out to be finite in supergravi­
ty. Ensuing theoretical work and other 
explicit calculations have shown that in 
each of the eight theories of extended 
supergravity the sum of all diagrams 
with one loop is finite for all physi­
cal processes. This amelioration of the 
problem of infinities in quantum gravity 
is a most encouraging feature of super­
gravity . 

The exact cancellation of some doz­
ens of infinite terms seems too extraordi­
nary to be entirely fortuitous. and it has 
a simple explanation. Consider first the 
subset of loop diagrams in which all 
the incoming and outgoing particles are 
gravitons; other particles can appear in 
these diagrams only as virtual particles. 
The sum of all the diagrams in this set 
can be shown to be finite by an extension 
of the similar result obtained in general 
relativity . 

In the eight theories of extended su­
pergravity finite results can also. be ob­
tained in diagrams with incoming and 
outgoing particles of lower spin. The in­
finities cancel in these diagrams because 
of the full unification of the theories. 
Diagrams with incoming photons or 
outgoing electrons. for example. can be 
related to diagrams that have only grav­
itons by applying the symmetry trans­
formations available in these theories. 
In effect all the diagrams can be reduced 
to those that have only gravitons. and 
diagrams containing only gravitons are 
already known to have a finite sum. 

The infinities cancel only in extended 
supergravity theories because only in 
those theories can all particles be trans­
formed into gravitons. Other supergrav­
ity theories that include an arbitrary 

PARTICLE CONTENT 
THEORY 

SPIN = 0 SPIN = 1/2 SPIN = 1 SPIN = 3/2 SPIN = 2 

N = 1 1 1 

N = 2 1 2 1 

N = 3 1 3 3 1 

N = 4 2 4 6 4 1 

N = 5  1 0  1 1  1 0  5 1 

N = 6  30 26 1 6  6 1 

N = 7 70 56 28 7 1 

N = 8  70 56 28 8 1 

EXTENDED SUPERGRA VITY THEORIES incorporate not only gravitons and gravitinos 
but also elementary particles of lower spin, some of which might correspond to known parti­
cles such as the photon and the electron. There are eight such extended theories, each desig­
nated by a number, II, equal to the number of spin-3 /2 gravitinos included in the theory. If 
any of these theories is a valid description of nature, the ensemble of particles it predicts must 
include all the elementary particles in the universe. In this way all the elementary states of mat­
ter would be unified, but a disturbing problem remains: even the largest of the extended the­
ories does not seem to have room enough for all the known spin- t i l  and spin-t particles. 
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number of spin-D, spin- l !2 and spin- I 
particles lack a crucial symmetry be­
tween the spin- l particles and the spin-
3 12 gravitinos. In the theories based on 
Weyl's theory of gravitation infinities 
present no problem in diagrams with 
any number of loops. On the other hand , 
in these theories it is not known whether 
probabilities always have positive val­
ues, which is a necessary cr iterion for 
any sensible physical theory . 

The process in which the cance llat ion 
of infinities was first discovered by ex­
plicit calculation was the scattering of 
one photon by another photon. In gener­
al relativity each of the one-loop dia­
grams for this process has an associated 
probability amplitude that consists of an 
infinite quantity m ultiplied by a coeffi­
cient, which is generally a fraction. The 
sum of the coefficients is greater than 
zero and so the probability amplitude 
for the scattering is infinite . In super­
gravity additional diagrams that contain 
gravitinos m ust be added to the calcula­
tion. Each of these diagrams is also infi­
nite , but the sum of the coeffic ients for 
all the diagrams is now zero. 

Explicit calc ulations for other ' proc­
esses in supergravity have now been 
completed.  Further theoretical argu­
ments have been found indicating that 
in the e ight extended supergravity theo­
ries the infinities also cancel in the sum 
of all two-loop diagrams. The finite re­
sults were first obtained by one of us 
(van N ie uwenhuizen) with M arcus T.  
Grisaru of Brandeis and J .  A .  M .  Ver­
maseren of P urd ue University .  

Supergravity is a significant theoretical 
development because it offers hope 

of solving important, long-standing 
problems in physics: the unification of 
the fundamental forces and the el imina­
tion of infinities in quantum gravity . In 
the unification of fermions and bosons 
and in the derivation of all forces from 
the common requirement of local sym­
metry one can gl impse a deeply satisfy­
ing order in the theory.  It  remains to be 
determined ,  however . whether that or­
der exists in nature. Several difficulties 
in the interpretation of the theory re­
main to be overcome. 

One problem arises from the req uire­
ment that the internal symmetry in ex­
tended supergravity be a local one . In 
going from a global to a local symmetry 
an unexpected term is introd uced into 
the equations: it is called the cosmologi­
cal term.  and it was first disc ussed by 
Einstein in early appl ications of general 
relativity to cosmology . The. effect of 
the cosmological term is to assign a fi­
nite size to the universe . The emergence 
of the term in this context is puzzling: 
the internal symmetry' has to do with the 
strength of electromagnetic and nuc lear 
forces. and it seems curious that they 
should affect the size of the universe 
What is worse . the val ue of the cosmo­
logical term pred icted by the theory ex-
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ceeds the upper limit derived from ob­
servational evidence. 

Another conflict with observation is 
even more conspicuous. All particles in 
the extended supergravity theories are 
massless. but there is no question that 
many real particles. such as the electron. 
have a nonzero mass. A promising ap­
proach to the problem is to assume that 
some of the particles in extended su­
per gravity acquire a mass through the 
mechanism of spontaneous symmetry­
breaking. This might explain why the 
fundamental gravitinos predicted by ex­
tended supergravity have not been ob­
served .  Their mass might be so large 
that the accelerators available today 
have too little energy to create them. It is 
intrigu ing to note that spontaneous sym­
metry-breaking also changes the cosmo­
logical term in a quantum field theory. 
The question of whether it could reduce 
the term in extended supergravity is cur­
rently under study . 

An important requirement if super­
gravity is to be considered a realistic the­
ory is a definitive proof that the infinities 
cancel in the sum of all loop diagrams. 
So far cancellation has been demon­
strated only for diagrams with one loop 
or two loops. Diagrams with three or 
more loops are no less important. Dem­
onstrating that they are finite will proba­
bly require qualitatively different math­
ematical techniques. Most desirable 
would be a general proof that the sum of 
all possible d iagrams is finite . 

The specificity of extended supergrav­
ity must be counted among its virtues 
rather than its failings: the e ight theories 
have few free or adjustable parameters 
and so they make well-defined predic­
tions. Indeed .  each of the theories pro­
vides a complete list of all the elementa­
ry particles in nature. The predictions. 
however. do not entirely correspond to 
the list of elementary particles known 
today. The most promising theory re­
sults when n is equal to 8.  This theory is 
the largest one possible in extended su­
pergravity . and some of its families of 
particles bear a tantalizing resemblance 
to groups recognized in nature . For ex­
ample . M urray Gell- Mann of Cal Tech 
has recently shown that after spontane­
ous symmetry-breaking the theory cor­
rectly predicts certain properties of 
quarks. such as their electric charge. 
The prediction is all the more remark­
able in that quarks. among all elementa­
ry particles. are assigned fractional elec­
tric charges. On the other hand. the 
same theory has a serious shortcoming. 
There are not enough places for other 
known particles such as the muon and 
the intermediate vector bosons. 

These problems must ultimately be 
resolved by further study of supergravi­
ty theories and perhaps by their revi­
sion. It may develop instead. however . 
that what is in need of revision is current 
opinion as to which particles in nature 
are elementary. 
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Passive Cooling Systems 
in Iranian Architecture 

They have no energy sources other than the sun and wind, and yet 

they circulate cool air through buildings and traditionally provided 

cold water and ice for the hot summer of the country's arid regions 

T
he internal environment of a mod­
ern building can be a comfortable 
one no matter how uncomfortable 

the external environment is. In general 
the reason is that energy is freely spent 
to heat or cool the building. In earlier 
times, however, when energy was not so 
readily available and machines such as 
air conditioners did not exist, the design­
ers of buildings had to rely on other 
stratagems to maximize the comfort of 
the internal environment. For example, 
the traditional architecture of many cul­
tures in climates where the temperatures 
are uncomfortably hot during the day 
and uncomfortably cool at night fea­
tures buildings with thick walls of brick 
or stone. Such walls are both insulators 
and reservoirs of heat, so that during the 
hotter hours of the day the flow of heat 
from the external environment to the in­
ternal one is retarded and during the 
cooler hours part of the heat stored in 
the walls warms the internal environ­
ment and the rest is lost to the external 
one. The net result is a flattening of the 
temperature-variation curve inside the 
building. In a period when the energy 
costs of buildings are being intensive­
ly reevaluated such stratagems clearly 
merit close consideration. 

. In Iran certain traditional building de­
signs achieve more than a flattening of 
the temperature curve; they circulate 
cool air through the building and can 
even keep water cold and ice frozen 
from the winter until the height of the 
long, hot summer of the country's arid 
central and eastern plains. They do so 
without any input of energy other than 
that of the natural environment; hence 
they can be characterized as passive 
cooling systems. Some of these systems. 
for example curved-roof systems. were 
incorporated in buildings as early as 
3000 B.C.; others. for example wind­
tower systems. the cistern and the ice 
maker. may not have appeared until 
about 900 A.D. Many of the passive 
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cooling systems are still in use at present. 
The passive cooling systems take 

many forms. For example. in the arid 
regions of Iran buildings are traditional­
ly constructed in clusters. attached to 
one another by common walls. Summer 
days in that climate are obviously char­
acterized by large inputs of solar radia­
tion. Clustering the buildings reduces 
their total exposed surface area. thereby 
reducing the solar-heat gain. (Clustered 
buildings were also easier to defend.) 
Heat transfer from the outside air is fur­
ther reduced by limiting the number of 
doors and windows. The Iranian sum­
mer is windy and dusty. so that this fea­
ture also serves to reduce the amount of 
dust entering the buildings. 

Although the summer days in the arid 
regions are extremely hot. the summer 
nights are cool. Several features of tra­
ditional Iranian architecture are de­
signed to take advantage of this wide 
daily temperature range. The walls of 
the buildings are constructed of adobe 
brick. and like the walls in lands with 
a similar climate they are particularly 
thick, so that they have a high heat ca­
pacity. Therefore they can absorb the 
daily solar heat load rather than imme­
diately transmitting it to the interior of 
the building. The heat is stored in the 
walls and later released to the interior of 
the building and to the cool night air. 

Another way Iranian architecture has 
ex.ploited the cool night air is courtyards 
planted with trees and shrubs. The 
plantings shield the walls of the rooms 
that open, onto the courtyard so that the 
solar heat load on the walls is reduced. 
Both the walls and the plantings remain 
cool for several hours in the morning. 

In earlier times the people who lived 
in the buildings of the arid regions of 
Iran also had behavioral ways of maxi­
mizing their comfort. For example. 
many people lived in basements, par­
ticularly during the hot summer af­
ternoons. because the relatively low 

ground temperature kept the basement 
rooms cool. During the cool summer 
nights many people slept on the roof; 
the roofs had high parapets to ensure 
privacy, and the parapets also shielded 
the roofs from the dusty summer winds. 
Moreover. the streets were narrow, so 
that the parapets shaded the neighbor­
ing buildings (and pedestrians). reduc­
ing the solar heat load. 

These approaches provided much re­
lief from the severe climate, but four 

ingenious passive cooling systems 
achieve even more. They are the wind 
tower, the air vent. the cistern and the 
ice maker. I shall briefly describe each 
of the systems in turn. 

The arid regions of Iran have fairly 
fixed seasonal and daily patterns of 
wind. The "wind catcher," or wind tow­
er. harnesses the prevailing summer 
winds to cool the air and circulate it 
through a building. A typical wind tow­
er resembles a chimney. with one end in 
the basement of the building and the 
other end rising from the roof. The up­
per part of the tower is divided into sev­
eral vertical air passages that terminate 
in openings in the sides of the tower. 
Tower designs differ in the height of the 
tower, the cross section of the air pas­
sages. the placement and number of the 
openings and the placement of the tower 
with respect to the structure it cools. 

The wind tower operates by changing 
the temperature and thus the density of 
the air in and around the tower. The 
difference in density creates a draft. 
pulling air either up or down through 
the tower. Doors in the lower part of the 
tower open into the basement and the 
central hall of the main floor of the 
building. The flow of air through differ­
ent parts of the building can be con­
trolled by opening or closing the doors 
from the tower and the doors of the 
rooms off the central hall. 

The operation of the tower depends 
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THREE PASSIVE SYSTEMS cool this building in the Iranian city 
of Yazd: a wind tower, a domed roof and an air vent. The wind tower 
acts to cool the ambient air and circulate it through the building. (Pro­
jecting from the tower are the ends of wood beams that reinforce it; 
the ends are left in place to provide support for scaffolds for mainte-

nance of the exterior of the tower.) The domed roof to the left of the 
tower acts to keep the room under the roof cool. The small structure 
on top of the domed roof covers the air vent, which also acts to cool 
the room below and maintain a circulation of air through it. The three 
systems keep the building comfortable during the summer months. 
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A WIND TOWER OPERATES in various ways according to the time of day and the presence 
or absence of wind. The walls and airflow passages of the tower (2) absorb heat during the day 
and release it to the cool air at night. The next day the walls are cool. When there is no wind, 
hot ambient air (solid arrows) enters the tower through the openings in the sides (1) and is cooled 
when it comes in contact with the tower. Since the cooler air is denser than the warmer air, it 
sinks down through the tower, creating a downdraft (2, 3, 5). When there is a wind, the air is 
cooled more effectively and flows faster. Doors in the lower part of the tower (4, 6) open into 
the central hall and basement of the building. When these doors are open, the cooled air from 
the tower is pushed through the building and out the windows and other doors, entraining room 
air with it. The cooled air's path of circulation depends on the arrangement of doors in the 
tower and the building. (Some of the air flowing down the windward passages of the tower is 
forced back up through the opposite air passages and out through the leeward openings.) When 
there is no wind at night (broken arrows), the tower operates like a chimney. Heat that has been 
stored in walls during the day warms the cool night air in the tower. Since the warmer air is less 
dense than the cooler air, the pressure at the top of the tower is reduced, creating an updraft. Air 
in building is entrained up through the tower and cool night air is pulled into building through 
the doors and windows. When there is wind at night, air flows down tower and through build­
ing. Since tower walls warm night air before it enters building, rate of cooling can be lower. 

146 

on wind conditions and the time of day_ 
When there is no wind at night, the tow­
er operates like a chimney, circulating 
air by pulling it upward and out through 
the tower openings. It works as follows. 
The tower walls (including the internal 
walls that separate the air passages) 
have absorbed heat during the day. 
Since heat flows in the direction of de­
creasing temperature, the walls transfer 
heat to the cool night air in and around 
the tower. The configuration of the up­
per part of the tower, namely the thick­
ness of the walls and the cross section 
of the air passages, is designed to pro­
vide sufficient heat-storage capacity and 
heat-transfer area for the task. Since the 
warmer air is less dense, the air pressure 
at the top of the tower is reduced, creat­
ing an upward draft. The air in the 
building is drawn up through the tower, 
and cool ambient air is pulled into the 
building through the doors and win­
dows. The process continues during the 
night, so that cool air is kept circulating 
through the building. 

When there is a wind at night, the air is 
forced to circulate in the opposite direc­
tion; the rooms are cooled by night air 
coming down the tower rather than 
through the doors and windows. Here, 
although the night air is warmed by the 
tower walls before it enters the building, 
the cooling can still be sufficiently effec­
tive to bring the temperature in the 
building close to that of the ambient air. 
The external walls and the roof of the 
building radiate stored solar heat to the 
night sky, which further cools

' 
the build­

ing. Since the desert sky tends to be very 
clear at night, the radiative heat transfer 
to it is extremely effective. 

When there is no wind during the day, 
the operation of the tower is the reverse 
of a chimney. The walls of the upper 
part of the tower have been cooled dur­
ing the previous night. Hot ambient air 
comes in contact with them and is 
cooled. Being denser than the hot air, 
the cooled air sinks down through the 
tower, creating a downdraft. The cooled 
air is pushed through the building and 
eventually out through the doors and 
windows, entraining room air with it. 

When there is a wind during the day, 
the rate of circulation is increased. The 
cool air can be circulated through any 
room in the building by the appropriate 
arrangement of doors in the tower and 
the rooms. If there is no wind during the 
day, when the temperature of the tower 
reaches that of the ambient air, the cir­
culation of air down through the tower 
and into the building ceases and the tow­
er begins to operate like a chimney. (Of 
course, the operation of the tower is not 
constant throughout the day and night; 
the cooling effect and the duration of 
each phase of tower operation change 
according to fluctuations in the air tem­
perature, the intensity of solar radiation, 
the wind velocity and so on.) 

The openings in the upper part of 
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TWO KINDS OF COOLING operate in the passive system shown 
in this section. In sensihle cooling heat loss from the air results in a de­
creased air temperature but no change in the water-vapor content of 
the air. Air in the upper part of a wind tower is sensibly cooled. When 
water is introduced into a system, evaporative cooling occurs. Such 
cooling involves a change in both the water-vapor content and the 
temperature of the air. When unsaturated air comes in contact with 
water, some of the water is evaporated. This process is driven by heat 
from the air, so that the temperature of the air is decreased as its water­
vapor content is increased. A wind-tower system that cools air evap-

oratively as well as sensibly is particularly effective. In most wind 
towers water in the ground seeps through to the inside of the base­
ment wall of the tower, so that air passing over the wall is evaporative­
Iy cooled. Evaporative cooling plays an even larger part in the system 
shown here. The wind tower is placed some SO meters from the build­
ing and is connected to it by a tunnel. When the trees, shrubs and grass 
in the ground over the tunnel are watered, water seeps through the 
soil and keeps the inside surfaces of the tunnel walls damp. Thus air 
from the tower is evaporatively cooled as it passes through the tunnel. 
Pool and fountain in the basement of the building further cool the air. 

TEMPERATURE (DEGREES CELSIUS) 

PSYCHROMETRIC CHART shows the conditioning of air during 
the daytime as it flows through the wind tower that appears in the il­
lustration on the opposite page. Air flowing down the tower is sensibly 
cooled (1, 2, 3, 5), so that the temperature of the air decreases but the 
water-vapor content remains the same. Since cooler air can hold less 
water than warmer air, however, the relative humidity (the ratio of the 
actual vapor pressure to the maximum vapor pressure at the same 
temperature) increases. When air flows over the damp basement wall 

of the tower, it is also cooled evaporatively and water vapor is added 
to it (5, 6). Hence the temperature of the cooled air decreases further, 
and its water-vapor content and relative humidity increase before it 
enters the basement of the building. The line l-a shows the air condi­
tioning that occurs when only evaporative cooling is operating. It is 
a line of constant enthalpy because no heat is entering or leaving the 
system of air and water vapor. The numbers that are shown on the 
chart are the same as those in the illustration on the opposite page. 
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the tower are placed in pairs so that for 
every windward opening there is a lee­
ward one. When the doors in the lower 
part of the tower are closed, wind flow­
ing down the tower is forced back up 
through the opposite air passages and 
out through the leeward openings. In 
fact, even when the tower doors are 
open, some of the air flowing down the 
tower leaves by those openings. The up­
ward draft created in the opposite pas­
sages entrains room air and pulls it up 
the tower. In other words, in the normal 
operation of a wind tower there is al­
ways some entrainment of room air 
through the leeward openings. In this 
way the tower provides a continuous cir­
culation of air through the building. 

so far I have discussed only those 
temperature changes in wind tow­

ers that are due to what is known as sen­
sible cooling. Sensible cooling occurs 
when there is a change in the tempera-

ture of air without a change in its hu­
midity, or water-vapor content. Evap­
orative cooling occurs when there is a 
change in the temperature and the hu­
midity, and it can play an important role 
in the operation of wind towers. For ex­
ample, when the basement wall of a 
tower is damp, as is often the case, the 
air coming down the tower is cooled 
both sensibly and evaporatively. In oth­
er words, water on the wall absorbs 
enough heat to be vaporized. Since 
vaporization requires relatively large 
amounts of heat, wind towers that incor­
porate evaporative processes can cool 
the air quite effectively. In fact, before 
refrigerators came into wide use in Iran, 
the damp basements of wind towers 
served as cold-storage areas. Moreover, 
the humidifying of the air that accom­
panies evaporative processes is an im­
portant contribution to comfort at low­
er temperatures. 

Another way of exploiting evapora-

CLOSEUP VIEW OF THE TOP OF A WIND TOWER in Yazd shows the ends of its reinforc­
ing beams, The tower is about 13 meters high and its openings are about three meters high. The 
tower in illustration on page 145 is about 34 meters high; its openings are about 11 meters high. 
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tive cooling is to place a small pool with 
a fountain at the bottom of the wind 
tower. Wind can be sensibly and evapo­
ratively cooled coming down the tower 
and then evaporatively cooled by the 
pool and the fountain before it enters 
the rooms of the building. There are 
many buildings with towers of this type 
in the Iranian city of Yazd. 

A wind tower in the city of Bam is 
employed in a different way. The tower 
is placed about 50 meters from the 
building it serves, and an underground 
tunnel runs from the bottom of the 
tower to the basement of the building. 
The ground over the tunnel is planted 
with trees, shrubs and grass. When the 
ground is watered, the water diffuses 
through the soil so that the tunnel walls 
are kept damp, and air coming down the 
tower and through the tunnel is sensibly 
and evaporatively cooled. A pool and 
fountain where the cooled air enters the 
basement furnish further cooling. 

Another variation of the wind tower 
I\. operates in conjunction with an un­
derground stream. A vertical shaft runs 
from the stream to the basement of the 
building, and the tower is placed so that 
wind coming through the basement 
door of the tower goes over the top of 
the shaft. When air flowing through a 
large passage enters a smaller one, its 
velocity increases and its pressure de­
creases. The cross-sectional area of the 
tower is larger than that of the door, and 
so the pressure of the air from the tower 
is still decreased as it passes over the top 
of the shaft. When air from the tower 
flows at a high velocity across the top of 
the shaft, a point of entrainment is creat­
ed there. The result is that air from the 
shaft is drawn into the flow of tower air. 

Air enters the passageway of the un­
derground stream through other shafts 
that connect the passageway to the sur­
face. Since underground water is usually 
cold, air passing over it is effectively 
cooled, and so the cooling rate of wind­
tower systems operating in conjunction 
with underground streams is quite high. 
Here again the air at the point of en­
trainment is so cool that food was often 
stored near the opening of the shaft. The 
cooling is effective even on windless 
nights, when the tower operates like a 
chimney; the outside air flows over the 
underground stream, where it is evapo­
ratively and sensibly cooled, and then 
up through the shaft into the building. It 
mixes with the basement air and is final­
ly vented from the top of-the tower. 

One problem with wind towers is that 
they admit dust, insects and birds to a 
building. Newer towers are equipped 
with screens to keep out at least the in­
sects and birds. Taller towers bring in 
less dust, but they are expensive to build 
and maintain. Another way of keeping 
the dust out of a building is to construct 
a tower with a base that is wider than the 
rest of the tower. Increasing the cross-
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UNDERGROUND STREAM and a wind tower are an effective 
cooling combination. In tbe system shown here a shaft connects the 
stream to the surface and another shaft connects the stream to the 
basement of the building to be cooled. Hot, dry ambient air enters the 
passageway of the stream through a shaft outside the building (a) and 
is both sensibly and evaporatively cooled as it flows along the water 
(b). Since underground water is usually cold, the rate of cooling is 
quite higb. Tbe wind tower is placed so tbat wind flowing tbrougb tbe 

basement door of tbe tower passes over tbe top of tbe sbaft from tbe 
stream. Wben tbe air flows from a large passage (tbe tunnel) tbrougb 
a smaller one (tbe door), its pressure decreases. Tbe pressure of tbe 
air from tbe tower is still diminisbed wben it passes over tbe top of tbe 
sbaft, so tbat cold, moist air from tbe sbaft is entrained by tbe flow of 
cooled air from tbe tower (c). Tbe mixture of air from tbe sbaft and 
air from tbe tower (d) circulates througb tbe basement. Single under­
ground stream can serve several wind-tower systems of tbis type. 

,/ 
,/ 

TEMPERATURE (DEGREES CELSIUS) 

CONDITIONING OF AIR by a wind-tower system witb an under­
ground stream is sbown in tbis psychrometric cbart. Warm, dry out­
side air enters tbe system at two different points (1, a). Tbe air enter­
ing tbe wind tower (black lille) is sensibly cooled as it flows dowA 
the tower; the temperature of tbe air decreases and its relative bumid­
ity increases (1, 2, 3, 5). The air is also evaporatively cooled as it flows 
over tbe damp basement wall of tbe tower; tbe temperature decreas­
es, and botb tbe water-vapor content and tbe relative humidity in­
crease (5, 6). Tbe warm, dry air tbat enters tbe passageway of tbe un-

derground stream (double iiI/e) is sensibly and evaporatively cooled 
as it flows over tbe cold water. Tbus tbere is a large drop in tbe tem­
perature of tbe air and a large increase in its water-vapor content 
and relative humidity before it flows up througb tbe sbaft to the base­
ment of tbe building (a, b, c). In tbe basement tbe cold, moist air from 
tbe passageway of tbe underground stream (c) mixes with tbe warm­
er, drier air from tbe wind tower (6). The final mixture (d) is the air 
tbat circulates tbrough tbe basement. Tbe numbers and letters that 
are shown on tbe cbart are the same as those in the illustration above. 
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sectional area of the airflow reduces the 
wind velocity at the bottom of the tow­
er. which allows the dust to settle on 
shelves called dust pockets. The place­
ment of the openings at the top of the 
tower can also control the infiltration of 
dust; in areas where dusty winds blow in 
one direction and dust-free winds blow 
in the other the openings are placed 
accordingly. Similarly, in areas where 
there are prevailing winds the openings 
are placed to take advantage of them. 

Wind towers are still in service in Iran 
and are even incl uded in some new 
buildings. They are of course intended 
only for summer use and must be prop­
erly closed in winter. For example, in 
Bam the towers are sealed off by thin 
walls. If the towers are not closed in 
winter. they greatly increase infiltra­
tion heat losses, that is. losses to the 
cold ambient air that has leaked into 
the building. 

W ind towers can be employed in 
conjunction with curved roofs. 

which are another source of comfort 
in Iran's hot summer climate. Curved 
(domed or cylindrical) roofs offer many 

WIND 
� . ..... i · V 

! 

advantages over flat ones. They are in­
herently stronger; therefore they can be 
made lighter and do not require the sup­
port of wood beams. which are scarce in 
the desert areas. Furthermore. the hot 
air that gathers under a curved roof is' 
well above the living area of the room 
the roof covers. In this way the room is 
kept more comfortable. and heat trans­
fer from the roof to the room is limited 
because a high temperature is main­
tained next to the roof. 

Any roof absorbs solar heat directly 
by radiation. and flat and curved roofs 
of the same base area absorb about the 
same amount of solar radiation. A roof 
loses most of its heat. however. not by 
radiation but by convection; that is. the 
principal heat loss depends on the move­
ment of air across the roof. A curved 
roof has a larger convection heat-trans­
fer area and transfers heat more effi­
ciently than a flat roof. Therefore a 
curved roof is more easily cooled. 

A curved roof is most effective when 
it incorporates an air vent. The opera­
tion of an air vent depends on the fact 
that when air flows over a cylindrical or 
spherical object. the velocity at the apex 

AIR 
CIRCULATION 

LIVING ROOM 

FOUNTAIN 
AND POOL 

", " 
" �-

AIR VENTS are employed in areas where dusty winds make wind towers impractical. Such a 
vent is a hole cut in the apex of a domed or cylindrical roof. Openings in the protective cap 
over the vent direct wind across it. When air flows over a curved surface, its velocity increases 
and its pressure decreases at the apex of the surface. The decrease in pressure at the apex of a 
curved roof induces the hot air under the roof to flow out through the vent. In this way air is 
kept circulating through the room under the roof. Air vents are usually placed over living 
rooms, often with a pool of water directly under vent to cool air moving through the room. 
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of the object increases; consequen\ly the 
pressure at the apex decreases. If there is 
a hole at the apex of a domed or cylin­
drical roof. the difference in pressure in­
duces the hot air under the roof to flow 
out through the vent. 

An air vent is usually protected by a 
small cap in which there are openings 
that direct the wind across the vent. 
Since the functioning of the vent de­
pends on air flowing over a curved sur­
face. roofs with vents are oriented to 
present the maximum curve to the wind. 
In areas where the wind is a prevailing 
one cylindrical roofs are built with the 
axis of the cylinder perpendicular to the 
wind direction; in areas where the winds 
blow in all directions domed roofs are 
employed. Air vents are usually placed 
over the living rooms of buildings. 

Apassive cooling system of the cis­
tern type incorporates several oth­

er passive systems. The cistern is a res­
ervoir 10 to 20 meters deep. sunk into 
the ground. covered by a domed roof 
and surrounded by several wind towers. 
In some areas on the arid plains of Iran 
water is brought from the highlands by 
the system of underground aq ued ucts 
called qanats. The purpose of the cis­
terns is to hold the water at a reasonably 
low temperature during the hot summer 
months. The design of the cistern takes 
advantage of the seasonal temperature 
changes in the desert and the insulating 
properties of the ground. 

In the arid zones of Iran the winter 
nights are very cold. In winter cold wa­
ter is admitted to the cisterns. partly fill­
ing them. In summer the domed roof of 
the cistern is warmed. and so is the air 
and the top layer of water in the cistern. 
Before the deeper layers of the water are 
warmed. however. the water in the top 
layer evaporates and the water vapor is 
carried away by a draft across the sur­
face. maintained by the wind towers. In 
this way the water is kept cold. 

A cistern cooling system operates in 
one of two ways. If it has a domed roof 
with an air vent in it. the air flows down 
the wind tower. across the water and up 
through the vent. This airflow entrains 
the mixture of air and water vapor un­
der the roof. If the cistern has an air 
vent. however. dust. insects and other 
matter can fall into it and foul the water. 
and so some cisterns are constructed 
without vents. In these cisterns the flow 
of air from the tower is short-circuited: 
the air flows down through the passages 
on one side of the tower and back up 
through the passages on the other side. 
entraining the mixture of air and water 
vapor in. the cistern and inducing it to 
flow out through the openings on the 
leeward side of the tower. Cisterns of 
either type are not much used at present 
because although the water they supply 
is cold. it is also stagnant and therefore 
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For the first time in the history of space technology, a single electronics system 
will perform both radar and communications functions aboard NASA's Space Shuttle 
Orbiter. Meshing the "eyes, ears and voice" functions into a 260-pound hardware 
package, results in a significant reduction in weight and space. Major components 
such as the transmitter, receiver, antenna and servo mechanisms perform dual roles. 

As a radar, the unit searches for, acquires, tracks and delivers spatial data 
needed for Orbiter to effect a quick, efficient rendezvous with other space vehicles. 
As a communications system, it provides high-quality transmission and reception 
with ground stations via two relay satellites. The Ku-band subsystem will be built 
by Hughes for prime Space Shuttle contractor Rockwell International. 

Printed repair manuals may soon be replaced by an electronic display, part of the 
Technician's Maintenance Information System (TMIS) developed by Hughes. It can 
direct the repair of equipment as complex as a radar unit simply by asking the 
repairman to describe his problem. The system comes in two portable packages: 
a video display with an electronic keyboard; and a mass memory device that uses 
floppy disks, plus a microprocessor. A few disks can store all the troubleshooting 
data normally contained in a large stack of manuals. 

A technician simply selects the appropriate disk, loads it into the system 
and types in the problem. In less than two seconds, the display screen provides 
a series of pertinent questions. After he provides the answers, the system pin­
points the failure, the part needing replacement, shows its location, and tells 
how to replace it. It also explains what tools and test equipment are needed, 
and how to use them. With this method, many repairmen will no longer require 
extensive technical training or cumbersome stacks of data. By cutting trouble­
shooting and repair time to a small fraction of present requirements, costs can 
be reduced drastically. 

The Communications and Radar Division of Ground Systems Group is engaged in the 
design, devel�pment, test and production of several modern phased array radar 
systems, synchronous time ordered Spread Spectrum Communications systems and ad­
vanced electronic warfare systems. These systems feature automatic operation 
under computer control, low vulnerability to countermeasures, high reliability, 
and automatic built-in test equipment for ease of maintenance. Electronic En­
gineers experienced in any of these areas are invited to send resume to: Ground 
Systems Group, Professional Employment, J.E. Tenney, Department-14, 1901 West 
Malvern, Fullerton, CA. 92634. 

Plant engineers now can see an instant picture of energy losses during plant 
operations. Using a handheld infrared viewing device, they can pinpoint a wide 
range of energy-wasting situations -- among them: steam leaks, product-flow prob­
lems, electrical overloads, components failures, machinery hotspots, cable shorts, 
heating/airconditioning system losses, insulation defects, chemical/thermal 
pollution. 

The device is an industrial version of the ProbeyeR Infrared Viewer, origi­
nally developed and marketed by Hughes for use in law enforcement, fire detection 
and search-and-rescue. It senses infrared rays radiated by objects within its 
viewing field and converts the radiation to a red image viewable through its 
eyepiece. Temperature differences as small as O.loC. are detected and portrayed 
by the 7.2-lb. self-contained unit. 

e".ting a new wotld with e/«tronics r------------------, 
I I 

! HUGHES: 
I I 
L __________________ � 
HUGHES AIRCRAFT COMPANY 
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LEAR SIEGLER TERMINALS 
ADM3A. Kit.. ..................................... S 750.110 
ADM3A, assembled .......................... 840.110 
ADM1A ..... ........................................ 1,445.110 
Call lor other models pricing. complete mlcropro· 
cessors line. peripherals &. terminals. 

Texas InstIUments 
electfO()ic cdcubtas 

TI·57 ...... $ 59.95 SR·40 ............ $ 19.95 
TI·58 ...... 89.90 SR·5111 ........ 47.95 
TI·59 in slack 214.90 TI·5050M ...... 79.95 
SR·60 ...... 1695.00 TI·50 15 ........ 63.95 
TI·5040.... 93.95 TI·Bus Analyst 24.95 
PC·l00L. 149.00 TI·745 Terminal 1799.00 

Hp·2S ..... ....... $100 Hp·27 .................. $138 
HP·2SC .......... 128 Hp·67 .................. 357 
HP·l0 ............ 140 HP·97 ..... ............ 587 
Hp·19C ... .. 274 HP·29C .............. . 154 
All units shipped in original cartons with accessories 
according to manufacturer's specifications. Send money 
order, personal check (2 weeks to clear). In Illinois add 
5% sales tax. Add $3.50 min. shipping charges. WE SHIP 
UPS. Subject to availability. Above prices are for mait 
order only. Send mail orders. We also carry micro­
processors and terminals. 

'Jt<Jd '4- 1�. 
1609 CHICAGO AVE. EVANSTON. ILL 60201 

TEL: 312·869·6140 

Ilow • •  
cheM: a kid. 

Thousands 
upon thousands 

of youngsters 

are being cheated out of Quality physical 

education programs every year because 

too few parents and school officials 

understand the difference between 

physical education and "gym" of bygone 

days. There's a new. enlightened phYSical 

education in many of our schools today. 

Physical education that touches and 

benefits every single boy and girl. 

develops individual confidence and self· 
esteem for a lifetime of sport and activity. 

Don't let your child miss the opportunity! 

Write for a free folder, "What Every 

Parent Should Know About The New 

Physical Education." If it's not in your 
child's school already, we'll tell you how 

to get it there. 

Physical Education Public Information 
American Alliance for Health, 
Physical Education, and Recreation 
1201 16th St., N.W., Wash., D.C. 20036 
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CISTERN is filled with cold water during winter nights, when the temperature in the arid re­
gions of Iran is usually only a few degrees above freezing. The wind towers that surround the 
cistern keep the water cold for use during the hot summer months. When the domed roof of the 
cistern is heated by the sun, it warms the air over the water in the cistern and increases the rate 
at which it evaporates. The towers maintain a draft acro�s the surface of the water, so that the 
water vapor is removed, saturation is prevented and evaporation can continue. The deeper lay­
ers of the water are little warmed because the heat from the air is almost entirely spent in evap­
orating the water at the surface. When there is an air vent in the roof of the cistern, wind ftows 
down the towers, across the water and up through the vent (black arrows), entraining vapor­
laden air from the cistern out through the vent. When there is no air vent, wind ftows down the 
towers and is forced back up through the air passages on the leeward side of the towers (colored 
arrows). The updraft created in the leeward passages entrains cistern air out through the lee­
ward tower openings. Cistern is partly buried to take advantage of the insulating properties of 
ground. Domed roof is more easily cooled than a ftat one and transmits tess heat into cistern. 

not safe for direct human consumption. 
A cistern system effectively operates 

by storing energy from one season to 
another. Many passive cooling and heat· 
ing systems operate on this principle. 
Another example is the traditional ice­
making system of Iran. (Like the cis-

tern. the ice maker has been abandoned 
for health reasons.) In Iran's arid regions 
the nighttime temperature of the air in 
winter is usually only a few degrees 
above freezing. With an ice maker. ice 
can be produced in winter and stored for 
the summer. The system depends on ra· 

DOMED ROOF AND WIND TOWERS of a cistern in Yazd appear here. Towers are about 
12 meters high; cistern is about 12 meters deep and can hold some 1,000 cubic meters of water. 
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W. H. Freeman and Company 
Publishers in Science 

Field Photography 
Beginning and Advanced Techniques 

Alfred A. Blaker, RBP 

"In my 25 years in photography I have not come across a 
more exciting and meaningful text. It blends the technical 
with the practical, not as two separate tracks, but as one. I 
know of no other book in photography that accomplishes 
this so well. The illustrations and photographs are su­
perb . . . .  One need only leaf through these visuals, read the 
captions and easily extend his photographic knowledge and 
vision. " -Richard D. Zakia, Professor of Photography, Rochester 

Institu te of Technology 

"His treatment of exposure, filtering, lighting, as well as 
darkroom chemistry and procedures amounts to a major 
tract on photography as a science. Guidance for actual 
operations in the field includes everything from anti-litter 
warnings and tips on working in bad weather to high­
resolution techniques so vital in scientific documentation, 
where small things must be made big. Micrography and 
macrography and an analysis of available equipment are 
particularly well handled. " -Publishers Weekly 
1976,451 pages, 156 illustrations ( 18 in full color), 

48-page Field Supplement, cloth $19.95 

Handbook for 
Scientific Photography 
Alfred A. Blaker, RBP 

This authoritative handbook is designed to assist both scien­
tists and science students in the production of pUblication­
grade still photographs. It can be used by anyone with a 
minimal background in photography. 

The author emphasizes techniques in still photography 
that produce clear, unambiguous, and informative illustra­
tions. Special attention is given to the lighting of objects, 
closeup flash photography, photomacrography, and the 
making of high-quality pictures through the microscope. 
Stereo photography and the use of color filters are also 
covered. There are solutions to general problems in scien­
tific photography, like the control of reflections and 
motions, and the lighting of spheres and cylinders. Methods 
for photographing a great variety of specific subjects, such 
as laboratory apparatus, crystals, fossils, insect materials of 
all kinds, and living and preserved plant and animal speci­
mens, are discussed in detail. The final chapters of the text 
offer clear descriptions of the techniques of copying and 
slide making, and the preparation of photographs for pub­
lication and viewing. 
1977,304 pages, 138 illustrations (16 in full color), cloth $22.50 

II W. H. Freeman and Company 
660 Market Street, San Francisco, CA 9.:1104 
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diation losses to the sky on clear. cold 
winter nights. 

The ice maker consists of a large stor­
age pit 10 to 15 meters deep and one or 
more shallow rectangular ponds. 10 to 
20 meters wide on a north-south axis 
and several hundred meters long on an 
east-west axis. An adobe wall is built on 
the south side of each pond. high enough 
to shade the entire width of the pond 
during the ice-making season. Lower 
walls at the east and west ends of the 
pond shield it from early-morning and 
late-afternoon solar radiation. 

On cloudless winter nights each pond 
is filled with water. Water in such a pond 
loses heat to the sky by radiation and 
receives heat froin the air by convection 
and from the ground by conduction. 
The walls along the pond. however. 
shield the pond from the wind and thus 
reduce the heat gain by convection. 
(When there are several ponds. their 

ADOBE 
WALL 

parallel walls contribute to the overall 
shielding effect.) Under these circum­
stances the heat loss by radiation to the 
night sky is sufficient to freeze the water 
in the pond. 

The weather conditions dictate to 
what depth the water can be made to 
freeze. Sometimes the pond is filled a 
few centimeters at a time during the 
night. which increases the rate of ice for­
mation. On the following day the ice is 
cut up and placed in the storage pit. 
While that is being done the walls of the 
pond help to keep the ice from melting 
in the heat of the daytime sun. On the 
other hand. conduction from the ground 
tends to melt the bottom of the ice. so 
that it can be more easily removed. 

A passive cooling system exploits the 
very features of the climate it seeks to 
overcome. For this reason the passive 
cooling and ventilating systems of Iran 
cannot be applied at random in other 

areas of the world. These systems could 
work well. however. in climates similar 
to the climate of Iran. For example. 
although the cistern and ice-making sys­
tems have been abandoned for public­

. health reasons in Iran. they could be em-
ployed in Iran and elsewhere to supply 
cold water and ice for purposes other 
than direct human consumption. 

In climates where the passive cooling 
systems of Iran cannot be applied they 
should still be of interest. They demon­
strate the possibilities of working with 
rather than against the external environ­
ment. In the future architects and engi­
neers will need to take more account of 
climate and might well examine the pos­
sibilities it affords for passive heating. 
cooling and ventilating systems. With 
this information they should be able to 
design buildings that have modern 
amenities and yet consume minimal 
amounts of energy. 

E 

�/ ICE STORAGE 
, 

ICE MAKER is a passive cooling system that takes advantage of the 
near-freezing temperatures of winter nights in the desert. Several 
shallow ponds, 10 to 20 meters wide on a north-south axis and several 
hundred meters long, are filled with cold water on winter nights. A 
tall adobe wall on tbe soutb side of eacb pond and lower walls at the 
east and west. ends shield the pond from the wind. At night the water 
in the pond loses heat to the sky by radiation and gains heat from the 

ground by conduction and from the air by convection (that is, by the 
movement of air across the water surface). Shielding the pond from 
the wind reduces the heat gain by convection, so that on cloudless 
nigbts the heat loss to the sky by radiation is sufficient to freeze the 
water. On the following day the ice is cut up and placed in a covered 
storage pit 10 to IS meters deep. The walls shade the pond during the 
day so that the ice does not melt before it can be cut up and stored. 
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World's First 
Solar-Powered Watch 

Guarantees To Outperform Any 
Watch Sold Today . . .  Or Costs You Nothing! 

The SUNWATCH . . .  Acclaimed As The Most Accurate, Most Versatile, Most Rugged Watch 
Ever Made. 

These Exclusive Features Make All Other 
Watches Obsolete . . .  
• Clearly Visible by Day or Night 
• Unique Side-Window View, Simplifies 

Reading 
. 100% SUN - POWERED, No Batteries 

That Need Replacing 
• No Need Ever To Reset the Built -In 

Calendar - Not Even in 31- Day Months 
and Leap Years! 

Solar Age Efficiency - Space Age Styling . . .  

The SUNWATCH puts a n  end to all the difficulties 
other watches crea te .  Yo u'll  never worry about 
accuracy aga i n .  With this  precision timepiece you'll 
always be secure, knowing that for the rest of your 
life you'll  be on time . . .  almost to the secon d !  Also, 
there will  be no more pushing buttons to teJ1 the 
time, and no straining your eyes to read the numbers 
in bright sun or dark rooms. 
After more than 10 years of very extensive and 
costly research, Roger Riehl, noted expert in solar 
energy I integrated circuitry. and computer chip 
tech n o l o g y ,  has developed the b e a u t i f u l  H i g h ­
Performance SUNWA T C H ,  which is n o w  t h e  most 
advanced watch available for sale to the public . 

The Fascinating Technological Story • . .  

Because of an Exclusive and Important Calibration 
Breakthrough, the SUNWATC H is  the F I R S T  
WATCH IN HISTORY THAT IS ACCURATE TO 
1 SECOND PER MONTH ! (That's 5 Times Better 
Than The La test Quartz Accutron).  
Tiny Silicon Power Cells are the incredible Power 
Source; they're constantly being energized from 
natural S unlight,  Daylight, or an Ordinary Light 
Bulb while you're wearing your watch.  
Also, a Specialized Micro Circuit Computer has 
been electronically programmed to display the 
correct month and day with NO resetting for the 
next 123 years!  
• Natural Side-View Window lets you tell  the time, 
day, and da te without twisting your arm into an 
obvious, awkward position. 

• Four Varying light Intensities built  into the viewing 
window, which automatically adjusts to the avail­
able l ight .  Numbers are CLEARLY VISIBLE in 
Bright Sun or Pitch Black.  

• Exclusive "C/MOS Brain" Computer - On-A- Chip 
displays the co rrect month and date,  PLUS it 
automatically adjusts the watch calendar for long 
and short months AND Leap Year until  2100A . D . !  
• Continuous Seconds Display - Useful for Pulse­
taking, Stopwatch timing, etc . 

• Miniature Solar Cells are automatically cha rged 
by sunlight, daylight, even ordinary light bulbs -
they last virtually forever. You never need to replace 
batteries.  This advanced Power Storage System is 
o f  the s a m e  t y p e  i n s t a l l e d  i n  C o m m u n i c a t i o n  
Satellites . 
• M agnetically Operated Slide Bars activate SUN­
WATCH's many functions, including hours, min­
utes, seconds, day, da te, 'month, speed control, 
seconds countoff, leap year 
• Permanently Sealed Lexan Module, protected by 
U.S. and Foreign Patents until  1992, encapsulates 
all  energy cells,  solar panels, quartz crystal, Com­
puter -On-A -Chip, Readouts, etc. This makes SUN­
WATC H  the MOST INDESTRUCTIBLE WATCH 
EVER! 
• Completely Waterproof (You Can Safely Suspend 
It  In Boiling Water for 30 Minu tes ! )  

• Shock Resistant to 5000 G's (C rash It  I n t o  a Rug­
Surfaced Brick Wall  at 90 mph without noticeable 
effec t ! )  
• Temperature a n d  Pressure Resistant (Freeze SUN­
WATCH in a block of ice for a year or Wear in 
Water 750 FEET DEEP without damage . )  
As y o u  h a v e  read, SUNWATCH is truly t h e  most 
revolutionary, the most remarkable watch ever 
made. Virtually a Perpetual Time Machine, Years 
ahead of the usual replaceable batteries, jewels, 
and tuning forks. You must see i t  for yourself and 
you can do so at no risk wha tsoever: 
WE ARE MOST IMPRESSED WITH THIS IN­
C R E D I B L E  SOLAR T I M E P I E C E ,  AND WE 'VE 
SEEN HOW POSITIVE OUR CUSTOMERS HAVE 
REACTED TO OWNING AND WEARING IT, 
therefore we are making this offer available to the 
readers of this publication. TRY THE SUN WATCH 
A T OUR R I S K .  Then, if you decide to keep it, 
Save $69.05! 
SUNWATCH sells in selected sto res for $199 .00 
But you can wear it at our risk for 15 days, then, if 
you 're not completely satisfied, return it for full 
money back. No questions will be asked, and your 
refund will be sent out to you immediatel y !  

The E x c i t i n g  SUNWATCH offers Split - Second 
Accuracy based on Solar Energy and Advanced 
Design Features, all  packaged in a striking, con­
temporary styled Timepiece that is Virtually Inde­
structible even under the most severe conditions.  
The Perfect Wa tch of a lifetime for Business People, 
Professionals,  Teachers, Athletes, etc 

ENGRAVING, 

A t  your request, each watch will be hand · engraved 
with your name (or any name you speCify) to label 
and personalize it  yours for a lifetime 1 

Limited Warranty Is YOUR Protection 
The Sun Watch is covered by a 2 year l imited warranty 
issued by Riehl Time Corporation (Manufacturer of 
the Synchronar 2100) ,  and included with your watch. 
A copy of the warranty may also be obtained free of 
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you specific legal rights, and you may also have other 
rights which vary from state to state.  

NEVER NEEDS BATTER IES 

Tiny silicon solar cells gather and store energy from 
sunl ight, daylight,  even an ordinary lightbulb What a 
rel ief  never to replace bat teries! 

NO RESETTING - EVER 

Micro circuit computer is programmed to display the 
correct month and day with no resetting until  2100 
A . D .  

CREDIT C A R D  ORDERS C A L L  TOLL FREE 1 -
800-528-6050. Ariz.  Residents C a l l  C ollect 602-
955-9710. 

M A I L  THIS A M A Z I N G  NO R ISK COUPON 
TODAY 

Sfa,.hlne G,OUp. 
9 2 4  A N A C A P A  S T . ,  D E P T  S - 1 88,  S A N T A  
BARBARA, CA 93101 

o Please rush me ___ SUNWATC H ( S )  in smart,  
sl imly -styled stainless steel  - the same watch being 
sold in leading retail stores for 519 9 . 00 - for only 
5U9 . 95 each. I will  wear the watch for 15 days ; then if 
not completely s a t i sfied, m a y  return it for a ful l  
refund . 
o Please send me ___ SUNWATCH ( S ) ,  gold plated 
with ma tching band - now selling in leading retail 
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Please add 53.95 per watch shipping & insurance 
Enclosed is 5 ___ Check or Money Order (Cal i f  
residents add 6% sales  tax) 
CHARGE IT ( C h ec k  One) 
o American Express 0 VISA ( BankA mericard) 
o Master C ha rge 0 Diner's Club 0 Cane B l a nche 

C redit C a rd # _______ Bank If ___ _ 
Issue Date ______ Ex.p Date _____ _ 

Signature _______________ _ 

Name to be engra ved ___________ _ 

Name ________________ _ 

Address ________________ _ 

C i t y/State/Zip _____________ _ 
Slarsh lne Inc 1 9 7 7  

1 5 5  
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THE AMATEUR 
SCIENTIST 

Introducing the Musha, the double lozenge 

and a number of other kites to build and fly 

by J earl Walker 

S
pring is coming. and with it will 

come the moderate winds that are 
good for flying kites. Kite making 

has recently undergone a small revolu­
tion. at least from the amateur's view­
point. through the introduction of new 
materials and tools that facilitate the 
construction of durable kites. Never-
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theless. the making and flying of kites 
are still highly experimental activities. 
There are no simple definitive equations 
by which one can predetermine the lift 
and stability of a kite; the fluid dynamics 
of an airstream passing a kite is just too 
complicated for solution unless one gets 
into fairly sophisticated aerodynamics. 

Fil'e types of kite 

And one cannot treat a kite like an air­
plane. fabricating a small mock-up for a 
wind-tunnel test and then determining 
whether the kite will lift and remain sta­
ble. About the only wind tunnel the am-

. ateur has is the natural wind itself. Thus 
regardless of whether you are building a 
basic design or inventing your own there 
is only one way to tell if the kite is satis­
factory: fly it. 

The late C. L. Stong wrote an excel­
lent introduction to kites for this depart­
ment in April, 1969. Recently several 
good kite books have been published de­
scribing not only kite designs but also 
the new kiting materials. Here I shall 
discuss the aerodynamics. design and 
flying of kites and describe a few good 
designs that are not difficult to build. 
For much valuable information I am in­
debted to Peter Pruden of Cleveland 
and to Judy Neuger. who owns the Kite 
Kompany, Inc. (33 West Orange Street. 
Chagrin Falls, Ohio 44022). Kites and 
kite materials can be bought from that 
store and many others. A list can be 
made from the advertisements in Kite 
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Lines, the quarterly magazine of the 
American Kitefliers Association, to 
which one can subscribe for $6 per year 
(7106 Campfield Road, Baltimore, Md. 
21207). It is great for both beginners and 
experienced kite makers and fliers. 

Kites are no fun unless you can get 
them up in the air and then keep them 
stable or at least controllable. Lift 
comes from two features of the passing 
airstream. One feature, the impact and 
deflection of the airstream on a flat sur­
face flying at an angle to the horizontal, 
pushes the kite upward. The magnitude 
of the pushing depends on the wind 
speed and the cross-sectional area the 
kite presents to the wind. Increasing ei­
ther of them increases the lift. With too 
much wind deflected, however, the kite 
becomes difficult to handle and may 
even break up. The greater the wind 
speed is, the smaller the angle between. 
the kite face and the horizontal should 
be. Part of the kite's adjustment is auto­
matic, and part must come from proper 
adjustment of the bridle attaching the 
kite to the kite string. 

Another component of the kite's lift is 
similar to the lift on a classic airfoil. The 
airflow around an airfoil can be consid­
ered as having two parts, one circulating 
around the airfoil and the other nonro­
tational. The actual airflow, at least in a 
simple model, is a superposition of the 
two, with the result that the airspeed is 
greater above the airfoil than below it. 
Because the air pressure is less the great­
er the airspeed is, there is more pressure 
below the foil than above it. This differ­
ence in air pressure lifts the foil. A kite 
gains lift in much the same way, al­
though the application of the simple air­
flow models may not be very straight­
forward. 

The instability of a kite is divided into 
three types: roll, pitch and yaw. Roll is a 
longitudinal rotation, pitch is a lateral 
rotation and yaw is a rotation around an 
axis perpendicular to the kite face. Sev­
eral features can be built into a kite's 
design to stabilize its flight. They in­
cl ude proper bridling and frame balanc­
ing, tails, a bowed or boxed shape, fins 
on either the face or the back and vents. 

The frame of the kite must be careful­
ly balanced to have a symmetrical distri­
bution of weight from left to right as the 
kite faces the airstream. If one side is 
heavier than the other, the kite almost 
certainly will fly erratically. 

The bridle is the combination of lines 
running from the kite to the kite string. 
Sometimes (but rarely) it is a single 
string (the kite string itself), in which 
case the definition is academic. Usually 
a bridle consists of two or more strings 
attached to strategic points on the kite 
and tied in a common knot or to a small 
ring on the kite line. The tasks of the 
bridle are to distribute the stress of the 
air pressure as much as possible, to pro­
vide stability and (under some circum-

A simple model of airflow for 01/ airfoil 

stances) to enable the kite flier to ma­
neuver the kite. 

The combined pull of the bridle lines 
provides a force that counters the com­
bination of the other two forces on the 
kite: its own weight, which acts down­
ward, and the force due to the passage of 
air, which acts upward and to the rear 
for a nicely riding kite. Another func­
tion of the bridle is to keep the kite at a 
proper angle of attack: the angle be­
tween the kite face and the wind direc­
tion. Once you get your kite into the 
upper winds you may find that its angle 
of attack is wrong. The only solution is 
to bring the kite back to the ground in 
order to adjust the bridle. Some bridles 
have a spring or a strong rubber band on 

. the lower line so that as the wind speed 
increases, the angle of attack is automat­
ically adjusted because the wind pres­
sure stretches the spring or the rubber 
band. 

The tail provides lateral stability and 
is needed on most flat kites. It should 
not be too long or too short; the correct 
length can be determined only by exper­
iment. By adding extra drag (as essen­
tially an extension of the kite's spine) the 
tail should respond to the lateral motion 
of the kite by pulling in the opposite 
direction and thereby damping out the 
lateral oscillations. The tail can be made 
of a strip of cloth, a length of paper or 
plastic or a cup or several cups designed 
to catch and funnel the wind. 

Stong's article in this department de­
scribed the use of cups, called drogues, 
that were first employed in the 19th cen­
tury to stabilize kites. If the cup is ta­
pered, with the narrow neck to the rear, 
it funnels the wind down through a nar­
rower opening and so forces the wind to 
speed up. The outgoing airstream, mov­
ing faster than the surrounding one, 
helps to maintain the orientation of the 
drogue. Some kites have side tassels or 
two tails on outriggers instead of a single 
tail to provide longitudinal stability. 

A great deal of stability can be built 
into the shape of the kite. Some kites 

present to the wind a face that has either 
a sharp angle or a blunt one; it is termed 
the dihedral angle. The Eddy bowed 
kite, first introduced by William A. 
Eddy in 1897, is a classic example of an 
otherwise flat kite that has been bowed 
backward to present a curved face to the 
wind. Stability against gusts is provided 
by the bowing. When the kite is turned 
by a sudden gust on one side, the other 
side rotates to present more surface area 
to the wind and thereby experiences a 
greater force, which prevents the kite 
from turning further. The Eddy kite is 
so stable against gusts that it needs no 
tail. The extent of the bowing is usually 
adjustable, so that more bowing can be 
created for greater wind speeds. 

Other kite designs employ fins on the 
face or the back to keep the kite stable 
against gusts. Still others have vents to 
allow air tCfstream through unimpeded. 
Such vents have several functions. They 
reduce drag on the kite and therefore the 
force on your end of the kite line. They 
can also help to eliminate vortexes shed 
by air passing the sides of the kite. 

You may have noticed the seemingly 
paradoxical venting of most parachutes. 
Aircraft parachutes have a single hole in 
the center. Parachutes for slowing down 
race cars, dragsters and landing air­
craft sometimes have so much venting 
area that the parachute resembles two 
crossed strips of bandage. With an un­
vented parachute vortexes are shed al­
ternately on opposite sides of the para­
chute as the air passes the edges. The air 
pressure in the vortexes is lower than the 
ambient air pressure, so that the para­
chute finds itself with different and peri­
odically changing air pressures on op­
posite sides. The parachute begins to 
swing. The swinging builds in amplitude 
just as the amplitude of swinging for a 
child is built up by periodic pushes on 
the swing. 

The swinging could be disastrous for 
the load at the other end of the para­
chute. Air is vented through the para­
chute to break up the vortexes and thus 
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reduce the swinging. Venting on some 
kites serves the same purpose. The vent 
for a kite can be a simple rectangle or 
circle or it can be subtler. as in the vent­
ing achieved through the cellular struc­
ture of a box kite. 

You should be somewhat careful 
about choosing a site for flying your 
kite. An upward deflection of the wind 
on the windward side of a hill would be 
helpful, but the turbulence on the other 
side would not. Hence it is better to 
stand at the foot of a hill on the wind­
ward side rather than at the top of the 
hill. Relatively warm ground. as in a 
parking lot. may provide rising thermals 
of warm air to contribute lift to your 
kite. Once the kite is airborne it can ride 
the stronger winds higher up. 

Never fly a kite near a crowd or over 
motorists. who may be distracted by the 
sight. Flying a kite in the air lanes near 
airports is illegal. Never fly a kite with 
wire as the kite line; even with a string 
never fly a kite near power lines or dur­
ing a thunderstorm. (Contrary to the im­
pression many people have. Benjamin 
Franklin conducted his famous experi­
ment not during a thunderstorm but as a 
thunderstorm was approaching. Even 
so. he was lucky not to have been elec­
trocuted.) In anything but gentle breez­
es wear heavy-duty gloves so that you 
can grab the line without risking a bad 
string burn. Finally. be wary of kite­
eating trees; they have been known to 
gobble up hours of work in a minute. 

To launch a kite hold it about 20 de­
grees forward of the vertical and in ap­
proximately the correct flying attitude. 
release it as a gust of wind passes and 
slowly reel out line. Keep the line taut to 
maintain lift. If the breeze is light. have 
a friend stand with the kite about 150 
feet away from you while you hold the 
line taut. When a gust comes. your 
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friend releases the kite upward and you 
pull the line hand over hand. By tugging 
and bringing the kite forward into the 
light breeze you give the kite lift. 

If the kite flaps and fails to rise. the 
bridle point is probably too high and 
should be lowered. If the kite goes crazy' 
and continuously loops. the bridle point 
is too low and should be raised. When a 
flat or a bowed kite climbs to the zenith. 
it no longer presents any cross section to 
the wind and therefore loses its lift. As it 
falls (partly upside down) it presents a 
negative angle of attack. but it can cor­
rect itself after it has fallen a sufficient 
distance. If the kite is high in the air. this 
type of looping may be fun to watch; if 
the kite is low. it may crash at the bot­
tom of the loop. 

To bring the kite down you probably 
will reel in the kite line. but with a 
stronger breeze reeling in may be hard 
work or impossible. An alternative is to 
walk down the kite. Secure the end of 
the line to a stationary object or have a 
friend hold it as you walk toward the 
kite and pull the line down hand over 
hand. Once the kite is lowered into the 
lighter breezes near the ground reeling is 
easier. 

To build a kite you first must decide 
on the materials for the two basic parts 
of the kite. the framework and the cov­
ering. In the Orient split bamboo rods 
traditionally formed the framework. 
They were light and strong and could be 
bent without too much trouble. In the 
U.S. pine sticks are usually employed. 
Recently fiberglass rods and hollow 
tubes of aluminum have been offered 
for the purpose. They are much stronger 
but are not as easy to work with and are 
expensive. (Cutting fiberglass might 
even require wearing a mask. since 
breathing the glass particles is danger­
ous.) The fiberglass and aluminum rods 
must be connected with some type of 
slightly larger plastic tubing. Unless you 
are already an experienced kite maker. I 
suggest you build with ordinary round 
wood dowels 36 or 48 inehes long and 
3/16 or 1/ 4 inch in diameter. Rectangu­
lar cross-sectional strips with dimen­
sions of about 1/8 by 3/8 inch will also 
serve. Spruce appears to be the best type 
of wood. although most other kinds of 
wood will do. Dowels can be bought in­
expensively in any hardware or lumber 
store. Before buying a dowel carefully 
inspect it for straightness and straight 
grain. 

The traditional material for covering 
kites has been either cloth or strong 
lightweight paper. Cloth is strong and 
durable but has to be stitched. Paper 
tears more easily but has the advantage 
of requiring only common white glue 
or rubber cement to be fastened around 
the kite's framework. Recently the thin 
plastic film Mylar has become popular. 
It is strong. relatively cheap. light in 
weight and can be attached with adhe-

sive tape or reinforced tape. You can 
buy Mylar from kite stores and some 
hardware stores. Other modern materi­
als are Zephyrlite and Stabilkote. which 
can either be sewn or taped in place. 
Both are light and strong and have good 
resistance to tearing. 

To me the best material available is 
Tyvek. a Du Pont synthetic fabric. De­
pending on what grade of weight you 
buy. it feels like either cloth or paper. 
but it is almost impossible to tear by 
hand. It has all the advantages of paper 
in that it is fairly cheap. can be fastened 
in a few minutes with rubber cement 
and can be colored with common paints 
and markers. and its high tear strength 
makes it superior to paper. Du Pont is 
selling Tyvek only in large lots. but a 
smaller amount (27 feet by three feet) 
can be bought from the L. O. Striegel 
Mfg. Co. (1223 Arcade Avenue. Louis­
ville. Ky. 40215). Other covering mate­
rials include sailcloth (you may be able 
to obtain remnants from local sailmak­
ers) and nylon rip-stop. Some household 
materials are also suitable: wrapping 
paper. brown paper bags and plastic 
trash bags (the kind used to line the in­
side of garbage cans). 

The kite line can be ordinary cotton 
string. but nylon string is lighter and 
stronger. One limitation on the maxi­
mum height a kite can reach is the 
weight of the string it must support. and 
so a string with a high ratio of strength 
to weight is best. The breaking point of 
the string should be high enough to 
spare you from losing the kite the first 
time out. Wyatt Brummitt. writing in 
Kite Lines, has a rule of thumb on what 
strength you should buy: the breaking 
point (expressed in pounds) should be at 
least three times the total front cross­
sectional area of the kite (expressed in 
square feet). The spool on which the kite 
line is wrapped can be anything from a 
wood rod. which is what I use. to more 
convenient spools such as fishing reels. 
Some kiters fly their kites from the end 
of a fishing rod. which presents a rather 
curious sight to passers-by. 

Other equipment can make kite build­
ing much easier. If your kites are made 
with wood dowels. the dowels can be 
glued together after they have been 
lashed with string. White glue has been 
favored. but recently kiters have been 
buying hot-glue guns (about $6 in most 
department and hardware stores). White 
glue can take up to an hour to dry. 
whereas glue from the gun requires only 
about two minutes. The guns therefore 
speed up the construction and make it 
possible to do quick repair work on bro­
ken frames. If you use a glue gun. how­
ever. you had better keep a bowl of wa­
ter nearby because eventually you will 
get hot glue on your skin. Quickly sub­
merging the skin in water is the only way 
to avoid a bad burn. Two other conve­
nient pieces of equipment are a razor 
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saw (from a hardware or hobby store) 
for cutting wood dowels and an eyele­
teer and eyelets (from a hardware or 
sewing-supply store) for making rein­
forced holes in materials. 

The bridle can end in a small loop to 
which the kite line is fastened, but if 
your kite rotates in midair, the bridle 
will become twisted. To avoid the prob­
lem fasten the bridle to a small metal or 
plastic ring with a lark's-head knot and 
then attach a swivel clip (of the type 
used on fishing lines) between the ring 
and the kite line. Such a clip can be 
bought in a sporting-goods store. 
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Now let us build a kite or two. Here I 
shall describe several basic kite designs. 
There are certainly many more that 
would be interesting to build because of 
their different aerodynamics. Perhaps I 
shall return to some of the other designs 
in a future article in this space. 

All the illustrations of the designs I 
shall discuss are drawn to the same scale 
in inches; the scale appears on the left 
side of the illustration below. To mea­
sure the length of anyone stick or the· 
side of a kite, mark the length in the il­
lustration off on the side of a sheet of 
paper and then lay the edge of the paper 
down on the scale. If you want to make 
a kite that is larger or smaller than my 
plan, first measure the dimensions of 
my kite and then scale all of them up or 
down uniformly. Bear in mind a hazard 
in making large kites: you have to be 
able to get the kite through the door. 

A view of the dihedral allgle from abo I'e 

The first design is a fiat diamond kite 

with a single spar (horizontal stick) lying 
perpendicular to a single spine (vertical 
stick) about a quarter of the spine's 
length from the top of the spine. Cut the 
wood dowels to size with a razor saw, 
keeping the cut edges smooth. Mark the 
intersection points for the crossing of 
the two sticks, taking care that the point 
is exactly halfway along the spar. With a 
touch from a hot-glue gun fasten the 
two sticks together. After a few minutes 
you can lash them in place with strong 
string (fishing line, fQr example), apply-
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Steps ill makillg a basic diamolld kite 

ing more glue if you like. Alternatively 
you can first apply glue and then cover 
the joint with masking tape for added 
support. Be careful about keeping the 
sticks accurately perpendicular to each 
other. 

Before assembling the sticks cut nar­
row notches in the ends with a hacksaw 
blade. At one end tie the end of a string 
and run the string through the notch and 
then around through the other notches 
in turn until the string outlines the basic 
diamond of the kite. Tie off the other 
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end of the string. Check the kite for bal­
ance by visual inspection and by insert­
ing a needle through the spar-spine joint 
and seeing if the frame of the kite hangs 
straight from the needle. If it is obvious­
ly unbalanced. you will have to adjust 
the sticks and the string. 

Lay the frame down on whatever ma­
terial you plan to use for a kite covering. 
Cut the material in the shape of the kite. 
leaving extra width on the sides that can 
be folded over the outlining string to lie 
on the material inside the diamond. If 
the material is paper or Tyvek. fasten 
the flap down with rubber cement. If 
you are using cloth. stitch the flap down. 
With Mylar. tape it down. Run a two­
legged bridle to the spine. Make a tail of 
six-inch lengths of cloth tied to a narrow 
piece of cloth that is about five times 
longer than the spine. 

An Eddy kite is made in much the 
same way. with the exceptions that no 
tail is needed and that the spar is bowed 
backward after the covering is put on 
the frame. Place one end of the spar on 
the floor and bend it so that the covering 
is on the outside of the curve. Run a line 
from one end of the spar to the other to 
keep the spar bowed. The bridle lines 
are run through small holes pierced in 
the covering and are attached to the 
spine at the points indicated in the left­
hand part of the top illustration on the 
opposite page. The bowed shape pro­
vides the dihedral angle needed for the 
kite's stability. This kite performs well 
in light to moderate winds. 

The first step in making a third kind of 
kite. the Nagasaki Hata. is to connect 
the spar and spine at right angles after 
making certain of their balance. Lash 
the joint well. Bow the spar downward 
and fasten it in place by attaching it to 
the covering. Attach the kite covering to 
the spine and add tassels on the spar 
ends. The tassels can be ribbon of the 
kind used for a Christmas package. Be 
sure to balance the kite by appropriately 
trimming the tassels. Properly balanced. 
they aid in stabilizing the kite as a tail 
does. The bowed spar is pushed back­
ward by the wind. producing a curved 
face similar to that of the Eddy kite. 
except that with this design the extent of 
the bowing is determined by the strength 
of the wind. 

A fourth kind of kite. the double-loz­
enge kite. is similar to the Eddy kite ex­
cept that a smaller diamond is below the 
main one. Both diamonds are built on 
the same spine and are bowed back­
ward. The smaller diamond acts as a 
rudder to stabilize the kite. which is 
flown in light to moderate winds. 

Many of the Oriental kites are rectan­
gular. The Musha kite is easy to build 
and has an interesting aerodynamic fea­
ture: the trailing edge (below the lower 
spar) helps to stabilize the kite much as 
a tail does. This kite can be flown in 
light to gentle winds. 
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m. oke 
and Professor 

Look where the science of 
communications is now. 
Man's early desire to communicate beyond 
the range of his eyes and voice gave rise to 
today's science of communications. Through 
that science, signals for visual and verbal 
messages have already connected many parts 
of the world. The signals travel at speeds up 
to 186,000 miles per second, spanning neigh­
borhoods, continents and oceans - as well 
as the oceans of space between planets. 

As advanced as communications are, the 
quest still goes on for improvements in reli­
ability, efficiency and economy. And more 
broadly, for methods that don't yet exist. 

In the thick of it all you'll find Rockwell 
science and technology, working with every­
thing from tiny microprocessors to micro­
waves and space satellites. 

Here are just a few highlights of what we're 
doing. Additional information appears in our 
annual report. Write Rockwell International, 
Department 815S, 600 Grant Street, Pittsburgh, 
PA 15219. 

still 

1976 was the safest year in Rockwell is building NAV­
U.S. airline history ... signifi- STAR satellites for the U.S. 
cant, when you consider that Department of Defense that 
2, 300 airliners flew 220 million will soon provide a revolu­
passenger miles while setting tionary new means of land, 
that record. And 95% of sea, air and space naviga­
U. S.-built jetliners relied on tion. In the 1980's, travellers 
Rockwell-Collins compo- using special receivers will 
nents to do it: communica- be able to calculate their 
tions, navigation and flight- global positions to within 30 
control equipment. Business, ft., their exact speeds and 
private and government the correct time from 
operated aircraft through- NAV STAR's clocks which gain 
out the world also use or lose only a second every 
Rockwell-Collins equipment. 30,000 years. 
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In 1837, three years before 
Samuel Morse patented his 

telegraph, Sir William Cooke 
and Professor Charles 

Wheatstone patented theirs. 
Within a year, their device 

was at work for England's 
Great Western Railway. The 

first electric-current tele­
graph, it used a series of little 
fingers that pointed to letters 

and spelled out messages. 
Though hailed by many, it 
had at least one detractor. 
He was aboard a London-

bound train on New Year's 
Day, 1845, when his presence 

was telegraphed ahead. In 
London he was met by a 

delegation of police who 
promptly arrested their man. 

atstone, 
read ou. 

If you've ever reserved a ren- In 1960 , we made big news by 
tal car, an airline flight or a transmitting a single photo of 
hotel room, made credit card President Eisenhower almost 
purchases, telephoned a 700 miles from Cedar Rapids 
branch office of your com- to Dallas by satellite. Today, 
pany, or asked for tele- television pictures are being 
phone directory assistance, transmitted around the 
chances are some portion of world at the rate of 7,000 im­
the transaction was handled ages per second. By 1978, 162 
by a Rockwell-Collins auto- Rockwell-Collins-built earth 
matic call distribution system. stations wi II be part of the 
Our computer-controlled world's largest system for 
digital voice-switching sys- transmission of TV programs 
tems are used by govern- by satellite. 
ment agencies, telephone 
companies and commercial 
organ izations. 

Until recently, the type for 
your morning newspaper was 
laboriously set at 15 column 
lines per minute. But now 
there's Rockwell-Goss elec­
tronic equipment that works 
at a speed of 1 ,000 lines per 
minute. In the time it takes 
an older machine to prepare 
one page of type, our 
Rockwell phototypesetting 
unit can typeset an entire 
66-page newspaper. 

Many companies with high­
volume communications 
have saved themselves a lot 
of time and money by not 
burying phone cables. In­
stead, they've turned to our 
Collins Microwave Systems 
Division, the largest inde­
pendent U.S. supplier of 
microwave communications 
systems. A single beam of 
microwaves can carry up to 
2, 400 conversations. 

Rockwell International 

... where science gets down to business 
• 
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The new Toyota Celica. It's here now. A 
car which meets or exceeds all 1980 
Federal fuel economy and safety stan- 1��Ajii) 
dards. The latest in Toyota engineering 
advancements and wind tunnel refine­
ments have produced an aerodynam­
ic work of art. The Celica GT Liftback 
(pictured), GT and ST Sport Coupes. 

A beautiful car and a fine machine. The GT Liftback aerodynamics have 
contributed to increased interior room (4" at shoulders), stability, accelera­
tion and effici The handling formula includes MacPherson strut front 

__ =.::: ,co,..,o"co",n, power assisted front disc brakes , and steel belted ra­
dials. The Celica's cockpit instrumentation is a beautiful 

-�� example of functional engineer ing. And comfort is 
�ti� exemplified by the reclining bucket seats with newly de­

signed adjustable driver's seat lumbar support. 

The beauty is value. The 1978 Celica GT Liftback delivers 
Toyota dependability and economy. In EPA tests the 

Celica GT Liftback was rated at 34 highway, 20 city. 
These EPA ratings are estimates. Your mileage will 

vary depending on your driving habits and your car's condition 
and equipment. California ratings will be lower. GT Liftback op­
tions are for personal taste. Like power 
steering , automatic transmission 
or the new sun roof (available 
Jan. 1978). The 1978 Celica. 
The car of the 80's here 
today. 
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