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Someday, our children will be able to share information, anywhere, anytime and in any form as 
easily as we use the phone today. At Northern Telecom, we call this vision the Intelligent Universe; 
and we're already building telecommunications products to make it a reality. 

Recently, the global telecommunications industry established a set of standards called 
Integrated Services Digital Network, to help guide the future of telecommunications. 

In concert with you our customer, we're fully committed to applying the principles of ISDN. After 
all, these principles are but another step on the way to our vision. 

I
NTEGRATED-P eople in different parts of the world have 
different customs and speak different languages.T hat's 
because they were relatively isolated, and their cultures de
veloped independently before the days of radio, television, 
telephones and fast, easy transportation. Sometimes, it's 

hard to communicate. 
Similarly, computers and other equipment made by different 

manufacturers often find it hard to communicate, because they 
were developed independently and in isolation. 

At Northern Telecom, we've been designing and building 
telecommunications products to help change this situation. T he 
features and capabilities we have designed and the design 
information we make available to others let as many different 
kinds of products as possible connect and work together so 
they work better for you. We call a network which offers this kind 
of open interconnection an OPEN World� 

S
ERVICES-You don't need to understand what makes 
a telecommunications network tick to use it. For you, 
the network is just the communications services 
you need. And of course, the 

actual telephone or termi
nal you use is one means of 
accessing such services. 

At Northern Telecom, we have 
defined and are building into 
the network a tremendous 
capability for the provision of 
services,and we have introduced 
a line of products to both access 
and realize this capability. We call 
it the Meridiant line of products. It's 
aimed at enhancing your communi
cations effectiveness by offering you 
the services you need with the 
simplicity you demand. 
Meridian by Northern Telecom. 
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D
GITAL -Most people find that the best approach to 
solving a problem is the simplest approach. In tele
communications, the simplest way of carrying informa
tion is to convert it to a series of 1 's and O's-a digital 
bit stream. 

A digital bit stream can mean anything-it can be your voice, 
a letter, a television picture, or the manufacturing diagrams for 
a new car. 

At Northern Telecom, we've been designing and building 
telecommunications products based on the simple digital bit 
stream for two decades. We call a network that handles all 
information in digital form a Digital World� 

NETWORKING 

N
ETWORKS-In sports, a winning team starts with a 
good game plan, and adapts it in real time based 
on the changing flow of the game. 

Up to now, telecommunications networks have 
followed a very static game plan. T hey were built 

mostly of separate elements to handle predictable changes 
in needs on a long-term basis. T here was almost no way of 
controlling them in real time, so they provided little current 
information about overloads or breakdowns or anything. 

At Northern Telecom, we have developed a new way of 
designing and controlling telecommunications networks. It's 
a game plan for public or private network architects who 
want to design and run their whole network like a winning 
team. It also lets networks carry different kinds of information 
more easily and economically and thereby provide the basis 
for supporting new services and capabilities for you. 

We call it Dynamic Network Architecture� 

� nutthcun I ""'" tclceuln 
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FOR A MOMENT, THERE WERE JUST THE TWO OF YOU. AND THE WHOLE WORLD 
TO DISCOVER. OMEGA. FOR ALL YOUR SIGNIFICANT MOMENTS. 

OMEGA ALWAYS M ARKS SIGNIFICANT MQ\,1ENTS. 

IN THE OLYMPICS. IN THE SPACE PROGRAM. 

IN SIGNIFICANT LIVES LIKE YOURS. 

THE Q\,1EGA CONSTELLATION. ADVANCED SWISS 

TECHNOLOGY. WATER RESISTANT. IN STAINLESS 

STEEL AND 18K GOLD. 

o 
OMEGA 

WILLIAM BARTHMAN 
174 Broadway, New York, NY 10038 (212) 732-0890 
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Have au Heard? 

Where ancient tradition 
and modern expression 
share one roof. 

Where the vital 
Native American spirit 
breathes and inspires, 
evolves and expands. 

Where over 75,000 
Indian artifacts 
have come to live, 
and contemporary artists 
and cultural programs 
live on. 

Where life becomes culture 
becomes art becomes life. 

Have you Heard? 

The Heard Museum· Phoenix 

...... •••• 

"There simply is no better 
book on the subject." 
- FREDERICK POHL, New Scientist 

THE SEARCH FOR 
EXTRATERRESTRIAL INTELUG 
Listening for Life in the Cosmos 

Thomas R. McDonough 
"A breezy and appealingly illustrated 
book:' - The New York Times Book Review 

JOHN WILEY AND SONS, AUn: M. Schustack 605 Third Avenue, New York, NY 10158-0012 
Please send copy(ies) of THE SEARCH 
FOR EXTRATERRESTRIAL INTELLIGENCE (1-84684-8) @ $19.95 per copy plus applicable sales tax . 
o Payment enclosed, Wiley pays postage/handling. 
Bill my OVISA OMasterCard DArner. Express 
Acc!. # Exp .. ___ _ 

Signature' ___________ _ 
Name ____________ __ 
Address ___________ _ 
City/State/Zip��;;;;;;;;;;;;::;=�==:::::::::;::;=�'L=-= L - -[@]JOHN WILEY & SONS _ ...J 
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THE COVER 

The cover depicts part of the three-dimensional "grid" employed by an ad
vanced computer model of the earth's climate (see "Climate Modeling," by 
Stephen H. Schneider, page 72). Because it would take impossibly long to 
calculate temperature, humidity and other climate variables everywhere in 
the atmosphere, the computer makes calculations only at selected points: 
the intersections of the imaginary horizontal and vertical lines that make 
up the grid. The model "sees" geography at the same resolution, and so 
its world map is very crude; the view here is centered on Central America. 
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Ho hum, your word processor enables 
you to process words. But today, when 
you're creating long, complex documents, 
you often have to process much more. 
Graphics, equations, columns, tables, etc. 

Lotus Manuscript'M is a complete docu
ment creation system that can handle 
documents from 1 to 800 pages. Manu
script can mix text and graphics on the 
same page, graphics from Lotus'" 1-2-3� 
Symphony" and Freelance'" Plus. It can 
also import spreadsheets and charts, plus 
diagrams and scanned images. 

With our Integrated Outliner you can 
collapse a document to navigate the 
outline, or move any size section with 
just a few keystrokes. 

You can globally format an entire Man
uscript document, or format by sections. 

Manuscript's Document Compare 
feature highlights changes between 
revisions for foolproof proof-reading. 

With our Document
· 

•
• Preview feature you .t.:..--';:::;......!.:::::.-...::::.;;..: 

can see Iww any page will look bpjore 
it's printed. Zoom capability lets you take 
a closer look at graphics and equations. 

Also, Manuscript automatically sizes 
and generates math equations as well 
as Greek symbols, diacritical marks 
and brackets. 

'-

Our powerful Print Formatter gives you 
control over the look of your document, 
from position and size of graphics, to 
fonts, point sizes and more. 

Manuscript also takes full advantage of 

ill lin I' ",n ill 

today's printing technology, from dot-matrix 
to laser, including PostScript'" printers. 

Manuscript is designed to work on 
most IBM'" PCs and compatibles � Its 
familiar 1-2-3 interface makes it easy to 
use. And our Manuscript evaluation kit 
makes it easy to try. For $10.00, you'll 
get a presentation disk, working soft
ware, and a tutorial manual. Th get your 
evaluation kit, call 1-800-
345-1043, ask for 
lot #BD-1450. ldtlSlM.s<ilt 
Or, for more infor- ;'��;-'_�-_'-__ """" 
mation, see your 
authorized Lotus 
Dealer, or write 
Lotus Develop
ment Corp., 90 
Annex, Atlanta, 
GA 30390-0370. 

Lotus ManuscriptM 
© 1987 Lotus Development CorjXlration. All rights reserved. Lotus, 1-2-3, Symphony and Freelance are registered trademarks and Lotus Manuscnpt is a trademark of Lotus Development Corporation. 
Postscript is a registered trademark of Adobe Systems, Inc. IBM is a registered trademark of International Business Machines. ·Manuscript and Manuscript Evaluation Kit require 512K and a hard disk 
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LETTERS 
To the Editors: 

J. Larry Brown ["Hunger in the 
U.S.," SCIENTIFIC AMERICAN, Febru
ary] implies that Federal cutbacks in 
welfare programs are associated with 
hunger and malnutrition and so with 
early death, diseases and developmen
tal problems in infants and children. 

The author totally disregards major 
social problems that exist to a much 
greater extent in the U.S. than any
where else in the world and may well 
be associated with the health problems 
he describes. These social problems in
clude single, often teen-age mothers, 
each of whom may have children by 
several men, extensive drug and alco
hol use and cigarette smoking, particu
larly among teen-age mothers. 

Unless a comprehensive review is 
made of the role of all these complex 
factors, singly and together (they may 
have synergistic adverse effects), the 
nation may be focusing attention on 
only one aspect of a very complex so
cial problem. Any remedial effort con
centrating on a single factor, such as 
Brown's article might inspire, will not 
suffice to solve the problem and there
by remove what we all take to be a na
tional disgrace. 

J. H. WILCOX 

White Plains, N.Y. 

To the Editors: 
"Hunger in the U.S." is sadly lacking 

in scientific objectivity and method. In 
the concluding paragraph of the first 
section, for instance, Brown writes: "In 
1985 the Physician Task Force cal
culated that hunger afflicts some 20 
million Americans. Although more re
cent data are not available, later evi
dence suggests that the problem of 
hunger in America has grown worse." 
Either he is using the terms "evidence" 
and "data" in some private way or this 
statement is self-contradictory. 

This remarkable assertion sets the 
tone for the rest of the article. Brown 
goes on to invoke the devil in the form 
of the Reagan Administration, alleg
ing cutbacks in programs although not 
providing detailed data on these cut
backs or references for his sources. 

Where he does provide data they do 
not seem to support his argument. For 
example, the two graphs on page 39 
purport to show declining participa
tion in the food-stamp program. Rul
ing a few lines across the upper graph 
appears to show that the population 
living below the Government-defined 

6 

poverty level rose slightly and then de
clined during the period covered. The 
number of people taking part in the 
food-stamp program seems to have 
changed more or less in step with the 
number living in poverty. 

The lower graph shows the ratio of 
those two figures. The ratio fluctuates 
through a range of about 8 percentage 
points over the period. The poverty 
level and the income qualification for 
food stamps, however, are both re
vised periodically. These revisions are 
carried out asynchronously by differ
ent organs of the Federal bureaucra
cy. The" fact that the numerator and 
the den9tninator of the fraction being 
graphed are changed at different times 
by diff"5:nt organizations is sure to 
cause some volatility in the ratio . . . .  

JAMES C. FINUCANE 

Alliance, Ohio 

To the Editors: 
Wilcox is uncomfortable with the 

claim that there is an association be
tween recent Federal policies and in
creased hunger. He urges that we look 
to the hungry themselves for causes, 
suggesting that we investigate marital 
status, sexual partnerships, drug use 
and alcohol consumption. That Wil
cox is concerned about these problems 
is obvious, but there is no evidence 
that they cause hunger. 

A few facts will show that the prob
lems Wilcox describes are diminishing 
or bear no direct relation to hunger: 

Teen-age pregnancy. Fewer teen
agers are having babies, namely about 
5 percent of the teen-age population 
per year, compared with 7 percent 15 
years ago, according to Statistical Ab
stracts a/the United States. 

Abuse ·of drugs and alcohol. These 
problems are about as prevalent as 
they were 15 years ago, after signifi
cant declines from a high point in the 
late 1970's. 

Paternity. No scientific or medical 
literatu� indicates conception by dif
ferent nfln somehow produces hunger. 

I share Wilcox' concern about these 
issues, but not as possible explanations 
for the rapid growth of domestic hun
ger. The farm families that are now 
hungry, like the families of former 
factory workers who supported them
selves until industries closed down, are 
not drug-taking baby machines. Per
haps it is easier to ascribe negative 
traits to victims of problems than it is 
to examine the more complicated fac
tors that create need among so many 
American citizens. 

Some . . Qbservers, for example, have 
venture�that poor people go hungry 

because they waste their money. They 
make that statement in spite of data 
from the Department of Agriculture 
showing that the poor, as a group, 
make wiser purchasing choices than 
other people in order to stretch their 
food dollars. The president himself re
cently suggested that people are hun
gry owing to ignorance, but he failed 
to explain why millions of citizens 
have suddenly become ignorant. 

In sum, Wilcox' suggestion that per
sonal maladjustment causes poverty 
and hunger, rather than the reverse, is 
not supported by fact or reason. 

The criticisms Finucane advances 
are more technical in nature. Although 
he makes no distinction between the 
terms "evidence" and "data," scien
tists commonly do. "Evidence" is sug
gestive or indicative information, fre
quently based on observations or oral 
statements. "Data," on the other hand, 
usually take the form of numerical in
formation, suitable for processing and 
analysis by computer. Hence my state
ment (that recent evidence suggests 
hunger has grown worse since we first 
calculated that it afflicted 20 million 
Americans in 1985) remains accurate. 

Finucane then interprets the graph 
comparing poverty and food-stamp 
participation as indicating that they 
"changed more or less in step." He is 
dead wrong here. In 1980, 68 percent 
of the population living in poverty re
ceived food stamps; by 1985 that fig
ure had fallen to 59 percent. If the per
centage had remained steady instead 
of falling, three million more people 
would have received food stamps in 
1985. This decline in food-stamp cov
erage is a major factor in the signifi
cant increase in hunger in the nation. 

Finucane is also wrong in stating 
that the poverty level and the qualify
ing income for food stamps are revised 
"asynchronously by different organs 
of the Federal bureaucracy." The two 
income levels are tied to each other, 
based on the official poverty level es
tablished in 1965 and adjusted annual
ly according to the cost-of-living in
dex. The "volatility in the ratio" that 
Finucane observes is therefore due not 
to bureaucratic asynchronicity but to 
extant public policy. 

Finally, Finucane maintains that I 
"invoke the devil in the form of the 
Reagan Administration." Science has 
made devils obsolete, I hope, and peo
ple who believe in objective analysis 
can reach conclusions without taking 
political persuasion into account. Al
though hunger has got much worse 
during the years of this administration, 
the problem is truly bipartisan. So, I 
hope, will be its resolution. 

J. LARRY BROWN 
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TOSHIBA. 
FULLY 

INTELLIGEN1 
"W hen some people look at me they don't get past my looks. But I've 

learned that what you see on the surface, isn't as important as what's beneath it. 
I'm a college student, a business woman and smart enough to know good 

looks can only get you so far. 

T hat's why I own a Toshiba laptop computer. It has the beauty, but it also has 
the brains. Because behind that sleek, perfectly proportioned chassis is a ton 
of technology. 

T he Toshiba is the most powerful laptop you can buy. With a standard 640KB 
memory that's expandable to 2.6 MB. And a spectacular, high-resolution 
gas-plasma display that lets you work for hours without getting squint lines. It is 
an incredible example of Toshiba's technologies in miniaturization. 

No wonder Toshiba electronics get rave reviews by everyone who sees them. 
I guess it's the kind of technical innovation that's made Toshiba one of the 

largest electric and electronics manufacturers in the world. And has given 
Toshiba a reputation for performing beautifully. 

I'm interested in my future. And that's why I wouldn't have anything but 
a Toshiba sitting next to me:' 

In Touch with Tomorrow 

TOSHIBA 
For further Information write: Toshiba America, Inc., 9740 IrVine Boulevard, IrVine, CA 92718, or call 1-800-45n777. 
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50 AND 100 

YEARS AGO 

SCIENTIFIC 
AMERICAN 

MAY, 1937: "With almost startling 
suddenness, speculation as to when 
and how sealed, supercharged cabins 
would be used to transport air passen
gers at levels above the normal storm 
area has been translated into orders 
for airplanes provided with fuselages 
suitable for such supercharging. It is 
plainly evident that air transport is go
ing 'up stairs.' This raises many ques
tions of interest as to operating effi
ciency and passenger comfort." 

"United Air Lines have now in serv
ice the world's first extra-fare planes. 
The company has recently purchased 
a fleet of 28 Douglas DC-3 twin
engined machines. Ten 'Skylounge 
Mainliners' have been put into non
stop service between New York and 
Chicago, with an extra fare of $2.05. 
The extra fare is no doubt fully jus
tified because instead of seating 21 
passengers, the extra-fare ships will 
provide accommodation for only 14, 
which makes a substantial difference 
in payload." 

"The Golden Gate Bridge, which is 
due to open this month, as a defi
nite project dates back to 1919, when 
the San Francisco Board of Supervi
sors authorized a survey to determine 
its feasibility. Preliminary plans were 
drawn up in 1924 and the Golden 
Gate Bridge and Highway District was 
formed in 1930. The bridge has been 
built as a self-liquidating project, be
ing financed by a $35,000,000 bond is
sue, guaranteed by the taxable proper
ty of six Californian counties." 

� 

"Motor-truck manufacture is a half
billion-dollar industry. Add to this 
wholesale value of product the value 
of business done by companies and in
dividuals engaged in truck transporta
tion and you get a major industry cen
tered around a product a little more 
than 30 years old. Today the motor 
truck moves 2 percent of the ton-miles 
and 5.5 percent of the nation's carload 
tonnage. Motor-truck transportation 
is still primarily a business of small 
operators, although concentration In 
fewer hands is proceeding rapidly." 

"There are now 1,500,000 motor ve-
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hicles in the United States equipped 
with speed governors. It has been 
thought that governors increase oper
ating costs and retard deliveries, but 
the experience of the General Electric 
Company has resulted in a favorable 
opinion of this method of curbing 
maximum trucking speeds." 

"As a test of glued-arch building 
construction, of which economy of 
cost and space are the outstanding 
merits, the United States Forest Prod
ucts Laboratory at Madison, Wiscon
sin, has during the past year subjected 
one of the arches in a large service and 
storage building to a constant weight 
of 31,500 pounds from 315 sandbags 
on its roof. This weight, 50 percent in 
excess of that which would have to 
be borne by the arch were it blanket
ed with a drift of snow weighing 30 
pounds per square foot, has deflected 
the roof peak, in all those months, the 
remarkably slight amount of only one 
and one-tenth inch." 

MAY, 1887: "The prospects for a 
canal at Panama seem more illusive 
as time goes on, and not even the skill 
and perseverance of the French engi
neers has so far sufficed to lend to the 
scheme the air of practicability. In
deed, the tenacity with which these 

engineers adhere to the work must be 
regarded as remakable by those who 
know how formidable and dishearten
ing have been the obstacles: the deadli
ness of the climate, the necessity for a 
monstrous dam at Gamboa, the great 
difference in level between the Atlan
tic and Pacific oceans and the disap
pointing character of the rock to be cut 
into in the mountain section." 

"It is a good many years since the 
probable useful employment of bal
loons in warfare began to occupy the 
attention not alone of our own War 
Department but of that of nearly every 
country of Europe, as well as the coun
tries of North and South America. In 
spite of all the endeavors made, very 
little seems to have been really accom
plished. We have not progressed be
yond the mere possibility of viewing 
an antagonistic position." 

"An interesting example of the mu
tual repulsion of similarly electrified 
bodies is displayed in the annexed en
graving. The elastic rubber strips em
ployed in the experiment were sus
pended from the ceiling in one of the 
apartments of the SCIENTIFIC AMERI
CAN office and were electrified by sim
ply brushing them with a feather dust
er. The threads became more and 
more divergent as the electrification 
proceeded, until it finally became im
possible to approach the threads with
out becoming enveloped in them." 

An electrical experiment 
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ELDORADO 
The Driving Spirit of Cadillac, 

The quality is readily apparent. 
The comfort and convenience 
are pure Cadillac. The 1987 

Eldorado also delivers the 
exhilaration of commanding a 
luxury car that loves the road. 
Cadillac convenience features 
let you know you're driving 
a special personal coupe. 
A coupe backed by a new 
longer warranty: 

This Cadillac takes your driving 

A personal environment 
designed around you. 

Adjust the leather-wrapped tilt
and-telescope steering wheel. 
Position the six-way power driver 
seat. Set the power rearview 
mirrors. This Cadillac encour
ages and rewards driver 
involvement. 

Technology that enhances your 
control. 

pleasure very seriously. Eldorado acknowledges that 

The power of a transverse-
information translates into driver 

mounted, fuel-injected V8 with 
control and confidence. Within 

the traction of front-wheel drive. 
its available American walnut 

The control of four-wheel indepen-
instr�ment 

.
panel: an advanced 

dent suspension. The assurance 
of four-wheel disc brakes. And 
the response of power rack
and-pinion steering. All make 
Eldorado a driver's luxury car. 

multi-function Driver Information 
Center monitors everything 
from engine rpm to the outside 
temperature. 

'See your dealer for the terms and conditions of this new limited warranty. 

Technology that enhances your 
convenience. 

Eldorado uses leading-edge 
technology to enhance the 
Cadillac hallmarks of comfort 
and convenience. Witness the 
sun-load sensor that measures 
the amount of sunlight entering 
the interior and then instructs 
the Electronic Climate Control 
to adjust itself accordingly: 

Eldorado's new 6-year/60,OOO
mile warranty: 

Eldorado inspires confidence 
with a new longer 6-year/ 
60,OOO-mile warranty� 

Your Cadillac dealer invites 
you to experience the joy of the 
open road in Eldorado, the 
driving spirit of Cadillac. 

LET'S GET IT TOGETHER",BUCKLE UP II 
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THE AUTHORS 
LESTER C. THUROW ("A Surge 

in Inequality") is professor of manage
ment and economics at the Massachu
setts Institute of Technology, where in 
July he will become dean of the Sloan 
School of Management. Thurow did 
undergraduate work at Williams Col
lege, earned a master's degree at the 
University of Oxford and received his 
doctorate in economics from Harvard 
University in 1964. He spent two years 
on the President's Council of Econom
ic Advisers and then joined the facul
ty at Harvard. His tenure at M.LT. be
gan in 1971. Among Thurow's books 
is The Zero-Sum Solution: Building a 
World-Class American Economy. 

VICTOR E. VIOLA and GRANT 
J. MATHEWS ("The Cosmic Synthe
sis of Lithium, Beryllium and Boron") 
have collaborated for more than a dec
ade in studies of elemental synthesis 
in the universe. Viola is professor of 
chemistry at Indiana University and 
director of the Indiana University Cy
clotron Facility. He got a bachelor's 
degree at the University of Kansas 
and, in 1961, a PhD. from the Uni
versity of California at Berkeley. Be
fore accepting a professorship at Indi
ana, Viola taught at the University of 
Maryland at College Park, where he 
and Mathews first worked together. 
Mathews is a group leader for nuclear 
astrophysics research at the Lawrence 
Livermore National Laboratory. He 
has a bachelor's degree from Michi
gan State University and a Ph.D. from 
the University of Maryland, awarded 
in 1977 for research that included his 
first inquiry into the genesis of lithium, 
beryllium and boron. 

TOMASO POGGIO and CHRIST
OF KOCH ("Synapses That Compute 
Motion") study computation by ma
chines and living things, Poggio as 
professor at the Artificial Intelligence 
Laboratory of the Massachusetts In
stitute of Technology and Koch as 
associate professor of computation 
and neural systems at the California 
Institute of Technology. Poggio got 
his doctorate in theoretical physics 
in 1970 from the University of Gen
oa and went on to study information 
processing in vision at the Max Planck 
Institute for Biological Cybernetics in 
TUbingen. He continues to pursue re
search on vision at the AI Labora
tory; at the same time he serves as co
director of M.I.T.'s Center for Bio
logical Information Processing, where 
he studies computation in the brain. 
Koch, who studied physics and philos-
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ophy at the University of TUbingen, 
earned a Ph.D. in 1982 from the Max 
Planck Institute for Biological Cyber
netics for work done in part with Pog
gio. Later, as a research scientist at 
M.LT.'s AI Laboratory and at CBIP, he 
investigated computer vision and in
formation processing in single nerve 
cells. Koch moved to Caltech in 1986. 

STEPHEN H. SCHNEIDER ("Cli
mate Modeling") is deputy director 
of the advanced-study program at the 
National Center for Atmospheric Re
search (NCAR) in Boulder. He is 
a graduate of Columbia University, 
where he received a Ph.D. in mechani
cal engineering in 1971. He has pur
sued his interest in climate change, its 
natural and human causes and its im
pact on public policy in a variety of 
settings: at the Commission on Natu
ral Resources of the National Acade
my of Sciences, at NASA'S Goddard In
stitute for Space Studies and, since 
1972, at NCAR. He has also served as 
a witness before Congress, as a mem
ber of the Defense Science Board Task 
Force on Atmospheric Obscuration 
and as a consultant to the Nixon and 
Carter administrations. Schneider is 
the editor of Climatic Change, a scien
tific journal, and the author of several 
popular books. 

ANTHONY CERAMI, HELEN 
VLASSARA and MICHAEL 
BROWNLEE ("Glucose and Aging") 
are colleagues in the department of 
medical biochemistry at Rockefeller 
University who share an interest in di
abetes and in the aging process. Ce
rami is R. Gwin Follis-Chevron pro
fessor as well as dean of graduate and 
postgraduate studies and head of the 
laboratory of medical biochemistry. 
He was educated at Rutgers Universi
ty and at Rockefeller, where he was 
awarded his doctorate in 1967. Vlas
sara is assistant professor of medical 
biochemistry. She earned her medi
cal degree at the University of Athens 
School of Medicine and then came to 
the U.S. for an internship and residen
cy at the Columbia University College 
of Physicians and Surgeons. Brownlee, 
who is associate professor of medical 
biochemistry, holds an M.D. from the 
Duke University School of Medicine. 
He did his internship and residency 
at the Stanford University School of 
Medicine and in 1975 became a re
search fellow in biological chemistry 
at the Harvard Medical School. Af
ter a fellowship at the Joslin Diabetes 
Center and the New England Deacon-

ess Hospital and a stint as an instructor 
at Harvard, he went to Rockefeller. 

JAMES S. WALKER and CHES
TER A. VAUSE ("Reappearing Phas
es") met and began their collaboration 
while they were postdoctoral research
ers at the University of Pennsylvania. 
Walker, now associate professor of 
physics at Washington State Universi
ty, received his Ph.D. in physics in 
1978 from the University of Washing
ton. He did postdoctoral work at 
Pennsylvania, the Massachusetts Insti
tute of Technology and the University 
of California at San Diego. In 1983 he 
moved to his current position, where 
he relishes the outdoors and enlivens 
his course on mechanics with demon
strations. Walker writes that in one 
lecture "I add to the general increase 
of entropy by juggling a set of flaming 
torches." Vause is assistant professor 
of physics and astronomy at the Uni
versity of Hawaii at Manoa. After 
earning his Ph.D. from Rutgers Uni
versity in 1979, he went to the Univer
sity of Pennsylvania, where from 1981 
to 1983 he was a National Research 
Council associate. In 1983 he returned 
to Hawaii to take his present post. 

WILLIAM C. DAVIS ("The Deto
nation of Explosives") is a fellow at 
the Los Alamos National Laborato
ry. He holds a bachelor's degree in en
gineering from Tufts University and 
a Ph.D. in physics from Johns Hop
kins University, awarded in 1954. He 
then went to Los Alamos, where deto
nation physics has been his main inter
est. His approach has been both theo
retical and experimental, making use 
of high-speed photography and flash 
X-ray systems. 

JAMES J. CHILDRESS, HORST 
FELBECK and GEORGE N. SOM
ERO ("Symbiosis in the Deep Sea") 
have worked together for several years 
exploring the adaptations by which an
imals thrive in the unique environment 
of the deep-sea vents. Childress is pro
fessor of biology at the University of 
California at Santa Barbara. He re
ceived his PhD. in biology from Stan
ford University and joined the faculty 
at Santa Barbara in 1969. Felbeck is 
assistant professor of biology at the 
Scripps Institution of Oceanography: 
He earned his doctorate from the Uni
versity of MUnster's Institute for Zool
ogy in 1979 and did research at Scripps 
before joining the faculty. Somero, 
professor of biology and chairman of 
the marine biology research division at 
Scripps, got his Ph.D. from Stanford in 
1967 and did postdoctoral studies at 
the University of British Columbia. 
He went to Scripps in 1970. 
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There's a vast world of difference 
between the power of a super 
minicomputer and our new 
Firebreathers - the Gould 
NPL 1M family of mini supercom
puters. It's a whole new category 
of compatible Gould computers 
that bridges the gap between 
giant supercomputers on the one 
hand and superminis on the other. 

The Gould NPL family offers you 
the power and speed of supercom
puters at the cost of superminis, 
and they are every bit as easy to 
use. NPL the first Firebreather in 
the NPL family, delivers perfor
mance equal to first generation 
supercomputers. 

UNIX is a registered trademark 01 AT&T Bell Labs. 

Ada is a registered trademark 01 the U.S. 
Government. Ada Joint Program Oltice. 
NPL & urx 132 are trademarks 01 Gould. Inc. 

Harness the power: 

Multiprocessor parallel 
architecture. 

High pertormance scalar and 
vector processing. 

Real memory expandable to 
4 billion bytes. 

Industry standard I/O subsystems. 

Continuous throughput 5 times 
faster than any supermini. 

How you use Gould's NPL family is 
limited only by your imagination. 

Consider this power applied to 
complex scientific and engineer
ing computations, simulation, 
real time data acquisition and 
intensive program development. 

If your present computer no 
longer has the power you really 
need, get in touch with the future. 
Get in touch with Gould. 

Gould's proven UNIX®-based 
operating system, UTX / 32®. Gould, Inc., Information Systems 

Languages that include vectorizing 
Computer Systems Division 
6901 West Sunrise Boulevard FORTRAN and highly optimized 
Fort Lauderdale, Florida 33313 C compilers, plus Ada® 

1--__________ --1 1-800-GOULD-1O, TLX 441491 

-} GOULD 
Electronics 
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COMPUTER 
RECREATIONS 

Of bulls, bears and 
programs in the pit 

by A. K. Dewdney 

T
he trading floor of a tradition
al stock exchange is sometimes 
called the pit. Here one can see 

grown men and women shouting, ges
turing and making rapid calculations 
on the back of envelopes. In this bed
lam shares are bought and sold by 
cries and signs. Will the process ever 
be automated? Will computer pro
grams someday silence the pit forever? 

In the wider pit that includes the in
vestor's home or office, automation is 
already under way. It is now possible 
for readers to buy (or write) programs 
that analyze technical or fundamental 
aspects of stocks. Closer to the ex
change there are programs written 
by the so-called rocket scientists of 
Wall Street. Among the programs are 
certain ones that compute the outcome 
of complicated transactions involving 
large numbers of stocks hedged with 
stock futures. Transactions of this na
ture, known as program trading, were 
blamed by some people for the drastic 
one-day drop in the New York market 
last September. Closer still to some 
pits are programs that assist in the ac
tual trading process, a subject worthy 
of mention at the end of this article. It 
may be that such programs can be ex
tended to handle the actual trading-a 
tricky and contentious proposition. 

First, a tour of the pit seems in or
der. A transaction there begins with 
the decision by an individual investor 
to buy, say, 100 shares of United Sus
penders. The investor places the or
der with a broker, who (after extract
ing a commission) relays the order to 
the trading floor of a stock exchange 
where United Suspenders is traded. 
There a trader who specializes in Unit
ed Suspenders fills the order from 
shares currently for sale. In due course 
payment is relayed from the investor 
through the brokerage firm to the seil
er of the 100 shares. At the same time 
ownership of the shares is transferred 
to the investor. 
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If the value of United Suspenders 
increases while the investor holds the 
stock, he or she may sell it again at 
a higher price and make a profit. If, 
on the other hand, United Suspenders 
drops, the investor may either hold on 
to the stock (in hope of an eventual 
rise) or sell it at a loss. In the first case 
the investor may feel optimistic. It is a 
bull market: the prices of many stocks 
seem to be increasing withou t limit, 
and a mood of cheery optimism per
vades the investment community. Our 
investor feels like hanging on in the 
expectation that United Suspenders, 
along with its fellow stocks, will even
tually rise. In the second case the in
vestor feels pessimistic. It is a bear 
market: prices are generally falling, 
and the investment community grows 
fearful, even panicky. A severe bear 
market such as the one that hit Wall 
Street in 1929 is called a crash. The 
impact of a stock-market crash can 
be catastrophic, resulting in bank fail
ures, plant bankruptcies and unem
ployment-in short, a depression. 

Does our investor make a decision 
to buy or sell based purely on the pre
vailing emotional climate? The answer 
is surely "Sometimes." At other times 
the investor might take a more rea
soned approach. Two traditional ave
nues are available: fundamental analy
sis and technical analysis. The funda
mental avenue involves purchasing a 
stock on the basis of entrepreneurial or 
financial strengths of the issuing com
pany. I shall have more to say about 
this approach later. 

The technical approach offers much 
fascination for lovers of charts and nu
meric patterns. Believing that the past 
behavior of share prices has predictive 
value for future prices, the technical 
analyst employs a variety of means 
to make predictions. The simplest of 
these exploit apparent trends in price, 
upward or downward. Suppose, for 
example, that United Suspenders has 

traded for some time in the $10 range 
and has recently begun to go up in 
price. If the movement is smooth and 
linear, the c1ass-C technical analyst 
(the tyro category) might examine a 
chart of recent prices [see top 0/ illus
tration on page 18] and superpose on 
the price line a ruler-drawn line that 
matches it closely. If the current price 
is $15 and the trend indicates a rise of 
approximately $1 per day, the analyst 
might buy 100 shares in the expecta
tion of harvesting $100 per day. Alas! 
On the day of purchase the stock be
gins to plummet. 

Enter the c1ass-B (apprentice) ana
lyst, who, watching the stock during 
subsequent days and weeks, notices 
a seesaw pattern of ups and downs in 
the price of United Suspenders. At 
the same time each new high is higher 
than the previous ones. The trusty rul
er is again employed, this time to draw 
two lines [see middle 0/ illustration on 
page 18]. One line bounds stock pric
es below and the other bounds them 
above. In between lies a "channel" in 
which the price of United Suspenders 
zigzags. 

The c1ass-B analyst may exploit the 
channel in a number of ways. He or 
she may buy the stock at whatever the 
current price may be with the intention 
of holding the stock long enough to ex
ploit the broad, upward trend to the 
fullest. In the short term, however, the 
analyst might wait for the price of 
United Suspenders to hit the bottom of 
the channel. Here is one place to buy in 
the hope of turning a quick profit. 

The top of the channel also offers 
an investment opportunity: the analyst 
may sell the stock short. This means 
borrowing, say, 100 shares of United 
Suspenders at $20, selling the shares 
immediately at that price and paying 
for the shares later when the price 
reaches $15. The borrowed shares are 
paid for at the new price and the inves
tor subsequently pockets the $5-per
share difference. 

In either case there are obvious dan
gers. For example, the c1ass-B analyst 
may buy 100 shares of United Sus
penders when it reaches the bottom of 
the channel. Convinced that the price 
will rebound like a tennis ball from a 
brick wall, the analyst watches in hor
ror as the price continues to plunge. 
Aghast, the c1ass-B analyst turns to a 
c1ass-A (expert) friend for help. 

"It's probably a new channel," says 
the friend, hardly looking up from his 
charts. Subsequent weeks bear him 
out, so to speak; the price of United 
Suspenders has now begun to jitter 
downward just as it originally see
sawed upward. How did the c1ass-A 
analyst know that a down channel had 
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THE SOLUTION TO ALL YOUR PROBLEMS 
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Practical Tools For Problem Solving Set 
for only $3�5 as your introduction to 
TH E LI B RARY 0 F SCI EN CE You simply agree to buy three more books-at handsome discounts-within the next 12 months . 

• a four volume set bf Martin Gardner, George ?olya, Robert Sedgewick, and Z.A. Melzak 
• hundreds of mathematical games, puzzles, 

paradoxes 

• a $II3.85 value 

It's that easy, that inexpensive to solve 
your problem-solving problems. Our Se
lection Committee assembled four vol
umes into a set called Practical Tools for 
Problem-Solving because they all share a 
common concern: the systematic investi
gation of the most efficient procedures 
you can use to solve specific problems. By 
implementing methods expounded in 
these books, you can solve virtually any 
type of abstract problem in math, lan
guage and meaning, computer science, 
physics, etc . 

A. Knotted Doughnuts And Other 
Mathematical Entertainments by Mar
tin Gardner. In this, the eleventh collec
tion of his Scientific American columns, 
Gardner introduces an entirely new set of 
problems and paradoxes, teasers and 
tricks that will enhance his already con
siderable reputation as a master mathe
matical conjurer. Publisher's Price $16.95 

B. Bypasses by Z.A. Melzak. Subtitled 
'}\ Simple Approach to Complexity," this 

• proven techniques, ideas, and short-cuts for 
problem-solving 

volume offers a new and unique ap
proach to problem-solving and demon
strates its use in a wide variety of scientif
ic .and engineering concerns. Publisher's 
Price: $42.95. 

C. How To Solve It, second edition, by 
George Polya. Any problem can be solved 
scientifically. But how? T he answer lies in 
the skil l  of heuristics-defined as the 
study of how problems are solved. In 
How To SaNE II; mathematical expert G. 
Polya spells out the methods you can use 
to solve any problem. Regardless of the 
subject at hand, Polyas methods can help 
y�u ql!ickly arrive at a solution. Publish
er s Pnce: $25.00. 

D. Algorithms by Robert Sedgewick. 
Surveys the most important algorithms 
and data structures in use on computers 
today. Covers seven major areas: mathe
matical algorithms, sorting, searching, 
string processing, geometric algorithms, 
graph algorithms, and advanced topics. 
Publisher's Price: $28.95. 

The Librar� of Science is the nation's oldest 
and most respected science book club. 

Dedicated to serving both professionals 
and serious amateurs, it surveys the entire 
field of published sources on scientific sub
jects to make the very finest works available to 
club members at substantial savings. 

MEMBERSHIP BENEFITS' In addition to getting 
Practical Tools for Problem Solving for only $3.95 
when you join, you keep saving substantially on the 
books you buy. • Also, you will immediately become 
eligible to participate in our Bonus Book Plan, with 
savings of up to 65% off the publishers' prices . •  At 
3-4 week intervals (16 times per year), you will re
ceive the Library of Science News, describing the 
coming Main Selection and Alternate Selections, to
gether with a dated r�ly card. • If you want the 
Main Selection, 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 deliv
ery of the News, you should receive a book you do 
not want, we guarantee return postage. 

If reply card is missing, please write to Library of 
Science, Dept. 2-B59-00800, Riverside, Nj, 08075, for 
membership information and an application. 
Scientific American 5/87 
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The dallgers of technical trading ill Ullited Suspellders 

begun? "History, my friend; it did the 
same thing last spring." 

I have used the foregoing scenario
however unlikely it may be-to intro
duce the notions of trends and trading 
channels. There is much more than 
this to technical analysis. An examina
tion of stock prices over a long peri
od reveals price movements at nearly 
all levels of temporal magnification. 
Small movements are enclosed within 
larger ones, and so on ad infinitum. 
Stock prices have a near-fractal quali
ty: similar structures exist at all scales 
of magnification. 

Another tool of importance in the 
technician's kit is the moving average. 
If one plots not the day-by-day prices 
of a stock but a weekly or even month
ly moving average, the short-term 
fluctuations are smoothed out [see il
lustration on opposite page]. As most 
readers can guess, the value of a mov
ing average for a given day is comput
ed by averaging the prices of a stock 
over the past n days, where n is the pe
riod of interest. The average has a 
built-in patience. If the stock bucks 
like a bronco about the same typical 
value, the average holds steady. If the 
stock rockets or plummets, the aver
age moves more slowly, almost reluc
tantly, in the same direction. In return
ing to previous levels the price line 
may cross the moving average like a 
prodigal son coming home. 

The moving average can be used to 
establish what technical analysts call a 
trading band. If the moving average is 
computed and then displaced upward 
and downward at the same time into 
two new curves, it may happen that the 
stock price vibrates for the most part 
within the curves. It is much easier to 
analyze the sedate curves that form the 
boundary of the band than it is to ana
lyze the twitching prices within it. If a 
trend or a pattern is apparent in the 
band, the technical investor may feel 
compelled to exploit it. A trading band 
may also indicate when a stock is over
or underpriced; occasional excursions 
in the price of the stock above its band, 
for example, are taken by some as a 
sign that the stock is overbought: the 
price may soon drop. 

The foregoing techniques and many 
others are described in a book called 
The Dow Jones-Irwin Guide to Invest
ment Software, by Robert Schwabach. 
According to Schwa bach, there are 
about 200 investment programs of
fered commercially to owners of mi
crocomputers. The book describes the 
leading programs in both technical 
and fundamental analysis. It goes be
yond these to describe programs for 
portfolio management, spreadsheets, 
even programs that in Schwabach's 
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words allow one to "tap the mother
lode": by means of a modem that con
nects the computer to a host machine, 
the analyst can acquire historical and 
even real-time, or current, stock-mar
ket data. 

Without venturing to the brink of 
unheard-of riches or bankruptcy, the 
adventurous reader may write his or 
her own programs to taste technical 
analysis in its humbler flavors. First, 
however, one must acquire stock-price 
data to analyze. There are two sources 
of such data, one real and one imagi
nary. The inexpensive way to obtain 
real stock prices is to glean a record 
from daily stock quotations in the lo
cal newspaper. Ten stocks of interest 
can be recorded in 10 arrays that are 
part of a program I call TECHNIX. The 
arrays can be named after the stocks 
and should be dimensioned to a size 
that reflects the period over which one 
wishes to analyze them. For example, 
one might have arrays with names 
such as ibm, itt, gm and so on, all made 
large enough to hold 365 days' worth 
of data. A more expensive but quicker 
method involves subscribing to an in
formation service that will make such 
data available if one dials in through 
a modem. 

Artificial prices are both easy and 
inexpensive to generate. One can fill 
a 365-element array called usp (the 
stock symbol for United Suspenders) 
in seconds by invoking a certain frac
tal-pricing procedure. Readers may re
member the "Computer Recreations" 
column about fractal mountains last 
December. The program I called 
MOUNTAIN draws the cross section of 
an imaginary mountain by repeated
ly subdividing and displacing a single 
line segment. As a number of readers 
who tried the program were quick to 
point out, the program produces an en
tire range of mountains just as readily 
as it does a single one. Indeed, if the 
resulting outline is compressed later
ally, the landscape takes on a decid
edly financial character: it looks rath
er like the chart of an actively traded 
stock over the course of a year. There 
are ups, downs and occasional trends 
and channels. 

If at least one array is loaded with 
real or artificial prices, TECHNIX will 
bring to bear a battery of simple tools 
for technical analysis. The simplest 
tool is the moving average. The fol
lowing short algorithm will suffice: 

input period 
input day 
for i = period to day 

sum <- 0 
for j = i-period to i 
sum <- sum + usp(j) 
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A IO-day rolling average defines a trading band 

average <- sum/period 
plot average 

Here period refers to the number of 
consecutive days used in the averaging 
process and day refers to the current 
trading day given as the value of the 
index for the array usp. 

The algorithm can be modified to 
plot trading bands by inserting a new 
variable called band into the program. 
Band must be given a value that re
flects typical price movements of the 
stock being analyzed. If, for example, 
United Suspenders has fluctuated by 
no more than 4 percent of its value 90 
percent of the time over the past few 
months, the user of TECHNIX will key 
in a value of 4 for band when the pro
gram is run. The algorithm given 
above is easily extended to plot the 
curves that make up the trading band. 
The upper curve is obtained by plot
ting the value average + (band. aver
age) / 100. The lower curve has the 
same formula with the plus sign re
placed by a minus sign. 

It is no more difficult to draw trad
ing channels than it is to draw trading 
bands. If the analyst observes a linear 
trend in recent prices, he or she spec
ifies a period of interest by entering 
values for day 1 and day2 from the key
board; day1 is the first day of the peri
od and day2 is the last one. TECHNIX 

first establishes a trend line for the 
prices during the period of interest and 
then translates it up and down to find 
the trading channel. 

A reasonable trend line may be 
found in a variety of ways. Perhaps the 
quickest and simplest method involves 
splitting the price data into two halves. 
Designate the number of the day half-

way between day1 and day2 by middle. 
TECH NIX is written to compute two av
erages: the average share price from 
day1 to middle and the average price 
from middle to day2. Call the two aver
ages avp 1 and avp2. It remains only to 
find the numbers of the two days mid
way through their respective periods. 
These are obviously easy to compute. 
Call them m 1 and m2. The trend line is 
defined as the line that passes through 
the points with coordinates (m1, avp1) 
and (m2, avp2). TECHNIX now incre
ments the trend line until it lies on 
or above all prices in the segment of 
interest. The program decrements the 
trend line in an analogous way to 
find the lower boundary of the trad
ing channel, often referred to-rather 
hopefully-as the line of support. 

The y coordinate of the point on the 
trend line at the nth day of the period is 
given by the complicated-looking but 
essentially simple formula 

y = (avp2 - avp1). (n -m1) / 
(m2 -m1) + avp1 

The formula is simply the equation for 
a straight line, y = m • x + b, where m 
(the slope) is equal to (avp2 -avp1) / 
(m2 -m1), x is equal to n -m1 and b 
(the y intercept) is eq ual to avp 1. 

It would make an interesting experi
ment to evaluate the success of the 
technical approach in the context of 
the program TECHNIX. The process of 
detecting a trading channel could be 
automated, for example, by accepting 
any channel that has a thickness with
in some suitable fraction of its length, 
say one-fourth. Prices, whether from a 
fractal or a real source, would be fed 
to the experimental program one day 
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at a time, As soon as a trading channel 
is detected the program would wait 
until the price touches or nearly touch
es one of the channel boundary lines. 
At the upper line the program would 
sell short and accumulate profits un
til the first change in direction of the 
price. At the lower line the program 
would buy stock and accumulate prof
it at the first downturn. Of course, hav
ing touched the boundary, the price 
line may keep on going. In that case 
the program loses money. 

Other strategies can be employed, 
but they become increasingly difficult 
to quantify. If the simplest strategy, 
based on the essence of the technical 
method, fails to make a profit, why 
would one expect more complicated 
strategies to achieve anything but a 
slightly better result? 

This raises the question of just how 
well technical methods work. Accord
ing to Burton G. Malkiel, author of the 
popular book A Random Walk Down 
Wall Street, there is no way to predict 
stock-market prices that will consis
tently outperform the market index. In 
other words, one might do just as well 
as the average technical analyst by 
buying a wide portfolio of randomly 
selected stocks. If that is the case, the 
experiment described above ought to 
come out pretty much the same for 
fractal prices and real ones. I shall be 
grateful to readers who report such ex
periments for mention here. 

Professor Malkiel looks somewhat 
more kindly on investors whose hearts 
are guided by fundamental concerns. 
How much debt, for instance, does 
United Suspenders have? How much 
does it earn per share? Is the price 
per share reasonable in relation to 
earnings? Is United Suspenders small 
with strong growth potential? The Dow 
Jones-Irwin Guide also has a section 
on commercially available programs 
that examine fundamentals and guide 
the investor through the rumblings of 
heavy financial machinery. 

I am most fascinated by programs 
that might be implemented closest to 
the individual at the heart of the mar
ket: the stock specialist who deter
mines the price of stocks under his su
pervision. The specialist is granted the 
potential of turning a profit in return 
for accepting the obligation of main
taining a fair and orderly market in the 
stocks for which he is responsible. The 
specialist has the opportunity of mak
ing money for his trading account by 
selling stock at a higher price (the ask
ing price) than he buys it at (the bid 
price). He also makes money on occa
sion by buying the stock when he sees 
the price go up or shorting it when 
it goes down. The specialist stands to 

make a great deal of money and, in 
fairness, may also lose a lot. 

In view of recent scandals involving 
insider trading, not to mention occa
sional grumbling over the specialist's 
role, it might be asked whether it is 
desirable to replace the specialist by 
a specially designed trading program. 
This immediately raises a second ques
tion: To what extent might a stock spe
cialist be replaced by a program? 

The answer is certainly "To some 
extent." At the Toronto Stock Ex
change, for example, the world's most 
advanced computerized trading sys
tem is currently in operation. Known 
as CATS, short for Computer Assisted 
Trading System, it relieves some of the 
burden on the stock specialist by auto
matically filling smaller buy and sell 
orders entered at the current bid and 
asking prices. At the same time orders 
above and below these prices are also 
displayed. The latter represent buyers 
and sellers hoping for better prices in 
the direction they wish to trade. Using 
such information, any of the approved 
traders with access to one of the 300 
CATS terminals across Canada can 
guess the direction that prices will take 
with some hope of success. The dis
play of orders irked some of the To
ronto specialists. Their order book, 
once private, was now half public. 

How much of the stock specialist's 
role can be explicitly described and 
programmed? Not all of it, according 
to one former specialist with whom I 
recently spoke: "Sometimes you just 
have this hunch about which way the 
price will go." One wonders what de
gree of the specialist's knowledge is ex
tractable by the form of interview sur
gery known as knowledge engineering. 
How much knowledge would be need
ed to write an expert system that trades 
quickly, reliably and fairly? Watch for 
the August issue, in which some expert 
opinions on this topic may be aired. 

As this department continues to gen
I\.. erate special-interest groups, the 
monthly addendum increasingly plays 
the role of a bulletin board. The first 
couple of announcements this month 
are for Core War fans. Readers who 
have sent for the "Core War Stan
dards" document from Mark Clark
son, director of the International Core 
Wars Society, will have to be patient: a 
fire in the Clarkson home in January 
has caused a long delay in filling re
quests. Competitors continue to line 
up, however, for the second interna
tional Core War tournament, to be 
held in Boston this fall. Watch for de
tails la ter. 

The main item on this month's bul
letin board is the announcement by 
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Carter Bays, impresario of three
dimensional Life, that he expects 
to launch a newsletter within a few 
months. The February column fea
tured two three-dimensional cellular
automaton games recently discovered 
and explored by Bays. Instead of the 
squares that live and die in the original 
two-dimensional game discovered by 
mathematician John Horton Conway, 
cubes live and die in Bays's three-di
mensional space. Because Bays has 
received approximately 500 letters, he 
thinks a newsletter may be warrant
ed. He hopes to publish quarterly and 
to include all observations of interest, 
whether made by him or by subscrib
ers. Everyone who orders the 40-page 
document "The Game of Three-di
mensional Life" will automatically re
ceive an announcement when and if 
the newsletter is born. The Life docu
ment can be obtained by sending $3 to 
Bays at the Department of Computer 
Science, University of South Carolina, 
Columbia, S.C. 29208. 

Bays continues to be on the lookout 
for successful three-dimensional ana
logues to Conway's game. Bays has 
recently found two criteria that seem 
to work well in distinguishing winners 
from losers. His first criterion is that a 
primordial soup must not grow with
out limit. In other words, if one starts 
with a random assortment of living 
cells, it should not tend to expand for
ever. His second criterion is that from 
time to time the primordial soups must 
spawn gliders: cyclic configurations 
of living cubes that wriggle their way 
across the screen. 

One analogue in three dimensions 
was pointed out by Kerry Pearson 
of Nanaimo, British Columbia, who 
wrote Bays to tell him about a book 
called Ox, by Piers Anthony. In the 
book Anthony mentions a candidate 
for three-dimensional Life, which, fol
lowing Bays's lean lexicon, is called 
Life 6777. In this version a living cubic 
cell will die in the next generation if it 
has fewer than six or more than seven 
living neighbors in the present genera
tion. If a cube is dead, it will spring to 
life if it is currently surrounded by ex
actly seven living neighbors. Bays re
ports that he had already investigated 
this version of three-dimensional Life. 
He found it violates the first criterion. 

Currently Bays has isolated just 
two candidates as worthy successors 
to Conway's game. (Those candidates, 
many readers will remember, are Life 
4555 and Life 5766.) The great quest, 
as far as Bays is concerned, is the 
search for a glider gun in either of the 
three-dimensional versions. A glider 
gun would endlessly spew out gliders 
in one or more fixed directions. 
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BOOKS 

Spies in the sky, the continent made of ice, 
stones from heaven, life on other planets 

by Philip Morrison 

D
EEP BLACK: SPACE ESPIONAGE 

AND NATIONAL SECURITY, by 
William E. Burrows. Random 

House, Inc. ($19.95). 
Not even a black hole can manage to 

remain entirely invisible. In this vol
ume full of satisfying and documented 
detail a responsible and savvy journal
ist has fitted together patches and frag
ments of published information and 
informed opinion to depict the nature 
of overhead reconnaissance today. 
The portfolio of relevant images he of
fers is capped by a sunlit orbital pho
tograph of the first large Soviet air
craft carrier, under construction on the 
Black Sea, made by the video imagers 
of the satellite Keyhole-II in the sum
mer of 1984. The view at 500 oblique 
miles is sharp and informative: it is the 
look of a shipyard seen from a light 
plane passing a mile or so away. We 
owe the image to the London editors 
of Jane's; the American naval analyst 
who unofficially supplied it to them 
has since been convicted and is await
ing judgment on appeal. The technical 
manual for that satellite had been sold 
earlier by a Central Intelligence Agen
cy employee to Soviet intelligence for 
$3,000, a bargain price (although it is 
notorious that early editions of such 
manuals are often badly written). 

Suite 4C-956, part of an Air Force 
province in the Pentagon, houses the 
headquarters of the National Recon
naissance Office (NRO), "responsible," 
since its formation in August, 1960, 
"for the design, development, and pro
curement of all U.S. reconnaissance 
satellites and for their management 
once in orbit." Its input includes dol
lars-up to five billion of them dur
ing 1985-and policy guidance from a 
couple of boards; the director of the 
CIA is also a prominent influence. The 
U.S.A.F. and the CIA share this high 
task somewhat uneasily, troubled by 
memories of "all-out tribal warfare" 
in the distant past: targeting and analy
sis are no easy mirrorfellows, particu
larly when information confers more 
power than a handful of Cayman 
bankbooks. 
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The NRO is to be found again at the 
Big Blue Cube in Sunnyvale, Calif., 
from which all U.S. military satellites 
are controlled, and also in El Segundo, 
where not the Red Army but the con
tractors are monitored. The chief sys
tems contractors to the NRO are Lock
heed and TRW; they head a long pa
rade of other high-technology firms. 

The NRO is a little short of assets 
these days, "blind in one eye" after 
the Challenger disaster and two oth
er launch failures. Its single deployed 
Keyhole-II, the sixth of its design, 
has been working overtime. Usually 
there have been a pair in low polar 
orbit overflying everywhere, one in the 
morning, one in the afternoon. This 
KH-ll was launched in December of 
1984; on the record such a craft serves 
for 1,000 or 1,200 days. Its two-me
ter mirror and infrared scanner feed 
a package of sensors, in particular a 
CCD (charge-coupled device) mosaic of 
high resolution, as well as an array of 
special-purpose detectors including a 
photomultiplier for night views. The 
satellite propagates its digitized data 
by relay satellites to Fort Belvoir, and 
there the downlink is completed. 

The admirable images are seen in 
"real time." Within an hour of their 
capture they are available by courte
sy in the Oval Office. Less honored 
images are interpreted in a variety of 
places; each user seems to prefer its 
own eyes, or programs. Nowadays 
the images are enhanced, transformed 
and even routinely monitored by com
puter. The machines can detect chang
es and report them. Stereo views are 
made and multiband analyses can be 
run. The National Photographic Inter
pretation Center, a windowless beige 
warehouse on M Street S.E. with plen
ty of air conditioning, was once the 
seat of the unified eagle-eyed watchers 
of Cuban-crisis days but now is proba
bly a lending library of digital images 
pored over by cool, sedulous Crays. 

KH-lJ, the fifth generation in its lin
eage, is formidable. Its resolution must 
be about two to four inches, not quite 
good enough to read license plates. Its 

datalink bandwidth matches the qual
ity of the films so daringly dropped 
from orbit by K H-4 in 1962. 

Wha t of K H-I2? A Lockheed design, 
it was tightly integrated with the shut
tle for launch and resupply. It is a 
heavy platform, 20 tons when full. It 
has plenty of its own fuel, hydrazine, 
for wide maneuverability. Four satel
lites are intended to serve at the same 
time, two for night and two for day. 
The sensors will be improved, as usual, 
and there is a grandiose plan to deliver 
real-time images to commanders in the 
field. Tactical imagery will flow along 
a chain of seven Milstar relay satel
lites, hardened, encrypted, jamproofed 
and highly maneuverable, not only to 
Washington but also "straight off the 
bird" to the theater staff. When costs 
rise, you broaden the market. 

Soviet orbiters bring film back by 
returning to the earth; such craft are 
relatives of the manned Soyuz. The So
viets launch one such vehicle routine
ly every couple of weeks, and when 
events suggest it, one every few days. 
Their style is that of the assembly line: 
each device delivers relatively low per
formance, but each is simpler, less 
expensive, adaptable and quickly re
placed. The impression is that since 
1984 the craft have also been able 
to transmit digital images in real time. 
The most impressive Soviet satellites 
are aimed at the blue-water U.S. Navy. 
These include radar satellites powered 
by small nuclear reactors-one fell on 
Canada years ago-and paired passive 
trackers of radar and radio from the 
fleet. These are fitted with ion micro
thrusters to allow minute control of 
orbit altitude, so that a target's shifting 
position can be triangulated. 

There are air breathers in plenty 
overhead. The stealthy "blackbirds" 
of Beale Air Force Base in California, 
Lockheed SR-71 aircraft, fly every
where, staging in Okinawa and En
gland. They are no strangers to Nic
araguan seaports at low altitude. In 
more developed regions of the world 
their cameras, side-looking radar and 
electronic monitors move at Mach 3 + 
100,000 feet up. They are only first 
within a large and complex system. 
The narrative of overhead reconnais
sance from aircraft is the topic of al
most half of the text. The crises en
trained by the downings of U-2's over 
Sverdlovsk and Cuba and the involve
ment of an RC-13 5 flying toward Sa
khalin in the tragedy of a Korean Air 
Lines 747 are recounted. Those Tupo
lev four-engine Bears photographed 
seasonally off the East Coast bound 
for Cuba are the visible Soviet coun
terparts. The text treats undersea in
formation gathering briefly but well. 

This is an up-to-date, thoughtful, 
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nontechnical, factual study of a topic 
that lies behind much of the news. Al
though the actions in this arena are 
hostile, even warlike, they continue by 
tacit consent. This state of affairs may 
even hold the promise of a world 
where armed forces can also be reli
ably reduced by consent. The new 
French commercial system, SPOT, of
fers pictures with a resolution of 10 
meters in black and white, and multi
band images as well. Their CCD'S blur 
the boundary between civil and mili
tary observation from space; they may 
help to keep the NRO, SAC and the oth
ers "honest." A SPOT photograph re
produced here clearly shows the Semi
palatinsk nuclear test site in the sum
mer of 1986; it has lain fallow for 
almost two years, although tunnels 
are being readied. The world is open 
enough; we can see what we need to 
see. "To cast doubt on the process it
self by falsely labeling national tech
nical means of verification as inade
quate is to subvert reason to the bas
est political posturing." In orbit, war 
and peace fly together. The carrying of 
physical conflict into space is a danger 
just ahead. 

T
HE ICE: A JOURNEY TO ANTARCTI

CA, by Stephen J. Pyne. University 
of Iowa Press ($37.50). 

A Greenland audience watches a 
film of the Antarctic: "'What my au
dience ... had seen ... was as strange to 
them as the expression I had seen [in] 
their eyes .... They had seen only a 
cold desert, beautiful but barren .... 
no vegetation there; no gnats, mosqui
toes, mice or hares; no musk-oxen, 
reindeer, caribou or polar bears. It 
was a weird world ... desolate and 
pure-quite unlike their living, breath
ing, hunting territory.'" 

The judgment of the hunters is ex
pected, understandable and profound. 
This sophisticated book is an extended 
essay nucleated by the same chilling 
purity the Greenland hunters felt. Out 
of the simplicity of The Ice, out of its 
reductionism and its inertness, out of 
its minimalist aesthetics and its ele
mental geography, out of its political 
metastability and its high philosophi
cal reflectivity, the author, a historian 
of ideas at Arizona State University
West, has constructed this most un
usual book. It is an alloy of physics 
and metaphysics, of criticism and gla
ciology. Its tight focus on a diversity 
of interests and its charged, even lyr
ical prose make it both demanding 
and rewarding. 

Stephen Pyne spent a season travel
ing widely on The Ice with the Antarc
tic Research Program of the Nation
al Science Foundation as a fellow of 
the National Endowment for the Hu-

mamtles. What he experienced there 
informs the writing, and he has since 
made himself master of what we know 
about that ice as matter, form, proc
ess and goal. The chapters of the book 
are layered. Sustained, rather elevat
ed pieces of exposition, without math
ematics and with very few (although 
telling) maps and diagrams, they care
fully describe the circumstances of 
the six terranes-regimes-of The Ice, 
from the icebergs that are its isolat
ed and distant envoys to the trackless 
dome that is its central source. Be
tween those accounts there are warmer 
chapters of narrative history and intel
lectual assessment that survey one by 
one the explorations, the literature, the 
art, the earth sciences and the politics 
of a continent that is simultaneously 
unearthly and central. 

The chapter on icebergs is prelude, 

as at sea the tabular berg in the dust
jacket photograph was itself prelude 
to the continent from which it came. 
The mobile sea, filled with life, and 
the floating visitor from the land of ice 
are in powerful contrast. The story de
velops vividly, describing the pack 
itself, the collectivity of bergs in all 
their sizes, whose congealed bounda
ry "marks the limits of life on Earth." 
Bl ue and green ice color the scene. 
Jade green ice is not well understood; 
there are yellowing proteins and the 
fabric may come from pure ice that 
is squeezed bubble-free in the shear 
zones of sliding glaciers. The full cir
cumpolar ocean current has been un
impeded in flow for about the past 30 
million years; its frontier has expand
ed northward since then, although the 
current has stayed stable in form. 

The history of the exploration that 

Scott's ship Terra Nova, seell from all ice cave ill a photograph made by Herbert POllting 
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led to the discovery of The Ice invites 
periodization. The First Age of Dis
covery was the maritime legacy of 
the European Renaissance. The conti
nents were rather in the way; the sea 
connected the maritime peoples of 
the world. The Europeans led by Co
lumbus and Magellan were only the 
widest-ranging of voyagers. Captain 
Cook's gingerly circumnavigation at 
the edge of the pack was one of the fi
nal scenes of Act 1, performed in the 
style of the Enlightenment. 

Act 2 was Romantic. Now it was in
terior lands that were visited in detail, 
their complex natural history the fasci
nation, wide extension of both mind 
and rule the aim. No 15th-century 
explorer would have struggled for 
the North Pole; what they wanted was 
ice-free passage. Antarctic exploration 
was late and anomalous; it came out of 
the realization by the powers that all 
the other continents had been explored 
and divided. 

The Third Age of Discovery began, 
Pyne believes, with the International 
Geophysical Year. That opened the 
epoch of global remote sensing, of 
voyages to the sea bottom and to space 
where no one has ever lived-the epoch 
of modernism: "a chance universe; the 
relativity of time, space, and perspec
tive; the blurring of the observer with 
the observed; the delight in abstract, 
minimalist art. ...  Modernism and The 
Ice were perfect complements." The 
maps of Antarctica are white on white, 
like some modern paintings. 

But the art that has come from there 
has not been modernist at all. The 
painters who went along with the ex
plorers of the heroic decade of Scott 
and Shackleton were not yet moderns. 
Today "few artists ask to go." The 
photographers have mixed the old and 
the new. One important photographer 
brought perspectives into his images to 
force the scene into a more contrasty 
and representational tradition, select
ing masts, instruments, vehicles and 
their tracks to deck the pure icescape. 
One exception (by Eliot Porter) is re
produced, a linear picture of "stunning 
emptiness"; another (by Emil Schul
thess) is a remarkable fish-eye look 
down at the Pole itself, marked with 
signposts. It is aerial photographs and 
satellite images that have artlessly cre
ated true modernist landscapes. "No 
modernist or postmodernist could 
match The Ice for coolness." (Only 
a footnote tells us of recent plans to 
promote and exhibit modern works 
of art about Antarctica.) 

The review of the history of the 
earth sciences adds quite fresh com
ment to a familiar narrative. Plate tec
tonics served to unite the strange con
tinent with the world as a whole; in 
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that sense it made the continent more 
normal. Yet meaning had to come into 
and not out of the ice. The Ice is a re
flector of thought as much as it is of 
radiation. One theme of the book is 
that The Ice is mainly to be seen as a 
great distorted mirror. "Only a civili
zation rich in energy and intellectual 
activity can enter the site and emerge 
with a residue of information .... The 
properties of the mirror may be stud
ied, but the outcome is ultimately a 
better understanding of the civiliza
tion that gazes into it." 

The Ice is reductionist; there every
thing is simplified. The one substance 
is water; it is in one state, snow; its 
crystalline diversity is compacted by 
one force, gravity, into a lithosphere of 
one mineral, ice. The sciences are few. 
The most famous mineralogical finds 
of the continent (bar an important fos
sil and a lump or two of coal) are a 
few hundred meteorites. They are cer
tainly extraterrestrial gifts of The Ice. 
It preserves the rather perishable 
chondrites a couple of hundred times 
longer than do other landscapes where 
they fall, and it obligingly concen
trates them in conspicuous meteorite 
deposits for alert and lucky mountain 
prospectors. Even the politics is sim
ple: a cold peace across a common ter
ritory, whose resources so far are 
mostly informational. 

The last section about the central 
plateau, a vast dome shaped almost 
solely by the flow of ice, is brief but 
splendidly evocative. The precipita
tion of submillimeter ice crystals in 
clear air happens there, sometimes 
even by spontaneous nucleation at 
temperatures below -40 degrees Cel
sius. At Dome Summit it snows aggre
gated crystals of ice for only a month 
out of the year. Almost 90 percent of 
the annual deposition is of that strange 
"diamond dust." Diamond dust occurs 
widely in all cold regions of the world, 
a mere background of precipitation 
overwhelmed by other processes. On 
the high and dry dome "those higher
order processes have been eliminated. 
Diamond dust becomes prominent by 
virtue of the relentless reductionism
the erasure of alternative processes
that is the essence of The Ice." 

C
OSMIC DEBRIS: METEORITES IN 

HISTORY, by John G. Burke. Uni
versity of California Press ($45). 

Thomas Jefferson was out of pa
tience with New Englanders by the end 
of 1807; those contentious merchants 
were grumbling about secession and 
smuggled apace to get around his re
cent Embargo Act. And so he might 
well have said he would rather believe 
that two Yankee professors would lie 
than that stones should fall from heav-

en. But the famous remark is not veri
fiable; it was ascribed by a biographer 
to the president after his death, and no 
manuscript supports it. That he was 
skeptical in the Enlightenment fashion 
is clear, but his letters of the time sug
gest ambivalence about stones from 
heaven. Chondrites by the hundreds 
of pounds had indeed just fallen "in 
the County of Fairfield" near Weston, 
Conn. The first analysts were two Yale 
professors; the senior author at least, 
the savant Benjamin Silliman, was a 
true Yankee who was born and who 
died in the Nutmeg State. 

Professor Burke is a veteran histo
rian at the University of California 
at Los Angeles who has already writ
ten one careful study in the history of 
crystallography. He has turned his tal
ents and training for some years now 
to the history of meteoritics, a science 
defined not by a discipline but by one 
many-sided problem: the nature and 
origins of those alien chunks of matter 
that fall toward the earth as shoot
ing stars, fireballs and meteorites. The 
volume is lively and varied, as is the 
subject matter: folklore, archaeolo
gy, astronomy, chemistry, physics, the 
growth of a market for collectors and 
even the current concerns that small 
meteorites might have brought life 
and that large enough ones might 
end it. Every book on meteors includes 
a chapter on the history of how we 
came to know; an entire volume in this 
documented and cheerfully probing 
style is a pleasure. 

The book is broadly chronologi
cal, starting with Aristotle and ending 
with iridium at the KIT (Cretaceous
Tertiary) boundary. A chapter on the 
myth, folklore and utility of meteors 
across time is included. In spite of 
interesting bits, the chapter becomes 
a patchwork of accounts and sources. 
That the holy relic, a polished black 
stone, in the wall of the Ka'ba is a me
teor is now doubtful. Is it an agate or a 
piece of impactite glass from the des
ert crater at Wabar? Is it a very heavy 
stone? Perhaps it floats. Meteorites 
are found ceremonially wrapped and 
buried in quite a few North American 
sites, and meteoric iron has been in
cluded in many examples of royal and 
splendid blades and ornaments. The 
forgeability of meteoric iron is demon
strably variable; some are irons mal
leable when they are cold, others re
fractory even when they are hot. 

A clear connection between folk ob
servations of the fall of thunderbolts 
and Enlightenment skepticism delayed 
the recognition of meteors as E.T.'s 
until the end of the 18th century. If 
the bolt strikes in the fields, the farm
hands or the shepherds who have seen 
it seek it out, often with M'sieu or 
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Padrone. If they find something lying 
there that is new in their experience, 
it will be associated with the strike. 
Those authentic finds-but of what?
will induce other correlations with 
similar objects found but not seen to 
fall. Thus the European collectors and 
museums stored plenty of polished 
stone axes, bright pyrite crystals and 
fossil sea urchins, all held without any 
fraud as true thunderstones. 

Michele Mercati, head of the botan
ical garden at the Vatican, a famous 
naturalist of the 17th century, is credit
ed with the recognition that worked 
stone implements were made not by 
lightning but by human hands. When 
his posthumous work appeared in 
1717, other questions grew, fed by 
hints from Edmund Halley himself. 
Still the Newtonian view prevailed 
that space had to be empty (only a suit
ably ineffable ether was acceptable) to 
avoid the damping of orbital motions. 

Burke makes a fine case for the fact 
that the scientific acceptance of stones 
that fall from heaven, which came 
about in one decade, was much as
sisted by the chance that half a dozen 
falls in western Europe and one in In
dia were well witnessed. Ernst F. 
F. Chladni's book of 1794, the first 
to take the present-day cosmic-origin 
view, was the beginning; he had a num
ber of falls to cite. Jean-Baptiste Biot's 
famous study of the fall of thousands 
of fragments on a Normandy village 
gave the coup de grace to disbelievers 
in 1803. Easy cases make good law; 
noisy signals are full of error. Poor 
Chladni is an interesting figure; he 
never got tenure, but he made a liv
ing by lecturing throughout Europe on 
acoustics, his famous vibrating-plate 
patterns the hit of the performance, as 
were meteors later on. 

It was nearly mid-century before the 
cosmic as distinct from celestial ori
gin of meteorites was accepted. May
be they came from lunar volcanoes, 
or were made somehow in the rare
fied air, or dropped from fireballs that 
were earth-orbiting comets. There is a 
touch of truth in all those theories. 
Chladni had proposed measuring the 
orbits of shooting stars by triangula
tion. It was tried by students of Georg 
C. Lichtenberg at Gottingen; too hard. 
Another clarion signal came by chance 
from the incredible meteor shower 
of 1833 over eastern North America. 
Stars fell on Alabama and everywhere 
else between Kansas and the mid-At
lantic. They radiated like fireworks, a 
few each second, from a point "within 
the bend of the sickle" of Leo that 
moved over the hours with the stars; 
clearly, they were extraterrestrial. An
other Yale professor, Denison Olm
stead, made the study and drew the 

conclusion, somewhat confused by a 
triangulation that was too crude. Over 
the next decade periodic shooting stars 
were watched almost as "a sacred 
duty" even without the stimulus of 
a great shower. Their cosmic source 
was widely confirmed, and orbits were 
assigned. 

The fireball was always a puzzle; 
good observers said the objects ap
peared to be as large as the moon and 
estimated their diameters in miles. 
How could such bodies be assimilated 
as intermediate cases between mere 
shooting stars and actual falls of small 
rocks? In 1848 James Joule himself 
showed that a six-inch cube of rock 
traveling at orbital speed would make 
a huge amount of heat and light if it 
entered the atmosphere. The physics 
was becoming plausible. Fireball sizes 
were merely an attribute of the eye: 
bright sources at night seem large. In 
1854 J. Lawrence Smith of the Smith
sonian experimented with carbon arcs 
and red-hot slivers of steel; the observ
ers saw them all as big moon-size balls 
of fire at a quarter of a mile. 

The discussion sounds two echoes. 
It was Kepler and his contemporaries 
who measured the size of the stars by 
eye, at almost a minute of arc; clearly a 
star could not be a sunlike luminary 
standing off at a proper Copernican 
distance. The telescope ended that dif
ficulty. Fireballs do not wait for the 
right instruments. It was Karl Jansky 
who began radio astronomy by finding 
that the direction of his source of 15-
meter static moved with the stars-and 
not the sun-in the course of a year. 
The source was the galactic center. 

The maps of Meteor Crater and of 
the felling of trees in the Tunguska 
event are both shown, valuable period 
pieces. Today's meteoritic world is not 
slighted: there are good accounts of 
the struggle to determine the time of 
formation, the time in orbit and the 
time on the earth. The discriminating 
textural and chemical classification of 
our day is tabulated; it sorts 2,600 me
teorites into some 30 classes-and a 
few puzzles. Craters are treated, al
though little is said of flight and fire
ball physics. 

Clearly the entire domain is grow
ing; it must consider matter from dust 
grains to asteroids-all moving in or
bits, chaotic or stable, that range 
across our system from the sun out to 
big Jupiter. This vivid history is sub
stantial enough to be a highroad into 
the subject for any serious general 
reader; it chronicles a paradigm of 
how we learn to unify rare experience. 

T
o UTOPIA AND BACK: THE SEARCH 

FOR LIFE IN THE SOLAR SYSTEM, 

by Norman H. Horowitz. W. H. Free-

man and Company ($17.95; paper
bound, $11.95). 

A distinguished biochemical geneti
cist at Caltech and imaginative theo
rist of life's origin, Norman Horowitz 
was invited in 1958 to "assist in plan
ning a search for life on the planet 
Mars." He writes: "You accept-who 
could resist?" Horowitz served as 
chief of the biosciences section at the 
Jet Propulsion Laboratory throughout 
the six missions J.P.L. spacecraft con
ducted on and around Mars between 
1965 and 1976. Life was not found, 
and in that deeply felt sense the mis
sions were a failure. In other equally 
important ways "they were a dazzling 
success." Horowitz lays out in his 
clear, hardheaded and nontechnical 
book what the search for unknown life 
entails, the early allure of Mars, the 
dominance of its dry, red desert, the 
wonderful instruments built for the 
search and the force of the findings. 

The opening chapter approaches the 
problem of definition. What is life, 
that we may search for it? The genet
ic definition has won out: life must be 
self-replicating and mutable. Its repli
cation makes possible the slow realiz
ing of its potential for inordinate elab
oration. The life we know is unitary in 
its chemical basis, both for the genetic 
code and for the enzymatic and me
chanical structures of life. Carbon is 
its backbone, the four directed bonds 
supporting an entire architecture of 
compounds. Although unstable under 
the conditions of the earth (or Mars), 
the compounds are long-lasting. 

Silicon is a four-valent rival, and it 
makes the mineral kingdom as carbon 
makes the kingdom of life. Silicon-sili
con bonds are weak, silicon-oxygen 
bonds strong. There are no long silicon 
chains in rocks. The silanes, analogues 
to hydrocarbon chains, are unhappy 
on the earth; they ignite in air and de
compose in water. "The first prerequi
site for a chemist aspiring to synthesize 
higher silanes is said to be a great deal 
of courage." If chance is involved, 
abundance helps, and atoms such as 
vanadium or germanium seem hope
less. Once we have found many forms 
of carbon-based life it will be time to 
seek the rare exotics. 

In the same crisp style the next two 
chapters examine the three long-pro
posed theories of origin: spontane
ous generation from nonliving matter 
(adorned by a delightful long citation 
from old Francesco Redi); cosmic 
transmission, by chance or by design, 
from life elsewhere, and chemical evo
lution, in which the gap between the 
dead and the quick is bridged by a se
quence of molecular stages. Complex 
carbon compounds abound in inter
stellar space and are even commoner 
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on cool bodies of the solar system. Or
ganics are of cosmic range. The bio
polymers we need do not come so sim
ply. Nucleic acid chains have been 
shown to be able to copy themselves, 
to replicate if supplied with monomers 
and a source of energy, not necessari
ly enzymatic. Very recently the nucleic 
acid RNA has been shown to be ca
pable of catalysis, raising hopes that 
the two polymer classes of life, nucle
ic acid templates and protein tools, 
might be reduced to one for a start. 

Where should we look? The life ba
sis we know seems to have so few com
petitors that the outlandish is again 
hardly worth early pursuit. Therefore 
candidate worlds should offer abun
dant water (which is much more than a 
superb solvent for biochemistry), sun
light, a gaseous atmosphere and a tem
perature not too far from the range 
of liquidity of water. (Ammonia might 
do as a solvent-habitat but we do not 
know its biochemistry.) 

Venus, enveloped in clouds of acid, 
is a high-pressure, waterless oven. The 
giant fluid planets do form organics, 
but those cannot endure for long, and 
the free-hydrogen excess is no help. 
Organics may abound on Titan in the 
dense carbonaceous smog, but it is so 
cold that life would have to arise slow
ly. If the process took half a billion 
years on the earth, Titan may have run 
out of time. The papers tell us that in 
ocean deeps life exists that is indepen
dent of sunlight, fed by the hot volca
nic solutions that emerge from the rifts 
of the sea floor. The statement is not 

true; it rests on the neglect of oxygen, 
the indispensable co-fuel we think of 
as free. It is sun-fed photosynthesis on 
the surface that supplies the oxygen es
sential to the life of the rift. Volcanism 
furnishes only hydrogen sulfide and 
carbon dioxide. 

Mars was the place. Percival Low
ell had seen wonders there, and even 
those who doubted his canals and 
oases were impressed by the changing 
polar ice caps and the seasonal color 
variations of the planet. The pressure 
of the atmosphere was mismeasured 
several times; it seemed more earth
like than it is. Post-Lowell Mars be
gan with new pressures determined in 
1963. The Mariners did the rest; they 
disclosed Mars as a cratered and chan
neled landscape, without appreciable 
water, liquid or frozen, but with signs 
of erosion (perhaps underground) in 
the past. 

Pindar wrote that "water is the best 
thing of all." Unfortunately Mars does 
not have it. A thin ground frost of wa
ter ice was seen by the Viking space
craft. On the earth only the Antarctic 
rivals the drought of Mars, and the 
best-adapted desert beings we know, 
the lichens that can survive on water 
vapor, have not colonized all the ice
free dry valleys of Antarctica, where 
winds have blown dry the sparse snow 
and meltwater for millenniums. Mi
crobial life is common there near the 
summer streams and ponds, but the 
high, dry regions are almost devoid 
of bacterial life; organic compounds 
are absent from the dry soil. And yet 

A Voyager view of atmospheric storms 011 ill hospitable Satum 
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those localities are "very wet by Mar
tian standards." 

That was the daunting picture even 
before the Vikings: Mars was too cold, 
its air too thin, its soil too dry. But 
life is wonderfully adaptive; there was 
hope. Three distinct probes for micro
bial life went along in each spacecraft, 
in a costly boxful of intricacy and su
perb workmanship. They gave strange 
signals, but they were not designed for 
what was in fact found on Mars. 

The cameras looked hard but saw 
no signs of macroscopic life. The most 
important biological experiment on 
the Vikings was not in fact a life-de
tecting device but an extremely sen
sitive gas chromatograph-mass spec
trometer. It could detect complicated 
organics down to parts per billion 
in soil samples. It found nothing. Not 
only is Mars arid, cold and irradiated 
beyond any place on the earth but also 
its chemistry makes it self-sterilizing. 
The soil destroys organic compounds. 

It took a few years, but by now the 
signals can all be rationalized. The two 
sites behaved alike; the atmosphere 
and wind-driven dust make the plan
et uniform. Solar ultraviolet radiation 
splits the sparse water vapor into re
active radicals, H and OH. It is OH 
that reddens Mars, by oxidizing the 
iron of the soil. It is OH that forms 
the peroxides on the soil grains to 
give just the varied chemical signals 
in the three probes that no life form 
easily explains. A little water is a 
dangerous thing. 

Life on the earth is probably all the 
life that exists in the system of the sun. 
We have come back from Utopia (the 
formal old name of one Viking land
ing site). Thus our author forcefully 
argues. His arguments are tight and 
yet they rest on experience, so that 
they leave a little play. Perhaps Mars 
had a watery past; perhaps on the earth 
there was life before nucleic acid, its 
slower, sketchier replication consisting 
of patterns on a surface of clay. 

I am something of a Utopian still, if 
admittedly a sobered and patient one. 
The flame and the crystal are not so 
remote in kind from replicating mo
lecular life; the profound difference 
they show is quantitative, something 
like the relation between bird song and 
speech. The modern genetic realiza- f> 
tion of life, based on one or two clas
ses of thready biopolymers, may not 
be unique. The elegant apparatus of 
the ribosomes is today universal, but it 
hardly appears to have been a primi
tive invention of RNA. The far-flung 
stars may one day tell an unexpected 
tale by radio; the next voyage to Mars 
might seek not life in being but life 
long past, not metabolism but micro
paleontology. 
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The UnExpected HP-28C- [hR] �!�KL:�6 
is this your next calculator? 

A first report: 

If you're at all like me, this is what you've been 
holding your breath for (in the calculator direction, of 
course). Just a few years back, calculators were ex
citing. Maybe once a year there was a new model that 
could do startlingly more. Not recently, however. 

For a color picture, see HP ad in this issue, pgs. 26 & 27. 

Now here's the next tantalizing toy and 
technical tool. I haven't got room here to do it 
justice, there are so many interesting features and 
specs for it. I'll sketch it for you, though ... 

You'll have ON-SCREEN MENUS and 
SOFTKEYS, just like a PC-sensible access to 
hundreds of functions (128K ROM!) and high-level 
problem solving. Gamma function, random num
bers, ... 

Complex numbers, matrices, vectors, lists, and 
algebraic expressions can be viewed, edited, and 
then used in calculations just as easily as ordinary 
numbers. Dot and cross products, determinant, ... 

You can choose RPN LOGIC for calcu
lations OR use the built-in ALGEBRAIC 
LOGIC-with RPN its 4-line display shows your 
stack OR you'll see your equation displayed just as 
you would write it. You choose. 

You'll do no programming to get solutions, 
either-it will solve for any unknown variable 
anywhere in your equation. 

It will convert between different unit systems, too. 
The values of 120 units are built-in, and you can add 
your own. Are you ready for all this right now? 
(I have them in stock ). 

You'll use SEPARATE KEYBOARDS, the 
right hand one for NUMBERS and the left 
for LETTERS. Later, you can fold it to pop 
into your shirt pocket. 

You can plot graphs of your functions, even two 
at a time. Then place the cursor near where the 
graphs cross and press a key to calculate the x-value 
of the crossing, correct to 12 digits. I was amazed. 

Scatter plots of your statistical data are easy too. 
Imagine showing all this to your colleagues! 

Plotting. Plot mathematical functions and statistical data; set plot 
scales, axes, and center; display graphics. 

Statistics. Single- or multi-variable statistics: summation, deletion, 
mean, standard deviation, total, maximum, minimum, variance, 
covariance, correlation. Linear regression and predicted value. Normal, 
Students t, F, and Chi-square distnbutions. 

A major leap in technology-you'll do 
SYMBOLIC ALGEBRA, even SYMBOLIC 
CALCULUS. You'll manipulate unknowns and let
ters as well as numbers, even differentiate functions 
to get their derivative functions. This is the first 
small machine capable of doing symbolic math
ematics, like MACSYMA® on a mainframe, and it 
can be yours right now. (® Symbolics, Inc.) 

Symbolic Algebra. All real and complex number functions; expand, 
collect terms; expression editor; su bexpression recall and substitution, 
symbolic solve; quadratic equations. 

Calculus. Symbolic differentiation of arbitrary expressions; symbolic 
integration of polynomials; numerical integratIOn of arbitrary 
expressions; Taylor series. 

Programmability-you can use all of the built
in functions with your own menus and softkeys, 
plus sophisticated utilities. 

Binary Integer Operations. Decimal, octal, hexadecimal, and 
binary bases; anthmetic; variable word size; bit shift and rotate, byte 
shift and rotate, arithmetic shift; logical operators; floating
point/integer conversion. 

Programming Features. User-defined functions, local variables, 
indefimte nesting and recursion, IF ... THEN .. : ELSE1 FOR: .. NEXT, 
DO ... UNTIL, WHILE ... REPEA T; halt, contmue, aoort, smgle-step, 
pause, read key, beep, display, error message, error number; 
set/clear/test 64 user flags; condItionals, logical operators; object type. 

But you can't see the best 
part-Your HP-28C comes with 
a built-in InfraRed Printer Inter
face. This means no wires or 
cables to your portable thermal 
printer-just point your 28C at it 
and press a key for an instant re
cord. Have your printer now, or 
get it later-your choice. 

The HP-28C lists for $235. 
It will be the world's standard for years to come. 
You're sure to get one sooner or later. Why not 
now? I have them in stock, and I'll give you a dis
count savings of $45 now. 

You know that Hewlett-Packard builds durable 
calculators-your new 28C is going to last for years. 

You'll have more fun with this than you 
would with a new car-at 11100 the cost! 

Order by mail: each HP-28C is $189.95; save 
$29 on each InfraRed Printer at $105.95 (Calif. 
residents add 6% tax) . Add $4 for UPS delivery (no 
extra charge for multiple items) . Allow 12 days for 
personal checks to clear, or send your MC/Visa 
number and card address. 

For fastest service, call during west-coast busi
ness hours at (714)582-2637. Or for all days/ 
all hours call toll-free (800)633-2252, ext. 351, 
with your MC or VISA card. Of course, if you live 
in Southern California, drop by in person and pick 
up your new HP-28C. 

I gl:larantee you'll be delighted with 
the HP-28C-or your money back with
in 15 days, no questions aSKed. 

/2 __ '_. � ��. EduCALC Mail Store-51 
�v / 27953 Cabot Road 

Laguna Niguel, CA 92677 
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A Surge in Inequality 
International competition and the feminization of poverty 

are distorting the distribution of income. The remedy may 

be an aggressive investment in education and technology 

S
ince the late 1970's a significant 

and disturbing shift has been tak
ing place in the distribution of 

income and wealth in the U.S. The 
shares of total income going to differ
ent segments of the population have 
changed in such a way that the rich 
are getting richer, the poor are increas
ing in number and the middle class 
has trouble holding its own. The trend 
can be described as a surge toward 
inequality. 

According to the U.S. Bureau of 
the Census, the share of total income 
that went to the top 20 percent of all 
families was 43.5 percent in 1985, the 
highest level recorded since the data 
were first collected in 1947. (In earlier 
periods the income share of this group 
had moved narrowly between 40.5 and 
41. 5 percent of total income.) Con
versely, the income share of the bot
tom 60 percent of the population in 
1985 was 32.4 percent, the lowest lev
el ever recorded. (This group's share 
was slightly less than 36 percent in the 
late 1960's.) 

If one looks at the data of the Feder
al Reserve board on income distribu
tion, the movement toward inequality 
is seen to be even more pronounced. 
The board's set of data includes items 
not counted in the Census Bureau's 
definitions of income; among them are 
returns on wealth such as capital gains 
and retained earnings. Between 1969 
and 1982 the people in the top 10 per
cent of the popUlation raised their 
income share according to this set of 
data from 29 to 33 percent of total in
come, those between the 60th and 90th 
percentiles held even at 39 percent and 
the bottom 60 percent saw their share 
fall from 32 to 28 percent. 
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by Lester C. Thurow 

Federal Reserve board figures also 
show that wealth is much more un
equally distributed than income. The 
top 2 percent of the population receive 
14 percent of total income and have 28 
percent of total net worth. Similarly, 
the top 10 percent's share of income 
(33 percent) almost doubles to a 57 
percent share of net worth. In contrast, 
the bottom 50 percent of the popu
lation have 4.5 percent of total net 
worth. About half of the country's top 
wealth holders got there by inheriting 
their holdings and half through their 
own efforts. In the top wealth group 98 
percent are white. 

Wherever one looks-industries, oc
cupations, age groups-the surge to
ward inequality is evident. From 1976 
through 1985 the number of middle
income male jobs (defined here as 
those paying from 75 to 125 percent 
of median male earnings, or from 
$13,334 to $22,224 in 1985) declined 
from 23.4 to 20.3 percent of the male 
work force. The decline was even larg
er (from 38 to 32.6 percent) for males 
who worked full time all year. In a pe
riod when total male employment was 
growing by 7.4 million jobs, 400,000 
middle-income male jobs were disap
pearing; there were small gains in jobs 
in the upper segments and large gains 
in the lower segments of the earnings 
distribution. 

The forces underlying the distribu
tion of income and wealth can be 

understood best if they are arranged in 
sequence. The sequence starts with the 
growth in output per hour of work. 
Productivity and hours of work, tak
en together, determine how much ex
tra output is available to be divided 

among the economically active mem
bers of the population. This output 
is then divided into two separate in
come flows: earnings (returns on work 
effort and skills) and capital income 
(returns on the ownership of physical 
plant and equipment). The separate in
come flows are then further divided 
among individual earners and individ
ual capitalists. Government takes off a 
share in the form of payroll taxes and 
corporate income taxes. 

Since the same person can be both 
an earner and a capitalist, earnings and 
capital income must then be recom
bined to determine total individual in
comes. Those incomes must be further 
combined into household units to de
termine the distribution of the abili
ty to buy goods and services. Govern
ment takes a share of household in
come in the form of personal income 
taxes but returns part of its total tax 
collections to those same households 
in the form of social-welfare benefits 
such as Social Security checks. What 
remains is the disposable income that 
can be used to buy consumer goods or 
to augment one's wealth. 

One can follow this sequential chain 
along its length to see exactly where 
greater inequality is entering the se
quence. The pressures toward inequal
ity begin with the growth of output. 
The rate of growth of the country's 
gross national product has essentially 
halved in the past two decades, from 
3.8 percent per year in the decade 1960 
through 1969 to 2 percent per year in 
1979-85. With output growing much 
more slowly and the economy operat
ing with much more excess capacity, 
competition for the smaller additions 
to output was bound to intensify. For 
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ECONOMIC SHIFT from well-paid manufacturing jobs to serv

ice jobs that usually pay less is caused to a major extent by two 

factors. The first is the closing of heavy-industry facilities such as 
the U.S. Steel Corporation's National Works at McKeesport, Pa. 

(top), because of intense international competition. The second 

factor is the rapid growth of service businesses such as those that 

occupy the Lenox Square Shopping Center in Atlanta (bottom). 
The move to low-wage jobs tends to shift distribution of income. 
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example, some people who had been 
fully employed at good jobs would 
be pushed out of the labor market 
or squeezed down into more margin
al economic positions. Indeed, unem
ployment has averaged 8.1 percent in 
the 1980's compared with 4.8 percent 
in the 1960's. 

When one looks to see exactly who 
has been squeezed, the result is some
what surprising. From 1976 through 
1985 male incomes (after correcting 
for inflation) have fallen 8.4 percent 
and female incomes have risen 6.9 per
cent. Male incomes are still far above 
female incomes (median earnings of 
$24,999 versus $16,252 for full-time, 
year-round workers). Faster income 
gains by women are not what is closing 
the gap, however; in fact, their rate of 
increase is actually slower than it has 
been in the past. Instead the reason for 
the closing of the gap is reductions in 
male incomes. The most entrenched 
workers have lost the most. 

The proximate cause of the slow
down in the growth of output is 

easy to find: the rate of growth of pro
ductivity declined by a factor of three, 
from 2.7 percent per year between 
1960 and 1970 to .9 percent between 
1979 and 1985. The ultimate causes 

of this slowdown in productivity are 
harder to find, somewhat mysterious 
and a subject of controversy among 
economists. What is clear is that the 
slowdown cannot simply be traced to 
a diminution in the quantity or qual
ity of the inputs (capital, labor and 
technology) to the economy. More
over, whatever is happening here is not 
happening to America's major inter
national industrial competitors. The 
growth of productivity in countries 
such as West Germany and Japan is 
from three to five times the U.S. rate. 
Whatever the reason, a much slowed 
rate of growth of per capita income is 
a central reality from which an analy
sis of the distribution of income and 
wealth must start. 

In what at first glance seems para
doxical, a low growth of productivity 
leads to a high growth of employment, 
and vice versa. Europe and Japan have 
had good growth of productivity but 
little creation of jobs. European em
ployment is no higher now than it was 
in the early 1970's. The U.S. has had a 
bad productivity performance but has 
created 28.4 million jobs since 1970. 

In reality there is no paradox. With 
10W"productivity growth it just takes 
more people to produce a given vol
ume of extra output. If output and pro-
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ductivity are both growing at 3 per
cent, no new jobs are generated, but 
if output is growing at 3 percent and 
productivity at 1 percent, employment 
must grow by 2 percent. The new jobs, 
however, will not be associated with 
the wage gains that would have gone 
with them if productivity were grow
ing more rapidly and output were ex
panding at an even faster pace. 

Just such an effect can be seen in 
the wage gains associated with the mil
lions of new jobs. After correcting for 
inflation, the compensation to labor 
per hour of work rose 2.7 percent 
per year from 1960 through 1969 but 
fell .4 percent between 1979 and 1985. 
Moreover, the new jobs were associat
ed with a much more unequal distribu
tion of earnings. Of the 10.7 million 
new earners added to the economy 
between 1979 and 1985, 48.6 percent 
were paid less than $10,000 (in 1985 
dollars), 30.5 percent were paid from 
$10,000 to $25,000 (37.6 percent of 
the work force was in that range in 
1979) and only 20.9 percent were paid 
more than $25,000 (compared with 
23.2 percent in 1979). Right across 
the earnings distribution the new jobs 
were inferior to those the economy 
had been generating before 1979. 

The distribution of output into two 
shares-one for labor and one for cap
ital-affects the final distribution of 
personal income since capital income 
is much more unequally distributed 
than labor income. If one leaves aside 
homes and real estate, the top 2 per
cent of all families are found to own 
54 percent of all net financial assets 
(stocks, bonds, pension funds and so 
on), the top 10 percent to own 86 per
cent and the bottom 55 percent to have 
zero or negative financial assets. This 
means that if the share of total output 
going to capital rises, the distribution 
of total income will automatically be
come more unequal because the most 
unequal component (capital income) 
is growing at the expense of the more 
equal one (labor income). The data in 
fact show a slight shift in the function
al distribution of income: labor's share 
of the G.N.P. fell from 60.3 to 59.5 
percent between 1979 and 1985. 

Sometimes the Reagan Administra
tion's tax and social-welfare poli

cies are given the chief responsibility 
for the growing inequality, but this 
ignores the fact that the movement 
toward inequality began before the 
president was elected. The Adminis
tration's social-welfare cutbacks have 
in fact turned out to be fairly modest, 
adding at most probably only a few 
hundred thousand people to the pov
erty roll. Most of the four million peo
ple who have been added to that roll 
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since 1979 were not forced into pover
ty by the Administration's social-wel
fare policies; they were added by much 
more fundamental economic forces. 

Similarly, changes in taxes have had 
little impact. Federal and state income 
taxes are progressive, meaning that 
the proportion of one's income paid 
in these taxes goes up as one's income 
goes up. Payroll taxes, state sales taxes 
and local property taxes are regressive, 
meaning that the proportion of one's 
income paid in these taxes goes down 
as one's income goes up. The net result 
is a tax system that is basically propor
tional. The percentage of income paid 
in taxes does not differ significantly 
from one income class to the next. The 
tax changes in 1981 were slightly re
gressive, but the changes enacted last 
year were slightly progressive, leav
ing the tax system about where it was 
when President Reagan took office. 

Those who want a comforting ex
planation of inequality often point to 
demography. More young, unskilled 
and inexperienced baby boomers have 
entered the nation's labor force, and 
one should expect them to be paid less, 
the argument goes; when they become 
middle-aged and more skilled, the dis
tribution of income will automatical
ly reverse its current surge toward in
equality. Therefore the surge need not 
concern policy makers; it will take 
care of itself eventually. 

Neither part of this argument holds 
up under close inspection. If one keeps 
the age distribution of the work force 
constant at 1967 levels and calculates 

what the 1982 distribution of earnings 
would have been for that spectrum of 
ages rather than for the actual age dis
tributions in 1982, the increase in in
equality turns out to be just as large 
as the one actually observed. Today's 
inequality is being produced not by a 
more unequal age distribution of the 
population but by growing inequality 
in the earnings of each age group. 

Nor does it automatically follow 
that relative incomes will rise simply 
because workers grow older. If the 
income of today's young baby-boom 
worker is lower than it has been in the 
past because of popUlation pressures, 
those pressures will still exist when the 
baby-boom age cohort becomes mid
dle-aged, because the cohort will still 
be crowded. Its members will still have 
lower earnings than they would have if 
they faced fewer contemporaries. 

What, then, is the cause of the ris
ing inequality in the distribution 

of earnings? There are two major for
ces: (1) intense international competi
tive pressures, coupled with high un
employment, and (2) a rising propor
tion of female workers. 

The nation's huge balance-of-trade 
deficit (about $170 billion last year) 
is merely the most visible symbol of 
a much more competitive internation
al economy. Numbers such as $170 
billion are so large as to be meaning
less to most people, but perhaps they 
can be made meaningful if one under
stands that it takes one million full
time, year-round employees in U.S. 

manufacturing to produce $42 billion 
worth of goods. Hence the trade def
icit of some four times that amount 
has squeezed more than four million 
workers out of manufacturing and 
forced them to take other jobs. Be
cause manufacturing is fairly highly 
paid and tends to have a more egalitar
ian distribution of earnings than other 
sectors such as services do, noncom
petitiveness in manufacturing leads di
rectly to more inequality in the distri
bution of earnings. 

The U.S. is much more heavily in
volved in world trade than it used to 
be, but the rest of the industrial world 
is also much more competitive techno
logically than it used to be. In the past 
Americans did not have to compete 
much to export enough to pay for 
the small proportion of products that 
the nation wished to import. When the 
U.S. did compete, it did so on the ba
sis of superior technology rather than 
lower production costs. Today's com
petition is among technological equals 
whose competition is based on which 
nation has the lowest production costs 
rather than which has the most superi
or technology. 

With input-output techniques it is 
possible to isolate the earnings distri
butions of the industries that either ex
port or compete with imports. This 
calculation reveals that both ind us
try groups pay higher wages than the 
economy as a whole. In 1983 the me
dian wage in exporting industries was 
$18,637 and in industries that com
pete with imports it was $19,583; for 

33 
© 1987 SCIENTIFIC AMERICAN, INC



the entire economy the median was 
$16,168. 

In addition to paying higher wages 
the exporting and import-competing 
industries generated a more equal dis
tribution of earnings. In 1983, 41 per
cent of the entire work force worked at 
jobs that paid less than $12,500 per 
year, whereas only 31 percent of the 
workers in exporting industries and 30 
percent of those in industries compet
ing with imports held such jobs. Fur
thermore, whereas 56 percent of the 
total work force earned from $12,500 
to $50,000 per year, 66 percent of the 
workers in exporting industries and 67 
percent of those in the industries com
peting with imports were at that level. 
Yet at the very top of the income dis
tribution the percentages were essen
tially equal: 2.6 percent of the export 
work force, 2.7 of the import-compet
ing work force and 2.7 percent of the 
entire work force earned more than 
$50,000 per year. 

The meaning of these statistics is 
that when exports fall and imports rise 
to create a trade deficit, the distri
bution of earnings moves toward in-

equality. Jobs are lost in both export
ing and import-competing industries 
and are replaced by jobs with lower, 
more unequal earnings in the rest of 
the economy. This factor is the princi
pal reason for the observed decline in 
earnings of males. The industries that 
have been hit hardest by internation
al competition-automobiles, steel and 
machine tools-are precisely the ones 
that have provided a large number of 
upper-middle-income male jobs. For 
women a service job does not mean a 
lower wage, but for men it does. 

If one looks at earnings by industry 
or occupation, it is evident that the 
major effect of foreign competitive 
pressure has been to increase the varia
tion in earnings within each occupa
tion or industry and to push workers 
down the earnings ladder. Some of this 
effect might have been offset if unem
ployment had been low and the sectors 
of the economy not involved in inter
national trade had been forced to raise 
productivity and wages in order to at
tract good workers. Instead high un
employment meant a plentiful labor 
supply, and wages could if anything 

be reduced and made more unequally 
distributed in those sectors that were 
not affected by international trade. 

Another part of the surge in inequal
I\.. ity can be traced to women, or 
more accurately to society's economic 
treatment of women. Since women are 
paid much less than men and are much 
more likely to be part-time workers, 
a rising proportion of female workers 
automatically leads to a more unequal 
distribution of earnings. The average 
female worker makes 52 percent of 
what the average male makes, and the 
average full-time, year-round female 
worker makes just 65 percent of what 
her male counterpart makes. 

This phenomenon, together with an 
increasing proportion of households 
headed by females (up from 28 to 31 
percent of all households in the few 
years between 1979 and 1985), has led 
to a low-income population that is in
creasingly dependent on the earnings 
of women: the feminization of pover
ty. Women and children account for 
77 percent of those in poverty, and 
half of the poverty population live in 
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come (red), the middle-income group (blue) and the next-to-high

est group (greel/). The purple curve represents families that are in 

the top 5 percent of income groupings. The data, encompassing 

63.5 million families in 1985, are from the Bureau of the Census. 

© 1987 SCIENTIFIC AMERICAN, INC



families headed by females with no 
husband present. The average female 
worker earns barely enough to keep a 
family of four above the poverty line. 
To do more than just escape from pov
erty a female must have a job substan
tially above the average. 

The work situation of women does 
not merely affect the lower end of 
the income distribution. Women are 
increasingly influencing what a family 
must do if it wishes to have a middle
class standard of living. In 1984 the 
U.S. had 87 million households. Some 
50 million of them were traditional 
husband-wife families, 40 million of 
which had earnings (most of the others 
consisted of retired couples). Of the 40 
million, 28 million (70 percent) report
ed earnings by both husband and wife. 
These families had a median income 
of $31,000-$22,000 earned by the 
husband, $9,000 by the wife. 

Among working men only 22 per
cent will earn $31,000 or more on their 
own, among working women only 3 
percent. As a result few families can 
afford the $31,000 middle-class life 
unless both husband and wife have 
jobs. And although the dominant pat
tern today is a full-time male worker 
and a part-time female worker, the 
pattern is rapidly shifting toward a 
way of life in which both husband and 
wife work full time. In 1984, 11 mil
lion families had two full-time work
ers, and those families had a median 
income of $39,000-$24,000 earned by 
the husband and $15,000 by the wife. 
As an increasing number of families 
have two full-time workers, the house
holds that do not will fall farther and 
farther behind economically. 

Rising female participation in the la
bor market is also one of the factors 
leading the incomes of the highest
earning families to grow much faster 
than those of average families. If high
income males marry high-income fe
males and low-income males marry 
low-income females (tendencies that 
are borne out by the available statis
tics), the net result is wider income 
gaps as potentially high-income wom
en married to already high-income 
males enter the labor force. 

To describe the trend toward in
equality as a surge might imply a 

high rate of change. Such is not the 
case; like a glacier, this kind of eco
nomic trend in reality moves quite 
slowly. A national economy can easily 
adjust to a shift in the distribution of 
purchasing power. It simply produc
es more low-income products, more 
high-income products and fewer mid
dle-income products. The discount (K
Mart) and upscale (Bloomingdale's) 
department stores thrive while the 
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stores in the middle (Gimbels) go out 
of business. 

The Great Society programs of the 
1960's to alter the distribution of in
come grew out of the political unrest 
of the civil-rights movement. Black 
and Hispanic households still have in
comes far below those of whites (re
spectively 59 and 70 percent of white 
incomes), but the majority no longer 
seem to care and the minorities, even if 
they are not happy, do not seem to be 
aggressively complaining. 

The distribution of income in Japan 
is about half as unequal as that in the 
U.S. In West Germany, before taxes 
and transfers, 28 percent of the popu
lation have less than half the median 
income; in the U.S. the figure is 27 per
cent. After taxes and transfers, howev-

er, West Germany is left with only 6 
percent of its popUlation in that pre
dicament, whereas the U.S. is left with 
17 percent. But to say that the Japa
nese and the Germans have or want 
less inequality is not to say that Ameri
cans want less inequality. 

At the beginning of the Reagan Ad
ministration, David A. Stockman, the 
director of the Office of Management 
and Budget, declared that the distri
bution of income was not an appropri
ate subject for public remediation. The 
Administration was overwhelmingly 
reelected and is still popular in the 
public-opinion polls. Such polls also 
find that most of the public are in gen
eral satisfied with their economic cir
cumstances. 

One answer may be that no one 
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cares. If that is so, Americans have 
changed. The past 100 years of Amer
ican economic history show govern
ment deliberately adopting policies to 
prevent the growing inequalities that 
all too often seemed to be arising. In 
the last half of the 19th century the In
terstate Commerce Commission was 
established and the antitrust laws were 
enacted to stop a growing concen
tration of wealth and to prevent that 
wealth from being used exploitatively. 
The railroads were not to be allowed 
to exploit their economic advantage 
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over farmers and the oil trust was not 
to be allowed to exploit the urban con
sumer. Compulsory education for all 
was established to create an egalitari
an distribution of human capital and 
more marketable skills in order to pre
vent large inequalities in earnings. 

In the 20th century inheritance tax
es and progressive income taxes were 
adopted to lessen inequalities. The 
rising inequalities of the Great De
pression brought Social Security, un
employment insurance and eventually 
medical insurance for the elderly and 
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the poor to prevent people from fall
ing out of the middle class when con
fronting unemployment, illness, old 
age and other harsh facts of life. 

Whether one calls the increase in in
equality modest or large depends on 
one's perspective. The bottom 20 per
cent of all families, who have seen 
their share of income decline by 18 
percent since 1969, would no doubt 
call it large. However it is described, 
the surge is still under way, and no one 
can predict when it will stop. 

Once the income-distribution prob
lem has become so acute that it actual
ly creates social or political unrest, it 
will be very difficult to solve. Politi
cally it is a lot easier to prevent an in
crease in the income share of a domi
nant group than it is to adopt policies 
designed to take income away from 
that group. In economic health care as 
in medical health care, prevention is 
always better than remediation but-it 
must be admitted-is just as seldom 
undertaken. 

Prevention or remediation, which
ever, will require a return to the struc
tural policies of the 19th century rath
er than to the tax and transfer policies 
of the 20th century. Regardless of 
what one thinks about the role of taxes 
and transfers in limiting inequality, 
they are clearly not the appropriate 
means for counteracting the current 
surge in inequality. 

The heart of the solution will have to 
be found in a higher rate of growth 

of prod uctivity and enhanced inter
national competitiveness. Here the so
lution is not simply to lower the value 
of the dollar in order to regain a bal
ance between exports and imports, 
although a dollar of lower value will 
have to be part of the cure until pro
ductivity growth can be enhanced. A 
lowered dollar is simply a way to have 
a national "giveback" and lower ev
eryone's wages and capital incomes 
in relation to those in the rest of the 
industrial world. The wisest policy 
would aim not to lower the U.S. stan
dard of living but to raise productivi
ty so that the nation can compete in 
world markets while its private sector 
pays good wages and receives accept
able profits. 

Economically what has to be done 
is as clear as the politics of doing it 
are murky. To compete in industries 
that pay high wages and make goods 
of high value a country must ensure 
that its labor force is as well educated 
and skilled as any in the world, must 
keep up with or ahead of competitors 
in investment in capital equipment and 
must make sure that the technologies 
being employed are the most effective. 
Comparisons with either Japan or Eu-
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rope reveal that the U.S. is not world 
class in any of those areas. The prob
lem is not that the U.S. is doing worse 
than it used to but that the rest of the 
world is doing much better. 

Judged by educational attainments 
and working skills, the U.S. lags far be
hind. How could one expect American 
chjldren to learn in a ISO-day school 
year what Japanese children learn in 
a 240-day school year? Yet the politi
cal difficulties of extending the school 
year are formidable. Both West Ger
many, with elaborate apprenticeship 
programs, and Japan, with extensive 
company training programs, have 
well-developed systems for teaching 
technical skills to people who are not 
bound for college. Such people are the 
forgotten majority when it comes to 
training in the U.S. Yet the Adminis
tration gutted the training programs of 
the Department of Labor. 

American companies invest only 
half as much as the Japanese and two
thirds as much as the Europeans. To 
invest more the American family must 
save more than 4 percent of its income. 
Eliminating consumer credit would go 
a long way toward raising the per
sonal-savings rate, but what politician 
wants to advocate that? 

Civilian spending on research and 
development as a fraction of the gross 
national product now lags behind that 
of Japan, West Germany and France. 
One way or another, however, gov
ernments pay for almost all R&D 
spending in every country. To spend 
more on R&D means higher govern
ment spending and more taxes. No one 
in the U.S. wants to pay more taxes. 
That is why the Federal deficit is more 
than $200 billion. 

In short, the solutions to the prob
lem of competitiveness are visible and 
at hand. To say that the nation knows 
how to solve its problems with com
petitiveness, however, is not to say that 
it will solve them. 

Working women are a fact of life. 
If the U.S. wants to avoid in

creasing inequality and the feminiza
tion of the lower reaches of the income 
distribution, it will have to do some
thing to raise the earning capacity of 
women. One can argue about whether 
the issue is one of comparable worth 
(female occupations that are simply 
paid less than male occupations be
cause of habit, history and exploita
tion) or the relative skills of female 
workers. Probably both factors con
tribute to creating the problem. In any 
case, the society must do something to 
improve the earnings of women if cur
rent trends toward inequality are not 
to continue. 

Families headed by women raise a 

variety of sociological, religious and 
ethical issues; they certainly create an 
economic problem. They are unlikely 
ever to be able to attain an economic 
standard of living anywhere near that 
enjoyed by intact two-earner families. 
Their problems can be lessened, how
ever, by adopting efficient social poli
cies that make fathers pay to support 
their children even if they do not live 
with them. Nature may make mothers 
but society can make financial fathers. 
There is an easy solution: if a court or
ders child-support payments, the Fed-

era I Government automatically sends 
the mother a monthly support check 
for that amount and collects the mon
ey from the father through the Internal 
Revenue Service-with the state guar
anteeing a minimum level of support 
whatever the amount collected from 
the father may be. 

If history is any guide, the current 
surge in inequality will sooner or later 
be met with a political counters urge to 
contain it. The nature of that counter
surge, however, remains buried deep 
below the political ice. 

$75,000 OR MORE ME� WITJ WIVEJ PRES�NT 
WOMEN WITHOUT HUSBANDS PRESENT 
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I 
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• 
$25,000 TO $29,999 ... 
$20,000 TO $24,999 

$17,500 TO $19,999 .-
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:5 
...J 0 
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FEMINIZATION OF POVERTY is evident in this depiction of the incomes of fami

lies in data for March, 1986. Families headed by women predominate at the lower levels. 

37 
© 1987 SCIENTIFIC AMERICAN, INC



© 1987 SCIENTIFIC AMERICAN, INC



The Cosmic Synthesis of Lithium, 
Berylli urn and Boron 

The three light elements, which cannot withstand the violent stellar 

environment where most elements were born, are created as cosmic rays 

collide with low-density clouds of gas and dust permeating the galaxy 

by Victor E. Viola and Grant J. Mathews 

Most of the elements that make 
up the solar system were 
forged during the course of 

stellar evolution. The process began 
billions of years ago when clouds of 
primeval matter condensed to form 
young stars. Within these stellar fur
naces hydrogen and other light ele
ments were fused together to form 
heavier nuclei. The heavy elements 
were then spewed out into space dur
ing either the cataclysm of a superno
va (the explosion of a massive star) or 
the death of a red giant, the kind of star 
the sun will become in about five bil
lion years. The cycle then began anew 
with the birth of a second-generation 
star that was richer in its composition 
of elements. 

As successful as the theory is, how
ever, it cannot explain the existence of 
three light elements, lithium, berylli
um and boron. The nuclei of these ele
ments, which contain three, four and 
five protons respectively, are extreme
ly fragile and would rapidly disinte
grate in the hot, dense and violent inte
rior of most stars. In fact, any lithium, 
beryllium and boron initially present 
in the core of a newly formed star 
would actually be destroyed as the star 
contracts and heats up. How, then, 
were the three elements formed? The 
question has long proved baffling. 

Recently a merging of theoretical 
astrophysics and experimental low- to 
medium-energy nuclear physics has 
begun to yield an answer. Work by col
laborators in the two fields shows that 
lithium, beryllium and boron were 
probably synthesized outside stellar 
interiors in the immense clouds of low-

density gas and dust that permeate the 
interstellar space in our galaxy. Taken 
together, the clouds constitute the so
called interstellar medium. As cosmic 
rays, which consist primarily of high
energy protons, have passed through 
the interstellar medium in the course 
of the past 10 to 15 billion years, they 
have initiated nuclear reactions that 
produce the three light elements. A 
large fraction of one of the elements, 
lithium, also appears to have been pro
duced in the nuclear genesis associated 
with the first few moments of cosmic 
expansion during the big bang: the pri
mordial explosion some 15 billion 
years ago from which the birth of the 
universe is traced. 

The relative scarcity of lithium, be
ryllium and boron-each is less than 
one billionth as abundant as the most 
prevalent element in nature, hydrogen, 
and many orders of magnitude less 
abundant than helium, carbon, nitro
gen and oxygen-belies their impor
tance. The unique origin of the three 
elements has made them fascinating 
expositors of the history of the uni
verse. As more information from labo
ratory experiments simulating their 
production in nature has accumulated, 
the models for the cosmic synthesis of 
these elements are becoming precise 
enough to provide important clues 
even about the final fate of the uni
verse. The data may help to answer the 
question of whether the universe will 
expand forever or ultimately collapse 
again into another hot, dense fireball 
of fundamental particles. 

The interaction of cosmic rays with 
the interstellar medium has emerged 

GREAT NEBULA in the constellation Orion may be an example of a site where lithium, 
beryllium and boron are synthesized. Here an interstellar cloud is illuminated by newly 
formed stars behind it. As energetic cosmic rays pass through gas and dust clouds in the 
galaxy, they are thought to undergo nuclear reactions that produce the three elements. 

as the most plausible of several candi
dates to account for the cosmic synthe
sis of lithium, beryllium and boron. 
Nearly 30 years ago E. Margaret Bur
bidge, Geoffrey Burbidge, William A. 
Fowler and Fred Hoyle, all then at 
the California Institute of Technology, 
pointed out that the fragile nature of 
the three elements means they must 
have been synthesized in a low-density 
medium, where temperatures are low 
enough to keep the nuclei from frag
menting after formation. The collabo
rators postulated a loosely defined "x 
process" as the source of the three ele
ments. They hypothesized that the ele
ments might have been formed in nu
clear reactions involving the fragmen
tation of heavy nuclei by collisions 
with energetic light nuclei within an 
appropriate low-density environment. 

One such environment, for instance, 
might have been the surface of 

the newly formed sun or the surface of 
other young stars during an early ep
och of intense flare activity. Another 
possible site could have been the outer 
envelope of gas and condensed matter 
surrounding the sun when the solar 
system was beginning to form, as 
Fowler, Jesse L. Greenstein, Donald S. 
Burnett and Hoyle proposed in a series 
of papers from 1962 to 1965. The sur
rounding envelope would then have 
contained an abundance of carbon, ni
trogen and oxygen. During early peri
ods of energetic flare activity, protons 
and alpha particles (helium-4 nuclei, 
which consist of two protons and two 
neutrons) could have been accelerated 
to high enough energies so that they 
would have fragmented the heavier 
nuclei in the outer envelope and pro
duced lithium, beryllium and boron. 
Because the stellar surface and outer 
envelope are much cooler than the in
terior of the sun, the reaction products 

39 
© 1987 SCIENTIFIC AMERICAN, INC



would have survived and been incor
porated into the solar system. 

At the time it was put forward the 
model appeared quite plausible from 
the standpoint of the relative abundan
ces of elements and the probabilities of 
particular nuclear reactions. Unfortu
nately the model suffered from the re
quirement that it would have taken 
a significant fraction of the sun's to
tal gravitational energy to accelerate 
protons and alpha particles to speeds 
high enough to create even the small 
amount of lithium, beryllium and bo
ron present in nature today. 

Recognizing the difficulties of the 
model, in the 1970's Hubert Reeves of 
the Institut d' Astrophysiq ue in Paris, 
Fowler and Hoyle suggested the cos
mic-ray mechanism. A number of con
siderations made the proposal attrac
tive from the start. First, the abundan
ces of lithium, beryllium and boron in 
the spectrum of galactic cosmic rays 
are enhanced by as much as a million 
times in relation to the normal inter
stellar-medium abundances. The cos
mic-ray abundances have been known 
since the late 1950's, when Phyllis S. 
Freier, Cecil J. Waddington and their 
colleagues at the University of Minne
sota and the University of Bristol suc
ceeded in measuring them with equip-

HYDROGEN 

ment mounted on balloons flown at 
high altitudes. Second, as Sam M. Aus
tin of Michigan State University point
ed out, given the known energies and 
intensities of galactic cosmic rays and 
the present-day composition and den
sity of the interstellar medium, the 
production of lithium, beryllium and 
boron is inevitable. Furthermore, if 
the interaction of cosmic rays with 
the interstellar medium has proceeded 
continuously over the lifetime of the 
galaxy (some 10 billion years), there 
has been ample time to synthesize the 
three elements. 

In spite of the appeal of the cosmic
ray mechanism, other theories have 
continued to be put forward. Lithium, 
beryllium and boron might have been 
produced during a supernova, accord
ing to a model first proposed by Stir
ling A. Colgate of the Los Alamos Na
tional Laboratory. During a superno
va the inner parts of a massive star 
implode to form a dense neutron star 
and the outer parts explode to generate 
a surrounding nebula, or cloud of gas 
and dust [see "How a Supernova Ex
plodes," by Hans A. Bethe and Gerald 
Brown; SCIENTIFIC AMERICAN, May, 
1985]. As the shock wave from the im
plosion passes through the outer layers 
of the star, lithium, beryllium and bo-
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ron might have been created. Thomas 
A. Weaver and George F. Chapline, 
Jr., of the Lawrence Livermore Na
tional Laboratory have shown, how
ever, that this scenario is unlikely 
because the temperature behind the 
shock wave is probably too low to pro
duce the energetic particles necessary 
to synthesize the three elements. Oth
er sites of formation could also be pro
posed, including regions surrounding 
newly formed pulsars, dense regions 
of active galactic nuclei and areas near 
quasars: galaxies that spew jets of 
high-energy particles into space. 

To determine the validity of the var
ious proposed mechanisms for the 

nucleosynthesis of lithium, beryllium 
and boron, one might think that all 
possible nuclear collisions producing 
the three nuclei in a particular astro
physical environment would have to 
be examined. Given the some 100 ele
ments in the periodic table, that would 
be a monumental task. Fortunately 
one need consider only the most abun
dant elements and the probabilities 
that those elements will interact to 
prod uce the light elements. As a conse
quence the problem can quickly be re
duced to a relatively small network of 
nuclear reactions. Analysis shows that 
reactions of cosmic-ray protons and 
alpha particles with other alpha parti
cles and the nuclei of carbon 12, nitro
gen 14 and oxygen 16 dominate the 
production of lithium, beryllium and 
boron in all the proposed synthesis 
models. (The number following each 
element gives the total number of pro
tons and neutrons in the nucleus; ele
ments that have the same number of 
protons but a different number of neu
trons are called isotopes. Carbon 12 
and carbon 14 are isotopes, for in
stance; carbon 14 has two more neu
trons than carbon 12.) 

Although the relative abundances 
of the elements have been fairly well 
known for many years, knowledge of 
the nuclear-reaction probabilities nec
essary to test the various models has 
been only fragmentary until rather 
recently. This is in large part owing 
to the difficulty of measuring the re
action products of interest and to the 
lack of nuclear particle accelerators 
needed to span the range of bombard
ing energies appropriate to the various 
prod uction mechanisms. 

In the past 15 years major exper
imental efforts at several laboratories 
have succeeded in determining all the 
salient reaction probabilities relevant 
to the problem. In the 1970's Austin 
and his colleagues at Michigan State 
and David D. Bodansky and William 
W. Jacobs of the University of Wash
ington independently carried out im-
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SILICON 
DETECTORS 

AUTHORS' APPARATUS (top) at the Indiana University Cyclo
tron Facility is employed to determine the products of medium
energy nuclear collisions in the laboratory. The collisions are ini
tiated by generating a beam of protons or helium nuclei in a parti

cle accelerator and aiming the beam at a fixed target containing 
helium, carbon, nitrogen or oxygen (diagram). As particles emerge 

from the collisions, they pass through a thin carbon foil (bottom 
cel/ter). The particles expel electrons from the foil, which start a 

precision clock. The clock is stopped when the particles arrive at 
a silicon detector (bottom left). The detector also measures the 

energies of the particles. Knowing the energy of a particle and 
how long it takes to travel, one can determine the particle's mass. 
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portant low-energy studies. Their data 
serve as essential input values for eval
uating lithium, beryllium and boron 
production in phenomena such as low
energy cosmic rays, supernova shock 
waves and flare activity in protostars. 
At higher energies, where the data are 
relevant to synthesis by energetic ga
lactic cosmic rays, extensive data have 
been compiled by Grant Raisbeck and 
F. Yiou at the Rene Bernas Labora
tory in Orsay, France, by Harry H. 

:> � + � 
HELIUM 4 HELIUM 4 

:> • + � 

Heckman and his colleagues at the 
Lawrence Berkeley Laboratory and by 
our group at Indiana University, the 
University of Maryland and the Liver
more Laboratory. Because of these 
systematic studies it has been possible 
to make a quantitative evaluation of 
the various lithium, beryllium and bo
ron nucleosynthesis theories. 

The required measurements are dif
ficult to make, as is often the case 
in doing nuclear-reaction-probability 
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COSMIC-RAY INTERACTIONS with the interstellar medium have been modeled in 
particle accelerators. The sample reactions shown here illustrate a few of the kinds of 
nuclear collision that might produce lithium, beryllium and boron in deep space. Not 
shown are reactions in which oxygen 16, neon 20, silicon 28 and iron S6 serve as targets. 
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studies relevant to astrophysics. Al
though the lithium, beryllium and bo
ron studies are not as formidable as 
making measurements of solar neu
trino fluxes or reactions between pro
tons in stellar burning cycles, they 
have nonetheless required the imple
mentation of several sophisticated 
techniques to obtain the necessary ex
perimental data. In the laboratory the 
astrophysical nucleosynthesis environ
ment is simulated by collisions initiat
ed by a beam of protons or alpha parti
cles from a particle accelerator. The 
beam of particles is aimed at a fixed 
target containing helium, carbon, ni
trogen or oxygen. The energies of the 
accelerated particles have to extend 
from a few million electron volts to 
several billion electron volts to re
produce the spectrum of energetic par
ticles that are associated with flares, 
shock waves and galactic cosmic rays. 
Consequently several types of acceler
ators have been employed, including 
tandem Van de Graaff generators, cy
clotrons and synchrotrons. 

One of the main problems in exper
imentally measuring the proba

bility of producing lithium, beryllium 
and boron in nuclear reactions is that 
the three elements typically emerge 
from reactions with little energy and 
are therefore difficult to identify. One 
of the most successful techniques de
veloped to identify such low-energy 
particles makes use of a thin carbon 
foil (about one 10-millionth of a meter 
thick, or 1!7 50 the width of a human 
hair) and a silicon-semiconductor de
tector. The foil is placed in the path of 
the fragments emitted from the target 
and the detector is placed about 20 to 
30 centimeters downstream from the 
foil. As the fragments pass through the 
foil they expel electrons, which start a 
precision clock. The clock is stopped 
when the fragments arrive at the sili
con detector. The detector also meas
ures the energies of the particles. 
Knowing the energy of a particle and 
how long it takes to travel between the 
foil and the detector, it is relatively 
easy to calculate the mass of the parti
cle and thereby identify it. 

Such systematic measurements have 
resulted in the compilation of a series 
of reaction probabilities as a function 
of bombarding energy for reactions in
duced by protons and alpha particles 
with helium 4, carbon 12, nitrogen 14 
and oxygen 16. The probabilities were 
then used as input parameters for cal
culations designed to test the various 
models of lithium, beryllium and bo
ron nucleosynthesis. The calculations 
show that the flare and shock-wave 
models are unsuccessful in reproduc
ing the observed abundances of the 
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three elements. In contrast, the cos
mic-ray model is quite successful. 

Much of the work in providing the 
details of the cosmic-ray model was 
originally done by Maurice Meneguz
zi and Jean Audouze of the Institut 
d'Astrophysique and Reeves and inde
pendently by Henry E. Mittler, then at 
the Harvard-Smithsonian Center for 
Theoretical Astrophysics. According 
to the model, cosmic rays moving 
through the galaxy prod uce lithium, 
beryllium and boron when they collide 
with the heavier nuclei in the interstel
lar medium. 

Various sources for the cosmic rays 
have been proposed, such as colliding 
plasma shock waves, supernovas and 
pulsars; the question is still debated 
[see "Cosmic Rays from Cygnus X-3," 
by P. Kevin MacKeown and Trevor 
C. Weekes; SCIENTIFIC AMERICAN, No
vember, 1985]. Whatever the source 
turns out to be, the observed flux 
of the rays is well described as an 
exponentially decreasing function of 
the particles' total relativistic energy, 
which is equal to the sum of the mass 
and the kinetic energy of each particle. 
In addition a low-energy component 
may be present in the spectrum. The 
simplest version of the model assumes 
that the composition and the energy 
spectrum of the cosmic rays have re
mained constant over the 10- to IS-bil
lion-year history of the galaxy. The as
sumption has proved to be a surpris
ingly good approximation. 

The formation of lithium, berylli
um and boron can come about in 

two ways. Light cosmic rays (protons 
and alpha particles) can interact with 
heavy nuclei (carbon, nitrogen and ox
ygen) in the interstellar medium, or 
heavy cosmic rays can interact with 
light nuclei in the interstellar medium. 
Either way the ability of the interstel
lar medium to stop the reaction prod
ucts must be taken into account. In 
spite of the infinitesimally low densi
ty of the interstellar medium, cosmic 
rays travel such long distances through 
it that nuclear reactions are fairly like
ly to occur. For reactions induced 
by light cosmic rays on heavy nuclei, 
most of the lithium, beryllium and bo
ron products become incorporated in 
the interstellar medium. For reactions 
induced by heavy cosmic rays on light 
nuclei, on the other hand, the bulk of 
the three elements becomes a part of 
the cosmic rays. This accounts for the 
high abundance of lithium, beryllium 
and boron in cosmic rays. 

The high abundance of the three ele
ments in cosmic rays has, in fact, be
come one of the most important indi
cators of the environment encountered 
by the cosmic-ray nuclei as they speed 
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PREDICTED ABUNDANCES of lithium, beryllium and boron for each of three theoret

ical models are compared with the observed abundances. The data indicate that the three 
elements are most likely produced during the interaction of galactic cosmic rays with the 

interstellar medium-the low-density clouds of gas and dust between stars. Less likely 
are scenarios in which the elements are synthesized during stellar flares or shock waves 
from, say, a supernova (the explosion of a massive star). The failure of the cosmic-ray 

model to predict accurately the amount of lithium 7 (top) can be accounted for by includ
ing the effects of the big bang; lithium 7 is thought to have been produced copiously dur
ing the birth of the universe. The discrepancy in the ratio of boron 11 to boron 10 (bot
tOIll) can be overcome by including a component of low-energy cosmic rays in the model. 
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across the galaxy. In particular, the 
relative abundances of the elements 
serve as a measure of the amount of 
interstellar material the cosmic rays 
have traversed before reaching the 
earth; the more material the cosmic 
rays pass through, the greater the 
amounts of lithium, beryllium and bo
ron produced. The presence of radio
active cosmic-ray nuclei such as beryl
lium 10 can even be used to measure 
how long the cosmic rays remain a 
part of the galactic environment be
fore they escape from the galaxy or 
destroy themselves in collisions: about 
10 million years. 

It is a remarkable fact that the sim
ple cosmic-ray model leads to predic
tions of the absolute abundances of 
lithium 6, beryllium 9, boron 10 and 
boron 1 1  that are quantitatively close 
to the observed abundances. The sim
ilarity places valuable constraints on 
the evolution of the galaxy. Specifi
cally, excessive amounts of infalling 
extragalactic primordial material and 
large variations in the history of cos
mic-ray activity would seem to be pre
cluded, because such effects would 
probably have caused significant de
viations from the predictions of the 
cosmic-ray model. The conclusion is 
supported by numerous data collected 
about light elements (particularly be
ryllium, which is the easiest to meas
ure) on the surface of ancient stars, as 
Jean-Paul Meyer of the Service d'As
trophysique and Reeves first pointed 
out. (The interstellar matter was incor
porated into the stars when they first 
condensed.) The stars, some of which 
are almost as old as the galaxy itself, 
serve as an archive of the past produc
tion of lithium, beryllium and boron. 

From the observations one con
cludes that the abundances of berylli
um nuclei have not changed by more 
than a factor of two for the past 10 bil
lion years, after an early growth peri
od. The conclusion implies the cosmic
ray production of the light elements 
has been more or less constant over the 
history of the galaxy. Some dilution of 
the elements has probably occurred, 
however, as a result of the combined 
effects of the ejection of beryllium-de
pleted material from stars and the in
fall of extragalactic matter. 

In spite of the success of the cosmic
ray model in explaining the forma

tion of the three light elements, there 
are two shortcomings. First, although 
the model accounts for the absolute 
abundances of boron 10 and boron 1 1  
quite well, it fails to explain the ra
tio of boron 1 1  to boron 10, which is 
known to a much higher degree of ac
curacy than the absolute abundances. 
In particular, the predicted value of 
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the ratio is 2.5, whereas the measured 
value is actually about 4.05. Second, 
the model predicts that there should be 
10 times less lithium 7 than is actually 
observed. 

The failure of the cosmic-ray mod
el to predict accurately the ratio of bo
ron 1 1  to boron 10 is generally recon
ciled in terms of a poor understanding 
of how many low-energy particles are 
found in cosmic rays. Not until sat
ellite measurements can be obtained 
from deep space at distances greater 
than 100 times the distance between 
the earth and the sun will the intensity 
of low-energy cosmic radiation really 
be known. 

The deepest space probe, Pioneer 10, 
which has recently left the solar sys
tem and is now at about 40 times the 
earth-sun distance, has already en
countered examples of unexpected 
fluxes of low-energy particles, such as 
the intense radiation fields around Ju
piter. The spacecraft must travel be
yond the far-reaching influence of the 
sun's magnetic field, however, before 
the true spectrum of low-energy ga
lactic cosmic rays can be observed. If 
the speculation of intense low-energy 
fluxes of interstellar cosmic rays turns 
out to be correct, it will be possible for 
very low-energy cosmic rays to form 
the additional boron 1 1  needed to pro
duce the correct ratio of boron 1 1  to 
boron 10 without modifying the rest of 
the theory. 

The lithium-7 anomaly can be ac
counted for quantitatively by includ
ing the effects of the big bang in the 
model. Calculations originally done 
by Robert V. Wagoner of Stanford 
University, Fowler and Hoyle show 
that the big bang could have produced 
the right amount of lithium 7 to ex
plain the abundance of this element 
in nature. There is one difficulty with 
such a proposal, however. F. Spite and 
M. Spite of the Observatoire de Paris
Meudon have recently reported on the 
abundance of lithium on the surface of 
old stars called halo stars outside the 
disk of the galaxy. If the abundance 
has not changed during the evolution 
of the stars, it may represent the abun
dance left over from the big bang. 

Unfortunately the measured lithium 
abundance on the halo stars is only 
about 10 percent of that measured in 
stars of the galactic disk. Whether the 
low lithium abundance does actually 
represent primordial big-bang materi
al is still being debated. If it does, an
other source must be found for most 
of the lithium 7 observed in the galaxy. 
Possibly such a source could be red-gi
ant stars or even supernova outbursts, 
as A. G. W. Cameron of the Harvard
Smithsonian Center and Fowler have 
suggested. We should point out that 

even if there is another source for lithi
um 7, it is unlikely to affect the valid
ity of the cosmic-ray model. 

What do the abundances of the 
light elements imply about the 

universe as a whole? The abundances 
of deuterium (hydrogen 2), helium 3, 
helium 4 and lithium 7 produced in the 
big bang depend primarily on the den
sity of baryons-the class of particles 
whose most important members are 
the proton and the neutron-present at 
the time of synthesis. The abundances 
can therefore be used to infer the ini
tial baryon density of the universe. 
Once the initial density has been de
duced, one can calculate the current 
baryon density of the universe. 

The calculated total mass density 
of the universe is usually expressed 
in terms of a dimensionless parameter 
designated by the Greek letter ome
ga. Omega is the ratio of the calcu
lated density to the critical density of 
the universe: the minimum density for 
which the gravitational force would be 
sufficient to halt the present expansion 
of the universe. If omega is less than 
1, the universe is said to be open and 
will expand forever. If omega is great
er than 1, the universe is closed, and 
it will eventually begin to contract. If 
omega is equal to 1, the universe will 
continue to expand, but the rate of ex
pansion will slow asymptotically. 

Of special relevance in estimating 
the initial baryon density and hence 
the value of omega are the abundances 
of deuterium and lithium 7. The pro
duction of deuterium in the big bang 
decreases rapidly as a function of in
creasing density. For lithium 7 just the 
opposite is true. By matching the ob
served abundances of deuterium and 
lithium 7 to the predictions of the big
bang theory of nucleosynthesis, a rath
er sensitive estimate of the baryon 
density of the universe can be made. 

The analysis of the ratio of lithium 7 
to deuterium indicates that omega is 
less than or equal to .05, which implies 
that the universe is open. The result 
is roughly equivalent to what astrono
mers have inferred from the motions 
of galaxies. There are, however, many 
reasons to question whether the uni
verse is actually open. Primary among 
them is the fact that prevailing theory 
argues strongly for a value of omega 
equal to 1 [see "The Inflationary Uni
verse," by Alan H. Guth and Paul 
J. Steinhardt; SCIENTIFIC AMERICAN, 
May, 1984]. If omega does eq ual 1, ac
count must be taken of the missing 
mass, or dark matter, that eludes de
tection by observers and instruments 
alike. In order to be consistent with the 
results of big-bang nucleosynthesis 
calculations, it is generally held that 
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the matter must be something other 
than baryons. Numerous candidates 
have been proposed [see "Dark Mato 
ter in the Universe," by Lawrence 
M. Krauss; SCIENTIFIC AMERICAN, De
cember, 1986]. 

Nevertheless, the possibility still re
mains that the dark matter, if it exists, 
could consist of baryons. One of us 
(Mathews) and co-workers at the Liv
ermore Laboratory and investigators 
at a number of institutions have re
cently begun exploring in detail the 
possibility that such dark matter could 
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have been formed if the baryon den
sity of the universe were inhomoge
neous during the big bang. The bary
onic dark matter would now reside in 
regions that have collapsed into invisi
ble remnants, such as black holes. The 
scenario could still be consistent with 
the big-bang nucleosynthesis of the 
light elements. 

A lthough the variety of theories em
£\. phasizes the fact that the question 
of whether the universe is open or 
closed cannot be conclusively resolved 

as yet, the preliminary results point the 
way for studies that may eventually 
yield an answer. Moreover, the origin 
of the three peculiar elements lithium, 
beryllium and boron provides a wealth 
of clues about the origin and nature 
of the universe. From the cryptic mes
sages being delivered by the cosmic 
radiation that continuously bombards 
the earth to the ever unfolding puzzle 
of the birth of the cosmos, it appears 
that the three elements were probably 
in some way a part of every high-ener
gy event in the universe. 

CLOSED 
UNIVERSE 

OPEN 
UNIVERSE 

FLAT 
UNIVERSE 

FATE OF THE UNIVERSE depends on its present mass density. 

The universe is now expanding. If the mass density is less than 
that for which the gravitational force would be sufficient to halt 
the expansion, the universe is open: it will expand forever. If the 
mass density is so large that the gravitational potential energy 
exceeds the energy in expansion, the universe is closed: it will 

stop expanding and ultimately collapse into a hot, dense fireball 

of fundamental particles. If the mass density produces gravitation
al potential energy that exactly equals the energy in expansion, 
the universe is said to be flat. The data pertaining to lithium 7 
suggest that the universe is open, but the question is still far from 
being resolved; prevailing theory suggests that the universe is flat. 
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Synapses That Compute Motion 
How do nerve cells process the information they receive from the 
environment? Studies of cells in the eye that interpret movement 
may define a mechanism involved in many other neural operations 

by Tomaso Poggio and Christof Koch 

The brain is the most sophisticat
ed and powerful computing ma
chine on earth, and its compo

nents are far more perplexing than 
those of the present-day computer. 
The computational capabilities of the 
tiny silicon chips that make up com
puter hardware are familiar and expli
cable, since they are built by human 
hands. Not so the functional subunits 
of the brain. What elementary mecha
nisms does this complex piece of "wet
ware" use to process information? 
What operations do they perform? 
Are there biological equivalents of 
transistors and diodes inside the skull? 

The neuron, or nerve cell, is the ba
sic information-processing unit of the 
brain. Early in this century scientists 
realized that neurons could process in
formation by generating an electrical 
impulse called an action potential. In 
1943 Warren S. McCulloch and Wal
ter H. Pitts of the Massachusetts Insti
tute of Technology proposed a formal 
model for neuronal activity. In their 
view the neuron adds together the ex
citatory and inhibitory signals sent by 
neighboring cells, then produces an ac
tion potential if the electrical sum ex
ceeds a certain threshold. Otherwise 
it is silent. It was easy to show-as 
McCulloch and Pitts did-that circuits 
consisting of such units could perform 
all logical operations, and that these 
idealized neurons could in principle be 
the building blocks for the most com
plex digital computer. 

In spite of its utility, this model is in 
need of replacement. For many years 
it has been clear that nerve cells are 
much more complicated than McCul
loch and Pitts suggested. Nerve cells 
exhibit a variety of information-proc
essing mechanisms; the nerve-cell 
membrane produces and propagates 
many different types of electrical sig
nals and can alter its electrical proper
ties to adapt to long-lasting stimuli. 
Many neurons do not generate classi
cal action potentials at all. Although 
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the generation and propagation of the 
action potential undoubtedly plays 
a major role in neuronal information 
processing, there are many other proc
essing mechanisms operating in and 
among cell membranes whose roles 
are still a mystery. 

In order to explore one of the proc
essing operations, we are studying the 
means by which the eye detects mo
tion, or the direction of a moving 
stimulus. We want to illuminate the 
underlying biophysical mechanism of 
motion detection and define the limi
tations of this operation as it is imple
mented in the brain. Already our work 
has focused on a novel processing 
mechanism that could be involved in 
many other kinds of neural operations. 
We hope the answers to our simple 
questions will ultimately lead to an un
derstanding of higher processes such 
as perception, thought and the trans
formation from sensory input to mo
tor output that takes place in all ner
vous systems. 

The structure of the brain reflects its 
functional complexity. It is made 

up of about 1,000 billion neurons, and 
most neurons receive and send signals 
to thousands of other cells. A typical 
neuron has a cell body, which harbors 
the metabolic machinery that sustains 
it, a number of threadlike branches 
known as dendrites and one somewhat 
thicker branch called the axon. Usual
ly the dendrites receive incoming sig
nals and the axon provides the path
way by which the nerve cell sends sig
nals to other nerve cells. Inside the 
ne uron these signals can be chemical 
or electrical; they are communicated 
between cells by special chemicals se
creted at a junction called the synapse 
[see illustration on page 48]. 

The retina, a sheet of cells lining the 
back of the eye, detects and transmits 
to the brain information about the vis
ual environment. It is not much thicker 
than the edge of a razor and consists of 

a small number of cell layers. The cells 
we study, called ganglion cells, are the 
farthest from the photoreceptor cells, 
which convert light into electrical sig
nals. In between are cell layers that 
feed signals from the photoreceptors 
to the ganglion cells. Axons from the 
ganglion cells make up the optic nerve, 
which links the eye to the brain. 

Most organisms that can see are sen
sitive to the direction of motion of a 
visual stimulus. The neurons in the ret
ina that distinguish direction, called 
direction-selective neurons, are spe
cialized to recognize movement in just 
one direction. Motion in that preferred 
direction elicits a vigorous response, 
whereas the cell does not respond to 
movement in the opposite, or "null," 
direction. . 

Attempts to quantify this behavior 
date to the 1960's, when Horace B. 
Barlow and William R. Levick found 
direction-selective ganglion cells in the 
retina of the rabbit. They stimulated 
the cells by illuminating two slits in se
quences that mimicked motion, then 
measured the responses by monitoring 
electrical activity close to, but outside, 
the ganglion cell body. First they il
luminated each slit separately and re
corded the neuronal response to each 
illumination. Then they simulated mo
tion by flashing the pair of slits from 
left to right and from right to left and 
measured the responses [see top illus
tration on page 49]. 

Barlow and Levick found that mo
tion in the preferred direction elicited 
action potentials and motion in the 
null direction did not. They also found 
that apparent motion in the null di
rection prompted a smaller response 
from the ganglion cell than the illumi
nation of a single slit did. This obser
vation was puzzling because twice 
as much light struck the photorecep
tors during sequential illumination. 
The null-direction response was much 
weaker than expected. 

The investigators concluded that the 
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cells must achieve directional sensitiv
ity by some kind of veto operation; 
that is, the weak response to motion in 
the null direction indicated not just a 
lack of sensitivity but an active damp
ing, or veto, of an excitatory response. 
Neuroscientists of the day knew that 
nerve cells send two types of signals: 
excitatory signals, which promote the 
action potential, and inhibitory sig
nals, which prevent it. The notion that 
excitation could be muffled by inhibi
tion was not unusual. But how was in
hibition triggered so selectively? After 
all, sequential ilfumination in either di
rection activates the same inhibitory 
and excitatory photoreceptors; the dif
ference is just a matter of timing. 

To explain their observations, Bar
low and Levick put together a broad 
scheme for retinal reaction to motion; 

their model was built on the one pro
posed by the West German scientists 
Werner E. Reichardt and Bernhard 
Hassenstein in the 1950's to explain 
motion analysis in the visual system of 
insects. The theory advanced by Bar
low and Levick specifies that photo
receptors connected to direction-selec
tive cells are arranged so that a stim
ulus moving in the preferred direc
tion activates excitatory cells before it 
reaches inhibitory cells. Hence motion 
in the preferred direction leaves in
hibitory pulses trailing behind the ex
citatory pulses. This time lag is com
pounded, Barlow and Levick suggest
ed, because inhibitory signals move 
more slowly than excitatory signals. 

Therefore, when they are activat
ed by movement in the preferred di
rection, excitatory signals easily out-

distance inhibitory ones. They race 
through layers of retinal nerve cells 
to the ganglion cell body, where they 
spark action potentials. Because of the 
delay, the inhibitory signals arrive too 
late to veto the excitatory ones. If, on 
the other hand, motion is in the null 
direction, the inhibitory receptors are 
activated first, but the excitatory sig
nals overtake the slower inhibitory sig
nals. When they intercept one another, 
they cancel one another. 

Barlow and Levick's model explains 
why stationary light, which activates 
excitatory and inhibitory receptors si
multaneously, results in more excita
tion than light moving in the null di
rection, which gives inhibitory signals 
a head start. Furthermore, because the 
ganglion cell responds differentially to 
very small displacements of the slit in 

GANGLION CELL, part of the retina of the eye, can sense the di

rection in which an object in the field of vision is moving. Each 

ganglion cell responds to movement in one direction by sending 
electrical impulses to the brain. It ignores motion in the opposite 

direction. Frank R. Amthor and his colleagues at the University of 

Alabama identified and stained this cell, which was isolated from 

the retina of a rabbit. The colors distinguish different layers of 

cell branches. The cell has been enlarged about 5,000 diameters. 
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both the null and the preferred direc
tion throughout its receptive field, it 
seemed that this veto operation must 
occur at many different places in the 
retinal nerve cells. Yet one question 
remained: What biophysical process 
could be responsible for the unusual 
veto interaction? 

Understanding the generation of 
electrical signals in neurons re

quires some understanding of the 
events that precede them. As we have 
said, each branching dendrite of a neu
ron carries many hundreds of synapses 
receiving signals from "presynaptic" 
cells. When the action potential of a 
presynaptic cell arrives at the synapse, 
it triggers the release of a chemical 
messenger into the synapse. This mes
senger, called a neurotransmitter, dif
fuses across the small space between 
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cells and binds to specialized receptors 
in the "postsynaptic" dendritic mem
brane. Neurotransmitter binding in
duces the opening of specialized chan
nels in the cell membrane. The open 
channels allow ions, molecules or at
oms that bear an electric charge, to en
ter and leave the nerve cell. 

This opening and shutting of ion 
channels in the neuron membrane gov
erns the electrical status of the cell. 
The most important ions taking part 
in this process are sodium, potassium 
and chloride. Pumps in the cell mem
brane increase the concentrations of 
certain ions and expel others; hence 
there is more potassium inside a cell 
than there is outside, and more sodium 
and chloride in the fluid surrounding 
the cell. The differences in concentra
tion constitute what is called a concen
tration gradient for each ion. 

OPTIC NERVE 

t t t t t 
LIGHT 

THREE RETINAL LAYERS process visual stimuli and relay sensory information to the 

brain. Photoreceptors, which line the back of the retina, transform light energy into 
chemical and electrical signals that pass through the horizontal, bipolar and amacrine 

cells to the ganglion cells. Ganglion-cell axons form the optic nerve linking eye and brain. 
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As a consequence of ion distribution 
and the contributions of other charged 
molecules in the cell, the inside of a 
neuron is more negative than the out
side by about 60 to 90 millivolts. (A 
millivolt is equal to one-thousandth of 
a volt; a 1.5-volt battery will power 
a flashlight.) This voltage is known as 
the resting potential because it is pres
ent when the cell is not conducting an 
impulse. The difference in voltage be
tween the inside and the outside of the 
cell creates what is known as the po
tential gradient. 

When synaptic stimulation opens up 
ion channels near the synapse, ions en
ter and leave the cell and the resting 
potential in this localized area is dis
turbed. The cell is said to be depolar
ized if this potential becomes more 
positive and hyperpolarized if it be
comes more negative. This newly gen
erated potential travels toward the 
cell body, decaying as it propagates, in 
a manner similar to electrical signal 
propagation in an underwater cable. 
If the final depolarization at the cell 
body is pronounced enough, it will 
induce an action potential. Therefore 
depolarizing stimulation is excitatory; 
the change in voltage is called the ex
citatory postsynaptic potential (EPSP) . 
Inhibitory stimulation, which is most 
often hyperpolarizing, generates an in
hibitory postsynaptic potential (IPSP) . 

Some synapses transmit excitation 
and some transmit inhibition, depend
ing on which ion channels they regu
late. When ion channels are open, the 
direction in which each ion moves is 
determined by the forces exerted by 
concentration and potential gradients. 
Hence sodium, a positively charged 
ion, diffuses into the cell through open 
sodium channels because both its con
centration gradient and its potential 
gradient favor that direction. The in
flux of positive sodium ions causes 
depolarization of the nerve cell; 
therefore synapses that control sodi
um channels are excitatory. 

By the same principle, potassium, 
which also bears a positive charge, 
leaves the cell when potassium chan
nels are open. The concentration gra
dient encourages potassium's exit; in 
fact, it is so strong that it overcomes 
the force of the potential gradient, 
which works to draw positive charges 
into the interior of the cell. The depar
ture of positive potassium ions hyper
polarizes the cell. Synapses that con
trol potassium channels are therefore 
inhibitory. 

A single nerve cell can experience 
many excitatory and inhibitory signals 
simultaneously. EPSP'S and IPSP'S prop
agate toward the cell body and can 
be measured as positive and negative 
contributions to the cellular potential. 
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So far this view of neuronal activity 
does not stray from the one embodied 
by McCulloch and Pitts's formal neu
rons, and many neural functions ap
pear to reflect this mode of operation. 

In the late 1970's, however, several 
lines of evidence made it apparent that 
the ordinary interaction of excitation 
and inhibition could not account for 
the veto operation observed in motion 
detection. For instance, experiments 
that measured electrical activity inside 
rather than outside ganglion cells re
vealed the inner workings and interac
tions of EPSP'S and IPSP'S that control 
the generation of action potentials. 
They showed that when ordinary inhi
bition meets excitation, the net effect 
is usually hyperpolarization [see bot
tom illustration at right]. Intracellular 
recordings in turtle retinas, however, 
done by Piero L. Marchiafava at Ita
ly's National Research Council in 
Pisa, showed that the interaction of ex
citation and inhibition that occurs dur
ing motion detection always results in 
mild depolarization rather than hyper
polarization. Indeed, hyperpolariza
tion is never detected. 

I n 1978 Vincent Torre of the Univer
sity of Genoa and one of us (Pog

gio, who was then at the Max Planck 
Institute for Biological Cybernetics in 
Tlibingen) suggested a third type of 
synaptic mechanism that could be re
sponsible for the veto effect observed 
in the detection of motion. The mech
anism involves another type of inhi
bition called silent inhibition, which 
had been recognized in the 1950's; it is 
sometimes called shunting inhibition. 
We can use chloride to illustrate the 
basic principle, even though some ex
periments hint that chloride may not 
be the only ion involved. 

Like sodium, chloride is present in a 
greater concentration outside the cell 
than it is inside; unlike sodium, chlo
ride is negatively charged, and the 
potential gradient discourages the neg
ative ions from entering the negative 
cell interior at rest. The concentration 
gradient and the potential gradient 
balance each other, so that when a si
lent inhibitory synapse signals chlo
ride channels to open, nothing hap
pens. Virtually no net redistribution of 
chloride occurs and there is almost no 
change in the resting potential. 

On the other hand, if a silent inhibi
tory synapse is activated at the same 
time as an excitatory synapse, the sud
den influx of sodium depolarizes the 
cell and upsets the balance between 
the two gradients. The repelling effect 
of the potential gradient decreases and 
the concentration gradient overcomes 
it, drawing in chloride ions. The net ef
fect of the interaction is a mild depo-
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ELECTRICAL ACTIVITY OF GANGLION CELLS gave early clues to the mechanism 

underlying motion detection. In the 1960's Horace B. Barlow and William R. Levick of 

the University of California at Berkeley exposed rabbit retinas to light through two slits 
that could be illuminated singly (top) or, to mimic motion, sequentially (bottom). Illumi

nating either slit individually gave rise to an action potential, an electrical spike that 

propagates to other nerve cells (a, b). Apparent motion in one direction (the "preferred" 
direction) generated many action potentials (c), whereas motion in the opposite direction 

(the "null" direction) usually prompted a much smaller response (d). From these results, 

shown schematically, Barlow and Levick concluded that some kind of biophysical "veto" 

operation was selectively blocking the excitation caused by motion in the null direction. 
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NERVE POTENTIALS result from changes in ion concentrations inside the cell. An 

excitatory postsynaptic potential, or EPSP (red line), is sparked by the influx of positive 

sodium ions that occurs when an excitatory stimulus opens sodium channels in the nerve· 

cell membrane. When an inhibitory stimulus opens potassium channels, positive potassi

um ions escape from the cell, generating an inhibitory postsynaptic potential, or IPSP 
(blue). No movement of chloride ions occurs when only chloride gates are open (green). 
If chloride channels and sodium channels open simultaneously, however, chloride ions 
will enter the cell and dampen the EPSP; this effect is called silent inhibition (red and 
green line). Note that ordinary inhibition can make the cell more negative as it interacts 

with excitation (red and blue line), whereas silent inhibition has a positive influence. 
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RACE BETWEEN NERVE POTENTIALS has different out
comes at the ganglion cell depending on whether motion is in the 

preferred direction (top) or the null direction (bottom). In this 

model the photo receptors for each ganglion cell are arranged so 
that a stimulus (hem'y arrow) moving in the preferred direction 

activates excitatory receptors (red) before inhibitory receptors 
(blue). The model also assumes that inhibitory signals (blue bars) 
are delayed in time with respect to excitatory signals (red bars). 
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When motion is in the preferred direction, inhibitory pulses never 

catch excitatory impulses, which generate action potentials at the 
ganglion cell body. For movement in the null direction, however, 

the inhibitory signal arrives at the ganglion cell at the same time 
as the excitatory signal and prevents the generation of an action 

potential. The authors suggest that the mechanism by which the 
two signals negate each other, implementing the veto operation 

proposed by Barlow and Levick, might involve silent inhibition. 
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larization like those Marchiafava ob
served in the retina of turtles. 

Unless the inhibitory signal coin
cides with an excitatory signal, it can
not be detected through monitoring of 
the nerve potential; hence the name 
"silent" inhibition. Silent inhibition 
depends on excitation to activate it 
and, as Barlow and Levick's model 
predicts, excitatory and inhibitory sig
nals coincide only when they are stim
ulated by motion in the null direction. 
For movement in the preferred direc
tion, the inhibitory delay prevents the 
vetoing of excitation and the cell re
sponds vigorously. Thus our concept 
of silent inhibition represents a viable 
implementation of the abstract models 
advanced by Reichardt and Hassen
stein and by Barlow and Levick. 

The silent-inhibition mechanism is 
attractive for application to direction 
selectivity for another reason. Our 
model implies that the best placement 
for a silent inhibitory synapse is either 
at the same location as an excitatory 
synapse or somewhere between the ex
citatory synapse and the ganglion cell 
body. The model therefore needs just 
a few synapses and a patch of dendrit
ic membrane to operate. The two sig
nals interact before they reach the cell 
body, thereby satisfying the observa
tion that the veto probably occurs at 
many different locations in the retinal 
neurons. 

We were still unsure, however, that 
the physiological features our model 
requires were realistic. What kind of 
proximity did inhibitory and excitato
ry synapses need to influence one an
other's potential? What were the opt i
mal locations for synapses and the op
timal configurations of dendrites? We 
turned to the computer for answers. 

The theory we used to describe the 
spread of the electric potential in 

a nerve cell is a descendant of the the
ory developed by Lord Kelvin in the 
19th century to analyze current flow 
in transatlantic telephone transmission 
lines. Wilfrid Rail of the National In
stitute of Arthritis, Diabetes, and Di
gestive and Kidney Diseases first ap
plied Kelvin's analysis to the spread 
of potential in dendritic trees. The ac
tual computation began at the Max 
Planck Institute; later we turned to a 
circuit-simulation program called 
SPICE, which was developed more than 
10 years ago at the University of Cali
fornia at Berkeley. 

We began developing our particular 
version about three years ago with the 
help of Patrick A. O'Donnell of the 
Artificial Intelligence Laboratory at 
M.LT. From anatomical descriptions 
of the shape of a neuron, the length 
and diameter of its branches and so on 

our version of SPICE constructs an ap
propriate cable model and then assigns 
electrical properties to the computer
generated dendritic tree. It can plot in 
color the course of the nerve potential 
in response to the synaptic input that 
we dictate. 

Such simulations have shown that 
our proposed mechanism is credible: 
it generates patterns of electrical ac
tivity that account for direction selec
tivity. Our simulations also confirmed 
our hunch that silent inhibition must 
be a very localized phenomenon, de
pendent for its efficacy on the relative 
positions of excitation and inhibition 
in the dendritic tree. In order to block 
the propagation of an EPSP, silent inhi
bition must occur on the direct path 
between the excitatory synapse and 
the cell body. Although these simula
tions assume that the dendritic mem
brane does not amplify excitatory sig
nals, these limitations would still hold 
true if it did. Hence our simulation has 
enabled us to demonstrate that the 
veto operation takes place at many dif
ferent locations within the dendritic 
tree and before the signals reach the 
cell body. 

In recent years additional informa
tion has accumulated from record

ings of the electrical events on the in
side of direction-selective cells. How 
well does our theoretical model fare in 
view of new experimental evidence? 
Recordings from ganglion cells in the 
retina of turtles and bullfrogs support 
the scheme of synaptic interactions 
represented in our model. Further
more, Marchiafava's more recent in
tracellular recordings have revealed 
the workings of silent inhibition that 
are usually invisible when inhibitory 
synapses are activated alone. By in
jecting a positive current into a cell 
through a recording electrode, Mar
chiafava managed to make the cell's 
resting potential more positive; then 
the isolated action of silent inhibitory 
signals appeared as hyperpolarization 
of the elevated resting potential. 

Other investigations have disclosed 
the anatomy of the direction-selective 
cells. By injecting fluorescent dyes into 
the cells, Frank R. Amthor, Clyde 
W. Oyster and Ellen S. Takahashi of 
the University of Alabama obtained a 
clear image of the rabbit retinal cells 
Barlow and Levick had explored 20 
years earlier. Ralph J. Jensen and Rob
ert DeVoe, then at the Johns Hop
kins University School of Medicine, 
carried out the same procedure on tur
tle ganglion cells with equal success. 
The cells have highly branched den
drites with extremely fine extensions, 
maximizing the number of sites where 
synaptic interactions can operate. This 

configuration matches our notion of 
silent inhibition as a distinctly local
ized phenomenon. 

One prediction that remains to be 
tested is the relative location of excit
atory and inhibitory synapses in the 
dendritic tree of the direction-selective 
cell. The recent discovery of the neu
rotransmitters that mediate the EPSP 
and IPSP will aid this investigation. 
The amino acid gamma-amino-butyr
ic acid (GABA), a common inhibito
ry neurotransmitter in the central ner
vous system, also plays the inhibito
ry role in direction selectivity: direc
tion-selective ganglion cells treated 
with drugs that block GABA action re
spond equally to motion in the null 
and preferred directions. With exper
iments of similar design Richard H. 
Masland of the Massachusetts Gen
eral Hospital and Michael Ariel and 
Alan R. Adolph of the Eye Research 
Institute in Boston have shown that 
acetylcholine (ACh) acts as the ex
citatory neurotransmitter for motion 
discrimination in the retina of turtles 
and rabbits. 

Because ACh and GABA can be la
beled, it may now be possible to identi
fy the excitatory and inhibitory synap
ses on stained direction-selective gan
glion cells. Such work is currently in 
progress in the laboratory of John E. 
Dowling at Harvard University. We 
expect that the results of this experi
ment will be critical in confirming or 
refuting our model. 

Our model is sufficient to account 
for current empirical evidence, but 
other models for direction selectivity 
have not been ruled out. For instance, 
it is conceivable that excitation and si
lent inhibition interact before reaching 
the ganglion cell, on the dendrites of 
another retinal neuron. One possible 
host for such interaction is the star
burst amacrine cell described by Mas
land [see "The Functional Architec
ture of the Retina," by Richard H. 
Masland; SCIENTIFIC AMERICAN, De
cember, 1986]. The amacrine cells lie 
in the intermediate layer of the retina 
that carries signals from the photore
ceptors to the ganglion cells. 

Amacrine cells are the only cells in 
the retina that synthesize and secrete 
ACh; thus they are the likeliest to pro
vide the excitatory input to direction
selective ganglion cells. The release 
of transmitter from the cell might al
ready reflect the influence of inhibi
tion, however. Furthermore, DeVoe 
and his collaborators have found the 
first evidence for direction-selective 
properties in turtle amacrine and bipo
lar cells, which also reside in the cell 
layer between the photoreceptors and 
the ganglion cells. Their finding raises 
the possibility that motion may be 
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COMPUTER SIMULATIONS re-create the morphology and electrical properties of the 
ganglion cell on page 47. "Hot" colors, such as red, orange and yellow, indicate excita

tion; "cool" colors indicate inhibition. The activity of excitatory synapses (triallgles) and 

inhibitory synapses (circles) is similarly depicted. In the left-hand sequence a stimulus 
moves from the bottom to the top of the frame and inhibitory responses are delayed by 20 

milliseconds to model motion in the preferred direction, whereas there is no delay on the 
inhibitory signals in the right-hand sequence, which models null-direction stimulation. 

Excitatory signals reach the cell body and generate an action potential at 19 milliseconds 
in the left-hand sequence. The model, which was programmed by Patrick A. O'Donnell of 
the Massachusetts Institute of Technology, showed that excitatory and inhibitory synap

ses must be quite close together in order to achieve the veto effect of silent inhibition. 
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computed in other retinal locations in
stead of in the ganglion cells or in addi
tion to them. 

Acombination of theory, modeling 
and experimentation is therefore 

on the verge of elucidating the mecha
nism underlying detection of motion 
in the animal retina. Why is this opera
tion so interesting? As an important 
function in the first stage of vision, di
rection sensitivity is a worthy subject 
by itself. Much more important would 
be the understanding of an elementa
ry information-processing mechanism 
that could turn up in other computa
tional tasks. A number of researchers 
using different animals have proposed 
that the same mechanism is involved 
in the computation of binocular depth, 
visual motion discontinuities and tac
tile motion across the body surface. 

As a computational element the syn
aptic veto model is attractive because 
of its localized action and its flexibili
ty, particularly in contrast to action
potential generation. Because it oper
ates on such a small scale, the mecha
nism could be replicated hundreds of 
times in the dendritic branches, estab
lishing more or less independent sub
units in a single neuron. One can think 
of the McCulloch and Pitts model as 
equating a neuron with a single transis
tor, whereas our model suggests that 
neurons are more like computer chips 
with hundreds of transistors each. 

We call our genre of investigation 
the biophysics of computation; it is the 
study of the involvement of the vari
ous biophysical mechanisms underly
ing information processing by the ner
vous system. Of course, the biophysics 
of computation is not confined to the 
generation of the action potential and 
the interactions among synaptic in
puts. There are many biophysical phe
nomena capable of processing, prop
agating and storing information. We 
have examined a variety of biophysi
cal mechanisms; they imple

"
ment oper

ations such as filtering the signals that 
occur at a particular frequency, modi
fying the strength of connections be
tween nerve cells and controlling with 
slow-acting chemicals the output of 
nerve cells. 

Both experimentalists and theoreti
cians are engaged in identifying these 
phenomena and characterizing their 
roles in information processing. It may 
someday be possible to infer from the 
cellular morphology of any given neu
ronal circuit the operations it can per
form. Thus probing the intricate se
crets of the central nervous system 
may eventually unite the sophisticated 
processing of the human brain with the 
depth of understanding that created 
computers. 
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SCIENCE AND THE CITIZEN 
Supernova! 

In the study of supernovas the dia
lectic between theory and obser
vation has been heavily weighted 

toward theory. Although these stellar 
cataclysms can shine as brightly as gal
axies, none has been clearly visible to 
earthly eyes since 1604. Those detect
ed in modern times have occurred in 
galaxies millions of light-years away, 
and they yield trickles of photons that 
only the most sensitive instruments 
can discern. 

Supernova 1987 A, first spotted on 
February 24 by Ian K. Shelton of the 
Las Campanas Observatory in Chile, 
has redressed the imbalance. It spar
kles vividly within the Large Magel
lanic Cloud, a small satellite galaxy 
of the Milky Way visible in the South
ern Hemisphere, a mere 1 70,000 light
years from the earth. 1 987 A has show
ered the earth not only with photons
detectable as light, radio waves and 
other forms of electromagnetic radia
tion-but also with the elusive particles 
known as neutrinos, which are thought 

.. 
<Ii 

• 
.. 

. . .. • 

.. 

. 

, . ' . 
... 

.. 
.. .. 

" 

, 

" 

. ,. , . . ' 
.. . .. , 

-
Jo 
", 

, . " .. 
.. 

• 

to play a crucial role in stellar evolu
tion. This in itself is a milestone: no 
particles other than photons have ever 
been linked to a specific source outside 
the solar system. 

From the start the flood of data 
from telescopes, satellites, radio ob
servatories and other instruments has 
challenged existing theory. Superno
vas are classified into two types on the 
basis of a simple observation: the spec
trum of a Type I supernova does not 
show hydrogen, the spectrum of a 
Type II does. Theorists hold that a 
Type I derives from a dim white dwarf 
that has burned all its hydrogen; it ex
plodes when it drags matter from a 
companion star, precipitating a ther
monuclear reaction. A Type II is be
lieved to derive from a red giant with 
unburned hydrogen at its perimeter 
and a core of heavier elements; when 
the core reaches a certain mass, it col
lapses and rebounds, thereby precipi
tating a shock wave that blows off the 
star's outer layers. 

In the narrowest sense 1987 A is a 
Type II: the outside of its expanding 
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SUPERNOVA 1987A shines like a 4.5-magnitude star in this photograph made at the 

National Optical Astronomy Observatories' Cerro Tololo Inter-American Observatory. 
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shell contains a great deal of hydro
gen, The detection of neutrinos from 
the supernova seems to confirm a key 
hypothesis of the Type II model: that 
as a red giant's core collapses to a stage 
known as "maximum scrunch," the in
tense heat generates huge numbers of 
neutrinos; these escape in a powerful 
pulse as the core rebounds. At least 
two detectors-at Kamioka in Japan 
and at Fairfax, Ohio-recorded neu
trino bursts that arrived about three 
hours before 1987 A was first seen. 

In other key respects 1 987 A has be
haved as if it were produced by a rel
atively small star, one more likely 
to produce a Type I supernova. The 
supernova peaked in intensity within 
days rather than weeks and never be
came as bright as theorists had predict
ed. Even odder is the inability of as
tronomers to identify the progenitor 
star whose explosion created 1987 A. 
Unlike a white dwarf, a Type II pro
genitor (whose mass should be at least 
eight times that of the sun, according 
to theory) should have been easy to de
tect in photographs made before the 
supernova exploded. 

Soon after 1 987 A appeared investi
gators thought they had found a candi
date in the right place: a blue supergi
ant named Sanduleak -69 202. San
duleak was not exactly what theorists 
expected, because blue supergiants are 
thought to be too hot and too young 
to explode. The mystery deepened 
when readings from the satellite Inter
national Ultraviolet Explorer suggested 
that Sanduleak might be still intact. 
N ow investigators are poring over old 
plates once again to see whether the 
image of Sanduleak actually shows 
two stars so closely aligned that they 
appeared as a single point of light, one 
of which exploded. Close companions 
of Sanduleak are also being studied. 

1987 A "does not seem to fit the 
standard picture," Roger A. Cheva
lier of the University of Virginia ac
knowledges, Some astronomers argue 
that the poor match of data and theo
ry exposes fundamental weaknesses in 
the Type I and Type II models. David 
J. Helfand of Columbia University ad
vocates scrapping the categories, "Us
ing those terms just confuses every
one," he says. Others disagree. "The 
models haven't misled us," Robert p, 
Kirshner of Harvard University main
tains. "The fact that we've seen neutri
nos shows we're on the right track." 

Some of the secrets of 1987 A may 
be resolved when its brilliant outer 
shell, expanding more than 10,000 
kilometers every second, dissipates 
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he garden slugs in a microelectronics 
. lab at AT&T Bell Laboratories are very 

fussy eaters.Theywodt go near their fuvorite foods 
if they smell a Whiff of garlic. Garlic? Garden slugs? 
What could that possi15ly have to do with makirig 
computers smarter? More than you'd ever imagine ... 
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A1&T Bell Laboratories: Technology for the real world 

The common garden slug loves 
the enticing odors of carrot, 

tomato and mushroom. But it hates 
garlic. When scientists atA1&T Bell 
Laboratories "spike" these favorite 
foods with garlic, what happens? 
The slug learns. It alters its memory 
of the foods it once loved and 
avoids or rejects them. 

Insights gained from studying 
simple central nervous systems like 
the slug's point to a dramatically 
new approach to computing. An 
approach that promises to make 
computers faster, smarter and easier 
for people to use. 

Why study slugs? T hough the slug 
is no Einstein, its brains limited 
ability to learn-to associate new in
formation with existing memories
makes todays most powerful 
computers seem primitive. 

And the slug, with its neural net
works comprised of a mere 
500,000 nerve cells or neurons, is 
much less complicated to work 
with than people or other animals. 

Microchips that 
mimic the brain 

On functioning computer chips, 
microelectronics researchers have 
built prototype electronic neural 
networks. 

Like biological networks of brain 
nerve cells, these electronic circuits 
use associative memory to relate 
incoming information to memories 
already stored. So they can 
cope with information filled with 
errors or ambiguity And they can 
deal with "messy" information, col
lecting scattered facts to recognize 
and remember from incomplete 
details, much as the brain does. 

One test chip, containing 54 
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"neurons" in such a "neural net
work;' can recall memories from 
imperfect data within a few 
millionths of a second-selecting 
'James Lynn" from among several 
stored names as the correct 
response to the input 'Jim:' 

Getting up to speed 

By studying simple central nervous 
systems like the slug's, scientists at 
Bell Labs are also gaining valuable 
insights into another brain function, 
parallel processing. It offers 
an answer to a physical limitation 
of today's computers-speed. 

Step-by-step computing can only 
process information one piece at a 

ments as well as good calculations. 
Computers that can perceive and 
learn in an imperfect world, much 
as people do. 

In the future, working with com
puters will be more like working 
with people. T he machines will 
understand and respond to human 
speech-even recognize the 

Todays computers can only process neatly-stored 
infonnation. A little human ability to deal with messiness 
might actually make them a whole lot smarter. 

time. Parallel processing, the ability 
to perform several functions 
simultaneously, speeds things up. 
And the more things done together, 
the faster the whole job gets done. 

"T hinking" computers 

Where is this research into associa
tive memory and parallel 
processing leading? To "thinking" 
computers that make good judg-

person addressing them. 

Taking the longer view 

Research scientists at A1&T Bell 
Laboratories are expected to take 
the longer view. To look beyond 
the impact of technology on the 
next quarter or the next year, into 
the next century 

It is this perspective that has pro
duced seven Nobel Prize winners 

In the future, 
people and their computers 
will have a much friendlier 
working relationship. 

for Bell Labs. Some 21,000 patents, 
an average of more than one a day 
And a legacy of achievement, from 
the transistor and the laser to 
lightwave communications and the 
digital computer. 

T his longer view ensures that 
the technology built into all A1&T 
products can evolve and adapt to 
the changing needs of the real 
world. Making information easier 
to obtain and use for everyone. 
<r> 1987 AllII 

-
-

-

AT&T 
The right choice. 
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NOTHING ATTRACTS LIKE THE IMP 
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further. By peering inside this enve
lope astronomers hope to learn what 
heavy elements the star contained, and 
in what quantities. They also hope to 
determine whether 1987 A left a rem
nant, either a black hole or a neutron 
star, as Type II's are supposed to do. 
Robert E. Williams of the Cerro To-
1010 Inter-American Observatory in 
Chile points out that even if a remnant 
exists, it may never be detected. Black 
holes by definition release no detect
able radiation. Neutron stars are de
tectable only if they are pulsars, which 
rotate so rapidly that they emit power
ful, rhythmic bursts of electromagnet
ic radiation. 

Hans Bethe, who won a Nobel prize 
in physics in 1 967 for his work on stel
lar evolution, suggests that if new data 
pose new questions, theorists will revel 
in the challenge. "The fact that there 
are open questions is a good thing," he 
says. "It means we have more to think 
about and more data to hang our theo
ries on." 

Geneshot 

As spring comes to Washington the 
I\.. seed of an ambitious project has 
sprouted unexpectedly at the Depart
ment of Energy. A departmental ad
visory committee has recommended 
that the agency lead an effort to devel-

58 

op technologies for determining the 
seq uence of the three billion chemical 
bases in human DNA that spell human 
being. Success would potentially put 
human intelligence in control of the 
genetic destiny of our species. 

If it is approved by the Administra
tion and funded by Congress, sequenc
ing the genome would certainly be bi
ology's biggest undertaking. New di
agnostic tests and perhaps therapies 
for genetic diseases would be among 
the early practical benefits. On the 
other hand, a sequencing project 
would require years of work by hun
dreds of scientists and would cost hun
dreds of millions of dollars. 

The project was conceived and 
launched by Charles P. DeLisi, direc
tor of the Energy Department's Office 
of Health and Environmental Re
search. DeLisi was inspired 1 8  months 
ago by a report by the Office of Tech
nology Assessment on techniques for 
detecting heritable mutations in hu
man beings, and he soon found that 
scientists at the department's Law
rence Livermore National Laboratory 
had been thinking along similar lines. 

Sequencing would first require the 
construction of a rough "physical 
map" of the genome. The Energy De
partment is already committed to this 
stage of the project, for which the tech
nology is available. For example, new 

techniques for handling large pieces of 
DNA have been developed in recent 
years. Cassandra L. Smith, Charles R. 
Cantor and others at Columbia Uni
versity have recently demonstrated the 
methods' usefulness by constructing a 
complete map of the 4.7-million-base 
genome of Escherichia coli. 

With conventional techniques the 
cost of actually sequencing the human 
genome, at about $1 per base, would 
be a problem-a $3-billion problem, in 
fact. But Leroy E. Hood of the Cal
ifornia Institute of Technology, who 
has pioneered the development of au
tomated sequencing equipment, be
lieves advances in robotics will lower 
costs to one cent or less per base pair 
within a few years; already the Japa
nese have made advances, and there 
are hopes that sequencing could be co
ordinated internationally. Cantor says 
that if the cost came down to $300 mil
lion, "you could convince people to do 
it over 10 years-including other biolo
gists" who fear that the project will eat 
into their own budgets. 

Although it would take perhaps 
30,000 technician-years to do the job 
at current rates, DeLisi thinks the pace 
could be speeded up a thousandfold. 
The Energy Department plans to set 
up several centers across the country 
to initiate the effort and has already 
started mapping three chromosomes 
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to test techniques. The budget recom
mended to the department for the pre
liminary work is $40 million in 1989, 
increasing to $200 million per year in 
the course of five years. The private 
sector could play an important role in 
the project; indeed, several entrepre
neurial boats, including Applied Bio
systems, Inc., which uses Hood's se
quencing technology under license, 
may be floated if the department's 
program materializes. 

Although virtually all geneticists 
support the preliminary mapping ef
fort, many have reservations about an 
all-out attack on the sequence. Some 
think large fractions of the genome 
consist of meaningless "junk DNA" 
whose sequence will not be informa
tive. Others agree with Hood, who 
thinks "a lot of the supposed junk 
DNA is going to turn out to be inter
esting in ways we don't understand." 

Critics raise a further point: Why 
should the Energy Department lead a 
major research program in a field of 
science peripheral to energy? Straight
faced, DeLisi responds that knowing 
the complete genome sequence would 
help the department to evaluate com
peting energy strategies. DeLisi also 
points out that the department has 
gained expertise with human DNA 
through its follow-up studies of Jap
anese atom-bomb survivors. Further-

more, the agency has the most power
ful nonmilitary supercomputers in the 
world. Finally, the department's claim 
is not exclusive. The advisory commit
tee recommends that more than half of 
the mapping work should be contract
ed to outside laboratories. 

The biomedical establishment is not 
convinced. Nobel laureate James D. 
Watson, codiscoverer of the structure 
of DNA and director of the Cold 
Spring Harbor Laboratory, says the 
National Institutes of Health should 
lead the project because he does not 
"yet see at DOE the expertise in 
molecular biology associated with 
NIH." James B. Wyngaarden, director 
of the NIH, who also chairs a White 
House committee on genetic seq uenc
ing, points out that the NIH is already 
spending $300 million per year on 
work that produces gene maps and 
sequences. While praising the Ener
gy Department's "vision," Hood says 
"many of us have doubts about the in
tellectual viability of the national lab
oratories and whether they can effec
tively undertake big projects." 

David Baltimore, a Nobel laureate 
and the director of the Whitehead In
stitute for Biomedical Research at the 
Massachusetts Institute of Technolo
gy, wrote recently in Issues in Science 
and Technology that a "megaproject" 
such as the sequencing of the human 

genome will "increase political control 
over science." Baltimore would like 
the sequencing to go forward at its 
own pace as part of "normal science," 
competing grant by grant with other 
important research projects-many of 
which must go unsupported. But the 
"Human Genome Initiative," as it has 
been dubbed, seems to have gained 
significant support in Congress. 

Soviet SDI? 

I s the Soviet Union planning a na
tionwide defense against ballistic 

missiles like the one sought by the U.S. 
Strategic Defense Initiative? 

In a statement to the Senate Armed 
Services Committee in January, Ad
miral William J. Crowe, Jr., chairman 
of the Joint Chiefs of Staff, said "we 
see [the Soviets] moving toward a na
tionwide defense against offensive bal
listic missiles-including the possibili
ty of an Anti-Ballistic-Missile Treaty 
breakout." Yet President Reagan's an
nual report on Soviet noncompliance 
with arms treaties, sent to Congress in 
March, is more circumspect: it merely 
repeats previous "concerns that the 
Soviet Union may be preparing an 
ABM defense of its national territory." 

Satellite reconnaissance data have 
done little to relieve the ambiguity. 
The Soviet Union is building three new 
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giant phased-array radars in the west
ern part of its territory, bringing its 
known total to nine. Because they are 
near the country's borders and point 
outward, the new radars are permitted 
under the ABM treaty-if they are to 
provide early warning of an attack. 
They could also conceivably assist 
battle management in a nationwide 
ABM system, however-and that would 
be forbidden. 

The new radars are similar to the ra
dar at Krasnoyarsk in Siberia, which is 
generally considered to be in violation 
of the ABM treaty because it stands 
deep within Soviet territory. The Ad
ministration'S dim view of the radars is 
challenged by the Arms Control Asso
ciation, a private lobbying group that 
marshals considerable technical expe
rience. The ACA says Krasnoyarsk
type radars operate at a frequency (ap
proximately 150 megahertz) that is an 
order of magnitude too low for an ABM 
wstem: higher frequencies are less sus
ceptible to the blackout effects of nu
clear explosions. 

Several less advanced Soviet radars, 
previously cited as potential ABM-trea
ty violations because they might easily 
be moved, have been dismantled. Offi
cial sources say the significance of this 
is not clear. Peter D. Zimmerman of 
the Carnegie Endowment for Interna
tional Peace thinks it indicates that 
U.S. efforts to persuade the Soviet 
Union to improve its treaty compli
ance "have borne fruit." In Zimmer
man's opinion the U.S. can be "very 
confident" that the Soviets are not yet 
planning a nationwide ABM system be
cause he sees no evidence of central
ized military leadership of a coordi
nated program; nor, he points out, 
have there been any such accusations 
from the U.S. Government. 

The fact remains that the Soviet 
Union has long conducted research 
into "exotic technologies" such as la
sers and particle beams that might be 
elements of ABM defenses. Christer 
Larsson, director of the Space Media 
Network in Stockholm, has obtained 
photographs of large linear structures, 
fed by heavy-duty power cables, at 
high-altitude sites in the region of Du
shanbe, close to Afghanistan. A pow
erful laser so positioned might blind 
satellites by disrupting their sensors 
and solar cells, according to some Pen
tagon-commissioned studies. Larsson 
says Soviet officials have declined to 
confirm or deny his suggestion that the 
pictures show "SOl-like" work. 

Even if the U.S.S.R. were to push for 
deployment (as the U.S. is considering 
doing), some analysts believe alarm 
should be tempered. Simon Kassel 
of the Rand Corporation in Washing
ton mentions free-electron lasers and 

microwave-generating gyrotrons as 
"exotic" areas in which the Soviets 
may have a lead. Kassel says, however, 
that the Soviets are still "very far from 
any weapons concepts" applying such 
technologies and have not yet mount
ed proof-of-feasibility demonstra
tions. For anything beyond this stage, 
Kassel maintains, "there would have 
to be massive [military] participation, 
but I don't think there is, and I don't 
think their industry could handle [the 
program] without reform." 

PHYSICAL SCIENCES 

Scheiner's Halo 

By transforming water droplets into 
diamond-shaped ice crystals, two 

Austrian investigators have provid
ed the strongest evidence yet that ice 
crystals occur in nature in more than 
one form. The experiments also bol
ster a hypothesis, advanced six years 
ago, that diamond-shaped ice gives 
rise to a rarely detected atmospheric 
phenomenon called Scheiner's halo. 

All the ice crystals found so far in 
nature are hexagonal. In the upper at
mosphere they usually form six-sided 
plates or columns from several micro
meters to several millimeters across. 
When they mass together-typically 
within hazy cirrus clouds at about 
30,000 feet-the crystals often act as 
prisms, refracting light in such a way 
that an observer on the earth sees "ha-

los," or rings of light, around the sun, 
moon or any light source. 

Hexagonal crystals can produce ha
los of various widths. The commonest 
halo has a radius of 22 degrees, that is, 
a line drawn from the center of the 
light source to the observer's eye and 
back to the outer edge of the halo 
forms a 22-degree angle. The halo de
velops when light is refracted through 
the 60-degree prism formed by alter
nate faces on the perimeter of a hex
agonal crystal. A less common halo, 
produced when light bends within the 
right-angled prism formed by the base 
of a column and one of its sides, has a 
45-degree radius. 

No matter how they are oriented, 
hexagonal crystals cannot produce a 
halo that has a radius of 27.5 degrees: 
Scheiner'S halo. Named after Chris
tophe Scheiner, a Jesuit astronomer 
who first noted it in Rome in 1629, the 
elusive halo has been seen only seven 
times in recorded history. French me
teorologists filed the last known report 
in Paris in 1920. 

In 1981 Edward Whalley of the Na
tional Research Council of Canada 
proposed that Scheiner'S halo might be 
produced by diamond-shaped ice crys
tals-in other words, octahedrons. 
Whalley, an authority on the molecu
lar structure of water, pointed out that 
the 71.5-degree prism formed by two 
opposite faces of the top of an octahe
dron would bend light the requisite 
27.5 degrees. 

The hypothesis had a weakness: in-

SCHEINER'S HALO was sketched by astronomers in Paris in 1677. The smiling faces 
at the left and right represent parhelions, bright spots that often accompany solar halos. 
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vestigators had prod uced octahedral 
ice crystals by condensing water vapor 
at extremely low temperatures, but the 
crystals immediately deformed into 
hexagonal ones when exposed to at
mospheric temperatures. Erwin May
er and Andreas Hallbrucker of the 
University of Innsbruck have helped 
to solve this stability problem. They 
report in Nature having created octa
hedral crystals by freezing water drop
lets several micrometers in diameter, a 
size found in cirrus clouds. Very low 
temperatures (about - 80 degrees Cel
sius) were still required to create the 
crystals, but many of them resisted 
transformation for half an hour or 
more even when warmed to above 
- 40 degrees, a temperature common 
in the upper atmosphere. 

Whalley thinks Scheiner's halo, al
though surely an extraordinary event, 
occurs more often than the record in
dicates. At least six of the seven re
corded sightings, he points out, were 
made at manned observatories. The 
dearth of reports in modern times may 
have to do less with unfavorable at
mospheric conditions, Whalley sug
gests, than with the growing automa
tion of meteorological and astronomi
cal observation. 

Nuts and Jolts 

Take a can of mixed cocktail nuts
say peanuts, Brazil nuts, hazel nuts 

and cashews-and shake it. When you 
open the can, the Brazil nuts, which 
are larger than any of the others, will 
have risen to the top. Why? 

The question is of more than cock
tail-circuit importance. Many indus
trial processes involve mixtures of par
ticles or powder grains that are differ
ent sizes. Examples range from the 
pharmaceutical industry to paint- and 
glassmaking to metallurgy. In most of 
the processes it is considered a disad
vantage if the particles segregate by 
size, and so it is important to under
stand what causes the migration of 
large grains to the top of the pile when 
the mixture is shaken. 

In search of an explanation, four 
investigators from Carnegie-Mellon 
University have simulated the shaking 
process on a computer. They describe 
the mechanism that causes the segre
gation in Physical Review Letters. 

The collaborators, Anthony Rosa
to, Katherine J. Strandburg, Friedrich 
Prinz and Robert H. Swendsen, simu
lated a two-dimensional jar of mixed 
nuts (or mixed powders). Their mod
el takes the form of a two-dimension
al box filled with disks of two sizes. 
The larger disks have twice the radius 
of the smaller ones. The investigators 
chose disks of comparable size in or-
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der to emphasize that the segregation 
process is not the same as the sifting 
that takes place when very small par
ticles (such as grains of sand) pour 
through the cracks between larger par
ticles (such as stones or gravel). In
deed, in much of their simulation they 
considered a box containing only a sin
gle large disk and many smaller ones; 
in such a system there is no way for 
sifting to take place. 

Then what causes the segregation? 
The operative force is gravity. As the 
box is shaken or jolted, it often hap
pens that a large disk moves enough 
for a small disk to fall into the gap un
derneath it. The reverse process, in 
which a number of small disks move 
simultaneously and thereby create a 
gap big enough to fit the large disk, is 
rare. Consequently the large disk grad
ually migrates up the container, even 
though that raises the energy of the 
system as a whole. Gravity makes the 
large disk fall up. 

The work has direct applications. 
Suppose a pharmaceutical company 
wants to make a homogeneous mix
ture of two powders. Production engi
neers could start by pouring the small
er-grained powder on top of the larger
grained one and shaking the mixture to 
bring the larger grains up. The model 
of the Carnegie-Mellon group would 
tell them how long to shake the mass in 
order to get an even distribution of 
large grains. 

Ice Age Beetles 

The contemporary British climate 
may seem somewhat chilly, but a 

mere 14,000 years ago it was positive
ly arctic. Pleistocene ice still encased 
much of the British Isles. Twice over 
the next few millenniums, however, 
before the Ice Age finally lost its grip, 
relief from the cold came swiftly, in
deed almost instantaneously in geolog
ic time, as thermal surges transformed 
the frigid islands into temperate zones 
in as few as 300 years. 

These findings, reported in Nature, 
emerge from an analysis of beetle fos
sils collected over the past 30 years 
from peat bogs, dried lake beds and 
other sources of late Pleistocene sedi
ments throughout Britain. The tough, 
chitinous husks of beetles abound in 
such places and are often so well pre
served that the species-which number 
in the thousands-can easily be identi
fied. Carbon dating of fossilized plants 
found with the beetles can indicate 
when they lived. 

Timothy C. Atkinson and Kenneth 
R. Briffa of the University of East An
glia and G. Russell Coope of the Uni
versity of Birmingham concentrated 
on fossils from about 350 species that 

are still in existence and whose climat
ic tolerances are well known. Coope, a 
pioneer in interpreting beetle fossils, 
says differences in the temperature 
ranges of species make the fossils good 
indicators of past climate. For exam
ple, finding fossils representing two 
species, one with a temperature range 
of - 15 to 15 degrees Celsius and the 
other with a range of -10 to 20 de
grees, in sediment from the same peri
od suggests that temperatures at the 
time must have ranged between -10 
and 15 degrees. 

Other sources of data on paleocli
mates-fossilized pollen and plankton 
found in ocean sediments and in polar 
ice cores, for example-had already 
shown that the waning of the Ice Age 
in northern Europe was delayed by a 
large-scale oscillation: after an early 
warming, during which glaciers and 
sea ice receded, arctic temperatures re
turned. Ice sheets pushed south again 
for perhaps 1,000 years before finally 
withdrawing. 

The beetle-fossil evidence indicates 
that the warmings initiating and end
ing this oscillatory period, called the 
Younger Dryas, occurred about 1,000 
years earlier and were much more in
tense and rapid than other data had 
suggested. Both warmings took place 
so swiftly-within 300 to 800 years, ac
cording to Co ope-that they fall large
ly within the margin of error of car
bon-dating techniques. 

The first warming began in about 
13,000 B.P. (before the present), when 
the annual mean temperature soared 
from eight degrees C. below zero to al
most 10 degrees above. Over the next 
2,000 years temperatures gradually 
descended to subfreezing levels, but 
shortly before 10,000 B.P. the climate 
warmed abruptly again to about 10 de
grees, where, apart from some minor 
oscillations, it has remained. 

Coope thinks beetle fossils can con
tribute much to modern climatic mod
eling (see "Climate Modeling," by Ste
phen H. Schneider, page 72). "The bet
ter your historical curve is, the more 
accurate your forecasts will be," he 
says. Coope's attitude may be catch
ing: studies of beetle fossils are under 
way in North and South America, con
tinental Europe and the Soviet Union. 

TECHNOLOGY 

Landsat Grounded? 

The fledgling U.S. civilian remote
sensing industry faces a probable 

two-year setback because the Govern
ment is not meeting commitments to 
EO SAT, the company charged with es
tablishing an independent, commer-
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cially viable remote-sensing program. 
Charles P. Williams, EOSAT'S presi
dent, says the delay will drive potential 
buyers of remote-sensing data into the 
arms of a competing French company, 
sPoT-Image, and the Remote Sensing 
Technology Center in Japan. 

EOSAT, a joint venture of the Hughes 
Aircraft Company and the RCA Cor
poration, was awarded a contract by 
the Department of Commerce in 1985 
that undertook to provide $250 mil
lion for two new remote-sensing sat
ellites, Landsat 6 and Landsat 7. Al
though Congress approved the plan, 
EOSAT has so far seen only $90 million 
because of determined attempts by the 
Administration to block funds for the 
Landsat program. The Challenger di
saster, by depriving the program of a 
ready launching vehicle, has substan
tially increased launch costs. 

Set in motion in 1979 by President 
Carter and endorsed at the $250 mil
lion level by David A. Stockman when 
he directed the Office of Management 
and Budget, the program lacked the 
support of former White House chief 
of staff Donald T. Regan and James C. 
Miller III, the current OMB director. 
Almost before the ink was dry on the 
1985 EOSAT contract, the OMB pro
posed reducing funding to zero. War
ren D. Nichols of EOSAT'S executive 
committee charges that "the Govern
ment reneged on its contract." 

Budget-conscious executive agen
cies have been reluctant to rescue the 
program. Late last year the National 
Oceanic and Atmospheric Adminis
tration, the Commerce Department 
agency that oversees the Landsat pro
gram, submitted to Congress a finan
cial plan for the program that was im
mediately rejected by a Senate sub
committee; it described a scaled-down 
effort with only one new satellite. 
"The Senate didn't believe the plan 
and neither did we," an EOSAT official 
says. The rejection froze $27.5 million 
in new money and $35 million in re
programmed funds intended for EOSAT 
in 1987; all construction work on 
Landsat 6 and Landsat 7 halted on J an
uary 5 and several hundred workers 
were laid off or reassigned. 

A revised plan drawn up recently 
by NOAA restores the second satellite 
and stays within the Administration's 
planned budget of $125 million over 
the next two years, but only by stretch
ing out the program (which increases 
overall cost). If it is accepted by the 
OMB and then by Congress, the revised 
plan will delay the launching of Land
sat 6 until September, 1990 (from De
cember, 1988), and that of Landsat 7 
until June, 1993. A decision must be 
made by July 1. 

Some Government officials doubt 
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that a commercial Landsat program is 
really feasible. Opinions also vary on 
how effectively EOSAT has marketed 
the data from Landsat 4 and Landsat 5, 
which are still in operation but have 
exceeded their design lifetimes. Cer
tainly the market for Landsat informa
tion has not grown as fast as had been 
hoped. Revenues in 1986 were $15.3 
million, only about two-thirds of the 
estimate in EOSAT'S original business 
plan. Furthermore, Federal agencies
which account for more than 60 per
cent of domestic sales-are prevented 
by the OMB from making commitments 
to purchases in future years. 

One view has it that the political ma
neuvering in Congress is intended to 
pressure the Department of Defense, a 
major customer of the program, into 
offering free or subsidized launches. 
The demise of the Landsat program 
would also raise serious concerns in 
the Department of State, where it is 
seen as a valuable foreign-policy tool. 
Receiving stations for Landsat data 
are under construction in several stra
tegically sensitive spots, including Is
lamabad and Riyadh, each at a cost 
to local governments of more than 
$10 million. 

Lube Job 

Acoating developed by a National 
Aeronautics and Space Adminis

tration investigator could replace or 
supplement lubricants in some engines 
by enabling their hot moving parts 
to lubricate themselves. The coating 
could make it possible to create en
gines that work at higher temperatures 
and are therefore more efficient, ac
cording to its inventor, Harold E. Sli
ney of NASA'S Lewis Research Center 
in Cleveland. 

Sliney says his coating, called Lube 
PS200, can function at temperatures 
as high as 1,600 degrees Fahrenheit. 
Teflon coatings and oil lubricants start 
to break down at about 350 degrees F.; 
most solid lubricants, such as graphite, 
cannot operate above 900 degrees. 

Lube PS200 is a mixture of chromi
um carbide, silver and a fluoride com
pound. Chromium carbide, a hard al
loy with a high melting point, makes 
the coating durable. The silver and the 
fluoride compound provide the lubri
cation; when they are heated, Sliney 
explains, they tend to smear, forming a 
plastic, low-friction film on the coat
ing's surface. The coating is applied by 
plasma spraying (hence the initials in 
its name): the powdered mixture is 
sprayed through a plasma of hot argon 
gas, which melts the powder before it 
lands on the surface. The coating is 
then ground to the desired thickness 
with a diamond grinder. 

PS200 is being tested in experimen
tal adiabatic diesel engines, which are 
heavily insulated to reduce heat loss 
and so increase efficiency. Another 
promising application is in the Stirling 
engine, in which an external energy 
source heats gas sealed in a chamber; 
the resultant flow of the gas drives a 
set of pistons. Invented by Robert Stir
ling, a Scottish clergyman, more than 
150 years ago, these closed-cycle en
gines have never entirely fulfilled their 
theoretical promise, in part because 
few lubricants can sustain the high 
temperatures at which such engines 
work most efficiently. In experimental 
Stirling engines built by NASA, cylin
ders lined with PS200 have sustained 
temperatures of 1,500 degrees F. 

The coating could also help to make 
turbine shafts and the bearings in 
which they spin more durable. These 
turbine parts, Sliney explains, are of
ten gas-lubricated: a film of high-pres
sure air forms between the shaft and 
its bearings as they spin at high speeds, 
protecting them. The shaft and its 
bearings are nonetheless susceptible to 
wear during startup and slowdown or 
whenever the turbine is subjected to a 
sudden movement. Coating either the 
shaft or the bearings with Lube PS200 
could further extend their lives. 

Hypersonic aircraft of the future, 
whose outer surfaces would reach ex
tremely high temperatures as they pass 
through the atmosphere, might also 
benefit from the coating. Sliney says 
it could protect the bearings of the 
plane's rudder, ailerons and other 
moving parts even if they were red hot. 

Roughnecks 

To squeeze more oil from aging 
fields, the roughnecks who man re

covery crews often flood the rock for
mations with water, which forces the 
lighter oil upward. Even so, more than 
half of the oil in such fields general
ly goes unrecovered. Petroleum engi
neers believe still more oil might be 
coaxed to the surface with the help of 
microbial roughnecks: certain kinds of 
bacteria that occur naturally in wells. 

Whereas some species hinder the re
covery of oil by clogging passageways 
or producing sulfides that "sour" oil, 
others release chemical solvents that 
help to loosen the oil from the pores of 
the surrounding rock; they also release 
gases, such as carbon dioxide, that 
raise the pressure in the reservoir. The 
hope is that carefully selected batches 
of these bacteria, on being supplied 
with a nutrient and injected into a 
field, would proliferate and signifi
cantly boost production. 

Experiments based on this concept 
have been conducted sporadically for 
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more than 30 years in the U.S., the 
U.S.S.R. and other countries, but the 
outcome of these field tests was poor
ly recorded, according to Thomas E. 
Burchfield of the National Institute 
for Petroleum and Energy Research 
(NIPER) , a Government-funded facility 
based in Bartlesville, Okla. Now inves
tigators from NIPER, the U.S. Depart
ment of Energy and two private com
panies-Microbial Systems Corpora
tion and INJECTECH, Inc.-are seeking 
to gather definitive data by testing the 
technique in an old, water-flooded oil 
field near Bartlesville. 

The investigators have selected four 
bacteria: three of them grow in the ab
sence of oxygen (two from the genus 
Bacillus and one from the genus Clos
tridium), and one is a so-called faculta
tive anaerobe, which can grow with 
or without oxygen (the genus has not 
been disclosed). In March the bacte
ria were mixed with molasses, which 
serves as a nutrient, and were injected 
into a five-acre field that has 1 5  wells. 
Although under the right conditions 
the microbes can reproduce rapidly
doubling in number every half hour
they are expected to diffuse only slow
ly through the sandstone that underlies 
the test site. Some preliminary data 
should be available within six months, 
but it will be more than a year before 
all the results are in, according to 
Burchfield. 

Even if the technique boosts recov
ery only slightly, he says, its low cost 
could make it economical for both 
large oil companies and smaller inde
pendent ones. Molasses is very inex
pensive and the bacteria under consid
eration can be cultured at low cost. 
Moreover, Burchfield points out, once 
the bacteria have been established in 
the reservoir, simply feeding them ad
ditional molasses should keep them 
thriving-and working. 

Technology for Sale 

The Cummins Engine Company, 
Inc., recently started developing a 

new diesel engine that employs a duc
tile form of nickel aluminide, an alloy 
that has an unusual property: it gets 
harder as it gets hotter. Cummins was 
granted an exclusive license to incor
porate the new material in heavy-duty 
diesel engines by the Oak Ridge Na
tional Laboratory, which did the origi
nal research. Such direct arrangements 
are currently unusual, but now that 
economic competitiveness has been 
sanctioned by President Reagan as the 
political watchword of 1 987 they may 
become standard. 

Federal funds account for about 
half of the $1 1 0  billion spent on re
search and development each year in 
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the U.S., and yet only one-fortieth of 
the 1 20,000 patents issued annually 
stem from Federal research. This sta
tistic "suggests that we could get more 
from the Federal investment," Nor
man J. Latker, director of Federal 
technology-management policy at the 
Department of Commerce, told a Sen
ate subcommittee in February. Fur
thermore, the proportion of Federal 
patents that find their way to commer
cial application-about 5 percent-is 
much less than the equivalent figure 
for industry patents. 

Until recently legal obstacles made 
it hard for private industry to commer
cialize research carried out in Federal 
laboratories. The Government usual
ly owns inventions arising from work 
it supports. Although an agency may 
waive title to an invention if a private 
company is interested in developing it, 
agencies have not always been prompt 
to do so. 

For example, between October of 
1 977 and December of 1 985, 1 35 
waiver requests were made to the De
partment of Energy for patent rights to 
inventions made at contractor-operat
ed facilities. Yet as of December 24, 
1 985, the department had completed 
action on only 5 5  of them; five had 
awaited a decision for more than two 
years. Representative John D. Dingell, 
chairman of the House Committee on 
Energy and Commerce, wrote in Feb
ruary to Secretary of Energy John S. 
Herrington that he considered such de
lays "irresponsible." Ronald W. Hart, 
director of the National Center for 
Toxicological Research, says the Pub
lic Health Service's inability in the past 
to grant exclusive patent rights has 
meant that research "was everybody's 
property and so nobody's product." 
Hart says that "many inventions that 
could have improved public health 
simply languished." 

All of this may be changed by the 
Federal Technology Transfer Act of 
1 986, signed into law last year and 
now being implemented. The statute 
encourages industry to make better 
use of Federal research by providing 
new incentives: for the first time all 
700-odd Federal laboratories will be 
able to enter into collaborative re
search agreements with private indus
try and to grant companies exclusive 
development rights. Individual Fed
eral employees whose inventions are 
taken up commercially will be award
ed not less than 1 5  percent of the roy
alties, to a maximum of $ 1 00,000 per 
year. President Reagan is to issue an 
executive order instructing all Feder
al agencies to comply with the new 
act, which extends and clarifies earlier 
legislation. 

The president has also proposed 

a doubling of the National Science 
Foundation's budget in the course of 
the next five years and the establish
ment of university-based centers for 
"fundamental science that directly 
contributes to our nation's economic 
competitiveness," which are to be 
funded through the NSF and perhaps 
through other agencies. Other propos
als would accelerate exchanges of per
sonnel among private companies, Fed
eral laboratories and universities, as 
well as joint projects. 

Latker says there is "a lot of pride 
and turf" that could impede the im
plementation of the new technology
transfer act. Still, it was only in 1 984 
that Oak Ridge was designated as a 
guinea-pig laboratory to see how in
centives such as those in the new law 
might work. According to the labora
tory's Jon Soderstrom, the number of 
patent applications sought by labo
ratory employees increased by more 
than 30 percent in two years. 

Squeeze Me 

Stretch a block of material and its 
girth contracts; push its ends to

gether and its girth expands. Such be
havior would seem to be predictable 
and universal. Yet Roderic S. Lakes 
of the University of Iowa has trans
formed foamy materials that behave 
as expected under deformation into 
foams that distend when they are un
der tension and become thinner when 
they are compressed. 

Lakes reports in Science that the 
process by which he accomplished the 
transformation is rather straightfor
ward: a specimen of conventional low
density polymer foam is compressed 
and placed in a mold, where it is heat
ed. The foam that is then extracted 
from the cooled mold no longer be
haves normally; its dimensions change 
under strain in a way contrary to what 
one would expect. By means of a sim
ilar procedure that involves sequen
tial plastic deformation along each of 
three perpendicular axes, Lakes also 
invested normal metal foams with the 
same peculiar property. 

Microscopic examination of the 
foams reveals the cause of their anom
alous behavior: whereas the ribs of the 
cells constituting normal open-celled 
foams bulge outward, the cell ribs in 
Lakes'S treated foams protrude in
ward, forming what Lakes calls re
entrant structures. Under tension the 
reentrant-cell ribs are drawn out and 
unfolded, thus causing the cell to ex
pand. Conversely, under compression 
the ribs collapse farther inward, result
ing in an overall shrinkage of the cell's 
volume. 

Lakes has found that his reentrant 
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foams are more resilient than conven
tional foams. Whereas a conventional 
foam can typically be compressed by 
only about 5 percent of its original 
dimensions before it collapses abrupt
ly, the shape of a reentrant foam can 
be altered by up to 40 percent of its 
original dimensions without collapse 
or any permanent deformation. Lakes 
also points out that an ideal reentrant 
foam (one that comes close to the ther
modynamic limit placed on such 
anomalous elastic behavior) would be 
difficult to indent at any given point
even if the bulk material is compliant
and it would resist tearing. 

What can one do with such tough, 
contrary foams? Lakes foresees their 
application in the manufacture of fas
teners, sponges, shock absorbers and 
air filters (because any increased suc
tion would open up clogged pores). 

BIOLOGICAL SCIENCES 

Shiverless Deportment 

Because of a defect in the insulation 
of their nerves, mice with an in

herited disease shiver uncontrollably 
and die young. A group of investiga
tors from the California Institute of 
Technology and the Harvard Medical 
School has repaired the defect by ge
netic surgery. The success, reported in 

Cell, provides a means of exploring the 
role of a specific protein in nerve ar
chitecture. More generally, the work 
demonstrates the power of gene trans
fer for studying single elements of 
complex structures such as nerves. 

Mice homozygous for the "shiver
er" mutation begin to shiver about 
12 days after birth and die within 
90 days. Such mice lack both copies 
of the gene for myelin basic protein 
(MBP), actually a family of related 
proteins that account for between 30 
and 40 percent of the protein in the 
myelin of the central nervous system. 
Myelin surrounds nerves and, by act
ing as an insulator, speeds the trans
mission of nerve signals and prevents 
signals from crossing between adja
cent fibers. 

To confirm that lack of the MBP 
gene and the protein it codes for causes 
the disease, the group, led by Leroy 
E. Hood of Caltech, artificially intro
d uced the gene into the germ cells of 
afflicted mice. First Hood and his col
leagues produced multiple copies of 
the gene, which other workers had iso
lated earlier, by cloning it in bacteria. 
Then the team put 200 copies of the 
gene into the nucleus of fertilized shiv
erer-mouse eggs and implanted the 
eggs in foster mothers. In one out of 
300 young the transferred MBP gene 
was integrated into the DNA and ex
pressed as protein. 

SHIVERER MOUSE and one in which the genetic defect has been mitigated are shown 
under electron micrographs of optic nerves. The axons of an afflicted mouse (left) lack 
insulating myelin sheaths; in a "cured" mouse (right) some axons are insulated by myelin. 
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By crossing first-generation trans
genic mice the workers produced ani
mals carrying two copies of the new 
gene. These mice showed 25 percent of 
the normal MBP level and were essen
tially normal. The group then inter
bred mice carrying one or two copies 
of the transgene with animals bearing 
a different mutation, which reduces 
MBP expression to 5 percent of the 
normal level and causes a milder dis
ease. The crosses yielded a population 
of mice in which MBP levels ranged 
between 5 and 30 percent of normal. 

By observing the animals and exam
ining the myelin sheath around their 
nerves under the electron microscope, 
the group was able to study how vari
ous levels of MBP affect the develop
ment of the sheath and the severity of 
shivering. "Mice with a minimal level 
of myelin," Hood says, "begin to live 
longer, those with a bit more no long
er convulse, and those with still more 
(25 percent of normal) lose their shiv
ering difficulties." 

There is no shiverer disease in hu
mans that awaits a similar cure. What 
is exciting about the work, according 
to Hood, is the demonstration of "a 
brand-new way to study complex enti
ties or organelles such as nerves, ribo
somes or mitochondria." By genetical
ly manipulating their components one 
at a time, workers can now "vary one 
variable in a complex pattern of vari
ables" in order to dissect function. 

Dry Run 

T and animals, it is widely supposed, 
L evolved in the primordial soup 
of the seas and did not venture onto 
dry ground until they were quite ad
vanced. That view appears to be incon
sistent with the discovery in Penn
sylvania of trace fossils of land crea
tures that are approximately 30 mil
lion years older than any previously 
found. The age of the fossils suggests 
that at least some animals may have 
evolved on dry land without any initial 
marine coddling. 

In Science Gregory J. Retallack and 
Carolyn R. Feakes of the University of 
Oregon describe a series of burrows 
made by small, hard-shelled creatures 
resembling millipedes. These traces of 
ancient life were found in fossil soils 
dating from the late Ordovician peri
od, which extended from about 448 
to 438 million years ago-30 million 
years before the first advanced land 
creatures were thought to have lived. 

The key term here is fossil soil. The 
rocks in the part of the formation 
where the discovery was made are not 
fossilized river or marine sediments, 
as "everyone just automatically as
sumed," Retallack points out. "No one 
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In 1981, we introduced 
the worlds most successful 
personal computer. 

Here we go again. 
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Introducing the IBM 
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Five years ago, we sent our first 
personal computer out the door and 
hoped you'd find it useful. 

We're pleased you did. 
Over three million IBM® PCs have 

been put to work, doing everything 
from financial analysis to first-grade 
arithmetic. 

Yet as PCs grew more popular, and 
as we kept improving them, one thing 
became clear. You needed more. 

You're in a hurr� so you want PCs 

You want improved reliability. 
And you want aU this without ob

soleting your investment in equipment, 
software and training. 

So there was only one thing we 
could do: create a whole new system for 
personal computing. 

The new IBM Personal System/2T: 
Its heart is a nf'W l lnf' of hardware 

and software, but its sou] is bigger; new 
technology, of course, but also a new 
"balanced system " approach for 

IBM Proprinter II IBM Proprinter X24 

Programs are here for the IBM Personal Systeml2. �r---�..i!, 

to respond faster. 
You do many things at 

once and wish your PCs 
could too. 

You want software that's 
more powerful, but also 
easier to use. 

You'd like more color. 
You}e eager for your 

systems to communicate 
with other systems. 

�f'....,-----'" 

r--+---� 
making things work 

r6-'�---...J together. 
It works with earlier 

IBM PCs so your invest
ment is protected. It 
works with larger IBM 
systems so your future 
growth is protected. It 
works for business and 
education, for profession
a] people of every stripe. 
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The next generation in 

The new systems. 
There are four models of the new 

IBM Personal System 12 : Models 30, 50, 
60 and 80, with a choice of configura
tions, with new design and components, 
and built not merely for speed but for 
well-balanced performance. 

IBM Personal System 12 Model 30 

Model 30 is about 250;0 smaller 
than the IBM PC, does many jobs more 
than two times faster than the IBM PC 
XT,TM and comes with 640KB of mem
ory and a 20-megabyte (MB) fixed disk 
if you want one. Much of what used to 
be optional is now standard, and im
proved. Graphics are spectacular. So is 
the value. Model 30 offers exceptional 
performance for the money. 

Model SO, with its 80286 micropro-

cessOl; is an even bigger step forward . 
It has new architecture (as do the even 
more powerful models) that breaks old 
barriers. One megabyte of memory is 
now standard, and there's plenty of 
room for more. Its graphics (again, in 
common with the larger models) are 

IBM Personal Systeml2 Modpl 50 

another dimension beyond. And it 
finishes many jobs significantly faster 
than the IBM Persona 1 Computer AT® 

Model 60 takes up less space on 
your desk because the computer itself 
doesn't sit on your desk, but rather, be
neath or beside it. Equipped with a 44 
or 70MB fixed disk, up to 15MB of 
memory and expanded expandability, 
it's a system for serving a very busy 
person, and can be a file server for 
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personal computing. 

other busy persons. 
Model BO. For everyone who's been 

waiting to experience the real power of 
the 80386 microprocessor, it's not just 
in this computer, we built this computer 
around it. Available this summer, Model 
80 is a 32-bit system that does jobs up to 

three and a half times fast- I : I � I 
er than the iBM Personal H III ' 

Computer AT. Up to 2MB 
of memory are standard, 

D and fixed disks can be 44, 
70 or 115 megabytes big. 
Or with two fixed disks, 
230 megabytes huge. 

• 
Computers this capable, 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  
and connectible, used 
to fill whole rooms. � 

The rest of this booklet tells more 
about the IBM Personal System/2 .  And 
how, all together, it can help make your 
professional life easier, more productive, 
and more rewarding. 

The new performance. 
You'll find new architecture, new 

integrated design and new I : I � I  I 

operating systems that H together lift raw power to 
higher levels of true per-

D formance, while cost goes 
the other way. 

The new graphics. • 

You'll see new graph- 1 1 1 1 1 1 1 1 1 1 1 1 1  i l l l l l i l  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

ics, all standard, that 
redefine the words 
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"colorful" and "sharp:' And new displays 
that give your programs a heightened 
sense of reality. 

The new connectivity. 
There will be new avenues for shar

ing information; new match-ups of 
hardware and software that shorten the 
distances and widen the roads between 
pes, minis, mainf'rames and people. 

The new media. 
You'll see rugged diskettes that are 

, • •  1 

IBM Proprinter XL24 

half as big, but hold up to twice as much 
as floppies did. Plus low-cost devices 
for transporting your data from one 
generation into the next. And a new IBM 
200MB optical disk drive. 

The new solutions. 
You'll discover new ways to solve 

problems; ideas about choosing not just 
software or hardware, but software, 
hardware and support in balance, 

The IBM Personal Systeml2 is designed F:jiiE� for connecting with larger computers like � 
the IBM Systeml36 and the IBM 93 70, 

I 

The new printers. 
You'll see an expanded family of 

, oomu uu " " ' ' ' " . . . .  , . .  , . .  , . . . . . . . . . . . . . . .  "' .. " ' '''',,'''' I t  
' -" " - ....... � 

IBM Quietwriter III Printer 

personal printers that fills just about 
any need, from economy, to speed, to 
the fussiest levels of document quality. 

The new support. 
And because it's not just what you 

buy but where you buy it, you'll learn 
how we've been working closely with 
the people who sell the Personal 
System/2 to create new levels of dealer 
support. 
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So, it's power you wan 

The new performance. 
It's tempting to size up computers by 

the numbers, but in the IBM Personal 
System/2, real performance exceeds the 
sum of its parts. 

Components were designed not just 
to coexist, but to cooperate; within each 
system, and within your total computing 
environment. 

So your software runs faster, and 
your system is more reliable. 

Extras aren�t extra. 
You could expand earlier IBM PCs 

after you bought them, but the Personal 
System/2 is expanded before you even 
open the carton. Things that used to 
cost extra don't anymore. 

Advanced graphics, parallel and 
serial ports, a port for pointing devices, 
and diagnostics are included. 

And new IBM technology-our one
million-bit memory chip, high-density 
logic circuits, and integrated "planar 
boards ':'" is sending performance up, 
and costs down. 

Paths to the future. 
Models 50, 60 and 80 share a design 

that's new to personal computing. Tech
nically it's described as parallel bus 
architecture (we call it IBM Micro 
Channel'M ) ,  but think of it as a highway. 

I I I I I I I I I I I I I� _.. --=- 1 = I 
Our first PCs were built around 

a two-lane street. Usually that's 
enough, but sometimes there are 
traffic jams. Your sales figures might 
have to stand on the corner while 
your mailing list goes by. 

I 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  

The IBM Personal System/2 takes up less space on your desk. The on/off 
switch is on the front, and monitors tilt and swivel. 

The new system is like an ex
pressway. There are more lanes open 
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t? / \ 
in both directions. being carefully timed so that everyone 
The ramps are more involved -software makers, our dealers, 
smoothly paved, and you -can take full advantage of its power 
signals are better as easily as possible. It will do everything 

synchronized. So data can our existing PC DOS does (in fact, they'll 
flow more freely. get along beautifully) , but it also will 

This is what the 286 bring major advances. 
and 386 chips have been j Memory. Our new systems offer up 
waiting for. A highway to '---_-'_ to 16 megabytes' worth, and Operating 
match their horsepower. System/2 will make these vast resources 

The new 111 1 11111 1 111 1 1111111 easier to access. 
operating systems. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Multi-tasking. With IBM Operating 
The Personal System/2 System/2, you won't have to be a "power 

is being introduced :;---_____ .. ii---� user" to understand how to run 
with a new IBM PC DOS The IBM PersolUll several programs at once. Multi-tasking 
Version 3.3 that lets you tap :::::�

e
��:eI 80 will become a routine experience. 

into the new systems im- unleash the power Software. of the 80386 'J I 
mediately, and works with microprocessor. Together with the 
all previous IBM PCs as well. new architecture 

There's also an IBM 3270 Workstation and more memory, 
Program that, with PC DOS Version 3 .3, Operating Sys
helps the Personal System/2 connect with tem/2 will give 

In earlier PCs, data sometimes had to stop and wait. New 
IBM Micro Channel architecture is more like an expressway. 
Data flows more freely. 

mainframes, supports more memory, 
and lets you run multiple applications. 

But much more is coming. 
A new IBM Operating Systeml2™ 

will run on Models 50, 60 and 80. 
Available later on, its development is 

software develop-
ers new freedom IBMPersonai Systeml2 "planar 

boards " have many standard 
to create programs features that used to be options. 

that are more powerful, better looking, 
and easier to use than ever before. 

A bigger idea. Operating System/2 
is also part of another new idea, called 

IBM Systems Application Architecture. 
Its goal is to bring the world of IBM 

computing closer together; to provide 
a greater consistency in look, function 
and feel-for systems, for software and 
for people who use them. IBM Operating 
System/2 is the first step for personal 
computing in this promising new direction. 
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It's lil{e having 256,00 
in one box. 

The new graphics. 
Back in the dark ages of personal 

computing, the world was ruled by 
numbers and words. Graphics were a 
nicety, but rarely a 
necessity. 

Welcome to 
the Renaissance. 

The IBM 
Personal System/2 
has a talent for gra
phics that's dazzling. 

Each new 
system can paint 
up to 256 colors on 
the screen at once, 
drawing from an 
incredible palette 
of over 256,000. 
And not one of 

The IBM Personal Systeml2 
Monochrome Displays 8503. 

those colors costs a penny extra. 
Even in monochrome, things aren't 

monotonous. There can be up to 64 
shades of gray for new dimension and 
contrast. 

And the images themselves are 
greatly improved. The tiny "pixels" 

A II screens in this brochure 
are actual and unretouched. 

f 

that create the image can now be tinier, 
and there can be lots more of them. 
Even the space between them seems 
to have disappeared. So pictures are 
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o crayons 

sharp and clearly defined. 
Better letters. 

Equally important, letters and 
numbers are clean-edged and precise, 

The IBM Personal Systeml2 
Color Displays 8512. 

looking more like they're 
printed than projected. 
Mter a few hours with your 
trusty spreadsheet, you'll 
appreciate that. 

You'll also like the non
glare viewing surface, and 

mountings that tilt and swivel so your 
neck doesn't have to. 

There are four new IBM displays, 
and each works with every Personal 
System/2 computer, all showing graphic 
improvements in price. 

The 12" monochrome and 14" color 
displays are great for most general
purpose work. The 12" color display is 
even sharper, ideal for detailed business 
graphics. And for design work, there's 

the big 16" color 
display with even 
higher resolving 
power. 

Your favorite 
programs. 

Just about any 
program you can 
run on the IBM 
Personal System/2 
will look better, 
and will likely be 
more pleasant to 
spend time with. 
Many other pro-

The IBM Personal System 12 
Color Displays 8513. grams are being 
reworked just to take advantage of the 
new graphics. 

But the future holds real surprises. 
The screens of the Personal System/2 
are like a brand new kind of canvas. 
How the artists will use them should be 
something to see. 

The IBM Personal System 12 Model 50 and 
the IBM Personal Systeml2 Color Display 8514. 
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The future belongs to 
well-connected. 

The new connectivity. 
The earliest computers were big 

and cosciy, so people shared them. 
Then people wanted smaller com

puters just for themselves. Soon PCs 
were in offices everywhere. And how 
did people want to 
use them? 

The managing director uses 
IBM 32 70 Emulation and Professional 

Office System ™ software (PROFS) for checking 
calendars and sending electronic mail. 

The personnel director 
sends bulletins using the IBM 32 70 
Tf&rkstation Program and PROFS. 

For sharing things. So the idea of 
PC connectivity was born. 

From the start, the IBM Personal 
System/2 was designed to connect; 
with other IBM personal systems, with 
bigger IBM systems. 

Each new system comes with 
built-in asynchronous communications 
(which can save you an option slot for 
other uses) . 

An executive assistant uses IBM DisplayWrite 4 
to polish up memos and reports for distribution 
through IBM DlSOSS. 

An inventory clerk uses 
an inquiry to a data base to compare 

what's out in the warehouse with sales orders. 
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the that's okay too-they work 
together. 

And as the new IBM 
Operating System/2 unfolds, 
communication will become 
even easier. Its multi-tasking 
capability will make it easier 

for your system to receive So information 
has no trouble 
traveling back and 
forth. But the real news 

and store electronic mail, main
frame data, or whatever, while 

A product manager 
loads her spreadsheet using 

the IBM Token-Ring Network to 
access information. 

you're busy doing 
something else. is what happens inside. 

Going with the flow. 
The new architecture in Models 50, 

60 and 80 will improve the flow of 
traffic within the system, so when an 
important comes in from 

corporate head
quarters, it's 
less likely to see 
stop signs. And if 
the sender has a 
properly equip
ped IBM PC, 
PC XT, Personal 
Computer AT or 

�..&---'l--- IBM Personal 
The IBM 93 70 computer 

stores information and pravides 
data base management support 
for the business. 

System/2 Model 30, 

A design engineer 
uses an TBM Personal Systeml2 

The scope of 
communication has 
been increased, too. 

A wide array of 
local area network 
and connectivity 
products is part of 
the IBM Personal 

Programmers work within 
the framework of IBM Systems Application 

S t 12 £ ' I  Architecture to develop applications. ys em aIlll Y. sO 
your resources can be as broad as your 
needs; from the first IBM PC your com
pany ever bought, to mid-range systems, 
to the biggest IBM 3090 mainf

,-r-
r�a_

m
.....:.
e.:..-, __ �'-I 

the lines are open. 
And this is 

just the beginning. 

Meanwhile,from a hotel room, a salesman 
uses the modem in his IBM PC Convertible 
to send back details of a new order. 

Model BO to create a product accessing 
designs from the host computer. 
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IB� just got srnaller. 
three quarter inches. 

The new media. 
The amazing SYl' floppy diskette 

can hold literally hundreds of pages' 
worth of memos, reports and vital 
statistics. 

So why are we switching to 3Y2" 
diskettes? 

Because they hold up to twice the 
information, and they don't flop. A hard 

plastic case protects them 
from mishaps that flop
pies are heir to. 

So not only can 
you slip a diskette 

into your shirt pocket, 
A simple accessory kit you'll have fewer of 

tmnsports daia from 5%" 
to 3W' diskettes. them, with more of 
your work all in one place. You won't 
have to fool around with write-protect 
tabs anymore, either. They're built 
right in. 

Bridging the gap. 

One is a simple cable adapter and 
software package that lets you send your 
data from an IBM PC, PC XT or Person
al Computer AT to your IBM Personal 

Very nice, you say, but what about System/2, then onto the smaller disk-
a�l that work on SYl' diskettes? ettes. Depending on how much data 

We thought (f. you have, the 
about that from �,�� whole job could 
the very begin- be over in one 
ning, and we're sitting. 
offering a num- It takes two 360KB 5%" diskettes to hold as much as one 720KB 3W' diskette. Also avail-
ber of low-cost solutions to make the able are special IBM 3V2" and Sh" 
transition as smooth as possible. external diskette drives, to be there 
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By one and 

anytime you need them, for conversions 
in either direction. 

Software is here. 
And what about software? Well, 3Y2" 

diskettes may be new to full-sized IBM 
personal computers, but they're not new 
to personal computing. 

They're used, for example, 

sheet, word 
processing, data 

by the IBM PC 
Convertible. 

So, many 
popular 

spread-

base and other programs 
(from IBM and other com
panies) are already available 
on 3Y2" diskettes. And software 
makers are working to get new 
releases out quickly. 

Optical allusion. 
If a 3Y2" diskette can store large 

amounts of information, here's a way to 
store gargantuan amounts. 

We're introducing a 200-million
byte optical disk drive. 

It works with all Personal System/2 
computers and, with advanced laser tech
nology, will let you build 
a massive library of infor-

I 

The IBM 3363 Optical Disk Drive with "write-once, 
read-many" disks (left) and the IBM 3.5 Inch External 
Diskette Drive (right). 

The IBM 5.25 Inch External Diskette Drive. 

mation for business, science and educa
tion on removable disks you can hold in 
your hand. 
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The solution is part 0 
systelll. 

The new solutions. 
We sell computer systems, but that's 

not what you're really after. 
You want the things a system can 

do for you. 
So while we were busy developing 

new machinery, we were also active on 
the software front. 

One of the first things we looked at 
was how you choose software. 

Over the last five years, thousands 
of programs have been written-by us 
and by others-for IBM pes. That's a 

independent software companies. 

Getting with the program. 

We're telling them about our move 
to 3Y2" diskettes so they can convert 
popular programs to that size. We're 
showing them our new graphics so they 
can revise software to take advantage of 
them. And we're keeping them up-to-date 
about the new IBM Operating System/2 

so they can create brand 
new programs with 
even higher levels of 

function. 

IBM CADwrite Design and Dmfting System SolutionPac for designers and engineers. 

good thing, and we want to 
keep it going, so we've 
continued to work with 

\ 

o 
� 

-- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

So, popular programs like Lotus 1-2-3� 
WordPerfect® and dBase III PLUS ™ will be 
available for the Personal System/2. 
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f the Needless to say, we've 
also updated our pop
ular IBM software. IBM 
DisplayWrite™ 4, the IBM 

Assistant Series�M IBM Business Adviser* 
and IBM educational programs are 
ready to go for the Personal System/2. 

The IBM SolutionPac:M 

Then we looked at software from 
another point of view. 

With so many decisions to make, so 
many combinations of hardware and 

IBM Business Adviser Financial Accounting SolutionPac. 

software, choosing the right one can be 
confusing. Maybe you'd prefer "one
stop shopping:' 

So we created an idea called IBM 
SolutionPacs. 

You'll be able to buy them from 
selected IBM Authorized Advanced 
Products Dealers. 

What you'll get is a software package 

*ADVI SER is  a registered trademark of Computer Designed Systems,  I n c . ,  M i n neapol is ,  M i n n .  

designed for your kind of business, with 
a hardware ensemble that's been I 
matched to it, and 
tested. Plus a program -----f---'. 

of service, training 
and support. 

A wide range of 
IBM SolutionPacs 
is in the works. 
Among the first ones I ---.1'---10 

available are the 
Business Adviser 
Financial Accounting 

Popular programs will be available 
SolutionPac, a for the IBM Personal Systeml2. 

CADwrite Design and Drafting System 
for designers and engineers, a desktop 
publishing SolutionPac and a Doctor's 
Office Management package, as well as 
SolutionPacs for contractors and lawyers. 

r: 

They will make buying easier, and 
should shorten the time between "I've 
got my computer system" and "I've 
mastered my computer system:' 

Of course, a big role is played by the 
new Advanced Products Dealers. 
Their new "whole- solution" training 
will make it easier for the two of you to 
assemble the best system for you. 
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New power to the prin 

The new printers. 
Most of what shows up on your 

computer screen is seen by just one 
person. You. 

hade r s h i p  S u r v e y  

:::;:.:::�-::-:=:-:::-n.=-;.;:..:= 
��-:-z. . .:::;"'1-::':-=':-;:: 

-:;;"..= ., ..... .  ;:;.;�= :::------ - - - � - � - - - -

��-.. 
=:"'.:'::.�:.'::..:: ::.- � - -

But what comes out of your printer 
goes out to the world. So it has to look 
professional, and getting it done has to 
be easy; virtues that have made IBM 
personal printers best-sellers. 

The IBM Proprinter™ and the IBM 
Quietwriter® Printer have earned high 
marks from both customers and critics. 

Now our 
printers are even 
better, and 
we've added 

The IBM Proprillter X24 1Vith optiollal 
sheetfeed. 

new members to the existing family. 

The IBM Proprinter II. 

What made the original Proprinter 
so popular was ' 1/:HI-.i!!I!!!!g!li!E�· 
speed, ver- 1 
satility and 
convemence. 

So what The IBM Proprinter II. 

do you get more of in the Proprinter II? 
Speed, versatility and convenience. 

� There's now Fastfont�M an extra-fast 
=�-. draft mode. Switching to ""near 

letter quality" is faster too, because now 
there's a button for changing modes. 

There's also a choice of typestyles, 
and of course you can still load enve
lopes from the front and put in single 
sheets any time you want. 

The IBM Proprinter II is for anyone 
who wants to print text and graphics, with 
a printer that's fast and economical. 

The IBM Proprinter X24 
and Proprinter XL24. 

The IBM Proprinter X24 and 
Proprinter XL24 are new. The ""24" 

I ' 

The IBM Proprill ter XL24 has a wide carriage, ideal for 
spreadsheets. 
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ted page. 

stands for 24-wire technology. What that 
stands for is new levels of Proprinter 
quality for everything you put on paper. 

Both models print letter quality 
text with greater detail and graphics 
with better density and definition. The 
improvement is easy to see. 

So is the performance. When 
compared to current, best-selling, 
comparably priced 24-wire printers, the 
Proprinter X24 and Proprinter XL24 
print l Y2 to 2 times the draft output in 
the same amount of time:" 

The Proprinter XL24 has a wide 
carriage for spreadsheet printing, and 
both have an optional sheet feed for 
added paper-handling convenience, 
plus FontSet�M an option that 
lets you choose from 1 1  
other typestyles. 

The IBM 
Quietwriter III 

Printer. 

easy on the ears, but the new IBM 
Quietwriter III Printer is even quieter 
and goes nearly twice as fast, printing 
executive letter quality text and graphics 
in an executive hurry. 

There's new flexibility in style, as 
well. The Quietwriter III Printer comes 
with four different type fonts built in 
and you can combine typestyles within 
the same document. 

If that's not enough, there are 
optional font cartridges that give you the 
freedom to use up to eight typestyles on 
one page. 

There's also a new dual-drawer 
sheet feed (with optional envelope feed) 
that lets you use letterhead stationery 
for the first page of a letter, then plain 
paper for the rest. 

No matter what level of price or 
performance you need, there's an IBM 
personal printer to fit the bill. And they 
fit very nicely with the IBM 
Personal System/2. 

Earlier IBM 
Quietwriter printers 
have always been 

7he IBM Quietwriter III Printer with single
drawer sheet feed. 

7here� also an innovative 
multiple-drawer sheet feed. 

* Based on an i ndependent eva l uat ion u s i n g PC Magazine La bs B e n c h m a r k  Series 
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It's not just what y'0U b 
but where you buy it. 

The new support. 
As we designed the IBM Personal 

System/2, we weren't just thinking 
about products. We also paid serious 
attention to how, and where, you 
buy them. 

The IBM Personal System/2 offers 
so many possibilities, so many new ways 
to do things better, astute guidance 
must be there if you need it. 

So we're raising the bar for customer 
support. Naturally, our IBM Marketing 
Representatives are fully knowledgeable 
about the Personal System/2. But also, 
we're bringing even greater levels of 
support from our dealers to you. 

IBM Authorized Advanced 
Products Dealers. 

Announcing the new IBM Author
ized Advanced Products Dealers. 

Selected from our already out
standing dealers, they're being specially 
trained and qualified. They will have 
the IBM Personal System/2 computers, 
IBM network and connectivity prod
ucts, peripherals, new IBM Operating 
System/2 when it's available, and all 
the support you should need. 

Perhaps even more important, 
they'll have a new focus; on systems 
instead of single pieces of hardware, 
on solutions instead of circuitry. 

They'll be thinking not only about 
the system you buy, but also about how 
you'll be using it. 

They'll offer help with learning 
about systems and software, connectiv
ity, and Operating System/2. 

And they're committed to new 
standards of training for their sales, 
technical support, and service people. 

No matter how big your business, 
whether you need one computer or a 
whole network's worth, the Advanced 
Products Dealer has what you need. 

IBM Authorized 
Advanced Products 
Value Added Dealers. 

If you're a specialist-a 
dentist, a librarian, a ship

builder-you need help 
7he Advanced Products Dealer will 

provide new levels oJtraining. 1t� all 
part 0/ the IBM Personal Systeml2. 
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uy, from a special kind of dealer. 
Introducing the new IBM 

Authorized Advanced Products 
Value Added Dealers. 

They're specialists, too. They build 
enhanced systems for specific indus
tries and now, with the entire Personal 
System/2 family, their building blocks 
are better than ever. There's an Advanced 
Value Added Dealer who understands 
your business almost as well as you do. 

IBM Authorized Dealers 
and Value Added Dealers. 

Our IBM Authorized Dealers and 
Value Added Dealers will have the IBM 
Personal System/2 Model 30 and 
peripherals to go with it, plus special 
know-how for helping people get start
ed in computing. 

IBM Marketing Representatives. 
These people have special skills for 

helping large companies and educa
tional institutions make the most of 
their investment in the IBM Personal 
System/2. 

And now, through the IBM 
Customer Fulfillment Option, our 
customers may also work with our 
dealers and value added dealers to 
get the best of both worlds; additional 
support for the Personal System/2 
plus the benefits of dealing with 
IBM directly. 

Congratulations are in order. 

It's not easy to qualify (and stay 
qualified) as an Advanced Products 
Dealer. Our expectations are high, 
as high as yours are. 

So when you visit one of our 
Advanced Products Dealers, give 
them a nice pat on the back. They've 
just signed up for a tough course. 
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A sy.stem thats bigger 
sum of Its parts. 

A new direction. 
The IBM Personal System/2 arrives 

in the wake of some fairly eager public 
speculation. So we expect there'll be a 
focus on "the new IBM pes:' 

But our focus is different. 

IBM"s one-million-bit 
memory chip joins the world of personal computing. 

While the machines are certainly key to 
the system, they are not The System. 

It's bigger. 
And it begins, not with chips or cir

cuit boards, but with you. After all, if 
our products don't answer your needs, 
you don't need them. 

So everything about the Personal 
System/2-how we build it, how you 
learn and use it, where you go to buy it, 
and how well it works with your other 
systems-is balanced to give you the 
highest overall performance. 

A new quality. 
We're making the Personal System/2 

even more reliable than our earlier pes. 
With new Very Large Scale Integra

tion technology, many pieces in a system 
are now replaced by one piece. Our 
one-million-bit memory chip reduces 
complexity, too. So costs go down, de
pendability goes up, and you get more 

work done in less time. 
We're also using more IBM

made components, and we're 
subjecting our systems to more rig
orous testing. 

We even operate each one for sever
al hours before it goes out the door. 

Yet in creating all this new technol 
ogy, we didn't forget that three million 
earlier IBM pes are out in the world. So 
our two generations are close relatives, 
and your investment in equipment 
and training is protected. 

Nor did we forget that many of 
you have larger IBM systems. The 
Personal System/2 will help you 
build better connections with 
IBM mid-range and main
frame computers. 

New help. 
We've also made the Per

sonal System/2 easier to learn. 
New IBM manuals, tutorial 
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than the 

diskettes, and start-up procedures will 
help you get your system going quickly. 

So will the people 
you bought it from. 
Our new Advanced 
Products Dealers 
and IBM Market-

A continuing tradition. 
It's said in the world of computing 

that the only constant is change, but 
that's not entirely true. 

In IBM's world of computing one 
thing holds firm, and it's the notion of 
partnership between our people and 
our customers. The Persona 1 System 12 

is a product of that 
partnership. 

IBM people 
are some of the :::�=i�i�:best listeners in 

ing Representatives � �-�-= the business, 
won't just sell you the Earlier TBM pes and the new TBM ;;rsonal S'ystem l2 I t 'ork and when they 
right system, they'll be together so 'your investment is protected. hear what you 
there to help you get the most out of it. want, they do something about it. 
And as your needs grow, they'll be able We're very proud of them all, and 

to help you expand the more you know about the IBM 
your system to meet Personal System 12, the more you'll 
new challenges. understand why. 
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And now for the 
fine print. 

All models include integrated display support, 256-color graphics capability, clock/calendar, and ports for serial, 
parallel and pointing devices. All systems use a common IBM enhanced keyboard and accept any IBM Personal 
System/2 monochrome or color display. All models accept the 200MB IBM 3363 Optical Disk Drive option. 

Model 30 Model 50 Model 60 Model 80 
Microprocessor 8086 80286 80286 80386 

Potential system Up to 2 Y2 times Up to 2 times Up t0 2 times Up to 3Y2 times 
throughputl PC XT Personal Computer AT Personal Computer AT Personal Computer AT 

Standard Memory 640KB 1MB 1MB Up to 2MB 

Expandable to 7MB 15MB 16MB 

Diskette size and 3.5 inch 3.5 inch 3.5 inch 3.5 inch 
capacity nOKB 1.44MB 1.44MB 1.44MB 

Fixed disk2 20MB 20MB 44, 70MB 44, 70, 115MB 
Additional Options 44, 70, 115MB 44, 70, 115MB 

Maximum configuration3 20MB 20MB 185MB 230MB 

Expansion slots4 3 3 7 7 

Operating system(s) PC DOS 3.3 PC DOS 3.3 and PC DOS 3.3 and PC DOS 3.3 and 
Operating System/2 Operating System 12 Operating System/2 

1. Based on the test ing descri bed in the I B M  Personal  System /2 Performance G u ide.  You r  resu lts may vary. 2. Model 30 a lso comes in a d i skette-based configurat ion .  3. Models 
with 44M B  f ixed d isk  expa n d a b l e  to 88 M B .  4 .  Model 30 accepts most I B M  PC a n d  IBM PC XT opt ion cards.  Models 50. 60 a n d  80 accept new I B M  M i c ro Channel  opt ion cards.  

Now that you've read all about the 
new IBM Personal System/2 and ex

amined its specifications, 
\ what should you do? 
9 Go to your telephone. 

Call 1-800-447-4700 
(ext. 9) and you'll 
learn who's the IBM 
dealer nearest you. 

(In Alaska call 1-800-447-0890, in 
Canada 1-800-465-6600.) 

And here are two things to ask when 

you finally get face to face. 
Ask about an IBM Credit 

Card. It just makes buying that 
much easier for a person or a business. 

Or, if you prefer leasing, ask an IBM 
authorized dealer or IBM Marketing 
Representative about the IBM leasing 
programs. 

With those formalities out of the 
way, you'll want to join the next genera
tion in personal computing. ===-:-:. -=- = ®  
The IBM Personal System/2. :: - -��� 

Lotu s  a n d  1 -2-3 a re tradema rks o f  Lotus Development Corporation . WordPerfect i s  a registered trademark o f  WordPerfect Corporat ion . d Base I I I  P L U S  is  a trademark o f  Ashton-Tate. I B M ,  
Personal  Computer AT a n d  Qu ietwriter a re registered tradema rks o f  I B M  Corporat ion .  Assista n t  Series, D isp layWrite, P C  X l  Profess iona l  Office System ,  Propri nter, " Fastfont; '  " FontSet;' 

" M i c ro C h a n n e l ; '  " O perating Syste m /2; '  " Personal System /2 "  and "Solut ionPac" a re trademarks of I B M  Corporation .  

© Copyright 1987 IBM Corporat ion .  

Pr inted i n  the USA 

G360-2757-00 
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trained in soil science ever looked at 
them before." 

How can fossilized marine mud be 
distinguished from fossil soil? As soil 
weathers, a gradient of minerals is 
formed. Mica and feldspar disappear 
from the soil surface, whereas the 
amount of quartz is not affected. Re
tallack and Feakes found that exact 
pattern at the Pennsylvania site. In ad
dition, the telltale red color of highly 
oxidized hematite in the rOc;k suggests 
the soil lay near the surface and was 
exposed to oxygen; rocks formed from 
ocean sediment, Retallack explains, 
are drab in color. 

The amount of calcium carbonate in 
the rocks is another clue to their origi
nal location. This highly soluble min
eral leaches out of soils in rainy envi
ronments. The abundance of calcium 
nodules in the fossil soil means rainfall 
was fairly low, and perhaps season
al. The environment, in other words, 
Retallack says, "was similar to mod
ern savannas of East Africa or north
ern Pakistan." 

The organic remains of the crea
tures that excavated the burrows dis
appeared long ago. Yet the shape of 
the burrows has enabled Retallack to 
hypothesize that a typical individual 
grew to the size of a typical cockroach, 
had legs on each side and shed its cara
pace periodically. 

Although the discovery encourages 
theories of independent terrestrial evo
lution of life, it is not a proof of that in
dependence, Retallack says. The old 
theory that land organisms came from 
the sea may still be correct, but at the 
very least the transition took place 
much earlier than had been thought. 

Self-Examination 

Acrucial event in the immune re
sponse to a pathogen rests on a 

paradox. T cells, the white blood cells 
that orchestrate the immune response 
or destroy infected tissue directly, can 
detect the pathogen's antigenic com
ponents only when they are associated 
with the body's own proteins: cell-sur
face molecules known as MHC pro
teins. What is the nature of the associa
tion between the foreign and "self" 
molecules, and how does it contribute 
to recognition by Tcells? 

Answers to these literally vital ques
tions are now emerging, notably from 
work reported in Science by a team 
of investigators led by Malcolm L. 
Gefter of the Massachusetts Institute 
of Technology, Howard M. Grey of 
the National Jewish Center for Im
munology and Respiratory Medicine 
and John A. Smith of the Massachu
setts General Hospital and the Har
vard Medical School. 

Ulhe Bovs Club helped 
take me from the outfield 

to the oil field:' 

"In the neighborhood where I 
grew up, t h e r e  were n ' t  m a n y  
places for a kid to spend his time. 
Except maybe the streets. So it's a 
good thing there was a Boys Club 
down the road. Sure,  our Club 
was a place where we could play 
ball. But it was also a place where 
we learned about something far 
more important than how to run 
the bases-we learned how to 
run our lives. 

You see, a Boys Club doesn' t 
stop at teaching young people 
good sportsmanship. It teaches 
t h e m  a b o u t  fri e n d s hip ,  
good citizenship, leader
ship. I guess that helps ex
plain why so many friends 

C . J .  " Pete "  S i l as  
C hai rman & C h ief Execut ive Off i cer, 
P h i l l i ps Pet ro l e um Company 

who were in the Boys Club when 
I was a member are now success
ful businessmen and professionals. 

It's nice to know that more than 
1 ,200, 000 young people at 1 , 100 
Boys Club facilities all across the 
country are getting the same op
portunities we had. And more . 

Today, they can learn computer 
skills and get vocational training at 
a Boys Club. They can even get 
help with college and career plan
ning-the kind of help that can 
turn a star in the outfield into a 
star in any field he chooses ! 

Take it from me, a Boys 
Club gives a kid a chance 
to be a leader. And that's 
a lesson I never forgot !"  

BOYS CWB 

The Club that beats the streets. 
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King faisal 
International Prize 
AN I N V ITAT I O N  TO THE NOMINAT I O N  
F O R  TH E K I N G  F A ISAL I NT E R N AT I O N A L  P R I Z ES 
I N  ME DI C I N E  AN D I N  SC I E N C E  

Th� G ene�al  Secretariat o f  K ing  Fa isal I nternationa l  Prize, i n  R iyadh,  K ingd o m  
o f  Sau d i  Arabia,  has t h e  p leasu re t o  i nvite U n iversities, Academies, E d ucatio nal 
I nstitut ions and R esearch Centers al l  over the Worl d  to n o m i n ate q u a l if ied can d i dates 
for : 

1 .  K ing  Fa isal I nternat ional  Prize i n  M edic ine .  
Top ic :  " LE U KA E M I A" 

and 
2. King Faisal l nternati onal  Prize i n  Science.  

Top ic :  " B I O LOGY" 
which wi l l  be awarded i n  1 408 A H  / 1 988 AD.  

(a)  The Prizes are  open to persons wh o h ave d o ne or ig ina l  research wo rks i n  the  
topic  of each  p rize wh ich greatly contributed to the  f ie ld of that  prize.  

(b )  Se l ecting the winner  wi l l  be decided by a Se lection C o m m ittee consisti ng of 
wel l  recognized special ists i n  the fie l d .  

( c) M o re than one person  may sh are each Prize.  

(d )  The Winner's names wi l l  be a n n o u n ced i n  J u mada-a l -U la  1 408H (Janu ary 1 988) 
and the p rize wi l l  be awarded i n  an offic ia l  cere m o ny to be held for th is p u rpose 
in R iyadh,  K ingdom of Saudi  Arabia. 

(e) Each Prize co nsists of : 
( 1 )  A certificate in the name of the winner  contain ing an abstract of the work 

that qua l ified h i m  / her  for the p rize.  

(2 )  A p reci ous medal .  
(3 )  A su m of th ree h u n dred and  fifty th ousand Sau d i  R iya ls  (S R . 350,000) . 

( f) The f o l l owi ng  cond iti o ns must be fu lf i l l ed .  

1 .  A n o m i nee must have acco m p l ished an outstand ing  academic  work i n  the 
su bject of the p rize, lead ing to the benef it  of mankind and e n richment of  
h u man thought. 

2. The prize wi l l  be awarded for the specific or ig ina l  research but  the 
n o m i nee's comp lete work will be take n into acco u nt. 

3.  The work su b m i tted with the n o m i nation m ust have bee n p u b l ish ed.  

4. The specif ic works su bmitted must not  h ave been awarded a prize by 
any internati onal  edu cati onal  institut ion o r  scientif ic  organ ization .  

5 .  N omi nati ons m ust be su bm itte d  by educatio nal institu tio ns of Wor ld  fame 
such as U n iversities, Academies and R esearch C enters. N o mi nati ons  fro m 
ind iv iduals  and p o l itical p arties wi l l  not  be accepted .  

6.  N om i nati ons m ust g ive fu l l  particu lars of the n o m i nee's acade mic  back
gro u n d ,  experience and p u b l icatio ns, as we l l  as cop ies of h is  / her  edu ca
t ional  certificates, if avai lab le. 0 ne co loured p h oto l Ox 1 5cm and th ree 
6x9cm ph otographs, fu l l  address and  tel e p h o ne n u m ber  of the n o m i nee are 
also requested .  

7 .  The n o m i nati ons and sel ected p u b l ications ( 1 0  cop ies) are to be  sent  by 
registered a i r  ma i l  to the address stated i n  ( 1 0) be l ow. 

8.  The l atest date for rece ipt of the fu l l  n o m i nati o ns with cop ies of wo rks is 
29- 1 1 - 1 407H (25/7/ 1 98 7 ) .  

9 .  N o  n o m i nati on papers o r  wo rks wi l l  be retu rned to t h e  sen ders_ 

1 0 .  All corresp ondences are to be sent, to : 
The G en eial Secretariat of K i ng Fa isal l nternatio nal Prize, 

P .  O. Box 2247 6,  R iyadh 1 1 495 , K i ngdom of Sau d i  Arabia, 
.... /��y Telex : 4046 67 P R I Z E  SJ. 

Before an antigen can associate with 
an MHC protein on the surface of a 
cell and trigger a T-cell response the 
antigen-presenting cell must bre�k it 
down into peptides (short sequences 
of amino acids, the building blocks 
of proteins). In earlier work the Gef
ter group and, independently, inves
tigators led by Emil R. Unanue of 
the Washington University School of 
Medicine had shown that a peptide ca
pable of stimulating a T-cell response 
in association with a particular MHC 
protein will bind to the same protein 
in the test tube. The finding suggested 
that the MHC protein acts as a recep
tor for the foreign peptide, holding 
it in a position that favors detection 
by T cells. 

That proposal raised a question. Al
though the diversity of MHC mole
cules within a species is enormous, 
each individual has only a few vari
ants. How can a handful of MHC pro
teins bind and present the multitude of 
different antigens to which an individ
ual is exposed? Each MHC protein ap
pears to make do with a single receptor 
site: the Gefter group, together with 
another group led by Grey, found that 
the binding of one peptide to an MHC 
molecule can prevent the binding of a 
second peptide with an affinity for the 
same MHC protein. 

The question then became: How can 
peptides from a vast variety of anti
gens bind to the same site? In order to 
find out, the workers compared the 
amino acid sequences of several pep
tides that bind to the same MHC mole
cule. The similarities were striking; ap
parently MHC proteins select similar 
peptide sequences from diverse anti
gens for presentation to T cells. 

The sequence information height
ened the mystery of an earlier obser
vation. One peptide, derived from a vi
rus known as bacteriophage lambda, 
bound tightly to a particular MHC 
protein, yet the combination did not 
stimulate T cells. The peptide could 
only elicit a T-cell response in associ
ation with other MHC proteins, for 
which it showed less affinity in the test 
tube. The amino acid sequence of the 
lambda peptide shed no light on the 
anomaly: it resembled those of pep
tides that did stimulate T cells in the 
context of the MHC molecule. 

In search of an explanation the in
vestigators compared the amino acid 
sequences of the peptides with the se
quence of the MHC molecule itself. 
They found a region of similarity, 
which fell within a segment of the 
MHC molecule that is also the domain 
of amino acid variations that distin
guish the MHC proteins of one indi
vidual from those of another. Now 
the lambda peptide stood out: whereas 
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Nuclear electricity 
gives Atnerica the poW"er 
to filake critical 
econotnic decisions. 

The 1973 Arab oil 
embargo gave 

America its first bitter 
taste of foreign oil depen

dence. To protect our econ
omy, we turned to electricity. 
Using American resources 
and technology. As a result, 
nuclear energy has estab
lished itself as a corner
stone in rebuilding a strong 
economy. 

The electrification 
of America 

Electricity is the only major form of 
energy that has experienced overall 
growth since 197 3 .  We are using 
36% more now than we did then. 
It serves new uses in our factories 
and heats twice as many of our 
©1987 USCEA 

homes. Nuclear energy's contribu
tion to our electricity supply has 
more than quadrupled during that 
time, helping fuel a 34 % growth 
in America's economy. 

There are still no guarantees 
against becoming too dependent 
on foreign oil once again. Our 
economy continues to require 
increasing amounts of electricity 
for its growth. And that electricity 
must continue to come from nu
clear energy, as well as coal and 
other domestic sources. 

The growth 
of nuclear energy 

American nuclear electricity was 
born in 1956. By 1973,  it had be
come a technology America could 
turn to when faced with the oil 
crisis. And today, over 100 nuclear 
plants make nuclear energy our 
second leading electricity source, 
behind coal. In fact, nuclear en
ergy and coal together have pro
vided over 95 % of all new elec
tricity generated in America over 
the past decade. 

Nuclear energy also,Saved 
Americans between 35 and 62 
billion dollars from 1974 to 1985,  

compared to the cost of non
nuclear-generated electricity. It has 
displaced over two billion barrels 
of oil. And its contribution contin
ues to climb. The U.S.  Department 
of Energy estimates that nuclear 
energy will provide 20 % of our 
electricity by the eady 1990s. 

Nuclear energy for 
a secure future. 

Nuclear energy has proven its 
worth to America's economy. 
Auburn University Dean of Engi
neering Dr. Lynn Weaver recently 
described nuclear energy as 
" . . .  one of the basic props support
ing the entire national economy." 

Yet, in spite of all we've accom
plished, the threat of foreign oil 
dependence remains. Difficult 
choices will still need to be made. 
But one fact has made itself very 
clear: the more we develop our 
own energy sources like nuclear 
energy and coal, the more we con
trol our own economic destiny. 

For a free booklet on energy 
independence, write to the U. S .  
Committee for Energy Awareness, 
P O. Box 1537 (ED20), Ridgely, MD 
2 168 1 .  Please allow 4-6 weeks for 
delivery. 

Information about energy 
America can count on 

u.s. COMMITTEE FOR ENERGY AWARENESS 
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QUESTAR® 12 on the 
QUESTAR® MOUNT 

The Questar 1 2, latest addition to the Questar family of fine optical 
instruments, now has its own Questar-designed mount. A German 
equatorial type, it is notable for its 3600 continuous tracking in A.A. 
with precision tracking to better than 4 arc seconds. The Questar 
Mount is designed with over-sized components so that it can 
accommodate any Questar up to 1 8  inches. The standard mount 
shown is straightforward in design but can be modified so as to be 
compatible with more sophisticated tracking devices or other 
special equipment. 

68 

The Questar 1 2  is a superb instrument for the serious astronomer, for 
the university astronomy department or the engineer seeking 
sophisticated tracking and surveil lance equipment for which Questar 
Corporation has a noted reputation . 

Questar Corporation Box 59, Dept. 20, New Hope, Pa. 1 8938 (2 1 5) 862-5277 

Let us send you our literature 
describing Questar telescopes, 

the world's finest optical 
systems. Please send $2 

for mailing in N.A.; by 
air to S.A. $3.50; 

Eur.; N. A frica $4; 
elsewhere $4.50 

the active pep tides differed from the 
MHC protein at the variable sites, the 
lambda peptide was largely identical 
with the MHC sequence even there. 

Even though a resemblance between 
a foreign peptide and a part of the 
MHC protein seems to be a prerequi
site for binding, too close a resem
blance apparently makes the bound 
peptide invisible to T cells. Gefter and 
his collaborators propose molecular 
mechanisms that might underlie these 
curious requirements. The segment of 
the MHC molecule bearing the amino 
acid code for "self," they suggest, has 
a three-dimensional geometry comple
mentary to the part of the molecule 
that forms the receptor. As a result the 
segment can fit into the receptor as an 
"internal ligand." An antigenic peptide 
with a similar amino acid sequence 
and hence a similar structure can dis
place the internal ligand and bind to 
the receptor. 

Gefter and his co-workers believe 
that model of the interaction between 
antigen and MHC protein, if it is 
broadly applicable, could resolve a 
central mystery of immunology: the 
question of how T cells recognize an 
antigen as foreign. The group proposes 
the recognition is based on just a few 
amino acid sites: those at which a for
eign peptide bound to an MHC pro
tein differs from the internal ligand. In 
this view T cells approach MHC pro
teins on the surface of other cells and 
inspect the ligand occupying the recep
tor. Small variations from the "self" 
sequence are enough to trigger an im
mune reaction. If a foreign peptide 
matches the sequence at the crucial 
sites, as the lambda peptide did, the T 
cell sees the sequence as "self" and 
does not respond. 

The scheme proposed by the Gefter 
group can also help to account for 
transplant rejection, in which the graft 
recipient's T cells respond not to anti
gen combined with "self" MHC pro
teins but directly to the foreign MHC 
proteins on grafted cells. Gefter and 
his colleagues propose that the inter
nal ligand in an MHC protein of one 
individual differs from the internal li
gand in the corresponding protein of 
another individual much as an anti
genic peptide would. To a T cell a for
eign MHC molecule looks like a "self" 
molecule carrying an antigenic pep
tide. Graft rejection, Gefter says, is 
"just a by-product of the way the im
mune system works." 

Protobrain 

The demands on the central nervous 
system of the fetus change dramat

ically at birth. Survival, formerly a 
cooperative venture, becomes a soli-
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{-MEGA 
BERNOULLI BOX 

For PC/XTIAT and most 
compatibles 
10 meg (single) . . . . . . . . . .  $1199 
20 meg (sing le) . . . . . . . . . . .  1599 
20 meg (10 + 10) . . . . . . . . .  1799 
40 meg (20 + 20) . . . . . . . . .  2299 
Bernoulli Plus (80+20+20) . .  3699 

interface priced separately 
IOMEGA Bernoulli Cartridge 
1 0  meg-3 pak . . . . . . . . . . . . 155 
20 meg-3 pak . . . . . . . . . .  , . 239 
Dysan-Bernoulll Cartridges 
10 meg-3 pak . .  , . . . . . . . . .  140 
20 meg-3 pak . . . . . . . . . . . .  209 
BB HEAD CLEANING KIT . . . . 59 
MOUNTAIN 
4458 1 8  20 MB Internal 
Bernoull i  Drive . . . . . . . . . . .  CALL 
445826 20 MB Cartridge for 
internal Bernoulli Drive . • . • . . .  90 

HARD DRIVE CARDS 

Western Dig ital 10 MB . . . . . .  $299 
Western D ig ital 20 MB • . • . . . .  489 
P lus Development 20 MB . • .  CALL 
Western D ig ita l 30 MB . . . . .  CALL 
MULTI FUNCTION BOARDS 

AST 
110 M ini II . . . . . . . . . . . . . . . .  $99 
Six pak + with 384K . . . . . . . .  209 
Six pak prem ium with 512K . . . 229 
Rampage PC . . . . . . . . . . . . .  239 
Rampage AT . . . . . . . . . . . . . .  409 

GENERIC 
Multi-function Board 
(clock & calendar, 2 ser., 1 par.) 

OK .. . . . . . . .. . . . . . . . . . . .  99 
384K . . . . . . . . . . . . . . . . . .  175 

INTEL ABOVEBOARD 
All products . . . . . . . . . . . . .  CALL 
ORCHID TECHNOLOGY 
All products . . . . . . . . . . • . .  CALL 
Generic Compatibles of most of the 
above . . . . . . . . . . . . . . . . .  CALL 
CHIPS 

SEAGATE 
Internal Hard Disk Subsystems 
20 Megabyte . . . . . . . . . . . . .  $369 
30 Megabyte V2 Height . . . . . . .  450 
Each system includes: 
• Seagate Dr ive • Control ler 
• Documentation • 2 Cables 
• 1 yr l imited warranty 
• For use in iBM PC, XT, AT&T, most 

compatibles 
40 MGB Drive (only) for AT . . . .  699 
80 MGB Drive (only) for AT . . .  1099 

TAPE BACKUPS 

Western Digital 60 meg . . . . . •  $699 
Archive 60 meg . . . . . . . . . . . . .  690 
Tallgrass 1020i-XT . . . . . . . . . . •  339 
Tallgrass 1 020i·AT. . . . . . . . . . . .  339 

MODEMS 

Model 
1 200 

HAYES Internal 
(including software) 
1 200B 1 200 Baud . . . . . . . . . .  $349 
2400B 2400 Baud . . . . . . . . . . .  51 0 
HAYES External 
(no software included) 
1200 1200 Baud . . . . . . . . . . . .  380 
2400 2400 Baud . . . • . . . . . . . .  579 

OTHER MODEMS 
Hayes compatible 
Internal (including software) 
Practical Peripherals 1 200B . . . .  125 
Novation 1200B . . . . . . . . . . . . .  125 
Multitech 2400B . . . . . . . . • . . . .  209 

External (no software included) 
U.S. Robotics 1 200 baud . . . . . .  1 99 
U.S. Robotics 2400 baud . . . • . .  399 
Practical Periphe rals 1 200 baud . 145 
Novation 1 200 baud , . . . . . . . . . 175 
Generic 1 200 baud . . . . . . . . . .  109 

EPSON 
Epson's FX-86e Is the industry's stan

darc/ DOT MATRIX PRINTER. Featutes 

include 8K buffer, NLQ, 401240 cps. 

OTHER EPSON PRINTERS 
FX 86E (New)200 CPS . . . . . . .  $360 
FX 286E wide carriage (New) . . . 499 
LX 86 120 CPS . . . . . . . . . .. . . .  189 
EX 800 300 CPS . . . . . . . . . . . •  430 

EX 1000 300 CPS . . . . . • . . . . .  599 

LQ 800 NLQ (Parallel) . . . . . . . . .  455 
LQ 1000 N LQ (Parallel) . . . . . . . .  650 

LQ 2500 NLQ 324 CPS . . . . . .  CALL 
CR 420i NLQ 420 CPS . . . . . . . .  699 

PRINT BUFFERS 

PRACTICAL PERIPHERALS 
64K parallel or serial . • . . . . . . .  $12� 
256K parallel or seria l . . . . . . . . .  1 59 
HANZON 
64K un iversa l . . . . . . . . . . . . . . .  250 
64K memory expansion . . . . . . . . 56 

QUADRAM 
Microfazers . . . . . . . . . . . . . . .  CALL 

MONITORS 

Best Buy 
Kimtron KC-l 1 3 "  RG B . . . • . . .  $275 
Samsung 1252G 1 2 "  Amber TTL . 99 
NEC 
M ultisync . . . . . . . . . . . . . . . . . .  575 

SONY 
Multiscan 

with t ilt swivel & cable . . . . . . .  679 
RGB with TV . . . . . . . . . . . . . . . 475 

AMDEK 
300A amber composite . . . . . . . 130 
310A (TTL) Am ber . . . . . . . . . . .  129 
410A, 41 0G , 410W . . . . . . . . . .  CALL 

Huge Discounts on 
TOSHIBA NEe 
�TA XEROX I Diablo' 

EPSON RX·100+ $225 
100 CPS Dot Matrix 

As above wI NLQ version $280 

SPECIAL PURCHASE! 
Diablo 0-36 Daisywheel 35 CPS 

Mfr. Sugg. Ret. $1495 
Elek·Tek Price $450 

TRIPPLITE & PERMA POWER 

POWER PROTECTION 

Surge protector strips 
PermaPower 6 outlet . . . . . . . .  $28 
Isobar4-6 4 outlet. . . . . . . . . . . . 42 
Isobar8·15 8 outlet . . . . . . . . . . .  50 
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Command consoles 
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Standby power systems 
TLBC450 450 watt system . . . .  360 
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TLBC1000 1 000 watt system . . . 850 
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tary chore. Perhaps it is not surprising, 
then, that neuroscientists have recent
ly found evidence that the fetal brain 
may be qualitatively different from 
the brain of the adult. 

Three investigators at the Stanford 
University School of Medicine have 
shown that a popUlation of cells in the 
embryonic cat brain are mature, and 
probably functioning, nerve cells. The 
neurons appear when the embryo is 
three or four weeks old-long before 
any other cells in the brain's hemi
spheres have differentiated-and dis
appear about two months after birth. 
They populate an area of the develop
ing brain that will later become the so
called white matter, a region distin
guished by its lack of nerve cell bodies. 
The neurons are therefore both tempo
rally and spatially distinct from the 
cells destined to make up the nervous 
system of the adult. 

The cell population had been recog
nized long before the Stanford work
ers' report, but no one knew what kind 
of cells the population contained. In 
a recent issue of Nature Jerald J. M. 
Chun, Mark J. Nakamura and Carla J. 
Shatz demonstrated that the cells sat
isfy several criteria for active nerve 
cells: they bind antibodies against a 
nerve-cell protein, they produce chem
ical substances that are unique to 
nerve cells and, viewed with the elec
tron microscope, they look like func
tional nerve cells. 

By means of delicate surgical tech
niq ues the investigators labeled the 
cells in living fetuses and then dissect
ed the fetuses at various intervals to 
trace the life history of the cell popu
lation. The work established that the 
cells are not the forerunners of any 
adult population. Most embryos make 
nascent nerve cells in great excess, 
then prune away inaccurate circuitry. 
This pruning, however, occurs among 
cell populations that persist in the 
adult. In contrast, the cells Chun and 
his colleagues identified are found in 
the fetus alone. 

Because these cells have no adult 
counterpart, it is difficult to ascertain 
what they actually do in the develop
ing embryo. They could be specialized 
regulators of fetal heart rate, respira
tion or hormone secretion, or sign
posts that direct the maturation of the 
adult nervous system. They could be 
acting as surrogates for adult nerve 
cells, helping to solve the logistic prob
lem posed by a complex network the 
countless components of which must 
mature simultaneously. They may or 
may not be indicative of a type of fetal 
intelligence entirely distinct from that 
of the adult. These speculations are 
paving the way for future experimen
tation, and Shatz suspects that there 
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are other populations of transient fetal 
nerve cells yet to be discovered. 

MEDICINE AND HEALTH 

Enzyme Therapy 

The best way to treat a disease aris
ing from a defect in the gene for an 

enzyme would be to replace the defec
tive gene. There are still serious obsta
cles, however, to the implementation 
of gene therapy, notably the problem 
of regulating the gene once it has been 
inserted in a patient's cells. An alterna
tive approach is to replace the enzyme 
rather than the gene. Workers at the 
Duke University Medical Center and 
the University of Nebraska Medical 
Center have reported what they call 
the first successful treatment of a ge
netic disease by means of enzyme re
placement. 

The disease is adenosine deaminase 
(ADA) deficiency, a disorder that af
flicts 20 or 30 newborns in the world 
each year. In the absence of ADA, the 
DNA precursor deoxyadenosine tri
phosphate accumulates in cells, block
ing the normal synthesis of DNA. The 
effect is most pronounced in lympho
cytes, or immune cells. Victims of 
ADA deficiency have a drastically un
derdeveloped immune system, and un
less they are treated they usually die of 
an infection within two years of birth. 
Only one in five can be treated effec
tively with transplants of lymphocyte
producing bone marrow from a sibling 
or parent. 

Injections of the purified enzyme 
would seem a straightforward solu
tion. The problem has been that ADA, 
like most enzymes, normally functions 
inside cells; when it is injected into the 
bloodstream, it is broken down rapid
ly, before it can be effective. Another 
difficulty is that at present the only 
economical source of ADA is animal 
tissue. Animal ADA would be expect
ed to provoke an immune reaction 
in human patients, particularly once 
their immune function has improved. 

The Duke and Nebraska groups ap
pear to have circumvented both dif
ficulties, although the results they 
report in the New England Journal of 
Medicine are preliminary. Instead of 
injecting pure ADA into the blood
streams of their two patients, the 
workers injected ADA that had been 
chemically combined with polyethyl
ene glycol (PEG), a waxy, nontoxic 
substance with a variety of medical ap
plications. Because PEG-coated ADA 
is protected from breakdown by oth
er enzymes, its half-life in the blood
stream is two or three days rather than 
a few minutes. The PEG also seems to 

prevent an immune response, proba
bly by blocking the binding of antibod
ies to the enzyme. 

After the two children had received 
weekly doses of PEG-ADA for several 
months, the workers report, "the prin
cipal biochemical consequences of 
[ADA] deficiency were almost com
pletely reversed," and normally func
tioning lymphocytes appeared in the 
patients' blood. More important, the 
children have shown distinct clinical 
improvements: neither of them has 
had a serious infection, both have 
gained weight and both are more ac
tive than ever before. 

It remains to be seen whether the im
provements are lasting and whether 
other patients will do as well. But 
according to Michael S. Hershfield 
of Duke, the early results suggest that 
ADA-deficiency may one day be a 
manageable condition, rather like dia
betes. Moreover, the technique for 
modifying enzymes with PEG, devel
oped by Enzon, Inc., of South Plain
field, N.J. , might be applied to other 
genetic and nongenetic disorders, in
cluding atherosclerosis. 

SURVEY 

Scared Sick 
Strong links are being found between the 
nervous system, the endocrine system and 
the immune system. 

The Greek physician Galen noted 
nearly 2,000 years ago that de

pressed women were more likely than 
others to develop cancer. Contem
porary studies have found similar as
sociations between emotional stress 
and illness. Theodore J. Jacobs of the 
Albert Einstein College of Medicine 
and Edward S. Charles of Columbia 
Presbyterian Hospital confirmed in 
1980 that children with cancer are 
more likely than others to have experi
enced recent psychological trauma; 
and investigators at several institu
tions have verified that illness and 
death strike with more than usual fre
quency at people who have recently 
lost a spouse. 

Conceivably stress could cause ill
ness simply by diminishing a person's 
capacity for self-care. Yet evidence ac
cumulates to support the proposition 
that stress enhances susceptibility to 
disease through direct connections be
tween the nervous system and the 
immune system. One such connection, 
the suppressive effect on the immune 
system of glucocorticoid hormones 
prod uced by the adrenal glands in re
sponse to stress, has been known since 
the 1950's: stressed animals show 
changes in the relative numbers of dif-
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If the \Norld \Nere a perfect place. 
you \Nouldnlt need 

The real world 
i ncludes long 
stretches of traffic, 
terrible weather and 
serious demands on you r  
car. So, may we suggest that 
you consider a car intel l igently 
designed to handle the real world? 
We re suggesti ng you consider 
Buick LeSabre. Not because it's 
perfect, but because it is so good 
at the things that really count. For 
example . . .  
For adults 

Those of us who have gradu
ated to adu lthood apprecia!e cer
tai n  significant accommodations to 
real ity. A glance at LeSabre's inte
rior tel ls you it's rich and hand
some. Sit in it and you fi nd some
th ing even better: true su pport 
com bined with deep luxu ry. And 
the avai lable 6-way power control 
seat puts a wide range of adjust
ments at fingertip control . 

Whi le you ' re sit
t ing in that seat, do 

another real ity 
check and 

you ' l l  f ind 
another 

su rprise:  
room . You 

have to 
stretch 

to reach 
the far 

side. Clearly, 
Bu ick is an automobile bui lt for 
adu lt pleasu re. 
In the long run 

The real world is not kind to 
automobi les. Rain ,  rocks, potholes, 
mud,  salt, ice and humanity all take 

B u 

a Buick. 

their tol l .  Buick is 
prepared to fight back. 

Take someth ing as funda
mental as the paint. The LeSabre 
fin ish starts seven layers down . 
Fi rst, the body is immersed in a 
phosphate cleaning solution .  Then 
it is electrical ly charged to provide 
a magnetic attraction for paint. 
Only then does the fi rst primer coat 
go on.  After the primer coat is wet
sanded by hand,  a 
platoon of robots 
applies two sepa
rate layers of color 
enamel , dancing 
and whir l ing to 
cover every surface 
evenly and com
pletely. 

Fi nally, two coats 
of clear acryl ic enamel are added 
to provide a deep, lustrous f in ish to 
keep you r  Bu ick handsome through 
years of l ife's 
abuses. 

Where better rea lly matters. 

To drive 
When all is said and done, the 

real test of satisfaction with a car 
happens beh ind the steering 
wheel . And Buick is just what the 
driver ordered . 

LeSabre's big 3 . 8- l itre V-6 with 
sequential-port fuel i njection is  
there to do the job qu ietly, easi ly, 
rel iably. Ful ly independent suspen
sion not only smooths the ride but 
also gr ips the road in a h igh ly 

sporting manner. 
U nti l the world we l ive in 

perfects itself, may we suggest 
that you buckle u p  and see you r  
Bu ick dealer for a test drive in  
an automobile 
that can make 
reality 

I 
For more 
information,  
a brochure or 
a test drive,  cal l 
1 -800-87-BUICK 
(1 -800-872-8425) . 

1I�,r,rl� QUALITY COMMITMENT PlAN 
See your  dealer for the terms and conditions 
of this l im ited warranty . 

I c K 
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ferent types of white blood cells, in
cluding lymphocytes. 

Many other possible interactions of 
the central nervous system with the 
immune system have been discovered 
in the past few years. Karen Bulloch of 
the State University of New York at 
Stony brook has shown how nerve fi
bers penetrate deep into lymphoid tis
sue such as the bone marrow and the 
thymus gland, where lymphocytes are 
produced and mature; Lewis T. Wil
liams, now at the University of Cal
ifornia School of Medicine in San 
Francisco, has demonstrated that lym
phocytes have specific receptor sites 
for the neurotransmitters such nerve 
fibers release. Eli K. Hazum of the 
Weizmann Institute of Science in Isra
el has found that neuropeptides such 
as beta-endorphin bind to specific re
ceptor sites on lymphocytes. 

To take another example, macro
phages (cells that are stimulated by 
the immune system to devour invad
ing organisms) appear to be activated 
by serotonin, according to Manfred L. 
Karnovsky of the Harvard Medical 
School. Serotonin is found in blood 
platelets and is also a neurotransmit
ter; it binds to macrophages at the 
same sites as muramyl pep tides, com
pounds that activate macrophages but 
also induce sleep. 

Lymphocytes reciprocate. J. Edwin 
Blalock of the University of Alabama 
at Birmingham has shown they pro
duce hormones such as adrenocortico
tropic hormone, which affects the ad-

renal gland. Interferon, an immune
system protein important in fighting 
viral infections, has been shown to in
fluence the neuroendocrine system. 

These links have an effect. Steven E. 
Keller and his colleagues at the Mount 
Sinai School of Medicine in New York 
found that stress inhibited lymphocyte 
response to immunogenic challenge 
even in rats whose adrenal glands had 
been removed. Some workers are be
ginning to view the immune system 
and the neuroendocrine system as 
complementary sensoriums that rou
tinely exchange information about the 
stresses they are responding to. 

Such interactions appear to change 
immune function subtly in both ani
mals and people facing psychological 
stress. Christopher L. Coe of the Uni
versity of Wisconsin at Madison finds 
infant squirrel monkeys separated 
from their mothers have an immune 
response markedly different from that 
of monkeys kept with their mothers. 
Janice K. Kiecolt-Glaser of the Ohio 
State University College of Medicine 
finds the efficacy of DNA repair in 
lymphocytes is lessened in pyschologi
cally distressed mental patients. 

In spite of such suggestive findings 
no conclusive studies yet link stress 
to reduced immune function and im
paired health. A first attempt has been 
made by Ronald Glaser and his co
workers at the Ohio State Universi
ty Medical Center. Glaser took blood 
samples from medical students at vari
ous times in the course of a year, some-

OLIVE BABOON seeking to raise its status engages in a threat display in this photo
graph made by Irven DeVore (from Anthro-Photo). Investigators are studying the ba
boons in Kenya to see if successful males are better able to control the response to stress. 
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times just after vacations and some
times during academic examinations. 
As expected, immune systems were 
working less well at exam time. "Nat
ural killer cells" that kill tumor cells 
were impaired and other cells pro
duced diminished amounts of inter
feron. Moreover, the subjects' blood 
levels of the Epstein-Barr virus, a 
common latent infection, rose during 
examination periods. 

Glaser asked the students to report 
on minor medical symptoms that had 
limited their activities, such as coughs 
and colds. They mentioned having had 
such problems more frequently at 
exam time, when their immune sys
tems were compromised, than under 
other circumstances. Tracing such an 
intricate series of biological effects 
would have been impossible 30 years 
ago, when "all we could measure was 
death," as Marvin Stein of Mount Si
nai recalls. 

Why should a relation between the 
nervous system and the immune sys
tem have evolved that tends toward in
creased vulnerability? One possible 
explanation is that prolonged stress 
caused by psychological events, as op
posed to short-term physical stress, is 
itself a recent evolutionary develop
ment, a consequence of the expansion 
of the human brain and an intensely 
social way of life. The effects of stress 
on the immune system might be incon
sequential or even beneficial in the 
short term but then become harmful, 
for one or another reason, when stress 
is prolonged. 

One proponent of this view is Rob
ert Sapolsky of Stanford University. 
He has shown that aged rats are unable 
to suppress production of glucocor
ticoids by the adrenal glands after a 
stressful event has ended. Neurons in 
the hippocampus, a part of the brain 
that monitors and controls glucocorti
coid levels, are killed by high levels of 
the hormones over the course of a life
time. This damages the feedback sys
tem that would normally keep the lev
els in check. 

Sapolsky is now studying the effect 
of behavioral dominance in wild olive 
baboons on health and stress, as meas
ured by glucocorticoid levels. Prelim
inary observations suggest that the 
highest-ranking males are usually the 
healthiest, and that they most effec
tively suppress glucocorticoids after 
undergoing stress. It remains to be 
seen whether people who are good at 
coping with stress gain the benefit of a 
more responsive immune system and 
better health. If they do, and if impair
ments of the immune system can in the 
future be routinely assessed, the im
plications for health care could be 
far-reaching. 
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every flight to Asia. 

If you're traveling to Tokyo, Hong Kong, Seoul, 
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Climate Modeling 
Will the "greenhouse effect" bring on another Dust Bowl? Would 

nuclear war mean 'nuclear winter'? Computer models of the earths 

climate yield clues to its future as well as to its checkered past 

The earth's climate changes. It is 
vastly different now from what 
it was 100 million years ago, 

when dinosaurs dominated the planet 
and tropical plants thrived at high lati
tudes; it is different from what it was 
even 18,000 years ago, when ice sheets 
covered much more of the Northern 
Hemisphere. In the future it will surely 
continue to evolve. In part the evolu
tion will be driven by natural causes, 
such as fluctuations in the earth's or
bit. But future climatic change, unlike 
that of the past, will probably have an
other source as well: human activities. 
We may already be feeling the climatic 
effects of having polluted the atmos
phere with gases such as carbon diox
ide. The effects of a nuclear war would 
be far more dramatic. 

How can human societies prepare 
for so uncertain a climatic future? 
Clearly it would help to be able to pre
dict that future in some detail, but 
therein lies a problem: the processes 
that make up a planetary climate are 
too large and too complex to be repro
duced physically in laboratory experi
ments. Fortunately they can be simu
lated mathematically with the help of 
a computer. In other words, instead of 
actually building a physical analogue 
of the land-ocean-atmosphere system, 
one can devise mathematical expres
sions for the physical principles that 
govern the system-energy conserva
tion, for example, and Newton's laws 
of motion-and then allow the com
puter to calculate how the climate will 
evolve in accordance with the laws. 
Mathematical climate models cannot 
simulate the full complexity of real
ity. They can, however, reveal the logi
cal consequences of plausible assump
tions about the climate. At the very 
least they are a big step beyond purely 
speculative "hand waving." 

Mathematical models have been 
used to simulate the present climate
to study, for instance, the effects on 
the atmosphere of volcanic eruptions 
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by Stephen H. Schneider 

such as El Chich6n. They are also 
helping to explain the evolution of 
past climates, including those of the 
ice ages and the Cretaceous period (the 
final age of the dinosaurs). The accu
racy of paleoclimatic simulations in 
turn lends confidence to workers who 
employ the same models to simulate 
future climates, and who in particular 
try to gauge the potential impacts of 
human pollution and of nuclear war. 
In this context climate modeling is 
emerging as a field of more than aca
demic interest: it is becoming a funda
mental tool for assessing public policy. 

Basic Elements 

Although all climate models consist 
of mathematical representations of 
physical processes, the precise compo
sition of a model and its complexity 
depend on the problem it is designed to 
address. In particular they depend on 
how long a period of the past or future 
is to be simulated. Some of the proc
esses that influence climate are very 
slow: the waxing and waning of gla
ciers and forests, for example, or the 
motions of the earth's crust, or the 
transfer of heat from the surface of the 
ocean to its deeper layers. A model de
signed to forecast next week's weather 
ignores these variables, treating their 
present values (the extent of ice cover
age, for instance) as external, unchang
ing "boundary conditions." Such a 
model simulates only atmospheric 
change. On the other hand, a model 
designed to simulate the dozen or so 

ice ages and interglacial periods of the 
past million years must include all the 
above processes and more. 

Climate models vary also in their 
spatial resolution, that is, in the num
ber of dimensions they simulate and 
the amount of spatial detail they in
clude. An example of an extremely 
simple model is one that calculates 
only the average temperature of the 
earth, independent of time, as an ener
gy balance arising from the earth's 
average reflectivity and the average 
"greenhouse" properties of the atmos
phere. Such a model is zero-dimen
sional: it collapses the real tempera
ture distribution on the earth to a sin
gle point, a global average. In contrast, 
three-dimensional climate models re
produce the way temperature varies 
with latitude, longitude and altitude. 
The most sophisticated of them are 
known as general-circulation models. 
They predict the evolution with time 
not only of temperature but also of hu
midity, wind speed and direction, soil 
moisture and other climatic variables. 

General-circulation models are usu
ally more comprehensive than simpler 
models in terms of the natural detail 
they include, but they are also much 
more expensive to design and run. The 
optimal level of complexity for a mod
el depends on the problem and on 
the resources available to address it; 
more is not necessarily better. Often it 
makes sense to attack a problem first 
with a simple model and then employ 
the results to guide research at higher 
resolution. Deciding how complicated 

NUCLEAR WAR in July would trigger widespread but transient "quick freezes" in the 

Northern Hemisphere, according to simulations done by the author and Starley L. 
Thompson of the National Center for Atmospheric Research. The maps show the model· 

computed surface temperatures (in degrees Celsius) on a normal day in July (top) and on 

the 10th day of a 10-day nuclear war (bottom). The simulation assumes that fires start· 

ed by 6,500 megatons of bombs produced 180 million metric tons of sunlight·blocking 

smoke. The cooling effects are localized because the smoke is patchy and because they 

depend on local weather. Hence a single simulation cannot forecast the temperature for a 
specific time and place; it can only convey the type of change a nuclear war could cause. 
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a model to use for a given task-in oth
er words, at what level to trade com
pleteness and accuracy for tractability 
and economy-is more a value judg
ment than it is a strictly scientific one. 

Grids and Parameters 

Even the most complex general-cir
culation model is sharply limited in 
the amount of spatial detail it can 
resolve. No computer is fast enough 
to calculate climatic variables every
where on the earth's surface and in the 
atmosphere in a reasonable length of 
time. Instead the calculations are exe
cuted at widely spaced points that 
form a three-dimensional grid at and 
above the surface. The model my col
leagues and I at the National Center 
for Atmospheric Research use has a 
grid with nine layers stacked to an alti
tude of about 30 kilometers. The hori
zontal spacing between grid points is 
roughly 4.5 degrees of latitude and 
seven degrees of longitude. 

The wide spacing creates a problem: 
many important climatic phenomena 
are smaller than an individual grid 
box. Clouds are a good example. By 
reflecting a large fraction of the inci
dent sunlight back to space, they help 
to determine the temperature on the 
earth. Predicting changes in cloudiness 
is therefore an essential part of reliable 
climate simulation. Yet no global cli
mate model now available or likely to 
be available in the next few decades 
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has a grid fine enough to resolve indi
vidual clouds, which tend to be a few 
kilometers rather than a few hundred 
kilometers in size. 

The solution to the problem of sub
grid-scale phenomena is to represent 
them collectively rather than indi
vidually. The method for doing so is 
known as parameterization. It consists, 
for example, in searching through cli
matological data for statistical rela
tions between variables that are re
solved by the grid and ones that are 
not. For instance, the average temper
ature and humidity over a large area 
(the size of one grid box, say) can be 
related to the average cloudiness over 
the same area; to make the equation 
work one must introduce a parameter, 
or proportionality factor, that is de
rived empirically from the tempera
ture and humidity data. Since a mod
el can calculate the temperature and 
humidity in a grid box from physical 
principles, it can predict the average 
cloudiness in the grid box even though 
it cannot predict individual clouds. 

To fully simulate a climate the mod
els must take into account the complex 
feedback mechanisms that influence 
it. Snow, for example, has a destabi
lizing, positive-feedback effect on 
temperature: when a cold snap brings 
a snowfall, the temperature tends to 
drop further because snow, being 
highly reflective, absorbs less solar en
ergy than bare ground. This process 
has been parameterized fairly well in 
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climate models. Unfortunately other 
feedback loops are not as well under
stood. Again clouds are a case in point. 
They often form over warm, wet areas 
of the earth's surface, but depending 
on the circumstances they may have 
either a stabilizing, negative-feedback 
effect (cooling the surface by blocking 
sunlight) or a positive one (warming 
the surface further by trapping heat). 

Climate Sensitivity 

Uncertainty about important feed
back mechanisms is one reason the ul
timate goal of climate modeling-fore
casting reliably the future of key vari
ables such as temperature and rainfall 
patterns-is not yet realizable. Another 
source of uncertainty that is external 
to the models themselves is human be
havior. To forecast, for example, what 
impact carbon dioxide emissions will 
have on climate one would need to 
know how much carbon dioxide is go
ing to be emitted. 

What the models can do is analyze 
the sensitivity of the climate to various 
uncertain or unpredictable variables. 
In the case of the carbon dioxide prob
lem one could construct a set of plausi
ble economic, technological and pop
ulation-growth scenarios and employ 
a model to evaluate the climatic con
sequences of each scenario. Climatic 
factors whose correct values are un
certain (such as the cloud-feedback 
parameter) could be varied over a 
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plausible range of values. The results 
would indicate which of the uncertain 
factors is most important in making 
the climate sensitive to a carbon diox
ide buildup; one could then focus re
search on those factors. The results 
would also give some idea of the range 
of climatic futures to which societies 
may be forced to adapt. How to re
spond to such information, of course, 
is a political issue. 

Perhaps the most perplexing q ues
tion about climate models is whether 
they can ever be trusted enough to pro
vide grounds for altering social poli
cies, such as those governing carbon 
dioxide emissions. How can models so 
fraught with uncertainties be verified? 
There are actually several methods. 
None of them is sufficient on its own, 
but together they can provide signif
icant (albeit circumstantial) evidence 
of a model's credibility. 

The first method is to check the 
model's ability to simulate today's cli
mate. The seasonal cycle is one good 
test because the temperature changes 
involved are large-several times larg
er, on the average, than the change 
from an ice age to an interglacial peri
od. General-circulation models do re
markably well at mapping the season
al cycle, which strongly suggests they 
are on the right track. The seasonal 
test, however, does not indicate how 
well a model simulates slow processes, 
such as changes in ice cover, that may 
have an important long-term effect. 

A second method of verification is 
to isolate individual physical compo
nents of the model, such as its parame
terizations, and test them against real 
data from the field. For example, one 
can check whether the model's param
eterized cloudiness matches the level 
of cloudiness appropriate to a particu
lar grid box. The problem with this test 
is that it cannot guarantee that the 
complex interactions of many individ
ual model components are properly 
treated. The model may be good at 
predicting average cloudiness but bad 
at representing cloud feedback. In that 
case the simulation of the overall cli
matic response to, say, increased car
bon dioxide is likely to be inaccurate. 

For determining overall, long-term 
simulation skill there is a third meth
od: checking the model's ability to re
produce the very different climates of 
the ancient earth or even of other plan
ets. The paleoclimatic simulations I 
shall describe below are intrinsically 
interesting as exercises in understand
ing the earth's history. As checks on 
climate models, however, they are also 
crucial to estimating its future. 

Recent History 

One of the most successful paleocli
matic simulations to date was done by 
John E. Kutzbach and his colleagues 
at the University of Wisconsin at Mad
ison. Kutzbach attempted to explain 
the warmest period in recent climat-

ic history, the so-called climatic opti
mum that took place between about 
9,000 and 5,000 years ago. During that 
period, judging from fossil and other 
geologic evidence, summer tempera
tures within the northern continents 
were several degrees Celsius higher 
than they are now. In Africa and Asia 
the monsoons were more intense. 

Kutzbach's simulation showed that 
the climatic differences could be ex
plained by two small differences in the 
earth's orbit: a slightly greater tilt of its 
spin axis and the fact that it made its 
closest approach to the sun in June 
rather than in January, as it does now. 
Both these differences would have in
creased the amplitude of the season
al cycle in the Northern Hemisphere. 
Nine thousand years ago the North
ern Hemisphere received about 5 per
cent more solar heat during the sum
mer and about 5 percent less during 
the winter than it does today. Because 
the summer temperature difference 
between land and sea was greater, the 
wind patterns were different and the 
monsoon rainfall was more intense. 

Kutzbach's success was particularly 
encouraging to my colleagues and me 
at NCAR because he used the same 
basic three-dimensional model we do. 
Starley L. Thompson and I have ap
plied the model to the problem of ex
plaining the strikingly dissimilar cli
mate that prevailed just two millen
niums before the climatic optimum. 
About 1 1,000 years ago the earth had 

ence between summer and winter temperatures. Here the ob

served temperature differences between August and February 

(left) are compared with the differences computed by a three-di-

mensional model (right) devised by Syukuro Manabe and Ronald 
Stouffer of the Geophysical Fluid Dynamics Laboratory. The mod
el reproduces most of the real features with remarkable accuracy. 
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emerged from the grip of the last ice 
age. Much of the warm-weather flo
ra and fauna had begun to return to 
the northern latitudes, particularly in 
western Europe. Then suddenly that 
part of the planet was struck again by a 
dramatic cooling of nearly ice-age in
tensity. The cold period lasted for al
most 1,000 years; it is known as the 
Younger Dryas, after an arctic flower. 

The cooling during the Younger 
Dryas was most intense in the North 
Atlantic region, particularly on the 
western coast of Europe and in En
gland. The pattern suggests an oceanic 
cause. A number of paleoclimatolo
gists, including William F. Ruddiman 
and Andrew McIntyre of Columbia 
University's Lamont-Doherty Geo
logical Observatory, have argued that, 
ironically, the ultimate cause of the 
Younger Dryas was the rapid breakup 
of the European and North American 
ice sheets between 12,000 and 10,000 
years ago. The breakup would have 
dumped a vast amount of fresh water 
into the North Atlantic. Since fresh 
water freezes more readily than salt 
water, the "meltwater spike" might 
have produced a broad cover of sea ice 
that would have blocked the northern 
leg of the Gulf Stream, which ordinari
ly warms northwestern Europe. 

To test this hypothesis Thompson 
and I ran a climate simulation in which 
the entire surface of the North At
lantic down to a latitude of 45 de
grees was assumed to be frozen-not 
because we believe that was precise
ly what happened during the Younger 
Dryas but simply as a way of deter
mining the sensitivity of the climate to 
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sea ice. Our results support the hy
pothesis. During the summer the cool
ing effect of the frozen North Atlantic 
is felt primarily right along the coast 
of Europe; the dominant influence on 
inland temperatures is the strong sum
mer sun. During the winter, however, 
when solar heating is reduced and 
when the Gulf Stream normally main
tains an equable climate in western 
Europe by generating warm onshore 
breezes, the sea-ice cover leads to 
more widespread and severer cooling. 

Other workers, notably a group at 
the Goddard Institute for Space Stud
ies, have obtained similar results us
ing different models. The temperature 
maps prod uced by the models are 
roughly consistent with the available 
geologic data. They even suggest 
where paleoclimatologists should dig 
for evidence that would further but
tress the sea-ice hypothesis and the 
models too. The models predict, for in
stance, that a sea-ice increase would 
have had only a slight cooling effect 
during the summer in the Soviet 
Union; the Goddard model, which 
included the effects of the remnant 
European ice sheet, actually predicts 
warmer summers in the Soviet Union. 
These predictions could be tested by 
analyzing fossilized pollen to deter
mine what kind of plants thrived in 
that region during the Younger Dryas. 

The Cretaceous Period 

In the middle of the Cretaceous pe
riod, about 100 million years ago, 
broad-leaved tropical plants grew in 
the mid-latitudes, in what are now the 
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CRETACEOUS CLIMATE was much warmer than today's climate. Fossil evidence sug

gests that the temperature on the northern continents generally remained above freezing 

even in winter. (The continents are shown in roughly the positions they occupied 100 mil

lion years ago.) The map represents an attempt to model this warm climate by assuming 

that ocean currents transported much more heat than they do now, so that the sea-surface 

temperature everywhere was at least 20 degrees Celsius. Under this extreme assumption, 

however, the air temperature in January would still have dropped to almost the freezing 

point (light color) or even well below freezing (dark color) in North America and Eurasia. 
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temperate zones. Alligators lived near 
the Arctic Circle, which like Antarcti
ca appears to have been free of perma
nent ice. Sea levels were hundreds of 
meters higher. The evidence strongly 
suggests that the temperature in the in
teriors of continents usually remained 
above freezing even in winter. 

What could explain such a warm 
era? One hypothesis is that heat trans
port by oceanic currents, which help to 
spread the excess solar energy received 
near the Equator around the earth, 
was more efficient in the Cretaceous. 
The continents then were in different 
positions, and so the ocean currents 
must have been different too. 

Eric J. Barron, now at Pennsylvania 
State University, and Warren M. 
Washington of NCAR were the first to 
test this hypothesis with a three-di
mensional climate model. They did 
not explicitly model the transport of 
heat in the ocean; instead they as
sumed that the sea-surface tempera
ture everywhere was at least 10 de
grees C., which implies a large pole
ward heat transport. They found that, 
contrary to the usual interpretation of 
the geologic evidence, the continental 
mid-latitudes still got cold in winter 
and the temperature fell well below 
freezing in the Antarctic. When Bar
ron, Thompson and I ran a simulation 
incorporating a more extreme (and un
realistic) assumption-an ocean that 
transported heat with perfect efficien
cy, so that its temperature everywhere 
was a warm 20 degrees C.-the dis
crepancy between model and evidence 
got worse: the middle of the northern 
continents got even colder in winter. 

Actually that is not surprising. By 
fixing the sea-surface temperature at a 
globally uniform 20 degrees, we had 
eliminated the temperature gradient 
between the Equator and the poles 
that is the chief driving force of the 
earth's atmospheric circulation. Con
sequently the winds in our model be
came too feeble to carry much heat 
onto the continents. In order to test ad
equately the hypothesis that enhanced 
oceanic heat transport produced the 
warm climate of the Cretaceous, we 
needed a more realistic model. 

Hence we did an additional set of 
simulations in which sea-surface tem
peratures were explicitly calculated 
but were never allowed to drop below 
20 degrees C. even at the poles. With 
the temperature of the tropical oceans 
now between 25 and 30 degrees c., 
the model incorporated a substantial 
temperature gradient. Accordingly its 
winds were more vigorous. And yet, 
even though the model planet as a 
whole was considerably warmer than 
the real earth is today, it was not warm 
enough. Below-freezing temperatures 
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were still widespread within the conti
nents. Evidently the warm oceans and 
enhanced heat transport we had hy
pothesized were still not enough to 
overcome the fact that in winter the 
continents receive little sunlight and 
radiate a lot of heat out to space. 

My colleagues and I strongly sus
pect that some other mechanism must 
have helped to keep the Cretaceous 
climate warm. The best candidate, it 
seems to us, is an enhanced greenhouse 
effect due to the presence in the atmos
phere of elevated levels of carbon 
dioxide. Recent geochemical models 
support this view. Carbon dioxide and 
other gases escape from the earth's 
interior, notably at midocean rifts, 
where two of the plates that make 
up the earth's surface spread apart 
and molten rock rises into the gap. 
The mid-Cretaceous, most investiga
tors agree, was an era of rapid plate 
motion, and so it should have been an 
era of high carbon dioxide emissions. 
The geochemical models suggest that 
the atmosphere then may have con
tained between five and 10 times more 
carbon dioxide than it does now. In an 
extreme form the Cretaceous period 
may have foreshadowed the type of 
climate that human beings are in the 
process of creating today. 

The Modern Greenhouse 

There is no doubt that the concen
tration of carbon dioxide in the atmos
phere has been rising; it is roughly 25 
percent higher now than it was a cen
tury ago. It is also broadly accepted 
that when the carbon dioxide concen
tration rises, the temperature at the 
earth's surface must rise too. Carbon 
dioxide is relatively transparent to vis
ible sunlight, but it is more efficient 
at absorbing the long-wavelength, in
frared radiation emitted by the earth. 
Hence it tends to trap heat near the 
surface. That is the greenhouse effect, 
and its existence is not questioned. It 
explains the very hot temperatures 
on Venus (whose thick atmosphere is 
mostly carbon dioxide) as well as the 
frigid conditions on Mars (whose car
bon dioxide atmosphere is very thin). 

What is not certain is the precise 
amount of warming and the regional 
pattern of climatic change that can be 
expected on the earth from a signifi
cant increase in the atmospheric con
centration of carbon dioxide and other 
greenhouse gases. (The cumulative ef
fect of chlorofluorocarbons, nitrogen 
oxides, ozone and other trace gases 
could be comparable to that of carbon 
dioxide over the next century.) It is this 
regional pattern of changes in temper
ature, precipitation and snil moisture 
that will determine what impact the 
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YOUNGER DRY AS was a period of dramatic cooling that began suddenly about 11,000 
years ago, just as the earth was warming up after the last ice age. The relapse, which was 
most intense along the northwestern coast of Europe, may have been triggered by the for

mation of a broad ice cover in the North Atlantic. The maps show NCAR simulations of 
the temperature changes that would result if the surface of the Atlantic were frozen as far 

south as 45 degrees north. In the summer (top) the cooling effect of the sea ice would be 

felt primarily along the coast, but in the winter (bottom) it would be more widespread. 

greenhouse effect will have on ecosys
tems, agriculture and water supplies. 

A number of workers have attempt
ed to model the possible climatic im
pacts of carbon dioxide. Most of them 
have followed the same approach: 
they give the model an initial jolt of 
carbon dioxide (usually doubling the 
atmospheric concentration), allow it 
to run until it reaches a new thermal 
equilibrium and then compare the new 
climate to the control climate. In one 
of the most widely cited results, Syu
kuro Manabe, Richard T. Wetherald 
and Ronald Stouffer of the Geophys
ical Fluid Dynamics Laboratory at 

Princeton University have found that 
both a doubling and a quadrupling 
of atmospheric carbon dioxide would 
produce a summer "dry zone" in the 
North American grain belt, but that 
soil moisture in the monsoon belts 
would increase. The G.F.D.L. model 
reached its new equilibrium after sev
eral decades of simulated time. 

In reality, however, the approach to 
equilibrium would probably be much 
slower. The G.F.D.L. model omitted 
both the horizontal transport of heat in 
the ocean and the vertical transport of 
heat from the well-mixed surface layer 
to the ocean depths. Both processes 
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would slow the approach to thermal 
equilibrium; the real transition would 
probably take more than a century. 
Heat transport in the oceans would 
also affect the temperature response to 
a realistic, gradual increase in green
house gases, as opposed to the one
time injection. 

In 1980 Thompson and I developed 
simple one-dimensional models that 
demonstrated the importance of the 
transient phase of warming. Regions at 
different latitudes approach equilibri
um at different rates, essentially be
cause they include different amounts 
of land; land warms up faster than the 
oceans. Hence during the transient 
phase the warming and other climatic 
effects induced by the enhanced green
house effect could well display world
wide patterns significantly different 
from the ones inferred on the basis 
of equilibrium simulations. Further
more, the social impact of climatic 
changes would probably be greatest 
rather early, before equilibrium has 
been reached and before human be
ings have had a chance to adapt to 
their new environment. 

To represent the transient phase ad
equately one would need to couple a 
three-dimensional model of the atmos
phere with a three-dimensional model 
of the ocean that includes the effects 
of horizontal and vertical heat trans
port. A handful of coupled models 
have been run, but none for long 
enough to simulate the next century. 
The coupled models are still too un-

ABSORBED BY 
SURFACE (45) 

economical for that task, and they are 
also not yet trustworthy enough. Once 
they have been improved, one will be 
able to state with more confidence 
how the impacts of rising levels of 
greenhouse gases might be distributed. 
Until then one can only cite circum
stantial evidence that the impacts are 
likely to be significant: the earth is al
ready more than .5 degrees C. warmer 
than it was a century ago. 

Nuclear Winter 

Efforts to model the comparatively 
short-term climatic effects of a nucle
ar war do not share the ocean-model 
problems of the greenhouse studies, 
but those results too are laden with un
certainty. Since the first calculations 
were made in 1982 by Paul J. Crutzen 
of the Max Planck Institute for Chem
istry in Mainz and John W. Birks of 
the University of Colorado at Boulder, 
it has been clear that smoke from the 
thousands of fires ignited by nuclear 
explosions might block a significant 
amount of sunlight. The first and best
known attempt to model the resulting 
changes in surface temperature was a 
study called the TTAPS study, after the 
names of its authors [see "The Climat
ic Effects of Nuclear War," by Rich
ard P. Turco, Owen B. Toon, Thomas 
P. Ackerman, James B. Pollack and 
Carl Sagan; SCIENTIFIC AMERICAN, 
August, 1984]. The TTAPS study pre
dicted that temperatures over land 
would drop between 20 and 40 degrees 

REFLECTED SOLAR 
RADIATION (30) 

C. in the aftermath of a large but plau
sible war involving a 5,000-megaton 
nuclear exchange. Since the cooling 
was projected to persist for many 
months, it seemed to justify the epithet 
"nuclear winter." 

From the start the authors of the 
TTAPS study acknowledged the defi
ciencies of their model. There were 
three major ones. First, the model ig
nored winds: it was a one-dimensional 
model that represented only the verti
cal structure of the atmosphere. Sec
ond, it ignored oceans: the predictions 
of cooling over land were made for an 
all-land planet and thus omitted the 
warming effect of heat carried inland 
from the oceans by onshore winds. Fi
nally, the model ignored the seasons 
by using an annual average for the so
lar energy input. In short, the TTAPS 
study was a first-generation assess
ment whose conclusions were bound 
to be modified. 

Some of the first modifications 
came from a study done by Curt Cov
ey, Thompson and me using the three
dimensional NCAR model. As expect
ed, we found that the oceans moderate 
the chilling effect of the nuclear smoke 
cloud. In mid-latitude, mid-continen
tal areas of the Northern Hemisphere 
the average temperature drop in our 
July simulation was about half the 
drop predicted by the TTAPS study; 
along western coasts the cooling was 
less by a factor of 10. Moreover, the 
temperature change showed a great 
seasonal dependence. The cooling was 

EMITTED BY 
ATMOSPHERE (66) 

GREENHOUSE EFFEC T arises because the earth's atmosphere 

tends to trap heat near the surface. Carbon dioxide, water vapor 

and other gases are relatively transparent to the visible and near
infrared wavelengths (blue) that carry most of the energy of sun-

light, but they absorb more efficiently the longer, infrared wave

lengths (red) emitted by the earth. Most of this energy is radiated 
back downward (dark red). Hence an increase in the atmospher
ic concentration of greenhouse gases tends to warm the surface. 
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pronounced only if the nuclear war 
was assumed to take place in the 
northern spring or summer. If the 
war were to start in the fall or winter, 
when northern latitudes receive little 
sunlight anyway, its climatic conse
quences would be relatively small. 

Nevertheless, our most important 
finding was to confirm the basic TTAPS 
conclusion that the climatic effects of 
a nuclear war could be severe. Al
though the average decrease in tem
perature would be much smaller than 
the TTAPS study had predicted, our 
model showed that localized cooling 
could be dramatic. Even a few days of 
dense smoke high overhead could 
drop the surface temperature on land 
to near freezing in midsummer. Such 
transient "quick freezes" could strike 
anywhere in the war latitudes-in Tex
as, for instance-even if the overall size 
of the nuclear smoke cloud was sev
eral times smaller than the TT APS 
group had assumed. The location of 
the quick freezes would depend on lo
cal weather conditions. Specifically, 
the freezes would strike wherever the 
air was not humid enough to produce 
ground fog and the winds were not 
strong enough to disrupt surface inver
sions (stable air layers). The war's cli
matic effects would thus be distributed 
by a kind of weather roulette. 

More recent studies (by Thompson, 
by Michael C. MacCracken's group at 
the Lawrence Livermore National 
Laboratory and by Robert C. Ma
lone's group at the Los Alamos Na
tional Laboratory) have confirmed 
our basic results. We had found local
ized freezes even though the limita-

tions of our model forced us to assume 
that the initial smoke cloud would be 
uniformly distributed between 30 and 
70 degrees north. In the later, more re
alistic simulations, the war generates 
thick, patchy clouds that carry freez
ing conditions with them as they drift 
around the Northern Hemisphere. 

The most plausible of the recent cal
culations show an average tempera
ture drop over land of between 10 and 
15 degrees C. for a summer war. Else
where I have suggested that "nuclear 
fall" might be more appropriate than 
"nuclear winter" as a metaphor for 
such climatic changes, but in using 
that phrase I certainly did not mean to 
conjure up pleasant images of colorful 
autumn leaves. A nuclear fall in July 
could, as autumn does each year, end 
the growing season in much of the 
Northern Hemisphere. Even in areas 
where the temperature does not drop 
below freezing, the disruption of mon
soon rainfall might have a disastrous 
effect on food supplies. Indeed, while 
refined climate models have been low
ering the original estimates of a nu
clear war's cooling effects, a general 
awareness has been growing that the 
earth's biota can be highly sensitive 
even to small climatic disturbances. 

Moreover, the climatic effects of a 
nuclear war might not be limited to the 
first weeks after it ended. Particularly 
in the summer some of the patchy 
smoke would tend to rise into the 
stratosphere, eventually producing a 
thin, fairly uniform veil that could 
cover the entire Northern Hemisphere 
for months. Some smoke would prob
ably spread across the Equator as well. 

DOUBLING OF ATMOSPHERIC CARBON DIOXIDE would turn the Great Plains 

into a dry zone in the summer, according to a model devised by Manabe and Stouffer. The 

map shows the percentage change in soil moisture (for the period from June through 

August) that would result once the model atmosphere reached a new thermal equilibrium. 
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The veil could lead to abnormal killing 
frosts in the late spring or early fall. By 
slightly cooling the northern conti
nents it might also cause a substantial 
reduction in the life-giving monsoon 
rains. In the aftermath of a nuclear 
war, present scientific knowledge sug
gests, the earth would not be consigned 
to the insects, and the human species 
would almost certainly not become ex
tinct. But the climatic effects might 
nonetheless be calamitous, and they 
could extend the impact of the war to 
billions of people who live far from 
the blast zones. 

Uncertain ties 

That said, I do not want to minimize 
the uncertainties that surround all the 
nuclear-winter simulations. The accu
racy of a climate model, as I have 
explained above, can never be proved 
conclusively; it can only be verified by 
circumstantial evidence, such as the 
model's ability to simulate past cli
mates or the seasonal cycle. In the case 
of nuclear winter the greatest source 
of uncertainty lies not in what the 
models include but in what they must 
leave out. 

For example, no climate model can 
predict how much smoke there will be 
on the first day of a nuclear war or 
how high the plumes will rise; the val
ues of such crucial variables have to be 
assumed. If the bulk of the smoke rises 
to an altitude of several kilometers, 
it will lie above most of the water va
por in the atmosphere, and the rate at 
which it is rained out of the atmos
phere will be slow. In that case the like
lihood of severe, hemispherewide cli
matic effects would be high. Converse
ly, if smoke is washed out at a higher 
rate than most models have assumed, 
a climate disaster on a hemispheric 
scale would be much less likely. 

The nuclear-winter issue illustrates 
a general point I want to stress again. 
Climate models do not yield definitive 
forecasts of what the future will bring; 
they provide only a dirty crystal ball in 
which a range of plausible fortunes 
can be glimpsed. They thereby pose a 
dilemma: we are forced to decide how 
long to keep cleaning the glass before 
acting on what we think we see inside. 

The dilemma is perhaps less acute in 
the case of nuclear war, whose conse
quences would in any event be cata
strophic, than it is in the case of atmos
pheric pollution. At present we are al
tering our environment faster than we 
can understand the resulting climatic 
changes. If the trend does not stop, we 
shall eventually either verify or dis
prove the climate models-by means 
of a real, global experiment whose 
consequences we shall not escape. 
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A Report by 
Andrew Hargrave 

The 1 983 TELECOM ex h i bit i o n  i n  
Geneva s igna l led m ajor  adva nces 
i n  the tec h no l ogies and structu res 
of wor ld teleco m m u n i catio n s. The  
i n it ia l s  I SDN (I ntegrated Services 
D igital N etwork) made the i r fi rst 
appearance, fo resh adowi ng  a 
conve rgence and  i ntegrat ion of 
com puters and teleco m m u n i 
cati ons  on  a scale never befo re 
i m agi n ed.  S i nce then there h as 
been rap id  progress i n  p lan n i ng 
- and to a certai n degree i m 
p lementi ng - I S D N  w h i c h  wi l l  
eventu a l ly  prod uce a g loba l  n et-

1986 1988 1992 

wo rk of voice, d ata, text and 
v i s ion  transm iss ion avai l ab le  to 
both b u s i n ess and p rivate u sers. 

TELECOM 87, to be he ld  i n  
Geneva i n  October t h i s  year, wi l l , 
i n  the word s of M r. Ric h a rd E. 
But le r, Sec retary G e n e ra l  of the 
orga n izers ITU ( I nternati o n a l  Te le
com m u n icatio n s  U n ion ) ,  "enab le  
u s  to  assess the  resu lts of  a l l  the  
wo rk carr ied out  in  c o n n ecti o n  
w i t h  the I S D N  concept . . .  a n d  
a l so demonstrate the be nefits 
of te lecom m u n icati ons  to the  
u ser. " 

M r. But ler  stressed the  need 
fo r sta ndard izati on ,  with s pec ia l  
e m ph as is  on  com pati b i l i ty be
tween prod u cts deve loped by the  
i nd u st ries of  the var io u s  cou ntr i es. 
" Prov ided they com p ly with the  
standard s  esta b l i shed by the  ITU,  
and  in  part icu l a r  by the CCiTT 
( I nternationa l  Te legraph and  Te le-

1994 
* Subsequent introduction of cClrr 

(standardization) recommendations 
(1) Pilot project, with commercial avai

lability of service 

(2) Start of regular service depending on 
demand 

(3) DeciSion on regular service pending 

(4) Individual Bell Operating Companies 
(BOCs) 

(5) All BOCs 

Provisional solutions 
Pilot project 
Regular service 

Source: Telematik magazin 

phone Consu ltative Com m ittee),  
these i nd u str ies wi l l  be able to 
su pp ly  prod ucts des igned fo r 
i nteractive ope rati o n s. T h i s  i s  
what we hope to  show at  the 
ex h i bit ion . " 

A longs ide the  exh i bit i on ,  
the Wor ld  Telecom m u n icati ons  
Foru m wi l l  add ress some m ajor  
i ssu es, such  as "wh ither  te lecom
m u n icati o n s?"; i ts  eco n o m i c  i m 
pact; re lati ons  betwee n respective 
s u p p l i e rs of com puter services 
and of telecom m u n icat ions  eq u i p
me nt; the  effect on the user; its 
ro le  i n  i m prov i n g  prod u ct ion and 
speed i ng i nd u str ia l  researc h.  
"These a re a l l  fu ndamenta l q u es
t ions  w h i c h  ca l l  fo r d i sc u ss ion , " 
said M r. But ler. 

They are a l so the ma i n themes 
of th i s  report-the fi rst of a two
part su rvey on i nte rnationa l  te le
com m u n icat ions. 

1'1 
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TELECOM '87 

. Telecommunications in a Flux 

U nti l re lat ive ly  rece ntly-the late 
1 960s-globa l  te l ecom m u n ica
t ions  h ad presented a t idy patte rn.  
N at iona l  posta l/te lecom m u n ica
t ions  ad m i n i strat ions  we re order
i ng, ma i ntai n i ng and renewi ng 
auto n o m o u s  netwo rks norma l ly  
from the i r nationa l  su pp l ie rs. They 
grad u a l l y  prov ided, it is t rue, se r
vices add it iona l  to the voice-te l e
p h o n e, mai l and te l egraph,  such  
as te lex and facsi m i le transm iss ion 
and,  of  cou rse, te levi s ion  and  
rad io fo r news, enterta i n m ent, 
sports, etc. Service was frag
m e nted, too : the transm iss ion and  
exc h a n ge of  i nfo rmation-of text, 
graph ics and v i s ion  v ia the pu b l i c  
netwo rk- had not yet arrived. 

There were, of cou rse, com
pa n ies se l l i ng p u b l i c  e lectro
m ec h a n ica l  system s  (Strowge r, 
c ross-bar) and l ater e lectro n i c  
a n a l og systems,  beyo nd the i r na
t iona l  fro ntie rs. Fo r L. M. E ricsson 
of Sweden,  for i n sta nce, the na
t iona l  base was too sma l l to sus
tai n and expa nd the com pany. 

TA B L E  I 
World public switching equipment sales 
of leading manufacturers 

Company 

AT&T (US) 
Northern Telecom (Canada) 
N EC/Fujitsu/Hitac h i  Uapan) 
S iemens (West Germany) 
ITT (US') 
Er icsso n (Sweden) 
A lcate lIThomson (France) 
GTE (US) 
P lessey (UK') 
G EC (UK) 
Italtel ( I ta ly) 
Phi lips (Nether lands3) 
Stromberg-Carlson (US') 
Others (inc .  N okia, F in land) 

Sales o f  pub l ic  
switch ing 
equipment 
in $ mill ion 

1 3 50 
1 000 
1 000 

950 
850 
750 
700 
350 
2 60 
260 
1 80 
1 30 

70 
1 20 

7970 

1) Now Alcatel NV t h rough merging AlcatelliTI teleco m m u ·  
nications interests 
2) Involved in talk� on merging certain System X functions 

3) Set up APT to cater for world telecommunications sales 

outside US 

4) S u bsidiary of Plessey, m ainly for U S  switching 

Source: U K  Monopolies and Mergers Commission, 1985, or 
nearest year 

T2 

ITT, of the US,  sought to bypass 
the AT&T mon opoly in the nati on 
a l  te lecom m u n icati ons  service- i n  
both te lephony and switc h i n g  
equ i p m e nt-by exporti ng  the i r 
equ i pment  t h rough m ajor  su bsid i 
a r ies such  as CGCT in  France, S EL 
i n  West Germany and others i n  
the U K, I ta ly, Be lg i u m ,  Spai n and 
e l sewhere. 

Among the most spectac u l a r  
events o f  recent years h a s  been 
the mergi ng of A lcate l (te lecom
m u n ications  su bs i d i a ry of the  CG E 
gro u p) of Fra n ce and the te l ecom
m u n icatio n s  d iv i s ion  of  the  US 
concern ITT in  Ja n u a ry t h i s  yea r. 
The new com pany, A lcate l NV, i s  
regi stered i n  the  N ether lands  but  
i s  headqu a rtered i n  B ru sse l s. The 
merger ( i n wh ich  A lcate l has a 
m ajo rity ho ld i ng) has c reated the  
wo r ld ' s  l a rgest p u b l ic switc h i n g  
a n d  second- largest te l ecom m u n i 
cati ons  com pa ny (afte r AT&T). 

AT&T itse lf set u p  fou r  years 
ago a jo i nt ly own ed com pany 
-APT- with Ph i l i ps, of the N ether
l ands, Eu rope' s top e l ectr ica l  and 
e lectro n ics concern  a lo ngs ide  
S iemens, of  West Germany. 

N o rth  A m e rica (ma i n ly the  
U S) i s, as Tab l e  I I  i nd icates, the 
l a rgest s ing le  market in  the  wor ld  
for p u b l ic exc h a n ges :  hence the 
i nte n se i nterest s h own by l ead i ng 
E u ropean s u p p l i e rs, espec i a l l y  
s i nce the dereg u l at ion  o f  l oca l  
te lephony and the brea k u p  of the 
AT&T monopo ly. 

The  dec l i n i ng va l u e  of sa les  i n  
Eu rope, at any rate, i s  l a rge l y  d u e  
t o  t h e  pr ice adva ntage o f  d ig ita l  
hardware com pa red with its ana
l og p redecesso r. ( I n  the  U S, there 
are now vi rtua l ly  no a n a l og re
p laceme nts). 

The greater open ness and d i 
versity o f  the U S  pu b l i c  switc h i n g  
market h a s  enab led N o rthern  
Te l ecom, of  Canada, with  i t s  most 
u p-to-date system s  to c h a l l e n ge 
successfu l ly AT&T on its h o m e  
grou nd.  

A ltogether, a bout a d oze n m a
jor  s u p p l ie rs v ie  fo r the wo r l d ' s  

ADVERTISEMENT 

TA B L E  I I  
Estimated public exchange sales revenue: 
$ million 

1985 1986 1986-1990') 
(annual  
average) 

US 2 , 249 2,459 2 ,000 
Eu rope 2 ,977 2, 724 2 , 3 65 

(of w h i c h  
d igita l )  9 3 1  1 , 070 1 , 626 

1) Forecast 

Source: Dataquest, Au gust, 1986 

d igita l p u b l i c  switc h i ng con
tracts-far  too many, accord i ng to 
most expe rts. I n  add it ion  to AT&T 
and APT, A lcate l- ITT, S iemens, 
Er icsso n, N o rthern  Te lecom and 
GTE,  the UK m a n ufactu rers G EC 
and  Plessey, so far u nab le  to o b
tai n contracts outs ide the  home 
cou ntry fo r the i r jo int  prod uct 
System X, a re apparent ly  poi sed 
to enter the export market. P les
sey has bought its way i nto the  
h u ge U S  m arket by acqu i ri ng 
Stro m berg-Ca r l son ,  m a n ufactu rer 
of sm a l l  and m ed i u m-s ized pu b l ic 
exc hanges. Ita lte l ,  te l ecom m u n i 
cations  su bs i d i a ry o f  the  Ita l i a n  
state-own ed i nformatio n  tec h no l 
ogy gro u p  STET, i s  a l so a recent 
entry o n  the  g loba l  scene with its 
u p-rated UT ser ies, as i s  Te l e n o
kia,  of F i n land .  N o r  can the  pow
e rfu l J a panese tr io, N EC (a l ready 
active in the U S) ,  Hitac h i  and Fu
j itsu,  be expected to stay out  
of  Eu rope wh i le d igita l i z i n g  the  
home te lecom m u n icati o n s  n et
wo rk. 

Views d iffe r whether  the 
speedy advance and tu rmoi l i n  
the wor ld ' s  com m u n icati ons  i n
d u stry i s  ma i n l y  tec h no logy o r  
u ser  d rive n :  a m atter o f  varyi n g  
att i tudes b y  i nd iv id u a l  PTTs, bus i 
n ess and  pr ivate su bsc ri bers i n  the  
vari o u s  cou ntr ies-the advanced 
i nd u str ia l  cou ntr ies in the m a i n .  

There i s  no d o u bt, however, 
a bout the  concept w h i c h  sym bo l 
izes progress i n  te leco m m u n ica
t ion  tec h no logy i n  the remai n i ng 
yea rs of t h i s  centu ry and  beyond.  
I t  i s  I S D N .  
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As with so many ac
tivities, results are determined 
by the most skillful. On the 
playing fields and in the 
market those who are quick 
and responsive triumph over 
the large and ponderous. And 
so it is with Italtel. 

Today the world is grow
ing smaller. The "Global 
Village" is happening and we 
are an integral part of it. 

Italtel is designing, manu
facturing and delivering 
systems and equipment both 
for public and private telecom
munications as well as for of
fice automation. 

Italtel knows that a se
rious commitment to re
search and development i� of 
paramount importance to its 
success. 

There are more than 2,000 
people, more than 10% of the 
staff engaged in research and 
development. 

Almost 11 % of the sales 
revenue is committed to 
research and development. 

Italtel's culture is based 
on ideas and on the know
ledge that the customer must 
be served quickly and with in
telligent responses. 

Italtel's UT digital public 
switching system is just one 
example. We have many more, 
like the entire range of up-to
date digital multiplexers, fiber 
optic systems and rural radio. 

To get the full story, make 
a skillful decision: talk to 
Italtel. For more information 
write to: Italtel, International 
Sales Organization, via A. di 
Tocqueville 13 - 20154 Mi
lano, Italy. 

A��� 
TELECOMMUNICATIONS TODAY 

TELECOMMUNICATIONS TOMORROW 
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TELECOM '87 

I S D N :  Now a Reality 

"The biggest mac h i ne ever b u i l t, 
the  i nte rnati ona l  te lephone n et
work, is bei ng revo l ut ion ized by 
the  sma l lest m ac h i n e  ever de
v i sed , the m i c roc h i p  . . .  " .  So says 
the  E u ropean Com m iss i o n ' s  I nfo r
m ati o n  Tec h n o logies and Te le
com m u n icati o n s  Tas k Force 
w h i c h  c la i m s  that the new se r
vices represe nted by I S D N  "wi l l  
be com m o n p lace from 1 988 on
wa rd s . "  

I S D N ,  a s  a l ready i nd i cated, i n 
tegrates voice, data, text and v i 
s ion  in  a s i ng le  serv ice .  I t  i s  c h a r
acte r ized not o n ly by the l i n ki ng 
of these fu ncti ons  i n  a s i ng le, te r
m i na l -assi sted i nstru ment pane l ,  
but  by the speed of  tra n s m i ss ion  
(the  Task  Force suggests, teletex 
wi l l  be 1 00 t imes faste r than to
d ay' s te lex;  facs i m i le copiers wi l l  
t ransm it at a rate of a page per se
cond) ;  but a l so by i m proved q u a l 
i ty  of  sou nd ;  by ca l le r  ide ntif i 
cati o n ;  by extra sec u rity; by gro u p  
confere n c i n g  i n  sou nd a n d  v i s ion ;  
by access to  n ew com m erc ia l  ser
vices . 

A bove a l l , I S D N  p ro m i ses to 
be c h eaper, m u c h  c h eaper than  
the p rese nt separate ly ope rated 
and  b i l l ed serv ices, though t h i s  
depe nds  on  t h e  pric i ng structu res 
of PTTs as we l l  as the pr ices of 
the  i n gred ients:  central  com put
ers, m ic roprocesso rs, opt ic fi ber 
cab les, i n stru m e nts, com po n e nts 
and the most expe n s ive s i ng le  
item i n  system s  "arch itectu re" , 
software .  

The Eu ropean Com m iss ion ,  i n  
add it ion to  ca l l i ng fo r the ad op
t ion of com m on (CC lTT, N o  7) 
standards  by PTTs of the 1 2  m e m 
b e r  cou ntr ies, based fi rst o n  64 
Kbits/s and poss ib ly  l ater on 2 
M bits/s d i gital switc h i ng, has a l so 
set a t imetab le  fo r the  coo rd i 
n ated i ntrod uct ion of  ISDN in  Eu 
rope.  I t  has ho pes, too, of  th ose 
standards  bei n g  adopted by J apan 
and  the  US.  The ti m eta b le en
vi sages a th ree-stage deve lopment  

T4 

i n  the 1 990s : 
- Expans ion  and  d i gita l izat ion  of 
ex i st i ng  te lephone netwo rks 
- Add it iona l  i ntegrated ser-
v ices - I S D N  
- I ntrod uct ion o f  broad ban d  
com m u n icat ions  t o  a d d  v i s i o n  to 
sou nd,  text and  data exc hange fa
c i l i t ies .  

As to specific ta rget d ates, the 
Com m i ss ion  has  u rged that by 
1 993, 80 percent of  the s u b
scr i be rs i n  the Eu ropea n Com m u 
n ity shou ld  h ave access t o  I S D N  
a n d ,  b y  t h e  sam e  year, S percent 
of su  bsc ri ber l i nes-the "cr i t ica l  
m ass" -shou Id  be con n ected to 
i t .  The whole p rogram i s  est i 
m ated by the  Task Force to cost 
$40 bi l l i on . 

TA B L E  I I I  
Telephone networks densities world 
comparisons 1 984/85 

Cou ntry No. of No. of No. of resi-
l i nes in l i nes per dentia l  con-
service 100 pop. n ectio n s  
( m i l l ions) per 100 

households 

Swede n  5 . 1  6 1 . 5  1 1 1 .4 
US 1 1 4 . 3  48 . 3  96 .7  
Canada 1 1 .2 44 . 6  1 09 . 3  
West G e rmany 24.9 40 . 7  87 .6  
France 2 2 . 1  40 . 2  98 .0 
Austra l i a  6 . 2  3 9 . 5  9 1 . 3  
Nether lands 5 . 6  39 .0  82 .8 
Japan 44.4 37 .0  80 .2  
UK 20.8 36.9 78.4 
Ita ly  1 6 . 5  28 .9  68 . 5  
Spai n 8 . 7  2 2 . 5  5 8 . 0  

Source: ITU 

Battle of the Systems 

The flags h i p  of telecom m u n i 
cat ion vendors com peti n g  i n  a n  
over-su pp l ied i nternatio n a l  m arket 
are t h e  d i gital  switc h i ng systems .  
The m o re m od u la r  (capab le  of 
u p- rat i ng) ,  f lex i b le, re l i a b l e  and 
eco nom ica l  they are-or  c la im to 
be-the greater the i r c h a n ces of 
acceptance, at least theoretica l ly .  
For there are other  c rite r ia, per
haps m o re dec i s ive:  the ma i n one  
i s  pol it ics, the  p references of  the  
gove r n m ents o r  the te l ecom m u n i
cati o n s  ad m i n i st rati o n s  concern
ed,  fort ified o r  pushed by l oca l  
p ressu res .  That i s  why a l l  the con-

ADVERTISEMENT 

te nders fo r the p u rc h ase of CGCT, 
France' s a i l i ng denationa l ized se
cond d i gita l  switc h i n g  su p p l ie r, 
have armed themse lves with a 
F rench  partner :  APT with SAT, 
S iemens  with J e u m o nt-Sc h n e ider, 
E ricsson with Matra . CGCT i s  
m a n u factu r i n g  the E l O-B,  France' s 
A lcate l -des igned system .  Whoeve r 
wi n s  possess i o n  of CGCT -and it 
was, at the ti m e  of writ i ng, goi ng 
to be st r ict ly  o n  tec h n ica l  m e rit 
-wou ld i ntrod uce a seco nd 
switc h i nto the F rench  netwo rk:  
A PT' s 5 ESS PRX, S iemens ' s  EWS D, 
E r icsso n ' s  AXE . Or it cou ld even 
be N o rthern  Te leco m ' s  OMS 1 00, 
as the Ca nad i a n  s u p p l i e r  was a l so 
i nvited to te nder .  

A l though CGCT provides o n l y  
about 1 6  pe rce nt o f  F rench  switc h
i ng, an  outs ide system,  r iva l  to 
France' s own i n  what has h itherto 
been a pu rely n ati ona l  market, 
wi l l  give a powe rfu l psyc h o l ogica l  
and p u b l i c ity boost to the suc
cessfu l contender; and so has Er
icsso n ' s  brea k-th rough i n  the U K, 
add i ng AXE to the home-grown 
System X in the d i gital network .  

O n ly in  Ita l y  among the m ajor  
Eu ropea n cou ntr ies have com pet
i ng system s  m a n aged to secu re a 
su bstantia l  market share a lo ngs ide 
the  home s u p p l ie rs t h rough s u b
s id i ar ies :  FACE (System 1 2) and  
FATM E (AXE) . Eve n part of  I ta ly' s  
so-ca l led " n at iona l  system "  was 
s u p p l ied by an outs ider-GTE of 
the U S-though  more than ha l f  
the  req u i reme nts we re m et by 
Ita lte l ,  wh ich i s  rapid l y  u p rati ng  
its own UT system to  provide ex
c h a n ges with capacit ies of up to 
1 00,000 ( l ater 200,000) l i nes .  U n
der  I ta ly 's  d igita l izat ion  program,  
h owever, supp l ie rs wi l l  eve ntu a l ly  
be l i m ited to two : UT and System 
1 2  (now su pp l ied by the A lcate l 
gro u p) or AXE . 

The s ize of the U S  market 
(about 40 percent of the wor ld ' s  
pub l i c  switc h i ng sa l es),  h as en
su red a head-start fo r AT&T, with 
3 1  m i l l i o n  l i nes i n sta l led or  on  
ord e r  (29 m i l l i o n  in  the U S) .  A lca-
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Our cables are . . .  
a main sector of activity of the Pirelli Group , 

which started cable production as long ago as 1879 . 
The Group's annual sales in 1986 were more 

than 4,7 billion dollars , of which about 38% came 
from cables , with over 21 .000 employees and 68 
factories in 12 countries in Europe , North and 
South America, Africa and Australia.  

A full range of production : from optical 
fiber and conventional telecommunication cables 

to power transmission and industrial cables , 
from cables for special applications to building 
wires , enamelled wires and a wide range of 
accessones . 

A strong commitment to the technological 
development of products and processes through 
an integrated structure of R & D  Centers . 

This is why Pirelli is a world leader in cable 
manufacturing and technology . 

I A E LLI 
Ready for the future. 
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WE SHOW YOU HOW TO COMMANDA 
COMMUNICATIONS NETWORK, WITHOUT BUILDING ONE. 

When you want fu l ler control  of your com
munications, the Ameritech Business 
Network can help. We've created a fiber 
optic based network with digita l  switching 
capabi l ity and the intel l igence to adapt 
and respond to your commands. 

Through our investments in state-of-the
art technology.. we're prepared to meet 
your needs with a growing range of digita l  
products that handle voice, data a n d  video 
with amazing speed, volume and accuracy. 

We' l l  be investing even more, a lmost $ 1 0  
bi l l ion between now and 1 990, to expand 
one of the world's most advanced communi
cations networks. 

The Ameritech Bel l  companies of I l l inois, 
Indiana, Michigan, Ohio and Wisconsin wi l l  

work with you t o  ta i lor our network to 
your requirements. Our people are experi
enced in designing network systems that 
provide flexibi l ity and choices. 

We're committed to meeting your tota l 
communications needs, from seNice and 
products to technica l  support and com
petitive financing.  

To put the Ameritech Business 
Network at your  command, contact 
any of our Ameritech Bel l  companies. 

Or phone us: 1 800 562-2444 . 

""48 _ _ __ _____ _ 
Illm�.� • •  � .. n 

AMERICAN INFORMATION TECHNOLOGIES 

Helping you communicateSM 

A Official communications company for the Tenth Pan American Games ' Indianapolis ' 7-23 August 1987 
© 1 987 Ame"rech 
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TELECOM '87 

te l - ITT' s 39 m i l l ion  l i n es ( i n sta l l ed 
or on order) are d iv ided between 
E l O and System 1 2  w h i l e  Er ic
sso n ' s  a l m ost 1 7  m i l l i o n  AXE l i nes 
have been sold to 66 cou n 
tr ies-the la rgest geograph ica l  
spread in  the world fo r any s i ng le  
system .  

Ta b le  I V  gi ves a fa i r  i nd icat ion 
of how the com pet ing  m ajor  sys
tem s  have fa red in te rms of i n 
sta l led l i nes .  

TA B L E  IV  
Sales of  major digital systems, 1 985 

Systems/Co mpany No of market 
l i nes share % 
i n sta l led 
OOOs 

5 ESS- PRX (AT&T - APT) 5 , 5 5 5  1 8 . 1  

O M  Series - Northern 
Telecom 5,269 1 7 . 2  

E l O- B/E 1 0-MT - (Alcate l) 3 , 600 1 1 . 7 

AXE - Ericsson 2 , 900 9 .4  

System 12  - In (now 
Alcatel) 2,883 9.4 

EWSO - Siemens 2 ,479 8 . 1  

G T O  - GTE 1 , 903 6 . 2  

N EAX 6 1  E - N Ee (Japan) 1 , 750 5 . 1  

1 1  System X del iveries, by GEC and Plessey, bega n  on ly  i n 
1 985: they were at the t ime of writ ing o n l y  confined to the 
UK ( 1  m i l l ion  l i nes de l ivered by March this year) . Italte l ' s  
UT series, too,  are relatively recent i n  the i r  u p rated for m .  
Stro m berg-Carlson (Plessey's US subs id iary):  Century series 
are designed ma in ly  for small to med i u m-sized exc hanges. 
Telenokia's (F in land)  DEX series are designed pr inc ipa l ly  for 
r u ra l  networks. 

Source: Northern Bus i ness I nformation 

Transmission: 
The Fiber Optic Route 

Although the next ge neration  of 
sate l l ites wi l l  be ab le  to carry a 
great dea l  more traffic, esca lati ng  
demand-espec ia l ly for Eu rope
wide and l ater g loba l  DBS ( D i rect 
B roadcast i ng  Sate l l ites) - p l a n n ed 
by ex i sti ng  and emergi ng  net
works-fores hadows i nc reas i n g  
stra i n  on  the l and  and u ndersea 
cab le system s .  The s ign ificance of 
fi ber optic deve lopment i n  t h i s  
context a lone  ca n n ot b e  u nder
esti m ated . 

The  speed of rep l ac i n g  copper 
by optic fi ber is,  of cou rse, a 
q u est ion  of nationa l  i nvestment 
pr io r it ies and conseq u e nt ly var ies 
fro m cou ntry to cou ntry .  A l l  the 
U S, Japanese and Eu ropean PTTs 
as we l l  as the major  p u b l ic 

switc h i ng s u p p l ie rs are i nvo lved, 
some of the latte r o n  the i r own,  
others in  assoc iati on  with opt ic fi 
ber spec i a l i sts .  S iemens, fo r i n 
sta nce, has a j o i nt operat ion with 
Corn i ng G lass, of the US-Sie
cor-to su pp ly  optic fi ber fo r the  
West Germ.a n  and other  net
wo rks .  Italte l ,  state-owned, is ne
got iat i n g  with F iat-owned Te lett ra 
spec i a l i z i n g  i n  t ra n s m i ss ion  fo r a 
merge r w h i c h  wo u l d ra i se the 
new grou p' s  I ta l i a n  market sha re 
i n  t ransm iss ion eq u i pment  to we l l  
over 5 0  percent .  

The Shape of 
New Generations to Come 

Ove rcapacity i n  both p u b l i c  and  
pr ivate switc h i ng system s  i s  
stressed b y  a l l  the m ajor  p layers; 
but there is a l so the tec h n o logica l  
aspect to g loba l  te lecom m u n i 
catio n s .  Several execut ives i nter
viewed e m p h as ized the poi nt :  
there are too many system s  and 
some wi l l , perhaps over the 
next decade, come to the end  of 
the i r tec h n o logica l  cyc l e .  For the 
cyc les themse lves are gett i n g  
shorter .  

One reason m ay be that sever
al of the prese nt d igita l switc h i ng 
system s  are " hybri d s" - i . e .  deve l 
oped from ana log p redecesso rs .  
Accord i ng to Dr.  H a n s  Bau r, te le
com m u n icati ons  c h ief and mem
be r of  the S iemen's managem e nt 
board, N o rthern Te leco m ' s  OMS 
i s  the o n ly gen u i ne d igita l system 
conceived as s u c h -which ,  says 
Dr .  Bau r, exp la i n s  part ly  its out
sta n d i ng  su ccess i n  the US and  i n 
c reasi ng ly  e l sewhere, 

M r .  F. C. Kuz n i k, vice-presi
dent marketi ng of APT, ta l ks of 
"th ree generat ions" of switc h i n g  
system s, start i n g  with A lcate l ' s  
E 1 0 i n  the ear ly 1 970s- now bal
a nced in the merged gro u p  with 
ITT' s th i rd-generat ion  System 1 2  
a lo ngs ide S iemens '  EWS D and  
AT&T- Ph i l i ps' s 5 ESS PRX. 

I n the 1 990s, Dr.  Bau r rec k-

ADVERTISEMENT 

ons, telecom m u n icat ions  com
pan i es wou ld h ave to gai n a m a r
ket share of arou nd 1 5  percent to 
recove r the i r costs comfo rtab ly .  
Mr .  Kuz n i k  puts it eve n h igher- 1 5 
to 1 8  perce nt, a share, as a l ready 
noted, ac h i eved o n ly by th ree of 
the p layers-AT&T, N o rthern Tele
com and A lcate l - ITT, the last-men
t ioned wi th  two system s-or eve n 
th ree, if Thomso n ' s  E 1 0-MT i s  
cou nted . 

Mr .  Kuz n i k  fo resees i n  the 
1 990s not so much com pa n ies as  
"a l ign m ents" beh i nd five tec h
no logi es, a cou p l e  f rom N o rth  
America, one  from Japan ,  a 
cou p le  fro m E u rope . . .  ( D r .  Bau r 
spea ks of "five or s ix" ) .  They m ay 
come from m e rgers a long  the 
l i nes of  A lcate l - ITT, o r  fi rm a l 
l i a n ces such  as AT&T and Ph i l i ps; 
o r  l i m ited partners h i ps such  as 
G EC and Plessey ( i n respect of 
System X) ; or part ia l  ta keovers 
such  as S iemens-GTE; or the p ro
posed Ita lte l -Te lettra dea l .  The es
ca lati ng  cost of deve lop i  ng new 
tec h no logi es- put at $ 1  b i l l i on  per 
switc h i ng system som e  years ago 
by the then  Ph i l i ps c h ief exec utive 
Dr .  Wi sse Dekker, with ongoi ng  
d eve lopment  costi ng aro u n d  $200 
m i l l i o n  a yea r  (Mr. Kuz n i k) - i s  
one  o f  the m a i n  facto rs o f  l i m it i n g  
the  n u m ber  o f  futu re part ic i pants .  
Its g loba l ity i s  stressed in the 
stro ngest terms by Mr.  Ph i l i ppe 
G l u ntz, exec utive vice-pres ident  
and c h ief operat i n g  officer of  A I 
cate l NV:  "We are one  of  the few 
m a n ufactu rers ab le  to offer the 
who le  range of te lecom m u n ica
t ions  eq u i pment :  d i gital switc hes, 
a l l  ki nds  of transm iss ion prod u cts 
from copper cables and  fi ber op
t ics to sate l l ite com m u n ications ;  
a l l  types of  bus i ness system s  from 
d i gital PA BXs to m ic roco m puters 
o r  e lectro n ics su b-sets, wo rd pro
cesso rs, etc . "  

Resou rces i n  terms  o f  fu nds  
and  range of  prod u cts are vita l fo r 
the prospect ive te lecom m u n i 
cat ions  su  rv ivors:  b u t  s o  i s  t h e  
tech no logy o f  the 2 1  st centu ry .  
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Geneva World Capital of 
Telecommunications 

5th World Telecommunication Exhibition & Forum 

telecommunication 
leaders, manufacturers, 
service providers, users, 
economists and investors 

from the 162 countries Members 
of the Union meet in the world's 
most important and prestigious 
multifaceted quadrennial commu
nications event covering the fields 
of national, regional and 
communications networks, ter
restrial and space 
tions, public, business, broad
casting and radiocommunica
tion services. Join the decision 
makers. Come to the 1987 Geneva 
summit. 

Mail to: International Telecommunication Union - LTU - TELECOM 
Secretariat, Place des Nations - 1211 GENEVA 20 Switzerland 

Name/Company/Organization : �������������_ 

Address:���������������������_ 

Please send me information on TELECOM 87 D 
I wish to participate in the World Telecommunication Forum *, 
please send more detailed information D 
Please send me an order form for the Books of Speakers' 
Papers of Forum 87 D 

Date : _������_ Signature : _����������� 181 * FORUM 81 19-27 October 1987: Part I - Policy Issues of Telecommunications; 

1''iI!'IIT Part II - Technical Symposium; Part III - Legal Symposium; Part IV - Economic & 
,.�-'i;I Finan cial Issues; Part V - Regional Networks. 

Registration Fee for lUI Parts I-V: lZ00 Swiss Francs - before 15 September 
1981. 
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Share the excitement 
of astronomical discovery. 

Comet Halley. Photo from Halley Multicolor Camera aboard spacecraft Giotto (Max-Planck-Institut fUr Aeronomic, 
Lindau/Harz). 

Mars. Photo from Viking 2 (NASA). 

Discovering the 
Universe 

William J. Kaufmann, III 
SAN DIEGO STATE UNIVERSITY 

Bill Kaufmann , popular lecturer and award-winning drawings-including photos from Giotto's recent en-
author of Black Holes and Warped Spacetime*, invites counter with Comet Halley and Voyager II's fly-by of 
you to join astronomers in investigating distant realms Uranus-let you survey alien worlds, follow the life 
and celestial phenomena far beyond our Earthbound cycles of stars , and probe the dim and distant reaches 
experience. of the cosmos.  

In his newest book, Discovering the Universe, Kaufmann This is the astronomy book for non-astronomers who 
presents a crisply written , profusely illustrated survey want a broad , accurate view without gross simplifica-
of astronomy that reaches back to Ptolemy yet is as tions or sophisticated mathematical arguments . Order 
up-to-date as the latest theories of the Big Bang . your copy today, and share the excitement of 

discovery. 
Hundreds of eye-catching, full-color photographs and 

1987, 420 pages, 418 illustrations, 
200 in color Paperback, $24.95 

*Recipient of The 1980 American Institute of Physics-U.S. Steel Science 
Writing Award . 

Please send me ___ copy(ies) of 
DISCOVERING THE UNIVERSE at $24.95 each. 
(ISBN 0-7167-1784-8) 

o I enclose a check made payable to 
W. H. Freeman and Company 

o Charge my : 0 MasterCard 0 VISA 

Account # ________________________ _ 

Expiration date ______________________ _ 

Signature __ -;--::---:-----,-__ -.--:----::--____ _ 

(credit card orders must be signed) 

Name __________________________ ___ 

Address __________________________ _ 

City IState/Zip ______________________ _ 

Mail to : W. H. Freeman and Company 
The book publishing arm of Scientific American 
for more than 20 years 
4419 West 1980 South 
Salt Lake City, Utah 84104 

Please include $1.50 for postage and handling ; 
New York, New Jersey, California, and Utah 
residents add aooropriate sales tax . 

0301 
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Glucose and Aging 
Once considered biologically inert, the body's most abundant sugar 
can permanently alter some proteins. In doing so it may contribute 
to age-associated declines in the functioning of cells and tissues 

by Anthony Cerami, Helen Vlassara and Michael Brownlee 

�peoPle age, their cells and tissues 
change in ways that lead to the 
body's decline and death. The 

cells become less efficient and less able 
to replace damaged materials. At the 
same time the tissues stiffen. For ex
ample, the lungs and the heart mus
cle expand less successfully, the blood 
vessels become increasingly rigid and 
the ligaments and tendons tighten. 
Older people are also more likely to 
develop cataracts, atherosclerosis and 
cancer, among other disorders. 

Few investigators would attribute 
such diverse effects to a single cause. 
Nevertheless, we have discovered that 
a process long known to discolor and 
toughen foods may also contribute to 
age-related impairment of both cells 
and tissues. That process is the chem
ical attachment of the sugar glucose 
to proteins (and, we have found, to nu
cleic acids) without the aid of en
zymes. When enzymes attach glucose 
to proteins, they do so at a specific 
site on a specific molecule for a specif
ic purpose. In contrast, the nonenzy
matic process adds glucose haphaz
ardly to any of several sites along any 
available peptide chain. 

On the basis of recent in vitro and 
in vivo studies in our laboratory at 
Rockefeller University, we propose 
that this nonenzymatic "glycosyla
tion" of certain proteins in the body 
triggers a series of chemical reactions 
that culminate in the formation, and 
eventual accumulation, of irreversible 
cross-links between adjacent protein 
molecules. If this hypothesis is correct, 
it would help to explain why various 
proteins, particularly ones that give 
structure to tissues and organs, be
come increasingly cross-linked as peo
ple age. Although no one has yet sat
isfactorily described the origin of all 
such bridges, many investigators agree 
that extensive cross-linking of proteins 
probably contributes to the stiffening 
and loss of elasticity characteristic of 
aging tissues. We also propose that 
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the nonenzymatic addition of glucose 
to nucleic acids may gradually dam
age DNA. 

The steps by which glucose alters 
proteins have been understood by 
food chemists for decades, although 
few biologists recognized until recent
ly that the same steps could take place 
in the body. The nonenzymatic reac
tions between glucose and proteins, 
collectively known as the Maillard or 
browning reaction, may seem compli
cated, but they are fairly straightfor
ward compared with many biochemi
cal reactions. 

They begin when an aldehyde group 
(CHO) of glucose and an amino group 
(NH2) of a protein are attracted to 
each other. The molecules combine, 
forming what is called a Schiff base 
[see illustration on page 93]. This com
bination is unstable and quickly re
arranges itself into a stabler, but still 
reversible, substance known as an 
Amadori product. 

If a protein persists in the body for 
months or years, some of its Amadori 
products slowly dehydrate and rear
range themselves yet again-into new 
glucose-derived structures. These can 
combine with various kinds of mole
cules to form irreversible structures 
we have named advanced glycosyla
tion end products (AGE'S). Most AGE'S 
are yellowish brown and fluorescent 
and have specific spectrographic prop
erties. More important for the body, 
many are also able to cross-link adja
cent proteins. 

The precise chemical structure of 
advanced glycosylation end products 
and of most AGE-derived cross-links 
is still not known. Nevertheless, some 
evidence suggests that AGE'S are often 
created by the binding of an Amadori 
product to glucose or another sugar. 
Such end products would form bridges 
to other proteins by binding to avail
able amino groups. In some instan
ces two Amadori products may in
stead merge, creating an AGE that is 

also a cross-link. The one glucose-de
rived cross-link whose chemical struc
ture is known appears to be just such a 
combination. It is 2-furanyl-4(S)-(2-fu
ranyl)-IH-imidazole, or FFI. First iso
lated in the laboratory (from a mixture 
of the amino acid lysine, the protein 
albumin and glucose), FFI has since 
been found in the body. 

The realization that the browning 
reaction could occur in-and po

tentially damage-the body emerged 
from studies of diabetes, a disease 
characterized by elevated blood-glu
cose levels. In the mid-1970's one of us 
(Cerami) and Ronald J. Koenig exam
ined a report that the blood of diabetic 
individuals contained higher than nor
mal

'
levels of hemoglobin Ale: a vari

ant of the protein hemoglobin, which 
is the oxygen-carrying component of 
red blood cells. Curious about why the 
levels were elevated, the two investiga
tors attempted to determine the mole
cule's structure. 

Hemoglobin Ale is an Amadori 
product. Moreover, as is true for the 
amount of Amadori product formed 
in foods, the amount of hemoglobin 
Ale formed is influenced by the level 
of glucose in the blood: when the glu
cose level is high, the amount of Ama
dori product is also high. (Workers 
in our laboratory and elsewhere have 
since identified more than 20 Amado
ri proteins in human beings and have 
consistently found two or three times 
as much product in people with diabe
tes as in nondiabetics.) 

The hemoglobin findings reveal that 
glucose, which bathes tissues and cells 
throughout the body, is not the inert 
biological molecule most biologists 
thought it was. Although the sugar 
does not react while it is in its usual 
ringlike formation, the ring opens of
ten enough to enable Amadori prod
ucts and other substances to form. 
Glucose remains the least reactive sug
ar in the body, but it has the greatest 
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potential effect on proteins because it 
is by far the most abundant variety. 

The fact that glucose is reactive sug
gested to Cerami that excess blood 
glucose in people with uncontrolled 
diabetes might be more than a marker 
of the disease. If the sugar could bind 
nonenzymatically to proteins in the 
body, he reasoned, excessive amounts 
could potentially contribute to dia
betic complications: the host of disor-

ders, ranging from impaired sensation 
to kidney failure, that often disable 
people with diabetes and shorten their 
life. In particular, it seemed possible 
that high levels of glucose could lead 
to an extensive buildup of advanced 
glycosylation end prod ucts on long
lived proteins. The accum ulation of 
AGE'S in turn might undesirably mod
ify tissues throughout the body. 

Such musings soon led to a suspi-

cion that glucose could also play a role 
in the tissue changes associated with 
normal aging. The effect of diabetes 
on many organs and tissues is often 
described as accelerated aging because 
several of the complications that strike 
people with diabetes-including senile 
cataracts, joint stiffness and athero
sclerosis-are identical with disorders 
that develop in the elderly; they mere
ly develop earlier. If excess glucose 

MACROPHAGE (rough-surfaced body at eel/ter), a cell that re
moves debris from tissues, is about to ingest red blood cells 
(sll/ooth disks) to which advanced glycosylation end products, or 
AGE'S, have been attached. AGE'S are molecules derived from the 
combination of glucose and protein without the aid of enzymes. 

The authors postulate that AGE'S gradually accumulate on long
lived proteins and cells, forming cross-links that impair tissues. 
Macrophages try to remove AGE-altered proteins but lose efficien
cy as people age. The cells are enlarged 10,000 diameters in this 
micrograph, made by David M. Phillips of the Population Council. 
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does in fact hasten the onset of these 
ills in people with diabetes, normal 
amounts could conceivably play a role 
in the slower onset seen in nondiabet
ics as they age. 

Our laboratory's studies of senes
cence (which complement our 

ongoing studies of diabetes) began 
with an attempt to determine whether 
advanced glycosylation end products 
do in fact accumulate on, and form 
cross-links between, long-lived pro
teins in the body. Major constituents 
of the lens of the eye-the crystallin 
proteins-became the first objects of 
study because once these proteins are 
produced they are believed to persist 
for life; they therefore fit the profile of 
proteins that could amass advanced 
glycosylation end products. Also it 
seemed likely that a buildup of such 
AGE'S and of AGE-derived cross-links 
could help to explain why lenses turn 
brown and cloudy (that is, develop se
nile cataracts) as people age. In sup
port of this idea, workers elsewhere 
had previously found two types of 
cross-link in aggregates of crystallin 
proteins from human senile cataracts. 
One bridge was pigmented, suggesting 
that it could be an AGE. The other type 
was a disulfide bond formed between 
sulfhydryl (SH) groups of the amino 
acid cysteine. 

In test-tube experiments Cerami, 
Victor J. Stevens and Vincent M. 

SCHIFF BASE 
IGLUCOSE 

Monnier showed that glucose could 
produce a cataractlike state in a solu
tion of the proteins. Whereas glucose
free solutions containing crystallins 
from bovine lenses remained clear, so
lutions with glucose caused the pro
teins to form clusters, suggesting that 
the molecules had become cross
linked. The clusters diffracted light, 
making the solution opaque. Analysis 
of the links between the molecules 
confirmed that both the disulfide and 
the pigmented types were present. The 
group has also discovered that the 
pigmented cross-links in human se
nile cataracts have the brownish color 
and fluorescence characteristic of ad
vanced glycosylation end products. In 
fact, some cross-links can be chemical
ly identified as the advanced glycosyl
ation end prod uct FFI. 

Combined with other evidence, the 
above data suggest that nonenzymatic 
glycosylation of lens cry stall ins may 
contribute to cataract formation by a 
two-step mechanism. Glucose proba
bly alters the conformation of proteins 
in ways that render previously unex
posed sulfhydryl groups susceptible to 
combination with nearby sulfhydryl 
groups. Hence disulfide bonds devel
op, initiating protein aggregation. Lat
er Amadori products on the proteins 
become rearranged, enabling FFI and 
other pigmented cross-links to form, 
discolor the lens and make it cloudy. 

Convinced that at least one class of 

AGE 

AGE READY TO TRAP PROTEIN 
FORMATION of glucose-derived cross-links, shown highly schematically, begins when 
glucose attaches to an amino group (NH2) of a protein (top), such as collagen. The initial 
product, known as a Schiff base, soon transforms itself into an Amadori product, which 
can eventually pass through several incompletely understood steps (broken arrow) to be
come an AGE. In many instances AGE'S are like unsprung traps (red symbol), poised to 
snap shut (bottom) on free amino groups of any nearby protein and to form cross-links. 
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proteins undergoes the browning reac
tion and forms undesirable cross-links, 
we and our colleagues turned to the 
body's most abundant protein: colla
gen. This long-lived extracellular pro
tein glues together the cells of many 
organs and helps to provide a scaffold
ing that shapes and supports blood
vessel walls. It also is a major constitu
ent of tendon, skin, cartilage and other 
connective tissues. In the past 25 years 
various investigators have shown that 
collagen builds up in many tissues, be
coming increasingly cross-linked and 
stiff as people age. 

Studies of the dura mater, the colla
gen sac separating the brain from 

the skull, provided early evidence that 
advanced glycosylation end products 
could collect on collagen. Monnier, 
Cerami and the late Robert R. Kohn 
of Case Western Reserve University 
found that the dura mater from el
derly individuals and from diabetics 
displays yellowish brown pigments 
whose fluorescent and spectrograph
ic properties are similar to those of 
advanced glycosylation end products 
formed in the test tube. As would be 
expected, protein from people with 
diabetes had accumulated more pig
ments than the protein of nondiabet
ics. In nondiabetics the amount of pig
ment attached to the protein increased 
linearly with age. 

Evidence suggesting that glucose in
duces collagen not only to form AGE'S 
but also to become cross-linked comes 
from several studies. On the basis of 
work by other investigators, it has long 
been known that fibers from the tail 
tendons of older rats take longer to 
break when they are stretched than fi
bers from younger animals, indicating 
that the older fibers are more cross
linked and less flexible. Monnier, Ce
rami and Kohn therefore attempted to 
mimic the effects of aging by incubat
ing tendon fibers of young rats with 
various sugars. The fibers gradually 
accumulated advanced glycosylation 
end products and showed a concomi
tant increase in breaking time. 

More recently we have evaluated 
the cross-linking of both purified and 
aortic collagen. In the first instance the 
protein was incubated with glucose in 
a test tube; in the second instance it 
was essentially incubated in the body 
of diabetic animals that had high 
blood-glucose levels. In both condi
tions our chemical tests unequivocally 
showed that the glucose led to exten
sive cross-linking. 

Although we suspect that the forma
tion of glucose-derived cross-links be
tween long-lived proteins helps to ac
count for many symptoms of aging 
and for many complications of diabe-
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CHEMICAL STRUCTURE is known for glucose-protein Schiff 
bases and Amadori products. Workers have yet to learn the struc-

ture of most AGE'S and AGE-derived cross-links, but one link has 
been identified: 2-furanyl-4(S)-(2-furanyl)-lH-imidazole, or FFI. 

tes, such bridges are not the only ones 
that can potentially damage the body. 
We have shown that AGE'S on collagen 
in artery walls and in the basement 
membrane of capillaries can actually 
trap a variety of normally short-lived 
plasma proteins. Even when collagen 
is incubated with glucose and then 
washed so that no free glucose is pres
ent, the long-lived protein can still co
valently bind such molecules as albu
min, immunoglobulins and low-densi
ty lipoproteins. 

This binding may help to explain 
why both people with diabetes and the 
aged are prone to atherosclerosis: a 
buildup of plaque in arterial walls. 
The plaque includes smooth-muscle 
cells, collagen (which is produced by 
the smooth-muscle cells) and lipopro
teins (the cholesterol-rich proteins that 
are the primary source of fat and cho
lesterol in atherosclerotic lesions). 

No one yet understands the exact 
processes leading to atherosclerosis. It 
is conceivable that glucose contributes 
to plaque formation by causing ad
vanced glycosylation end products to 
develop progressively on collagen in 
the vessel walls. Once those substances 
form, collagen may trap low-density 
lipoproteins from the blood-which in 
turn can become attachment sites for 
other lipoproteins. 

In theory, glucose-altered collagen 
could also trap von Wille brand factor, 
a protein that is believed to promote 
the aggregation of platelets (sticky 
bodies involved in blood clotting). The 
platelets may release a factor that 
stimulates the proliferation of smooth
muscle cells, which produce extra col
lagen. Other glucose-related events 
may further promote plaque forma
tion [see illustration on page 95]. More 
studies are needed to determine the ex
tent to which any of the postulated 

events take place and how they might 
interact with various other processes 
that contribute to atherosclerosis. 

Protein trapping and cross-linking 
may also help to explain the thicken
ing seen in the basement membrane of 
capillaries as people grow older (and 
the more rapid thickening in people 
with diabetes). In people with diabetes, 
thickening of a specialized basement 
membrane in the kidney, the mesan
gial matrix, promotes renal failure. 
In nondiabetics the conseq uences of 
renal basement-membrane thickening 
are less clear, although we suspect the 
process may help to decrease the aged 
kidney's ability to clear wastes from 
the blood. Elsewhere in the body 
thickened capillaries become particu
larly narrow or occluded in the course 
of time in the lower extremities, where 
gravity increases the rate of protein 
trapping by vessel walls. Such narrow
ing can contribute to the impaired cir
culation and loss of sensation often 
found in the feet and legs of both di
abetics and older nondiabetics. In 
order to function properly, the sen
sory nerves need an adequate supply 
of blood. 

Because aging takes place at the level 
of the cell as well as of tissue, our 

laboratory has recently begun to ex
amine the effects of glucose on the 
material that controls cell activity: the 
genes. At least in resting cells, the nu
cleic acid DNA, which contains amino 
groups, is long-lived. It therefore can 
potentially accumulate advanced gly
cosylation end products. These AGE'S 
might then contribute to known age
related increases in chromosomal al
terations or to declines in the repair, 
replication and transcription of DNA. 
Such genetic changes are believed to 
impair the body's ability to replace 

proteins critical to normal cell func
tion and survival. Nonenzymatic gly
cosylation might also cause mutations 
that affect the activity of the immune 
system or lead to some types of cancer. 

Richard Bucala, Peter Model and 
Cerami have found that incubating 
DNA with glucose does indeed cause 
fluorescent pigments to form. The pig
ments do not build up as quickly as 
they do on proteins, because the amino 
groups of nucleic acids are significant
ly less reactive than the amino groups 
of proteins. 

No one has yet investigated the ef
fects of AGE'S on the nucleic acids of 
mammalian cells, but the group's stud
ies of bacteria suggest that nonenzy
matic glycosylation may well interfere 
with the normal functioning of human 
genes. When a bacteriophage (a bacte
rial virus) with a DNA genome was in
cubated with glucose and then inserted 
into the bacterium Escherichia coli, the 
phage's ability to infect E. coli cells 
was shown to be reduced. The degree 
of reduction depended on both the in
cubation time and the concentration of 
the sugar. 

Bucala and his fellow workers also 
found that adding the amino acid ly
sine to a mixture of DNA and glucose 
hastened the loss of viral activity. Pre
sumably the sugar reacted with the 
amino acid, forming an "AGE-lysine" 
that quickly bound to the DNA. Be
cause both protein and glucose are 
present in mammalian cells, it seems 
likely that a similar reaction might ac
count for the finding that protein co
valently attaches to the DNA of aged 
cells. The effects of such protein bind
ing to genetic material are not known. 

Just how the attachment of glucose 
or a glycosylated protein to DNA in
terfered with the bacteriophage's nor
mal activity is also not clear. In anoth-
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er study, though, sugar was shown to 
cause a mutation in DNA. The work
ers isolated plasmids (extrachromo
somal pieces of bacterial DNA) carry
ing genes that make E. coli resistant to 
the antibiotics ampicillin and tetracy
cline. Then they incubated the plasmid 
with glucose-6-phosphate, a sugar that 
reacts more quickly than glucose, re
turned the DNA to bacterial cells and 
exposed the cells to an antibiotic. Most 
of the cells exposed to tetracycline 
died, whereas most exposed to ampi
cillin lived. Clearly some of the incu
bated plasmids kept the ampicillin-re
sistance gene but had lost the activity 
of the tetracycline-resistance gene. 

Further study showed that most of 
the tetracycline-resistance genes had 
been altered by deletions or insertions 
of DNA. We suspect that those genes 
had collected advanced glycosylation 
end products and that the resulting 
mutations arose when the bacteria at
tempted to repair the DNA altered by 
AGE'S. This conclusion is supported by 
the finding that bacterial cells lacking 
a DNA-repair enzyme did not have 
mutations in the DNA. 

In order to better determine the ef-

fects of advanced glycosylation end 
products on the DNA of human cells, 
we are developing new methods for 
measuring both AGE'S and glycosylat
ed proteins on DNA. In addition we 
need to learn more about the cell's 
mechanisms for repairing glycosylat
ed nucleic acids. 

The ultimate goal of our research 
into both aging and diabetes is to 

find ways of preventing or delaying 
their debilitating effects. If our glyco
sylation hypothesis is correct, such ef
fects might be mitigated either by pre
venting the formation of glucose-de
rived cross-links or by increasing the 
activity of biological processes that re
move AGE'S. 

On the first front we, along with Pe
ter C. Ulrich in our laboratory, have 
developed a promising drug called 
aminoguanidine. This small molecule, 
in the class of compounds called hy
drazines, reacts with Amadori prod
ucts. It apparently binds to carbonyl 
groups and in so doing prevents the 
Amadori products from becoming ad
vanced glycosylation end products. 

In test-tube studies of the drug we 

FIBRILS of collagen, the most abundant protein in the animal world, are enlarged 
26,000 diameters in this scanning electron micrograph of chick-embryo collagen made by 
Christine McBride and David E. Birk of the University of Medicine and Dentistry of 
New Jersey in Piscataway. As animals and people age, cross-linking of the protein mole
cules in such fibrils causes tissues throughout the body to stiffen. The exact nature of all 
cross-links is not known, but evidence suggests that many of them may be AGE-derived. 
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incubated albumin either with glucose 
alone or with glucose and aminogua
nidine. Advanced glycosylation end 
products formed in the first mixture 
within half a week and increased pro
gressively with time. In contrast, the 
aminoguanidine mixture produced an 
equal amount of Amadori product but 
resulted in marked inhibition of AGE 
formation. Similarly, when we incu
bated collagen with glucose, the pro
tein became extremely cross-linked, 
whereas the addition of aminoguani
dine blocked nearly all glucose-de
rived intermolecular bridges. 

Parallel findings come from studies 
of diabetic rats. Animals treated with 
aminoguanidine amassed fewer ad
vanced glycosylation end products in 
the aorta, and fewer cross-links, than 
untreated rats. In a separate group of 
diabetic rats we have shown that ami
noguanidine prevents both the trap
ping of immunoglobulin in the base
ment membrane of renal capillaries 
and the trapping of plasma lipopro
teins in the arterial wall. 

We are now planning trials of ami
noguanidine in human subjects. If the 
drug is shown to be safe, we hope to 
conduct long-term trials of its ability 
to prevent diabetic complications. Be
cause diabetes is in some ways a model 
of aging, success in such trials might 
eventually help to justify studying the 
ability of aminoguanidine (or similar 
compounds) to prevent disorders re
lated to age in nondiabetics. 

We are also studying the other ap
proach to treatment: increasing the 
activity of the body's AGE-removal 
system. Even if the prod uction of 
advanced glycosylation end products 
could not be prevented, an effective 
AGE-removal system might help to 
counteract any dangerous buildup on 
proteins. Macrophages, the scavenger 
cells that remove debris from tissues, 
apparently constitute one such remov
al system. 

This property of the scavenger cells 
became clear about three years ago 
when we examined peripheral-nerve 
myelin: the complex mixture of long
lived proteins that forms an insulating 
sheath around nerve fibers. We in
cubated isolated myelin with glucose 
for eight weeks to mimic the effects 
of long-term exposure to glucose in 
the body. Then we introduced mac
rophages into the mixture. The cells 
ingested more myelin than they did 
when the substance had not been ex
posed to sugar. They also took up 
more myelin from diabetic animals 
than from nondiabetic ones, presum
ably because the diabetic animals had 
a greater amount of advanced glyco
sylation end products. 

More recent evidence indicates that 
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GLYCOSYLATION END PRODUCTS are suspected of contrib
uting to atherosclerosis, and thus to coronary disease, by several 
pathways. When the inner lining of a healthy blood vessel (top) is 
damaged, plasma proteins leak into the arterial wall (bottom). 
AGE'S on collagen in the wall then trap low-density lipoproteins 
(LDL) , which accumulate to form cholesterol deposits in athero-

• 
• 

sclerotic plaques. Macrophages attempt to remove the captured 
lipoproteins and in the process secrete a factor that stimulates 
smooth-muscle cells to proliferate and make new collagen (blue). 
Finally, AGE'S on collagen may trap von Willebrand factor, a pro
tein that causes platelets to adhere to the vessel wall. Like mac
rophages, activated platelets secrete a cell-proliferation factor. 
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PLASMID, an extrachromosomal circle of bacterial DNA, underwent mutation as a re
sult of being incubated with sugar, suggesting that glucose may contribute to some of the 
genetic damage seen in humans as they age. After incubation, plasmids carrying genes 
that render the bacterium Escherichia coli resistant to the antibiotics ampicillin and tet
racycline were inserted into E. coli. In the presence of ampicillin the bacterial cells re
produced normally, but in the presence of tetracycline most cells died. Apparently bacte
rial enzymes attempted to repair tetracycline-resistance genes that accumulated AGE'S. 
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AMINOGUANIDINE, an experimental drug developed in the authors' laboratory, inter
feres with the ability of Amadori products to undergo changes that could normally result 
in the formation of cross-links. The drug's safety and efficacy in humans are under study. 
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the signal for protein uptake by mac
rophages is specifically the advanced 
glycosylation end product. We have 
found, for example, that a mouse mac
rophage has an estimated 150,000 re
ceptors for the AGE'S that form on al
bumin. Macrophages attempt to ingest 
any protein attached to the advanced 
glycosylation end product FFI, but the 
cells' receptors do not appear to react 
with any nOn-AGE substances that ac
cumulate on proteins, including Ama
dori prod ucts. 

The affinity of macrophages for 
FFI, and for advanced glycosyla

tion end products in general, became 
dramatically apparent when we at
tached FFI and other AGE'S to mem
brane proteins of normal red blood 
cells. Mouse macrophages took up the 
altered cells much more avidly than 
they take up normal cells. (In addition 
to supporting the contention that mac
rophages are an AGE-removal system, 
this discovery suggests that advanced 
glycosylation end products have at 
least one constructive role in the body: 
they may indicate that a cell is aged 
and should be removed.) 

Why do AGE'S build up on proteins if 
the body has a system for removing 
them? We do not have an answer, but a 
few explanations seem likely. For one 
thing, the end products may generally 
form in locations that are not readily 
accessible to macrophages. Moreover, 
the highly cross-linked proteins that 
eventually accumulate appear to be 
increasingly difficult to remove. Also, 
as people age, their macrophages may 
become less efficient as a disposal 
mechanism. In support of this last no
tion we have very recently discovered 
that the number of AGE receptors on 
mouse macrophages declines as mice 
grow older. 

We are currently seeking drugs that 
increase the removal rate of unwanted 
advanced glycosylation end products, 
but a successful treatment will have 
to dissolve the end products without 
excessively damaging irreplaceable 
proteins. In the case of myelin, for in
stance, excess AGE-stimulated uptake 
of old or damaged protein could erode 
the myelin sheath, which is essential 
for nerve functioning. 

Additional evidence must be gath
ered before we can say with certain
ty that nonenzymatic glycosylation of 
proteins contributes to the cell and 
tissue changes characteristic of aging. 
The data collected so far do indicate 
that our hypothesis is a promising one. 
More important, the findings raise the 
exciting possibility that treatments can 
one day be developed to prevent some 
of the changes that too often make 
"aging" synonymous with "illness." 
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Reappearing Phases 
Matter becomes more orderly as it is cooled. Some systems, however, 

seem to become disordered again as the temperature con tin ues to 

fall. The reason lies in the interplay between energy and entropy 

by James S. Walker and Chester A. Vause 

W
hen a beaker of water is put 
in a freezer, it solidifies to 
form ice. When a bar of hot 

iron is refrigerated, it may become 
magnetically polarized. When samples 
of certain metals, such as aluminum, 
are cooled to extremely low tempera
tures, they become superconducting, 
losing all resistance to the flow of elec
tric current. When certain homoge
neous mixtures of liquids are cooled, 
they become immiscible, dividing to 
form two distinct liquids separated by 
a boundary called a meniscus. 

These phenomena are examples of 
phase transitions. A sample of matter 
is said to be in a certain phase (such 
as the solid phase or the superconduct
ing phase) when it has a certain well
defined set of macroscopically observ
able properties (such as hardness or 
lack of resistivity). The phase of a sam
ple of matter is really an indication of 
the degree of order or disorder inher
ent in the molecules or atoms of which 
the sample is composed. The mole
cules of an ice crystal, for example, are 
far more orderly than those in liquid 
water. In a magnetized bar of iron the 
magnetic field associated with each 
atom is aligned in an orderly way with 
the fields of all the others, creating a 
single strong field; in unmagnetized 
iron the fields of the atoms are orient
ed randomly. Two liquids separated 
from each other are more orderly than 
a homogeneous mixture is. 

When a material is cooled, its con
stituent molecules or atoms come to 
be arranged in a more orderly fashion. 
The high-temperature phase becomes 
unstable, and the material undergoes 
a transition to a more orderly phase. 
When water vapor is cooled, for exam
ple, it is transformed from the gaseous 
to the liquid phase and then to the sol
id phase. In some materials, however, 
the normal seq uence seems to reverse 
itself. As these materials are cooled 
they pass from one phase to a second, 
more ordered one, as would be expect-
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ed. On being cooled further, however, 
they are transformed back into the 
first phase: the first phase reappears! 
How can such a transformation take 
place? It seems to violate a primary re
quirement of thermodynamics, name
ly that materials become more ordered 
as their temperature is lowered. 

Reappearing phases are actually a 
direct consequence of the interplay be
tween energy and entropy, or disorder, 
as that interplay is expressed in the 
motions and interactions of the mole
cules that make up the materials. Re
appearing phases can be of great utili
ty in studying physical systems be
cause they make it possible to gain a 
more thorough and accurate descrip
tion of these microscopic interactions 
than would otherwise be possible. 

Arelatively simple example of reap
pearing phases is seen in systems 

known as binary liquid mixtures: mix
tures of two kinds of liquid. Imagine 
pouring two liquids, such as coffee and 
cream or oil and water, into a beaker 
and stirring them. If the two liquids 
mix together (as coffee and cream do), 
filling the beaker with a single, homo
geneous fluid, the mixture is said to be 
in the miscible phase. If, on the other 
hand, the liquids remain distinct, they 
are said to be immiscible; when oil 
and water are poured together, for ex-

ample, they form two coexisting liq
uids (one is mostly oil and the other 
is mostly water) separated by a menis
cus. We shall refer to this coexistence 
of two liquids as the immiscible phase. 

Certain binary liquid mixtures can 
be either miscible or immiscible de
pending on the temperature. The im
miscible phase, in which molecules of 
different types are segregated to dif
ferent parts of the container, seems to 
be the most highly ordered of the two. 
One would expect, then, that mixtures 
would change from miscible to immis
cible as the temperature is lowered. 
This transformation is indeed the one 
seen in most binary liquid mixtures. 

As the chemist Basil McEwen of His 
Exalted Highness the Nizam's Col
lege in Hyderabad, India, discovered 
in 1923, however, not all binary mix
tures follow such a straightforward se
quence. McEwen studied various bi
nary mixtures that are miscible at high 
temperatures. When he cooled them, 
they became immiscible, as he had 
expected. What was unexpected was 
that when he lowered the temperature 
even further, some of his samples be
came miscible again-and were there
fore seemingly more disordered at low 
temperatures than they had been at 
intermediate temperatures. Since Mc
Ewen's time it has been found that 
reappearing miscible phases, although 

MISCIBILITY OR IMMISCIBILITY of a pair of liquids reveals the degree of disorder 

or order inherent in the constituent molecules. The immiscible, or separated, phase seems 
to be more orderly than the miscible, or homogeneous, phase; one would therefore expect 
it to appear at low temperatures. Nevertheless, some mixtures, such as those shown here, 

separate as the temperature is lowered and then mix again as they are cooled further, in
dicating that there is some kind of hidden order in the "reappearing" miscible phase. The 
ampules contain various proportions of butyl alcohol (pink) and water. At 90 degrees 
Celsius all the mixtures are miscible. After the temperature has been lowered to 70 de

grees, they are all immiscible. At 20 degrees they are again fully mixed; this is the reap
pearing miscible phase. At - 20 degrees one (far left) has frozen and three are miscible, 

while two (Jar right) show a reappearing immiscible phase. The ampnles that have a 
cloudy color (the middle two at 88 degrees and the third from the left at 50 degrees) are 
at critical points, when the two coexisting liquids of the immiscible phase are identical 
and so the immiscible phase is indistinguishable from the miscible one. The apparatus and 

the photographs are the work of Christopher M. Sorensen of Kansas State University. 
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PHASE DIAGRAMS show whether a given mixture of two liquids will be miscible or im
miscible at a given temperature. The diagram at the left is applicable to most mixtures. 

The horizontal axis represents the relative proportions of the ingredients in the mixture, 
and the vertical axis corresponds to temperature. If the point representing a mixture is 
above a curve known as the coexistence curve, the mixture is miscible. If the point is be
low the coexistence curve, the mixture is immiscible. It separates into two liquids whose 

concentrations can be determined by plotting the points at which the line representing 
the temperature of the mixture (broken horizonta l line) intercepts the coexistence curve. 

Mixtures that show reappearing phases are represented by diagrams like the one at the 

right, in which the coexistence curve forms a closed loop. As the temperature of a misci
ble mixture is lowered, the mixture comes to be first immiscible and then miscible again. 

they are somewhat rare, nonetheless 
are found in quite a few binary mIx
tures. How are we to understand such 
contradictory phenomena? 

Afirst step in understanding the be
havior of binary liquid mixtures 

is to depict that behavior in what is 
known as a phase diagram. A phase di
agram of a binary liquid mixture is a 
graph; the vertical axis represents tem
perature and the horizontal axis repre
sents the relative proportions of the 
two liquids in the mixture. 

The central feature of the phase dia
gram is a curve called the coexistence 
curve. Mixtures represented by points 
above the coexistence curve are misci
ble; mixtures represented by points be
low the curve are immiscible. Hence as 
the temperature of a given mixture is 
lowered, the point representing that 
mixture on the phase diagram de
scends from the region of miscible 
mixtures to that of immiscible mix
tures: the mixture becomes immiscible 
as it is cooled. The shape of the coexis
tence curve indicates, for any given 

100 

temperature, the precise compositions 
of the two fluids into which the immis
cible mixture divides. (Neither fluid is 
pure; each is composed primarily of 
one of the pure liquids with a small ad
mixture of the other liquid.) There is 
one point on the curve that is special; it 
is the point at which the liquids above 
and below the meniscus come to have 
the same concentration. At this point, 
which is called the critical point, the 
miscible and immiscible phases are in
distinguishable. 

In phase diagrams representing mix
tures that have reappearing phases the 
coexistence curve takes the form of 
a closed loop. Mixtures represented 
by points lying to the right or left of 
the loop never become immiscible, 
no matter how low the temperature is 
made. Mixtures at intermediate con
centrations are miscible at high tem
peratures, become immiscible when 
the temperature is lowered enough so 
that the point representing the mixture 
is inside the closed loop, and are misci
ble again when the point representing 
the mixture descends through the bot-

tom of the loop. Phase diagrams con
taining closed loops have two critical 
points. One of them, called the upper 
critical point, is at the top of the loop, 
and the other, the lower critical point, 
is at the bottom. 

P
hase diagrams represent the behav
ior of a mixture as seen on a mac

roscopic level. That is, they show the 
behavior of the bulk liquid. To un
derstand why the phase diagrams take 
the forIlf they do, and in particular to 
understand why some of them con
tain the closed loops that indicate re
appearing phases, one must consider 
the microscopic behavior of the indi
vidual molecules in the liquids. 

All molecules attract or repel other 
molecules because of an interaction 
called the van der Waals force. The 
van der Waals force is electrical in 
origin, although it affects electrically 
neutral atoms and molecules. The neg
ative charges within a molecule are 
contained in a "cloud" of electrons 
that surrounds the positively charged 
atomic nuclei making up the mole
cule's core. The electron cloud of a 
molecule can become displaced; that 
is, it can shift its position in such a way 
that it is no longer centered on the nu
clei. Then one part of the molecule 
(the part of the core that is not as fully 
surrounded by the electron cloud) has 
an excess of positive charge and the 
other part (the part of the electron 
cloud that is far from the nuclei) has 
an excess of negative charge. 

When two molecules are close to
gether in space, their electron clouds 
become displaced and the excess posi
tive charge of each molecule is attract
ed to the excess negative charge of 
the other; the molecules are attracted 
to each other. The displacement of the 
electron clouds is not static: they fluc
tuate rapidly as the molecules tumble 
and rotate randomly. As the molecules 
move toward each other their electron 
clouds become displaced still further, 
making the attractive force stronger. 

The molecules are not drawn infi
nitely close, however. When they are 
close enough so that their electron 
clouds begin to overlap, the electrons 
of each molecule repel those of the 
other one and the nuclei of each repel 
those of the other, keeping the mole
cules apart. 

In general the strength of the van der 
Waals interaction varies depending on 
whether or not the interacting mole
cules are of the same chemical make
up. In most cases the attractive force 
between unlike molecules is much 
weaker than the attractive force be
tween like molecules. In general a pair 
of molecules held together by a strong 
force has lower energy than a pair of 
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molecules held together by a weak 
force: it takes more energy to separate 
the strongly held molecules. In many 
cases the energy of a pair of like mole
cules that are close together is much 
lower than the energy of a pair of un
like molecules that are close together. 

This experimental fact makes it pos
sible to begin to understand the phase 
diagrams. As a result of the van der 
Waals force, a mixture of two liquids 
is at its lowest energy when most of a 
given molecule's neighbors are of the 
same chemical species as that mole
cule. In terms of energy, then, the most 
favored situation is for all molecules 
of a given type to cluster together. 
This, of course, is simply a description 
of the immiscible phase. 

C onsiderations of energy alone are 
not sufficient, however, for un

derstanding the behavior of a physical 
system. Why, for example, are binary 
mixtures miscible at all-even at high 
temperatures-if mixing increases the 
energy of the mixture? The answer lies 
in another aspect of thermodynamics, 
which is just as important as energy: 
entropy. The entropy of a physical sys
tem, in simple terms, can be thought of 
as a measure of the system's random
ness, or disorder. 

The reason mixtures become misci-

a 

ble at high temperatures is expressed 
in a fundamental principle of thermo
dynamics: A system tends to minimize 
not its energy but rather a quantity 
known as its free energy. The free en
ergy of a system is eq ual to the energy 
of the system minus the product of its 
temperature and its entropy. At a giv
en temperature the free energy can be 
minimized either by decreasing the 
system's energy or by increasing its en
tropy. When a system is at a low tem
perature, changing its entropy makes 
very little difference in its free energy 
(because it is the temperature times the 
entropy that is the relevant quantity). 
At low temperatures, then, minimizing 
the free energy is essentially the same 
as minimizing the energy. At high tem
peratures, on the other hand, changing 
the entropy by even a small amount 
has a large effect on the free energy, 
and so at high temperatures systems 
tend to maximize their entropy. 

At low temperatures binary liquid 
mixtures become immiscible because 
that minimizes their energy. At high 
temperatures they become miscible 
because that maximizes their entropy. 
(A miscible mixture has what might be 
called compositional entropy: the two 
types of molecules are distributed ran
domly.) Every physical system makes 
such compromises between the lowest 

b 
WATER 

total energy and the highest total en
tropy. This competition between low 
energy and high entropy underlies the 
formation and stability of all the vari
ous phases of matter. The free energy 
is the final arbiter in determining the 
nature of the equilibrium phase. 

The concepts of energy and entropy 
make it possible to describe the mi

croscopic events responsible for the 
common miscibility phase diagrams, 
in which mixtures are miscible at high 
temperatures and immiscible at low 
temperatures. How do these concepts 
explain reappearing phases? Since the 
influence of entropy decreases with 
decreasing temperature, it seems out 
of the question that a mixture would 
become miscible again at low tem
peratures, increasing its compositional 
entropy. The very existence of the re
appearing phase indicates that the mi
croscopic picture of the system de
scribed above is incomplete. 

What has been left out? The answer, 
which was first suggested in 1937 by 
Joseph O. Hirschfelder, David Steven
son and Henry Eyring of Princeton 
University, involves a kind of intermo
lecular interaction known as hydrogen 
bonding. Hydrogen bonds are attrac
tive forces between molecules that can 
sometimes be stronger than van der 
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VAN DER WAALS FORCE, which draws molecules toward each 

other, is often stronger when the attracted molecules are identi
cal. At relatively long range (a) the electron cloud of each mole
cule can shift its position in relation to the atomic nuclei making 
up the molecule's core. The molecules then have regions of excess 

negative charge (where the electron cloud has moved far from the 
core) and excess positive charge (where the core is near the edge 

of the cloud). The positively charged end of each molecule is at

tracted to the negatively charged end of the other, and they are 
drawn together. When the molecules are closer (b), the displace-
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ment of the electron clouds is greater and so the attraction is 
stronger. (The displacement is not static; the positions of the elec

tron clouds fluctuate as the molecules tumble.) The strength of the 
long-range van der Waals effect is about the same even when the 

molecules are not identical (c). At shorter ranges (d), however, 

the clouds of such unlike molecules are often not displaced as 

far as the clouds of identical molecules would be, and so the force 

is not as strong as the force that attracts identical molecules at 
close range. Hence it is often energetically favorable for mixtures 

to separate so that neighboring molecules are usually identical. 
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HYDROGEN BOND 

OFUNSHARED 
ELECTRONS 

HYDROGEN BONDING can hold molecules together in a specific orientation. In a 

hydrogen bond (top) the nucleus of a hydrogen atom from one molecule is attracted to a 

lobe of unshared electrons from an electronegative atom (such as an oxygen atom) in 
another molecule. (The lobe is a region in which there are electrons that do not partici
pate in the bonds holding the second molecule together.) If the molecules are not orient

ed so that the hydrogen can align with the lobe (bottom), the molecules will not bond. 

Waals forces but are always consider
ably weaker than the bonds that hold 
atoms together to form molecules. 

Unlike van der Waals forces, which 
affect all molecules, hydrogen bonds 
can be formed only by certain kinds of 
molecules. They form when the nucle
us of a hydrogen atom in one molecule 
is partially stripped of its electron by 
an electronegative atom (such as an 
oxygen atom) in the same molecule. 
Then the hydrogen nucleus is attracted 
to the electrons of an electronegative 
atom in a neighboring molecule. In a 
sense the two electronegative atoms 
share the hydrogen nucleus, and the 
molecules are bonded. 

Hydrogen bonding, like the attrac
tive van der Waals force, lowers the 
energy of the system, because mole
cules bound together are at a lower en
ergy than free molecules. What about 
the entropy? Suppose in a certain mix
ture only unlike molecules can form a 
hydrogen bond. Then hydrogen bond
ing would require that a molecule's 
nearest neighbor be an unlike mole-
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cule. If hydrogen bonding between un
like molecules were a dominant effect, 
it would raise the compositional en
tropy of the mixture, promoting the 
miscible phase. One might think, then, 
that hydrogen bonding would occur at 
high temperatures, when the entropy is 
high. Actually just the opposite is the 
case: hydrogen bonding occurs pri
marily at low temperatures. Why? 

The reason is that there is a subtle 
way in which hydrogen bonding actu
ally reduces the total entropy of a sys
tem rather than increasing it. Mole
cules can form hydrogen bonds only 
when they are in certain orientations 
in relation to each other, so that the 
hydrogen nucleus in one molecule 
can align with the electrons in the elec
tronegative atom of the other mole
cule. Typically, hydrogen bonds have 
an angular spread of only 10 degrees; 
in other words, if the relative orienta
tion of two bonded molecules changes 
by more than 10 degrees, the bond 
breaks. Hydrogen bonds break easily, 
but while they last they hold the bond-

ed molecules in a single relative orien
tation. Molecules that are not hydro
gen-bonded are free to tumble about, 
taking on any orientation at all. Such 
molecules therefore have high "orien
tational entropy," whereas hydrogen
bonded molecules have very low ori
entational entropy. 

The orientational entropy lost in 
forming a hydrogen bond between un
like molecules is much greater than the 
compositional entropy that is gained. 
The effect of hydrogen bonding be
tween unlike molecules, then, is to 
lower the total energy of the system 
while also lowering the total entropy 
(compositional entropy added to ori
entational entropy). When the system 
is at low temperatures, the lowered en
ergy brought about by hydrogen bond
ing has a large effect on the free energy 
of the system and the lowered entro
py has only a small effect. Hydrogen 
bonds are therefore thermodynamical
ly stable at low temperatures. At high 
temperatures, on the other hand, the 
entropy becomes more important; the 
low entropy of a hydrogen bond then 
has a large and unfavorable effect on 
the free energy, and hydrogen bonds 
tend not to form. 

W
e can now explain the reappear
ing phase in terms of the under

lying microscopic events. At high tem
peratures the mixture is miscible and 
the entropy is high. The component 
molecules are mixed together random
ly (giving the mixture high composi
tional entropy) and are oriented ran
domly with respect to one another 
(giving the mixture high orienta tiona I 
entropy). As the temperature is low
ered, energy becomes more important. 
Eventually the lowered energy associ
ated with the van der Waals attraction 
has a larger effect on the free energy 
than the compositional entropy does. 
The mixture then becomes immiscible: 
like molecules tend to lower the ener
gy by grouping together, rather than 
raising the entropy by mixing with un
like molecules. 

As the mixture's temperature is low
ered further in the immiscible phase, 
another interplay of energy and entro
py emerges. In this case it is an inter
play between the orientational entropy 
of the immiscible phase and the low
ered energy due to hydrogen bonding. 
Eventually the temperature gets low 
enough for the low energy of hydrogen 
bonding to have a greater effect on the 
system's free energy. At that temper
ature the mixture becomes miscible 
again. This mixture has the same mac
roscopic properties as the high-tem
perature miscible mixture. The misci
ble phase has reappeared. 

For what range of temperatures and 
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concentrations will the mixture re
main immiscible before the miscible 
phase reappears? In other words, how 
large is the closed loop on the phase di
agram and what shape does it have? 
In our own work over the past several 
years we have developed a theory to 
determine how the sizes and shapes of 
closed loops depend on various experi
mental parameters. 

One particularly important param
eter is the strength of the hydrogen 
bond, or, to put it another way, the 
amount by which the energy of two 
molecules is lowered when they enter 
into a hydrogen bond. When the hy
drogen bond is infinitely weak, that 
is, when molecules of the two liquids 
in the mixture do not form hydrogen 
bonds at all, there will be no reappear
ing miscible phase. One example of 
such a case is the mixture of glycerol 
and methyl ethyl ketone, which hydro
gen-bonds only very weakly and dis-
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plays no reappearing miscible phase. 
What about cases in which the hy

drogen bond is stronger? In calcu
lations based on our theory we have 
achieved good quantitative agreement 
with the phase diagrams for three ex
perimental systems that were among 
Basil McEwen's original samples. 
In order of increasing hydrogen-bond 
strength, the systems are glycerol 
mixed with benzylethylamine, glycer
ol mixed with m-toluidine and glycerol 
mixed with guaiacol. (In this last sys
tem a small amount of water must also 
be added in order to weaken the hy
drogen bond between glycerol and 
guaiacol, which would otherwise bond 
so strongly that the mixture would 
never become immiscible.) The closed 
loop becomes progressively smaller 
as the hydrogen-bonding strength in
creases. This makes sense intuitively; 
the stronger the hydrogen bond is, the 
sooner it will be energetically efficient 
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for the mixture to lose orientational 
entropy by hydrogen bonding. 

These various mixtures might seem 
to be distinct cases, each rather differ
ent from the others. The mixture of 
glycerol and methyl ethyl ketone has 
no closed loop at all and the other mix
tures have loops that differ greatly 
from each other in size and shape. Yet 
these cases can all be linked together in 
a single, three-dimensional phase dia
gram called a global phase diagram. 

In the global phase diagram, as in 
standard two-dimensional phase di

agrams, the vertical axis represents 
temperature and one of the horizontal 
axes represents the relative concentra
tion of the two liquids in the mixture. 
The third axis represents the strength 
of the hydrogen bond. 

The three-dimensional phase dia
gram is shaped roughly like a section 
from the nose of a jet airplane. In the 
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ENTROPY, or disorder, of a mixture declines as the temperature 

is lowered, even if the mixture has a reappearing miscible phase. 
At high temperatures (a) the molecules are fully mixed, resulting 

in some degree of "compositional entropy." They are also oriented 

randomly with respect to one another, leading to a high "orienta

tional entropy." At intermediate temperatures (b) the mixture is 
immiscible and the component molecules separate; the composi-

tional entropy therefore decreases. At low temperatures (c) many 
unlike molecules are hydrogen-bonded to each other in the reap
pearing miscible phase. The compositional entropy therefore in
creases, but the orientational entropy decreases dramatically be
cause hydrogen-bonded molecules are held in a single relative ori

entation. Even though the molecules in the reappearing phase are 
mixed, the total entropy is lower than in the immiscible phase. 
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GLOBAL PHASE DIAGRAM shows how the phase diagrams of binary liquid mixtures 

depend on the strength of the hydrogen bonds that form between unlike molecules. Every 
"slice" through the global phase diagram represents the phase diagram of a mixture that 

has a particular hydrogen-bonding strength. When the hydrogen bonds are weak (for 
right), the mixture has the typical dome-shaped phase diagram that indicates there is no 
reappearing phase. When the bonds are stronger (center and left), the region represent

ing the immiscible phase closes to form a loop, and the mixture has a reappearing phase. 

region where hydrogen bonding is 
weak it has a high, domed shape with 
no bottom, representing systems in 
which the hydrogen bond is too weak 
to promote a reappearing immiscible 
phase. As the strength of the hydrogen 
bond is increased the bottom of the 
dome closes off to form a loop, which 
shrinks as the bonding gets stronger. 
At very high bonding strengths the 
loop of immiscibility shrinks until it 
disappears completely; here systems 
are miscible no matter what the rela
tive proportions of the ingredients are. 
The loop changes not only in size but 
also in shape, from a region where 
it has an arched top and a flat bottom 
(at low bonding strengths) to regions 
where the top and bottom are virtual
ly mirror images of each other. Any 
"slice," or cross section, of this three
dimensional structure is a phase dia
gram describing the behavior of a par
ticular mixture. 

In order to test this model experi
mentally one makes a small change in 
the bonding strength of a given system 
and notes the corresponding changes 
that occur in the system's phase dia
gram. One can then compare the new 
phase diagram with the slice of the 
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global phase diagram that corresponds 
to the new bonding strength. 

One way to change the bonding 
strength of a mixture is simply to 
change one of the component liquids: 
different pairs of component mole
cules bond together with different 
strengths. A more precise way of 
changing the bonding strength, which 
eliminates the complicating factors 
inherent in changing the chemical na
ture of the mixture, is to change the 
pressure exerted on the system. Most 
experiments are carried out at atmos
pheric pressure, but if, for example, 
the pressure is increased, the mole
cules will be forced closer together. 
As a general rule, molecules hydro
gen-bond more strongly as they are 
brought closer together. Increasing the 
pressure therefore causes the hydro
gen bond to strengthen, shrinking the 
loop of immiscibility on the phase dia
gram. At high enough pressures the 
loop vanishes and the mixture remains 
miscible at all temperatures. 

Another way to alter the bonding 
strength is to add a small amount of 
some third component that is misci
ble with the binary mixture. (If only 
a small amount of the third liquid 

is added, the mixture still behaves 
in most ways like a binary mixture.) 
As we have already mentioned, add
ing water to the mixture of glycerol 
and guaiacol decreases the bonding 
strength. This happens because some 
of the guaiacol bonds to water instead 
of to glycerol, decreasing the average 
bonding interaction between guaiacol 
and glycerol and thereby causing the 
immiscible phase to appear. 

One particularly interesting kind 
of experiment can be done in this 

system of guaiacol, glycerol and wa
ter. It involves changing the bonding 
strength in such a way that the loop 
of immiscibility just vanishes. As the 
loop vanishes the upper and lower crit
ical points merge; that is, the tempera
ture at which the mixture becomes im
miscible is precisely the same as the 
temperature at which it becomes mis
cible again. The merger of the upper 
and lower critical points forms what is 
known as a double critical point. 

A mixture at a double critical point 
has some unique properties. One such 
property concerns certain mathemat
ical entities known as critical expo
nents. Critical exponents describe the 
rate at which a phase transition occurs 
when an external parameter, such as 
the temperature or the pressure, is var
ied [see "Problems in Physics with 
Many Scales of Length," by Kenneth 
G. Wilson; SCIENTIFIC AMERICAN, Au
gust, 1979]. What is special about criti
cal exponents is that they are universal 
constants. For example, the value of 
the critical exponents describing the 
rate at which a mixture becomes im
miscible as the temperature is varied 
near the critical point are the same for 
all binary liquid mixtures. Moreover, 
the critical exponents describing many 
other kinds of phase transitions are 
identical with the exponents describ
ing the miscibility-immiscibility tran
sition. For instance, the same numeri
cal values of the critical exponents that 
describe the transition from miscibil
ity to immiscibility also describe the 
rate of any transition between the liq
uid and gaseous phases at that transi
tion's critical point! 

At double critical points the values 
of certain critical exponents are pre
cisely twice their normal value. This 
result was predicted nearly 20 years 
ago, and it was verified in 1985 by two 
experimental groups-Roger G. John
ston and Noel A. Clark at the Univer
sity of Colorado at Boulder, who col
laborated with Pierre Wiltzius and Da
vid S. Cannell at the University of 
California at Santa Barbara and, inde
pendently, G. A. Larsen and Christo
pher M. Sorensen of Kansas State Uni
versity. These groups confirmed the 
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prediction by measuring the light-scat
tering properties of mixtures that were 
held at the right hydrogen-bonding 
strength, temperature and composi
tion to produce a double critical point. 

As interesting as those experiments 
are, they do not exhaust the possibil
ities of reappearing phases in binary 
mixtures. Suppose that like molecules, 
as well as unlike ones, can hydrogen
bond to each other. (For example, in 
the mixture of water and butyl alcohol 
a water molecule could become hy
drogen-bonded to a butyl alcohol mol
ecule, but it could also become hy
drogen-bonded to another water mol
ecule.) Suppose further that a pair 
of bonded like molecules would have 
even lower energy than a pair of bond
ed unlike molecules. In this case there 
would be two reappearing phases. At 
high temperatures the mixture would 
be miscible. As the temperature was 
lowered it would become immiscible. 
As the temperature was lowered fur
ther it would become miscible again, 
and finally, at very low temperatures, 
it would become immiscible again. In 
this second immiscible phase like mol
ecules would be hydrogen-bonded to 
each other, losing both compositional 
and orientational entropy in order to 
lower the energy. 

Experimental evidence suggests that 
some mixtures could be manipulated 
to have still more unusual properties. 
Suppose a molecule in the mixture is 
able to form two hydrogen bonds at 
once. Then the mixture's phase dia
gram might have several closed loops. 
It is possible to envision a mixture hav
ing as many as five critical points. 
Such a mixture would pass, as the tem
perature is lowered, from miscible to 
immiscible, back to miscible, back to 
immiscible, back to miscible again and 
finally back to immiscible again! 

I
n this article we have concentrated 

on reappearing phases in binary liq
uid mixtures, the medium in which 
they were first discovered. There are a 
number of examples in other kinds of 
systems as well. One such case is found 
in superconductivity. Certain metals 
can be in either the normal phase or 
the superconducting phase. In the nor
mal phase they are like any other con
ductor: they have a finite resistance to 
the passage of electric current. When 
the temperature is made very low, 
however, these metals suddenly lose 
all resistance to electricity, becoming 
superconducting. The superconduct
ing phase is due to a certain kind of 
long-range order (called Cooper pair
ing) among the electrons in the metal. 
The superconducting phase is there
fore more ordered than the normal 
phase that is seen at high tempera-

tures. As G. Riblet and K. Winzer of 
the University of Cologne discovered 
in 1971, however, certain supercon
ductors, when cooled to even lower 
temperatures, become normal again. 

Another kind of reappearing phase 
is found in adsorbed monolayers, 
which are single layers of molecules 
formed on a solid surface [see "Two
dimensional Matter," by J. G. Dash; 
SCIENTIFIC AMERICAN, May, 1973]. In 
these systems the adsorbed molecules 
are relatively free to move along the 
surface of the solid, but a strong at
tractive force keeps them from leaving 
the surface. The adsorbed systems be
have as though they were two-dimen
sional, but they display phases that 
are analogous in many ways to three
dimensional gases, liquids and solids. 
When the rare gas krypton is adsorbed 
on graphite, it forms a two-dimension
al liquid phase at about 130 degrees 
Kelvin (130 degrees Celsius above 
absolute zero). It freezes into a two
dimensional crystal when it is cooled 
to about 125 degrees K. and melts to 

form the liquid phase again at about 
120 degrees. 

Since reappearing phases are seen in 
such a wide variety of systems, it is 
clear that the microscopic events 
underlying each occurrence must be 
quite different. Nevertheless, a com
mon thread connects all these exam
ples: phase changes are caused by the 
competition between energy and en
tropy, and reappearing phases indicate 
the existence of interactions that low
er the entropy in some "hidden" way 
while at the same time lowering the en
ergy of the system as a whole. 

Binary liq uid mixtures are a particu
larly good medium in which to study 
the thermodynamics of reappearing 
phases. The temperatures req uired are 
easily accessible and various parame
ters can be manipulated rather easily 
to test theoretical methods and de
scriptions. Those theoretical methods 
and descriptions can then be applied 
in other realms, in which the reap
pearing phases are more difficult to 
study experimentally. 

TWO REAPPEARING PHASES can result when like molecules as well as unlike mole

cules form hydrogen bonds, as this global phase diagram shows. In the diagram the 

strength of hydrogen bonds between like molecules is constant and the strength of hydro

gen bonds between unlike molecules varies. When the hydrogen bonds between unlike 

molecules are weak (right), the mixture has the standard dome-shaped phase diagram. As 

the strength of the bonds increases, the region representing the immiscible phase be

comes pinched and then splits into two regions. As the temperature of the mixture is low

ered, the mixture is therefore first miscible, then immiscible, then miscible again and 

finally immiscible once more. In the lower (reappearing) immiscible phase, like mole

cules are hydrogen-bonded to each other, lowering both the compositional and the orien

tational entropy of the mixture. The leftmost slice in this diagram represents the phase 

diagram of the mixtures of butyl alcohol and water shown in the photographs on page 99. 
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The Detonation of Explosives 
A detonation sweeps through an explosive as a supersonic shock wave 

driven by the energy-releasing chemical reactions the wave induces. 

A comprehensive theory that describes the process is still lacking 

I
n 1846 the Italian chemist Ascanio 

Sobrero noted that combining ni
tric acid and glycerol resulted in a 

liquid substance with peculiar proper
ties. The substance exploded violently 
and in a markedly different way from 
black powder, the most widely used 
explosive at that time. Whereas black 
powder does not explode unless it is 
confined so that its combustion gases 
can generate high pressures, small 
quantities of the oily liquid explod
ed much more powerfully than black 
powder even when the liquid was un
confined. Sobrero had discovered not 
only a new compound, nitroglycer
in, but also a completely new physical 
process by which substances can ex
plode, namely detonation. 

As the news of Sobrero's discov
ery spread, others tried to apply it. 
The tireless Swedish inventor Emanu
el Nobel tried adding nitroglycerin to 
black powder in an unsuccessful effort 
to increase the powder's effectiveness. 
In 1863 his son Alfred reasoned that a 
new kind of explosive deserved a new 
kind of initiator. Whereas black-pow
der charges had always been set off by 
flame, the younger Nobel developed 
a detonator that reliably set off ni
troglycerin "by percussion or sudden 
pressure," as stated in its patent. 

Substances that explode in the same 
way as nitroglycerin does are called 
high explosives to distinguish them 
from such substances as black powder, 
known as low explosives, which sim
ply burn extremely briskly. Although 
Alfred Nobel and others after him 
devised a wide variety of powerful and 
safe high explosives and detonators, in 
most cases they relied more on hunch
es and even on sheer serendipity to 
guide them than on a clear under
standing of the physics and chemistry 
of detonations. 

That trial-and-error approach to the 
development of high explosives per
sisted until only a few decades ago, 
when investigators first began to trans-
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form the study of explosives from an 
empirical science to a science based on 
a solid theoretical foundation. The 
transformation is still not complete, 
but current research efforts are likely 
to quicken the pace. Progress in theo
retical analysis, backed up by new 
computational methods, are helping to 
elucidate the structure of the inhomo
geneities that seem to play an impor
tant role in the way a detonation prop
agates in an explosive. Advances in 
experimental techniques, such as laser 
spectroscopy, are yielding data from 
which the complex equations can be 
derived that describe the behavior 
of materials under the extreme con
ditions of pressure and temperature 
found in detonating explosives. These 
investigative efforts will ultimately 
provide what is still lacking today: a 
comprehensive theory of detonation. 

Ironically, it was a completely new 
type of explosive process-a nuclear 
chain reaction-that stimulated the 
modern theoretical study of detona
tion. Nuclear weapons rely on high 
explosives for the rapid assembly of 
key reacting components. Hence the 
assembly process calls for chemical 
explosives whose blast effects can be 
precisely controlled. The stringent re
quirement brought about a radical 
change in the explosives industry. All 
the attributes of a sophisticated tech
nology-accuracy, predictability and 
tailoring to fine gradations-were sud
denly demanded of explosives. 

Engineers soon began to see preci
sion explosives as compact energy 
sources of exceedingly high power 
that, although of short duration, are 
safe, reliable, controllable and, best of 
all, inexpensive. Thereafter it did not 
take long for a variety of new appli
cations to be devised. Explosives are 
attached to the support columns and 
beams of old buildings and detonat
ed in precise sequence to demolish the 
structures into neat piles of rubble. 
They are invaluable in metalworking 

to harden, form, weld and clad metal 
sheets or tubes. Indeed, in certain situ
ations explosive welding is the only 
practical way to bond incompatible 
metals, such as aluminum and steel. 

In some devices explosives are set 
off so that they force metal plates to 
collide violently, causing a high-veloc
ity jet of metal to shoot out from be
tween the plates. Such explosive-gen
erated jets are capable of piercing the 
hardest materials and are used to pene
trate armor, perforate oil pipes and cut 
up steel structures. Explosive cutters 
operating on the same principle are in
stalled in structures that have to be 
sheared instantly while they are under 
great stress, as in the separation of mis
sile or rocket stages. 

Explosions can also be applied to 
generate the pressures and tempera
tures needed to make diamonds from 
graphite, to fuse metal and ceramic 
powders and to cause some otherwise 
impossible chemical reactions to pro
ceed. Perhaps less well known is the 
development of explosive-driven mag
netic field compressors that attain 
field strengths up to 10 million times 
the strength of the earth's magnetic 
field. Such magnetic fields can gener
ate enormous pulses of electricity. 

I n spite of the variety of modern ap
plications of explosives, detonation 

science has not yet reached maturity 
for several reasons. First of all, the 
theoretical calculations are intrinsical
ly difficult. Whereas tractable, linear 
processes are common in many fields 
of classical physics, detonation is an 
exquisitely nonlinear process. Nonlin
ear processes are much harder to mod
el mathematically than linear ones: the 
eq uations are hard to solve and the few 
solutions obtained are usually of no 
practical importance. 

Second, detonation problems oper
ate on two widely different dimension
al scales: the region in which critical 
chemical reactions take place in the 
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explosive, called the reaction zone, is 
usually between 100 and 1,000 times 
smaller than the region in which the 
explosion products deposit their ener
gy. Yet the way explosion products 
transfer their energy to inert surround
ing material affects the way the explo
sive chemical reactions proceed, and 
the study of the two processes cannot 
be easily uncoupled. 

Third, there is a dearth of informa
tion about the chemical and physical 
properties of materials subjected to 
the extremely high temperatures and 
pressures that prevail in an explosion. 
The relation between pressure, volume 
and temperature for a given chemical 
mixture (known as the mixture's equa
tion of state) and how the mixture re
acts to form new chemical mixtures 
under such conditions are virtually un
known. Without that knowledge one is 
red uced to constructing theories de
void of a description of the actual ma
terial properties; the theory's inherent 
defects must then be corrected by ad
justing artificial parameters according 
to experimental results. 

Yet experiments are costly and are 
tricky to carry out. The explosive com
ponents are unavoidably destroyed 
and must be painstakingly built for 
each measurement. Needless to say, 
most such experiments cannot be done 
indoors; they require a large area of 
isolated land into which people are not 
likely to stray. To make matters even 
more complicated, the conditions that 
need to be measured in a detonating 
explosive approach the limits of the 
measurable. Peak pressures in explo
sives can reach values 500,000 times 
ambient air pressure and the detona
tion propagates through the explosive 
at velocities of up to 10 kilometers per 
second (3 0 times faster than the speed 
of sound in air). The chemical reac
tions involved in detonation are timed 
in nanoseconds (billionths of a second) 
and take place in a layer between .01 
and one millimeter thick. Instruments 
that have the necessary time and spa
tial resolution have only recently be
come available, and their proper oper-

DETONATION WAVE moving from left 
to right through an explosive gas in a tube 

is depicted by colored zones in this set 

of computer-generated pictures. Navy blue 
represents low· temperature, unreacted gas; 
turquoise and red represent high-tempera· 
ture, completely reacted gas. An interme
diate-temperature, partially reacted state 

is depicted in pink. The detonation wave

front-actually a shock wave-has a trans
versely propagating component that causes 

a pocket of incompletely reacted gas to 
form behind it. The pictures were generat
ed at the Laboratory for Computational 
Physics of the Naval Research Laboratory. 
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ation in the midst of an explosion is, to 
say the least, difficult to achieve. 

I t is therefore not surprising that the 
first significant steps toward a the

ory of detonation were taken in the last 
quarter of the 19th century with the 
study not of explosions but of a closely 
related phenomenon: shock waves. In 
formulating the basis for a theory of 
shock-wave propagation 19th-century 
investigators considered a simple con-

FORMING 

CLADDING 

struct: a long cylinder filled with a flu
id and fitted with a piston at one end 
[see top illustration in box on page 110]. 
If the piston is instantaneously acceler
ated into the fluid, the fluid immedi
ately in front of the piston will move at 
the same velocity as the piston. Hence 
at the start of the piston's motion the 
plane that separates the moving fluid 
from the stationary fluid will be close 
to the piston. Because the thickness of 
the layer of moving fluid rapidly in-

PERFORATION 

TO VACUUM PUMP 

PERFORATION 
CHARGE 

OIL-WELL 
PIPE 

HIGH EXPLOSIVE 

MODERN APPLICATIONS of high, or detonating, explosives include the forming, 
cladding and perforation of metals. In explosive forming the powerful pressure pulse gen
erated by an underwater detonation forces a metal sheet to conform to the shape of a die. 
In explosive cladding a metal plate that is lined with high explosive and buffer material is 
set at an angle to a thicker metal plate. Detonating the explosive at the juncture of the 
two plates lays the thinner plate down on the thicker plate with such force that the plates 

are welded together. A by-product of the cladding process is the creation of a high-veloci

ty jet of metal that shoots out from between the colliding plates. Such a jet can cut 
through the hardest materials. It is the operating principle of a perforation charge, which 

generates a pipe-puncturing jet by forcing a conical metal liner to collapse explosively. 
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creases as the piston travels down the 
cylinder, however, the plane does not 
remain near the piston but quickly out
distances it. Indeed, the plane travels 
faster down the cylinder than the pis
ton (whose velocity is equal to the ve
locity of the moving fluid), since for 
every unit of distance the piston trav
els, the plane has traversed that dis
tance and the increment of thickness 
added to the layer of moving fluid by 
the piston's motion. 

Such a moving plane, which sepa
rates stationary material from mate
rial that is in motion, constitutes a 
shock wave. When the fluid velocity is 
very low, the shock wave is weak and 
its velocity approaches that of a sound 
wave in the stationary fluid. For high
er fluid velocities, however, the shock 
wave travels faster than the speed of 
sound in the stationary fluid. 

Clearly, as the piston advances, the 
fluid occupying the volume between 
it and the shock wave (the so-called 
shocked fluid) becomes compressed 
and its pressure increases. By applying 
the fluid's equation of state (which de
scribes the way its pressure, tempera
ture, volume and composition affect 
one another) and the fundamental 
physical principles of conservation of 
mass, energy and momentum across 
the shock wave, it can be shown that 
the pressure in the shocked fluid is 
uniquely determined by the material 
constituting the fluid as well as by the 
material's velocity. On the other hand, 
the shocked fluid's pressure and mate
rial velocity are uniquely determined 
by the shock-wave velocity. Hence the 
velocity of the shock wave fixes the 
state of the shocked fluid. 

Investigators who studied explosive 
gases noted that a detonation propa
gates as a wave through gas much as a 
shock wave does, and in 1899 the En
glish chemist David L. Chapman pro
posed that a detonation wave sweep
ing through an explosive gas could 
actually be considered a self-sustain
ing shock wave. Chapman maintained 
that a shock wave traveling through a 
high explosive precipitates in its wake 
chemical reactions that supply enough 
energy to drive the shock wave for
ward through the explosive. 

If this was the case, the equations 
that describe shock waves could also 
be used to describe detonation waves
as long as they reflect the state of the 
exploded rather than the unexploded 
gas. Some further analysis, however, 
revealed an important difference be
tween shock and detonation waves: 
while weak, low-velocity shock waves 
are possible if the illustrative piston is 
moved quite slowly, detonation waves 
are always strong and always propa
gate at a high velocity. The slowest 
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detonation wave is still a very strong 
wave. For it the shock-wave equations 
yield a single solution for the pressure 
and material velocity of the detonat
ed gas, but for faster detonation waves 
there are two possible solutions. 

Chapman resolved the indetermi
nacy by relying more on aesthetics 
than on rigorous analysis: since a det
onation wave was observed to travel 
at a single characteristic velocity de
pending only on the explosive through 
which it propagated, he reasoned that 
the conditions for detonation likewise 
had to be defined by a singular state. 
He therefore postulated that the pres
sure and material velocity for the deto
nation state of an explosive gas were 
defined by the unique minimum deto
nation-wave velocity. Chapman calcu
lated detonation velocities according 
to this proposition and compared them 
with measured velocities; they showed 
remarkable agreement. 

At about the same ti�e in France the 
Il. physicist J.-C. Emile Jouguet, 
who had been working along similar 
lines, showed that the minimum det
onation-wave velocity corresponds to 
the velocity of a sound wave in the hot, 
compressed, moving detonation prod
ucts found in the shocked explosive. 
This meant there was a physical ex
planation for the fact that a stable det
onation wave propagates under the 
condition described by the minimum 
detonation velocity, as Chapman had 
conjectured: if a detonation wave were 
made to travel at a velocity greater 
than the minimum detonation velocity 
by a sufficiently strong initiating shock 
wave, a rarefaction would eventually 
travel through the detonated explosive 
and catch up with the overdriven wave 
to slow it down. 

The process can be understood by 
referring back to the cylinder example. 
When the piston driving the shock 
wave in the cylinder is stopped, the ve
locity of the material just in front of 
the piston quickly slows to zero and 
the pressure correspondingly drops to 
a low value to form a rarefaction. The 
rarefaction propagates forward as a 
sound wave. From its lagging position 
the rarefaction weakens the shock 
wave, enabling it to draw closer. The 
closer to the shock wave the rarefac
tion approaches, the more the shock 
wave is slowed down, until it too is 
traveling at the speed of sound in the 
shocked material. 

Jouguet's arguments about how a 
shock wave might speed up to attain 
the minimum detonation velocity, 
called the Chapman-Jouguet velocity, 
were more complicated and not as 
convincing. Nevertheless, investiga
tors could not dispute the experimen-

tal data, which seemed to confirm the 
theory'S accuracy of prediction. In
deed, the theory outlined by Chapman 
and Jouguet is still the framework on 
which the most widely accepted theo
ries of detonation are constructed. 

The Chapman-Jouguet theory was 
unsatisfactory in that it lacked a de
tailed explanation for what takes place 
physically in a detonation wave. Nev
ertheless, the fact that it adequately 
predicted the final state of a gas right 
after it has been detonated satisfied 
practical-minded engineers. Knowl
edge of the final state of a detonation 
reaction was of great importance to 
them, because this state is the initial 
one from which to calculate the expan
sion of the explosion products (pri
marily nitrogen, water vapor, carbon 
monoxide, carbon dioxide and solid 
carbon in the form of soot). The ex
pansion of the explosion products, like 
the expansion of steam or hot combus
tion gases in an engine cylinder, is the 
means by which energy is transferred 
to the surrounding medium (whether it 
is the casing of a hand grenade or the 
rock in a quarry face) to do what is 
technically known as work. 

Strictly speaking, calculations based 
on the Chapman-Jouguet theory were 
valid only for the detonation of explo
sive gases, because only for them were 
equations of state known. Neverthe
less, explosion engineers assumed that 
the theory would be applicable to liq
uid and solid explosives, if a reason
able approximation to an equation of 
state could be found for a high-density 
mixture of solid and gaseous materi
als. Such an equation can theoretically 
be derived from fundamental princi
ples by considering the forces between 
molecules, the shapes of the molecules 
as they are subjected to high pressure, 
and the way different molecules mix 
in the product gases. The investigators 
of the first half of the 20th century, 
however, could derive these equations 
of state only empirically, that is, by di
rectly measuring how the various 
properties of a material are affected if 
one of the properties is varied. Empiri
cally derived equations of state, while 
they were not scientifically enlighten
ing, nonetheless enabled engineers to 
calculate the state of a shocked explo
sive with a degree of accuracy suffi
cient for most engineering purposes at 
that time. 

The first significant attempt to ex
plain the underlying physics of 

how chemical reactions are initiated 
by the shock wave and how they trans
fer energy to the overall flow of the ex
plosion products came from the theo
retical work of Yakov B. Zel'dovich in 
the Soviet Union, John von Neumann 
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FINAL 
DETONATION 
STATE 

ZEL 'DOVICH - VON 
NEUMANN -DOERING THEORY 

CHAPMAN-JOUGUET DETONATION 

STRONG DETONATION 

WEAK DETONATION 

DISTANCE -7 

VISUALIZATION of a detonation wave 
varies according to theory. The Chapman
Jouguet theory treats a detonation wave as 
a discontinuity between two distinct pres
sure and chemical states: the low-pressure, 
undetonated explosive and the high-pres
sure, detonated explosive. The Zel'dovich
von Neumann-Doering theory separates 
the discontinuous pressure increase from 
the energy-releasing chemical reactions 
(green), which proceed in a zone of appre
ciable thickness. Moreover, the transition 
from unreacted to completely reacted ex
plosive is accompanied by a fall in pres
sure. Although the final detonation state 
can be identical with that predicted in a 
Chapman-Jouguet detonation, other states 
are also possible. In a strong detonation, 
greater initial and final pressure states are 
exhibited. In a weak detonation an energy
absorbing reaction (red) coupled with the 
en'ergy-releasing reactions allows a final 
state with a lower pressure to be reached. 
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Hugoniot Curves and Rayleigh Lines 
Their points of intersection graphically 
represent the state of a detonating explosive 

! I 
u 

SHOCK WAVE can be visualized as a plane separating moving (red) from station
ary (blue) fluid in a cylinder with a moving piston. Its velocity is greater than the 

piston's velocity (which is equal to the velocity of the moving fluid): the piston has 
traveled a distance u while the shock wave has traveled a greater distance D. 

A plot of all possible pressure 
values in shocked material (mate
rial behind a shock wave) for alL 
possible values of the material's 
velocity is called a Hugoniot 
curve (a). All the possible states 
(pressure and material velocity) 
of a shocked material for a given 
shock-wave velocity can also be 
depicted in the Hugoniot-curve 
coordinate system as a straight 
line, called a Rayleigh line, whose 
slope is proportional to the shock
wave velocity. The final state of a 
material subjected to a shock 
wave of a given velocity can then 
be graphically determined by the 
point where its Hugoniot curve 
(blue) intersects the Rayleigh line. 
If the material undergoes deto
nation (b), its Hugoniot curve (or
ange) must be shifted upward, since 
the pressures of all possible states 
have been increased. According to 
the Chapman-Jouguet theory, the 
point where the Rayleigh line is 
tangent to the Hugoniot curve for 
the completely reacted explosive 
(CJ) specifies the state from 
which the explosion products ex
pand to do work on the surround
ing material. CJ also fixes the 
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MATERIAL VELOCITY� 

detonation-wave velocity, which 
is given by the slope of the Ray
leigh line. The Zel'dovich-von 
Neumann-Doering theory (c), for 
which the same graphical analysis 
can be applied, requires Hugoni
ot curves for the partially reacted 
explosive (green) as well as for the 
unreacted and completely reacted 
explosive. The final state can still 
be CJ, but the explosive is at a 
higher pressure in its unreacted 
state (1) and partially reacted state 
(2) before reaching the Hugoniot 
curve for completely reacted ex
plosive. A higher detonation-wave 
velocity (a steeper Rayleigh line) 
results in what is called a strong 
detonation (d). In such a case the 
final state (S) has a higher pres
sure and material velocity than 
CJ. Under certain conditions a 
temporary state is possible whose 
Hugoniot curve (red) lies above 
the curve for completely reacted 
explosive. In such a case, called a 
weak detonation, the explosive 
can attain a state (3) below S, 
which allows it to reach a final 
state (W) that has a lower 
pressure and material velocity 
than CJ. 

MATERIAL VELOCITY� 

in the u.s. and Werner S. Doering in 
Germany. The three investigators ar
rived at the same conclusions indepen
dently and more or less simultaneous
ly in the early 1940's. Their key insight 
was to take a shocked material's tem
perature and pressure as givens and 
to concentrate on how chemical reac
tions in the shocked material proceed
ed. In other words, a shock wave in an 
explosive material is treated simply as 
a discontinuity in the material's prop
erties: the material behind the infini
tesimally thin shock wave is at high 
pressure and temperature, whereas the 
material in front of it is not. The explo
sive's chemical reactions, in contrast, 
are treated as taking place behind the 
shock wave in a short but finite time 
and in a steady reaction zone of small 
but appreciable thickness. 

This notion compelled the three 
investigators to reconsider the Chap
man-Jouguet theory, which takes only 
an explosive's final, detonated state 
into account. They maintained that di
rectly behind the shock wave the ex
plosive is in a state where no chemical 
reaction has yet taken place; farther 
back, at the end of the reaction zone, a 
state is reached in which all energy-re
leasing chemical reactions have been 
completed. Between the shock wave 
and the far end of the reaction zone 
must lie other states for partially react
ed explosive. Hence there is actually a 
sequence of chemical states in the re
action zone, and each state has its 
unique pressure and material velocity. 

The Zel'dovich-von Neumann
Doering (ZNO) model for detonation 
finally enabled scientists to give a fair 
description of how a detonation pro
ceeds: a shock wave propagating into 
undisturbed explosive material instan
taneously compresses and heats it 
enough to initiate chemical reactions 
that, over the course of several nano
seconds, release energy. The energy in 
turn preserves the conditions of high 
pressure and temperature necessary to 
drive the shock wave forward. When 
the reactions have run to completion 
at the end of the reaction zone, the gas
es expand to do work. The reactions 
are only slightly perturbed by the ex
pansion that occurs behind the zone. 

The velocity of the detonation wave 
must at least be equal to the Chapman
Jouguet velocity. If it is equal, the final 
state of the explosive (and the initial 
state from which the explosive prod
ucts expand to do work) is identical 
with the final state specified by the 
Chapman-Jouguet theory. If the ve
locity is greater, two possible final 
states could result, one with higher 
pressure and material velocity than is 
stipulated by the Chapman-Jouguet 
theory and one with lower pressure 
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and material velocity. (These two the
oretically allowable detonation states 
are essentially the ones Chapman had 
avoided dealing with by arbitrarily 
limiting himself to uniquely defined 
detonation states.) Although its equa
tions allowed two final states, the ZND 
theory rejected the physical existence 
of the state with the lower pressure 
and material velocity because there 
appeared to be no reaction pathway to 
it; all reactions had run to completion 
by the time the state with higher pres
sure and material velocity had been 
reached. A detonation that produces a 
final state with a higher pressure and 
material velocity than the state expect
ed from the Chapman-Jouguet theory 
is said to be a strong detonation. 

In the event of a strong detonation, 
however, Jouguet's argument of a half 
century earlier (that a rarefaction can 
catch up with an overdriven deto
nation wave to slow it down) still ap
plies. The detonation wave therefore 
eventually slows down, reaching the 
minimum possible detonation-wave 
velocity for the completely reacted 
explosive, that is, the Chapman-Jou
guet velocity. The ZND theory seemed 
to confirm that the Chapman-Jouguet 
state was in fact the appropriate state 
from which to start the expansion of 
the explosive products in calculating 
the energy transferred to the surround
ing material. 

The ZND theory was initially re
ceived with disbelief and incredulity 
by detonation scientists. It seemed to 
go against common sense. The theory 
held that pressure should fall while the 
reaction proceeds as a result of the fact 
that the propagating detonation was 
treated as a steady-flow problem, for 
which the equations balancing mo
mentum and energy across the detona
tion wavefront required such an effect. 
Most investigators were convinced 
that the pressure ought to rise. Since 
the predicted drop in pressure was an 
extremely rapid effect (lasting on the 
order of a nanosecond), detonation 
scientists, who at that time were able 
to measure detonation phenomena 
only in terms of microseconds (mil
lionths of a second), had to judge the 
theory on the strength of its underlying 
arguments. After much initial debate 
the ZND model of a detonation became 
widely accepted, and about a decade 
later experiments finally confirmed 
the fleeting pressure drop predicted by 
the ZND theory. 

Even as he was first laying out the 
principles of his theory, however, 

von Neumann pointed out a major 
"loophole," through which could be 
reached the disallowed state of a det
onation with a greater-than-minimum 

velocity. Although it took most physi
cists about 20 years to figure out what 
von Neumann meant, the point is ac
tually easy to understand if one con
siders a small refinement in the details 
of the energy, or heat, released by the 
explosive. 

According to the ZND theory, ac
count had to be taken of the states of 
the partially reacted explosive. Con
sider what could happen if an explo
sive reaction proceeds in two steps, the 
second of which absorbs part of the 
heat released by the first. In other 
words, the first step is exothermic and 
the second is endothermic. If the first 
step is much faster than the second, the 
heat released by an explosion would 
increase as it does in a one-step reac
tion, but it would eventually reach a 
maximum and then drop to a lower, 
final level. During the time of maxi
mum heat release, momentary states 
could be attained that provide a path
way for the explosive reaction to pro
ceed to a state with a lower pressure 
and material velocity than the state 
specified by the Chapman-Jouguet 
theory, which considers only the final 
heat-output level of such a reaction 
and ignores the way heat output may 
have varied in getting there [see box on 
preceding page]. 

Studies done by William W. Wood, 
Zevi W. Salsburg, Jerome J. Erpen
beck and others at the Los Alamos Sci
entific Laboratory in the early 1960's 
showed that this type of detonation re
action, variously called a weak, eigen
value or pathological detonation, can 
also be achieved by coupling energy
absorbing processes other than endo
thermic chemical reactions to a prima
ry, exothermic reaction. For example, 
real detonations (as opposed to the 
idealized types I have been discussing 
so far) do not experience smooth, reg-

ular combustion in the reaction zone. 
Instead the reaction zone is heavily 
crisscrossed by pressure waves propa
gating at a right angle to the direction 
in which the detonation wave is trav
eling. Such crisscrossing waves set up 
turbulent flows that drain energy from 
the explosive chemical reactions. The 
net result is much like the chemical 
system of exothermic reaction fol
lowed by endothermic reaction: chem
ical reactions release heat, which is 
then dissipated in turbulent flow. It is 
probably because of turbulence that 
the final state of detonated gases has 
been shown to be different from a 
Chapman-Jouguet state and closer to 
the one predicted by assuming that a 
weak detonation occurs. 

There is yet another way to produce 
a weak detonation, and this one prob
ably manifests itself more often in 
everyday detonations (as opposed to 
experimental detonations, which are 
often initiated as plane waves). An un
constrained detonation wave expand
ing from its point of initiation attains 
a curved shape, much like the ripples 
that arise when a pebble is dropped 
into a pond. This type of expanding 
detonation wave can in fact be consid
ered to have a heat-absorbing mech
anism, because the diverging flow of 
material diverts energy in directions 
different from the direction of motion. 
In practical applications almost all 
detonations are initiated at a point (or 
in some small region) and expand, so 
that in fact almost all real detonations 
are weak ones and not Chapman-Jou
guet detonations. 

Although it is clear that there is in re
n ality an intimate relation between 
the chemistry and the fluid mechanics 
of detonations, both the Chapman
Jouguet and the ZND models treat the 

LASER-SPECTROSCOPY experiment at the Los Alamos National Laboratory provides 
data on the composition and vibrational states of material at extreme pressures and tem
peratures. Such data are required to understand the behavior of detonating explosives. 
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two processes as distinct and indepen
dent in order to make the analysis of a 
detonation more tractable. It had been 
thought that even if turbulence or oth
er similar small-scale perturbations 
arose from the mechanical flow of ma
terial in the reaction zone, the effects 
of such perturbations on the chemical 
reactions would be small enough not 
to warrant any qualitative change in 
the detonation models. 

Most workers now believe that the 
effects are not negligible and that deto
nation theory must be extended to take 
into account the effects of turbulence 
and of curved detonation waves, both 
of which are influenced by the type of 
inert material that surrounds the ex
plosive. In addition, experiments have 
revealed that the reaction rate of an 
explosive (and therefore the thickness 
of the reaction zone) can be varied by 
mixing inert or catalyzing particles 
in the explosive material. Hence the 
chemical purity and homogeneity of 
an explosive can significantly affect its 
detonation behavior. 

Other small-scale effects also have 
to be treated as significant contribu
tors to the dynamics of detonation. 
Small pockets of unreacted explosive 

can become trapped behind the deto
nation front as transverse pressure 
waves interact with the shock wave. 
Tiny fluctuations in density or temper
ature in an explosive can produce re
gions of higher temperature called hot 
spots, which disturb the propagation 
of the shock wave by detonating be
fore the surrounding explosive does. 
These localized perturbations are dif
ficult to model, because they operate 
on a dimensional scale that is even 
smaller than the scale of the reaction 
zone. To make matters even more 
complicated, recent equation-of-state 
calculations have suggested that the 
dense explosion-prod uct gases may 
not mix in the expected way; the gases 
may separate into two distinct fluids 
during detonation. If this turns out 
to be correct, yet another dimensional 
scale would have to be considered. 

Fluid mechanics is just now advanc
ing to a stage where real progress in 
computing these important details can 
be made. In this context the develop
ment of more powerful computers and 
new methods for averaging the effects 
of intricate microscopic events will 
contribute greatly to the understand
ing and prediction of complex fluid 

FIREBALL of a nighttime explosion of a 50-pound mixture of ammonium nitrate and fuel 

oil results from the afterburning of the explosion products; paraffin and sulfur have been 
added to the mixture to enhance the effect. The streaks at the base of the fireball are 
tracks made by turbulent burning during the expansion of the explosion-product gases. 
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flows arising from the interactions of 
shock waves and the explosive materi
al at the detonation front. Similarly, 
theoreticians who apply the equations 
of statistical mechanics and chemical 
kinetics to derive respectively eq ua
tions of state and chemical-reaction 
rates must rely on experimentalists to 
provide raw data and to verify predic
tions. In this connection laser spectros
copy, which makes it possible to probe 
chemical phenomena on time scales of 
less than 100 trillionths of a second, 
will be a major help to both the experi
mentalists and the theoreticians. 

Scientists who study explosions are 
spurred on by being constantly re

minded that current detonation theory 
is incomplete. An important example 
of the need to refine the theory is a 
mode of explosion called low-velocity 
detonation, which workers first noted 
many years ago. If an explosion is initi
ated with a strong detonator, the deto
nation wave proceeds through the ex
plosive charge at high velocity, typi
cally between 6,000 and 8,000 meters 
per second in an ordinary dynamite. 
This high-velocity mode seems to be 
the one that current theory seeks to de
scribe (at least in an idealized way) as 
either a Chapman-Jouguet detonation 
or, more probably, a weak detonation. 
In contrast, if the detonator is weak, 
the wave proceeds at low velocity, be
tween 2,000 and 3 ,000 meters per sec
ond, and only part of the explosive re
acts quickly. Clearly, factors other 
than those covered by the ZND theory 
are at work in such detonations. 

Another type of behavior the cur
rent theory does not describe is the 
transition from burning to detonation. 
If a large pile of explosive at a manu
facturing plant is ignited accidentally, 
it will burn briskly but quietly for a 
while-just as many nonexplosive ma
terials do. If the pile is big enough, 
however, the flame front will acceler
ate into the material and the pressure 
in the material will increase. As the 
pressure increases, the explosive mate
rial begins to flow, compressing and 
heating the material at an appreciable 
distance ahead of the flame. Then the 
explosive suddenly undergoes high-ve
locity detonation-without an external 
initiating shock wave. So far no one 
has come up with a convincing theory 
that accounts for this process. 

The problems I have cited are just 
two samples of those facing physicists 
and chemists who study high explo
sives. They will be difficult to solve, 
but their solution could increase the 
safety and efficiency of explosives so 
as to keep pace with the ever more de
manding specifications of modern ex
plosion engineering. 
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HYDROTHERMAL-VENT COMMUNITIES consist of an ar
ray of unusual invertebrate species. Dense clusters of tube worms 
as much as one meter long are anchored to the basaltic rock along 

vent openings. Living among them are vent mussels (yellow) and 
vent crabs. (The crab near the center of the photograph may be at-

114 

tempting to feed on a tube worm.) Smaller invertebrates can be 
seen clinging to the worms and to the shells of the mussels. The 
photograph was made from the research submarine Alvill by R. R. 
Hessler of the Scripps Institution of Oceanography on an expedi
tion to the Galapagos Rift vent site in the East Pacific Ocean. 
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Symbiosis in the Deep Sea 
The remarkable density of life at deep-sea hydrothermal vents is 

explained by the mutually beneficial symbiosis of invertebrate 

animals and sulfide-oxidizing bacteria that colonize their cells 

by James J. Childress, Horst Felbeck and George N. Somero 

B
iologists categorize many of the 

world's environments as deserts: 
regions where the limited avail

ability of some key factor, such as wa
ter, sunlight or an essential nutrient, 
places sharp constraints on the exis
tence of living things. Until recently 
the deep sea was considered to be such 
a desert, where the low abundance 
of organisms stems from the extreme 
limitation of the food supply. 

Yet there is one habitat in the deep 
sea where the density of life equals, 
if it does not surpass, what is found 
in any other marine ecosystem. It is 
the system of hydrothermal vents, or 
deep-sea hot springs, situated at sea
floor spreading centers. The vents, dis
covered only 10 years ago, are found 
along ridges at the bottom of the ocean 
where the earth's crustal plates are 
spreading apart. 

It was at a spreading ridge in the Pa
cific Ocean, 320 kilometers northeast 
of the Galapagos Islands, that geolo
gists on the research submarine Alvin 
in 1977 discovered an oasis of densely 
packed animal life 2,600 meters below 
the surface. Here were species previ
ously unknown to science, living in to
tal darkness in densities enormously 
higher than had ever been thought pos
sible in the deep sea. Giant tube worms 
as much as one meter long, large white 
clams 30 centimeters in length and 
clusters of mussels formed thick ag
gregations around the hydrothermal 
vents. There were smaller but nonethe
less significant numbers of shrimps, 
crabs and fishes. 

Such biological density was com
pletely unexpected, and also very puz
zling. Any ecosystem depends on the 
presence of primary producers: au
totrophic (self-supporting) organisms 
that synthesize their own reduced car
bon compounds, such as carbohy
drates, from carbon dioxide. Green 
plants that convert carbon dioxide into 
carbohydrates in the presence of sun
light are called photoautotrophs, and 

they are the primary producers in most 
marine and terrestrial ecosystems. 

Yet clearly photosynthesis is impos
sible at the depth of the vents. Not 
enough light penetrates beyond the up
per 200 or 300 meters of the ocean's 
surface to support photosynthesis. Be
low the sunlit surface the density of 
life falls off rapidly because there is 
less food. The organisms that live in 
the deep sea depend on organic matter 
that drifts down from the sunlit "eu
photic" zone to the ocean floor. Most 
organic matter is synthesized, con
sumed and recycled in the euphotic 
zone, and only a small fraction sinks 
to the deep sea. Yet at the vents life 
was blooming 2,600 meters below the 
surface of the ocean. What unique fea
ture of the hydrothermal-vent system 
could explain the abundance of life at 
these depths? 

I t seemed possible that the density of 
life at these deep-sea hot springs 

might be explained on the basis of 
temperature. In contrast to most of the 
deep sea, which is very cold (from two 
to four degrees Celsius), the vent wa
ters have average temperatures rang
ing from 10 to 20 degrees. Obser
vations made over the past six years 
have shown, however, that the warm 
temperatures do not account for the 
unique fauna of the vent ecosystem. 

Instead there is a better explanation 
for these teeming oases of life at the 
bottom of the ocean. Water samples 
taken from the vent sites and analyzed 
by John M. Edmond of the Massa
chusetts Institute of Technology and 
his colleagues indicated that these un
derwater hot springs, like many hot 
springs on land, are rich in hydrogen 
sulfide. This energy-rich but highly 
toxic compound is found at high lev
els in the water that flows from cracks 
in the ocean floor [see "Hot Springs 
on the Ocean Floor," by John M. Ed
mond and Karen Von Damm; SCIEN
TIFIC AMERICAN, April, 1983]. 

For years biologists had known that 
sulfide-rich habitats, such as terrestrial 
hot springs, support large numbers of 
free-living bacteria. Like green plants, 
they are autotrophs, but they get en
ergy for carbon fixation-the conver
sion of carbon dioxide into organic 
molecules that serve as nutrients-not 
from the sun but from the oxidation of 
hydrogen sulfide. 

Holger W. Jannasch of the Woods 
Hole Oceanographic Institution and 
David Karl of the University of Ha
waii at Manoa isolated bacteria from 
the vent waters and did a series of 
experiments demonstrating that some 
species of vent bacteria are indeed au
totrophic and depend on hydrogen sul
fide and other reduced forms of sulfur 
for their metabolic activities. These 
sulfide-oxidizing bacteria might form 
the base of the vent food chain by pro
viding food for the animal species. 

Although they are very distantly re
lated, green plants and sulfur bacteria 
are functionally similar in an impor
tant way: both are primary producers. 
Whereas green plants are photoau
totrophs, sulfur-oxidizing bacteria ca
pable of using an inorganic energy 
source to drive carbon dioxide fixation 
are called chemolithoautotrophs: they 
are literally consumers of inorganic 
chemicals that can exist autonomous
ly-without an external source of re
duced carbon compounds. Both fix 
carbon dioxide through a series of bio
chemical reactions collectively known 
as the Calvin cycle. The Calvin cycle 
functions in much the same way for 
bacteria as it does for green plants; the 
end product for both is reduced car
bon [see illustration on page 117]. 

I t appeared, then, that the sulfur bac
teria were in effect serving as the 

"green plants" of the vents and that 
their "sunlight" was hydrogen sulfide 
and other reduced carbon compounds. 
A major complication of this simple 
model was soon recognized: one of the 
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dominant vent animals, the tube worm 
Ri/tia pachyptila, seemed to lack any 
means of harvesting the abundant 
crop of sulfur bacteria proliferating in 
the waters all around it. 

Ri/tia is a strikingly un us ual crea
ture by conventional anatomical stan
dards. It is essentially a closed sac, 
without a mouth or a digestive system 
and with no other means of ingesting 
particulate food. At its anterior tip 
there is a bright red branchial (gill
like) plume where oxygen, carbon di
oxide and hydrogen sulfide are ex
changed with the ambient seawater. 

Below the plume there is a ring of mus
cle, the vestimentum, that anchors the 
worm in its white tube. Most of the 
rest of the animal consists of a thin
walled sac that contains the worm's in
ternal organs. The largest of them is 
the trophosome, which occupies most 
of the body cavity. As its name ("the 
feeding body") suggests, the tropho
some contributes significantly to the 
worm's nutrition-but it lacks a chan
nel through which particulate mate
rials from the outside world can en
ter the worm. The big question was 
how, in view of its unusual anatomy, 

Ri/tia manages to obtain the nutrients 
it needs for survival. 

Microscopic studies done by Col
leen M. Cavanaugh of Harvard Uni
versity and her colleagues and parallel 
biochemical studies done by us pro
vided the first clues. Examination of 
the trophosome of Ri/tia revealed that 
it is colonized by vast numbers of sul
fur-oxidizing bacteria. We recognized 
that the bacteria and Ri/tia had estab
lished what is known as an endosymbi
otic relation. 

Symbiosis is the co-occurrence of 
two distinct species in which the life of 

LARGE VENT CLAMS, Calyptogell a magnifica, cluster along 
cracks in the sea floor where sulfide-rich water is vented at a site 
on the East Pacific Rise. The clams' feet penetrate the cracks, 

where the sulfide concentration is highest. Cobweblike growths on 
the rocks are colonies of free-living sulfur·oxidizing bacteria. The 
painting is based on a photograph made by Kenneth L. Smith, Jr. 
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one species is closely interwoven with 
the life of the other. Symbioses vary 
from relations that are beneficial to 
one partner and harmful to the oth
er (parasitism) to relations from which 
both the partners benefit (mutualism). 
When one species, known as the sym
biont, lives within the body of the oth
er, known as the host, the relation is 
called endosymbiotic. 

The Rijiia-bacteria endosymbiosis is 
mutualistic. The tube worm receives 
reduced carbon molecules from the 
bacteria and in return provides the 
bacteria with the raw materials need
ed to fuel its chemolithoautotrophic 
metabolism: carbon dioxide, oxygen 
and hydrogen sulfide. These essential 
chemicals are absorbed at the plume 
and transported to the bacteria in the 
trophosome by the host's circulatory 
system. The worm's trophosome can 
be thought of as an internal factory, 
where the bacteria are line workers 
producing reduced carbon compounds 
and passing them to the animal host to 
serve as its food. 

The ability of Rijiia to absorb sul
fide from vent water and transport 

it to the bacteria in its trophosome 
without either poisoning itself or de
grading the sulfide presented a major 
puzzle. Hydrogen sulfide is a highly 
toxic compound, comparable to cya
nide in its ability to block respiration, 
the process whereby the animal uses 
oxygen. In most animals sulfide inhib
its respiration in two ways: by blocking 
oxygen's binding sites on its major car
rier, the hemoglobin molecule, and by 
poisoning an important respiratory en
zyme, cytochrome c oxidase. Studies 
of Rijiia showed, however, that sulfide 
has no effect on oxygen binding and 
that the worm's respiration rate is sub
stantial even in the presence of sulfide 
concentrations lethal to most animals. 

We wanted to know how aerobic 
respiration in Rijiia is possible in the 
presence of high sulfide concentra
tions. Clearly Ri/tia had three obsta
cles to overcome. First, it needed to 
evolve a special transport system to 
extract sulfide from vent water. Sec
ond, it needed to transport sulfide in its 
blood without allowing the sulfide to 
compete with oxygen for binding sites 
on the hemoglobin molecule or to re
act with oxygen. (In the presence of 
oxygen, sulfide is highly unstable, de
composing rapidly to oxidized forms 
such as thiosulfate and elemental sul
fur.) Third, it needed a mechanism to 
prevent sulfide from diffusing into its 
cells and poisoning respiration. 

We collaborated with Mark A. Pow
ell (who is now at the University of 
California at Davis) and Steven C. 
Hand (now at the University of Colo-
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TUBE WORM Riftia pachyptila is anchored inside its protective outer tube by a ring of 
muscle, the vestimentum. At its anterior end is a respiratory plume. Oxygen, sulfide and 
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rado at Boulder) to isolate cytochrome 
c oxidase from plume cells and exam
ine its behavior in the presence of sul
fide. Cytochrome c oxidase is respon
sible for the final step in the chain 
of metabolic reactions known as oxi
dative phosphorylation, the most im
portant process by which adenosine 
triphosphate (A TP), the major energy 
currency of the cell, is synthesized in 
aerobic (oxygen-using) organisms. In 
most animals minute concentrations 
of sulfide are enough to inhibit cyto
chrome c oxidase. We first hypothe
sized that Ri/tia might have evolved 
a sulfide-insensitive form of the en
zyme. Experiments showed this is not 
the case: highly purified cytochrome c 
oxidase from Ri/tia is just as sensitive 
to sulfide poisoning as cytochrome c 
oxidase from other animals. 

We noted in experiments with the 
enzyme that its sensitivity to sulfide 
depended on the extent to which we 
isolated it from other proteins of the 
plume. As we went through successive 
purification steps we observed a sub
stantial decrease in the bright red color 
of our preparation, and with it an in
crease in the sensitivity of cytochrome 
c oxidase to sulfide poisoning. The col
or change suggested that something in 
the blood was protecting cytochrome 
c oxidase from "the toxic effects of 
sulfide. We proved this by adding a 
minute amount of whole blood to a 
poisoned enzyme system. Almost im
mediately the cytochrome c oxidase 
activity returned to a normal, unin
hibited level. The observation showed 
that a blood component-perhaps he
moglobin-was binding sulfide more 
strongly than the sulfide-sensitive cy
tochrome c oxidase system was, there
by preventing poisoning of respiration. 
This discovery and simultaneous stud
ies of the worm's hemoglobin done 
during a 1 982 expedition to the East 
Pacific Rise vent site indicated that he
moglobin is indeed a key player in the 
worm's internal transport system. 

Ri/tia has a rich blood supply: the 
deep red of the branchial plume is 
due to the presence of a large volume 
of hemoglobin-rich blood, which ac
counts for more than 30 percent of the 
worm's total volume. The total con
centration of hemoglobin per liter
approximately half what it is in human 
blood-is extremely high for an inver
tebrate. Moreover, Ri/tia hemoglobin 
is very different from human and oth
er vertebrate hemoglobins. It is large, 
with a molecular weight of as much as 
two million daltons (human hemoglo
bin has a molecular weight of 64,000 
daltons). Rather than being contained 
within red blood cells, it circulates 
freely in the serum. It also has an un
usually high affinity for oxygen as well 
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PLUME FILAMENTS (left), where respiratory gases are ex
changed in Riftia, are seen in cross section, enlarged 380 diame
ters, in a photomicrograph made by Charles R. Fisher, Jr. Each 
filament has a central cavity through which blood vessels run. A 

thin section of trophosome (right) was stained with benzyl violo

gen, which darkens on exposure to hydrogen sulfide. The sulfide is 
seen to be localized in the bacteria. The trophosome cells are en

larged 135 diameters in the micrograph, made by Mark A. Powell. 

as an unusually high carrying capac
ity for oxygen. Ri/tia hemoglobin is 
thus well adapted for extracting oxy
gen from the vent waters and trans
porting it to the cells of the tube worm 
and to its symbiont. 

There is an even more important 
and striking difference between the he
moglobin of Ri/tia and other hemoglo
bins: the tube-worm molecule can bind 
both oxygen and hydrogen sulfide si
multaneously. This discovery, made 
by Alissa J. Arp (who is now at San 
Francisco State University) and us, 
suggested that the site where sulfide 
binds to the molecule is different from 
the site where oxygen binds. Charles 
R. Fisher, Jr. , of the University of Cal
ifornia at Santa Barbara showed that 
the Ri/tia hemoglobin molecule stabi
lizes mixtures of oxygen and sulfide, 
preventing the spontaneous oxidation 
of sulfide. We therefore concluded 
that hemoglobin plays a dual role 
in the tube worm: it prevents sulfide 
from poisoning respiration and it also 
protects sulfide by allowing it to be 
transported to the trophosome without 
being oxidized. 

After it is unloaded in the cells of the 
trophosome, the sulfide is oxidized. 
The oxidation takes place in the bacte
rial symbionts, as was demonstrated 
by a special staining procedure that 
signals the presence of hydrogen sul
fide. Further investigation by our 
group showed that the sulfide oxida
tion drives the synthesis of A TP and 
the fixation of carbon dioxide. More
over, we showed that the activity of 

the Calvin cycle is approximately the 
same in the trophosome bacteria as it 
is in the leaves of a green plant. 

Studies of other vent animals reveal 
that Ri/tia pachyptila is not the only 

hydrothermal-vent species that has 
evolved a symbiotic relation with sul
fur bacteria. The large white clam, Ca
lyptogena magnifica, and the mussel, 
Bathymodiolus thermophilus, also de
pend on chemosynthetic endosymbi
onts for food. But these species have 
evolved quite different approaches to 
the same problem. 

In Calyptogena the bacteria are not 
in an internal organ but in the gills, 
where they can readily obtain oxygen 
and carbon dioxide from the respira
tory water flow. The basic metabolic 
plan is the same, however: the bacte
ria oxidize sulfide and supply the clam 
with fixed carbon compounds. Like 
other invertebrates harboring sulfur 
bacteria as endosymbionts, Calypto
gena has a greatly reduced ability to 
feed on and digest particulate foods. 

Still, we were puzzled at first by the 
data from water and blood samples. 
The clams must be concentrating sul
fide in their blood, because the sulfide 
level there is orders of magnitude 
higher than the concentration in the 
ambient water. Because of the way the 
clams are oriented in the vent waters, 
however, the sulfide concentration in 
the water bathing their gills is low. 
From what source, then, do these giant 
clams obtain sulfide to feed their en
dosymbionts? The path turns out to be 

indirect. Apparently the clams absorb 
sulfide through their large, elongated 
feet, which extend into the hydrother
mal vents, where the concentrations of 
sulfide are highest. Once it is absorbed 
through the clam's feet, sulfide is 
transported by the blood to the bacte
ria in the gills. 

Transport of sulfide in the blood of 
Calyptogena is a very different process 
from the one described for Ri/tia. The 
clam's hemoglobin (which is incor
porated within the animal's red blood 
cells) is irreversibly poisoned by sul
fide, and so it cannot serve as a sul
fide-transport protein. Calyptogena has 
overcome the problem of sulfide poi
soning by evolving a special sulfide
transporting protein. It is an extremely 
large protein and it circulates in the se
rum rather than in the red cells. The 
protein has a dual function: it protects 
the animal's hemoglobin and cyto
chrome c oxidase from sulfide poison
ing and also protects sulfide against 
oxidation on the way to the gills. The 
binding of sulfide to the protein is re
versible: it is off-loaded to bacteria in 
the gill (by mechanisms not yet under
stood), where it is oxidized to provide 
energy for the Calvin cycle. 

Much less is known about symbio
sis in Bathymodiolus thermophilus. Like 
the giant clam, the mussel has bacteri
al symbionts in its gills, but the path
ways of sulfide transport and metabo
lism are not yet understood. Kenneth 
L. Smith, Jr. , of the Scripps Institution 
of Oceanography has, however, car
ried out an interesting series of experi-
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ments demonstrating that the relation 
between these deep-sea mussels and 
the vent water is obligatory. When he 
moved mussels away from the im
mediate vicinity of a vent to a more 
peripheral region, they showed clear 
signs of starvation. Such starvation is 
a naturally occurring process at hy
drothermal-vent sites. Individual vent 
sites are active for only a few decades 
at most. Large numbers of dead mus
sels and clams litter sites where water 
flow has ceased, indicating that for 
these animals survival is not possible 
without a supply of sulfide. 

Growth rate serves as another in
dication that symbiosis is effective in 
meeting the nutritional requirements 
of the animal hosts. The rapid turn
over of life at these vent sites is reflect
ed in the accelerated growth and the 
quick attainment of reproductive age 
that are observed in these animals. 
Work done by Richard A. Lutz of Rut
gers University show that the clams 
and mussels of the vents grow as fast 
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as the fastest-growing bivalves found 
in shallow waters. 

The tube worm, the clam and the 
mussel, the largest and most dominant 
numerically of the vent species, owe 
their ecological success to their symbi
osis with sulfur-metabolizing bacteria. 
Many of the smaller and less conspicu
ous vent animals lack symbionts. They 
obtain their nutrients either by filter
ing particulate food, such as bacteria, 
from the water or by feeding on the an
imals that do contain symbionts. We 
have observed vent crabs, for exam
ple, in the act of feeding on the respira
tory plume of Ri/tia. 

The symbiont-free animals are in
teresting objects to study in their own 
right. Because sulfide is readily ab
sorbed across the surface of an inver
tebrate's body, the symbiont-free an
imals, like the symbiont-containing 
species, have had to evolve mech
anisms to prevent sulfide poisoning. 
With the collaboration of Russell Vet
ter of Scripps and Mark Wells of Santa 
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SULFIDE IS HIGHLY TOXIC to most animals (a). It poisons respiration at two levels: 

in the blood, where it binds to hemoglobin, and in cells, where it inhibits the respiratory 
enzyme cytochrome c oxidase (not shown). Animals associated with sulfide-rich hydro· 
thermal vents have evolved different strategies to avoid sulfide poisoning. The tube worm 

Riftia pachypti/a (b) has a separate binding site on its hemoglobin molecule for sulfide 
and so can transport oxygen and sulfide simultaneously in its bloodstream. The vent clam 
Ca/yptogena magnifica (c) has a special transport protein to carry sulfide to bacteria in 

its gills. The vent crab Bythograea thermydron (d) lacks endosymbiotic bacteria; it is able 
to detoxify sulfide by oxidizing it to nontoxic thiosulfate in its Iiverlike hepatopancreas. 
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Barbara, we examined these mecha
nisms in the vent crab. 

The animal's heart rate and the beat
ing of its scaphognathites (appendages 
that drive the flow of respiratory wa
ter) did not change when we raised sul
fide concentrations well above normal 
levels in ambient seawater, and the 
level of sulfide in the crab's blood in
creased only minimally. Because we 
could not isolate from the crab's blood 
a sulfide-binding protein comparable 
to the tube worm's hemoglobin, we as
sumed this species must have evolved 
some different strategy for detoxifying 
sulfide. We found that the crab can de
toxify the sulfide it absorbs by oxidiz
ing sulfide to thiosulfate, a much less 
toxic form of sulfur. The process is 
carried out in the crab's hepatopancre
as, a tissue similar in function to the 
vertebrate liver. 

We wondered whether, in the symbi
ont-containing animals, each host was 
colonized by only a single type of bac
terial symbiont. Recent studies of the 
sequences of a particular ribonucleic 
acid (the 16S RNA) of bacterial ribo
somes, done by Daniel Distel and our 
group in collaboration with Norman 
R. Pace of Indiana University, indicate 
that the relation between a sulfur-me
tabolizing bacterium and its animal 
host is species-specific, that is, each 
host species harbors a unique strain of 
bacteria. In spite of the fact that many 
types of sulfur bacteria have entered 
into this kind of symbiosis, no one bac
terium seems to have adapted itself 
to more than one species of host. Pre
sumably endosymbiosis with sulfur 
bacteria originated independently and 
repeatedly in diverse animal groups. 

Our discoveries at deep-sea vents 
have stimulated surveys of a wide 

range of sulfide-rich environments, 
including mangrove swamps, petrole
um seeps, sewage outfall zones and 
marshes. The surveys have revealed 
that the kinds of sulfur-based symbi
oses first discovered in the deep sea 
are widespread, and that various other 
energy-rich inorganic molecules, such 
as methane, can be exploited in analo
gous symbioses between other inver
tebrates and bacteria. These diverse 
symbioses have been described in dis
parate animal groups, including some 
smaller tube-worm relatives of Rijiia, 
clams of a number of different fam
ilies, various mussels and several 
groups of small marine worms. 

As our studies progress we expect to 
find further instances in which animals 
rely on chemolithoautotrophic symbi
onts, thereby gaining the ability to tol
erate and exploit habitats the animals 
could not colonize successfully with
out bacterial partners. 
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BREAKTHROUGH: 
A FAIL-SAFE SYSTEM FOR 
GETTING YOUR MESSAGE ACROSS. 
For years, businesses have been saving money 
by sending data between computers and terminals 
via communications networks. But what if a line 
goes down, or a communications processor 
fails? Important information can be lost in a sea 
of electronics. 

Our solution: The built-in fail-safe features of 
lYmnet� one of the world's largest data 
communications networks. If a line goes down, 
or any component of the network malfunctions, 
Tymnet will instantly resend or reroute the 
information. Correction and protection features 
reduce the probability of transmission error 
to one in more than four billion bits-the 
equivalent of a lOO-words-per-minute 
secretary typing a lifetime without an error. That's 
reliability users depend on to deliver data 
intact anywhere, anytime. 

We're creating breakthroughs that make a 
difference in the way things work and the way 
people live. 

We're McDonnell Douglas. 
For more in/ormation, write: 

1Ymnet, McDonnell Douglas, 
Sox 14526, St. Louis, MO 63178 

INFORMATION SYSTEMS MIUTARY & COMMERCIAL AIRCRAFT SPACECRAFT & MISSILES HEAlTHCARE SYSTEMS HEUCOPTERS 
C 1986 McConnell Douglas Corporation 
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Concerning disappearances, including 

the Cheshire cat's odd vanishing act 

by Jead Walker 

"I wish you wouldn't keep appear
ing and vanishing so suddenly: you 
make one quite giddy!" 

"All right," said the Cat; and this 
time it vanished quite slowly, begin
ning with the end of the tail, and end
ing with the grin, which remained 
some time after the rest of it had gone. 

"Well! I've often seen a cat without a 
grin," thought Alice; "but a grin with
out a cat! It's the most curious thing I 
ever saw in all my life." 

-Lewis Carroll, 
Alice's Adventures In Wonderland 

T
he "Cheshire-cat effect" is one 
of two disappearing acts that 
have attracted my attention be

cause of their curious visual aspects. 
The other one is the "rhino-optical ef
fect." In the former you look simul
taneously at two scenes by means of 
a mirror held in front of one eye; if 
something moves in one scene, the oth
er scene may disappear for several sec
onds. Sometimes the erasure is incom
plete. If the partially erased scene is a 
face, a smile on the face might survive, 
leaving an eerie view reminiscent of 
Lewis Carroll's Cheshire cat. In the 
rhino-optical effect you see an object 
when you look away from it but it van
ishes when you look directly at it. 

The Cheshire-cat effect was dis
covered accidentally in 1978 by Sal
ly Duensing and Bob Miller at the 
Exploratorium, a science and percep
tion museum in San Francisco. They 
were investigating binocular fusion, 
the process by which your brain fuses 
the separate scenes viewed by your 
eyes. Since the eyes function with only 
a slight difference in perspective, you 
are normally not aware of the fusion. 
Sometimes it takes place even when 
the eyes are viewing different scenes. 
Look at your hand with your left eye 
and at a reflection of a hole in an 
otherwise featureless plane with your 
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right eye. Because of fusion, what you 
perceive is your hand with a hole in it. 

Duensing and Miller first employed 
a mirror stereoscope to separate the 
views. When someone looked into 
the device, the left eye saw a person's 
face (reflected twice by mirrors) and 
the right eye saw an illustration of 
a window with four panes (reflected 
twice by another set of mirrors). In the 
perceived composite view the part of 
the window that overlapped the face 
usually disappeared. Presumably the 
complexity of the face weakened the 
brain's ability to fuse the two scenes 
completely. 

To simplify the experiment the in
vestigators substituted a thin horizon
tal bar for the illustration of the win
dow and placed behind the face a 
featureless white backdrop. A woman 
taking the test said the part of the bar 
seeming to overlap the face was faint
er and blurrier than the rest of the bar. 
To determine what part of the bar was 
missing one of the investigators point
ed toward it. When the hand entered 
the field of view of the observer's right 
eye, she exclaimed that the face had 
completely disappeared. Although the 
view of the face by the observer's left 
eye was still unobstructed, none of the 
face surfaced at the conscious level. It 
was as though a magician had waved a 
hand through a scene to make a person 
disappear. 

The erasure of part of a view from 
one eye is triggered by motion in the 
field of view of the other eye. Duen
sing and Miller demonstrated the ef
fect with a variety of moving objects, 
including a length of string and a spot 
of light. Even apparent motion serves: 
when one of the mirrors in front of the 
right eye is moved slightly, the appar
ent motion of the scene viewed by that 
eye erases the scene recorded by the 
other eye. The erasure can last for as 
long as five seconds if the eyes are kept 

stationary and there is no motion in 
the erased field of view. If the eyes 
move, the missing scene immediately 
reappears. 

Duensing and Miller next replaced 
the bar with a featureless white back
ground but kept the face in front of the 
observer's left eye. They found that 
erasure is sometimes incomplete. If 
the hand moved through only part of 
the right-eye view, the corresponding 
part of the left-eye view disappeared 
but the rest remained. Even when the 
hand swept through the right-eye view, 
part of the left-eye view might remain. 
The surviving section tended to be 
where the observer fixed the gaze of 
her left eye. If she looked directly at 
the smile on the face, the smile sur
vived the erasure. Since the smile was 
then superposed on the background 
seen by the right eye, it seemed to float 
in space. 

In one trial Miller looked into the 
stereoscope and Duensing sat where 
he could see her face with his left 
eye. When he swept his hand across 
his right-eye view of the white back
ground, he fixed his gaze on one of her 
eyes. Her face disappeared except for 
that eye. She then pointed to the other 
eye. Miller saw the hand but it pointed 
to an empty region in his view. Pre
sumably the hand became visible be
cause its motion forced erasure of the 
corresponding part of the background 
seen by the right eye. Erasure can thus 
be turned on and off at will by an ap
propriate motion in one of the fields 
of view. Moreover, it is selective with 
respect to the parts of the view that 
are affected. 

The direction in which a hand or an 
object moves in a field of view is usu
ally not important, but erasure is more 
certain and complete if the motion is 
fairly slow. Erasure always requires 
that the eyes be held as stationary as 
possible. If they follow the moving ob
ject, erasure does not occur. 

To test how motion can selectively 
erase part of a view, Duensing and 
Miller arranged for an observer to 
see two fields containing shapes [see 
lower illustration on page 124]. When 
hands were waved in the upper left of 
the left-eye view and the upper right of 
the right-eye view, the top half of the 
fused view was immediately erased. 
Any of the geometric shapes could be 
erased by moving a hand through the 
corresponding field of view for the op
posite eye. 

In a related test an observer saw 
a different face with each eye. If the 
faces were stationary, they could be 
partially fused. When part of one face 
moved, the corresponding part of the 
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other face disappeared. For example, 
if one person rolled his eyes, the other 
person's eyes disappeared. If both peo
ple rolled their eyes, fusion was re
established, with the perplexing result 
that two irises moved in each of the 
two eye sockets of the composite face. 

In binocular viewing one eye domi
nates the other in determining what 
perspective is brought to conscious
ness. Test yourself by focusing on a 
nearby object. Close your left eye and 
note the perspective your right eye 
has of distant objects. Repeat the pro
cedure using only your left eye. With 
both eyes open, which of the monocu
lar perspectives more closely matches 
the perspective of the distant objects 
now seen binocularly? In my case 
the left eye usually dominates. In the 
Cheshire-cat effect does a wave of a 
hand in the field of view of the domi
nated eye erase the view of the domi
nant eye as readily as the other way 
around? For me it does. A few of the 
people I tested report that erasure is 
more easily triggered by motion in one 
view than it is in the other. 

Erasure can be modified by the illu
mination of the two scenes. Duensing 
and Miller found erasure is more com
plete when the background seen by 
one eye is bright. If the face is also well 
illuminated and the observer fixes his 
gaze on the eyes, the eyes will end up 
glowing when a hand is waved through 
the other scene. 

A Cheshire-cat demonstration is 
now an exhibit at the Exploratorium. 
A person sits in a booth while someone 
else sits on the other side of a counter 
running across the booth. Both sides of 
the booth are covered uniformly with 
white Formica circles. In front of the 
observer is a vertical rod to which a 
double-sided mirror is hinged. By ro
tating the mirror about the rod the 
observer can choose which eye sees 
the featureless Formica reflected in 
the mirror. In either position one eye 
views the second person. To erase that 
person's face the observer moves a 
hand across the reflected Formica. 

You can prod uce the Cheshire-cat 
effect by simpler means. Prop a pocket 
mirror vertically at the edge of a table 

The disappearillg Cheshire cat 

or hold it with a steady hand. Turn it 
so that it reflects the scene on your 
right. The scene should consist of a 
vertical white surface bearing a simple 
line drawing. A large sheet of white 
paper with a few dark lines will serve. 
Put your face at the edge of the table 
and adjust your view so that your right 
eye sees the reflection of the white sur
face and your left eye looks across the 
table. Have someone sit on the other 
side of the table in sight of your left 
eye. To eliminate part or all of the 
person's face, pass your right haqp 
through the reflected view of the white 
surface. To eliminate your view of 
the line drawing, pass your left hand 
through the view from your left eye. 

In a similar arrangement I substi
tuted a portable television set for the 
white surface. My right eye saw the 
screen and my left eye saw my wife 
working at the table. When the char
acters on the screen were stationary, 
I could partially fuse the two views. 
When a character moved, gestured or 
spoke, the corresponding part of the 
view of my wife was erased. When the 
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scene changed as the camera switched 
to a new angle, my wife totally dis
appeared for several seconds. Try as I 
might, I could not overcome the phe
nomenon by concentration. 

I was also able to demonstrate era
sure without a mirror. After securing 

the unbound end of a writing tablet 
with a rubber band, I propped the tab
let upright on a table with the long side 
horizontal and at right angles to the ta
ble edge. I positioned my head so that 
the tablet bisected my view. My left 
eye saw the tablet's colorful cover and 

A stereoscopic arrallgemellt devised by Sally Duellsillg alld Bob Miller 

Left vie.yv Right view Fused view 
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The setup for demollstratillg selective erasure 
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my right eye saw the drab cardboard 
backing. The tablet occupied about 84 
degrees in the nasal field of view of 
each eye. Usually my left eye dominat
ed, but there was a perplexing fusing 
of the two views with frequent oscil
lations between them. When I moved 
my hand through either view, the view 
from the other eye was eliminated for 
a few seconds. 

Duensing and Miller learned during 
their investigations that the Cheshire
cat effect had been reported in 1965 
under the name of movement masking 
by G. C. Grindley and Valerie Town
send of the University of Cambridge. 
Their experimental arrangement was 
similar to the setups I have described. 
An observer sat with his chin on a rest 
that kept his head stationary. The left 
eye saw a white cardboard screen and 
the right eye saw an identical screen re
flected from a mirror. A black wood 
arm was pivoted in such a way that it 
could rotate across the field of view of 
the right eye at a controlled rate. 

A small x and a square were marked 
on the cardboard seen by the left eye. 
The observer fixed his gaze on the x. 

When the wood arm was rotated, it 
appeared to cross over the square 
because of the observer's fusion of 
the two scenes. The motion often re
sulted in the brief disappearance of 
the square. Usually the square disap
peared just as the arm seemed to pass 
over it, as though it were rubbed out 
by the arm. In other trials the square 
disappeared just before or after the 
arm seemed to pass over it. Most of 
the 50 subjects experienced all three 
effects during the tests. They found the 
erasure by the arm eerie. One of them 
reported, "You see that there is a con
nection but cannot feel at all sure 
about the exact sequence." 

The square sometimes disappeared 
only in part, growing faint on one 
side or another. The duration of its 
disappearance was hard to predict. 
Sometimes it came back suddenly and 
at other times it came back slow
ly. Grindley and Townsend suggested 
that the sudden reappearance might 
be due to a saccadic eye movement, an 
involuntary jerk of the eye. Presum
ably the apparent motion of the left
eye scene resulting from the saccad
ic movement caught the attention of 
the brain, restoring perception of the 
square. When the observers were told 
to follow the rotation of the arm, the 
square never disappeared. 

In another set of trials two sq uares 
were placed at the same height on the 
cardboard seen by the left eye. The 
wood arm was shortened so that it ap
peared to pass over only the square on 
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the right. Most often only that square 
disappeared, but occasionally both of 
them vanished. Grindley and Town
send also experimented with complex 
displays in one or both views. When 
the arm passed over an object seen by 
the right eye, an object in the corre
sponding position in the view from the 
left eye disappeared. Sometimes when 
the arm seemed to touch the edge of a 
drawing or something that could be in
terpreted as being solid, the entire ob
ject immediately disappeared. 

Erasure depended on the rotational 
speed of the arm. It was most frequent 
when the arm moved at 20 degrees per 
second. It was half as frequent when 
the speed was decreased to five de
grees per second or increased to 90 
degrees. The duration of erasure did 
not seem to be influenced by the rota
tional speed. 

Grindley and Townsend also found 
that the proximity of the square and 
the point on which the left eye was 
fixated strongly affected the ability of 
the wood arm's motion to erase the 
square. They mounted the square on 
the right-hand side of the cardboard 
seen by the left eye and had the observ
er fix his view at a point to the left of 
the square. First he viewed a point far 
from the square. After a number of tri
als he moved his fixation point closer 
to the square for more trials. As the 
fixation point approached the square, 
the freqency with which the square 
disappeared fell off. 

How does the human visual system 
achieve the Cheshire-cat effect? I am 
not certain of the answer but can of
fer a speculation. Normally the system 
attempts to fuse the views from the 
eyes to produce a single, sensible view. 
The point of concentration is wherev
er the eyes are focused, because that 
point produces an image on the fovea 
of each eye. The fovea produces the 
most acute vision. The other parts of 
the scene appear as less distinct imag
es on the rest of the retina. Perhaps as 
an aid to survival the visual system is 

x 
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"wired" to be alert to motion in the pe
ripheral part of the view. 

Look straight ahead at a stationary 
scene. Wave your right hand on the 
far-right side of the scene in such a 
way that your left eye cannot see the 
motion. If your eyes were seeing sep
arate scenes as in the demonstrations 
of the Cheshire-cat effect, the motion 
would erase the far-right section of 
what you see with the left eye. Since 
your eyes are seeing approximately 
the same scene from slightly different 
perspectives, there is no apparent era
sure. I believe that in fact there is an 
erasure but that there is no evidence 
for it after fusion brings the scene 
to consciousness. Either the erasure is 
too far from the line of sight to gain at
tention or all the detail lost by the left 
eye is filled in by the right eye. 

I tested my hunch by placing two 
brightly colored, separated objects on 
the opposite side of the room. Then 
I positioned two nearby obstacles so 
that only my left eye saw the colored 
objects. When I fixed my gaze on a 
point between the colored objects, I 
saw both of them because my left eye 
was dominant. When I waved my hand 
at the far right of my right-eye view 
(my left eye could not see the motion), 
the rightmost object disappeared. The 
object at the left was still visible. It is 
evident that I can erase part of a scene 
in normal viewing. 

Why, during a Cheshire-cat effect, 
does motion through the full view of 
one eye sometimes leave part of the 
view of the other eye unerased? What 
survives is the part that produces an 
image on the fovea of the eye in which 
erasure seems to take place. Erasure is 
due to a warning system monitoring 
what is seen with the rest of the retina. 
For the same reason erasure is absent 
if your eye follows the moving object. 
Since the object then always produces 
an image on the fovea of that eye, the 
warning system leading to an erasure 
of the view from the other eye is not 
triggered. 
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Face viewed by 
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The rhino-optical effect was named 
by Alistair P. Mapp and Hiroshi Ono 
of the University of York in England. 
The name stems from the fact that the 
eyes of a rhinoceros are separated by 
a large protrusion of the skull. The 
effect is easily demonstrated. If you 
wear glasses, remove them. Close your 
left eye and fix the view from your 
right eye on an object directly in front 
of you. Slowly bring a finger of your 
left hand forward from your left ear, 
being careful not to move your right 
eye. When the finger first moves into 
view, hold it steady in that position. 
Without turning your head, rotate 
your right eye toward the finger in or
der to see it. If the protrusion of the 
bridge of your nose is large enough, 
the finger disappears behind it. If you 
turn your eye forward again, the finger 
reappears. 

A similar disappearance of an ob
ject viewed directly was described in 
1844 by the British investigator David 

fixation po,nt'l\ 
x x x x x xeiil 

Fused views ill experiments by G. C. Grindley and Valerie Townsend 
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Scientific Study Ranks 
NortlicTrack #1 

In tests of exercise efficiency at a major 
university, NordicTrack burned more 
calories and provided greater aerobic 
workouts. 

Rank of Exercise Efficiency 
1. NordicTrack X-C Ski Exerciser 
2. An Exercise Bike 
3. A Rowing Machine 
4. A Shuffle-Type Ski Exerciser 

NordicTrack's higher oxygen usage test 
scores show that more muscle mass is 
involved in the exercise and more 
calories are being burned. 

It's Only Logical that 
NordicTrack Would Get 
the Highest Scores 

• because NordicTrack is more complete 
than an Exercise Bike. 
Adds important upper body exercise. 
Provides more uniform leg muscle 
usage. 

• because NordicTrack is more thorough 
than a Rowing Machine. 
NordicTrack's resistance is proportioned 
according to the individual muscle 
strength-no major muscles are over
stressed or under-worked. 

• because NordicTrack has inertial 
resistance not available on a 
Shuffle-Type Ski Exerciser. 
Other ski exercisers use less efficient 
frictional resistance with a resulting 
calisthenics-like feeling. NordicTrack's 
unique flywheel resistance for a life-like 
feeling of smoothness and continuity 
is matched only by real skiing. 

Burns Up To 600 Calories per 
20 Minute Workout � 

Free Brochure, and New Video! � 
800-328-5888 

Minnesota 612-448-6987 

Nord,c/r��f! 
141F Jonathan Blvd. N., Chaska, MN 55318 
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Brewster, who is remembered for his 
work in optics and vision. To repeat 
his demonstration cut a rectangular 
opening in a sheet of cardboard. Hold 
the sheet several centimeters in front 
of your right eye and close your left 
eye. Have someone place two narrow 
objects several centimeters away from 
the other side of the sheet. While you 
fix your gaze on the left side of the 
opening, have object A positioned so 
that it is barely occluded by that side 
of the opening. Have object B posi
tioned so that its right side is barely 
visible along the right side of the open
ing. When the objects are in place, you 
can see B but not A. Without moving 
your head shift your gaze to the right 
side of the opening. A appears and B 
disappears. If you again turn your gaze 
to the left side of the opening, A disap
pears and B reappears. 

Brewster termed this effect ocular 
parallax. In the rhino-optical demon
stration the bridge of your nose func
tions as the left side of the opening and 
your finger serves as object A. The fin
ger is visible only when you look away 
from it. Both demonstrations depend 
on the fact that the region in which the 
light rays are refracted by the eye (in 
the cornea and the lens) is separated 
from the center point about which the 
eye rotates. Assume that all the refrac
tion in the eye can be represented by 
a lens at the front of a spherical eye. 
When the eye looks directly at A, none 
of the light rays from it reach the lens 
and so A is not seen. The rays that trav
el toward the eye are blocked by the 
obstacle (either the bridge of the nose 
or the left side of the rectangular open
ing). The rest of the rays travel in the 
wrong direction. 

ray 
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OClilar parallax 

When you rotate the eye rightward 
about its center point so that it looks 
directly ahead, the action moves the 
lens into some of the rays from A that 
skirt the edge of the obstacle. The lens 
refracts those rays onto the retina so 
that A is seen. The image is blurry but 
recognizable. 

Mapp and Ono found that the rhino
optical effect does not work for every
one. If the bridge of the nose is fiat, as 
it was in the case of the East Asians 
they tested, the observer sees the fin
ger better when the eye rotates to view 
it directly. You can obtain a similar 
result if you look directly ahead with 
your right eye only (your left eye is 
closed) while moving a finger of your 
right hand forward from your right ear 
to the point where the finger first be
comes visible. When you then rotate 
your eye toward the finger, more of 
the finger becomes visible. 

A i:> now 

The effect of eye rotatioll 
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SCIENCE/SCOPE® 

Improved access to a new generation of giant Intelsat satellites is planned. Intelsat VI, designed and 
built by Hughes Aircraft Company, is a series of five of the world's largest, most powerful commercial 
communications satellites. Each will have the capacity to carry 120,000 telephone calls and at least 
three television channels simultaneously. Making this possible is the use of very advanced digital 
modulation techniques. Design changes, the result of a system modification contract from the 
International Telecommunications Satellite Organization (INTELSAT), also will more than double the 
downward signal capacity of the satellite's spot beams, permitting greater coverage of North America 
and more connections with Europe. Called the satellite of the 21 st century, each satellite in the Intelsat 
VI series stands 39 feet high and will use terminals as small as two feet in diameter. The first Intelsat, 
built by Hughes more than 20 years ago, was 41/2 feet high and required Earth terminals nearly 100 
feet in diameter. 

An infrared viewer found potential trouble spots in a large pharmaceutical plant during a five-day 
survey of a 57-building complex. Hughes' Probeye® infrared viewer scanned 5,000 areas of potential 
trouble and pinpointed 60 hot spots, most of which were in the electrical systems and motors. For 
example, the Probeye unit showed a heat buildup of 1200 C at three cartridge-type fuses. Also, a 7 50 C 
rise was discovered at another electrical connection. The fuse could have failed during a production 
run, resulting in costly downtime. The Probeye viewer sees heat the way a camera sees light, 
converting it instantly into an image seen through the eyepiece. 

Infantry sguads can maintain communications under polar conditions thanks to the Hughes 
AN/PRC-104 manpack radio, now the standard US. military field-communications system. It weighs 

only 14 pounds yet its lithium batteries provide enough power for voice communications at ranges of 
more than 1000 miles. It operates reliably at temperatures well below -50 degrees centigrade and can 
be used in total darkness by operators wearing the thickest mittens. Designed to meet a military 
specification of 2500 hours between failures, its actual record in the field far exceeds that requirement 
with an average of 4 000 hours of fault-free operation. 

US. Navy F/A-18 pilots will be able to see as though it were daylight while conducting low-altitude, 
high-speed missions at night using a Thermal Imaging Navigation Set (TINS) system developed by 
Hughes for McDonnell Aircraft Company. The TINS features a thermal sensor that displays a TV-like 
image of the terrain ahead on the pilot's head-up display. Ground objects and terrain are clearly viewed 
in a one-to-one real scene projection. Pilots are able to see in total darkness and through battlefield 
smoke and haze. TINS will be carried in a pod and mounted in a fixed, forward-looking position. 
Hughes will build five development systems, one of which will be used for flight testing. Delivery of 
these units is scheduled for fall of 19 87. 

Hughes Missile Systems Group is advancing every phase of research, development, and manufacturing 
technology as it applies to tactical guided missile systems and strategic defense. Opportunities for 
engineers and scientists are in analog/digital circuit design; high-voltage power supply design; 
transmitter and radome design; electro-optical design; IR imaging sensors; focal plane arrays; 
mechanical engineering; production design and systems engineering. Send resume to Hughes 
Engineering Employment, Dept. S 9, 8433 Fallbrook Ave., Canoga Park, C A  9 1304. EOE. US. 
citizenship required. 

For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 

HUGHES 
© t987 Hughes Aircraft Company 

AIRCRAFT COMPANY 

Subsidiary of GM Hughes Electronics 
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Soothe your 
nervous system. 

There are those who 
measure distance in miles. 
While others choose to 
measure distance in terms 
of time. 

At Mitsubishi Motors, we 
take an altogether different 
view. We believe that the 
best measure of distance 
in a luxury sedan is the 
distance you never notice. 

And to prove it, we 
created the Mitsubishi 
Galant. 

Galant's engineered to 
deliver a unique driving 
experience. Patiently 
crafted to be an island of 
calm amid the storm of 
demands success often 
brings. Galant's onboard 
computer, ETACS IVTM, 
monitors all secondary 
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functions from power win
dows and door locks to 
a new theft-deterrent 
system. Its electronic-
ally fuel-injected 2.4-liter 
engine responds with 
a silent surge of power. 
There's even an available 
ECSTM electronically con
trolled suspension that 
self-adjusts to changing 
road conditions. 

Of course a sedan this 
sophisticated demands 
luxury as well as per for
mance, so inside you'll find 
a haven of comforts and 
appointments. Adjustable 
front bucket seats, in 
velour or optional leather. 
Electronic power steering 
for smooth, confident 
handling. An available 
six-speaker AM/FM cas-
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sette stereo system with 
graphic equalizer and re
mote controls mounted 
on the steering wheel. 
And to ensure that 
passengers in back are 
every bit as comfortable, 
Galant offers a unique 
reclining rear seat with 
adjustable headrests. 

The Mitsubishi Galant. 
Road car performance in 
a luxury sedan. Patiently 
engineered to soothe 
your nervous system and 
to keep an impatient 
world at a comfortable 
distance. 
Call 1-800-447-4700 for your nearest dealer. 

Mitsubishi. �.� 
Perfecti ng the 

. Experience:M 

G A L A N T 
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