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Why the “low at risk” can still have heart attacks.

Toward the single-electron transistor.

Codex Mendoza: the last records of the Aztecs.

Hubble’s flawed mirror has not prevented the orbiting
observatory from capturing spectacular images.
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ThisIsWhat Hapy
A'Team Of Jeep.Eng

The automatic temperature control sys-
tem, another exclusive standard feature,
constantly monitors and adjusts the

TheI-6 engine delivers 190 horse-
power and 225 foot-pounds of torque

80 comquer tougiteeain. interior climate to your specifications.
The standard driver’s side air bag is the
® firstand onlyinasportutility vehicle.
The new Quadra-Coil guspensfon
system helps smooth out the Earth’s

roughestspots.
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Introducing The New Jeep, Grand Cherokee.

Forget everything you ever  thinkingever putinto a 4x4. revolutionary all-the-time four-
knew about sport utility vehicles. For example, instead of set- wheel drive system that actually

This is the new Jeep Grand  tling for a conventional four-wheel  thinks its way over, around, and
Cherokee Limited. Andit's theresult ~ drive transfer case, Jeep engineers  throughall kinds of road conditions.
of some of the freshest,mostadvanced  created the new Quadra-Trac — a Instead of installingan ordinary

Chrysler’s new Owner's Choice Protection Plan includes: 7-year/ 70,00 =1~ =rwsonwtunive muntnntine ~w 2 wonnn /24 N()()-mile bumper-to-bumper warranty. Your choice. And with no deductible. See
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ans When You Give
meers A Clean Slate.

140 cubic feet of interior space make
thisone of theroomiest 4x4sinitsclass.

Therevolutionaryn wQuadra-Trac*
all-the-time four-wheel drive system
automatically adjusts to different road
surfaces for optimum traction.

\

air conditioner, they designed an
automatic temperature control
system that not only keeps the
passengers comfortable, but also
2b0%  keeps the ozone safe because

AROTICTION SUAN
L]

AEAS it uses an environmentally

=/ 36

BUPER TO BMPER

friendly refrigerant.

limited warranties, restrictions, and details at dealer. Excludes normal maintenance, adjustments, and wear items. Jeep is a registered trademark of Chrysler Corporation.

In other words, instead of
building a conventional 4x4, Jeep
engineers built the new Grand
Cherokee Limited. And, in the pro-
cess, totally redefined what a sport
utility vehicle should be.

Toftullyappreciate what starting
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The sophisticated four-wheel anti-
lock brake systemis another one of
Jeep Grand Cherokee’s unexpected
standard features. .

Vi o s

OFFICIAL SPONSOROF THE 1992 U S A
U5 OLYMPIC TEAM 38 USC 380

with a cleanslate can do, call 1-800-
JEEP-EAGLE. And get all the dirt on
the most advanced Jeep vehicle ever.

Theres Only One Jeeps.

Advantage: Chrysler 2

Buckle up for safety.



A Macintosh
tostarta

Imagine you could design your own personal
computer. What would it be? It would be fast, of
course. Faster than your basic 486 machine. Fast

The Apple Macintosh Quadra.

enough to handle the rendering, animating, design
and analysis jobs that often require a workstation.
It would have immense storage and memory
capacity. And it would have features like high-
IEDR performance networking and accelerated

% AutoCAD video support built in.
€9 MacBRAUO! You would make it flexi-
% MacTOPAS ble enough to run any kind

Mathematica | Of application. Affordable
7 Microstation | enoughtoputoneveryengi-

R vellum neer’s desk. And as long as
¥y versaCAD youte fantasizing here,
youd make it as easy to set

Macintosh Quadra runs all the most

powerful engineering software. up, easy tO leam and easy

to use as an Apple” Macintosh’ personal computer

But it’s not a fantasy. Its a Macintosh Quadra”

By any measure, the Macintosh Quadra 700 and
950 are two of the most powerful personal com-
puters ever built. Both are based on the Motorola 68040 programs like AutoCAD, MicroStation Mac; MacBRAVO!
(rated at 20 and 25 MIPS, running at 25 and m  and VersaCAD perform at a level once seen
33 MHz), which integrates the processor; math * only in dauntingly complex workstations.
coprocessor and RAM cache all onto one chip. High-performance subsystems provide

Theyre up to twice as fast as any of their built-in support across the board: Ethernet
forebears. Fast enough to beat the chips off 3 = networking, accelerated 24-bit video™ sup-
comparably priced 486 computers from IBM,  suitin 24bivideotesyou - port and faster SCSI and NuBus™ slots.
Compaq and Dell* And fast enough to make ™iceoncofemsent - You can add a 400MB hard disk to both
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with the power
revolution.

the 700 and the 950 to accommodate the largest CAD
files. And the 950 even lets you add a CD-ROM drive or a
removable cartridge drive, and a disk array or more than
a gigabyte of internal hard disk storage.

You can increase the memory of the 950 to up to 64MB
of RAM for handling compute-intensive applications like
three-dimensional modeling and stress analysis.

Over your network, the unique Apple interapplication

also available for 21" monilors with optional third-party video card. PC Week, December 23/30, 1991, ©1991 Ziff Communications Company. Mention of third-party producls is for informational purposes only and constitutes n
ademarks of Apple Computer. Inc. AutoCAD is  registe
enderPro is a trademark of Strata, Inc. Vellum is a registered trademark of Ashlar Incorporated. VersaCAD is a registered Irademark of Versacad Corp. X Windotw System is a trademark of MIT. UNIX is a registered tracemark of A

rademark of Autodesk. Inc. BackBurner is a trademark of Specular International. MacBRAVO! is a trademark of Schlumberger Technologies. MacTOP: ed

communications architecture g
lets you easily take advantage |
of features like distributed pro-
cessing, allowing programs like
RenderPro and BackBurner t0 |
utilize excess CPU cycles on | B
Other MaC Computers or WOI'k- There are two Mac{n/osb Quadra
stations for faster renderings. "t e 700 i on s
And Macintosh Quadra fits in with the PCs you
already own. The built-in Apple SuperDrive; used
with Apple’s new Macintosh PC Exchange software,
allows you to share files easily with MS-DOS PCs
via floppy disk or over a network. And with Apple’s
fully compliant version of UNIX"— A/UX"—you can
even run UNIX, X Window, MS-DOS and Macintosh

programs all at Performance Index
the Same time_ Macintosh Quadra 700 (9.3) & 950(9.7) |
Compag Deskpro 486/331. |

It a‘ll ad’ds U.p tO BM PS/2 Model 95 XP 48633 )
the kind of POWEL | el asorss |
that moved PO s :
Week to givethe fom st compe ot el g s 30
Macintosh Quadra its highest satisfaction rating in
the categories of overall performance, price relative
to performance, expansion capability and ease of instal-
lation and configuration

Your authorized Apple reseller would be glad to show
you all this and more. For the name and location of
the one nearest you, call 800-538-9696, extension 200,

And soon you'll discover the latest power of _ #
Macintosh personal computers. The powerto s
start a revolution. The power to be your best:

Speed rating
1=speed of IBM PY1 286

either an endorsement nor a recommendation. All product

d tradema phics Software Labs. Mathematica is a
6T This ad was created using Macintosh computers
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Early Results from the Hubble Space Telescope
Eric J. Chaisson

Even though its primary mirror is flawed and its solar panels have given Hubble
the jitters, the orbiting observatory can still match the sensitivity and exceed the
resolution of the best earthbound telescopes. In its first two years of operation it
has returned a stream of spectacular images, from storms on Saturn to possible
black holes, that are triggering a revision of modern astronomy.

Lipoprotein(a) in Heart Disease
Richard M. Lawn

The patient has low blood cholesterol levels, is not obese, does not smoke and
does not suffer from high blood pressure. Yet a heart attack still occurs. The
agent of heart disease in many individuals with low risk profiles may be a blood
particle known as lipoprotein(a). Ironically, the ability of this substance to cause
heart disease may be a side effect of its role in repairing damaged blood vessels.

Transgenic Crops
Charles S. Gasser and Robert T. Fraley

In the past decade, genetic engineering has accelerated the age-old process of
breeding advantageous traits into crops. Genes that confer resistance to dis-
eases and pests as well as tolerance to herbicides and spoilage or that enhance
nutritiousness have been inserted into more than 50 species. Plant biotechnolo-
gy is now poised to make important contributions to world agriculture.

The Codex Mendoza
Patricia Rieff Anawalt and Frances F. Berdan

To acquaint Charles V with his exotic subjects, the first Spanish viceroy in Mexico
commissioned the last pre-Conquest Aztec artists to record their vanishing civi-
lization. Completed in 1541, the magnificent Codex was captured by the French,
sold to an Englishman and forgotten until 1831. The first modern edition was
destroyed in the London blitz; a new edition has been completed by the authors.

Single Electronics
Konstantin K. Likharev and Tord Claeson

Computers have become more powerful as the devices etched onto silicon chips
have become tinier. Experiments have now verified the feasibility of what may
be the ultimate miniaturization: devices that require the movement of just a sin-
gle electron. Whereas today’s most advanced chips contain 10 million devices per
square centimeter, single electronics could cram 10 billion into the same space.
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Control of Rabies in Wildlife
William G. Winkler and Konrad Bdgel

Wild mammals are a major reservoir for the rabies virus, which causes 25,000 hu-
man deaths every year. An epidemic in raccoons has spread unchecked up the U.S.
East Coast since the 1950s. The solution, these authors say, is vaccine-filled baits,
which are controlling the transmittal of rabies by foxes in Europe and Canada.

Accounting for Environmental Assets
Robert Repetto

When governments calculating their economic performance fail to account for
the depreciation of forests, fisheries, minerals or water caused by development,
the balance sheets often show growth and prosperity. In reality, the result is
usually impoverishment. The experience of Costa Rica is a case in point.

TRENDS IN INDUSTRIAL RESEARCH

Redesigning Research
Elizabeth Corcoran, staff writer

Prominent research laboratories, once the pride of U.S. industrial giants, have
been sold, shuttered or simply given away. All too often, their important inven-
tions made little or no contribution to the bottom line. But some companies are
not ready to write off research. They are determined to reshape their research
operations so that they serve the goals of the business. Can they succeed?

DEPARTMENTS
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Drawing the lines for the U.N. envi-
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Alzheimer’s.... A new spin on tran-
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plosion?... Budget squeeze on space
science.... PROFILE: National Science
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THE COVER painting shows the Hubble
Space Telescope as it appears in its orbit
610 kilometers above the earth’s surface.
The telescope’s performance has been
compromised by an incorrectly shaped
mirror and by several mechanical prob-
lems. Scientists have learned to work
around these failings, however (see “Early
Results from the Hubble Space Telescope,”
by Eric J. Chaisson, page 44). Hubble has
yielded some impressive observations,
including the sharpest optical images

yet made of active galaxies and quasars.

Page

44

45

46

47

48-49

50-51

55

56

57

58-59

60

63

64

65

68

69

70-73

74

THE ILLUSTRATIONS

Cover illustration by Tomo Narashima

Source

David Malin, Anglo-
Australian Observatory

Space Telescope
Science Institute

Ian Worpole

Space Telescope
Science Institute

Space Telescope Science
Institute (top), lan
Worpole (bottom)

Space Telescope
Science Institute

Tomo Narashima

Science Photo Library,
Photo Researchers, Inc.

Johnny Johnson (top),
Jason Kiiffer (bottom)

Jason Kiiffer

Tomo Narashima
Photography Plus
Laurie Grace

Laurie Grace; John

C. Sanford, Cornell
University (photograph)

Laurie Grace

Bill Santos Photography,

courtesy of Calgene, Inc.

Bodleian Library,
University of Oxford

Bodleian Library (left),
Akademische Druck-u.
Verlagsanstalt, Graz,
Austria; Susan
Einstein (photograph)

Page Source

75 Joe LeMonnier

76-78 Bodleian Library

79 Akademische Druck-u.
Verlagsanstalt; Susan
Einstein (photograph)

81 Lester Lefkowitz

82 Ian Worpole

83 Ian Worpole
(left, a-d), Lester
Lefkowitz (right, a-d)

84-85 Ian Worpole

87 Tobey Sanford

88-89 Patricia J. Wynne (insets)
(top), Hank Iken (bottom)

90 Joe LeMonnier

91 Patricia J. Wynne

92 Alan M. Beck,
Purdue University

95 Gary Braasch

96 Jason Kiiffer

97-98 Johnny Johnson

100 J. Kyle Keener / Matrix

102-103  a:Dan Wagner; IBM
Archives; b: Bellcore;
AT&T Photo Archives;
c: Brian Tramontana, Xerox;
Xerox Corporation

104 Johnny Johnson

105-107  Robert Prochnow

108 Edward Santalone

109 Douglas L. Peck

110 Xerox Corporation

122-123 Holton Collection/
SUPERSTOCK

124 Ian Worpole

6 SCIENTIFIC AMERICAN June 1992

© 1992 SCIENTIFIC AMERICAN, INC

SCIENTIFIC
AMERICAN’

Established 1845

EDITOR: Jonathan Piel

BOARD OF EDITORS: Alan Hall, Executive Editor;
Michelle Press, Managing Editor; Timothy M.
Beardsley; Elizabeth Corcoran; Deborah Erick-
son; Marguerite Holloway ; John Horgan, Senior
Writer; Philip Morrison, Book Editor; Corey S.
Powell; John Rennie; Philip E. Ross; Ricki L.
Rusting; Russell Ruthen; Gary Stix; Paul Wallich;
Philip M. Yam

ART: Joan Starwood, Art Director; Edward Bell,
Art Director, Graphics Systems; Jessie Nathans,
Associate Art Director; Nisa Geller, Photography
Editor; Johnny Johnson

COPY: Maria- Christina Keller, Copy Chief; Nan-
cy L. Freireich; Daniel C. Schlenoff

PRODUCTION: Richard Sasso, Vice President Pro-
duction & Distribution; Managers: Carol Albert,
Prepress; Tanya DeSilva, Projects; Carol Han-
sen, Composition; Madelyn Keyes, Systems; Leo
J. Petruzzi, Manufacturing & Makeup; William
Sherman, Quality Assurance; Carl Cherebin; John
Moussot

CIRCULATION: Lorraine Leib Terlecki, Circulation
Director; Cary Zel, Circulation Manager; Rosa
Davis, Fulfillment Manager; Katherine Robold,
Newsstand Manager

ADVERTISING: Robert F. Gregory, Advertising Di-
rector. OFFICES: NEW YORK: Michelle Larsen, Di-
rector, New Business Development; William Bu-
chanan; Peter Fisch; Meryle Lowenthal; Eliza-
beth Ryan. CHICAGO: 333 N. Michigan Avenue,
Chicago, IL 60601; Patrick Bachler, Advertis-
ing Manager. DETROIT: 3000 Town Center, Suite
1435, Southfield, MI 48075; Edward A. Bart-
ley, Detroit Manager; William F. Moore. WEST
COAST: 1554 S. Sepulveda Blvd., Suite 212,
Los Angeles, CA 90025; Kate Dobson, Advertis-
ing Manager; Joan Berend, Lianne Bloomer, San
Francisco. CANADA: Fenn Company, Inc. DAL-
LAS: Griffith Group

MARKETING SERVICES: Laura Salant, Marketing
Director; Diane Schube, Promotion Manager;
Mary Sadlier, Research Manager; Ethel D. Little,
Advertising Coordinator

INTERNATIONAL: EUROPE: GWP International,
Diisseldorf; Roy Edwards, GWP International,
London; Kurt Biihimann, GWP International,
Zirich. SEOUL: Biscom, Inc. TOKYO: Nikkei In-
ternational Ltd. SPECIAL PROJECTS: Barth David
Schwartz, Director

ADMINISTRATION: John J. Moeling, Jr., Publisher;
Marie M. Beaumonte, Business Manager

SCIENTIFIC AMERICAN, INC.
415 Madison Avenue
New York, NY 10017
(212) 754-0550

PRESIDENT AND CHIEF EXECUTIVE OFFICER:
Claus-Gerhard Firchow

CORPORATE OFFICERS: Executive Vice President
and Chief Financial Officer, R. Vincent Barger;
Senior Vice President, Linda Chaput; Vice Presi-
dents: Jonathan Piel, John J. Moeling, Jr.

CHAIRMAN OF THE BOARD:
Dr. Pierre Gerckens

CHAIRMAN EMERITUS: Gerard Piel



©1992 ATRT. All rights reserved.

AT ATIME LIKE THIS, WHOSE CELLULAR PHONE
WOULD YOU RATHER OWN?

When the name on the phone is AT&I, youre getting something no other cellular phone
can give you. AT&T quality and customer service. We back our cellular phones with a 7-day, toll-free
Cellular Hotline—for product information, technical help, even next-business-day replacement
anywhere in the Continental U.S. Call 1 800 232-5179 for all the details.

DEPENDABILITY BEYOND THE ORDINARY

=— AT&T

Available at AT&T Phone Centers and other fine retailers.
© 1992 SCIENTIFIC AMERICAN, INC



THE APPRAISALS ARE IN.

Appraisals from experts are always enlightening. On the
Diamante, they have been overwhelmingly glowing.

Motor Trend reported that “the Diamante’s sharply de-
fined performance enables a driver to feel eminently in
control” Meanwhile, the interior design ensures that “driver

SEanrc A el ..- and passengers are utterly pampered.’
) o) The Diamante is “a well-bred automobile,” according to
3 5% Carand Driver. “The ride is controlled, yet magic-carpet
F silky...the leather interior is a knockout...whisper-quiet.”

And after road-testing the Diamante LS, with its 202-
horsepower V6 engine, ABS brakes, exclusive TCL" traction
> .r-: jﬁrﬂ‘ control! driver-side air bag and numerous luxury amenities,

w '+ Road & Track simply said, "We are mightily impressed”
; If you would like to make your own evaluation, your
o "t Mitsubishi Motors Dealer would be happy to oblige. Please
" call 1-800-447-4700 for the Dealer nearest you.

The name Mitsubishi means three diamonds, and has signified
s automotive excellence for 75 years
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LETTERS TO THE EDITORS

Remembering Timoféeff

After reading the fascinating article
on “Nikolai V. Timoféeff-Ressovsky,” by
Diane B. Paul and Costas B. Krimbas
[SCIENTIFIC AMERICAN, February], I sent
it to our professor emeritus Clifford
Mortimer, Fellow of the Royal Society,
who did his doctoral work in genetics
in Berlin during the 1930s. His reply
adds a valuable historical footnote:

“I knew [Timoféeff] well in Berlin.
Many a night we talked over a bubbling
samovar of Russian tea; and I feel re-
sponsible for having introduced him to
a physicist friend, Max Delbriick. That
led to the pivotal paper by Timoféeff,
Delbriick and [Karl G.] Zimmer.... Tim-
oféeff was no Nazi, only unfortunately
foolish in not accepting the Cold Spring
Harbor offer in the late 1930s.”

PETER WATSON-BOONE
Director, The Golda Meir Library
University of Wisconsin at Milwaukee

Quarks and Clarification

I was flattered that you devoted sever-
al columns in the March 1992 issue to a
profile of me. The profile was, of course,
not flattering, but perhaps it gave some
of the flavor of what I am like when in
an unusually bad mood after a sleepless
night. I had kidded around with reporter
John Horgan as I would have with an old
drinking buddy; had I been less tired, I
would have known better and treated
him the way a suspect should treat a
homicide detective.

By compressing my remarks concern-
ing technical matters, Horgan lost some
important distinctions and qualifica-
tions. One serious distortion of mean-
ing involved the work of Joseph H.
Greenberg and others on large-scale
groupings of human languages. Only
part of that work concerns the possibil-
ity of a single language ancestral to all
the known ones. What I was deploring
(no doubt in unsuitably intemperate
terms) was the contention of some his-
torical linguists that any such grouping
that has a time depth exceeding 6,000
years or so must be unjustifiable.

The reason usually given is that for
the larger groupings there is typically
no construction of a sound system for
the proto-language in the kind of detail
that is customary for the recognized

10 SCIENTIFIC AMERICAN June 1992

families. Yet the lexical similarities that
show the kinship of, say, the Indo-Euro-
pean languages are so numerous and
striking that it seems unreasonable to
suppose one could not legitimately go
on to a larger, older grouping even with-
out the detailed sound system.

The technical arguments about par-
ticular large groupings, and about the
descent of all known languages from
a single ancestral tongue, are still at
a stage where reasonable people may
disagree. I was expressing impatience
only with those critics who condemn the
whole enterprise out of hand. The same
is true, by the way, of my impatience
with critics of superstring theory.

There are a few other points I hope
to clarify. I am very fond of the U.K,,
and I would criticize only a very few
British scientists as being “more con-
cerned with being clever and paradoxi-
cal than with being right.” They know
who they are.

The word “quark” in Finnegans Wake
does evoke the cries of gulls, and it
is presumably meant to rhyme with
“mark.” Because I wanted an excuse to
pronounce the word as “kwork,” how-
ever, I invoked a possible further con-
nection with a call for quarts of ale.

In my first publication about quarks,
Iindicated that by mathematical quarks
I meant something akin to the limit of
infinite mass and binding energy. In
the Proceedings of the International Con-
ference on High Energy Physics held in
Berkeley in 1966, I defined mathemat-
ical as meaning the limit of an infi-
nite confining potential, which is pret-
ty much how permanently confined
quarks are regarded today. Many writ-
ers still fail to understand that what I
meant by mathematical is what turned
out to be generally accepted and pre-
sumably correct.

During the 1960s, the scientific study
of unconscious mental processes was
not easy to sell to many academic psy-
chologists because they doubted that
the subject could be made scientific. It
was equally difficult to sell to psycho-
analysts because they felt they had al-
ready learned much about the subject
by their own methods.

In my research with James Hartle, we
are building on the pioneering but in-
complete work of Hugh Everett III on
the interpretation of quantum mechan-
ics. We are disturbed not by Everett’s
“belief” but by his choice of language.

© 1992 SCIENTIFIC AMERICAN, INC

We think he confused many readers by
writing about “many worlds” instead of
“many histories of the universe” and
about the “reality” of all the alterna-
tives rather than that the theory treats
them alike except for assigning them
various a priori probabilities.

Finally, the programs of the John D.
and Catherine T. MacArthur Founda-
tion are determined by the entire board
of directors in consultation with the
staff and with outside experts; no one
director can “establish” any activities
or “divert” funds to new ones.

MURRAY GELL-MANN
California Institute of Technology

Gene Screens

The people in favor of genetic screen-
ing for employment seem to have for-
gotten their history [“Fatal Flaw,” by Tim
Beardsley, “Science and the Citizen”;
SCIENTIFIC AMERICAN, December 1991].
The American and Canadian constitu-
tions grant freedom from racial dis-
crimination. Is not race just an old word
for genetic code? Let us not forget that
we are trying to build a democratic so-
ciety, not a master race.

NEIL HENDERSON
Toronto, Ontario

ERRATA

“Mirroring the Cosmos” [November
1991] should have said that the Multi-
ple Mirror Telescope is jointly operated
by the Smithsonian Institution and the
University of Arizona. It is not a part of
Steward Observatory.

“Reflecting Differences” [“Science and
the Citizen,” March] misstated certain
statistics: one in nine women will even-
tually develop breast cancer if she does
not first die of different causes. ‘

A caption on page 45 of “The Patch
Clamp Technique” [March] should have
said that the patch pipette is roughly
1/25,000 of an inch in diameter.

Credit for the galaxy map on pages
52-53 of the March issue should have
gone to George P. Efstathiou and the de-
partment of astrophysics of the Univer-
sity of Oxford. \

A caption on page 81 of “Infrared
Video Cameras” [March] suggests that
William Ewing took the photograph. He
designed the camera.
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The good health of the home
planet is the reason we're building
the manned space station today—
and why we'll launch the first compo-
nents for it in less than four

Some of the laboratories will
be dedicated to the life sciences —
studies that touch the lives of

virtually everyone on earth. Others
are designed to learn more about
materials —the basic building
blocks of our civilization.

The space station will have

unique micro-gravity labs where

scientists can do experiments that
are impossible on earth.
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The space statior

And it will allow research into
the natural processes that created
and still change our world. And
our lives.

Best of all, research on board
the space station will increase our
rate of discovery and invention in
materials and life sciences.



vill help unlock the secrets of this mysterious planet.

That’s important to every
American, and to future generations.
To create new jobs, we need new
discoveries, new inventions, new
ways of looking at the world.

The space station is more than
high technology. It also is a practical,
down-to-earth idea.

BOLEING
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50 AND 100 YEARS AGO

JUNE 1942

“A new airplane with a dual person-
ality—fighter as well as bomber—has
enabled the British to develop a tech-
nique of bombing entirely new even
among the novelties of modern aerial
warfare. In a day when new planes are
being equipped with superchargers to
cruise in the heights of the substrato-
sphere, this latest air weapon hugs the
ground and even dips into hollows or
ravines to hide from enemy fire. The
new technique has produced its own
problems in ballistics. When a bomb
hits the ground from such a low height,
it ricochets along the ground horizon-
tally and hits the target from the side
instead of from above. This is all right
for a huge target. But one pilot who
watched a companion attack a railway
station reports that the bombs went
clean through both walls and exploded
harmlessly some 300 yards away.”

“Engineers at the Westinghouse high-
voltage laboratory recently caught man-
made lightning in a bucket of sand to
produce replicas of the glass-like ful-
gurites formed by natural lightning
strokes. ‘Since a temperature of about
3000 degrees is required to melt sand
into fulgurites, these experiments give
us definite knowledge of the tremen-
dous heat which lightning can pro-
duce,’ Dr. P. L. Bellaschi, directing the
experiments, reported. ‘Fulgurites might
be called petrified lightning, since they
have the same crooked shape as the

bolts that formed them. Natural speci-
mens occasionally are found buried in
the ground, particularly in dry desert
sands. They are glass-like tubes of soli-
dified sand, formed when lightning
surges through dry earth in search of
moist ground in which to neutralize its
charge.””

“In our May issue we presented an
article on battleships, the article to be
the first of a series. The present num-
ber does not contain the second article
because of the war-time censorship to
which Scientific American has voluntar-
ily submitted.”

“Of the many uses to which solar col-
lectors may be put, perhaps the sim-
plest is the heating of a house in a rela-
tively cold but sunny climate. The sys-
tem would consist of a well insulated
tank from which water can be pumped
to the collector and back whenever the
collector is hotter than the tank, and a
set of radiators through which the hot
water could be circulated to heat the
building. It was for research into this
type of heating that a testing cottage
was built on the Massachusetts Insti-
tute of Technology grounds. For many
months the plan has been put to a
practical test, and valuable data are be-
ing obtained on the optimum number
of glass plates, the best tilt, the ratio of

Idolum diabolicum, a tropical mantis
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roof to tank area, and the advisability
of employing special types of glass.”

JUNE 1892

“The largest python we found in our
stay in the Philippines measured twenty-
two feet and eight inches in length, and
twenty-two inches in greatest circumfer-
ence. A snake of this size could bring
down a medium sized buffalo, and
could crush out the life of a man in a
fraction of a minute; and we have no
hesitation in expressing the opinion
that it could swallow him. We know of
the case of a snake of about this size
swallowing a full-grown buck with ant-
lers, a male deer of this species being
larger around the belly than is a man
around the shoulders.”

“A dispatch from St. Petersburg says:
What is believed to be the largest aero-
lite ever known to have fallen is lying in
the Caspian Sea, a short distance from
the peninsula of Apsheron. The aerolite
made a terrific noise as it rushed
through the air, and the white-hot mass
made a light that illuminated the coun-
try and sea round about for a great dis-
tance. When it struck the water im-
mense clouds of steam arose. Huge
masses of water were thrown upward,
and the sight to those who were not
frightened was an exceedingly beauti-
ful one.”

“It is stated on good authority that
the tropical species of Mantis (one of
which is shown in our illustration) will
overpower and eat lizards three times
as long as themselves, and even small
birds are surprised while sleeping and
devoured. The little Mantis religiosa of
Southern Europe, although less than
three inches long, will defend itself
against man, and the gigantic species
of hot countries cause bloody wounds
in the human skin with their saber-like
legs. But the worst characteristic of the
mantis is the amazon-like trait which it
shares only with some spiders. The fe-
male mantis is larger and stronger than
the male, and she murders her mate in
cold blood, when she can get him, and
eats the father of her future children
without the least compunction.”
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"Whenthe
earthquake hit,

[watched
helplesslyasmy
poor LaserJet

-went crashing to

“The LaserJet fell from about
four feet, said Police Chief
James Cost, recalling the dis-
astrous San Francisco earth-
quake. “Iassumed we'd have to
buy another one. But later, my
secretary plugged it in and
printed a document. It's about
the only thing that did work
that day”

Reliability is only one of many
reasons more people use HP
LaserJet printers than all other

laser printers combined. Some
people cite innovations like
Resolution Enhancement tech-
nology, which creates sharper
edges and better overall print
quality. Or genuine PCL5
printer language. Or the range
of options, with five printers
priced from $1,249 to $5,495*

Tohearwhat o
other cus- A
tomers
have to

© 1992 SCIENTIFIC AMERICAN, INC

‘thetloor”

—James Cost, Chief of Police, Campbell, CA

say about HP LaserJet printers,
call 1-800-752-0900, Ext. 2987
for a free video. And see why
so many people have an un-
shakable faith in HP quality.

HP LaserdJet Printers.
HEWLETT
(ﬁﬁ] PACKARD

*Suggested U.S. list prices.
©1992 Hewlett-Packard Company PE12253



Still Negotiating

As many issues as delegates
at the U. N.’s Earth Summit

r I Yhe multinational negotiations
leading up to the Earth Summit
that will take place in Rio de

Janeiro in June have been variously de-

scribed by participants as a zoo and

a circus. To those more removed from

the whispered doings, compromises, Ma-

chiavellian wranglings and trump-card
showdowns often taking place behind
closed doors, they appear to be, quite
simply, chaos. There is “too much to
do and not enough time,” one observer
notes. “There are just too many issues.”

But for every expert or delegate who
feels pessimistic, there is one who en-
thusiastically differs. And that is why
the United Nations Conference on En-
vironment and Development (UNCED)
is expected simultaneously to fail and
succeed. The only complete document
to emerge from the fourth and final
Preparatory Committee, or PrepCom
IV, meeting held at United Nations
headquarters in New York reflects this
paradox.

Hammered out in the early-morning
hours of April 4, the Rio Declaration
lists 27 principles that provide an ethi-
cal framework for humanity’s relation-
ship to the earth. These ideals include
the right to development and the right
of countries to exploit their own re-
sources so long as doing so does not
hurt the environment of other nations.

“It is the only unbracketed text go-
ing down to Rio,” notes Scott A. Hajost,
international counsel for the Environ-
mental Defense Fund. During the nego-
tiation process, terms or phrases that
are the subject of debate are enclosed
in brackets. And bracketing can eas-
ily become a fever: “The U.S. even had
a comma bracketed in the technology
transfer article,” says one UNCED partic-
ipant. (For reasons of diplomacy, many
delegates and people close to the pro-
cess speak only on the condition of
anonymity.)

Unbracketed, yes, but also undecid-
ed. Many countries reserved the right
to renegotiate the document. In all like-
lihood, for example, the U.S. will ob-
ject to Principle 7, which confers blame
for environmental degradation on de-
veloped nations. Israel is expected to

i

REPRESENTATIVES from more than 1,000 nongovernmental organizations partici-
pated in preparatory meetings for the Earth Summit. Photo: Steve Berman.

oppose Principle 23, which calls for the
protection of the environment of peo-
ple under domination or occupation.

For all the haggling, though, those in-
volved in UNCED expect many parts of
the draft to survive. Some say its terms
could revolutionize aspects of interna-
tional environmental governance—such
as the right to information about the
hazards of pollutants and the obliga-
tion to carry out environmental impact
assessments. Ideally the Earth Summit
will also yield another document: Agen-
da 21. This text is a plan for implement-
ing the principles in the Rio Declaration
in the next century.

Although some delegates say as much
as 95 percent of Agenda 21 is worked
out, there, too, agreement has not been
reached on crucialissues. The U.S. dele-
gation, for example, says addressing
overpopulation is an important topic.
But “if you read the document, you’d
never know that,” one observer notes.
“They can’t even bring themselves to
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use the words ‘family planning.’” In-
stead phrases such as “demographic
dynamics” appear.

And some of the developing countries
represented—as well as the Vatican—
believe family planning should not be
addressed in Agenda 21. As a delegate
from an African nation explains, pover-
ty contributes to overpopulation, which
in turn degrades the environment.
Therefore, developed nations should fo-
cus on eradicating poverty; population
control will follow as standards of liv-
ing rise. (At one point, according to a
witness, a compromise was discussed:
the “north” would stop badgering the
“south” about overpopulation; in ex-
change, the south would stop hound-
ing the north about its consumption of
natural resources.)

Negotiators have also reached an
impasse on forest protection, another
point of contention between northern
and southern nations. The Earth Sum-
mit was supposed to produce a set
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of guidelines to protect forests; these
terms were later to form the basis of an
international forestry treaty. But some
countries, including Malaysia and Brazil,
have not agreed to certain forest man-
agement provisions. One expert antici-
pates that delegations from these coun-
tries may “hold forests hostage until
they get some money from the U.S.”

Which raises yet another stumbling
block: finances. “We from the south do
not view this as an environment con-
ference,” says a representative from a
developing nation. “We view this as an
economic conference.” Using a parable,
he illustrates the fundamental relation
between development and the environ-
ment: a poor man cuts trees for fuel so
he can boil water to purify it. If the wa-
ter were clean, he would not have to
cut trees. The delegate says that some
of the most heated moments of Prep-
Com IV arose when U.S. delegates were
pressed to acknowledge this connection:
“They are afraid that if they recognize
this, they are going to have to pay.”

For its part, the U.S. seems to be-
lieve its financial commitments are ade-
quate—that existing resources can cov-
er the world’s development needs. In
1990 a fund called the Global Environ-
ment Facility (GEF) was established by
the World Bank, the United Nations En-
vironment Program and the United Na-
tions Development Program to support
environmentally sound development
projects. So far the GEF has received
pledges for about $1.2 billion.

In one view at least, because GEF
was founded a year and a half before
UNCED, it has not been considered a so-
lution. If it had been set up during Prep-
Com IV, “it would have been the center-
piece of UNCED,” one expert notes. But
many countries say much more funding
is needed. And some developing nations
are concerned that the World Bank fi-
nances large, not necessarily produc-
tive, projects rather than more grass-
roots undertakings.

At the same time as delegates have
been feuding over the details of the for-
est principles, Agenda 21 and the Rio
Declaration (none of which are legally
binding), countries have been devising
two treaties: a convention on climate
change and a convention on biologi-
cal diversity. The first addresses global
warming and carbon dioxide emissions;
the second seeks to protect biodiversi-
ty and attempts to distribute equitably
the rights to and benefits from biodi-
versity and biotechnology.

Negotiations for the biodiversity
agreement have been going a little more
smoothly and there may be a finished
document to sign at the summit, but the
climate convention has faltered. As of
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this writing, the U.S. has objected to
deadlines for limiting releases of car-
bon dioxide. Some experts say the
U.S. wants to set up a framework for
monitoring agreements and data col-
lection before it commits to a time-
table. Others—including representatives
from some of the easily flooded tropi-
cal islands—say Washington is blind to
the writing on the wall.

Each of these topics and others re-

We from the south

do not view this as an
environment conference,
but as an economic one.

main open for discussion in Rio. Agenda
21 lists such issues as reducing energy
consumption, combating poverty, stem-
ming desertification, protecting oceans
and fresh water, limiting the export and
transport of hazardous materials as well
as regulating disposal of radioactive and
military waste (for now, the U.S. objects
to any reference to war as harmful to
the environment). “Most governments
are doing more in their national pro-
grams than the language of Agenda 21
will do,” one observer laments.

Even so, most participants agree that
some form of Agenda 21 will be pro-
duced at the Earth Summit, when heads
of state finally show their hands. “There
will be compromise unless the meeting
crashes,” says a negotiator for a north-
ern country. Of course, “even if it crash-
es, they will probably agree that it is just
the beginning.”

The procedures that UNCED ultimate-
ly agrees to for follow-up will do much
to determine whether the documents
are effective. Although many criticize
the assiduous attention being paid to
texts that are not binding, the soft law
of Agenda 21 and the Rio Declaration
could harden into binding law. “It will
depend entirely on how governments
act after UNCED,” one expert says. On
the other hand, “it could shrivel up and
have no lasting effect.”

Indeed, that seems to be the fate of
some environmental treaties. The Gen-
eral Accounting Office and the Unit-
ed Nations each recently examined the
monitoring of international environ-
mental agreements. “What they discov-
ered was not very encouraging,” notes
Hilary French, a policy analyst at the
Worldwatch Institute. Both groups found
that reporting is often late and in-
complete. Secretariats overseeing agree-
ments do not have the power or the re-
sources to monitor compliance or to ver-
ify data, nor do developing countries
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often have the funds to implement the
agreements. Moreover, channels for the
resolution of disputes are not exploited.

The need for some overarching body
to implement such agreements—even
the results of the Earth Summit—has
led UNCED negotiators to consider es-
tablishing a Commission on Sustainable
Development within the United Nations.
There is disagreement about whether
this commission should report to the
General Assembly or whether it should
report to the Economic and Social Coun-
cil, whose membership is limited to 54
countries. Only some of these details
may be resolved in Rio; others may wait
until 1995, when an anticipated World
Summit on Global Governance will dis-
cuss reorganizing the United Nations.
In addition, some countries are con-
cerned that monitoring could impinge
on national sovereignty.

Ironically, it is in the realm of moni-
toring that one of the unqualified suc-
cess stories at UNCED may emerge: non-
governmental organizations (NGOSs).
These groups of citizen activists rep-
resent almost every country and issue,
from population control and the pres-
ervation of indigenous botanic and oth-
er knowledge of the Amazon Basin to
the rights of chemical manufacturers—
and they are exerting an increasing in-
fluence on diplomacy. “It is the democ-
ratization of the international legal pro-
cess,” says Philippe Sands, legal counsel
for St. Lucia and other small Caribbe-
an islands.

More than 1,000 NGOs were accredit-
ed by UNCED, and they have worked to
lobby and prepare reports for the dele-
gates. They have not, however, reached
the inner sanctum. “At some point, all
negotiations go behind closed doors,
and no one sees what is going on,” says
Mark Valentine of the U.S. Citizens Net-
work. The NGOs plan to hold a parallel
summit in Rio and to prepare as many
as 28 alternative documents, their ver-
sion of Agenda 21, which they hope will
be implemented on a grass-roots lev-
el. NGOs have been described as ideally
suited to monitor agreements and to
complain and lobby about environmen-
tal transgressions on the part of corpo-
rations or governments.

For all the caveats, observers of the
preparations for the Earth Summit say
an important step has been taken. The
world’s governments have begun to
recognize the links between the envi-
ronment and development, the need
for sustainable development and the
importance of citizens’ groups. It may
not be “everything we dreamed, but it
is the beginning of a process,” says An-
gela Harkavy of the National Wildlife
Federation. —Marguerite Holloway



FOLLOW YOUR HEART WITHOUT
LEAVING YOUR MIND BEHIND.

There’s a certain urge in the heart of
every serious driver that only a convert-
ible can satisfy.

It has to do with sun, wind, fun and
freedom — the simple bliss of open cars
and open roads.

Saab convertibles deliver all those
virtues in abundance. But what makes
aSaabuniqueis that it alsoaddressesthe
other part of you, the one that com-
Far_es, evaluates and otherwise thinks
before it leaps.

So besides the sun in your face and
the wind in your hair, a Saab gives
you a computer-controlled engine that
constantly monitors itself on a split-
second basis, always choosing the opti-
mum fuel mixture and ignition timing

* See your Saab dealer for complete details. * *MSRP excluding taxes, license, freight, dealer charges and options. Prices subject to change.© 1992 Saab Cars USA, Inc.

for peak performance and efficiency.

It gives you a full-fledged car, as op-
posed to an adult toy. There’s spacious
seating for four, with an automatic roof
instead of a manual one, and a heated
glass rear window instead of a plastic af-
terthought. Leather upholstery is stan-
dard, as are heated front seats.

It gives you a fair-weather car that
rushes headlong into foul weather. Saab
convertibles have front-wheel drive
and anti-lock braking systems for supe-
rior traction during acceleration or de-
celeration, even on slippery surfaces. And
like all Saabs, they’re equipped with
driver’s-side air bags.

Finally, a Saab gives you a car so well
made, it’s backed by the longest war-
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ranty of any imported convertible in
America: 6 years or 80,000 miles* And
it’s available with a sprightly 140-
horsepower engine ($31,360) or an ex-
tremely sprightly, 160-horsepower, tur-
bocharged version ($36,230)**

So if you follow your heart, it will
lead directly to a Saab dealer and a
test drive. And your mind will heartily
approve of the trip. Or, for more infor-
mation, call 1-800-582-SAAB.

WE DON'T MAKE COMPROMISES.
WE MAKE SAABS.




PREAMYLOID PLAQUE (dark area) in the brain of a transgenic mouse is the closest
that anyone has yet come to simulating the effects of Alzheimer’s disease. Photo: Scios.

The Mice That Missed

Two models for Alzheimer’s
disease are retracted

r I Yhe march of science is rarely
steady, certainly not for Alzhei-
mer’s disease researchers who

have recently had to execute a particu-

larly awkward shuffle: three steps for-
ward, two steps back.

Last year three types of genetically en-
gineered mice with lesions like those of
Alzheimer’s disease were presented to
neuroscientists, who hoped the animals
would advance the research and devel-
opment of treatments. Two of the three
models have since been withdrawn by
their creators, and one of the two is fur-
ther tarnished by questions about the
validity of the published data. The sur-
viving model is less than ideal. “It’s a
real disappointment that no one has yet
been able to produce a mouse with Alz-
heimer’s-like pathology,” mourns Den-
nis J. Selkoe, a neurologist at Harvard
Medical School.

The guiding idea behind all three
models is that a protein fragment called
beta-amyloid plays a causative role in
the development of Alzheimer’s disease.
The loss of the mouse models has not
shaken the theory itself but has cost it
some corroborating evidence.

Two of the mouse models were an-
nounced in July 1991. Nature carried a
report by Barbara Cordell of California
Biotechnology (now Scios) and her col-
leagues; the work of Miles Research Cen-
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ter investigators led by Dana O. Wirak
was published in Science. Both types of
mice, into which all or part of a human
amyloid protein gene had been insert-
ed, developed neurological abnormali-
ties that to some extent resembled ear-
ly signs of Alzheimer’s disease.

A more spectacular success—or ap-
parent success—came in December,
when Shigeki Kawabata of Yamanou-
chi Pharmaceutical, Gerald A. Higgins
of the National Institute on Aging (NIA)
and Jon W. Gordon of the Mount Sinai
School of Medicine claimed in Nature
that the brains of their transgenic mice
seemed to show many hallmarks of Alz-
heimer’s disease pathology: beta-amy-
loid plaques and tangles of proteins
around degenerating neurons.

The celebrity of the Kawabata-Hig-
gins-Gordon mouse was short-lived. In
March the researchers formally retract-
ed their model in a letter to Nature, ex-
plaining that they had been unable to
reproduce the pathologies Higgins had
reported. The retraction did not men-
tion more serious questions raised by
the Alzheimer’s research community
about the validity and even the authen-
ticity of the original pathology data.

Several neuropathologists who have
looked at slides provided by Higgins
say they have found them far less per-
suasive than the images published in
the December paper. Selkoe, for exam-
ple, recalls that he met with Higgins this
past January and was distressed by the
condition of the slide he was shown. All
the lesions appeared to be concentrat-
ed within one fragmented area of the
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brain tissue. Selkoe thought the lesioned
area could be interpreted as a piece of
a diseased brain, possibly from a hu-
man patient, that was merely adjacent
to normal mouse tissue.

According to Selkoe, Higgins denied
that any such confusion of tissues could
have occurred but was unable to offer
a better slide at that time. Selkoe says
he had been assured previously that
many examples of transgenic mice ex-
hibiting the pathology were available.
Selkoe claims he made other unsuccess-
ful attempts to see the original pub-
lished slides or others. He also ex-
pressed his misgivings about the pub-
lished data to the NIA.

Other researchers, including Donald
L. Price and Lary C. Walker of the Johns
Hopkins University School of Medicine,
have also examined Higgins'’s slides and
the transgenic mouse brains for signs
of amyloid plaques or other lesions.
“There aren’t any, at least in the mice
I've looked at,” Walker says. Neither he
nor Selkoe could name an independent
observer who had definitely examined
the original published slides.

Responding to the concerns of sever-
al researchers that scientific miscon-
duct might be involved, the NIA issued
a request for an inquiry into the mat-
ter, according to a spokesperson for
the agency. The National Institutes of
Health refuses to comment on the exis-
tence of an inquiry, but sources close to
the case confirm that one is in progress.
Neither Higgins nor Gordon responded
to requests for interviews.

In defense of Higgins, George R. Mar-
tin, the head of intramural research at
the NIA, points out, “It seems crazy that
there would be any kind of deliberate
fraud. All these people are very produc-
tive, very well known scientists.” Trans-
genic mice are variable and difficult to
study because their numbers are so few,
Martin explains. “I would always look
for an error of some sort before I would
think in terms of misconduct.”

Unfortunate errors were certainly the
undoing of the Wirak model. Mathias
Jucker (now at the Swiss Federal Insti-
tute of Technology) and Walker heard a
warning bell when they read the results
of the Wirak report. Months earlier they
had observed that normal mice belong-
ing to the C57 strain sometimes had
clusters of unidentified material in their
brains. Wirak and the Miles Research
group had used C57 mice in their exper-
iments—and the structures tagged as
amyloid deposits in the transgenic ani-
mals appeared identical to the clusters.

Jucker, Walker and their colleagues
contacted the Miles group, compared
data and carried out further experi-
ments that confirmed the similarities.
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The new Braun Flex Control

Its pivoting head is designed to conform to
your face...like no other shaver before it.
Your face has many itself to each curve on your shaver glides smoothly and the Braun Flex Control
different angles and curves. face, always maintaining effortlessly across your face.  accordingly.
So Braun has introduced the optimal shaving angle. Simply because when
Flex Control—the first elec- To deliver Braun’s closest it came to making a better
tric shaver with a pivoting shave ever. shaver—we first studied
head. And with the twin foil your face.
It automatically adjusts coated in platinum, the

BRAUN
And then we designed

Designed to perform better.

Available at Burdines, Rich’s, Lazarus, Jordan Marsh. The Bon Marché, Stern’s, A&S, and Bloomingdales
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puter. Ever.

Inits review of our UltraLite® SL/25C

notebook, PC Magazine said, “NEC

is about to make the future of porta-

ble computing a whole lot brighter”
We couldn’t agree more.

The best color display
in a notebook. Ever.

The fact is, NEC is the first to offer
an active-matrix TFT color screen
in a notebook, and yet, in the
words of PC Magazine, “its
price tag rivals lower-quality
passive-matrix offerings”

What'’s the difference
between active-matrix
and passive-matrix
color screens? One
looks vivid, sharp and bright, like
your desktop monitor. The other
doesn’t. One can be viewed from
wide angles. The other can’t. One
is clearly the future of notebook
computing. The other isn’t.

The best processing

technology in a notebook. Ever.

To quote PC Magazine once more,
our SL/25C “has more going for it
than just spectacular color. It’s also
one of the first notebooks to use
Intel’s new 25-MHz 386SL chip set”

The new chip provides all the pro-
cessing punch of a 386 desktop PC.
Offers intelligent power management
for longer battery life. And runs even
the most complex applications at

Computers and Communications

blazing speed. The 7.5 Ib. SL/25C
comes standard with 2MB of RAM
(expandable to 10MB), an 80MB
hard disk, internal floppy and 64KB
cache. Aswell as 4 MS-DOS®5.0 and
Windows: loaded and
ready to run.

Just what exactly is
active-matrix TFT display
anyhow?

lctive matrix TFT (thin-
film transistor) display
means that for each pixel on
the screen, there is a timy
transistor. In the case of the
SL/25C, that adds up
1o over 900,000 transistors
covering the entire screen,
forming the image.
With each pixel controlled
by its own transistor,
the image is always in sharp
focus, and far brighter
than other screen designs

permit. NEC has long been
a world feader in display
fex r‘HHfH_L’.I.' ind the SL/25C
is one example of this

It does everything
a powerful desktop does.

Except chain you to a desk.

There’s a serial port, SuperVGA
CRT port, PS/2® mouse port and
optional internal modem. An
enhanced parallel port allowing
improved throughput for network
connections. And an optional full-

Because f is the way you want to go.
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function, portable Docking Station™
unit—with two expansion slots

and a 3.5" drive bay—that not only
turns the SL/25C into a desktop you
can take anywhere, it also gives you

other options, like fully integrating
sound and image to create your very
own portable multimedia platform.

A powerful argument
for color, right here in
black and white.

It also has a brilliant VGA
display. A palette of over 225,000
colors. A fast screen refresh
rate (so you never lose your
cursor). And a “simul-
taneous video”

feature—so the image you see on 5{;?[‘;"
your screen can also be viewed on  optional

. . K Docking
an external video device, like a Station.

big-screen projector.
What’s more, the
SL/25C comes with an
industry-leading
2-year limited
warranty.

Call today.

For more details, call
1-800-NEC-INFO. Or call NEC
FastFacts™ at 1-800-366-0476,
#ULSL25C (8575252). In Canada,
call 1-800-343-4418.

We'll give you enough information

about the SL/25C to make you not

want to be without it. Ever.
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The Miles researchers retracted their
paper in March in Science, only a week
after Kawabata, Higgins and Gordon
retracted theirs. As Wirak and his co-
authors noted, they had not examined
enough normal C57 mice to become
aware of the occurrence of the clusters.
Because the clusters have a “nonspecific
stickiness” for many antibodies, Walker
explains, they bound antibodies against
beta-amyloid and misled Wirak’s group
into identifying them as plaques of
beta-amyloid.

The two retractions leave only the
Cordell mouse. Its validity is not in

doubt, but as Cordell acknowledges, it
is too incomplete as a disease model to
use in realistic tests of potential treat-
ments. Many other transgenic mice are
now being developed, Selkoe says, but
none of them are known to produce
much amyloid protein or to form it
readily into plaques. “The whole expe-
rience with transgenic mice so far indi-
cates that it’s very hard to get them to
express the amyloid precursor protein
and to slice it up in a way that makes
plaques,” he concludes.

The quest for an animal model of
Alzheimer’s disease is by no means ex-

The Estrogen Factor

hausted. Moreover, Walker believes all
the transgenic mice, even those -of the
retracted models, still hold promise.
“Even if the mice don’t develop frank
Alzheimer’s-like pathology in the nor-
mal course of events, it might still be
possible to perturb the system in some
way to induce those changes,” he ex-
plains, adding, “It’s a hot field, and I
hope this setback won’t throw too much
cold water on it.” Martin notes that
researchers at the NIA are working on
new transgenic models. “We’re encour-
aging them to be cautious,” he says,
with good reason. —John Rennie

ing. The queen of hormones orchestrates aspects of

sexual differentiation in the developing brain, directs
female reproduction and can slow osteoporosis. Now it
appears that estrogen may have a part to play in the treat-
ment of Alzheimer’s disease as well.

Researchers at Columbia University have found that re-
ceptors for estrogen and nerve growth factor coexist in
certain neurons in an area of the brain called the basal
forebrain. This finding suggests that estrogen and nerve
growth factor may act synergistically or reciprocally to in-
fluence the survival and health of these neurons. “It is a
very important finding,” comments Patricia Goldman-Ra-
kic, professor of neuroscience at Yale University. The dis-
covery of “their interaction is really novel.”

The implications for Alzheimer’s disease are straightfor-
ward, Goldman-Rakic says. Although the study, which was
led by C. Dominique Toran-Allerand, was conducted in rats
and mice, the basal forebrain of all mammals contains
cholinergic neurons. These nerve cells produce the neuro-
transmitter acetylcholine, which is vital for memory. One
characteristic of Alzheimer’s disease is that cholinergic
neurons can no longer produce acetylcholine—hence the
loss of memory. Many scientists are examining ways to
treat cholinergic neurons with nerve growth factor, a com-
pound that stimulates the growth of axons and dendrites
and that keeps nerve cells alive. In the presence of nerve
growth factor, cholinergic neurons do not degenerate.

Toran-Allerand’s findings suggest that nerve growth fac-
tor alone may not always be sufficient. Some neurons in
the basal forebrain as well as other areas have receptors
for nerve growth factor or for estrogen alone. But because
receptors for estrogen and nerve growth factor are present
in some of the same neurons, both compounds may influ-
ence the same cell, she explains. In addition, Toran-Allerand
says she has found other potential evidence of such inter-
action. The gene sequence of nerve growth factor contains
what is called an estrogen response element. “Everywhere
there is nerve growth factor, it appears there is estrogen,”
Toran-Allerand notes. “It may be a universal principle.”

This discovery may hold particular relevance for women.
More than half of the estimated four million Americans who
have Alzheimer’s disease are women. But whereas the prev-
alence rates for women are greater than those for men—
perhaps because women live longer—it has also been sug-
gested that women acquire the disease more frequently. If
estrogen is necessary for the development and survival of

I : strogen’s sphere of influence seems to keep grow-
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neurons in the basal forebrain, then losing their major
source of estrogen during and after menopause or after
ovariectomy may put vulnerable women at greater risk of
Alzheimer’s disease, Toran-Allerand says. (Men, in contrast,
have an intrinsic source of estrogen in testosterone, which
can be converted to estrogen in the brain.)

Although they have been few and far between, several
studies support this hypothesis. During the early 1980s,
Victoria N. Luine, now at Hunter College, found that estro-
gen could cause the production of the enzyme that synthe-
sizes acetylcholine in parts of the brain of ovariectomized
female rats. Luine’s findings prompted Howard Fillit, now
at the Mount Sinai Medical Center—and, later, a team of
Japanese scientists—to give estrogen to a small group of
women with Alzheimer’s disease.

Both groups found that aspects of dementia diminished
in certain patients after treatment. But some researchers
were critical of the studies. They questioned the small sam-
ple size and argued that estrogen had already been shown
to improve mood in postmenopausal women. Therefore,
they contended, mood enhancement accounted for the ap-
parent reversal of aspects of dementia.

Nevertheless, many researchers remain intrigued. Bar-
bara B. Sherwin and Susana Phillips of McGill University,
who study estrogen replacement therapy in women, have
found that it enhances short-term memory. But Sherwin
observes that “mood in and of itself cannot account for
the changes in cognitive function that we see.”

“A number of very smart, well-trained people have said
anecdotally thatin clinics where elderly women are treat-
ed with estrogen replacement therapy, they don’t see Alz-
heimer’s disease,” observes Teresa Radebaugh, chief of the
dementia and aging branch at the National Institute on
Aging. “It could be a total mirage, but it is certainly worth
looking at, particularly given Toran-Allerand’s findings.”

The idea that estrogen deficiency could contribute to
Alzheimer’s disease has other support. Miriam K. Aronson
of the Albert Einstein College of Medicine found that
women with myocardial infarction—heart attacks some-
times associated in postmenopausal women with plum-
meting estrogen levels—were five times more prone to
develop dementia than were those without such a history.

Further research is planned, including looking at the re-
lation, if any, between estrogen replacement therapy and
dementia in a large, ongoing study. “A number of people
are starting to talk about it,” Radebaugh says. “Itis a fasci-
nating question.” —Marguerite Holloway
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Isita luxury sedan

or afountain of youth?
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When you were sixteen and
driving was new, a car had
nothing to do with com-
muting or gridlock. It was
about fun. It was about the
pure joy of driving.

What if you could re-
capture your youth ina car
like the Q45?7 After all, a
278 horsepower V8 engine
could certainly give youlots
of energy. A four-wheel
independent multi-link
suspension should stir
some feelings as well. A
feeling of confidence, for
instance. And at highway
speed, stability. [A lot
smarter than the head-
long rush of youth.]

This car is so in tune
with the driver it remem-
bers exactly where you like
the adjustable seat and
steering wheel. It remem-
bers two driver positions, in
case you want to share this
rejuvenating experience.

It’s about time some-

body gave the idea of per-

formance luxury sedans

some fresh thinking.

7S

INFINITI.

For Guest Drive* information, call 1-800-826-6500.
© 1992 Infiniti Division of Nissan Motor Corp. in U.S.A.
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Weird Wonders

Was the Cambrian explosion
a big bang or a whimper?

r I Yhe turbulent sediments of pale-
ontological thought are being
roiled by a new and passionate

debate. At issue is why so many curi-
ous animals seem to have evolved at
more or less the same time, at the start
of the Cambrian era, about 560 million
years ago.

At the center of the dispute is the
iconoclastic Harvard paleontologist Ste-
phen Jay Gould. He rejects the usual
explanation for the “Cambrian explo-
sion.” According to this view, many new
ecological niches—such as becoming
a predator—opened up when animals
first evolved extensive hard tissues.
Gould does not see how such an event
can account for the astonishing range
of bizarre creatures exquisitely pre-
served in the mid-Cambrian Burgess
Shale in British Columbia.

In his 1989 book, Wonderful Life,
Gould argued that special evolutionary
processes must have occurred to create
such “weird wonders.” He scandalized
paleontologists even further by arguing
that chance rather than genetic fitness
was the principal agent that selected
which of the curious animals then liv-
ing would populate the earth with their
descendants.

More traditionally inclined paleontol-
ogists are not letting such radical no-

BIZARRE FOSSILS from the Burgess Shale in British Columbia are being recognized
as members of known groups. Wiwaxia corrugata (left) may be related to the living
Bhawania heteroseta (right), a polychaete worm.
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tions harden into accepted theory. “We
are concerned that Gould’s claims are
rather larger than the evidence can ac-
tually bear,” says Richard A. Fortey of
the British Natural History Museum.
And Derek E. G. Briggs of the Universi-
ty of Bristol, who reconstructed many
of the Burgess fossils and was one of
the heroes of Gould’s tale, is now argu-
ing against its conclusion. Briggs says
he is trying to “dampen the Cambrian
explosion.”

The fossils in the Burgess Shale are
indeed puzzling. Most of them, just a
few centimeters long, have been recon-
structed over the past decade by pale-
ontologists working in England. Among
them are Briggs and his colleagues Har-
ry B. Whittington and Simon Conway
Morris of the University of Cambridge.
Many of the fossils are thought to be
arthropods, but some resemble crusta-
ceans, whereas others have characteris-
tics of spiders and scorpions, horseshoe
crabs or trilobites. Yet most of the fos-
sils are not strictly any of these things.
They have too many head segments or
too few antennae or some other fea-
ture that prevents them from fitting
into known groups.

Gould recounted in Wonderful Life
that at least eight Burgess Shale forms
did not conform to any of the high-
ranking groups called phyla. Among
these evolutionary quirks were Halluci-
genia, a wormlike creature that Con-
way Morris named for its “dreamlike
appearance,” and Wiwaxia, also recon-
structed by Conway Morris. Hallucige-

© 1992 SCIENTIFIC AMERICAN, INC

nia apparently walked on a double row
of spines and bore a single row of ten-
tacles along its back. Wiwaxia was a
flattened oval creature that crawled
through bottom sediments, its back
covered with plates from which pro-
truded two rows of spines.

Inspired by such strangeness, Gould
suggested that “today’s oceans con-
tain many more species based on many
fewer anatomical plans.” After the ear-
ly Cambrian flowering, Gould argued,
“the history of life is a story of mas-
sive removal followed by differentia-
tion within a few surviving stocks.”

It did not take long for other biolo-
gists to start picking holes in Gould’s
claim that the diversity of Cambrian
animals could not have been produced
by conventional evolution. Several re-
viewers pointed out that Gould’s argu-
ments rely on the taxonomist’s habit
of putting unfamiliar fossils into new
classes. That practice “has the effect
of exaggerating the apparent degree of
disparity resulting from the Cambrian
radiation,” Briggs asserts. “The sample
of [Cambrian] organisms available to
us is both morphologically and ecologi-
cally less rather than more diverse than
the living arthropod fauna.”

Other paleontologists have come to
similar conclusions about the dangers
of using taxonomic oddity as a means
of assessing diversity. Andrew B. Smith
of the British Natural History Museum
believes that several studies of echino-
derms—starfish and the like—have fall-
en into the same error, falsely conclud-
ing that evolution was in overdrive dur-
ing the Cambrian.

Moreover, some of Gould’s prime ex-
amples of Cambrian uniqueness have
started to disappear. Although at the
time Gould wrote Wonderful Life pa-
leontologists classified both Wiwaxia
and Hallucigenia as creatures with no
known relatives, opinions are changing.
In 1990 Nicholas J. Butterfield of Har-
vard University published in Paleobiolo-
gy a high-magnification study of the
spines and plates of the enigmatic Wi-
waxia. According to Butterfield, the re-
sults indicate that the creature can be
classified as a polychaete worm, a well-
known group with more than 5,000 liv-
ing species.

Then, last year, L. Ramskéld and Hou
Xianguang argued in Nature that Hallu-
cigenia had seemed so strange to Con-
way Morris mainly because he had got
it upside down. Minute comparisons
with other fossils indicated that Hallu-
cigenia’s two rows of spines were ac-
tually armor, not legs. And the single
row of preserved tentacles was almost
certainly half of a pair of rows of ten-
tacular legs. The inverted Hallucigenia



Innovation

STONEHENGE AND THE
SPACE TELESCOPE o .

years ago a
Neolithic people built a remarkable monument
on a windswept plain near what would one day
be Salisbury, England. But though the builders
of Stonehenge worked only with Stone Age
technology, they were in fact building an astro-
nomical computer.

With Stonehenge the ancient Britons could
predict eclipses, the exact days of the solstices,
the long-term cycles of the moon and the sun,

faced with the same cosmological questions that
drove the prehistoric Britons to build Stonehenge.
The Hubble Space Telescope will help us solve
these primeval mysteries. It will be able to detect
objects as far as fourteen billion light-years away,
and witness events shortly after the beginning
of time.

The Space Telescope represents a momen-
tous leap in the history of mankind. The builders
of Stonehenge must have felt themselves on the
verge of the same kind of moment as they dis-
covered that creation actually had order. Within
our own grasp is a view of the creation itself.

and other important heavenly events. They
could beginto understand that the universe had
order and how it worked.

A leap of forty-one centuries and we are still
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Begm a voyage of discovery that takes you
| ks to the cosmos, and beyond.
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Written by leading scientists in accessible,
compelling prose.
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created in a unique collaboration between our editors and
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many Nobel laureates). The result is a series of books that
are readable and authoritative. Each volume. . .
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to ongoing research.
® Carries the authority of an
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ARy R L ficld.
- ® [swritten in clear, com-
pelling prose that’s
uniquely accessible
even to the non-
expert.

No other book club
delivers the literature of science with
such uncompromising editorial
quality.

If science is your passion, reward
yourself. Begin your membership
in the SCIENTIFIC
AMERICAN LIBRARY
today.

Beautiful, richly illustrated volumes that are
made to endure.

From the moment you receive
your first book, you'll see that
SCIENTIFIC AMERICAN
LIBRARY volumes are pro-
duced to exacting standards.
Each work:

¢ Features abundant photo-
graphs, paintings and draw-
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thus became recognizable as a mem-
ber of the phylum of soft-legged worms
known as Onychophora (although some
researchers, including Butterfield, are
not convinced).

Other anomalous Burgess Shale fos-
sils might follow Wiwaxia and Halluci-
genia into respectability. Amiskwia, a
rare Burgess Shale swimming organism
that Gould believed was an orphan,
might actually belong to the obscure
phylum known as Chaetognatha, Butter-
field contends. And according to Con-
way Morris, even Gould’s prize super-
weirdo, a startling, large predator called
Anomalocaris, may be related to a new-
ly discovered fossil group.

Gould is not giving up the fight. He
says the recent recognition that Hal-
lucigenia and Wiwaxia may belong to
known phyla cuts both ways. Their new
status may decrease the number of
Cambrian phyla, he points out, but it
increases the diversity within the re-
maining phyla. And in any event, there
are plenty of other strange cases. “Much
as I hate to lose an example,” Gould
says, “if I had to lose one it would be
Hallucigenia. The fact remains that the
Cambrian was a melting pot.”

But Gould has made one tactical
retreat. In Wonderful Life he derives
strong support for his argument from
Burgess Shale creatures that cannot be
assigned to known groups. But he now
concedes that taxonomic strangeness
is itself irrelevant for assessing diver-
sity. Gould acknowledges that his claim
of extraordinary variety “cannot be con-
fidently established until we develop
quantitative techniques for the charac-
terization of morphospace.”

Unfortunately, itis far from clear how
evolutionary variety can be measured
without bias, because the entire Lin-
naean classification system for animals
is based on living organisms. “Our mod-
ern prejudices influence our perceptions
of morphological disparity,” says Mark
Ridley, an evolutionist at Emory Univer-
sity. But Fortey and Briggs are trying to
assess diversity in an unbiased way,
and according to Fortey, “so far the evi-
dence is either ambiguous or does not
support Gould.”

Despite the disputes, everyone agrees
that the Cambrian was a period of rap-
id change. The question is whether it
was so rapid that unconventional evo-
lution is needed to explain it. Until pa-
leontologists achieve a better under-
standing of the Cambrian explosion,
Ridley says, such unconventional hy-
potheses are “a solution awaiting a
problem.” And Lady Luck remains tan-
talizingly in the shadows, pulling some
of evolution’s strings—but nobody
knows how many. — Tim Beardsley
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Astronomical Austerity

Lean times loom
for space science

dience numbering in the millions,

smiling astronauts on board the
space shuttle Atlantis huddled around
a floating, weightless Oscar to salute
George Lucas, the director of the sci-
ence fiction movie Star Wars. The mo-
ment was a public relations coup for
the National Aeronautics and Space Ad-
ministration, but it will take more than
show biz to cheer up space scientists.
A clash between ambitious plans and
tight budgets at NASA means that sev-
eral major research projects are being
trimmed or terminated in the agency’s
1993 budget.

The Comet Rendezvous/Asteroid Fly-
by probe, designed to study two of the
least understood kinds of objects in
the solar system, is canceled. A sophis-
ticated orbiting x-ray telescope known
as the Advanced X-ray Astrophysical Fa-
cility will be delayed and may be scaled
back. Another space-based observato-
ry, the Space Infrared Telescope Facili-
ty, vanished from the 1992 budget and
does not reappear in 1993. These two
telescopes were intended to work along-
side the Hubble Space Telescope and the
Compton Gamma Ray Observatory to
explore the universe at a wide range of
wavelengths.

The insult most aggravating to space
scientists is that NASA’s 1993 budget
contains no funds for the continued
operation of Magellan, the still func-

In front of an Academy Awards au-

tioning probe now mapping the sur-
face of Venus. “I can’t believe they are
going to turn off a live spacecraft,” la-
ments William L. Sjogren of the Jet Pro-
pulsion Laboratory. Magellan’s annual
operating cost is only about $30 mil-
lion, and some scientists suggest they
could make do with as little as $10 mil-
lion next year. But as John M. Logs-
don of George Washington University
comments, “In the present budget situ-
ation, even a dollar is not a minuscule
amount.”

Plans originally called for changing
Magellan’s orbit so that the probe could
produce high-resolution measurements
of Venus’s gravity, information crucial
for understanding the planet’s inter-
nal dynamics. A coalition of scientists
is working on a compromise that will
spread out money from the 1992 bud-
get to allow Magellan to collect some
data on gravity during early 1993.

These cutbacks reflect a piecemeal
response to a broader conflict between
NASA’s past plans and its future funds.
During his confirmation hearing before
the Senate, Daniel S. Goldin, the agen-
cy’s brand-new administrator, admit-
ted, “I don’t think we can do everything
that sits on the plate.”

The Earth Observing System, a fleet
of satellites designed to monitor the
global environment, will consume more
than $1 billion a year by 1995. Expen-
ditures for Space Station Freedom—al-
ready more than $2 billion in 1992—
are scheduled to increase sharply in
the next few years. Simply continuing
NASA’s existing projects will require
roughly $20 billion a year by the mid-
1990s, according to the Government

ATLANTIS
L 0

STELLAR PERFORMANCE: shuttle astronauts give a cheery plug for the nation’s
manned space program. Meanwhile space science is suffering. Photo: NASA.

© 1992 SCIENTIFIC AMERICAN, INC



It's the all-new 1992 Plymouth Colt Vista. And it combines the fun

of a sports car with the roominess of a bus. It also combines an (s Aﬂuanlage: Plvmﬂum

affordable price—starting at $11,397—with some very attractive A DIVISION OF CHRYSLER CORPORATION
features¥ Like a sliding side door and rear lift gate, multi-valve engine, seating for 5, and front-wheel drive for respon-
sive handling. The removable rear seat gives you more storage space than the Accord wagon. And no one else oi?fgrs
the ultimate in protection: our 7 year/70,000 mile powertrain warranty, or 3 year/36,000 mile bumper to bumper
warranty:t See your Chrysler-Plymouth dealer today. Orcall 1-800-PLYMOUTH for purchasing or leasing information.

ITS MOTHER
WAS A
SPORTS GAR.

I1S FATHER
WAS A BUS.

Qwnars ovoncy

o *MSRP Title, tax and destination fee extra. +See limited warranties at dealer. Restrictions apply. 3/36 excludes OFFICIAL SPONSOR OF THE
- normal maintenance, adjustments & wear items. Buckle up for safety! © Plymouth/Chrysler Corp., 1992. 36USC380. 1992 U.S. OLYMPIC TEAM
e

© 1992 SCIENTIFIC AMERICAN, INC




Accounting Office. But the Bush admin-
istration’s present five-year plan calls
for NASA’s annual budget to remain un-
changed at $14.99 billion through 1997.

Few space scientists want to provoke
a budgetary showdown between space
science and the space station. “If there
were no space station, there would be
more money for space science,” says
Larry W. Esposito of the University of
Colorado, “but that would also be true
if there were no S&L bailout.” The sheer

cost of Freedom may nonetheless force
NASA to reassess its plans. “I see an op-
portunity for the space station to self-
destruct,” Logsdon says hopefully.
Regardless of the station’s fate, ev-
eryone agrees the era of billion-dol-
lar space science missions is over. Gol-
din is known to favor a “smaller-faster-
cheaper” philosophy, and the buzzword
at NASA these days is “descoping.” To
achieve off-earth Fahrvergniigen, the
large space-based infrared telescope is

A Switch with the Right Spin

n recent years, researchers have exploited the behavior of single atoms

and even single electrons to make transistors, devices that turn on and

off the flow of electric current. Now a physicist has built a transistor out
of a single spin, what might simply be called an atomic-scale magnet. The
“spin transistor” is far from becoming a viable technology, but it has provid-
ed investigators with an unprecedented opportunity to study the interac-
tions between electrons and spins.

Stephen Gregory of Bellcore built the spin transistor by placing a thin layer
of helium between two tungsten wires. He demonstrated that under certain
conditions, a single magnetic particle—a spin—could become trapped at the
interface between the helium and one of the wires. In the absence of such an
impurity, the helium layer would behave like an insulator, allowing electrons
only a small chance to tunnel through the layer. Yet when a spin does get
trapped, something quite remarkable happens. The spin organizes the flow
of electrons through the helium. Indeed, as Gregory reports in the March 30
issue of Physical Review Letters, electrons could pass through the helium
layer at a rate of 10 trillion per second.

Surprisingly, Gregory could shut off this torrent of electric current by mov-
ing the wires together by a minute amount. He suspects that the movement
pushes the spin farther into the helium layer. In this position, the spin does
not interact strongly with the tunneling electrons, and the flow of electrons
decreases substantially. “The most impressive thing is that we are actually
looking at the interaction of electrons with just one spin,” Gregory explains.

Cregory believes the spin is most likely the magnetic moment of an electron
trapped at the edge of the helium layer. It is also possible the spin is associated
with an oxygen atom that has found its way into the helium or maybe a tung-
sten atom that is loosely attached to the surface of the wire. Despite this uncer-
tainty, Gregory says “there is no question that the effect is due to a single spin.”

During the 1960s, physicists first realized that magnetic particles in an in-
sulating material could influence the tunneling of electrons. The magnetic
particles interact with the tunneling electrons and facilitate their motion
through the insulator. This phenomenon, known as the Kondo effect, in-
creases the flow of electrons through the insulator. The effect the Bellcore
physicist measured is “at least 100 times bigger than anything that has ever
been seen before,” he comments.

To make a spin transistor, Gregory hangs two tungsten wires in a small
evacuated cell so that one wire rests slightly above and perpendicular to the
other. By passing a strong current through the wires, Gregory heats them
white-hot, removing all dirt and debris from their surfaces. He then cools the
wires to temperatures near absolute zero. Gregory can then move the wires
together by applying a magnetic field and changing the electric current that
flows through one of them. He can thereby shift one of the wires until it just
touches the other. Next he fills the cell with helium gas, which adheres to
the wires and forms a coating that is a few atoms thick.

The spin transistor should allow physicists to study the interactions of
tunneling electrons with a single spin. The results could yield a better under-
standing of magnetic interactions in materials and may even provide in-
sights into superconductivity, a phenomenon that depends, in part, on the
interaction among spins. Gregory’s work should also guide technologists as
they strive to build ever smaller electronic devices. —Russell Ruthen
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being reconfigured to be “more in line
with the current budget constraints,”
says Larry J. Caroff, chief of the Infra-
red-Radio Astrophysics Branch at NASA.
The Advanced X-ray Astrophysical Facil-
ity, which received $151 million in 1992,
is likewise being redesigned to be more
cost-effective. It may end up flying as
two or more smaller missions, accord-
ing to Alan N. Bunner, the project’s pro-
gram scientist.

Ambitious, costly planetary missions
are also on the way out. “Small craft are
the wave of the future,” says Carl B.
Pilcher, who heads the advanced stud-
ies branch of NASA’s solar system ex-
ploration division. The Comet Rendez-
vous /Asteroid Flyby appears to be dead,
and scientists working on Cassini, a
similar companion probe destined for
Saturn, fear their project is next. Engi-
neers at the Jet Propulsion Laboratory
are struggling to save Cassiniby lower-
ing its cost from $1.6 billion to $1.4 bil-
lion or less—still a hefty amount by
present standards.

Upcoming projects at NASA should
reflect a leaner approach. The 1993 bud-
get contains funds for two new lunar
mapping missions to be built around
low-cost existing technology compo-
nents; the two together will cost only
about $300 million. “I find this very re-
freshing,” says Paul D. Spudis of the Lu-
nar and Planetary Institute. “This is the
way we did things back in the 1960s.”
The two probes are the first step in the
new Space Exploration Initiative, which
also embraces the far more expensive
goal of human exploration of space.

NASA plans a series of bargain-base-
ment solar system expeditions, known
as Discovery missions. The first two, a
prototype Mars lander and a mission to
rendezvous with an asteroid, will start
up in the mid-1990s, if funding materi-
alizes. Each Discovery mission should
cost no more than $150 million and re-
quire only three years to complete. Lat-
er in the decade the agency hopes to
begin work on a probe to sample the
nucleus of a comet or to fly past Pluto.
Even these more ambitious missions
should cost well under $1 billion.

Whether even NASA’s reduced space
science plans come to fruition large-
ly depends on the political support in
the White House and Congress. Scien-
tists and NASA planners hold out hope
that Goldin is the right person to cut
through the bureaucracy and give shape
to a streamlined, more efficient agen-
cy. Meanwhile the transition period is
proving to be painful. “Anybody can
manage when budgets are increasing,”
Pilcher reflects. “The real challenge is
when you don’t have that kind of ac-
cess to resources.” —Corey S. Powell
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PROFILE: WALTER E. MASSEY

Scientist, Administrator, Role Model

alter E. Massey’s start in life

did not put him on the direct

road to leadership of a major
government science foundation. Mas-
sey, now 54, grew up in Hattiesburg,
Miss., long before the famous freedom
bus ride. And he left high school at the
end of 10th grade, thus managing to
avoid even the rudimentary science
courses that Royal Street High School
had to offer.

But as a child, Massey had
an unusual passion: arith-
metic. “There was just some-
thing about sitting down
and working through prob-
lems,” he recalls with evi-
dent pleasure. His flair won
him a scholarship to More-
house College in Atlanta, Ga,,
and a chance to enter a dif-
ferent world.

Massey has just finished
the first year of a six-year
term as director of the Na-
tional Science Foundation
(NSF), the principal federal
grantagency for nonmedical
basic research. In addition
to having been a full profes-
sor of physics at two major
universities, Massey has been
thoroughly groomed to be
a science policy official. Be-
fore becoming director of
the NSF, he was on the Na-
tional Science Board, which
oversees the NSF, and was a
member of the President’s
Council of Advisers on Sci-
ence and Technology. He has
also served as director of Ar-
gonne National Laboratory
and was president of the
American Association for the
Advancement of Science.

In his bureaucratic command post,
Massey maintains the casual air of a
bench scientist. He wears slacks and an
immaculate sweater rather than the suit
or blazer usually favored by Washington
types. A man who manages to be both
dignified and open, he affects none of
the hauteur sometimes noticeable in se-
nior officials. Massey likes to keep fit.
He plays tennis enthusiastically, bicycles
and makes frequent use of an exercise
machine in a room adjoining his office.
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He moves quickly and quietly, with an
air of attentive calm, but soon relaxes
when reminiscing about his past.
Massey attributes his success largely
to the influence of exceptional teach-
ers. At Morehouse, still “very uneducat-
ed” in science, he adopted Sabinus H.
Christensen as a mentor. Christensen,
a white man teaching at a traditionally
black college, was, Massey says, respon-
sible for inspiring a good proportion of

WALTER E. MASSEY wants to encourage women and members
of minorities to go into science and engineering.

all black U.S. physicists to earn their
Ph.D.’s. To this day he has few imita-
tors. The only time Massey raised his
voice in anger during two interviews
was when he expressed his “great con-
cern” at the dearth of Ph.D.’s awarded
to blacks (according to the NSF, 340
Ph.D.’s in science and engineering were
awarded to blacks in 1990, out of a to-
tal of 14,776).

Massey was the only physics major
in his class, so his lessons with Chris-
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tensen became tutorials. After earning a
bachelor’s degree in physics and math-
ematics, he enrolled at Washington Uni-
versity, where Eugene Feenberg, a theo-
retical physicist, took him on as a grad-
uate student.

Like many doctoral candidates, Mas-
sey was often tempted to quit, in part
because of a lack of role models. “You
just didn’t go to graduate school in sci-
ence,” he remembers. But Feenberg pro-
vided strong encouragement. “If he had
not taken extraordinary care, I would
have quit,” Massey says. “I was just
Iucky. That kind of effort he
put forth is not common.”

Lucky or not, Massey went
to work at Argonne National
Laboratory in 1966 and com-
pleted his doctorate in 1968.
Two years later he accepted
an appointment as a profes-
sor of physics at Brown Uni-
versity. There he continued
his research on the appli-
cation of quantum theory
to solid and liquid helium.
The life of the mind did not
weaken Massey’s commit-
ment to social issues. While
at Brown, he also founded a
program, called Inner City
Teachers of Science, to edu-
cate science teachers for ur-
ban schools.

Massey discerns a power-
ful factor that discourages
women and members of ra-
cial minorities from enter-
ing science or staying in it
after winning a degree. That
factor is the lack of men-
tors and social networks. He
is only half joking when he
says he used to give speech-
es in which he would urge
universities to double the
number of black Ph.D.’s they
graduate. But that number
was so often zero that he had to
change the recommendation to “dou-
ble plus one.”

Later, as a dean at Brown, Massey’s
talents as an administrator began to at-
tract notice. In 1979 the University of
Chicago lured him away to become pro-
fessor of physics and to lead Argonne
National Laboratory, which the univer-
sity administers.

Massey knew the Argonne post would
not be a comfortable one. At the time,



Argonne, as a civilian nuclear labora-
tory, was in serious trouble. The whole
notion of national laboratories (other
than weapons laboratories) was being
called into question, and Argonne—like
the others—was taking no special effort
to make its discoveries available to in-
dustry. Massey responded by creating
an organization, called ARCH, to trans-
fer research results to the private sec-
tor. “Ireally credit Walter with the begin-
nings of a turnaround when there was
a real possibility there would not be an
Argonne,” says Charles E. Till, head of
engineering research at the laboratory.
“He’s fun to work with because he’s a
quick study, and he delegates well.”

Massey says his experience at Ar-
gonne taught him the importance of
finding the right people to make the
bridge between the laboratory and the
world of commerce. He has seen orga-
nizations fail “because they haven’t tak-
en care to ensure they have the right
people.” The trick, he observes, is to
find people “who are comfortable in an
academic culture but who have knowl-
edge and an appreciation of the private
sector.” The other ingredient is time.

The lessons of technology transfer
that Massey learned at Argonne are, he
agrees, now helping him at the NSF.
“That same end result is a very high
priority for the foundation right now,”
he declares. Massey wants to expand
incentives to encourage cooperation be-
tween industry and academia, such as
fellowships for students to work in in-
dustry and grants for industry person-
nel to work in universities.

On the surface, things are going well
for the NSF. President Bush has com-
mitted himself to the pledge original-
ly made by Ronald Reagan to double
the foundation’s budget. The timeta-
ble, however, has slipped: the proposed
budget for next year allots the founda-
tion $3.02 billion. And unless the bud-
get agreement stiuck last year between
Congress and the White House is aban-
doned or revised, the Congress’s finan-
cial largesse to the NSF is unlikely to
continue, at least for the present.

Because of the way congressional
committees divide their responsibilities,
the foundation is competing against the
Department of Housing and Urban De-
velopment and other domestic agencies
for support from a fund whose size is
now fixed. So at a time of lingering eco-
nomic malaise, the level of basic science
support may depend on how well Mas-
sey defends the administration’s pro-
posals before Congress.

Circumstances complicate the chal-
lenge. Although it is a traditional con-
gressional favorite, the NSF has for the
first time found its integrity challenged.

In April, Massey went up to Capitol
Hill to answer questions at a hearing
held by Congressman Howard Wolpe
of Michigan to look into a controver-
sial NSF study known as the “shortfall
study.” The report was produced a few
years ago by an NSF employee, Peter
W. House, and it suggested that in the
absence of corrective measures, there
would be by 2006 a cumulative U.S.
shortfall of some 675,000 scientists and

Massey’s disarming
earnestness

quickly lowered the
chairman’s hackles.

engineers. The NSF document has been
roundly condemned as erroneous and
misleading by experts outside the foun-
dation, and the shortfall—which Erich
Bloch, Massey’s predecessor, often
translated as a “shortage”—has failed
to materialize. Congress is also exam-
ining alleged contracting and other ir-
regularities at the NSF.

Congressional scrutiny required the
experienced scientific administrator to
be a polished politician. Fortunately for
the foundation, Massey has that talent
as well. After a tense morning, which in-
cluded an exhausting interrogation of
House, Massey assured the committee
that no spurious data would ever be
represented as scholarship under the
NSF’s imprimatur.

It was a consummate performance.
With an easy smile for his interlocutor,
Massey gave just enough to keep the
attackers at bay but never impugned
either his predecessor or House. Mas-
sey deftly deflected questions aimed at
making him admit the failings of the
shortfall study and avoided speculat-
ing about motives. Wolpe’s temper had
been rising throughout a morning of
questions about the quality of analysis
at the NSF, but Massey’s disarming ear-
nestness lowered the chairman’s hack-
les. “Walter is one of the most articu-
late human beings I know,” says Har-
vey Drucker, an associate laboratory
director at Argonne. “He is a man of
very high integrity and is very skillful
with people,” echoes Alan Schriesheim,
the current Argonne director.

Massey’s smooth style contrasts to
that of Bloch. During his term as di-
rector, Bloch, a technologist who previ-
ously worked for IBM, began several
programs to establish collaborative re-
search centers with a distinctly applied
focus. About 6 percent of the NSF’s bud-
get expended in the form of “Bloch”
grants now supports such centers, some
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designated engineering research cen-
ters and others science and technolo-
gy centers. But, observers say, Bloch’s
sometimes confrontational style and
his pro-industry leanings earned him
the enmity of many academics. Mas-
sey’s instincts lead him to seek com-
promises, and he seems so far to have
retained the goodwill of the research
community. “We’re fans of his,” says
Robert L. Park, a physics professor at
the University of Maryland and public
affairs director of the American Physi-
cal Society.

Massey says his principal goal at the
NSF is to “contribute to the health of re-
search institutions,” primarily universi-
ties, which are going through turmoil.
Next in importance he lists improving
precollege science education, especially
for women and minority groups. “Indi-
viduals can make a lot of difference,”
he says.

Grants to single investigators are now
once again taking up an increasing
share of the foundation’s budget, and
Massey says he is working on ways to
reduce the paperwork burden weighing
on investigators—and on hard-pressed
foundation staff. Grant periods are al-
ready getting longer, and Massey wants
to make the awards larger. He notes
that the corollary—fewer grants—is un-
popular. Massey denies any intention to
roll back support for collaborative re-
search centers, and indeed he says new
centers are provisionally planned. But
no new ones have been established in
the year since he took office.

Massey and his team have introduced
a string of management reforms at the
NSF during the past year. The initiatives
include the establishment of a new so-
cial sciences directorate. He has also
revamped the foundation’s long-range
planning efforts and separated the plan-
ning function from budget preparation
and monitoring. “I wanted to stress the
question of how we know what we've
accomplished when we've accomplished
it,” he explains. He has also begun meet-
ings to increase the advice contribut-
ed by the private sector. Somehow he
has managed to bring about these ma-
jor changes with a minimal amount
of fuss.

“Massey has the political instincts
you need to negotiate around Washing-
ton,” says Benjamin S. Shen, an astron-
omer at the University of Pennsylvania
who is a member of the National Sci-
ence Board. And that means he should
be a survivor. Says Roland W. Schmitt,
another board member, “He has got a
lot of good will to burn up in cases
where he has to.” But so far there is lit-
tle indication that Massey will have to
draw on that resource. — Tim Beardsley
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he disease that
f their minds?

Over 4 million people suffer from it, and nearly
% half of all nursing home patients are its victims.

It’'s Alzheimer’s, the disease that steals a person’s
mind, dignity and independence, and exacts costs
of over $88 billion a year for institutional and
home care.

Leading the way in the search for relief from this
mysterious disease is the pharmaceutical industry,

" which is making the nation’s largest investment in
drug research.

Since 1988 alone, the industry hasbeen conduct-
ing research on over 40 medicines for Alzheimer’s,
and currently has 13 in test. While these efforts hold
hope for breakthroughs, the process is long and diffi-

* cult, with only a few of the thousands of compounds
developed ever achieving success.

This exhaustive, high risk research increases the
industry’s cost of doing business, and in turn the price
of drugs. But italso leads to the kind of discoveries that
can break the grip of an enormously costly disease
like Alzheimer's.

To learn more about pharmaceutical research,
and the critical role it plays in health care, call or
write for our free booklet, “Good Medicine”

The Pharmaceutical Manufacturers Association,
1100 15th St, NW, Box I, Wash., DC 20005. 1-800-538-2692.

PHARMACEUTICALS

(Good Medicine For Containing Health Costs.
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Early Results from
the Hubble Space Telescope

Although hampered by optical and mechanical flaws,
Hubble has relayed a plentitude of eye-opening images

and revealing spectral portraits of cosmic objects

n April 25, 1990, the Hubble

Space Telescope was deployed

from the bay of the space shut-
tle Discovery, marking the beginning of
a new era in optical astronomy. Earth-
bound optical telescopes, ranging from
Galileo’s primitive spyglasses to the
brand-new Keck Telescope, have always
been hindered by the earth’s restless,
distorting atmosphere. From its van-
tage 610 kilometers above the surface,
Hubble was designed to observe the
cosmos in unprecedented clarity.

As nearly everyone knows, the tele-
scope has not functioned as intended. A
number of mechanical and design fail-
ings—most notably a misshapen main
mirror—have degraded the telescope’s
capabilities. These difficulties dismayed

ERIC J. CHAISSON is deeply involved |
with both the research and public infor-
mation aspects of the Hubble project.
He is a senior staff scientist and director
of educational programs at the Space
Telescope Science Institute, located on
the Johns Hopkins University campus.
He is an adjunct professor of physics at
Hopkins and an associate at the Harvard
College Observatory. Chaisson earned a
Ph.D. in astrophysics at Harvard in 1972.
He joined the Space Telescope Science |
Institute in 1987. Chaisson has written
extensively on relativity and cosmolo-
gy. His interests include the thermo-
dynamic evolution of material systems
and public understanding of science and
mathematics.
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by Eric J. Chaisson

many astronomers and attracted criti-
cal commentary from the media. But
thanks to several improvised procedural
changes and innovative computer im-
age correction techniques, Hubble can
match the sensitivity, and exceed the
resolving power, of the finest ground-
based telescopes. It can also detect ul-
traviolet rays (radiation having wave-
lengths slightly shorter than those of
visible light), which do not penetrate
the earth’s atmosphere.

During its first two years of operation,
the space telescope has served up dra-
matic views of storms on Saturn, of the
birth and death of stars, and of enigmat-
ic objects lurking in the hearts of galax-
ies—perhaps giant black holes. Individu-
ally, none of Hubble’s discoveries yet
qualifies as revolutionary. But taken to-
gether, they are sending astronomers
scrambling to rewrite their textbooks.

The 11,500-kilogram Hubble Space
Telescope (six times the weight of a full-
size automobile) is the most complex
and sensitive civilian observatory ever
launched into space [see “The Space
Telescope,” by John N. Bahcall and Ly-
man Spitzer, Jr.; SCIENTIFIC AMERICAN,
July 1982]. Its 2.4-meter-diameter pri-

mary mirror is the smoothest and clean-
est one in existence. An advanced guid-
ance system keeps the telescope locked
on its targets even as it whips around
the earth once every 96 minutes. Five
instruments analyze the light that it
collects.

The Faint Object Camera offers excep-
tional sensitivity and resolution, where-
as the Wide Field and Planetary Camera
provides a broader view. Two spec-

ORION NEBULA, a 10-light-year-wide cloud of hydrogen gas, illustrates the capabil-
ities of the Hubble Space Telescope. The nebula has been photographed extensive-
ly using terrestrial telescopes (above). Hubble’s view of the boxed region (right)
shows a snorkel-shaped feature (at bottom) and many previously unseen wisps
and filaments. The jetlike formation (at left) appears to be matter flowing from a
newborn star. The image is a composite, consisting of blue light emitted by ionized
oxygen, red light from ionized sulfur, and green light from neutral hydrogen.
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HUBBLE SPACE TELESCOPE follows essentially the same de-
sign as do modern reflecting telescopes on the earth. The 2.4-
meter-diameter primary mirror collects light, which is distrib-
uted among five analytic instruments. The telescope’s focus-

trographs (the Faint Object Spectro-
graph and the Goddard High-Resolu-
tion Spectrograph) similarly share the
duty of splitting light into its compo-
nent wavelengths to reveal the dynam-
ics and physical makeup of the object
observed. A photometer determines the
exact brightness of sources. In addition,
Hubble’s guidance sensors perform as-
trometry, the precise measurement of
the angular positions of stars.

Immediately after Hubble’s launch,
operators at the National Aeronautics
and Space Administration Goddard
Space Flight Center and at the Space
Telescope Science Institute began an
extensive series of systems checks and
calibrations. The first test images re-
vealed an inherent focusing problem,
technically known as spherical aberra-
tion. A close examination of the images
revealed that the telescope’s main mir-
ror had been ground to the wrong
shape: it is two microns flatter at the
edges than stipulated by design (a mi-
cron is one millionth of a meter). Small
though the error may seem, it is a gross
mistake by the standards of modern
precision optics.

The shape of the mirror makes it im-
possible to focus all the light collected
by Hubble to a single point. Hubble’s
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designers intended that the telescope
should be able to concentrate 70 per-
cent of the light of a point source—a
distant star, for example—into a spot
0.1 arcsecond across (an arcsecond is
a tiny angle, equal to 1/1,800 the ap-
parent diameter of the moon). Actually,
only 15 percent of the light falls into
this central image; the other 85 percent
spills over into an unwanted halo sev-
eral arcseconds in diameter.

Various other difficulties have sur-
faced. Twice each orbit, when Hubble
passes in and out of the earth’s shad-
ow, the sudden temperature change
causes the telescope’s large solar cell
panels to flap up and down about 30
centimeters every 10 seconds. The re-
sulting jitter can disrupt the telescope’s
pointing system and cause additional
blurring of astronomical images. Two
of Hubble’s six gyroscopes have failed,
and a third works only intermittently;
the telescope needs at least three gyro-
scopes to perform its normal science
operations. Faulty electrical contacts
threaten to shut down the High-Resolu-
tion Spectrograph.

NASA hopes to address some of these
problems in 1994, when astronauts are
scheduled to visit Hubble. They will at-
tempt to replace the telescope’s solar
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ing problem results from the primary mirror’s incorrect cur-
vature. Hubble improves on the resolution of ground-based
telescopes by nearly the same extent that Galileo’s telescope
improved on the resolution of the human eye (inset).

panels and two of the gyroscopes. The
astronauts may also try to install a pack-
age of corrective optics and an upgrad-
ed Wide Field and Planetary Camera if
the new devices are completed by then.
In the meantime, scientists have
quickly learned how to wring as much
performance from the space telescope
as possible. Because Hubble’s mirror
was ground to fine precision and be-
cause its error is well understood, com-
puter enhancement can restore many
images to their intended sharpness.
The resulting astronomical views have
eloquently refuted some early pessi-
mism about the telescope’s scientific ca-
pabilities. Regrettably, attaining such
resolution often involves discarding
the smeared halos that appear around
celestial targets, literally throwing away
most of the light captured by Hubble.

he greatest blow to Hubble’s sci-

entific mission therefore has been

not a loss of resolution but a loss
of sensitivity. Hubble was designed to
be able to detect objects a billion times
fainter than those visible to the human
eye. At present, the telescope is lim-
ited to observing objects roughly 20
times brighter than intended. Hubble
cannot detect some particularly elusive



targets, such as extremely distant gal-
axies and quasars or possible planets
around nearby stars. Astronomers have
had to postpone many of their poten-
tially most significant observations un-
til the telescope is fixed.

Although designed to home in on
some of the most remote cosmic ob-
jects, Hubble has proved well suited to
studying objects within the solar sys-
tem. For example, it has captured stun-
ning views of the giant planets, Jupiter
and Saturn. NASA’s two Voyager space
probes closely scrutinized Jupiter in
1979 and Saturn in 1980 and 1981. The
space telescope can routinely produce
images of Jupiter and Saturn compara-
ble in detail to those obtained by the
Voyagers only a few days before their
closest approaches to the two planets.

When Hubble examined Jupiter, it
found a world remarkably changed
from the one visited by Voyagers 1 and
2. New cloud bands have come and
gone, many spots (cyclonelike storms,
some of them thousands of kilometers
across) have appeared, and turbulent
structure has emerged on the edge of
the planet’s huge South Equatorial Belt.
The famed Great Red Spot, a seeming-
ly perpetual hurricane twice the diam-
eter of the earth, has turned a dull,
brownish orange.

Hubble’s early images of Saturn dra-
matically illustrate the telescope’s re-
solving power. William A. Baum of the
Lowell Observatory and Shawn P. Ewald
of the Space Telescope Science Insti-
tute assembled a color image of Saturn
by instructing Hubble to capture three
one-second exposures of the planet,
one in red light, one in green light and
one in blue light. Imaging experts in
the institute’s Astronomy Visualization
Laboratory prepared a computer-en-
hanced color image that captures the
detailed structure in Saturn’s cloud
bands and rings. The image contains
the first high-resolution views of the
planet’s north polar region.

In the fall of 1990 Hubble took more
than 100 additional images of Saturn
in order to track a 50,000-kilometer-
wide storm of ammonia ice crystals,
termed the Great White Spot. These ob-
servations are especially valuable be-
cause the spot appears only once every
60 years or so.

The distinct advantage of Hubble for
planetary astronomers is that it can
provide image clarity comparable to
that from a space probe whenever an
observer calls for it. Philip B. James of
the University of Toledo and several
colleagues will monitor the atmosphere
of Mars for several years to study that
planet’s weather patterns and to try to
understand the events that trigger peri-

odic, planet-wide dust storms. Such re-
search is an important prerequisite for
any manned expedition to the red plan-
et. James A. Westphal of the Califor-
nia Institute of Technology plans a sim-
ilar systematic study of Jupiter’s po-
tent weather systems.

Hubble has also turned its gaze on
tiny Pluto, orbiting at the dim outer

reaches of the solar system nearly five
billion kilometers from the sun. Pluto
and its relatively large moon Charon or-
bit a mere 19,000 kilometers from one
another, so the pair appear as hardly
more than a lopsided blob when viewed
from the earth. Hubble’s Faint Object
Camerayielded, for the first time, clear,
separate images of Pluto and Charon.

COLORFUL SHOT OF JUPITER begins as three black-and-white images, each taken
through a filter that highlights certain details. The three views are color coded and
combined, in much the way that a picture is generated on a color television.

COMPUTER IMAGE CORRECTION enables Hubble nearly to attain its intended resolu-
tion. A raw image of Saturn (left) resembles the view through a hobbyist’s telescope.
A corrected version (right) shows a level of detail bested only by space probes.
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ETA CARINAE consists of a dusty cloud ejected from an unstable, extremely mas-
sive star. A ground-based photograph (left) shows only the general outline of the
cloud. A computer-processed Hubble image (right) reveals complex jets and waves
of matter. The vertical spike and segmented divisions are imaging artifacts.

Detailed analysis of the brightness
variations of the two bodies will provide
data about the changing structures of
their thin, methane atmospheres. Rudolf
Albrecht of the Space Telescope Euro-
pean Coordinating Facility, who direct-
ed the Hubble observations of Pluto,
hopes computer enhancement may even
reveal some surface markings. Precise
measurements of the orbits of Pluto
and Charon about each other will en-
able researchers to measure accurately
their individual masses and densities.
That information will provide clues re-
garding the compositions and origins
of these enigmatic objects.

ooking beyond the solar system,
Hubble turned to the beautiful

Orion Nebula, a patch of glowing
ionized gas (atoms stripped of some of
their electrons) visible to the naked eye
as the middle “star” in the sword of
Orion. Huge clouds of this kind are the
places where stars are born. The Orion
Nebula lies 1,500 light-years distant,
making it the closest bright star-form-
ing region. Astronomers have examined
it extensively over the years and felt
they knew its structure rather well—at
least until the Hubble images came in.

The Wide Field and Planetary Camera
took three 10-minute exposures of the
nebula, which were later assembled into
a color image of the object. The result
reveals structures as small as 0.1 arc-

ASTRONOMICAL VISTAS available to
Hubble span a tremendous range of dis-
tances. Pluto lies an average of six light-
hours from the earth (one light-hour
equals roughly one billion kilometers).
In comparison, the quasar UM 675 sits
some 12 billion light-years away. Distanc-
es are shown on a logarithmic scale.
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second (or about six billion kilometers,
roughly the radius of the solar system,
at the distance of the Orion Nebula).
Previously unseen wispy arcs, filaments
and sheets of ionized gas streak across
the image. C. Robert O’Dell of Rice Uni-
versity, who was in charge of the Orion
Nebula study, also noticed numerous
luminous knots in the nebula. These
knots consist of gas ionized by ultravio-
let rays from hot, young stars embed-
ded in the nebula. Some researchers
tempered enthusiasm about the image,
however, worrying that computer image
enhancement procedures could have
produced spurious features. The Orion
Nebula images epitomize the mixture of
thrill and frustration astronomers expe-
rience when they work with Hubble.
One highly intriguing discovery by
the telescope concerns a later stage in
the birth of stars, when surrounding
planets may begin to form. In 1983 the
Infrared Astronomical Satellite revealed
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that the nearby star Beta Pictoris (54
light-years away) is encircled by a thin
disk of gas and dust at least 80 billion
kilometers across, or nearly 10 times
the size of Pluto’s orbit. Such disks are
thought to be the raw material from
which planetary systems coalesce. To
learn more about the disk, Albert Bog-
gess of the Goddard Space Flight Cen-
ter and his colleagues used the High-
Resolution Spectrograph to examine ul-
traviolet radiation from Beta Pictoris.

Boggess finds that some of the cir-
cumstellar gas is falling in toward the
star. Moreover, the star’s spectrum var-
ies in appearance, probably because
as the disk revolves different patches
of radiation-absorbing matter pass be-
tween Beta Pictoris and the earth. The
rapidity of the variation—some spectral
changes occur in less than a month—
suggests that the disk is rather clumpy.
These findings hint that new material is
being released into the disk, possibly
gas evaporating from cometlike objects
orbiting the star.

The Hubble data do not tell whether
fully formed planets are present around
Beta Pictoris. Most astronomers will not
be convinced of the discovery of extra-
solar planets until a camera takes a pic-
ture of one. In this area, Hubble’s op-
tical defect has dealt a crushing blow.
The foggy halo of scattered starlight
from the misshapen mirror would ob-
literate the faint light reflected from
planets orbiting even the nearest stars.
A dedicated search for extrasolar plan-
ets, one of the key projects intended for
Hubble, will have to wait until the tele-
scope’s optical system is corrected.

Beta Pictoris is a fairly sedate, sun-
like star. In contrast, the highest-priori-
ty target in Hubble’s first round of ob-
servations was the unstable, rapidly
evolving star Eta Carinae, located 9,000
light-years away in the southern sky.

NEAREST STAR SYSTEM
(ALPHA CENTAURI)
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100
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Eta Carinae may be the most massive
and energetic star in the Milky Way,
about 100 times as massive and four
million times as luminous as the sun. It
flared up in 1843, briefly becoming the
second brightest star in the sky. Sub-
sequent observations showed that a
small nebula, called the Homunculus,
had started forming around the star.

The best ground-based observations
show the Homunculus as a small, fuzzy
oblong nebula. Hubble unveiled a much
more complicated picture of the object.
The Homunculus has a peculiar, pea-
nut-shaped form; two opposing, tightly
focused jets gush from its middle. The
cloud appears clumpy and has a sharp
outer edge, suggesting that it is actual-
ly a thin, dusty shell of matter rather
than a filled volume. Presumably it con-
sists of material either ejected from or
swept up by Eta Carinae as a result of
its outburst.

One of the jets terminates in a U-
shaped feature. This structure is proba-
bly a bow shock, analogous to the wake
around the bow of a moving ship, that
formed when the jet penetrated the
slow-moving interstellar matter around
the star. A baffling series of parallel
lines of luminous gas, resembling the
rungs of a ladder, protrudes to one
side of Eta Carinae. Perhaps the rungs
are light-year-long standing waves, like
the sound waves inside an organ pipe.
Or they may be ripples that develop as
matter rapidly flows along the jet’s
bow shock. Once again, the possible
existence of artifacts from the comput-
er enhancement process complicates
interpretation of the image.

hile Hubble has deepened
the mystery of Eta Carinae, it
has answered a long-standing

question about a more distant denizen
of the galaxy, the globular cluster M 15.
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Globular clusters are dense spherical
swarms of up to one million stars. Such
a tremendous concentration of stars,
many astronomers reason, should be
conducive to the formation of a black
hole, a collapsed object whose gravity
is so strong that even light cannot es-
cape. Other researchers disagree, sug-
gesting that the rapid motions of stars,
especially binary stars, near the center
could help buoy the core and prevent a
catastrophic collapse.

One likely black hole candidate was
the bright cluster M 15, located 42,000
light-years away in the constellation Pe-
gasus. Although the hole itself would
be invisible, vast quantities of radiation
ought to blaze from its immediate en-
virons, where matter under extreme
stress and tidal friction grows tremen-
dously hot before vanishing forever.
Therefore, a hole should produce a
characteristic bright point of light at
the center of the cluster. Until now,
no telescope could resolve the core
in sufficient detail to disclose such a
“brightness spike.” Hubble can discern
details in M 15 as small as about 0.02
light-year, close to the theoretical diam-
eter of a black hole having 1,000 times
the mass of the sun.

Tod R. Lauer of Kitt Peak National Ob-
servatory searched for such a bright-
ness spike in M 15. When he failed to
find it, he and his colleagues turned to
another technique. Hubble was able to
resolve the bright red giant stars in the
outskirts of M 15, enabling the research-
ers to subtract them out of the image.
What remained was a core region con-
taining thousands of faint stars spread
out over a surprisingly large radius of
about 0.4 light-year, 10 times that pre-
dicted by the black hole models. The
Hubble results strongly suggest that
M 15 does not harbor a black hole at
its center. This finding comes as a re-
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lief to those of us made uncomfortable
by the popular tendency to invoke an
invisible black hole to explain every
powerful object in the universe.

Astronomers have been especially ea-
ger to obtain Hubble views of the rem-
nant of SN 1987A, the bright supernova
that appeared in 1987 in the Large Mag-
ellanic Cloud, a satellite galaxy of the
Milky Way. On August 23, 1990, Hub-
ble’s Faint Object Camera transmitted a
28-minute exposure of SN 1987A. The
image that appeared on our comput-
er screens at the Space Telescope Sci-
ence Institute showed a remarkable lu-
minescent ring of matter 1.4 light-years
across surrounding the supernova rem-
nant. Most of us in the room were as-
tounded by the existence of the ring.
Our colleague Nino Panagia at the in-
stitute was not; he had actually expect-
ed the formation of a peculiar outer
structure.

The intriguing aspect about the su-
pernova ring is that it looks elliptical,
not round. Its shape implies that the
feature is not a three-dimensional shell
(shells exist around many planetary
nebulae; because of perspective effects,
they often resemble circular rings). It
appears to be a genuine circular torus
of material inclined 43 degrees to our
line of sight, giving it an elliptical ap-
pearance. Such a formation could not
have been produced by the supernova
itself. Rather the ring must be a ghostly
relic of the expelled outer layers of the
progenitor red giant star.

Panagia thinks that thousands of
years before the explosion, a gentle stel-
lar wind carried off the star’s outer en-
velope, mostly in the equatorial direc-
tion. A subsequent, faster wind com-
pressed the material into a gaseous
ring. Ultraviolet radiation from the su-
pernova explosion heated and ionized
the gas, causing it to glow. Within a few
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decades the ring should disintegrate
when it is disrupted by debris from the
supernova that is now moving outward
at an average velocity of 10,000 kilome-
ters per second. Hubble will continue
to monitor the protean structure of the
remnant of SN 1987A.

Hubble observations of the supernova
have led to a vastly improved knowl-
edge of the distance to the Large Magel-
lanic Cloud. The images show very pre-
cisely the angular size of the ring. The
International Ultraviolet Explorer satel-
lite monitored the timing of when the
near and far edges of the ring first
began to glow; this information, when
combined with the well-known speed
of light, yields the ring’s true diame-
ter. Simple trigonometry then reveals
that the distance to the supernova, and
hence to the surrounding galaxy, is
169,000 light-years. This estimate is ac-
curate to within 5 percent, more than
three times better than earlier measure-
ments. Such information will be impor-
tant for calibrating the distance scale to
other, more remote cosmic objects.

Unfortunately, Hubble’s general abili-
ty to measure galactic distances has
been severely compromised. Its optical
flaw makes it impossible for the tele-
scope to distinguish individual Cepheid
variable stars in faraway galaxies. These
stars are of tremendous interest be-
cause their brightness fluctuates in a
regular manner: the period of variation
is related to their absolute luminosity.
Observations of Cepheids can therefore
provide an unambiguous measurement
of the distance of a galaxy. The study
of Cepheids will be an important task
for Hubble when it is repaired in 1994.

Many people mistakenly think that
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because of Hubble’s impaired light-
gathering ability, it cannot study dis-
tant celestial objects. Nothing could be
farther from the truth. The space tele-
scope has made substantive observa-
tions of objects lying nearly at the lim-
its of the visible universe. It has also
enabled optical astronomers to study
at an unprecedented level of resolu-
tion the cores of galaxies beyond our
local galaxy cluster; the result has been
many remarkable and often unexpect-
ed findings.

ne of Hubble's earliest targets

outside the Milky Way was NGC

7457, an elliptical galaxy about
40 million light-years away. The galaxy
was chosen as a seemingly normal test
subject. But when Lauer and his col-
leagues used the Wide Field and Plane-
tary Camera to explore the central re-
gions of NGC 7457, they were surprised
by what they saw. A significant fraction
of the galaxy’s light arises from a point-
like source, no more than 10 light-years
across, lying at the very heart of the nu-
cleus. Stars there must be packed to-
gether at least 30,000 times as tightly
as the stars in the sun’s galactic neigh-
borhood, hundreds of times the stel-
lar density that astronomers theoreti-
cally expected.

The central brightness spike may de-
note the location where vast quantities
of material—perhaps entire stars—spi-
ral into a black hole having millions of
times the mass of the sun. Alternative-
ly, the bright region might be some-
thing less exotic but still unanticipated,
such as an exceptionally rich cluster of
stars. Researchers working with Hub-
ble’s spectrographs will soon attempt
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to measure the orbital velocity of gas
and stars in the core, thereby indicat-
ing the total amount of matter present
there and helping to determine the true
nature of the central object.

Hubble has also produced corrobo-
rating evidence that a huge black hole
may indeed exist where astronomers
did expect to find one: in the giant el-
liptical galaxy M 87, located in the Virgo
galaxy cluster, roughly 50 million light-
years away. M 87 strongly emits radio
waves and X rays. A gigantic jet of ion-
ized gas (thousands of times the length
of the jets from Eta Carinae) points out-
ward from the galaxy’s center. Theo-
rists speculated that a massive black
hole might be the central engine driving
all this activity.

Lauer, working with Sandra M. Faber
of the University of California at Santa
Cruz, C. Roger Lynds of the National
Optical Astronomy Observatories and
several other collaborators, called on the
Wide Field and Planetary Camera to
help settle the question. They found
that, as with NGC 7457, stars crowd to-
gether in the central region of M 87 hun-
dreds of times more tightly than they
would in a normal galaxy. If a black hole
is in fact responsible for M 87’s dense
and overly bright core, it must have a
mass a few billion times that of the sun.

F. Duccio Macchetto of the European
Space Agency is interested in the violent
processes occurring in even more dis-
tant active galaxies. He turned the Faint
Object Camera to collect ultraviolet radi-
ation from the galaxy 3C 66B, which sits
270 million light-years from the earth.
Hubble revealed the details of 3C 66B’s
extraordinary jet of glowing plasma.
The jet extends 10,000 light-years from



the center of the galaxy, twice the length
of M 87’s gaseous protrusion.

Macchetto exploited computer image
processing to make the jet more visible
by subtracting out the image of the
host galaxy (this is possible because
the jet is brightest at ultraviolet wave-
lengths, at which the galaxy is faint).
He and his co-workers then corrected
for Hubble’s spherical aberration. They
were thus able to glimpse gaseous fila-
ments, bright knots and odd kinks in
the jet material, details never before
seen through an optical telescope. The
jet exhibits an odd, braided structure
consisting of two plasma strands situ-
ated 500 light-years apart.

The observed features closely corre-
spond to those identified by their radio
emission. But visible radiation from the
jetis produced by high-speed electrons
that lose their energy far more rapidly
than do the relatively sluggish electrons
that produce the radio jet. The most en-
ergetic, light-emitting electrons exist in
regions that have been recently disrupt-
ed. In comparison to radio astronomy
studies, Hubble’s data trace out much
more recent behavior of the potent
forces that produced the huge jet.

Further Hubble observations of ac-
tive galaxies and of their more energet-
ic cousins, quasars and Seyfert galax-
ies, will show how energy travels out-
ward along the jets. Hubble studies will
also help define the role of magnetic
fields in channeling matter (mostly elec-
trons moving at nearly the speed of
light) from the cores of galaxies into in-
tergalactic space. A better knowledge
of active galaxies will help determine
whether black holes can account for
their prodigious energy output or if as-

tronomers need to come up with new,
perhaps even more exotic, explanations
for these celestial powerhouses.
Hubble is also helping test and refine
the big bang theory, which forms the
foundation of modern cosmology. The
theory states that the present universe,
including all matter and all space, ex-
ploded outward from a single point
roughly 15 billion years ago. If the big
bang is correct, most of the helium in
the universe was created in the mo-
ments after the birth of the universe.
Since then, however, some additional
helium has been synthesized in the in-
teriors of stars via nuclear fusion.

argaret E. Burbidge of the
M University of California at San
Diego sought to measure the
abundance of helium near the qua-
sar UM 675, which lies some 12 billion
light-years from the earth. Because of
its great distance, humans now see UM
675 as it was 12 billion years ago, when
the universe was one fifth its pres-
ent age. The big bang theory predicts
that UM 675 should contain nearly as
much helium as do modern, nearby ob-
jects. If the theory is wrong, the helium
abundance in UM 675 might be close
to zero. Hubble’s Faint Object Spectro-
graph showed a clear signature of heli-
um, lending credence to the big bang.
In another experiment, Jeffrey Lin-
sky of the University of Colorado and
his colleagues attempted to measure
the cosmic abundance of deuterium, a
heavy version of the element hydrogen.
Theory implies that the amount of deu-
terium created immediately after the
big bang reflects the overall density of
the universe. Linsky and his co-workers
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SUPERNOVA 1987A (a) is captured in
this false-color Hubble image. A ring of
matter 1.4 light-years across (yellow)
surrounds the debris from the superno-
va (pink). M 87, a giant elliptical galaxy,
displays an unusually bright, dense core
and a huge jet of ionized gas (b). Both
features may indicate the presence of a
massive black hole in the center of the
galaxy; matter falling in would glow
brilliantly before vanishing. A twisted
jet (c¢) extends 10,000 light-years from
the nucleus of the galaxy 3C 66B. The
galaxy was electronically subtracted to
highlight the jet. The ultraviolet radia-
tion seen here is emitted by electrons
in the jet spiraling through magnetic
fields at nearly the speed of light.

used Hubble’s High-Resolution Spec-
trograph to observe the spectrum of
the bright star Capella, situated 41 light-
years away in the constellation Auriga.
The exact shape of the spectrum indi-
cates the amount of radiation absorbed
by hydrogen and by deuterium atoms
between Capella and the earth.

Linsky’s analysis of the spectrum sug-
gests that the universe contains only
one tenth the amount of ordinary mat-
ter necessary to halt the present expan-
sion. Many cosmologists speculate that
exotic, undiscovered particles may add
considerably to the total mass of the
universe. If not, the Hubble results im-
ply that the universe is infinite and that
its expansion will continue for the rest
of eternity.

Despite a plethora of optical and me-
chanical shortfalls, Hubble is proving a
powerful scientific research tool. The re-
sults from its first two years of opera-
tion offer only a small taste of what the
telescope should be capable of if it re-
ceives an optical fix in 1994. After cen-
turies of being condemned to watching
stars twinkle and dance in the earth’s
turbulent atmosphere, optical astrono-
mers have finally entered a new age of
space-based research. The Hubble Space
Telescope, 1 hope, is only the first step.
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How do you make

the best
minivans better?

Make them safer:

From day one, the first minivans
have been the world’s favorites.

We invented the minivans in 1984, and
they became the preferred family vehicles
almost overnight. By now we've sold over
three million, and we continue to outsell all
the competition combined.

If you own a Caravan, Voyager or Town
& Country, you know why. The front-wheel
drive, the handling, the ride, the room, the
comfort, the warranty*—nobody has put the
whole package together the way we have.

In the last 18 months we’ve made
changes that our customers want and need.
We lowered the front end for more visibility,
and softened the lines for a more aero look.
We improved the front suspension system
for a more solid feel of the road. We gave
you a choice of engines for the way you
drive. We put a child-guard lock on the slid-
ing door.

And during this period, we've been
putting our brains and technology to work
on an area of increasing concern: safety on
the road.

The driver’s minivan air bag.
America asked for it,
we were the first to deliver.

By now, it’s an accepted fact that air
bags save lives. A lot of lives.

First, we put an air bag in every produc-

tion passenger car we build in the U.S¥
Then we were the first to do it for minivans.

Today, a driver’s minivan air bag is stan-
dard on every Caravan, Voyager and Town &
Country. It’s fully effective only when used
with a seat belt. And it’s the most effective
protection against injury you can get today.
And all our 1994 minivan models will have
an air bag for the front seat passenger as
well.

By the way, our driver’s minivan air bag
is probably the most thoroughly tested piece
of equipment we’ve ever installed. And the
test results show it works the way it’s de-
signed to work.

Holding the road is another
reason why we’re
holding the lead.

Our engineers have pulled out all the
stops to help you stop safely when the road
is wet and slippery. An anti-lock braking sys-
tem is standard on Town & Country, and
available on Caravan and Voyager. It does
what the driver can’t do in a potentially dan-
gerous situation.

Special wheel speed sensors detect
lockup when it’s about to happen. Then
braking pressure is selectively adjusted, up
to 15 times per second. If one front wheel
starts to lock, only brake pressure to that
wheel is reduced. If either rear wheel begins
to lock, brake pressure to both rear wheels
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is reduced. That helps you come to a safe,
controlled stop.

Our ABS system went through more
than a million miles of testing before it went
into our minivans. SO you can count on its
reliability.

All-wheel drive also makes a major con-
tribution to safety. It gives you much better
traction than two-wheel drive on any kind of
road surface. It helps keep you in control
when you're taking a tight corner in treach-
erous weather. And you can get it on any of
our minivans.

The inside story of
minivan safety engineering.

Our safety engineers work with the
most advanced technology available to
reduce the chance of serious injury in the
event of an accident.

“Occupant Kinematics” is one of the
fancy terms they use. It’s the study of
motion during a collision. Using kinematics,
restraint systems are analyzed before testing
for maximum safety by a computerized
three-dimensional model.

We also have a special safety feature for
some very special passengers. The world’s
first built-in child-restraint seat, available on
Caravan and Voyager. Our competition
doesn’t have anything like it.

Nobody likes to think about trouble on
the road. But if it happens, you'll be glad
our engineers spend every day thinking
about it.

When it comes to safety,
you don’t play it safe.

When you build minivans, you make
safety one of your top priorities. We do, be-
cause a lot of families are depending on us.

A

CHRYSLER - PLYMO D

UTH -

DE :

0

GE -

Over the years, Chrysler has added
safety feature after safety feature to its mini-
vans. We've met every government safety
standard on time or ahead of time, and set
new standards of our own. And we’ll con-
tinue to do so.

The way we build our minivans, and the
safety we build into them, has kept us num-
ber one.

The final step in the
evolution of the minivan: ZEV.

That stands for Zero Emission Vehicle.
In other words, the electric minivan. The
world is ready for it. We've been planning it
for years, and now we’re bringing the plan
to production.

This September we’ll start building a
limited number of electric Dodge Caravans
and Plymouth Voyagers. Like our present
minivans, they’ll hold seven people and
plenty of cargo. They'll be front-wheel drive,
with electric-powered steering and brakes,
and optional electric-powered air-condition-
ing. The range is 120 miles on the highway,
90 in city stop-and-go driving. Then you
simply recharge the battery.

In the automotive business you lead,
follow, or get out of the way. Our aim is to
lead by building our minivans better, build-
ing them safer, building them cleaner. So we
can reach the only goal that really matters: a
satisfied customer.

W Jucorm—

ﬁ

AGLE

CHRY

DODGE TRUCKS - JEE
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*See limited warranties and restrictions at your dealer. tExcludes Dodge Viper and vehicles built for Chrysler: Imports, Laser, Talon, Premier, Monaco, Summit.
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Lipoprotein(a)
in Heart Disease

A remarkable protein that transports cholesterol and binds with
blood clots can raise the risk of a heart attack. Comparisons

between it and other blood proteins may explain why

oronary heart disease is the lead-

ing cause of death in the U.S. and

many other Western industrial-
ized countries. Most cases of coronary
heart disease, in turn, are caused by a
more fundamental malady: atheroscle-
rosis, the accumulation of fatty depos-
its in artery walls. As these atheroscler-
otic deposits, or plaques, grow, they
sometimes trigger the formation of
clots that block the flow of blood. If a
clot obstructs one of the narrow coro-
nary arteries that nourishes the heart,
the result is a myocardial infarction, or
heart attack.

Some causes of atherosclerosis and
coronary heart disease are now clear.
High blood pressure, diabetes, smoking
and other factors seem to increase the
likelihood of premature coronary heart
disease. Diets rich in cholesterol and
saturated fats contribute to the eleva-
tion of lipid (fat) levels in the blood and
to the progression of atherosclerosis.
An individual’s genetic makeup plays
a role: some people can eat and drink
enormous amounts of dietary fat over
time without developing high blood cho-
lesterol, and many with unusually high

RICHARD M. LAWN is professor of
cardiovascular medicine at Stanford Uni-
versity. As an undergraduate at Harvard
University, Lawn majored in astronomy,
but his interest in molecular biology
drew him to complete a doctorate in that
subject at the University of Colorado. As
a postdoctoral fellow at the California
Institute of Technology, Lawn was part
of the team that constructed the first
cloned library of the human genome and
isolated the globin gene family. At Gen-
entech, he cloned and expressed numer-
ous genes involved in blood coagulation
and atherosclerosis, including antihemo-
philic Factor VIII and apolipoprotein(a).
This is his second article for Scientific
American.
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blood cholesterol levels never acquire
coronary heart disease. To the pro-
found dismay of both physicians and
patients, heart attacks can also strike
those who have a “safe” risk profile.

The fairly recent discovery of a parti-
cle in the blood that accounts for much
of the previously unattributable risk
for coronary heart disease has there-
fore stirred great excitement. That par-
ticle is lipoprotein(a). This amalgam of
proteins, cholesterol and other lipids
is exceptionally abundant in the blood
of many persons whose vulnerability
to coronary heart disease cannot be laid
to other obvious causes. Dietary chang-
es and other measures that can lower
most risk factors have no effect on lipo-
protein(a) levels. Researchers are still
unsure about how lipoprotein(a) con-
tributes to heart disease; the prelimi-
nary results of genetic and biochemical
studies suggest that, in part, atheroscle-
rosis and heart attacks may be unfortu-
nate side effects of the particle’s possi-
ble involvement in the repair of torn
blood vessels.

ne key to understanding lipo-

protein(a) and atherosclerosis

lies in the body’s system for
the intake, synthesis and distribution
of fats. Fatty substances that are not
electrostatically charged tend to be in-
soluble in water-based liquids, such
as blood. The body overcomes this
hindrance with an array of particles
that enclose cholesterol and other fats
and coat them with charged molecu-
lar groups to facilitate their transport.
These particles, or lipoproteins, consist
of uncharged and detergentlike lipid
molecules as well as protein compo-
nents called apolipoproteins.

In human blood the major choles-
terol-carrying particle is low-density
lipoprotein (LDL). It consists of about
2,000 molecules of cholesterol, 1,000

© 1992 SCIENTIFIC AMERICAN, INC

molecules of phospholipid and one
large protein on the surface called apo-
lipoprotein B-100. High levels of LDL
are so firmly established as a risk for
coronary heart disease that many peo-
ple refer to it as “bad cholesterol.” That
epithet distinguishes it from the “good
cholesterol” in high-density lipoproteins
(HDLs), the blood levels of which are
inversely related to the risk of coronary
heart disease.

Despite the stigma it bears, LDL plays
a vital role in transporting cholesterol
throughout the body. Cholesterol is an
essential component of all cell mem-
branes; also, the adrenal glands and go-
nads use it to manufacture steroid hor-
mones, such as testosterone. To obtain
cholesterol, cells take up LDL from the
blood using LDL receptors, which bind
to the apolipoprotein B-100 on the lipo-
protein’s surface.

Michael S. Brown and Joseph L. Gold-
stein of the University of Texas Health
Science Center at Dallas received the
Nobel Prize in 1985 for elucidating the
metabolism of LDL [see “How LDL Re-
ceptors Influence Cholesterol and Ath-
erosclerosis,” by Michael S. Brown and
Joseph L. Goldstein; SCIENTIFIC AMERI-
CAN, November 1984]. They found that
a genetic deficiency in LDL receptors
(found in about one person in 500)
leads to elevated blood cholesterol and
an enhanced risk for coronary heart
disease. Diets high in cholesterol and
saturated fats, they realized, could sim-
ulate this defect in genetically normal
persons: such diets signal the body to
produce fewer LDL receptors.

This biochemical response makes
intuitive sense, because cells bathed
in high concentrations of cholesterol
should reduce their array of receptors
to avoid overloading on that substance.
Unfortunately, a decrease in the num-
ber of LDL receptors prolongs the cir-
culation of LDL particles in the blood-



stream—an outcome that increases the
chance that the particles and the choles-
terol they contain will be incorporated
into atherosclerotic plaques. High-den-
sity lipoprotein does not cause such
problems, because, unlike LDL, it favors
the delivery of excess cholesterol from
peripheral sites to the liver for elimi-
nation. These contrasting mechanisms
provide a rationale for the association
of risks for coronary heart disease with
high LDL levels and low HDL levels.

cules led to the discovery of lipo-

protein(a) about three decades
ago. During the early 1960s, Kare Berg
of the University of Oslo was search-
ing for variant forms of beta-lipopro-
teins, a class of molecules that includes
LDL. Using immunologic methods, re-

S tudies of LDL and related mole-

LIPOPROTEIN(a) is a particle in the blood that when pres-
ent in large quantities raises the risk of coronary heart dis-
ease. One portion of the particle consists of phospholip-
ids, cholesterol and apolipoprotein B-100 and is identical

searchers had already found variations
among humans in several other blood
proteins, and it seemed plausible that
variants of LDL with interesting proper-
ties might also be present. Berg inject-
ed beta-lipoproteins from several hu-
man subjects into rabbits, then tested
the affinities of antibodies from the im-
munized rabbits.

Telltale reactions indicated to Berg
that some of the rabbit antibodies rec-
ognized a beta-lipoprotein present in
only about a third of the human sam-
ples. He called this distinct class of
molecules lipoprotein(a). Berg’s further
pioneering studies revealed that the
presence of lipoprotein(a) was an in-
herited trait. Later, he, Gosta Dahlén of
the Central Hospital in Boden, Sweden,
and their co-workers showed that in-
dividuals bearing lipoprotein(a) had a

\
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APOLIPOPROTEIN (a)
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higher incidence of heart attacks than
did a control population.

When more sensitive assays were de-
veloped to measure lipoprotein(a) con-
centrations accurately, investigators re-
alized that nearly everyone carries some
lipoprotein(a) but that its concentration
varies nearly 1,000-fold among individ-
uals. A person’s lipoprotein(a) concen-
tration is remarkably stable throughout
his or her lifetime, unlike the levels of
LDL and HDL, which can vary widely in
response to changes in diet, exercise,
age or pharmaceutical intervention.

Many experimental trials have now
confirmed a positive correlation be-
tween lipoprotein(a) and atherosclero-
sis. Using chemical-extraction techniques
and dye-linked antibodies, researchers
have detected lipoprotein(a) in athero-
sclerotic plaques. Many studies have

CHOLESTEROL

to the low-density lipoproteins that transport cholesterol.
The remaining piece, apolipoprotein(a), which is linked to
apolipoprotein B-100 at a single point, gives this particle its
distinctive properties.
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also shown high levels of the protein
to be associated with heart attacks,
strokes, the narrowing of arteries and
the reclosure of vessels after coro-
nary artery bypass surgery. According
to some medical experts, approximate-
ly one quarter of all heart attacks in
men younger than 60 years occurs in
those who have inherited high blood
concentrations of lipoprotein(a). Most
of the genetic component of coronary
heart disease that is not attributable to
any of the traditional risk factors rests
with levels of lipoprotein(a).

As part of the ongoing Framingham
Heart Study, which has monitored the
health of thousands of people since
1948, investigators have assessed the
condition of the family members of
heart attack victims. They concluded
that a high level of lipoprotein(a) ranks
among the most prevalent inherited
risks for heart attacks. Furthermore, a
given quantity of lipoprotein(a) in the
blood seems to confer as much added
risk as does 10 times that quantity of
LDL. Berg’s search for a variant LDL-
like particle has uncovered a lipopro-
tein with distinctive and seemingly
dangerous properties.

I ipoprotein(a) turns out to be quite

similar in structure to LDL: it con-

tains cholesterol, phospholipid
and one molecule of apolipoprotein B-
100. Its distinguishing feature is the
presence of one additional large pro-
tein, dubbed apolipoprotein(a), that is
chemically linked to apolipoprotein B-
100. Chemical treatments that break

the bond between the two proteins
produce a free apolipoprotein(a) and a
particle that looks and behaves like
LDL. The structure of the apolipopro-
tein(a) component is therefore the key
to the distinctive behavior of the lipo-
protein(a) particle.

In 1987 my group at Genentech, in
collaboration with the laboratory of
Angelo M. Scanu of the University of
Chicago, cloned the gene for human
apolipoprotein(a). We determined its
DNA sequence and were able to deduce
the amino acid sequence of the protein.
Luckily, that string of amino acids was
almost identical to that of a protein
with well-understood properties: about
80 percent of the amino acids in apo-
lipoprotein(a) coincide with those of
plasminogen.

Plasminogen is the precursor of a
blood protease, an enzyme that cleaves
other proteins. Its target is fibrin, the
main protein component of blood clots.
Because plasminogen is not an active
protease itself, it can circulate through
the blood without destroying clots in-
discriminately. Under the appropriate
conditions, such as those found at the
sites of healing wounds, enzymes called
plasminogen activators alter part of
the plasminogen molecule and turn on
its fibrin-cutting activity.

The presence or absence of plas-
minogen at a blood clot associated with
an atherosclerotic plaque could spell
the difference between the benign re-
pair of the vessel injury and a full-
fledged heart attack. Indeed, precisely
because plasminogen is critical to the

ATHEROSCLEROTIC PLAQUE almost completely obstructs this coronary artery.
Blood clots associated with such plaques can trigger heart attacks. Lipoprotein(a),
which is often deposited in these plaques, seems to enhance atherosclerosis.
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healing process, physicians now infuse
heart-attack patients with plasminogen
activators to hasten the breakup of
blood clots.

Because of its resemblance to plas-
minogen, some researchers speculated
that apolipoprotein(a) might provide
the long-sought link between lipopro-
tein levels and the incidence of blood
clots. They immediately began to com-
pare the properties of apolipoprotein(a)
and plasminogen in the hope of deter-
mining why the two proteins were so
similar and how that likeness might
figure in the genesis of atherosclerosis
and coronary heart disease.

The similarity of apolipoprotein(a) to
plasminogen is rooted in an economy
inherent to protein evolution. Useful,
novel proteins are not always built from
scratch, resulting from the chance as-
sembly of thousands of DNA bases into
a functional gene. Instead many pro-
teins are apparently built from com-
ponents that evolved earlier. The ad-
vent of rapid techniques for sequenc-
ing genes and protein molecules has
enabled researchers to scrutinize thou-
sands of sequences. When geneticists
compare a new protein sequence with
the data banks of those already known,
it is becoming the rule, not the excep-
tion, for them to recognize similarities
in whole or in part.

On the basis of these homologies,
or sequence similarities, genes and the
proteins they make can be grouped
into families and superfamilies. Some
members of a group may share only
the few components necessary to fold
the proteins into roughly the same
shape; others may be so nearly identi-
cal throughout that their functional dif-
ferences are minor.

or example, one of the first ana-
lyzed gene families consisted of

the globin genes, which encode
the subunits of hemoglobin. Humans
have five homologous globin genes ar-
ranged in tandem on one chromosome.
This cluster probably arose through re-
peated duplications of part of that
chromosomal DNA. The spare copies
of the ancestral globin gene gradually
mutated, and some survived because
of their functional advantages. The
globins evolved specialized differences:
some that bind oxygen more strongly,
for example, are expressed only during
prenatal development because they en-
able the fetal hemoglobin to derive
oxygen from the maternal circulation.
In many instances, proteins evolve
through the exchange of parts of genes
that make functional domains, or mod-
ules [see “Proteins,” by Russell F. Doo-
little; SCIENTIFIC AMERICAN, October



1985]. In most of the genes in com-
plex organisms, regions that encode
protein domains are separated by non-
coding regions; the synthesis of a pro-
tein involves the assembly of these sep-
arate domains into a complete structure
through the splicing of an intermediate
molecule, messenger RNA. This modu-
lar genetic architecture facilitates pro-
tein evolution because genes can swap
discrete domains that confer a particu-
lar binding affinity, enzymatic activity
or structural feature.

Plasminogen and apolipoprotein(a)
are part of an extended superfamily
that has been built up through the ac-
quisition and loss of functional mod-
ules in duplicates of genes. All the fam-
ily members, including nearly a dozen
proteins involved in blood clotting,
have a domain homologous to trypsin,
a protease of broad specificity that
breaks down dietary protein. That ho-
mology suggests that those proteins
and trypsin evolved from a common
ancestral protein. Aside from their tryp-
sinlike domain, some of these proteins
also share other modules with one an-
other and with nonprotease proteins in
other groups. By comparing sequences
and counting the changes that occurred
since a gene or gene domain was dupli-
cated, molecular biologists have been
able to draw family trees that por-
tray the possible evolutionary relations
among the proteins.

In addition to its trypsinlike domain,
plasminogen has five modules known
as kringles, structures in which the
amino acid chains are interconnect-
ed by three disulfide bonds. (They are
called kringles because they are com-
monly drawn in a form resembling the
Danish pastry of thatname.) The kringle
structural motif occurs in several other
proteases, as well as in some proteins
that have no catalytic function.

Each plasminogen kringle is distinc-
tive. Some contain binding sites for fi-
brin and help plasminogen find its pre-
ferred substrate for clot digestion. One
has a binding site for a regulatory pro-
tein that prevents activated plasmino-
gen from working indiscriminately.

The sequences of plasminogen and
apolipoprotein(a) match closely at one
end, but then a gap appears in the
homology: apolipoprotein(a) lacks the
parts that correspond to kringles 1, 2
and 3, as well as the so-called preacti-
vation region of plasminogen. Instead
apolipoprotein(a) has multiple repeats
of a domain resembling plasminogen
kringle 4; in the apolipoprotein(a) gene
we cloned in 1987, that kringle is re-
peated more than 30 times.

It is easy to imagine apolipopro-
tein(a) evolving in several steps, begin-
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KRINGLE DOMAINS and other similarities between apolipoprotein(a) and plasmino-
gen, a blood protein that dissolves clots, suggest the molecules are closely related.
Apolipoprotein(a) lacks three of the kringle domains found in plasminogen. Two
other kringles and a protease domain appear in both proteins; apolipoprotein(a)
has between 10 and 40 copies of one of these kringles.
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CROSSOVER OF DNA between chromosomes during meiotic cell division can pro-
duce multiple copies of gene sequences, such as those that make the kringles in
apolipoprotein(a). Usually, the corresponding genes on paired chromosomes align
perfectly and exchange equal amounts of DNA. If two sequences on one strand are
similar, however, the first copy from one chromosome may then pair with the sec-
ond copy from the other, causing a misalignment. The resulting unequal recombi-
nation event produces a chromosome with an extra copy of a sequence.

ning with the duplication of the plas-
minogen gene (or of a gene that was
the common precursor to both of them).
Segments of the gene that encoded
parts of plasminogen, including krin-
gles 1, 2 and 3, were deleted. Mutations
led to amino acid substitutions that al-
tered the functional characteristics of
the remaining protein domains. Succes-
sive rounds of sequence duplication
also extensively multiplied the region
encoding kringle 4.

As Gerd Utermann of the University
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of Innsbruck noted, the size of apolipo-
protein(a) differs considerably among
individuals. Several groups have con-
firmed that those differences result al-
most entirely from variations in the
number of repeated kringle domains.
The apolipoprotein(a) gene originally
cloned, which had 37 repeated kringles,
turns out to be one of the largest com-
monly found variants.

The high degree of homology among
the copies of kringle 4 is suggestive.
Many proteins contain internally re-
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peated domains, but the copies tend to
diverge widely as mutations accumu-
late. The five kringles in plasminogen,
for instance, were probably very simi-
lar at first but now differ in about 70
of their 114 amino acids. In contrast,
more than 20 of the repeated kringle
domains in apolipoprotein(a) are iden-
tical in all their amino acids and all
342 corresponding bases of DNA. Many
kringles have therefore probably been
added to the gene quite recently, by a
process known as out-of-register ho-
mologous recombination.

Recombination occurs during meio-
sis, the cell division mechanism that
produces sex cells, when paired chro-
mosomes are held in precise alignment
by their corresponding DNA sequences.
Breakage and rejoining of the DNA
strands, or other enzymatic processes
with the same outcome, commonly
swap parts of one chromosome for
those of its partner. This process of ho-
mologous recombination retains the
overall structure of each chromosome.
If the chromosomes contain repeated
sequences, however, a misalignment
can occur. The first repeated sequence
of one chromosome may pair with the
second sequence on the other chromo-
some. Recombination between the out-
of-register chromosomes will then pro-
duce one chromosome with an extra
copy of the repeated domain and one
chromosome with a corresponding dele-
tion. This random mechanism offers a
likely explanation for the large inherit-
ed differences in the size of apolipo-
protein(a) molecules.

Working from assumptions about
how rapidly mutations accumulate in
DNA, some investigators have estimat-
ed that apolipoprotein(a) and plasmin-
ogen began diverging in sequence only
about 40 million years ago. That date
corresponds to the timing of the split

PROTEIN FAMILY TREE shows a hypothetical, simplified re-
construction of the evolutionary relations within an extend-
ed group of molecules that includes apolipoprotein(a) and
plasminogen. All the proteins are derived from an ancestral

TYPE OF DOMAINS

between Old World and New World
monkeys. In keeping with that find-
ing, the initial searches for apolipopro-
tein(a) in various species did not detect
the protein in animals other than Old
World monkeys, the great apes and hu-
mans. This conclusion fascinated scien-
tists with an interest in molecular evo-
lution, but it was a setback for those
hoping to study the mechanisms of
atherosclerosis in rodents and other
small laboratory animals.

In 1988, however, P. M. Laplaud of
the Laboratory of Medical Biochemistry
in Limoges, France, found high levels of
a protein resembling human apolipo-
protein(a) in the European hedgehog.
This spiny insectivore is only distantly
related to humans—its line of descent
diverged from our ancestors’ line about
80 million years ago. That discovery
calls the history of apolipoprotein(a)
back into question. Further cloning and
sequencing of apolipoprotein(a) genes
from different species may solve the
riddle of their origin.

he sequence of apolipoprotein(a)

offers some tantalizing leads

concerning the protein’s normal
physiological role and its part in accel-
erating atherosclerosis. One attractive
speculation is that lipoprotein(a) as-
sists with the healing of blood vessel
wounds. When a vessel is torn or punc-
tured, fibrin-rich clots temporarily stem
the leakage of blood. Healing, however,
depends on the growth of new cells,
which need cholesterol as a component
of their membranes.

Apolipoprotein(a), a plasminogenlike
protein bound to cholesterol-carrying
LDL, could conceivably offer some selec-
tive advantage in wound repair. If the
protein retained the fibrin-binding abil-
ity of unactivated plasminogen, it would
help deliver cholesterol to the right

place at the right time. Such a beneficial
role for apolipoprotein(a) is not incon-
sistent with its pathological effects: the
protein might have evolved at a time
when our primate ancestors had far
lower levels of cholesterol in their
blood than do modern humans who eat
large amounts of fat. Natural selection
would not have been shaped by our
current desire to avoid death from
heart disease at the ripe old age of 40.
Attempts to confirm this and related
hypotheses have met with mixed re-
sults. Early studies indicated that apo-
lipoprotein(a) binds fibrin less well
than plasminogen does. More recently,
however, Peter Harpel’s group at Cor-
nell University and several other labo-
ratories have found that the partial
degradation of a fibrin clot unmasks
sites that bind well with apolipopro-
tein(a). These sites would help associ-
ate lipoprotein(a) with a blood clot at
the stage of wound healing when the
clot begins to dissolve. As several lab-
oratories have shown, some molecules
in the vessel wall, including compo-
nents of the matrix material between
cells (such as elastin, fibronectin, colla-
gen and glycosaminoglycans), bind to
lipoprotein(a) more avidly than to LDL.
These results suggest lipoprotein(a)
might be able to assist with wound heal-
ing even though it promotes atheroscle-
rosis when it is present in excess.
Another means by which lipopro-
tein(a) might enter the vessel wall is in-
side macrophage cells. Macrophages,
which are part of the immunologic de-
fense against pathogens, dispose of mi-
croscopic debris in the body. Their spe-
cialized features enable them to ingest
invading microbes, sloughed-off parts
of dead cells and toxic particles, includ-
ing lipids and proteins oxidized by
chemical reactions within the tissues.
Yet macrophages can do harm. If

protease. Molecules with new properties arose through the
addition, deletion or duplication of functional domains in the
proteins and also through the gradual accumulation of amino
acid substitutions through mutations (not shown).
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overwhelmed by too much oxidized
LDL, they fail as scavengers and be-
come lipid-laden foam cells. These cells
can become stuck in blood vessels and
release growth factors that promote
cell muitiplication, which could thicken
the artery wall. Lipoprotein(a), particu-
larly after oxidation, can stick to macro-
phages and promote their transforma-
tion into foam cells.

Lipoprotein(a) may also promote the
growth of atherosclerotic plaques more
directly. Two groups in Japan have re-
cently characterized a protein, called
hepatocyte growth factor, that stimu-
lates the multiplication of many types
of cells. It, too, resembles plasminogen
in sequence, although not as closely
as does apolipoprotein(a). If apolipo-
protein(a) can promote cell division as
hepatocyte growth factor does, it may
cause the atherosclerotic proliferation
of cells in the vessel wall.

Apolipoprotein(a) may also promote
coronary heart disease by helping blood
clots to persist. The clots not only are
the ultimate trigger of a heart attack
but also may take part in the gradual
thickening of the artery wall that pre-
cedes the event. Some investigators be-
lieve microscopic blood clots form and
dissolve many times during the life of
a vessel. These clots may often leave
residues that are incorporated into the

vessel wall each time it undergoes re-
pair. Such deposits may act as signals
for cell growth during the wound-heal-
ing response.

Any factor responsible for either in-
creasing the formation of blood clots
or impeding their dissolution could con-
sequently play a dual role in causing
heart attacks. Apolipoprotein(a) cannot
dissolve fibrin, as activated plasmino-
gen can. Yet because of its resemblance
to plasminogen, apolipoprotein(a) might
serve as a molecular stand-in for it. Sci-
entists have found that in certain ex-
perimental settings, apolipoprotein(a)
can compete with plasminogen for ac-
cess to fibrin, to binding sites on cell
surfaces and to plasminogen activa-
tors. Any one of these competitive ac-
tivities could keep plasminogen from
performing optimally and upset the
delicate balance between clot forma-
tion and disintegration.

This idea offers a satisfying expla-
nation for the link between high li-
poprotein(a) levels and heart disease,
but a note of caution is in order. The
competition between plasminogen and
apolipoprotein(a) does not seem to
occur under all conditions, including
many physiological ones. Moreover, the
amount of plasminogen in the blood-
stream far exceeds the amount of apo-
lipoprotein(a), so the effect of the com-
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petition may be small. Nevertheless,
only a slight prolongation in the time
needed to dissolve a clot may crucial-
ly affect the course of a disease—like
atherosclerosis—that takes years to
develop. The possibility that apolipo-
protein(a) inhibits the breakdown of
clots is still an intriguing area for fur-
ther investigation.

Experiments to test all these hypoth-
eses are under way, but they are com-
plicated by the difficulties of re-cre-
ating all the components of a human
artery in the laboratory. One promis-
ing means of clarifying the role of apo-
lipoprotein(a) in atherosclerosis is to de-
velop appropriate transgenic animals.
Genetic engineers should be able to
insert the gene for human apolipo-
protein(a) into rodents or other crea-
tures and induce them to express large
amounts of the protein in their blood.
If species that normally lack apolipo-
protein(a) become more susceptible
to plaque formation in the presence
of the human gene, that fact would
firmly establish the cause-and-effect re-
lation between apolipoprotein(a) and
coronary heart disease. The transgen-
ic animals could then act as good
models for the development of athero-
sclerosis in humans. Recent results do
indicate that transgenic mice harbor-
ing the human apolipoprotein(a) gene
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LIPOPROTEIN(a) PROMOTES HEART DISEASE according to
several possible mechanisms. By competing with plasmino-
gen for binding sites on blood clots and plasminogen-activa-
tor enzymes (a), lipoprotein(a) may slow the breakdown of
clots that trigger heart attacks. Remnants of old clots within

are more prone to the development of
atherosclerosis.

‘ ‘ I hile scientists are unraveling
the complexities of lipopro-
tein(a) and atherosclerosis,
what can be done in the interim for the
quarter of the population that has in-
herited high levels of the protein and is
at risk for coronary heart disease? An
advisable first step would be to identi-
fy those people through widespread
screenings for lipoprotein(a) levels. At
present, research centers and some
large clinics are generally the only plac-
es equipped to conduct lipoprotein(a)
assays, but the availability of the tests
will probably widen.

Checking the levels in coronary heart
disease patients who show none of the
other risk factors might be a particular-
ly fruitful way to identify individuals
with high lipoprotein(a) levels. Also, be-
cause lipoprotein(a) levels are inherit-
ed, it would be prudent to examine the
close relatives of those with elevated
lipoprotein(a) and of patients with pre-
mature coronary heart disease.
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In the realm of treatment, diet and
drug manipulations can reduce LDL
levels and the risk for heart disease,
but they have far less effect on lipo-
protein(a). In one of the more drama-
tic demonstrations of the insensitivi-
ty to diet, Scanu and his co-workers
switched rhesus monkeys from low-fat
to extremely high fat diets: the mon-
keys experienced as much as a 10-fold
leap in their LDL levels but almost no
change in their lipoprotein(a) levels. Of
all the cholesterol-lowering drugs now
available, only high doses of niacin have
been reported to lower blood levels of
lipoprotein(a). That effect was not seen
in every case, however, and some pa-
tients do not tolerate the high doses of
niacin well.

Today the wise course of action ap-
pears to be, in effect, to treat what is
treatable. Because the risk factors for
heart disease are usually additive, indi-
viduals with high lipoprotein(a) levels
would do well to control for the other
known risk factors, such as LDL choles-
terol, cigarette smoking, hypertension
and obesity. They can take comfort in
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the artery wall and lipoprotein(a) bound to the extracellular
matrix may also signal the cells lining the arteries to grow in-
appropriately (b). Macrophage cells that consume too much
lipoprotein(a) become foam cells, which release growth fac-
tors that encourage atherosclerosis (c).

the knowledge that many people with
high levels of lipoprotein(a) never ac-
quire coronary heart disease and that
in parts of the world where other pre-
disposing factors are few, atherosclero-
sis is a rare disease. Given the many
questions that still remain about the
association of lipoprotein(a) with heart
disease, the topic should remain excit-
ing for years to come.
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Sometimes the PREDICTABLE things in life
are the most UNEXPECTEDLY REASSURING.

A DEPENDABLE, RELIABLE SOURCE of monthly income.

It can be a source of comforting predictability. Like
watching a sunset or taking a walk through a familiar
stretch of woods. And we, at John Nuveen & Co. Incor-
porated, have always felt that it's the predictable
things in life that are the most reassuring. /gQ For
as we see it, an investment designed to provide you
with a dependable source of income is something
that can give you financial freedom. Not to mention
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And we're confident that your financial adviser will
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in these times of economic uncertainty can hardly
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that a Nuveen Tax-Free Unit Trust is something you
can count on to be reassuringly predictable. 52
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Transgenic Crops

Biotechnology has already created plants that withstand pests
and fruits that resist spoilage. Recent advances confirm
its environmental soundness and commercial Viability

by Charles S. Gasser and Robert T. Fraley

odification of crop plants to im-

prove their suitability for culti-

vation has persisted for at least
10,000 years. Early farmers produced
better crops simply by saving the seeds
of desirable plants. During the past cen-
tury, plant breeding has become more
rigorous in its approach. Significant im-
provements in crops have resulted from
the successful crossbreeding of differ-
ent individuals of the same species.
More recently, researchers have made
advances in crossing sexually incom-
patible species of the same family. Now
there exists a promising method of
developing superior plants: genetic en-
gineering. By using recombinant DNA
techniques, biologists can direct the
movement of specific and useful seg-
ments of genetic material between un-
related organisms.

That approach can add a significant
degree of diversity to the total reper-
toire of traits from which the plant
breeder can choose. In the laboratory,
plants can now be made to withstand
insects, viruses and herbicides. Fruits
can be made to resist spoilage, and
grains may become more nutritious
and economical.

Biologists created the first transgen-
ic plants less than 10 years ago. Since
then, researchers have applied genetic
engineering to more than 50 plant spe-

CHARLES S. GASSER and ROBERT T.
FRALEY collaborated on research in crop
improvement at the Monsanto Company
in St. Louis for five years. Gasser, now
assistant professor at the University of
California, Davis, received his Ph.D. in
molecular biology from Stanford Univer-
sity. He is currently using genetic engi-
neering methods to study plant develop-
ment. Fraley, vice president of technolo-
gy for Monsanto, received his doctorate
from the University of Illinois. He has
made pioneering contributions in gene
transfer in plants and is deeply interest-
ed in the commercial development of en-
gineered crops to address, in particular,
food production in developing countries.
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cies. The technique has helped inves-
tigators gain critical insights into the
fundamental processes that govern the
development of plants, and the first
commercial introductions of such ge-
netically modified plants are now only
a few years away.

Although genetic engineering is more
complex than traditional plant-breed-
ing practices, it is just as safe. In both
methods, new DNA enters the plant’s
genome and is stably maintained and
expressed. A recent National Acade-
my of Sciences report concluded that
“crops modified by molecular and cel-
lular methods should pose risks no
different from those modified by clas-
sical genetic methods for similar traits.”
This past February the White House
stated that genetically engineered prod-
ucts should not be subject to addition-
al federal regulations, because they do
not pose any unreasonable risk.

In this article, we shall describe the
methods used at present to engineer
plants genetically. We shall also outline
the rationale of and progress in the
current applications.

r I Yhe first practical—and still the
most widely used—system for ge-
netic engineering of plants relies

on an innate ability of the plant path-

ogen Agrobacterium tumefaciens. This
bacterium can transfer a portion of its

DNA into plant cells. It does so by intro-

ducing a set of genes into one or more

of its own DNA fragments. These frag-
ments, called transferred DNA (T-DNA),
then integrate into chromosomes of in-
fected plant cells and induce the cells
to produce elevated levels of plant hor-
mones. These hormones cause the plant
to form novel structures, such as tu-
mors or prolific root masses, that pro-
vide a suitable environment and nutri-
ent source for the Agrobacterium strain.

This bacterial infection is called crown

gall disease.

For the bacterium to be an effective
vehicle for DNA transfer, its disease-
causing genes had to be removed. This
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alteration is known as disarming. Re-
searchers at the Monsanto Company and
Washington University and groups di-
rected by Jozef Schell of the Max Planck
Institute for Plant Breeding in Cologne
and by Marc van Montagu of the State
University of Ghent in Belgium first ac-
complished the task in 1983. They re-
lied on traditional DNA recombination
to delete the genes that cause tumors.
Disarming thus eliminates the bacteri-
um’s ability to cause disease but leaves
the mechanism of DNA transfer intact
[see “A Vector for Introducing New
Genes into Plants,” by Mary-Dell Chilton;
SCIENTIFIC AMERICAN, June 1983].

The first engineered gene, construct-
ed with Agrobacterium in the early
1980s by groups at the Max Planck In-
stitute in Cologne and at Monsanto,
made plant cells resistant to the antibi-
otic kanamycin, a compound that in-
hibits plant growth. The engineering of
kanamycin resistance represented a
breakthrough for two reasons. First, it
showed that foreign genes and pro-
teins could be expressed in plants. Sec-
ond, it demonstrated that kanamycin
resistance is useful as a “marker.” Be-
cause only a small number of cells take
up, integrate and express introduced
DNA, marker genes help investigators
to identify those cells into which genes
have successfully been introduced.

Because plant cells are totipotent—
that is, the undifferentiated cells can
generate a whole organism—complete,
reproductively competent plants can
emerge from the transformed cells.
Most methods today rely on the cells
of explants, or small pieces of plant,
for genetic engineering. Our colleague
Robert B. Horsch of Monsanto popular-
ized the use of a common paper hole
punch to cut disks from leaves for Ag-
robacterium-mediated techniques. (He
used to carry a punch in his coat pock-
et, always ready to give an impromptu
demonstration of the leaf-disk trans-
formation method.) Agrobacterium-me-
diated gene transfer is now routinely
used in hundreds of industrial and aca-



demic laboratories around the world. At
Monsanto alone, more than 45,000 in-
dependent transgenic plant lines have
been produced in this way.

Although the method is simple and
precise, many plant species, including
such critical grain crops as rice, corn
and wheat, are not natural hosts for
Agrobacterium and so are not readily
transformed by the method. As a re-
sult, extensive efforts have been mount-
ed to develop alternative systems.

One of the first was introducing
free DNA into plant protoplasts. Proto-
plasts, plant cells that have had their
cell walls removed by enzymes, must
be used because the pores of cell walls
are too small to allow the easy passage

GENETICALLY ENGINEERED RESISTANCE to the Colorado po-
tato beetle (Leptinotarsa decemlineata) is shown in this false-
color, infrared aerial image of test beds planted in a field re-
cently irrigated by a center-pivot system at Hermiston, Ore.

of DNA. The only barrier in protoplasts
is the plasma membrane. Polyethylene
glycol, a thick organic polymer, can
penetrate the plasma membrane to
transport DNA. It is the most common-
ly used chemical delivery agent. Elec-
troporation can also carry DNA across
the plasma membrane. In this process,
short, high-voltage pulses briefly pro-
duce pores in the protoplast membrane.
The DNA molecules can enter through
these spaces.

Because these procedures do not rely
on any special biological interaction,
they are, in principle, general methods
of transforming cells. But the regenera-
tion of plants from isolated protoplasts
has proved problematic in many spe-
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cies, especially the critical cereal grains.
Corn and wheat respond very poorly,
usually yielding infertile plants.

As a result, investigators have been
searching for methods that introduce
DNA into intact plant cells, those that
still have their walls. A fairly obvious
way is simply injecting the DNA. But
microinjection has not been effective
for severalreasons. The fine needle tips
break easily and clog frequently. Trans-
forming cells one at a time is tedious,
difficult work that would be inappro-
priate to a commercial operation. Fur-
thermore, once DNA enters a cell, its
incorporation into the genome of the
recipient is by no means a certainty. A
technician might have to inject DNA

The beetles defoliated fields of ordinary potato plants, leav-
ing behind wet ground (green), but avoided plants that were
able to produce their own insecticide (red). The white patch-
es are wheat plants kept dry for an unrelated experiment.
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into at least 10,000 cells just to en-
sure that one of them will take up the
new gene.

To increase the efficiency of gene de-
livery, John C. Sanford of Cornell Uni-
versity envisioned a way to bombard
many plant cells with genetic material.
He surmised that small metal particles,
about one or two microns in diameter,
could first be coated with DNA. Suffi-
ciently accelerated, the particles could
penetrate the walls of intact cells and
thus deliver the DNA. Because small
holes in cell walls and membranes rap-

idly close by themselves, the punctures
are temporary and do not irreversibly
compromise the integrity of the cells.
Although the particles remain in the
cytoplasm, they are too small to inter-
fere with any cellular functions.

In 1987 Sanford and his co-worker
Theodore M. Klein constructed a prac-
tical device that used tungsten parti-
cles to bombard plant cells. Their DNA
particle gun, as it is called, uses a .22-
caliber blank cartridge as the motive
force. Researchers at Agracetus in Mid-
dleton, Wis., have developed a similar
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gun using gold particles propelled by
the vaporization of a water droplet.

Both these particle guns have pro-
duced transgenic plants. Last year a
group at DeKalb Plant Genetics in Gro-
ton, Conn., and a collaboration between
Charles L. Armstrong of Monsanto and
Michael E. Fromm, then at the U.S.
Department of Agriculture in Albany,
Calif,, independently developed effi-
cient, consistently functioning particle
gun systems for the transformation of
corn. Even more recently, we have col-
laborated with Indra Vasil’s laboratory
at the University of Florida in Gaines-
ville to transform wheat plants.

Introducing DNA into cells is only
the first step in transforming plants.
Engineers still have to manipulate the
genetic fragments to produce a useful
phenotype, a plant variety possessing
the desired characteristics. The modu-
lar nature of genes facilitates this task:
genes that encode, or produce, pro-
teins are in a broad sense made up of
only three regions.

The first is a promoter sequence,
which helps specify the timing and lo-
cation of gene expression. The second
is a coding region. It contains the infor-
mation that determines the nature of
the protein encoded by the gene. Final-
ly, there is a so-called polyadenylation
(or poly-A) region, which ensures that
the messenger RNA transcript termi-
nates correctly.

The genetic engineer has consider-
able latitude for mixing and matching
these regions. Assembling the compo-
nents from different genes results in
what are commonly referred to as chi-
meric genes. In principle, the coding
region of the chimeric gene can come
from any organism. This unprecedent-
ed flexibility is the main advantage of
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TRANSGENIC PLANTS are now commonly created by two
methods. In the Agrobacterium-mediated technique, DNA
with the desired trait is inserted into the tumor-inducing plas-
mid of the bacterium. The bacterium infects the plant cell
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and transfers the DNA. In the particle gun method, metal par-
ticles coated with DNA are fired into the plant cell. In either
case, the plant cell incorporates the DNA into its chromo-
some and then divides and regenerates into full plants.
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To put it bluntly, Woodie
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els, but with letters like PhD, BS
and ME to his name, we think
you’ll be sold on him.

SCIENTIFIC GTE

AMERICAN
FRONTIERS THE POWER IS ON

© 1992 SCIENTIFIC AMERICAN, INC



genetic engineering over more tradition-
al methods, which can transfer genes
only between closely related species.
Furthermore, by choosing various pro-
moters, researchers can target gene
expression to specific organs such as
leaves, roots, seeds and tubers and, in
many cases, to specific cell types with-
in these complex tissues.

ne of the most promising traits

gene transfer offers is resis-

tance to diseases. Exciting re-
sults have been achieved in creating
plants resistant to viruses, an impor-
tant matter because currently no direct
way to treat virus-infected crops exists.
Most infections reduce crop vyield, but
occasionally some prove catastrophic.
Good farming practices, such as rotat-
ing crops and removing weeds and crop
litter, can contain viruses, but only par-
tially. Insecticides are sometimes used
to control the pests responsible for
transmitting the virus.

Genetic work on virus resistance
builds on previous basic research in
plant biology. It had long been ob-
served that infection of a plant with a
mild strain of a virus protected it from
subsequent infection of a more virulent
strain. Apparently, the replication of
the mild virus strain interferes with
a virulent strain’s ability to infect. In-
vestigators have applied “cross-protec-
tion” to shield greenhouse-grown toma-
toes against contagion by intentionally
infecting them.

Roger N. Beachy and his co-workers
at Washington University reasoned that
a single component of the virus might
be responsible for the protection. Col-
laborating with Stephen Rogers of Mon-
santo and one of us (Fraley), the inves-
tigators constructed a vector to intro-
duce and express in tobacco and
tomato plants the coat protein of the
tobacco mosaic virus (TMV). Plants so
modified were then inoculated with a
heavy concentration of the virus. The
plants were found to be strongly resis-
tant to infection, thus confirming
Beachy’s hypothesis of viral protection.

Subsequent experiments have shown
that the expression of the TMV coat pro-
tein confers resistance only to strains
of TMV and a few other closely related
viruses. Still, the mechanism appears
to be generally applicable; expression
of the coat protein gene of almost any
plant virus, at a sufficiently high level,
protects against infection by that virus.
Workers have now engineered effective
tolerance to more than a dozen differ-
ent plant viruses in a broad range of
Crop species.

Resistance to insect predation is an-
other important goal for genetic engi-
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DNA PARTICLE GUN developed by John C.

Sanford of Cornell University fires tung-

sten pellets coated with DNA into plant cells. The pellets are held by a plastic
macroprojectile, which is accelerated by a gunpowder charge. The plate stops the
macroprojectile; momentum sends the pellets into the target. The vents allow air in
front of the projectile to escape. In the photograph, a technician readying the device
holds the “gun barrel” in her right hand; the cells to be transformed are in her left.

neering, especially in cotton, potato
and corn plants. During the past three
decades, gardeners and farmers have
relied on the bacterium Bacillus thurin-
giensis (Bt), which produces an insecti-
cidal protein. Most commonly used
preparations of Bt are highly specific to
the caterpillar larvae of lepidopteran
insects—moths and butterflies—which
are major pests. The Bt proteins bind
to specific receptors located on the gut
membranes of the target insects. The
binding interferes with ion transport
in the epithelial cells of the gut, thus
disrupting the insect’s ability to feed.
These natural insecticides have no toxi-
city to mammals or even to any other
species of insects.

The usefulness of the Bt-based insec-
ticides is often limited by the ease with
which they are washed from plants.
Furthermore, their effectiveness in the
field lasts only briefly. In the mid-1980s
genetic engineers at several companies,
such as Plant Genetic Systems in Ghent,
Belgium, Agrigenetics in Middleton, Wis.,
Agracetus and Monsanto, succeeded in
isolating from the bacterium genes for
the insecticidal proteins. They used the
particle gun and A. tumefaciens to in-
sert the genes into tomato, potato and
cotton plants. At first, the genes ex-
pressed poorly; the Bt proteins the plant
produced killed only the most sensitive
laboratory insects.

Monsanto scientists David A. Fis-
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chhoff and Frederick J. Perlak made
improvements. They redesigned the
original bacterial gene to mimic more
closely the plant DNA sequences. The
changes dramatically enhanced insect
control. Two years of field testing have
confirmed that the presence of these Bt
genes within cotton plants effectively
controlled all major caterpillar pests,
including the bollworm. These geneti-
cally engineered plants should reduce
the use of insecticides on cotton by
about 40 to 60 percent.

Scientists have screened extensively
for naturally occurring B. thuringiensis
strains that are effective on insects oth-
er than caterpillars. One such strain
has led to the redesign of a gene that is
effective against the Colorado potato
beetle. In the summer of 1991, Russet
Burbank potato plants expressing a
beetle-control gene were tested at sev-
eral sites from Maine to Oregon. Re-
searchers found the potato plants to be
essentially immune to beetle damage.

Bt may continue to offer additional
genes for the control of plant pests. Sci-
entists at Mycogen Corporation in San
Diego have now discovered Bt genes ac-
tive against plant parasitic nematodes,
and Bt genes active against mosquitoes
have been identified. Some researchers
are trying to produce the mosquitoci-
dal protein in algae as a means to con-
trol malaria.

The target specificity of the Bt pro-
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tein and its localization within the tis-
sues of the plant ensure that the pro-
tein is active only against attacking
insects. In contrast to topical insecti-
cides, proteins in the plant obviously
cannot be washed off. Extensive toxico-
logical testing of Bt proteins and expe-
rience gained from more than 30 years
of using Bt-based products confirm
their safety. In fact, many researchers
refer to Bt as the world’s safest insecti-
cide. Furthermore, the Bt protein, which
makes up less than 0.1 percent of the
total protein in the modified plants,
breaks down in exactly the same fash-
ion as any other protein—both in the
soil and the digestive tract.

esides the threat from viruses
B and insects, crops face a chal-
lenge from weeds. Weeds that
compete for moisture, nutrients and
sunlight can reduce a field’s potential
yield by 70 percent. Moreover, weed
material in the harvest significantly re-
duces the value of the crop, and weeds
serve as a habitat for pests.
In most cases, a combination of her-
bicide and careful cultivation effective-
ly controls weeds. But because a herbi-

1. CONSTRUCTION

cide has a limited spectrum of activity,
affecting only a small portion of the
weeds, several kinds of chemicals are
often used during the growing season.

Genetic engineering may offer a par-
tial alternative to such weed control.
The strategy is to create plants that can
tolerate exposure to a single, broad-
spectrum, environmentally safe herbi-
cide. In contrast to views expressed by
some critics of genetic engineering, the
use of herbicide-tolerant plants will ac-
tually reduce the overall amount of
herbicide applied.

There are two general approaches
to engineering herbicide tolerance. Re-
searchers at Monsanto and at Calgene
in Davis, Calif., have been working to
enable plants to tolerate glyphosate, the
active ingredient of a herbicide called
Roundup. Roundup is a broad-spectrum
compound that can control broadleaf
and grassy weeds. The compound kills
plants by inhibiting the action of EPSP
synthase. This enzyme is necessary for
the production of the aromatic amino
acids that a plant needs if it is to grow.

Genetic engineers are especially inter-
ested in Roundup because it is one of
the most environmentally attractive her-

BACTERIAL GENE

\ . . \_‘l . ¥ .
PLANT VIRAL GENE T-DNA GENE
NN NN AN Y \
\,\ ‘
A
VA 4 |,"’ Y i
PROMOTER CODING FOR POLY-A
KANAMYCIN RESISTANCE
CHIMERIC GENE
2. INSERTION

3. TRANSCRIPTION
mRNA —____

RIBOSOME %

\

|
4. TRANSLATION

PROTEINS FOR
KANAMYCIN RESISTANCE

9%

—

e

B B B B

CHIMERIC GENES can be constructed from the genes of different organisms. Here the
chimeric gene for kanamycin resistance is assembled from diverse sources: the pro-
moter region of a plant virus, the coding region of an E. colibacterium and the poly-A
site from the transferred DNA (T-DNA) of Agrobacterium (1). After the chimeric
gene is inserted into a plant cell (2), it is transcribed into messenger RNA (mRNA) (3).
The ribosomes translate the mRNA to produce the proteins (4).
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bicides. It does not affect animals, be-
cause animals do not have an aromatic
amino acid pathway. Furthermore, it de-
grades rapidly in the environment into
harmless, natural compounds.

The first step in developing Roundup
tolerance took place in 1983, when
groups headed by Luca Comai and
David M. Stalker of Calgene and Rogers
and Ganesh Kishore of Monsanto iso-
lated the genes for EPSP synthase from
bacteria and plants. They also identi-
fied variants of the genes that produce
proteins that have reduced sensitivity
to Roundup. Later, investigators were
able to construct genes that produced
higher amounts of these proteins in
plants. The genes were subsequently
introduced into tomato, soybean, cot-
ton, oilseed rape and other crops. As
demonstrated by field tests performed
during the past three years in the U.S,,
Canada and Europe, the crops were
able to tolerate treatment with Round-
up at levels that effectively controlled
weeds. Researchers at Du Pont have
used a technically similar approach to
engineer plants that can tolerate cer-
tain kinds of sulfonylurea herbicides.

Scientists at Plant Genetic Systems
and at the German company Hoechst
took another approach to herbicide tol-
erance. From the microbe Streptomyces
hygroscopicus, they isolated a gene for
an enzyme that inactivates a herbicide
called Basta, which affects the gluta-
mine synthase pathway in weeds and
thus interferes with their growth. But
crop plants that have the gene inacti-
vate Basta before damage can occur.
Field tests performed on the Basta-tol-
erant plants demonstrate the effective-
ness of the protection.

Engineered herbicide tolerance offers
the farmer an alternative that is low-
er in cost and more effective than con-
ventional weed-management measures.
Careful selection of broad-spectrum
herbicides should lead to an overall de-
crease in the use of weed-control chem-
icals and should enable farmers to re-
place existing herbicides with environ-
mentally more attractive products.

Additional advances in the simplicity
and breadth of genetic engineering tech-
niques and increasing knowledge of
plant biology promise to extend greatly
the beneficial changes that gene trans-
fer can confer. For example, research-
ers have already identified and isolated
several genes that play a role in the bio-
synthesis of ethylene, the signal mole-
cule that triggers the ripening of fruits.
Delayed spoilage would allow harvest-
ing at a later stage than is currently
practical, which may improve the flavor
and even the nutritional value.

To increase the shelf life of fruit, re-



|
—

GENETICALLY TRANSFORMED CROPS, shown to the left of
their ordinary counterparts in each photograph, include herbi-
cide-tolerant cotton plants (a), insect-resistant tobacco plants

searchers developed two genetic meth-
ods. The first is inserting so-called anti-
sense versions of the ripening genes.
Antisense molecules bind with specific
messenger RNA to turn off the genes.
Athanasios Theologis of the USDA in
Albany, Calif., and Don Grierson of the
University of Nottingham have shown
that fruits of tomato plants with the
antisense genes resist softening. In a
different approach, Monsanto scientists
Kishore and Harry Klee have intro-
duced a gene into tomato plants that
induces them to manufacture an en-
zyme. This enzyme degrades the pre-
cursor compounds that form ethylene,
thus retarding spoilage.

Genetic engineers may also be able
to fashion healthier foods: genes for
proteins that have superior nutritional
properties have been isolated. It should
be possible to insert these genes into
crops. Plants could also be tailored to
produce specialty chemicals such as
starches, industrial oils, enzymes and
even pharmaceuticals. Preliminary tri-
als are now under way.

More than 400 field tests of engi-
neered plants have now been conducted

in the U.S. and Europe. The tests con-
firm the inherent safety and commercial
validity of these approaches, and crops
containing these traits should be avail-
able to farmers during the mid-1990s.
Still, there are some limitations. In prac-
tical terms, genetic engineers can only
modify traits expressed by no more
than three to five genes. Furthermore,
some crops do not respond to current
gene-transfer methods, and isolating
useful genes is sometimes difficult.

et to many in plant biotechnolo-

i gy, these challenges seem less
likely to delay commercialization

than are nontechnical issues. Genetically
modified crops are being developed at a
time when both public and political sup-
port for agricultural research is in gener-
al tepid. Concerns about food safety, the
environmental impact of agriculture and
a rapidly changing farm infrastructure
have combined with a lack of under-
standing of new technologies to over-
shadow the long-term need for econom-
ical, high-quality food products. World
food production will have to increase
threefold during the next 40 years to
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ALFALFA CRANBERRY
APPLE CUCUMBER
ASPARAGUS EGGPLANT
BROCCOLI FLAX
CABBAGE GRAPE
CARROT HORSERADISH
CAULIFLOWER KIWI

CELERY LETTUCE
CORN MUSKMELON
COTTON OILSEED RAPE

GENETICALLY ENGINEERED SPECIES

PAPAYA SPRUCE [
PEA STRAWBERRY |
PEPPER SUGARBEET

PLUM SUGARCANE
POPLAR SUNFLOWER
POTATO SWEET POTATO
RASPBERRY TOBACCO

RICE TOMATO

RYE WALNUT

SOYBEAN WHEAT

(b) and tomato plants whose fruits resist spoilage (c). The list
identifies familiar plant life in which genetic engineering has
successfully been demonstrated.

meet the needs of an estimated nine
billion people. Biotechnology is one of
the few new solutions to this problem.

Another important advantage of the
genetic engineering of plants is that it
provides the very latest technology to
farmers in a very traditional package—
the seed. Even the most impoverished
nations will thus have access to the
benefits without the need for high-tech-
nology supplies or costly materials. Al-
though not a panacea, biotechnology
promises to become an important com-
ponent of agriculture around the world.

FURTHER READING

FIELD TESTING GENETICALLY MODIFIED
ORGANISMS: FRAMEWORK FOR DECI-
SIONS. National Academy Press, 1989.

GENETICALLY ENGINEERING PLANTS FOR
CroOP IMPROVEMENT. Charles S. Gasser
and Robert T. Fraley in Science, Vol.
244, pages 1293-1299; June 16, 1989.

PLANT BIOTECHNOLOGY. Edited by Shain-
Dow Kung and Charles J. Arntzen. But-
terworth Publishers, 1989.

PLANT GENETIC ENGINEERING. Edited by
Don Grierson. Chapman and Hall, 1991.
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The Codex Mendoza

This magnificent pictorial book, compiled by Aztecs
at the instigation of their Spanish conquerors, constitutes
an eyewitness account of a rapidly vanishing civilization

by Patricia Rieff Anawalt and Frances F. Berdan

hen Hernan Cortés and the

conquistadors who accompa-

nied him subjugated the Az-
tecs in 1521, they found in these na-
tive Americans a combination of sim-
ple technology and impressive cultural
achievements. The Aztec Empire was
vast and populous, spanning Central
Mexico from sea to sea and encompass-
ing some 20 million people. About a
tenth of that population lived in the
capital of Tenochtitlan, which equaled
or surpassed in size most of the cities
of Europe. Today, under the name of
Mexico City, it is fast becoming the larg-
est metropolis in the world.

The Mesoamericans employed a pic-
tographic writing system that comes
down to us in a few remaining books
made of fig-bark paper or deerskin. The
manuscripts were used to record ge-
nealogies, histories and tribute tallies
and to serve as ritual, divinatory and
calendrical manuals. Hundreds of these
Mesoamerican codices, as they now are
known, went up in flames soon after
the Conquest, victims of the zealotry of
proselytizing priests. Yet only a few
decades later some Spanish friars be-
gan commissioning native artists to
record selected aspects of the quickly
vanishing civilization.

None of these colonial codices is more
magnificent or informative than the Co-
dex Mendoza, prepared on 71 folios of
Spanish paper in Mexico City around
1541 to acquaint Charles V of Spain
with his exotic new subjects. The man-
uscript apparently was produced at
the instigation of Mexico’s first Span-
ish viceroy, Antonio de Mendoza, who
wanted to obtain a firsthand account of

FOUNDING OF TENOCHTITLAN in 1325
is depicted on the first folio of the
Codex Mendoza. The city’s place glyph,
an eagle on a cactus, remains modern
Mexico’s emblem. The burning temples,
teetering atop stepped pyramids (bot-
tom), represent the conquest of two
nearby city-states.

Aztec life while the last pre-Conquest
natives still lived.

The compilation of the Codex re-
quired teamwork, as the document it-
self reveals. The hand of a single mas-
ter painter is apparent on all the picto-
rial pages; other hands, undoubtedly
those of his assistants, prepared the
pigments and applied the color in flat
washes. Informants who had lived the
best part of their lives under Aztec rule
interpreted the pictures in Nahuatl (pro-
nounced “NA-hwat”), the Aztec language
that served as the lingua franca of Meso-
america. These comments were then
translated into Spanish and transcribed
on each facing page by a Spanish priest.

‘ J iceroy Mendoza remarked in a
letter, dated October 6, 1541,
that the priest compiling the pic-
torial had drawn on the knowledge of
“many lords of each province” and that
among them there had been consider-
able diversity of opinion. The resulting
indecision frustrated the harried scribe,
who on the last page of the codex apol-
ogizes for certain hastily corrected er-
rors and complains that he had not had
enough time to finish his work proper-
ly: “It was the fault of the Indians, who
were slow in coming to agreement.”

Time was short because the scribe
had to ship the document before hurri-
cane season. Accordingly, he rushed to
prepare the folios for transport on a
mule train, which then jostled down
some 250 muddy miles of twisted trail
that descended 7,000 feet to the port
at Veracruz, whence departed the an-
nual treasure fleet.

The Codex Mendoza never reached
Spain. En route, the galleon carrying the
manuscript was captured by a French
man-of-war, and all its booty was tak-
en to the Court of Henri II of France.
There the document came into the pos-
session of the king’s geographer, An-
drés Thevet, a cleric whose signature
appears three times in the 71 folios.

After Thevet’s death, Richard Hak-
luyt, chaplain to the English ambassa-
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dor in France, acquired the Codex Men-
doza for 20 French crowns and took it
to England. At some time after 1616,
it came into the possession of Sam-
uel Purchas, a compiler of travel books.
His son sold the manuscript to John
Selden, a well-known collector of New
World manuscripts, who died in 1654.
Five years later the Codex Mendoza en-
tered the University of Oxford’s Bodlei-
an Library. Sir Thomas Bodley had set
the highest of standards for the collec-
tion that he gave his alma mater: he
was adamant that no “baggage books”
should clutter its shelves. It was a dec-
ade after Sir Thomas’s death in 1613
before the first folio of Shakespeare
was allowed into the Bodleian.

The Codex Mendoza, now safely come
to rest, was forgotten for some 170
years. Such respected New World schol-
ars as Francisco Clavigero and Alex-
ander von Humbolt—both interested
in Mexican native-tradition pictorials—
knew nothing of the manuscript’s
whereabouts. It finally came to the
world’s attention in 1831, after Viscount
Kingsborough had seen a reference to

PATRICIA RIEFF ANAWALT and FRAN-
CES F. BERDAN collaborate in the study
of Aztec culture. They have also re-
searched present-day Nahuatl-speaking
weavers for five field seasons with fund-
ing from the National Geographic So-
ciety. Anawalt directs the Center for
the Study of Regional Dress in the Fow-
ler Museum of Cultural History, a divi-
sion of the University of California, Los
Angeles, where she earned her Ph.D. in
1975. She has served on the President’s
Cultural Property Advisory Committee
since 1984. She has written widely on |
Mesoamerican textile arts, past and pres-
ent. In 1988, as a Guggenheim Fellow,
she established a data bank of textile
motifs from the Aztec period. Berdan
received her Ph.D. from the Universi-
ty of Texas at Austin in 1975. She has
written six books and many articles
on Aztec culture and early colonial
Mexico.
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it in an account of the holdings of
Thevet. Kingsborough was so impressed
with the Codex that he featured it as
the initial manuscript in his massive
nine-volume Antiquities of Mexico set,
published between 1831 and 1848.

A century later a beautiful but ill-fated
Codex Mendoza was edited by James
Cooper Clark and published by Water-
low and Sons Limited. Sadly, almost the
entire run was blown up in the London
Blitz of 1940. (A new four-volume edi-
tion has just been completed by the au-
thors and will be published by the Uni-
versity of California Press this month.)

The Codex Mendoza falls into three
parts. The first 19 folios give the history
of the conquests of the Mexica of Te-
nochtitlan, as the Aztecs referred to
themselves. The next 37 folios tally trib-
ute from the empire’s 38 provinces
(some of which took up more or less
than a single folio). The final 15 provide
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an ethnographic account of the Aztec
life cycle.

Ithough Tenochtitlan predomi-
nated, the people of two other
cities—Texcoco and Tlacopan—

also participated as lesser partners. In
the 1940s Robert H. Barlow of the Uni-
versity of California at Berkeley referred
to this arrangement as the Triple Al-
liance Empire. The term “Aztec,” on the
other hand, was first employed in 1813
by von Humbolt, who derived it from
“Aztlan,” the Mexica’s mythical home.
Thirty years later William H. Prescott
popularized Humbolt’s neologism in
his book The Conquest of Mexico.

The first pictorial page of the Codex
Mendoza depicts the Aztecs’ founding
of Tenochtitlan in 1325 [see illustration
on page 70]. It represents both fact and
legend. According to their migration
myth, the Mexica had originally lived as

© 1992 SCIENTIFIC AMERICAN, INC
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VICTORIES OF ITZCOATL (left)
are commemorated in the place
glyphs of the 11 communities the
emperor conquered during his 14-
year reign. They surround the
ruler, who sits facing Tenoch-
titlan’s martial emblem, a shield
with a design of down balls
backed by three darts and a spear-
thrower. The curling glyph in
front of the ruler’s mouth repre-
sents speech.

TRIBUTE TALLY of Tochtepec
(right), a province along the At-
lantic Gulf coast, contains 22
place glyphs (counterclockwise,
from upper left). The textile ideo-
grams at the top are accompa-
nied by a counter indicating that
2,800 must be sent annually. Be-
neath them appear a feathered
warrior suit with a quetzal-bird
back device, shields, a yellow-
feather back device, diadems
and necklaces of gold, strings of
greenstone beads, as well as var-
ious colors of tropical feathers
and bundles of cacao beans.

nomadic hunter-gatherers in the
deserts of northern Mexico. Then,
early in the 12th century, they
began migrating southward, be-
coming the last in a series of such
wanderers to arrive in the Valley
of Mexico. The only place left for
them to settle was an unpromis-
ing island, but there they found
the omen their god had prom-
ised: an eagle perched on a cac-
tus growing out of a rock. This
site inspired the place glyph of
Tenochtitlan, “Among the Stone-
Cactus Fruit,” which, with the
addition of a snake in the ea-
gle’s mouth, serves as Mexico’s nation-
al emblem.

This swampy island grew into a
metropolis of 200,000 people by 1519,
at which time it had developed discrete
regions divided by crisscrossing canals.
The pictorial anachronistically shows
well-defined quarters, one of which con-
tains a skull rack—the Codex Mendoza’s
only overt reference to the Aztecs’ prac-
tice of large-scale human sacrifice.

This initial folio is bordered by a cal-
endrical account of the 51-year reign
of the migratory bands’ leader, Tenoch.
At the bottom of the page, two vi-
gnettes lay claim to quite improbable
conquests. They imply that the Mexica,
in their impoverished early years, man-
aged to conquer Colhuacan and Tenayu-
can, two settled and powerful 14th-cen-
tury communities in the Valley of Mexi-
co. The symbol of conquest, a burning
temple teetering atop a stepped pyra-
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EXCLUSIVE DESIGN, attesting pride of descent, appears in tribute textiles
(above) shown in the Codex Mendoza. The same design of dotted squares
can be seen in the cloak of King Nezahualpilli of Texcoco (right), depicted
in the Codex Ixtlilxochitl. The 11 provinces entitled to contribute such
textiles limn the boundaries of earlier kingdoms ( far right), whose rulers
traced their lineages to the venerated Toltecs.

mid, has been placed next to each con-
quered community’s place-name.

Such place glyphs reveal several lev-
els of complexity in Aztec writing. At
its simplest, the system is pictographic:
a picture of a man hunting means only
that, a hunter. The next stage of abstrac-
tion is the ideographic: an image con-
veys an idea. An ideogram of a foot-
print indicates a path and hence a di-
rection or journey. The most abstract
level is the phonetic: here characters
represent sounds rather than images or
ideas. Rebus writing applies this princi-
ple, as do many Aztec place-names.

For example, the place glyph Toch-
pan is formed by combining tochtli,
rabbit, with a suffix to denote a place.
In Nahuatl the word pan means “on, on
top of, over.” But pictorially, the sound-
alike suffix is taken from pantli, flag or
banner. The result of combining tochtli
and pantli is the rebus form of a flag
atop a rabbit: Tochpan, “Place of the
Rabbit.” (Rabbits carried religious con-
notations linking them to the moon,
fertility and inebriation.)

Many of the Codex Mendoza’s place
glyphs appear in the history section,
where they represent the conquests
that constituted the significant events
in a monarch’s reign. These 19 folios
are actually victory chronicles rather
than secular histories. The Codex pre-
sents the reigns of the nine Aztec rulers
identically. Each emperor sits facing
the martial symbol of Tenochtitlan, a
shield decked with balls of down and
backed by three darts and a spear-
thrower. The years of the emperor’s
rule are to his back; his conquered
communities surround him.

‘ ‘ I hereas the history section em-
phasizes the expansion of the
empire’s domain, the following

section on tribute indicates its wealth.

Political scientists classify the Aztec

realm as a tribute empire because the
central authority did not permanently
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occupy any of the 38 provinc-
es, nor did it compel their pop-
ulations to relocate.

This approach to empire
building reflects the Meso-
american view of warfare, in
which the point was not to de-
stroy the enemy but to subor-
dinate him. As the glyph for
conquest indicates, the strate-
gy centered on burning the
other side’s principal temple.
That feat was taken as a sign
that the gods had spoken and
hence that hostilities should
cease and bargaining over trib-
ute should begin.

With each successful con-
quest, the Aztecs gained terri-
tory, subjects and economic
resources in the form of trib-
ute. The management of these
goods required a formal ac-
counting system. We now know that
part 2 of the Codex Mendoza repre-
sents the tribute sent to Tenochtitlan
in the years just prior to European con-
tact, from 1516 to 1518.

The tribute to be paid by each prov-
ince is depicted in a set format. The
place glyphs of the tribute towns line
the margins. Each province was known
by the name of the first community
listed. The rectangular ideograms at the
top represent textiles. They are followed
by the elaborate feathered costumes
that served as the uniforms of the Az-
tec military [see top of illustration on
preceding page]. Below this flamboyant
martial apparel, bins of foodstuffs of-
ten appear, including maize, beans and
amaranth seeds, as well as such exotic
items as jaguar pelts, live eagles, bales
of cacao and smoking tubes.

The most precious items were green-
stone jewelry and shimmering quetzal
feathers [see bottom of illustration on
preceding page). One might wonder how
the quetzal population could survive
the demands of the luxury trade. The

© 1992 SCIENTIFIC AMERICAN, INC

Aztecs, unlike Europeans of the day,
conserved their resources. They would
trap the bird, pluck its long tail feath-
ers and release it to produce more
feathers and more quetzals, too.

The conquistadors’ eyewitness ac-
counts make it clear that the Aztecs’
remarkable feather warrior costumes
and towering back devices were actual-
ly worn into combat as psychological
reinforcement. Each warrior costume
carried an elaborate supernatural sym-
bolism; to don this apparel was to in-
voke the power and protection of the
deity involved.

Eleven styles of warrior costumes ap-
pear in the tribute tallies, each repre-
senting the religious affiliation of a par-
ticular corps within the Aztec fighting
force. The battle attire most frequently
pictured on the imperial tribute rolls is
the cuextecatl, the Huaxtec warrior cos-
tume [see illustration on page 78). This
suit, whose main characteristic is its
pointed headpiece, was paid in tribute
from 20 culturally and geographically
diverse provinces but, strangely, not



IMPERIAL BOUNDARY (1519)

PROVINCIAL BOUNDARY
TEPANEC DOMAIN (14TH CENTURY)
ACOLHUA DOMAIN (13TH CENTURY)

' [N

TOLTEC DOMAIN (A.D. 960-1150)

The Aztec Empire

he Aztec Empire was ruled by three city-states in the

Valley of Mexico: Texcoco, Tlacopan and, preeminently,
Tenochtitlan. In 1519 the imperial domain stretched from
sea to sea and from what is now north-central Mexico to
the borders of Guatemala. Beyond the highly urbanized
Valley of Mexico, imperial power became attenuated. In
the hinterlands, the emperor ruled through alliances—at
times established by marriage—and by threats of reprisal
against whoever might rebel.

The Triple Alliance was a tribute empire, regularly receiv-
ing goods from its conquered regions. Not all the provinces
were contiguous: some parts of central and southern Mex-
ico remained independent of Aztec control, either because

GULF OF
' MEXICO

their defensive strength was too great or their economic
value was too small to justify conquest.

Typically, defeated rulers were allowed to retain local
power, although they served thenceforth as the emperor’s
vassals. Among them were the nobles who governed the
11 provinces the Aztecs had carved from two earlier
realms, the Acolhua, of the 13th century, and the Tepanec,
of the 14th. These nobles traced their lineages through
the ruling houses of the two prior kingdoms and thence
to the royal bloodline of the Toltec Empire, which had col-
lapsed in A.0. 1150. In commemoration of this prestigious
heritage, the nobles of the 11 provinces displayed the Tol-
tec genealogical marker on their tribute textiles.

from the Huaxtec region. A portion of
the Huaxteca became the Aztec prov-
inces of Tziccoac and Oxitipan. Perhaps
the cuextecatl was so prominent among
the forms of Aztec military attire be-
cause it represented the first step up
from the entry-level warrior costume, a
thickly padded, cotton armor—one so
effective that the Spanish conquista-
dors quickly adopted it. When a young
warrior took his first captive in battle,
he earned the right to wear the cuexte-
catl over his protective armor.

All of the cuextecatl’s Huaxtec-derived

imagery—pointed hat, rosette, cotton
eardrops—apparently was adopted by
the Mexica after the Emperor Axaya-
catl’s victory in the Huaxtec region (he
reigned from A.D. 1470 to 1481). The
Huaxteca was unusually fertile and pro-
ductive, renowned for its excellent cot-
ton and abundant foodstuffs and for
the erotic and licentious behavior of its
populace. This verdant tropical world,
part of what the Aztecs called the Hot
Lands, held a particular fascination for
the more inhibited denizens of the arid
central plateau.
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Quite fascinating to the Aztecs was
the Huaxtecs’ penchant for strong drink.
Their costume bears a characteristic em-
blem of this trait in its crescent-shaped
nose ornament. The crescent was a sym-
bol of the gods of pulque, Mesoameri-
ca’s most important intoxicant, made
from the fermented juice of the ma-
guey plant. Today some Mexicans still
drink pulque, but they have given up
the Aztec custom of strengthening the
drink with a root having hallucinogenic
properties.

The Aztecs were ambivalent toward
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strong drink and drunkenness, acknowl-
edging the felicitous aspects of inebria-
tion but surrounding it with strict pro-
hibitions. Their laws carefully limited
the imbibing of pulque to ritual con-
texts, at least until citizens had reached
the age of 70, when they were allowed
to drink freely [see illustration on oppo-
site page]. Whether many could have
reasonably hoped to live to so ripe an
age remains an open question. After
the Conquest, the Aztecs contended
that their longevity had been much
greater before the coming of the Span-
ish, although their practice of crema-
tion has left little evidence with which
to judge the matter.
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The problems involved in control-
ling the alcoholic intake by the rest of
the populace must have been severe,
judging from the stringent measures
taken: the Spanish chronicles assert
that infraction meant death. Yet the as-
sociation of the rabbit—the Aztec sym-
bol of inebriation—with the revered
pulque cult suggests approval of the
uninhibiting effects of the drink on
procreation. The underlying message
of Aztec symbolism invariably is the
maintenance of fertility.

The appearance of the cult of the
pulque gods along the Gulf coast is
particularly intriguing because the type
of maguey from which the fermented

drink is made does not grow at those
low altitudes. Tochpan and Tochtepec’s
emphasis on pulque-associated designs
implies an ancient, pre-Aztec introduc-
tion of maguey products and their ac-
companying motifs into these areas.
Gulf coast cloaks carrying pulque jug
designs were worn in official cere-
monies by the Mexica of Tenochtitlan.
This practice suggests that the relative-
ly new Aztec Empire sought validity
through incorporation of an older cul-
ture’s iconographic tradition.

The Codex Mendoza tribute tallies
contain an even better example of this
phenomenon. A set of tribute textiles
contains a pattern of repeating blue-

and-white squares, each with a dot in
the middle. This pattern, created by the
tie-dying technique known today as
plangi, must have carried tremendous
significance because it marked the of-
ficial mantle of Aztec rulers [see illustra-
tion on page 74]. The key to the mean-
ing of this design lies in the geographic
distribution of the 11 Aztec provinces
that featured parts of the motif on the
textiles they paid in tribute. Not only
are these territories contiguous, their
borders also closely outline portions
of two pre-Aztec kingdoms. Both had
been founded in the wake of the vener-
able Toltec Empire, whose collapse in
A.D. 1150 had stripped its nobles of
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him over a chili fire; the threat alone reforms the girl, to their right. Next the still willful
~ boy lies trussed on the ground before he, too, reforms. In later years the father counsels

his son about good and bad ways to live (left). Finally, drunks, thieves and adulterers
suffer death by stoning (above). A virtuous couple, on the other hand, reach the age of
70 and gain the ultimate reward for conscientious living: unlimited drinking.
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their patrimony but not their prestige.
The parvenu Acolhua and Tepanec—
who, like the later Mexica, began as no-
mads—therefore sought to legitimize
their conquests by marrying into the
house of the small city-state of Colhua-
can, whose leadership could still claim
pure Toltec descent. They thus earned
the right to pass the tie-dye marker
of royal Toltec lineage to both female
and male descendants. The Aztec rulers’
official capes were genealogical state-
ments, heraldic devices that declared
the Aztecs’ legitimate claim to the pres-
tigious and essential Toltec heritage.
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The ethnographic part of the Codex
was the only one of the three that has
no pre-Hispanic model. It depicts the
Aztec life cycle, beginning with the rit-
ual naming of a newborn child, which
includes symbols denoting possible fu-
ture occupations. For boys, the first im-
age is a shield with arrows; all Aztec
males were trained as warriors before
becoming farmers or specializing by
craft or profession. A display of craft
specializations follows; for girls, how-
ever, only a broom, spindle and work-
basket are portrayed [see top left illus-
tration on page 76).

“‘f‘:; i, gt Ly omur et ber oo
B |‘ “rﬂr ol
Jihy, &

wrt sy -,‘];_._'-:_‘_\ : berr]

kb ,\{,’

wlin

VY i LT &ma
u.lho.. "

4\'“-‘& -
-~

cobinsaliande ”“‘_..._b_ ]u add
« wniln e g P e

it FFS - Sarveeiasbaen ﬂ\‘ﬂ';
..urn.u.tu,nm rm'l;d—-—,

froal

© 1992 SCIENTIFIC AMERICAN, INC

i $rvenlln guersn an
&nd

estiraalionde . o e
; 1 g
waf, - ln;-.a-&

[ ﬂs"‘-'\a‘ LGanvia.
rrasr a-,,.t._ rl—na!'l

e afial Soa

1 rarTny

v Ceta B 6
e TRy

S oy bral v‘

o e

Subsequent folios cover ages three
through 15, each year noted by a tur-
quoise-blue dot. The proper amount of
food per meal is symbolized by its tor-
tilla ration: half a maize cake at the age
of three, two by 13. Such limits on
food, like those applying to strong
drink, reflect an almost Spartan em-
phasis on self-denial, discipline and the
other martial virtues. And, as in the
case of the Spartans’ child-rearing prac-
tices, the emphasis on punishment in-
creases as the children grow older.

Every parent was obligated to in-
culcate the Aztec code of obedience,
moderation, modesty and dili-
gence. Misbehavior at the ages
of eight or 10 resulted only
in hands being struck with a
stick or the jabbing of maguey
spines into the flesh, but as
the children grew older the
punishments became increas-
ingly severe [see illustration on
page 76]. In the depiction, the
boy, still willful at 11, is held
over the acrid smoke of a chili
fire. The girl is also threatened
with this cruel practice but ap-
<.+ parently sees the error of her
ways. In the subsequent vi-
gnettes, she dutifully sweeps,
grinds corn and weaves on
the backstrap loom. The son,
meanwhile, remains intractable
through age 12, and hence he
is bound and forced to sleep
on the damp ground. By 13,
however, he, too, is helping
with family chores, carrying
reeds and industriously catch-
ing fish from Lake Texcoco.

The child-rearing folios are
followed by illustrations of the
two types of training offered
boys. Noble youths had an in-
tellectual, priestly and military
curriculum, whereas the edu-
cation of commoners concen-
trated on practical skills as well
as warrior training. Females,
who married around the age of
15, appear infrequently in sub-
sequent folios.

The primary aim of male ed-
ucation was to produce intrep-
id warriors, an end to which
the flamboyant military attire
served as an incentive. If the
strategic point of war was lim-

MILITARY PROMOTIONS came
with each prisoner captured.

s Geetie The red-clad warrior at the bot-
S -"'I"'\E tom right has passed through
"y 4

all the ranks to become an
honored general.



HUMAN SACRIFICE is depict-
ed in the Codex Magliabechi-
ano, compiled in the Valley of
Mexico sometime before 1566.
A palpitating heart appears at
the left; the body of a prior
victim has already been rolled
down the stairs.

ited to burning the enemy’s
major temple, the tactical goal
was also limited: one typi-
cally sought not to kill but
merely to capture enemies, SO
that they might later be of-
fered to the gods. Such sac-
rifices were always highly ritu-
alized affairs.

When a soldier overwhelmed
his foe, he recited the formu-
la, “He is as my beloved son,”
and the captive responded,
“He is as my beloved father,”
thus accepting his fate as the
god’s elect. Later, on the apex
of a stepped pyramid, the
waiting priests would cut out the vic-
tim’s heart and offer it to the dei-
ties. At the point of death, the sacrifi-
cial victim was thought literally to be-
come a god, a great honor in the eyes
of both the Aztecs and their foes, with
the assurance of the most glorious of
afterlives.

It should be noted that sacrificial
captives furnished only part of the
gods’ ritual gift. Most blood offerings
came from self-sacrifices periodically
required of every Aztec man, woman
and child. People would draw blood
from fleshy parts of the body and offer
it to the various deities on their desig-
nated feast days. Most important of all
were offerings in sustenance of the sun
god, on whom the fate of the world
was thought to depend.

Warfare, by meeting religious obliga-
tions, providing upward mobility for
warriors and extending the power of
the state, became so formalized that
neighboring states would arrange dates
for their battles. As a consequence of
this highly stylized warfare, the Span-
ish would surely have gained the upper
hand even without the technological
advantages of cavalry against foot sol-
diers, steel against obsidian and guns
against spear-throwers.

r I Yhe final folios describing the life
cycle present what the Aztecs
deemed the just rewards of vir-

tuous and worthless lives [see illustra-

tion on page 77]. In this pictorial, a fa-
ther explains to his son not only the
merits of working hard at one of the
crafts but also the pitfalls that await
the foolishly idle—the rootless vaga-

bond whose sadly twisted limbs bear
the mark of a vengeful goddess’s at-
tack; a fanatic ball player, a young man
who literally bets his shirt in the game
of patolli; a sneak thief; a gossip; and a
young couple who drink to excess and
become thieves.

At the end, drinkers, a thief and an
adulterous couple lie dead, executed by
stoning, whereas a worthy older couple
of 70 years basks in the solicitous care
of their grandchildren. The old man
sings loquaciously as he enjoys a flow-
er bouquet; the grandmother and her
aged friend appear to have given them-
selves over completely to the pleasures
of drink; both the foaming jug and cup
bear the crescent-shaped symbol of the
pulque gods.

Rich as this information is, one wish-
es for still more descriptive detail. For
example, with the exception of the mil-
itary attire, the clothing throughout
the ethnographic section is shown with
neither design motifs nor color deco-
ration, a far cry from the eyewitness
accounts of Aztec apparel and many of
the textiles depicted in the Codex Men-
doza’s tribute tallies.

But in this final part of the Codex,
the Spanish were asking for some-
thing that probably had never been
seen before in the New World: a de-
piction of the culture and life cycles
of a people. This the master painter
did as well as his own pre-Hispanic
mode would allow. His brilliant effort,
recorded only 20 years after the arrival
of the Europeans, represents a fascinat-
ing adaptation of the indigenous style
to an Old World theme. Considering
the many other changes the Aztecs had
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already undergone after the Conquest,
this was one of the mildest adjust-
ments that the Spanish required of
their subjects.

Of all the cultural traumas precip-
itated by Columbus’s discovery of the
Americas, none was more dramatic
than Cortés’s conquest of the Aztec
Empire, a true War of the Worlds. Here
were met two cultures of comparable
social complexity and artistic achieve-
ment, each completely unknown to
the other. Their cataclysmic encoun-
ter resulted in the total destruction
and subjugation of one of history’s
most exotic and vulnerable civiliza-
tions. Fortunately for us, a glimpse
of that doomed world is beautifully
memorialized in the magnificent Codex
Mendoza.
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Single Electronics

Is electric current the motion of individual electrons or

the continuous flow of a fluid of charge? Recent experiments

confirm both ideas and may lead to novel electronic devices

by Konstantin K. Likharev and Tord Claeson

hat is the smallest amount of

electric charge that can sit on

the head of a pin? The answer
may surprise. A pin, like almost every-
thing else, consists of electrons, pro-
tons and neutrons. Each proton holds
one fundamental unit of charge (de-
noted as +e), and each electron car-
ries a similar negative charge (-e); the
neutron has no charge. It may seem
that the total charge on the head of
the pin could be found by counting
the number of protons, subtracting the
number of electrons and ignoring the
neutrons. Using this logic, the smallest
nonvanishing amount of charge should
be +e or -e. But recent experiments
demonstrate otherwise. They clearly
show that the charge on the head of a
pin can be equal to a fraction of the
charge of an electron, for example,
+0.5e or -0.1e.

Whereas counting the number of an-
gels on a pin has yet to yield any-
thing of practical value, measuring
charge in small structures has provid-
ed fascinating tests of physics as well
as several potential applications for
electronics. The tests were performed
with extremely small devices, typically
about 30 billionths of a meter in width,
which is comparable to the diameter of

|
KONSTANTIN K. LIKHAREV and TORD ‘
CLAESON have collaborated for several
years to develop single electronics. Lik-
harev, who is now professor of physics
at the State University of New York at
Stony Brook, spent most of his career at
Moscow State University. He first entered
the institution as an undergraduate, then
earned his Ph.D. there and stayed on as
a research scientist. For three years, Lik-
harev directed the Laboratory for Cryo-
electronics at the university. Since 1982
Claeson has been professor of physics
at Chalmers University of Technology
in Goteborg, Sweden. He obtained his
undergraduate degree and Ph.D. from
Chalmers, and he has helped to establish
a Swedish facility for fabricating nano-
meter-scale, solid state devices.
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a virus. By studying the behavior of
such minuscule components at temper-
atures of a fraction of a degree above
absolute zero, researchers have devel-
oped a better understanding of how
electric charge moves through mate-
rials. Whereas charge passes through
thin insulators in discrete amounts
(like water dripping from a faucet), it
travels through ordinary conducting
materials in a continuous way (like wa-
ter flowing in a pipe).

These discoveries have led to the in-
vention of various novel devices that
control the movement of individual
electrons in solids. The single-electron-
ic devices may serve as transistors and
other computational elements. Although
the technology is still in its infancy, we
believe it will play a major role in the
future of electronics.

r I Yhe field of single electronics
emerged from investigations of a
device known as a tunnel junc-

tion [see illustration on page 82]. It con-
sists of two electrodes—pieces of a con-
ducting material—separated by a thin
layer of an insulating material, as thin
as about one nanometer (a billionth
of a meter). Although electrons move
freely in conductors, they do not readi-
ly enter insulators. Yet according to the
laws of quantum mechanics, electrons
have a small chance to pass, or tunnel,
through the thin insulating layer.

If a voltage is applied across the
junction, electrons will prefer to tunnel
in one particular direction through the
insulator. Hence, they will carry some
electric current through the junction.
The magnitude of the current depends
on both the thickness of the insulating
layer and the material properties of the
conducting electrodes.

By the middle of the 1980s physicists
understood many properties of tunnel
junctions. A few physicists suspected,
however, that tunnel junctions would
exhibit interesting behavior if they
were made smaller than 100 nanome-
ters or so.
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In early 1985 Dmitri Averin and one
of us (Likharev) tried to predict the be-
havior of very small tunnel junctions
with superconducting electrodes. (Su-
perconductivity is a property of some
materials cooled to temperatures close
to absolute zero. Notably, superconduc-
tors do not resist the flow of electric
current.) Averin and Likharev hoped to
tackle the problem by applying ideas of
quantum theory. They derived some
equations that described the device,
but the equations were so complicated
that they could not have been solved
without a struggle.

It was decided, therefore, to examine
the easier case of a small tunnel junc-
tion with electrodes made from ordi-
nary conductors. For this problem, the
equations could be readily solved and
gave a completely unexpected result.
They showed that if a constant electric
current is passed through a junction,
it will induce a voltage that oscillates
periodically in time. Most remarkably,
these periodic oscillations would have
a frequency simply equal to the current
divided by the charge of an electron.
The frequency is totally independent of
any other parameters of the system. A
more careful examination of the equa-
tions has shown that each oscillation
represents the response of the device
as a single electron tunnels through
the insulating layer. The phenomenon
is now known as single-electron tunnel-
ing (SET) oscillations.

To understand this effect, one must
appreciate how electric charge moves
through a conductor, say, an ordinary
aluminum wire. An electric current can
flow through the conductor because
some electrons are free to move through
the lattice of atomic nuclei. Despite the
motion of the electrons, any given vol-
ume of the conductor has virtually no
net charge because the negative charge
of the moving electrons is always bal-
anced by the positive charge of the
atomic nuclei in each small fraction
of the conductor. Hence, the important
quantity is not the charge in any given



volume but rather how much charge
has been carried through the wire. This
quantity is designated as the “trans-
ferred” charge. What is most surpris-
ing, this charge can have practically
any value, even a fraction of the charge
of a single electron.

Although this concept may seem
counterintuitive at first, it can be ex-
plained in simple terms. The trans-
ferred charge actually has little to do
with counting single electrons or pro-
tons. This charge is proportional to the
sum of shifts of all the electrons with
respect to the lattice of atoms. Because
the electrons in a conductor can be
shifted as little or as much as desired,
this sum can be changed continuously,
and therefore so can the transferred
charge.

If an ordinary conductor is interrupt-
ed by a tunnel junction, electric charge
will move through the system by both
a continuous and a discrete process.
As the transferred charge flows contin-
uously through the conductor, it will
accumulate on the surface of the elec-
trode against the insulating layer of
the junction (the adjacent electrode will
have equal but opposite surface charge).
One can imagine this surface charge Q
as a slight continuous shift of the elec-
trons near the surface from their equi-
librium positions. On the other hand,
quantum mechanics shows that the
tunneling can only change Q in a dis-
crete way: when an electron tunnels
through the insulating layer, the surface
charge Q will change exactly by either
+e or -e, depending on the direction of
tunneling. The interplay between con-
tinuous charge flow in conductors and
discrete transfer of charge through tun-
nel junctions leads to several interest-
ing effects.

hese phenomena can be ob-

I served when the tunnel junctions
are very small and the ambient
temperatures are very low. (Low tem-
peratures reduce thermal fluctuations
that disturb the motion of electrons.)
In this case, if the charge Q at the junc-
tion is greater than +e/2, an electron
can tunnel through the junction in a
particular direction, subtracting e from
Q. The electron does so because this
process reduces the electrostatic en-
ergy of the system. (The energy in-
creases in proportion to the square of
the charge and does not depend on the
sign of the charge.) Likewise, if Q is

WATER DROPLET forms at the end of a
glass pipe and falls—a process analo-
gous to the way charge moves through
single-electronic devices.

~
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TUNNEL JUNCTION consists of two conducting electrodes
separated by a thin layer of insulating material. When a volt-

less than -e/2, an electron can tunnel
through the junction in the opposite di-
rection, adding e to Q, and thus again
decrease the energy. But if Q is less
than +e/2 and greater than -e/2, tun-
neling in any direction would increase
the energy of the system. Thus, if the
initial charge is within this range, tun-
neling will not occur. This suppression
of tunneling is known today as the
Coulomb blockade.

Curiously, physicists first noticed
and studied Coulomb blockade more
than 40 years ago. In the 1950s and
1960s Cornellis Gorter of the Kammerl-
ing Onnes Laboratory, Hans-Rudi Zeller
and Ivar Giaver of the General Electric
Research Center and John Lambe and
Robert Jaklevich of the Ford Motor Com-
pany observed this effect in thin metal-
lic films and explained it. Meanwhile
Igor Kulik and Robert Shekhter of the
Kharkov Institute of Low Temperature
Physics devised its comprehensive the-
ory for one particular system. It seems,
however, that until the mid-1980s no
one appreciated the concept of continu-
ous charge transfer in metals, and no
one was aware of the simple condition
for the Coulomb blockade. Once these
ideas were understood, it was straight-
forward to discover new phenomena in
small tunnel junctions.

For example, what happens if the
junction is connected to a source of
constant current? If the surface charge
Q is zero initially, then the system is
within the Coulomb blockade limits,
and tunneling is suppressed. Therefore,
the current flowing from the source
through wires will start to change the
charge Q continuously. For convenience,
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assume that the deposited charge rate
is positive rather than negative. If the
charge reaches and slightly exceeds
+e/2, tunneling becomes possible. One
electron will then cross the junction,
making its charge slightly greater than
-e/2. Hence, the system is within the
Coulomb blockade range again, and
tunneling is not possible. The current
continues to add positive charge to the
junction at a constant rate, and Q grows
until it exceeds +e/2 again. The rep-
etition of this process produces the
single-electron tunneling (SET) oscilla-
tions: the voltage changes periodically
with a frequency equal to the current
divided by the fundamental unit of
charge, e.

In this respect, charge flows through
the tunnel junction like water leak-
ing from a faucet. Initially, the charge
collects in the junction just as water
forms a droplet on the faucet. And in-
deed, when enough charge builds up,
some of it pushes through the junc-
tion just as when the droplet reaches
a certain size, it will fall. Yet whereas
the water droplets can vary in size, the
amount of tunneling charge is quan-
tized; it always equals e.

With a couple of plausible assump-
tions, the formula for the frequency of
SET oscillations can be derived from
classical physics, because it describes
behavior of electrons as particles. Nev-
ertheless, a deep connection exists be-
tween SET oscillations and one type of
oscillations predicted by quantum the-
ory. In many situations, the electron be-
haves like a wave rather than a particle.
The electron wave has a characteristic
frequency, which is equal to the energy
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age is applied to the device, electric charge creeps through
the insulator, creating a weak current.

of the electron divided by Planck’s con-
stant. In 1962 Brian Josephson (then a
student at the University of Cambridge)
showed that in large tunnel junctions
with superconducting electrodes, this
relation can be observed experimentally
as a fundamental relation between ap-
plied voltage and the frequency of os-
cillations in the current flowing through
the junction. In the mid-1980s James
Lukens and his co-workers at the State
University of New York at Stony Brook
used these “Josephson junctions” to
demonstrate that the Planck-Bohr-Jo-
sephson relation is accurate to at least
16 decimal places. We believe the clas-
sical equation for SET oscillations will
prove to be equally exact.

o produce SET oscillations, phys-

I icists must fabricate tunnel junc-

tions of a very small area and
cool them enough to ensure that the
thermal energy does not influence tun-
neling. For example, the device must
be cooled to temperatures of about a
tenth of a degree above absolute zero
if the junction is 100 nanometers in
length and width.

Low-temperature refrigeration and
small-scale fabrication are not the only
experimental problems that must be
overcome. To apply current and volt-
age to a tunnel junction, one must at-
tach metallic wires to it. Unfortunately,
the wires pick up quantum fluctuations
of the electromagnetic fields that exist
everywhere. These fluctuations can jam
the single-electron effects completely.
One of the simplest ways to eliminate
the jamming is to connect several tun-
nel junctions in series (end to end). In



such an arrangement the junctions de-
fend one another from the fluctuations.
This idea was implemented in 1989 by
a team of Swedish and Soviet scientists.
The team—which included Per Delsing
of Chalmers University of Technolo-
gy in Sweden, Leonid Kuzmin of Mos-
cow State University and the authors—
made the junctions by modifying the
so-called suspended mask technique
for nanofabrication. Several investiga-
tors contributed to the invention of the
technique, which was perfected by Ger-
ald Dolan of AT&T Bell Laboratories.

To start, an insulating substrate
should be coated with two layers of
special organic materials, both thinner
than one micron. We used a copolymer
of polymethylmethacrylate (PMMA) and
polymethacrylic acid (PMAA) for the
bottom layer, whereas the top layer
was pure PMMA. The coated substrate
is then placed into the vacuum cham-
ber of a scanning electron microscope.
Although the instrument is mainly de-
signed for imaging applications, it is
useful for device fabrication because
it produces a beam of electrons a few
nanometers in diameter, and the beam
has enough energy to break polymer
bonds. A computer directs the beam to
sweep over the polymer coating in a
desired pattern. In our experiments the
pattern was a chain of closely located
rectangular windows, 200 by 80 nano-
meters. The sample is then developed
in toluene, which removes PMMA from
the exposed regions and the underly-
ing copolymer from a somewhat larger
area. This process leaves a PMMA layer
with open windows that is suspended
above the substrate.

At this stage, the sample is placed
into another vacuum chamber and is
subjected to a beam of aluminum at-
oms. This beam deposits a thin alu-
minum film on the PMMA layer and
on the parts of the substrate under the
open windows. (These aluminum is-
lands will ultimately become the first
conducting layer of the tunnel junction
array.) Then a small amount of dry oxy-
gen is allowed into the chamber, form-
ing a very thin layer of aluminum oxide
on the surface. (The aluminum oxide
will become the insulating layer of the
junction.) The oxygen is pumped out
again, and a second layer of aluminum
is deposited from another angle. In this
way, the islands of the first and the
second layer overlap, forming an array
of tunnel junctions, each close to 80 by
60 nanometers.

As our team began fabricating arrays
of tunnel junctions, we also considered
how we might best measure SET oscil-
lations. The expected power of the os-
cillations would be very low. To make
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SINGLE-ELECTRON tunneling through a small junction is similar to a water droplet
falling from a glass pipe. Initially, the interface between the electrode and the insu-
lator has no charge (a). As electrons flow into the electrode, charge builds up on
the surface of the conductor (b). When enough charge collects there, an electron
will pass through the insulator and thereby diminish the surface charge (c). The
process will repeat (d) if the charge is replenished.
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VOLTAGE (MILLIVOLTS)

CURRENT through an array of 25 tunnel
junctions is nearly zero (orange line) be-
tween -0.8 and +1.2 millivolts because of
the Coulomb blockade. Yet when the ar-
ray is exposed to microwaves, the block-
ade is suppressed, and the current in-
creases in steps (blue line). The height of
the steps equals the charge of an electron
times the frequency of the microwaves.

direct measurements, we would need
extremely sensitive high-frequency de-
tectors. A simpler way to detect the os-
cillations is to irradiate the sample with
microwaves. The radiation interacts
(“mixes”) with the SET oscillations in a
way that can be easily observed. Specif-
ically, as the current through the junc-
tions increases from zero, the voltage
should increase until the current equals
e times the frequency of the micro-
wave radiation. As the voltage contin-
ues to increase, the current remains
constant for a while and then increas-
es. As a result, a plot of current versus
voltage should show horizontal steps
at a current equal to the frequency
times +e (or -e). In July 1989 we ob-
served the expected steps [see illustra-
tion above).

Our results were soon confirmed

by a Dutch-French collaboration of re-
searchers working at Delft University
of Technology and the Center of Nucle-
ar Research at Saclay. These groups
used two different types of junction ar-
rays, in which the microwave field is
applied to central electrodes rather than
at the edges of the array. With these de-
vices, the current to frequency relation
was tested with an accuracy close to 0.1
percent. Moreover, in 1990 Bart Geer-
ligs and Hans Mooij of the Delft group
confirmed a theory by Averin and Arca-
dii Odintsov, which shows how the ac-
curacy might be improved. We believe
that in the near future the current to
frequency ratio will be measured with
an error below at least one part per mil-
lion—and probably much better.

Phenomena similar to single-electron
oscillations should also occur in tunnel
junctions that have superconducting
electrodes. In 1982 Allen Widom, Terry
Clark and their collaborators at the Uni-
versity of Brighton first suggested a ru-
dimentary theory for such phenomena
in superconducting tunnel junctions.
Then, in 1984, Alexander Zorin of Mos-
cow State University and one of us (Lik-
harev) developed a more refined and
realistic theory.

In superconductors, each electron has
a partner, forming what is known as a
Cooper pair. Consequently, if a tunnel
junction is made from two supercon-
ducting electrodes, the electrons tend
to tunnel through the insulator in pairs.
Theory predicts, therefore, that the volt-
age of a very small superconducting
tunnel junction will oscillate in time
with a frequency equal to the current
divided by 2e (rather than e). Likha-
rev and Zorin called this particular ef-
fectBloch oscillations. In February 1991
Kuzmin, David Haviland and their col-
leagues at Chalmers found reliable evi-
dence for Bloch oscillations in a small
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TINY TUNNEL JUNCTIONS were made using the suspended mask technique.
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junction formed between two thin films
made of a superconducting alloy.

he SET and Bloch oscillations can
I be considered as the ordering
(“correlation”) of single-electron
or Cooper-pair tunneling events in time.
Another type of correlation of these
events is also possible and is important
for future applications. This type of cor-
relation occurs, for example, in a de-
vice consisting of two tunnel junctions
that share a middle electrode. If a con-
stant voltage is applied across the de-
vice, the tunneling events in each of the
junctions should be mutually correlat-
ed. Specifically, whenever an electron
tunnels through one of the junctions, a
second electron passes through the oth-
er junction nearly simultaneously.
Most important, as Averin and Lik-
harev showed in 1985, this correlated
tunneling can be controlled if electric
charge is continuously injected into (or
removed from) the electrode that con-
nects the two junctions. If the charge
injected into the electrode is close to
zero or a multiple of e, the device main-
tains a considerable Coulomb blockade:
no current flows through the junction
if the voltage applied to the system is
lower than a particular threshold. But if
the charge of the middle electrode is
either +0.5e or -0.5e (or even +1.5e,
+2.5e and so on), the Coulomb blockade
is completely suppressed: electrons
tunnel through the system, and a cur-
rent can be induced by even a small ap-
plied voltage. Thus, the current through
the device can be controlled by chang-
ing the charge of the middle electrode
just as the current through a usual
semiconductor transistor, but this con-
trol can be achieved by much weaker
charge signals. For this reason, the two-
tunnel-junction device is now known as
the single-electron transistor.
Fortunately, the correlated tunneling
effect is not sensitive to quantum fluc-
tuations of the ambient electromagnet-
ic field, and so the device can be con-
nected easily to a voltage source and
measuring instruments. For this rea-
son, Kuzmin and Likharev were able
to conduct experiments on the single-
electron transistor very rapidly after
the device was conceived. On March 6,
1987, they reported their results to a
Soviet journal. (They later learned that,
on the same day, Theodore Fulton and
Gerald Dolan of Bell Labs had submit-
ted a paper on almost similar observa-
tions to an American journal.) These
two works marked the beginning of ex-
perimental single electronics.
During the past five years, physicists
have devised many types of single-elec-
tron transistors and developed more



complex single-electronic circuits. The
behavior of all these circuits can be ful-
ly explained using what is now called
the Orthodox theory, which the Moscow
group formulated in 1985. Hence, the
Orthodox theory can be used to ana-
lyze possible applications of single
electronics.

In the near future, we foresee at least
three important applications. First, the
technology should provide a new stan-
dard for measuring small currents. We
expect an accuracy of better than one
part per billion, about 1,000 times bet-
ter than existing systems. Second, the
technology promises supersensitive
electrometers—instruments that would
measure charges as small as one ten-
thousandth of e, which is almost a mil-
lion times better than the resolution of
commercially available instruments.
(Such electrometers have already been
used by researchers at Saclay and at
Bell Labs to measure single-electron
tunneling effects in other devices.)

But the most important prospect
for single electronics is its application
to digital integrated circuits. Current-
ly computer chips can have a density
of some 10 million devices per square
centimeter. Although this achievement
is impressive, computer designers con-
tinue to demand chips with ever higher
device densities. But the conventional
electronic devices are approaching their
limit. Most agree that any further re-
ductions in size will require radically
new ideas, and single electronics is
ranked highly on this issue.

In circuits based on single electronics,
bits of information can be represented
as the presence or absence of individual
electrons. This technology may make
it possible to pack up to 10 billion
electronic devices on a one-square-cen-
timeter chip (for that, the dimensions
of tunnel junctions could be reduced to
about 10 nanometers). Such a circuit
would operate at four kelvins, a temper-
ature that is acceptable for some appli-
cations. Still, the development of such
circuits will require a considerable in-
vestment of time and effort.

Conceivably, single-electron circuits
could be made even more dense, but
such attempts will encounter two prob-
lems. First, researchers need to pioneer
techniques to fabricate complex struc-
tures whose smallest dimension is less
than 10 nanometers. Second, they must
determine how single-electron effects
change as the dimensions of the device
decrease to the atomic scale.

To solve this second problem, Averin
and Alexander Korotkov of the Moscow
State University revised the Orthodox
theory in 1989. They recognized that if
a device is small enough, the laws of
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SINGLE-ELECTRON TRANSISTOR can switch on or off the flow of billions of elec-
trons per second when the charge on the middle electrode is changed by only half

the charge of an electron.

quantum mechanics play a larger role
in the system. In such cases, the ener-
gies of the electrons are quantized,
that is, they can only equal certain dis-
crete values. Yet they showed that the
energy quantization does not exclude
correlated tunneling, and indeed the
effects can coexist peacefully.

To verify this conclusion, several
groups have performed experiments
in which electrons are confined within
tiny structures made of semiconduct-
ing material. Such structures, which are
known as quantum dots and quantum
wells, can hold a “puddle” of a few hun-
dred free electrons. Both devices allow
electrons to tunnel in or out through
well-defined energy barriers. In both
types of experiments, physicists have
observed single-electron effects and en-
ergy quantization together, confirming
that the phenomena can coexist. Paul
McEuen and his colleagues at the Mas-
sachusetts Institute of Technology and
the IBM Thomas J. Watson Research
Center were the first to demonstrate
this coexistence in quantum dots; Bo
Su and his co-workers at Stony Brook
and at Bell Labs have obtained similar
results using quantum wells.

still to be solved. For one, inves-

tigators have not yet tackled the
issue of how energy quantization influ-
ences single-electron charging effects
in circuits that consist of many quan-
tum dots or quantum wells. A prelimi-
nary analysis shows that in such struc-
tures an electron can behave simulta-
neously as a wave and as a particle. If
this prediction turns out to be true, it
will be very important for fundamen-
tal physics.

S everal fundamental issues are
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Another unresolved issue is whether
the correlated transfer of electrons re-
quires tunneling. Averin and Likharev
have recently given arguments that it
does not. Such correlated flows may
be achieved in narrow channels, where
the electrons can propagate only in
one direction. Forthcoming experiments
should reveal whether such channels
can be fabricated.

Regardless of these new issues, sin-
gle electronics has already advanced
our understanding of how electrons
behave in materials. We believe that a
contribution has been made as well to
what could be called the psychology of
physics. The discovery of correlated tun-
neling has given us an example of a con-
ceptually simple and fundamental effect
that remained undiscovered until the
mid-1980s. It has shown that Newton’s
“ocean of undiscovered truth” is still full
and is waiting for scientists armed with
not much more than a bit of imagina-
tion and creativity. This is something to
be remembered by adherents of theoret-
ical supersophistication and advocates
of multibillion-dollar experiments.

FURTHER READING

CORRELATED DISCRETE TRANSFER OF SIN-
GLE ELECTRONS IN ULTRASMALL TUNNEL
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32, pages 144-158; January 1988.

SINGLE ELECTRONICS. K. K. Likharev in
Granular Nanoelectronics. NATO ASI Se-
ries B, Physics Vol. 251. Edited by David
K. Ferry et al. Plenum Press, 1991.

SINGLE CHARGE TUNNELING. Edited by
Hermann Grabert and Michel H. Devor-
et. Plenum Press (in press).
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Control of Rabies in Wildlife

A revolutionary approach now being tested in Europe
and North America is the offspring of a research effort
that began modestly in an Atlanta laboratory some 30 years ago

by William G. Winkler and Konrad Bogel

n April 13, 1990, at a tavern in

Mercedes, Texas, a bat bit the

right index finger of a 22-year-
old visitor. The man, who did not seek
medical attention, seemed well until
May 30, when the affected hand began
to feel weak. Just six days later he was
dead of rabies, having been torment-
ed in the interim by many of its symp-
toms. Before slipping into a coma, the
Texan suffered episodes of rigidity and
breath holding; hallucinations; extreme
difficulty swallowing (so much so that
he refused liquids); frequent spasms in
the face, mouth and neck; continuous
drooling; and, finally, disorientation ac-
companied by high fever.

Every year similar horrible deaths
await more than 25,000 human beings
around the world. That dismal outlook
may soon change, thanks to develop-
ment over the past 30 years of ways to
immunize free-ranging animals on their
home turf. The current armamentarium
includes various edible baits and even
a genetically engineered vaccine.

The need to focus on animals aris-
es in part because existing ways to
prevent rabies in humans have major
drawbacks. The rabies virus, which can
cause disease in any mammal, is spread
by the bite of an infected animal. It is
lethal once symptoms develop but can

WILLIAM G. WINKLER and KONRAD
BOGEL are veterinarians who have devot-
ed their careers to developing ways to
prevent and treat diseases of animals.
Winkler spent 26 years with the Cen-
ters for Disease Control before retiring
in 1989. Since then, he has served as a
private consultant to national govern-
ments and the World Health Organiza-
tion. Bogel, professor of veterinary mi-
crobiology and epidemiology at the Uni-
versity of Munich, retired in January
1992 as chief of the veterinary public
health unit at WHO, a position he as-
sumed in 1984. He was a virologist at the
Federal Research Institute for Animal
Virus Diseases in Tiibingen, Germany,
before moving to WHO in 1967.
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be blocked by timely administration of
a series of vaccine injections soon after
an attack. The vaccine, which today may
be given in an arm rather than the ab-
domen, is derived from a killed rabies
virus. The inactivated virus prods the
immune system to destroy active virus,
especially when the injections are com-
bined with application of rabies-specif-
ic antibodies to the wound area [see
“Rabies,” by Martin M. Kaplan and Hi-
lary Koprowski; SCIENTIFIC AMERICAN,
January 1980].

Unfortunately, in any year thousands
of people who are probably uninfected
undergo treatment because they do not
know whether the animal that bit them
had rabies. These high numbers are dis-
turbing because therapy is costly and
because vaccination of any kind carries
a risk of side effects. (The expense is a
major reason veterinarians and others
who are very likely to encounter rabid
animals are generally the only people
immunized prophylactically.)

Even more distressing, most people
who die of rabies are lost simply be-
cause they live in impoverished nations.
Those who are attacked by infected an-
imals often lack access to therapy or
cannot pay for it.

Routine immunization of the animal
species most likely to transmit the virus
to humans would be a more efficient,
health-conscious way to save human
lives and, not incidentally, to spare ani-
mals from suffering. To an extent, such
inoculation is already a reality. In many
wealthy nations, including the U.S., pe-
riodic injection of pet dogs with vac-
cine has all but stopped canine trans-
mission to humans. Disease caused by
cats can be limited in the same way.

In developing countries, however,
obtaining veterinary care can be ex-
tremely difficult, which is one rea-
son why dogs continue to account for
at least 90 percent of all human deaths
from rabies. Another problem is that
even where pet rabies is under good
control, wild animals—not being very
amenable to collection and carting to
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the local veterinarian—pose a threat.

For these unattended groups, distri-
bution of vaccine-laced baits for ani-
mals to eat in the field is showing par-
ticular promise. This approach is al-
ready halting the spread of rabies by
foxes in many parts of western Europe
and Canada. More preliminary work
suggests rabies in other species can be
controlled as well.

Indeed, a vaccine-filled bait for rac-
coons is now being tested in the US. If
the results are good, the bait method
might finally check an epidemic of rac-
coon rabies that has been spreading up
the East Coast from Florida since the
1950s. If baiting can be perfected for
distribution to dogs in developing coun-
tries, then the goal of sharply curtailing
human cases worldwide would finally
seem feasible.

his encouraging state of affairs
T stands in marked contrast to the

situation in the 1960s, when re-
search into vaccinating wild animals
started in earnest. By then immuni-
zation had already reduced the inci-
dence of dog rabies in the U.S. But in-
fection by foxes, skunks, raccoons and
bats—the other significant rabies reser-
voirs in this country—was a continuing
concern. Compared with dogs, those
groups have less direct contact with
humans, but collectively they are more
abundant.

To control rabies in free-ranging ani-
mals, health officials in the 1950s had
depended on thinning populations that
harbored the offending virus. They tried
gassing of dens, poisoning, trapping
and shooting, among other tactics. The
workers reasoned that destruction of
enough animals would so reduce a pop-
ulation that any infected individuals
would die without tangling with anoth-
er animal. When diseased creatures dis-
appeared, only healthy ones would re-
main. Yet the strategy halted the spread
of the malady in target groups only
some of the time.

Biologists reviewing some 10 years



of experience with population-reduc-
tion programs for foxes, skunks and
raccoons concluded that to improve
the success rate, enormous numbers
of animals would have to be killed. Be-
cause those species reproduce prolifi-
cally, destruction of more than 60 per-
cent of a population would often be re-
quired to ensure that eradication of
rabies persisted beyond one reproduc-
tive cycle (typically a year). Reaching

RACCOON SUSPECTED OF HAVING RABIES was captured in
Virginia in 1983—several years after a rabies epidemic began
sweeping through raccoons in the mid-Atlantic states. Inves-

that number would be extraordinarily
difficult and expensive. A 1960 review
of the economics of fox control showed
the cost to range up to $26 for every
animal removed.

The cruelty of the practice was prob-
lematic, too. As public interest in wild-
life preservation rose, programs based
on wholesale slaughter fell into disfa-
vor. Consequently, in about 1960 fund-
ing of population-reduction projects,
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which had always been minimal, be-
came almost unobtainable.

ne of the first alternatives tried
in the U.S. was to capture wild
animals, inject them with the
same vaccines used in domesticated
species and return them to nature.
The scheme, tested on a limited basis,
worked beautifully for the treated in-
dividuals, but most animals escaped

tigators are hoping to halt the outbreak eventually by dis-
tributing vaccine-laced baits to healthy raccoons. A candidate
vaccine-and-bait combination is now being tested in the wild.
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trapping. In any event, the technique
was far too expensive to merit further
consideration.

Then, in late 1961, George M. Baer of
the Centers for Disease Control (CDC) in
Atlanta began devising ways to entice
animals to vaccinate themselves in the
field. Today he canrightly be called the
father of the self-vaccination concept,
but initially his idea aroused doubt.

Part of the skepticism stemmed from
the fact that, at the time, the most ef-

fective commercial products for animals
were manufactured from live, albeit
weakened, strains of the rabies virus.
Certain species, particularly rodents,
can acquire rabies from attenuated vi-
ruses. Moreover, some scientists feared
that after distribution, weakened virus-
es, which replicate somewhat in the
body, might regain the ability to mul-
tiply dramatically and thus revert to
virulence.

Those concerns would later be ad-

dressed, but the first challenge was in-
venting a practical vaccination method.
In Baer’s early work, he adapted for vac-
cine delivery a weapon originally de-
signed to poison sheep-killing coyotes.
Called the Coyote Getter, the device
consisted of a pipelike gun that was
buried so that only the top of the bar-
rel and a small trigger remained above
ground. The barrel was covered with
scented wool to attract victims. When
a coyote put its mouth over the wool

COYOTE GETTER

Evolution of Vaccination Methods

SYRINGE

In the early 1960s U.S. investigators substituted a

commercial vaccine for the poison in a weapon de-
signed to kill coy-
otes. When test ani-
mals mouthed the
wool cover, a jet of
vaccine shot into the

. oral cavity. The jet
often damaged the
mouth, which could
have led wild ani-
mals to starve.
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The device, shown atop the ground for clarity, was buried just
beneath the surface, except for the arm, which rested on the
soil. When an animal stepped on the hidden trigger pan, the
arm sprang up and jabbed a vaccine-loaded syringe into a
side. The American designers field-tested the device in the late
1960s, but it proved too hazardous.
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EPIDEMICS OF RABIES (colored areas)
are raging not only in raccoons but
also in foxes and skunks in the U.S.
Together with bats, those animals ac-
count for about 87 percent of reported
cases of animal rabies in the U.S. (Bat
rabies occurs throughout the mainland
but is not spreading rapidly, so it is not
considered epidemic.) Hawaii is rabies
free. Raccoon rabies jumped into the
mid-Atlantic region (leaving the gap vis-
ible in North Carolina) in 1977, proba-
bly when hunters began releasing in Vir-
ginia 3,500 raccoons from Florida.

and tugged, the trigger released, caus-
ing the gun to fire a jet of cyanide into
the mouth.

Baer intended to induce immunity
by replacing the poison with a com-
mercial vaccine for animals. He hoped
viral particles would cross the mucous
membranes of the mouth and induce
an immune response. Regrettably, the
vaccine did not immunize animals ade-
quately by the oral route. Also, the jet
often damaged the mouth, rendering
test subjects unable to eat for some
time, which meant survival in the wild
would have been questionable. (Bats
were not targets of this or later self-
vaccination methods, because most of
them feed on insects in flight and do
not seek food on the ground.)

Back at square one, investigators then
developed several new vaccinating de-
vices, but most of them were too flawed
to warrant extensive evaluation outside

the laboratory. Eventually, though, the
inventors came up with a more practi-
cal contraption, called the Vac-Trap.

The device was modeled in part on
conventional steel traps that grab the
legs after an animal steps on a trigger
pan hidden just under the ground sur-
face. In this case, pressing on the pan
caused a metallic arm to pivot up and
jab a syringe into the target’s side. At
that point, a vaccine under pressure was
injected into muscle.

One of us (Winkler), a veterinarian at
the cDC, tested the Vac-Trap for two
months in the mid-1960s on San Cle-
mente Island, off the California coast. It
immunized 25 percent of the wild fox-
es and 16 percent of the stray cats on
the island; that is, the animals, who pos-
sessed no rabies antibodies before treat-
ment, produced high levels after vacci-
nation. And there was no loss of life or
identifiable damage to the animals or
the environment.

Nevertheless, Vac-Traps could not eco-
nomically vaccinate 60 to 70 percent of
a population, the number required to
eliminate rabies in an area. Further, an
animal had to enter the trap from a
specific angle, or else the syringe might
miss the subject’s side. Most important,
the device was unacceptably hazard-
ous because any creature, including a
human, that depressed the trigger pan
could be jabbed by a large needle and
instantly injected with vaccine. Possible
exposure to the attenuated virus was
somewhat of a worry, but it was the dan-
ger of flying needles that truly sound-

ed the death knell for the Vac-Trap.
The safety problem was underscored
for Winkler and his crew late one
evening after 130 devices had been set
out along the beach. Someone informed
the team that the island, which was
managed by the U.S. Navy and was of-
ten a site of training exercises, would
be invaded that night by an “attacking
force” of marines. The attackers, un-
aware of the study, could be struck by
the Vac-Trap needles as they crawled
up the beach, suffering serious injuries.
When officials on the island were told
of the problem, they instructed the sci-
entists to leave the Vac-Traps in place,
arguing that the hazards would serve
as an additional measure of the in-
vaders’ prowess. The next morning, af-
ter a harrowing and sleepless night, the
researchers were relieved to find that
although a number of foxes had been
vaccinated, no humans had been hurt.
Nevertheless, this demonstration of po-
tential danger convinced even the most
optimistic investigators that a safer ap-
proach would have to be found.

he only reasonable solution was
I to avoid treacherous machinery
by incorporating a vaccine into
bait that animals would want to eat.
Thus began the cDC’s Oral Rabies Vac-
cine Project. Despite the failure of the
Coyote Getter, there was reason to think
oral vaccination could be made to work.
For instance, mice had sometimes be-
come immunized by feeding on the
carcasses of rabid animals.

SAUSAGE BAIT

In the 1970s captive foxes in the U.S. were immu-
nized by eating this bait. As they chewed, their teeth
punctured the straw, causing vaccine to leak into the
mouth. The U.S. halted funding before the approach

could be field-tested.

SAUSAGE

RUBBER VACCINE-
STOPPER FILLED
STRAW

3 VACCINE
* PACKET

CHICKEN HEADS

Swiss researchers turned chicken heads into success-
ful baits in the 1970s by inserting a small packet filled
with vaccine into the back. Chicken heads lost popu-
larity in the late 1980s, in part because baits that were
easier to manufacture in quantity were introduced.

After 1985 machine-made baits of varied compo-
sition came into wide use in Europe and Canada.
The type shown here has been dropped from air-
planes over Canada. The waxy coating around the
vaccine-filled packet incorporates chicken flavor for
appeal and tetracycline as a marker of uptake.

MASS-PRODUCED BAITS

MOLDED
COATING

VACCINE
PACKET
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Yet achieving oral immunization con-
sistently in the field was not going to be
easy. The first problem was the vaccine
itself: the existing commercial inocu-
lants were ineffective when ingested be-
cause they did not readily penetrate the
mucous membranes of the mouth and
pharynx and because stomach acids
tended to degrade them. Such difficul-
ties needed to be solved before serious
work on baiting could commence.

Baer and John G. Debbie, a veterinary
virologist with the New York State De-
partment of Health, tried stowing an at-
tenuated rabies virus in a time-release
capsule, much like those used in long-
acting cold medications. Independently,
John G. Black and his collaborator Ken-
neth F. Lawson of Connaught Laborato-
ries in Toronto explored the same idea.

The investigators intended for the
capsules to protect the vaccine during
passage through the stomach and then
release it into the intestines. To their

disappointment, neither team achieved
adequate antibody production.

Clearly, if oral immunization were
going to have a future, a vaccine would
have to be absorbed through the mem-
branes lining the mouth and throat, be-
fore ever reaching the stomach. Be-
cause the rabies virus can pass through
the membranes only with difficulty,
many viral particles must be present to
ensure that enough of them will make
the journey. Existing vaccines were too
dilute for the task, and so increasing
potency became the next aim.

y the late 1960s Baer, in collabo-
B ration with virologists from gov-

ernment and industry, had met
that goal by growing the virus in cul-
tured cells derived from the kidneys
of baby hamsters. Those cells support
production of greater quantities of ra-
bies virus than do most other growth
systems. He and his co-workers had
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BROAD REGION OF EUROPE has been dotted with vaccine-loaded baits in an effort
to eradicate fox rabies from the continent. Green areas were baited between 1978

and 1990; tan regions were added in 1991. (Baiting is stopped when rabies is eradi-

cated from an area.) The first large-scale field distribution occurred in the Rhone
River valley of Switzerland in 1978 (detail); there, chicken-head baits prevented a
fox epidemic from spreading past the baited territory.
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also improved stability, because the
vaccine might sit outside for days be-
fore being discovered.

The moment had come for Baer and
Winkler to concentrate attention on
baits. The ideal bait would enclose the
vaccine without reacting to it and low-
ering its potency; it also would be easy
to handle and place in the field and
would hold appeal for target species but
be odious to other groups. Like the vac-
cine itself, the bait would be stable, able
to resist degradation by heat or rain.

The collaborators evaluated dozens
of bait-and-vaccine combinations. For
instance, they impregnated all sizes and
shapes of dog biscuits with vaccine and
coated them with waxes and tallows
having different attractant scents.

Only those candidates that best with-
stood extremes of temperature and hu-
midity were fed to laboratory animals.
First, foxes, raccoons and mongoos-
es were encouraged to eat the vaccine-
laced baits. (Mongooses have been vic-
tims of rabies outbreaks on Caribbean
islands.) Then, 14 and 30 days later,
blood was drawn to determine the lev-
els of rabies antibodies. Raccoons and
mongooses invariably failed to develop
antibodies, but foxes, which are more
sensitive to the rabies virus, had a bet-
ter response. For that reason, the proj-
ect ultimately concentrated on foxes.

A visit to a McDonald’s restaurant
by Winkler helped inspire the earliest
success for foxes. Baer had suggested
that a commonly available smoked sau-
sage—the Slim Jim—might make a good
bait. Looking at the plastic drinking
straws at McDonald’s, Winkler began
to imagine encasing the vaccine in a
straw, plugging the ends and fitting the
vessel into a cored sausage.

When Winkler and Baer fed sausage
baits to caged foxes in the laboratory in
1972, all the animals chewed the baits
enthusiastically, swallowing the vaccine
as their teeth punched holes in the
straws. None fell ill, and all became able
to withstand challenge by a lethal dose
of rabies virus. (At about the same time,
researchers in Germany also succeeded
in orally immunizing captive foxes.)

On the strength of their success,
Winkler conducted a field study of un-
armed, or vaccine-free, baits in 1974.
He placed them across Alaska’s tiny
Amak Island, where red foxes and sev-
eral kinds of small rodent are the only
resident mammals. Sure enough, foxes
chewed up the baits almost as quickly
as they were placed. Several biologists
had been concerned that animals would
stockpile baits for later consumption,
yet no obvious storing occurred.

This success made an outdoor trial
of armed baits seem justified, but it



was not to be. By the conclusion of the
Amak Island study, fox rabies in the
U.S. had declined through natural caus-
es. Health officials in the U.S. therefore
halted work on the Oral Rabies Vac-
cine Project.

ust when fox rabies was waning in
the U.S., it was becoming epidemic
in Europe, causing public alarm.
Consequently, in the early 1970s,
one of us (Bogel), a veterinarian with
the World Health Organization’s Veteri-
nary Public Health Unit, gathered Amer-
ican and European scientists (including
Baer and Winkler) to discuss the possi-
bility of orally vaccinating foxes in Eu-
rope. In contrast to the U.S., where sev-
eral species are reservoirs of rabies, fox-
es are the only serious threat in Europe.

As a result of such meetings, Euro-
pean scientists, supported morally and
to some extent financially by the World
Health Organization, perpetuated re-
search into oral rabies vaccination after
the US. government lost interest. Fif-
teen research teams in nine countries
collaborated for many years on study-
ing the composition of baits, vaccine
safety, and the physiology and behav-
ior of foxes. The cDC provided the Eu-
ropeans with virus as seed stock for
producing their own slightly varied
vaccines; however, the teams opted to
develop new baits that would be easier
for them to produce.

Swiss veterinarian Franz Steck and
biologist Alexander I. Wandeler, then
at the University of Bern, were among
the first and most enthusiastic Euro-
pean participants in the project. They
immediately began comparing different
types of baits, ultimately settling on
chicken heads (made available by poul-
try manufacturers) carrying a vaccine-
filled packet under the skin.

As part of the effort to evaluate both
bait acceptance and vaccine safety, the
cooperating teams had established ar-
eas for examining the number and types
of animals that took up baits. Studies
of unarmed chicken heads carrying a
tetracycline dye, which was easily de-
tected in animals who ate the baits, in-
dicated that foxes accepted the lures
readily. Nontarget species stole rela-
tively few of the heads.

At about the same time, laboratories
located in Switzerland, Germany and
France independently studied the abili-
ty of an attenuated version of the ra-
bies virus to cause disease in rodents
and other nontarget species. If such an-
imals were easily infected and trans-
mitted the infection to still other ani-
mals, their susceptibility would render
release of the vaccine quite dangerous.

Even when the vaccine was delivered

GLYCOPROTEIN

RABIES VIRUS includes a helical core (cutaway), where its RNA genome is stored,
and a surrounding lipid envelope that is studded with molecules of a glycoprotein.
The glycoprotein evokes an immune response in host animals. The gene for the
glycoprotein has recently been spliced into a vaccinia virus to form an inoculant
that confers immunity but cannot itself cause rabies. The image is based on infor-
mation supplied by William H. Wunner of the Wistar Institute.

so as to optimize the likelihood of in-
fection, very few animals became dis-
eased. In those that did fall ill, the
amount of virus in the tissues was so
small that transmission of the infection
to other animals became highly unlike-
ly. Indeed, the extensive studies, which
examined secondary transmission di-
rectly, found none. At no point did the
vaccine virus increase in virulence. To-
gether these and other studies strongly
suggested that the attenuated organ-
isms could be safely administered with
minimal risk of causing rabies in non-
target populations.

Despite the wealth of safety data that
was accumulating, many German Sci-
entists, including Gunther Wachendor-
fer of the State Veterinary Institute in
Frankfurt, remained unconvinced. Yet
when Wachendorfer examined the
effects of an alternative viral strain, his
results supported use of the strain eval-
uated in the previous studies.

The mounting data, combined with
Steck’s considerable powers of persua-
sion, eventually convinced the Swiss
government to approve a safety test in
the field. Hence, in the mid-1970s, Steck
and Wandeler conducted the first field
release of a live rabies virus in Europe.
They put out armed baits on a rabies-
free island in the Aare River and moni-
tored the effect on rodents living there.
No epidemic ensued.

Meanwhile analyses of the behavior,
movement, eating habits, population
turnover and immunization require-
ments of European foxes provided crit-
ical data needed for planning vaccina-
tion campaigns. Such information is im-
portant for determining the number of
baits to spread over an area and the
part of the fox life cycle during which
delivery would be optimal.
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As the late 1970s drew to a close,
then, European health officials and re-
searchers were in a good position to
test oral live-virus vaccines across large
land areas. They found their opportu-
nity in 1978, when an outbreak of ra-
bies in foxes was spreading along the
eastern shore of the Lake of Geneva
in Switzerland and was threatening to
move south into the Rhone River val-
ley. The epidemic seemed destined to
extend deep into the valley and to even-
tually turn east with the river.

about creating a cordon sanitaire,

or barrier, to halt the spread before
the epidemic turned eastward. Barri-
ers against other animal disorders have
been created in the past by removing
susceptible individuals from an area at
the front of an advancing epidemic. In
this case, the barrier was to be formed
by immunizing foxes with armed chick-
en-head baits distributed across a broad
band of the Rhone River valley (perpen-
dicular to the river) and high enough
up the sides of the bordering moun-
tains to ensure that infected foxes
would not climb into the hills and cir-
cumvent the barrier.

The Swiss team placed 4,050 baits
by hand, covering a 335-square-kilome-
ter area at the riverbend, in the can-
ton of Valais. Then they waited. The ra-
bies outbreak continued up the valley
as threatened but, to the workers’ joy,
stopped within the barrier region.

The success of that trial was later
replicated in other Swiss valleys. Natu-
rally, with each success the Swiss gov-
ernment’s interest increased, and fund-
ing soon became available to conduct
programs in areas throughout the coun-
try. (Sadly, Steck died during this peri-

In October, Steck and Wandeler set
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od, in 1982, when the helicopter from
which he was spreading baits crashed
into a mountain.)

In 1983 the Federal Republic of Ger-
many, which had strongly supported
research on live-virus vaccines but had
been unwilling to consider using them
in nature, became the second com-
mitted participant in field trials.
The Germans reversed their stance
after techniques were invented to
indicate whether a rabid animal had
acquired the disease from a vaccine
virus or from a wild strain; they were
reassured by knowing they could
promptly detect when a vaccine had
become virulent.

In fact, it was a German veteri-
narian who developed sophisticated
manufacturing equipment for mass-
producing vaccine-filled baits: Lothar
G. Schneider of the WHO Collabo-
rating Center for Rabies Surveillance
and Research in Tiibingen. Schnei-
der’s method can turn out more than
two million cube-shaped baits a year,
many more than the few hundred
thousand chicken-head baits pro-
duced by the Swiss cottage-indus-
try approach. The cubes made by his
method package the liquid vaccine
in a container that is enveloped by
fish meal or other flavoring and a
protective fat or other waxy materi-
al. Typically, the baits also include
tetracycline as a marker of uptake
by wild animals.

By 1989 five types of live-virus
vaccines were immunizing foxes in
Europe. All were closely related to the
vaccine originally studied in the U.S.
but never field-tested there. Twelve
countries on the continent were con-
trolling fox rabies with oral vaccination,
coordinating their campaigns through
the WHO Collaborating Center. And Ca-
nadian teams had begun to examine the
value of distributing mass-produced
baits over large areas by airplane.

Today Switzerland is essentially ra-
bies free, except for occasional incur-
sions along borders with neighboring
countries, and rabies is declining rapid-
ly in other nations where oral vaccina-
tion is intensively applied. Fox rabies
may well disappear from Europe in the
next few years. For the first time in his-
tory, a disease of free-ranging animals
is being eradicated without severely de-
pleting populations.

Ithough the work on foxes has
demonstrated the feasibility of
orally immunizing wildlife
against rabies—and presumably against
other disorders—alternative vaccines
are needed to control rabies in rac-
coons, skunks and dogs. The early find-
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ing that orally delivered live-virus prep-
arations generally are effective only in
foxes continues to hold true.

One candidate vaccine has been
shown in the laboratory to be safe and
effective in several species. It is a genet-
ically engineered product that should

in the U.S., where raccoons are the tar-
get. Charles E. Rupprecht and his col-
leagues at Wistar placed armed baits
tailored to raccoon tastes on an is-
land off Virginia. The team found that
vaccinated raccoons developed rabies
antibodies and that nontarget species,
which were monitored for a year,
were unharmed. The investigators
are now completing a similar test on
the mainland, in Pennsylvania.

As field trials continue, so does
research into other vaccines and
baits and into the best combina-
tions for different species. For in-
stance, substitutes for the vaccinia
virus may have advantages for im-
munizing skunks and dogs. In the
next several years, oral vaccination
could well halt the raccoon rabies
epidemic in America and be extend-
ed to other species—that is, if re-
search funding, which is already a
low priority in the U.S., can be main-
tained. One day oral recombinant
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POSTER urges Mexicans to immunize their
dogs. Unvaccinated dogs cause most human
rabies, particularly in the developing nations.
Distribution of vaccine-filled baits for dogs
may one day bring canine rabies under con-
trol globally. Alan M. Beck of Purdue Univer-
sity photographed the poster in 1975.
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be safer than earlier vaccines because
it includes only a piece of the rabies
virus, not the whole organism. Hence,
it cannot cause rabies.

Researchers at the Wistar Institute in
Philadelphia and at Transgéne S.A. in
France developed the vaccine in 1984
by inserting a single gene from the ra-
bies virus into a weakened version of
vaccinia, which is already a rather in-
nocuous virus. The chosen gene carries
instructions for synthesizing a glyco-
protein (a molecule including both pro-
tein and sugar) that normally projects
from the coat of the rabies virus. When
vaccinia multiplies in a host’s cells, the
cells produce the glycoprotein, which
in turns elicits production of antibod-
ies against the rabies virus. That re-
combinant is now used extensively for
foxes in several countries, including
Belgium and France, and seems to be
as effective outdoors as the attenuated
rabies virus vaccine.

vaccines might also become avail-
able for humans.

Oral vaccination programs against
other diseases of wild animals could
be instituted as well. Indeed, re-
search in Germany suggests foxes
might be protected against tape-
worm by a vaccine incorporated in
a bait.

But from the standpoint of hu-
man health, the most exciting pros-
pect is the likelihood that a rabies
vaccine will soon be available for
distribution to dogs that now go un-
vaccinated. When those animals in
developing nations are protected,
the number of people throughout
the world who die miserable deaths
from rabies will at long last be dramati-
cally reduced.

Field trials are also being carried out
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Accounting
for Environmental Assets

A country can cut down its forests, erode its soils, pollute its aquifers and
hunt its wildlife and fisheries to extinction, but its measured income is not
affected as these assets disappear. Impoverishment is taken for progress

atural scientists frequently seem

baffled and dismayed when

economists display little appre-
ciation of the gravity of environmental
degradation. One reason for this seem-
ing indifference is that economists’ ac-
counting framework, and the models
built on it, assigns no economic value
to changes in natural resource stocks.
This basic measuring instrument must
be recalibrated if policymakers are to
recognize and be held accountable for
the wholesale disruption of natural sys-
tems now under way.

The 50-year-old framework, standard-
ized in the United Nations System of
National Accounts (SNA), completely ig-
nores the crucial environmental chang-
es of our times: the marked degrada-
tion of natural resources in much of
the developing world and the growing
pressures on global life-support sys-
tems such as climate and biological di-
versity. These changes may shape the
future development of the world econo-
my. But by failing to recognize the asset
value of natural resources, the account-
ing framework that underlies the princi-
pal tools of economic analysis misrep-
resents the policy choices nations face.

Fortunately, at a time when more

ROBERT REPETTO directs research on
the interplay of economics and the envi-
ronment at the World Resources Insti-
tute in Washington, D.C. Before coming

| to the institute in 1983, he was associ-
ate professor of economics in the School
of Public Health at Harvard University
and a member of the faculty of the uni-
versity’s Center for Population Studies.
He received a doctorate in economics
from Harvard and a master’s degree in
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by Robert Repetto

and more countries are adopting the
policies and institutions of the market
economy, this methodological model is
under revision, for the first time in 20
years. The situation presents an oppor-
tunity, not to be missed, to correct a
fundamental flaw.

‘ ‘ I hatever their shortcomings and
however little their construc-
tion is understood by the gen-

eral public, the national income ac-

counts are undoubtedly one of the most
significant social inventions of the 20th
century. It is no coincidence that since
these measures have become available
governments in all major countries have
taken responsibility for the growth and
stability of their economies, and enor-
mous investments of talent and ener-
gy have been made to understand how
economies can be better managed. Their
political and economic impact can
scarcely be overestimated. In the U.S.,
should quarterly gross domestic prod-
uct (GDP, the sum of all goods and
services produced in the country) be
even marginally lower than in the pre-
ceding three months, a recession is de-
clared, the administration’s competence
is impugned and public debate ensues.

Throughout the world the rate of GDP

growth is the primary measure of eco-

nomic progress.

The current system of national ac-
counts reflects the Keynesian macro-
economic model that was dominant
when the system was developed. The
great aggregates of Keynesian analy-
sis—consumption, savings and invest-
ment—are carefully defined and mea-
sured. But Keynes and his contempo-
raries were preoccupied with the Great
Depression and the business cycle. Be-
cause commodity prices were at an all-
time low, natural resource scarcity was
the least of their worries. Unfortunate-
ly, as Keynesian analysis for the most
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part ignored the productive role of nat-
ural resources, so does the current sys-
tem of national accounts.

In fact, scarcity of natural resour-
ces was of little concern to 19th-centu-
ry neoclassical economics, from which
most contemporary economic theories
are derived. In 19th-century Europe,
food grains and raw materials were
flooding in from America, Australia,
Russia and the colonies, while steam-
ships and railroads were lowering trans-
port costs. Forgotten were the dismal
predictions of Ricardo, Malthus, Marx
and other earlier classical economists
that industrial economies would stag-
nate or collapse because of rising land
rents and subsistence wages. What mat-
tered to England and other industrializ-
ing nations was the pace of investment
and technological change.

The classical economists had regard-
ed income as the return on three kinds
of assets: natural resources, human re-
sources and invested capital. Neoclassi-
cal economists virtually dropped natu-
ral resources from their model and con-
centrated on labor and invested capital.
When these theories were applied after
World War II to problems of economic
development in the Third World, hu-
man resources were also left out on the
grounds that labor was always ‘“sur-
plus,” and development was seen al-
most entirely as a matter of savings
and investment in physical capital.

As a result, there is a dangerous
asymmetry in the way economists mea-
sure, and hence the way they think
about, the value of natural resources.

TERRACED ORCHARD in Costa Rica still
shows the stumps of forest trees that
were cut down to clear the land. Agri-
cultural use of steeply sloping hillsides
is often unsustainable because the soil
quickly erodes.
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DEFORESTATION has destroyed more than a quarter of Costa
Rica’s remaining forest since 1970. The loss of this asset has

Buildings, equipment and other manu-
factured assets are valued as income-
producing capital, and their deprecia-
tion is written off as a charge against
the value of production. This practice
recognizes that consumption cannot be
maintained indefinitely simply by draw-
ing down the stock of capital without
replenishing it. Natural resource assets,
however, are not so valued. Their loss,
even though it may lead to a significant
decrease in future production, entails
no charge against current income.

Although the model balance sheet in
the U.N. SNA (which few countries ac-
tually compile) recognizes land, miner-
als and timber as economic assets to
be included in a nation’s capital stock,
the SNA income and product accounts
do not. This approach is fundamental-
ly inconsistent. Logically, if a country’s
balance sheets at two different times
indicate that an asset—say, a forest—
has been depleted, then the income
and product accounts for the interven-
ing years should show a charge for the
depreciation. This follows from perhaps
the most fundamental identity of ac-
counting: the difference in stocks be-
tween two temporal points equals the
net flow in the intervening period. For
example, the difference between a per-
son’s net worth at the start and end of
a year equals his or her net savings (or
dissavings) during the year.

The U.N. System of National Ac-
counts violates this basic identity with
respect to natural resource assets. Iron-
ically, low-income countries, which are
typically most dependent on natural
resources for employment, revenues
and foreign-exchange earnings, are in-
structed to use a national accounting
system that almost completely ignores
their principal assets.

Behind this anomaly is the mistaken
assumption that natural resources are
so abundant that they have no margi-
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nal value. In fact, whether they enter
the marketplace directly or not, natu-
ral resources make important contribu-
tions to long-term economic productiv-
ity. Another misunderstanding is that
natural resources are “free gifts of na-
ture,” so that there are no investment
costs to be written off per se. The value
of an asset, however, is not its invest-
ment cost but the present value of its
income potential. Common formulas
for calculating depreciation by writing
off investment costs are just convenient
rules of thumb. The true measure of
depreciation is the capitalized present
value of the reduction in future income
from an asset because of its decay
or obsolescence. In the same way that
a machine depreciates as it wears out,
soils depreciate as their fertility is di-
minished, since they can produce the
same crop yield only at higher cost.

Codified in the U.N. SNA, the bias
against natural resource assets gives
false signals to policymakers. It rein-
forces the illusion that a dichotomy ex-
ists between the economy and the envi-
ronment and so leads policymakers to
ignore or destroy the latter in the name
of economic growth. It confuses the de-
pletion of valuable assets with the gen-
eration of income. The result can be il-
lusory gains in income and permanent
losses in wealth.

There is nothing wrong with drawing
on natural resources to finance econom-
ic growth, especially in resource-depen-
dent countries. The revenues derived
from resource extraction can finance
productive investments in industrial ca-
pacity, infrastructure and education. A
reasonable accounting representation
of the process, however, should recog-
nize that one kind of asset has been ex-
changed for another. Should a farmer
cut and sell the timber in his woods to
raise money for a new barn, his private
accounts would reflect the acquisition
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damaged the nation’s earning potential, especially as the val-
ue of some tree species has quadrupled in recent decades.

of a new income-producing asset, the
barn, and the loss of an old one, the
woodlot. He thinks himself better off
because the barn is worth more to him
than the timber. In the national ac-
counts, however, income and invest-
ment rise as the barn is built, and in-
come also rises as the wood is cut.
Nowhere is the loss of a valuable as-
set reflected. Even worse, if the farmer
used the proceeds from his timber sale
to finance a winter vacation, he would
be poorer on his return and unable to
afford the barn. But national income
would still register a gain.

The true definition of income encom-
passes the notion of sustainability. It is
similar to the definition of sustainable
development given by the World Com-
mission on Environment and Devel-
opment (the Brundtland Commission):
that which meets the needs of the
present generation without sacrificing
the welfare of the future. This income
concept encompasses not only current
earnings but also changes in asset posi-
tions: capital gains are equivalent to an
increase in income, and capital losses
are a reduction in income.

he experience of Costa Rica shows
I how failure to account for natural
resource assets can lead to eco-
nomic disaster. To many naturalists, the
country is renowned as the Western
Hemisphere’s conservation leader. It has
set aside a fifth of its land for national
parks and is the site of pioneering pro-
grams in nature tourism and restoration
ecology. Yet during the past 20 years,
Costa Rica has suffered devastating de-
terioration of its natural resources.
One of the hemisphere’s highest rates
of deforestation has led to the loss
of 30 percent of the country’s forests.
Furthermore, most of the forest was
simply burned to clear land for rela-
tively unproductive pastures and hill



farms, sacrificing both valuable tropi-
cal timber and myriad plant, animal
and insect species. Because most of the
area converted from forest was unsuit-
able for agriculture, its soil eroded in
torrents. Losses averaged more than
300 tons per hectare from land used to
grow annual crops and nearly 50 tons
per hectare from pastures. Between
1970 and 1989 an estimated 2.2 billion
tons of soil washed away, enough to
bury the capital city of San Jose to a
depth of 12 meters. Meanwhile water
pollution and overexploitation devas-
tated coral reefs and coastal fisheries.

Because forests, fisheries, farming
and mining directly account for 17 per-
cent of Costa Rica’s national income, 25
percent of its employment and 55 per-
cent of export earnings, this destruction
caused severe economic losses. The year
1989 saw the destruction of 3.2 mil-
lion cubic meters of commercial tim-
ber worth more than $400 million. This
amount, $69 for each person in Costa
Rica, exceeded payments on the foreign
debt by 36 percent. Erosion from farm-
land and pastures washed away nutri-
ents worth 17 percent of the value of
the annual crops and 14 percent of the
value of livestock products. The deterio-
ration of stocks in the main fishing
ground was so severe that fishermen’s
earnings fell beneath the level of welfare
payments to the destitute. Yet nothing
in Costa Rica’s national economic ac-
counts records these asset losses.

When Costa Rica ran into economic
difficulties in the early 1980s, econo-
mists diagnosed the problem as a debt
crisis. Foreign liabilities had increased,
and servicing that debt became ever
more burdensome. The International
Monetary Fund rushed south with pro-
grams to stabilize the monetary base.
No one spoke of stabilizing the natural
resource base, even though the loss in
domestic assets—forests, soils and fish-
eries—had been much greater than the
increase in external liabilities and had
deprived the country of export income
from which debt-servicing payments
could have been made. The difference
is that the buildup in foreign liabilities
had been recorded and scrutinized; the
depreciation in natural resource assets
had been obscured and ignored.

o derive an accurate picture of

I what had happened, the Tropical
Sciences Center in Costa Rica and

the World Resources Institute collabo-
rated to compile natural resource ac-
counts for the country’s soils, forests
and fisheries for the period from 1970
to 1989. Estimates of changes in for-
est cover, mangrove area and other land
uses were based on periodic surveys us-

ing remote sensing and satellite imag-
ing. Data on forest type, volume, growth
and composition were derived from de-
tailed field studies, and estimates of soil
erosion were generated using maps of
topography, rainfall, soil types and land
uses. The fishery accounts were based
on sampling studies of fish populations.
The most visible loss of natural re-
source assets in Costa Rica has been the
destruction of its forests. Researchers
constructed forestry accounts based on
detailed maps of bioclimate, soil type,
geology and topography, which were
overlaid with land-use maps spanning
the period under study. They estimat-
ed the proportions of various tree spe-
cies in each forested area, along with
age distributions, timber volumes and
growth rates. The results are consider-
ably more detailed and accurate than
conventional forest inventories carried
out for purposes of commercial logging.
The analysts then examined changes
in land use to estimate the extent of
deforestation. Between 1966 (the year
closest to 1970 for which land-use data
are available) and 1989, 847,000 hec-
tares (2.1 million acres), or 28 percent
of Costa Rica’s forests, were lost. The
largest losses were suffered in upland
and tropical wet forests and tropical
moist forests, precisely those sheltering
the highest biological diversity. Two
thirds of the deforestation affected eco-
logical zones in which forest uses rep-
resented the most intensive sustain-
able use of the land. Despite the dom-
inant role of the livestock industry in
deforestation, only 14 percent of the
area cleared was suitable for pasture.
The complete physical accounts re-

lated changes in standing volumes to
annual harvesting and deforestation, as
well as to growth and regeneration on
remaining forest areas. The value ac-
counts were derived from estimates of
stumpage value (the market value of
standing trees), which varied by spe-
cies, maturity and distance from saw-
mills. Over time, the fraction of the for-
est stock that could be marketed in-
creased substantially. Stumpage values
in constant prices have risen between
fourfold and 10-fold since 1970, de-
pending on the timber variety, demon-
strating how shortsighted the wanton
destruction of forests has been.
Indeed, despite a declining rate of de-
forestation in recent years, asset depre-
ciation has increased dramatically be-
cause the hardwoods being destroyed
have become more valuable. The fores-
try sector generated substantially neg-
ative levels of net national income
throughout the 1980s: the value of for-
est capital destroyed greatly outweighed
the value of forest products generated.

D ] uch of Costa Rica’s terrain is
steeply sloping and subject to
heavy rainfall; the loss of for-

est cover leads to rapid erosion. Esti-

mates of soil erosion rates were based
on much the same empirical base as
the forestry accounts: detailed map-
pings of topography, geology and soil
type, rainfall and land use. From these
figures, analysts subtracted estimates
of the erosion rates that would occur
under the highest sustainable land use
for each land unit. Total erosion av-
eraged 92 tons per hectare across all
land uses, and nonsustainable erosion
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averaged nearly 300 tons per hectare
on land under annual crops. Because of
the decline in the area under forest
cover, total erosion increased from 122
million tons per year to 189 million
tons between 1970 and 1984.

The resulting monetary loss compris-
es both declines in farm productivity
and off-site damage caused by the run-
off of such enormous quantities of soil.
Only partial estimates—based on sedi-
mentation effects on hydroelectric sys-
tems—could be made of off-site dam-
age. The overall estimate of the cost of
soil erosion to agricultural productivi-
ty was based on the cost of replacing
principal plant nutrients lost from the
vanished topsoil. This approach is only
a first approximation, since erosion also
harms soil structure and biological ac-
tivity and removes micronutrients.

The resulting accounts show losses
increasing roughly in proportion to the
acreage under agricultural uses. Annu-
al cropping, especially on sloping land
subject to heavy rainfall, contributes
the largest amount to estimated depre-
ciation, but pastures, because of their
predominance among land uses, also
contribute about a third of the total.
Soil depreciation charges an average 13
percent of the value added for live-
stock production, 17 percent for annu-
al crops, and between 8 and 9 percent
for all agricultural production.

During the same period that forest
and soil assets suffered serious dam-
age, the value of the nation’s princi-

pal fishery has essentially been wiped
out. The Costa Rican fishing industry is
mostly artisanal; it is unregulated and
also subsidized through diesel fuel pric-
es and tax benefits. The influx of small
boats accelerated sharply in the 1980s
as alternative employment opportuni-
ties in rural and urban areas stagnated.
Meanwhile evidence of overexploitation
has multiplied: fewer fish of highly val-
ued species are caught, and the ratio
of catch to fishing effort has declined
steadily. Because fish stocks cannot be
measured directly, changes in the value
of the principal fishery in the Gulf of
Nicoya were estimated by constructing
a bioeconomic model relating sustain-
able yield to fishing effort. Researchers
created an index of fishing activity by
boats of differing power classes and ca-
pacities, reflecting the relative daily har-
vests by each type of boat.

In this framework the value of the
fishery can be estimated as the capital-
ized value of the annual sustainable
profit that it can generate. As fishing
effort increased throughout the 1980s,
profits declined. By 1988 fishermen
were scarcely recovering their direct
costs, even assuming that their time
was worth no more than the subsis-
tence allowance provided to the unem-
ployed, only a fraction of the agricul-
tural wage. In other words, the asset
value of the fishery was zero.

These three sets of accounts dem-
onstrate that Costa Rica has been using
up its natural capital at a rapid rate.

14,000
INDONESIA
12,000 |-
10,000 -
%)
5
5 N\NET
= 8,000 - DOMESTIC
= PRODUCT
I
<
o
S 6,000 -
o
(2]
5 \eRoss
= DOMESTIC
4,000 - PRODUCT
2,000 -
0 | 1 | | | | | 1 | l I | |
1970 1975 1980 1985

ECONOMIC GROWTH is overstated by measures that ignore the value of natu-
ral resource assets. Adjusting for depreciation of those assets (green line) presents
a different picture in Indonesia and other nations.

98 SCIENTIFIC AMERICAN June 1992

© 1992 SCIENTIFIC AMERICAN, INC

From 1970 to 1989, the accumulated
depreciation in the value of its forests,
soils and fisheries exceeded $4.1 bil-
lion in 1984 prices—more than the av-
erage value of one year’s GDP. Relative
to the size of the economy, the annual
loss is huge. It is as if in the U.S. the en-
tire defense budget disappeared every
year without a trace.

Yet this is only part of the loss that
actually occurred. For forests, the num-
bers include only the loss of immediate
and future timber value. Costa Rican
forests provide other important servic-
es—as wildlife habitat, tourist attrac-
tion, ecosystem regulator and supplier
of nontimber commodities—but their
value has yet to be estimated. For soils,
depreciation counted only the loss of
principal nutrients for plant growth
because of erosion. Other deleterious
changes caused by erosion, such as the
loss of micronutrients, microbiologi-
cal activity and desirable soil structure,
which also reduce soil fertility, were not
captured. And for fisheries, only the val-
ue of the principal species in one impor-
tant fishing area lost through overfish-
ing enters the accounts.

Even the conservative methods used
here show that the performance and
prospects of the Costa Rican economy
have been substantially overstated. The
rate of net capital formation, a critical
variable in economic growth, was much
less than estimated. Natural resource
depreciation rose from 26 percent of
gross capital formation in 1970 to 37
percent in 1989. The conventional ac-
counting framework overstated actual
net capital formation (which subtracts
depreciation of man-made and natural
capital from gross capital formation) by
more than 70 percent in 1989. An ac-
counting system so misleading about an
economic process as important as capi-
tal formation can be of no use for eco-
nomic analysis, planning or evaluation.

The experience of other developing
countries for which natural resource
accounts have been compiled parallels
that of Costa Rica. In the Philippines, for
example, annual losses resulting from
deforestation averaged 3.3 percent of
GDP between 1970 and 1987. In 1988
dryland farming losses attributable to
erosion totaled roughly 2.5 percent
of GDP. More important, the lost top-
soil degraded the nation’s watersheds,
reducing the output of hydroelectric
projects and interrupting the irrigation
of lowland rice paddies. These identifi-
able effects totaled nearly 5 percent of
GDP. Once washed out to sea, topsoil
damaged the coral reefs that support
the small-scale fisheries. This pollution,
together with overfishing, wiped out
all profits by 1984. Although the na-
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tion’s accounts showed a mounting ex-
ternal debt, they gave no sign of the de-
struction in productive capacity that
made paying back that debt more and
more unlikely.

Indonesia’s natural resource accounts
show that between 1977 and 1984 the
depletion of natural resources totaled
19 percent of GDP. The 4 percent annu-
al depreciation of soil fertility, for ex-
ample, is roughly the same as the an-
nual increase in farm production, sug-
gesting that current increases in the
yield of the nation’s upland farms are
being achieved almost entirely at the
cost of future production. Once again,
conventional accounting methods show
no sign of this impending danger.

growing number of resource-de-
pendent countries are coming to
realize the inadequacy of the
current system of national accounts.
Analysts have begun compiling natural
resource accounts along the same lines
as Costa Rica’s in Mexico, El Salvador,
Bolivia, Brazil, Chile, the Philippines,
Indonesia, China, Malaysia, India and
possibly other developing countries. In
some countries the official statistical or
environmental agencies are closely in-
volved in these efforts. Economists are
also constructing such accounts in Nor-
way, Canada, Australia, France, Germa-
ny, the Netherlands and the U.S.

The importance of providing an ac-
counting system that accurately and
effectively integrates economic and en-
vironmental values has been repeated-
ly emphasized by world leaders. In ad-
dition, the U.S. Congress has instructed
U.S. representatives to the United Na-
tions and the multilateral development
banks to urge that such changes be
made in the standard system of na-
tional accounts and instructed the U.S.
Agency for International Development
to support the efforts of countries to
compile natural resource accounts.

At the focal point of these efforts are
the U.N. Statistical Commission and
the U.N. Statistical Office, which are in
the process of revising the standard
U.N. System of National Accounts. In
addition, formerly socialist countries
and others, including the U.S., are now
reconciling their national accounting
systems with the SNA.

At present, however, the U.N. statisti-
cal authorities are adopting an equivo-
cal stance toward the problem of natu-
ral resource accounting. They have re-
fused to correct the basic inconsistency
in the SNA’s treatment of natural re-
sources. Instead they are merely devel-
oping guidelines that countries may use
to compile natural resource accounts as
an adjunct to the official definitions.
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NATURAL RESOURCE ASSETS are capable of generating considerable income if
properly managed. Their loss (as seen in the now destroyed section of the Brazil-
ian rain forest above) must be recognized on national balance sheets.

This straddle is unlikely to be help-
ful. Such adjunct accounts, even if com-
piled, will not command the attention
of the public and policymakers as do
the well-known measures of GDP, na-
tional income and investment. These,
with all their distortions and incon-
sistencies, will continue to be the main
yardsticks by which economic perfor-
mance is evaluated and analyzed. More-
over, since statistical offices around the
world are chronically underfunded, they
are not likely to take on the task of
constructing natural resource accounts
on a regular basis until they are made
part of the core system.

The U.N. statistical authorities should
not lose the opportunity now at hand
to make changes that are already long
overdue. Indeed, the U.N. Conference on
Environment and Development (UNCED)
which will take place in Rio de Janeiro
this month, would be the ideal occasion
for announcing a definite timetable for
change. The work done in CostaRicaand
other nations has shown that realistic
accounts covering a country’s principal
resources can be constructed at modest
cost, using only data already available.
These countries have also demonstrated
that such accounts drastically alter the
evaluation of economic performance in
resource-dependent countries, provid-
ing a direly needed early warning of
ecological as well as economic losses.
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Three years would seem to be ample
time to complete the change. It is hard to
believe that countries that have labored
under Marxist-Leninist economic systems
for 50 years or more can convert their
economies to capitalism in less time than
the U.N. can change the definition of
capital depreciation. The UNCED confer-
ence faces a serious challenge in achiev-
ing tangible results that will benefit the
global environment. The correction of
the system of national accounts is one
that is within reach and that in the long
run will have enormous significance.
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TRENDS IN INDUSTRIAL RESEARCH

REDESIGNING RESEARCH

by Elizabeth Corcoran, staff writer
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R&D THEN AND NOW. (a) IBM team
that developed recent graphics su-
percomputer; Watson research cen-
ter in 1960 under construction;
1933 IBM tabulator; Thomas J. Wat-
son, Sr. (b) Bellcore researcher an-
alyzing materials; wiring and back
of television, Bell Labs 1927; 1884
experimental workshop; 1922 trans-
mitter laboratory. (c) Xerox PARC
and business division share site;
1964 copier production; 1957 dis-
play of products; 1904 first offices.

about their scientific prowess. A flip through the June 1952

issue of Scientific American turns up dozens of advertise-
ments parading the triumphs of industrial research. The Ra-
dio Corporation of America reported that its “years of research
and engineering” were opening the doors for television ser-
vice throughout the U.S. Westinghouse extolled the work of
one researcher who had churned out 225 patentable ideas. Bell
Telephone Laboratories bragged that its “tiny amplifying de-
vice” (the transistor) was about to find its way into telephony.

These days the refrain is muted. Even prominent laborato-
ries have been sold or shuttered; RCA’s research center, where
liquid-crystal displays were invented, was simply given away.
Where research efforts persist, funding has dried up. Accord-
ing to data compiled by the National Science Foundation, an-
nual real growth in industrial R&D spending, which had aver-
aged almost 7 percent between 1975 and 1985, slid to 1.5 per-
cent between 1985 and 1990.

Although product development and engineering depart-
ments have suffered from the R&D cutbacks, in many compa-
nies central research has been the most visible target. Projects
aimed at developing future technologies—once the crown jew-
el of corporate R&D—have been whittled down. Many of those
that survive are under enormous pressure to justify their keep
by producing commercially valuable results.

Managers point to several reasons for the cutbacks. In many
ways, the large research laboratories seem to have become
disengaged from the business of the company. From the win-
dows of the corporate finance office, the research center has
looked more like a resort for misplaced academics than a busi-
ness division. Scientists often seem motivated by obscure, in-
tensely personal goals rather than by company goals. Produc-
tion and marketing staffs have had more than their fill of as-
similating inventions “thrown over the wall” by research.

Even worse, R&D has not always galvanized corporate
growth. Fewer than half the companies that have spawned
an important invention in the past few decades have made
much money from it, notes Charles H. Ferguson, an industry
analyst at the Massachusetts Institute of Technology. The
problems are greatest at America’s largest companies.

Why? At a few U.S. corporations, leaders have come to the
realization that the problem lies not with “research” but with
how research, or more precisely, innovation, is managed. If
an invention is too far outside the company’s agenda to ex-
ploit, both research and management must ask themselves
why research wandered so far afield. When relevant inven-
tions are not translated into commercial innovations, man-
agement must bear much of the blame.

Some of the difficulties are not industry’s fault. Sometimes
the existing infrastructure has not been ready to support
a promising idea. Economic conditions have also changed.

I n the industrial heyday of the 1950s, companies boasted
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International Spending on Research and Development
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Whereas success once meant stoking
the consumer’s appetite, now a bevy of
producers compete to churn out more
goods than consumers either want or
can afford. Tax policies, demands for
quick financial returns and takeover
threats have discouraged long-term
strategies based on investing in research.

To break fresh ground, innovators
must gauge the current and future
needs of consumers. Producers must
work more intimately with their cus-
tomers, helping them use the technol-
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ogy to shape their own businesses. In
this way, “the role of R&D is more im-
portant than ever before in making a
viable business,” asserts Jack D. Kueh-
ler, president of IBM.

These demands portend cultural
changes—sometimes wrenching ones—
for corporate research. As firms tight-
en their ties to the customer, research
must do more than invent technology,
asserts John Seely Brown, chief scien-
tist for Xerox. “Less and less of the val-
ue-added chain turns on technology,”
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he says. “We are an endangered species
if we just focus on technology.”

Brown and others believe research
must become involved in every facet
of the corporation, from evolving the
enterprise’s strategy to improving in-
ternal work practices, including tuning
manufacturing and spurring collabora-
tion with co-workers and customers. Re-
search must also intuitively understand
the business of the company. When a
research insight suits a company’s cus-
tomers and fits its agenda, the company
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must then be able to accelerate its inter-
nal “clock speed,” the time it takes to
transform that idea into a product that
can be refined in the marketplace. And
throughout the process, managers must
nurture research’s key strength: the abili-
ty to step back and ask critical questions
that can shape the company’s future.

This is hardly the first time compa-
nies have tried to redesign research pro-
grams. There have been notable suc-
cesses, notes Margaret B. W. Graham,
formerly at Boston University’s School
of Management and now a manager
with Xerox. But where managers failed
to leaven the relationship between re-
search and customers with longer-term
thinking, she says, research became
routine and, ultimately, inconsequential.

A handful of companies are now
boldly grappling with how to formulate
research into a more potent catalyst
for growth while preserving its vitality.
Among them are Bellcore (the research
arm for the regional Bell operating com-
panies), IBM and Xerox. The programs
are very different, even in size: IBM an-
nually spends about $500 million on
research alone, Bellcore about $150
million (for “applied research”) and Xe-
rox about $120 million.

All draw from rich pools of scientific
talent. As these companies try to change
the chemistry of these resources, they
face tough challenges that reflect their
own histories. Because Bellcore serves
a family of seven owners, it must work
harder than most organizations to un-
derstand how research can support cus-
tomers’ needs and lay the groundwork
for the future. As one of the world’s
largest corporations, IBM must unwrap
the swaddling of bureacracy that has
constricted research from swiftly reach-
ing the market. And Xerox, which paid
little heed to the promises offered by
past research inventions, must recog-
nize and harness ideas that can trans-
form the company.

Mark B. Myers, senior vice president
for corporate research and technology
at Xerox, sums up the problems facing
all three. “We see extraordinary things
in research,” he says. But if a company
cannot design, manufacture and ser-
vice the idea-turned-product, as well as
relate it to customers’ needs, “it may
be a very interesting and exciting scien-
tific artifact—but nothing more.”

Eventually the progress of these com-
panies will be measured in the stark
numerology of corporate life: profits,
dividends and growth in asset value.
What follows are portraits of how Bell-
core, IBM and Xerox are trying to bal-
ance the tensions between aligning re-
search with the corporation without
crushing the spirit of inquiry.

Bellcore: Seeking the Customer

hen Robert E. Nahory quit Bell

Labs on December 31, 1983, to

help establish Bellcore, or Bell
Communications Research, he thought
he had a good idea of who the cus-
tomers were. Bellcore would serve the
technological goals of the seven region-
al Bell operating companies, after AT&T
divested them. And Nahory thought he
knew what they needed. He had pio-
neered such specialty optoelectronics
elements as semiconductor lasers; the
devices seemed likely to become key to
establishing high-speed optical commu-
nications networks. At a newer organi-
zation, Nahory says, “we all thought our
work could make a difference.”

But by the early 1990s the operating
companies and Bellcore seemed head-
ed in different directions. Bellcore was
indeed winning acclaim for its research
in solid state physics and apparently
meeting needs by laying the foundation

for future generations of hardware. “We
tried to establish a patent portfolio that
we could keep for ourselves and our
owners,” says Vassillis G. Keramidas, an
executive director in applied research.
Yet the impressive results met with
lukewarm enthusiasm from the local
telephone companies.

One reason for the response was
that existing communications hardware
had already leaped several generations
ahead of much network software. The
customers needed better software to
utilize the existing equipment, not im-
provements in the gear itself. “There
are people maintaining software sys-
tems who are younger than the systems
themselves,” points out Alfred V. Aho,
assistant vice president for informa-
tion sciences and technologies research.
Moreover, many of Bellcore’s projects
did not satisfy all seven owners. “I think
for a while Bellcore forgot to ask how

AT BELLCORE, Robert E. Nahory is using his understanding of optoelectronics to
help solve hardware problems in existing telephone networks.

© 1992 SCIENTIFIC AMERICAN, INC

SCIENTIFIC AMERICAN June 1992 105



BELLCORE CATECHISM

» What are you trying to do?

= How is it done now and what are the
limitations of the current practice?

= What's new about your approach and

why do you think it will work?

= If you're successful, what difference does

it make?
= How do our customers get paid?
= What are the risks?
= How much will it cost?
= How long will it take?

= What are the mid-term and final exams?

its work was serving its owners,” says
Edmond J. Thomas, a vice president at
NYNEX Science and Technology, Inc.

Thomas’s observation took on a sharp
edge at the end of last year, as George
H. Heilmeier, who joined Bellcore in
March 1991 as chief executive officer,
began restructuring Bellcore’s programs.
Heilmeier acknowledges that the chang-
es are taking place more swiftly than
even he had anticipated a year ago. “The
books say it takes five to seven years
to make a cultural change,” Heilmeier
points out. “We don’t have that much
time, because the regional companies
have made theirs.” Nevertheless, Heil-
meier is determined to drive home the
importance of working with the re-
gional Bell companies. “Customer satis-
faction has got to become a religion
around here,” he declares. To that end,
he preaches a “catechism” of questions.
Among them: Who will care if you are
successful?

The ways in which researchers are
learning to ask that question differ. In
some cases, managers are sending staff
on “internships” to groups within Bell-
core that work directly with the region-
al phone companies. For instance, Rich-
ard S. Wolff, who now directs Bellcore’s
research in personal communications
applications, spent three months help-
ing a department write technical re-
quirements for nascent portable com-
munications services.

In previous research projects, Wolff
had explored the ways that customers
might one day plug into very high speed
networks. Because such networks did
not yet exist, “we could continually re-
fine and modify our project as we saw
fit,” Wolff recalls. During his internship,
he realized that the operating compa-
nies felt such changes meant the work
was too preliminary to pursue. “There
was a pretty big culture difference” be-
tween research and engineering, Wolff
concedes. In the latter, “timely delivery
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of commitments is the num-
ber one metric.”

Wolff also began asking
questions about the possibil-
ities for wireless data (as op-
posed to voice) networks. Be-
cause the engineering group
lacked the resources and
time to pursue such work,
Wolff took the idea back to
applied research. The effort
is still long term, he empha-
sizes, but now he feels he
has a more refined sense of
how to adapt the project to
the demands of the operat-
ing companies.

Other researchers have
had a more abrupt intro-
duction to customer needs: Bellcore
stopped supporting their work. The
changes have exacerbated tensions and
provoked critics to accuse Bellcore of
dropping long-term research. “We con-
tinue to want to research new physical
phenomena,” Heilmeier insists, “but
once we determine that a phenomenon
isn’t going to have a first-order impact
on our business, we have to go on to
the next one, even though interesting
questions still remain.”

High-temperature superconductivity
is a case in point. Over the past few
years, Bellcore became one of the lead-
ing groups exploiting a result that orig-
inally emerged in IBM’s laboratory in
Zurich. When Bellcore researcher Arun
Inam began work on high-temperature
superconductivity four years ago, he
was “genuinely convinced” that one
day it would be important. But just
how the new class of ceramic materials
would solve telecommunications bot-
tlenecks was less clear to him, he con-
cedes. “Those questions fell to the side
because we became famous very, very
fast,” he says.

Famous was not good enough for the
operating companies. “There’s got to
be a clear way for us to directly benefit
from research,” Thomas declares. Work
on high-temperature superconductiv-
ity was dropped. Inam switched to ex-
ploring very high capacity data-storage
devices that rely on holography. This
project may also take a decade or two
to bear fruit, he says. But as the phone
companies begin to offer such services
as multimedia and personal information
networks, Inam believes holographic
memories will evolve into a powerful so-
lution for data-storage problems. And to
try to better understand the operating
companies’ needs, Inam is also spending
hours reading about their businesses.

Since the beginning of the year, Naho-
ry has found an even more direct way
to move closer to Bellcore’s customers.
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He has been seeking out engineering de-
partments stumped by problems and
then helping them find solutions. “In re-
search, you solve problems every day—
that’s one of the skills we're selling,”
he says. For instance, one group has
been wrestling with the reliability of ex-
isting optoelectronic components. Na-
hory could help: “We’ve been measuring
these characteristics for years,” he notes.

Nahory set on this direction some-
what by chance, but he may nonethe-
less be pioneering a way to use the syn-
ergies of research and engineering to
strengthen a building-block technology
for the phone companies. In the course
of testing the reliability of an off-the-
shelf laser, his research team found a
way to narrow its spectrum dramati-
cally, increasing the efficiency of the
device. The engineers did not have the
equipment or the inclination to redesign
the component; Nahory and his col-
leagues, on the other hand, would not
have previously had reason to work
with such a standard component.

Still, Nahory worries about the future




of Bellcore’s research skills. “The ques-
tion is, how do you stay on the fore-
front of science while you're applying
it?” he asks. “You don’t want to lose
the skill of asking further questions as
you answer existing ones.”

As his researchers seek customers for
their work, Heilmeier hopes to clarify
Bellcore’s mission by espousing a vi-
sion of the future that all seven operat-
ing companies can share. As much as
AT&T was once committed to “equal
access” telephone service for all, Heil-
meier talks about building a national
knowledge and information infrastruc-
ture that would reach consumers and
businesses nationwide. Already Bell-
core has highlighted seven of its broad
projects, which could serve as stepping-
stones to that vision—and give the re-
gional phone companies new services
for their customers within a short time.

“You've got to be willing to do near-
term work because it helps build credi-
bility,” Heilmeier says. “Then, when you
have something longer range, they're
willing to listen.”

IBM:

n the early 1960s IBM managers

bet the fate of the company on a

single idea. It was the System/360
computer line, which like its geometric
namesake, was intended to encompass
all the needs of IBM customers. The
strategy was a smashing success: IBM
achieved dominance of the computer in-
dustry. But later, as its research labora-
tories made fundamental advances in
science and eventually won two Nobel
Prizes, success took a toll. IBM intro-
duced products only on “a worldwide,
homogeneous basis,” recalls James C.
McGroddy, vice president and director
of research. Promising ideas lumbered
slowly through the corporate hierarchy,
often perishing along the way.

Among the most painful examples
was IBM’s decision to put off exploiting
the Reduced Instruction Set Comput-
er (RISC) processor design pioneered
by John Cocke at the company’s Thom-
as J. Watson Research Center. A major
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Multiple Paths to the Market

factor in the decision, according to
former IBM employees, was the con-
cern that RISC-based systems would
compete against IBM’s installed base.
“We had good reasons for not doing it,”
says John A. Armstrong, now vice presi-
dent for science and technology at IBM.
“They just happened to be wrong.”

These days IBM managers are en-
couraging competition throughout the
company. Late last year IBM announced
it was giving more autonomy to its nine
manufacturing and development busi-
nesses eventually judging each on its
own bottom line. These units, which are
assessed a fee for corporate research
expenses, are also free to draw on IBM
resources, pay for additional in-house
research projects or look outside the
company for technology.

Managers are keenly aware of the pit-
falls of relying on outside technolo-
gy, however. IBM’s personal computer
quickly became a commercial success,
in large part because of smart decisions
to use outside vendors for such critical
elements as processors and operating
system software. But that reliance even-
tually impeded IBM’s efforts to direct
future PC developments. “Which is why
we've started a number of alliances,”
says Jack D. Kuehler, IBM’s president,
ticking off some of the current 300 or
SO joint projects.

Those alliances run from chip devel-
opment with Intel and object-oriented
programming with Apple to multime-
dia applications with a small company
called Kaleida. Kuehler hopes such ven-
tures will enable IBM “to position for
growth and add value and differen-
tiation.” At the same time, IBM is en-
couraging its researchers to push ideas
more quickly into a large number of di-
verse markets. “We have 100,000 com-
petitors creating the solution for this
niche and that niche and the other,”
McGroddy says. “Some of the niches get
to be very big, so our strategy is to pick
those niches that we think will evolve
into larger things.”

About 30 percent of the company’s
research force is now involved in ex-
periments that McGroddy hopes will
blossom. One way IBM plans to fill
those niches is with tiny “intrapreneu-
rial” companies. The first such offering:
a visualization supercomputer created
by a team of about 50 IBM researchers,

IBM’S Armando Garcia (left) and Bruce
Lucas (right) felt like they were work-
ing for a start-up as they helped build
IBM’s first visualization supercomputer.
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engineers and marketing managers,
who labored for two years in a rented,
suburban office about 15 minutes from
IBM’s Watson center.

The pilot project grew out of the frus-
tration of Abraham Peled, vice presi-
dent of systems and software in IBM’s
research division, who was distressed
that the company was not jumping
more quickly into new areas. At the
time, IBM had no significant products
in the burgeoning market for comput-
er graphics. Because a graphics system
would not have to be compatible with
any other IBM products, Peled, along
with Ralph Gomory (then senior vice
president for science and technology),
persuaded IBM to play the role of a ven-
ture capitalist and put up $25 million.

Like the employees of any high-tech
start-up, the group put in long hours,
straining to meet its self-imposed dead-
line of unveiling a machine at a key in-
dustry trade show in 1991. “You talk
to those kids, and they don’t know
what company they’re in,” Kuehler says.
“They’re just having a good time get-
ting a product into the marketplace
without all the bureaucracy that gets in
the way of speed.”

Although the workers knew they
could return to Watson, they felt their
reputations were on the line. “We took
a lot of risks,” says Armando Garcia,
who headed hardware development. To
reach the target processing power, he
based his design on unusually large
processor boards packed with multiple
RISC chips made by Intel.

The gambles seem to be paying off.
IBM began shipping its Power Visual-
ization System late last year and has
won warm technical reviews. Now they
are looking for revenues. Garcia ex-
pects to continue working with the proj-
ect for at least another year. “It may be
that dotting i’s and crossing t's can be
painful and hard work,” he says, “but
it’s worse to see your ideas languish.”

McGroddy also has high hopes that a
tiny start-up company in Sacramento,
Calif., will move IBM into the lucrative
area of medical equipment. Integrated
Surgical Systems (ISS), with IBM, has
been developing a robotic system to as-
sist in such surgical procedures as hip
replacements. “It began in 1985 when
we went to IBM with a problem—how to
cut the shape of an implant into bone,”
recalls Howard Paul, chairman of ISS.
“We couldn’t get anybody else to do it.”

Paul and his colleague William L. Bar-
gar at the School of Medicine of the
University of California at Davis were
among the first to use replacement im-
plants with porous surfaces that can
bind with new bone. The more snugly
the implant fits the cavity in a patient’s
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bone, the more successful the replace-
ment should be. The doctors reasoned
that they could dramatically improve
such procedures by relying on a robot
to sculpt the cavity.

Over the next few years, IBM provid-
ed the researchers with funding, equip-
ment and technical assistance; eventu-
ally the corporation gave the start-up
venture seed money and management
advice from its upper echelon. “They’ve
been great to work with,” Paul says.
“When we have a technological problem,
we just put in a call to McGroddy, and
he gets it done.” Since late 1990, Paul
has used RoboDoc to replace defective
hips in more than two dozen dogs. The
company’s first trial operation on a hu-
man is scheduled for this summer.

Still, the most successful collection
of such skunkworks cannot alone pro-
pel the growth of a company the size
of IBM. And even IBM could not sup-
port more than 10 projects like the vi-
sualization start-up at a time, McGrod-
dy says. As a result, he has a number
of other experiments under way. To get
into the business of flat-panel, liquid-
crystal display screens, IBM undertook
a joint venture with Toshiba in Japan.
“We created an entity that’s a lot more
lightweight in its demands on the man-
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agement team and on the resources of
IBM,” he says.

In its familiar domains, IBM contin-
ues to try to erode the classic bureau-
cratic and cultural barriers isolating re-
searchers from their peers in product
development. In 1981 the company be-
gan nudging Watson researchers and
development engineers together un-
der the auspices of its first “joint pro-
gram”—the Advanced Silicon Technol-
ogy Laboratory.

Under that umbrella, researchers de-
signed pivotal elements of dynamic ran-
dom-access memory (DRAM) chips that
could store millions of bytes of data.
But as the preliminary designs were
finished and engineers became increas-
ingly involved, the scientists bowed out,
turning instead to an even more ad-
vanced generation of chips. By the time
the development team began construct-
ing prototypes, knowledge about why
certain design choices were made of-
ten fell between the cracks, and the
project slowed. “There was no continu-
ity of vision, and the program tended
to veer off,” says Gary B. Bronner, who
manages DRAM technology at the Wat-
son center.

As aresult, IBM is now trying to keep
its development teams tied tighter to-
gether. Last fall Bronner and his col-
league James H. Comfort were offered
a chance to help lead separate chip proj-
ects that over the next few years will
take them out of research altogether
and into manufacturing. “We've got
both research and development people
in one place,” Comfort says. “There’s a
lot more pressure. You don’t get to
walk away.”

Such intimate teamwork can be un-
settling to scientists who have spent
most of their careers working indepen-
dently. “Some people are nervous be-
cause change makes people nervous,”
Comfort points out. Others worry that
the demands of such projects will come
at the expense of basic research.

Paul M. Horn, who directs the silicon
technology laboratory at Watson, con-
tends that IBM can balance those de-
mands. “We’re supposed to be famous
and vital,” he says, repeating a phrase
that was coined by Gomory in the mid-
1980s and is embedded in acrylic pa-
perweights that are handed out to all
research managers. “Ultimately, IBM re-
search has to be measured by its vi-
tality to the company. But we can’t do
it without being famous,” he insists.
“There needs to be the kind of basic re-
search that leads to Nobel Prizes.”

As for vitality, IBM is determined
not to let its technology languish in
the laboratory. After years of exploring
the idea, Watson researchers are now



cooperating with a business unit to
build a scalable, multiprocessor super-
computer, a design that offers a wide
range of performances. Alliances with
Thinking Machines Corporation and
Supercomputing Systems, Inc., which
are also aimed at scalable architec-
tures, continue independently.

IBM’s experiments, McGroddy con-
tends, will give research more paths to
the market. “Our vision as a company
is in a sense hierarchical,” he says. IBM
wants its traditional customers to con-
tinue to look to the company for tech-
nological solutions to their problems.
Those “answers,” McGroddy emphasiz-
es, will probably include non-IBM ele-
ments. At the same time, research will
lend a hand. “Never in the past has re-
search gone directly to a big customer
and said, ‘This is part of how we can
help you.” We do that now,” he says.

But how can IBM ensure that the en-
tire ensemble of technology efforts will
indeed be stronger than a collection of
companies strung together? The infor-
mation technology business is too com-
petitive for a company to make much
headway as a holding company. “Our
systems will compete with one anoth-
er,” McGroddy predicts. Still, the key to
the future, he believes, will be getting
IBM into promising niches “in a light-
weight way”—then growing from there.

Xerox: Picking Up the Pace

rox encountered a new phrase that

seemed to carry the weight of an
advertising jingle. Xerox was prepar-
ing to rechristen itself “the Document
Company,” and researchers were frank-
ly skeptical. “We thought, ‘This is abso-
lutely ludicrous!’” recalls Per-Kristian
Halvorsen, a linguist at the company’s
Palo Alto Research Center (PARC). “It
was prestigious to be a computer sci-
ence laboratory,” he says. Being a “doc-
ument lab” sounded odd.

Behind that slogan, however, was
18 months of soul-searching by se-
nior managers. Xerox bore the scars
of missed opportunities; others profit-
ed more from PARC’s inventions in per-
sonal computing. And although Xerox’s
Webster Research Center near Roches-
ter, N.Y., had built the first color print-
er, competitors proved more successful
at exploiting such technology. Moving
ideas from research through the compa-
ny was like running a gauntlet, recalls
Steven B. Bolte, who heads Webster.

But by the end of the 1980s, Xerox
was stronger. It was recapturing mar-
ket share in its copier business and
won a Malcolm Baldrige National Quali-
ty Award. Xerox began turning to re-

In the late 1980s employees at Xe-

search for new technology and insights
into how to transform the “gauntlet”
into a smooth passage.

The theme of “documents” seemed to
capture the spirit of those 18 months of
discussion. Instead of considering itself
principally a manufacturer of diverse
office equipment, Xerox would concen-
trate on the ultimate purpose of all
those devices: improving work practices
and productivity in the office with tech-
nologies that change how people cre-
ate, transmit, reproduce and manipu-
late documents in any form.

To put those ideas into practice, Xe-
rox “is changing the clock speed of the
organization,” asserts Mark B. Myers, a
senior vice president. As a result, Chair-
man Paul A. Allaire is overhauling what
he calls the hardware and software of
the company—the formal ways the or-
ganization works as well as its values
and goals. “We have to change our cul-
ture, our organization, the way we man-
age, our systems, our processes and

XEROX’S ROADRUNNER project, led by
Richard J. Beach, uses novel hardware
and software to build a family of fast
printers that produce documents rang-
ing from black-and-white to color.
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XEROX REORGANIZATION emphasizes that the company is built of small teams
that use Xerox technology to improve customers’ productivity.

how we behave as individuals,” he re-
cently told Xerox employees.

As of this month, the company is
to undergo a metamorphosis from a
classically structured monolith into a
group of nine business divisions. The
mandate of those divisions is to work
hand in hand with Xerox’s technology
groups and its customers. Webster, for
instance, has always had close links
to manufacturing, mainly because the
groups share one site. To draw custom-
ers into the loop, Webster opened a col-
or research studio where clients can
experiment with—and critique—Xerox
technology still in development. Some
social engineering is also moving PARC
closer to the market. Last summer the
company’s fledgling software division,
XSoft, moved into a home on PARC
grounds. Because XSoft has no sepa-
rate cafeteria, engineers and PARC re-
searchers regularly dine together.

The emphasis on documents is also
transforming research perspectives and
projects. For instance, rather than fo-
cusing on designing color copiers, Web-
ster researchers are devoting thought
to how color adds value to documents.
The result: an early emphasis on “high-
light” copiers that focus readers’ atten-
tion by adding a single color.

As Halvorsen and his colleagues at
PARC talked in workshops about doc-
uments as representations of thought
and work practices, they began to see
the limits of some traditional linguistic
investigations. Simply parsing, or dis-
secting, sentences seemed “unnatural”
in the context of managing informa-
tion, Halvorsen says. The linguists con-
sequently began developing novel algo-
rithms that could find what Halvorsen
describes as the “natural joints” or con-
nections in a collection of text docu-
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ments by identifying key shared phras-
es, words and other lexical content.

From such broad insights, PARC and
XSoft workers are together building
tools for accessing information. Their
first application is modest: a new way
of retrieving phrases. But they aim to
use that work as the cornerstone of
more sophisticated products that can
automatically cluster or categorize a
collection of documents. Another ap-
plication will “visualize,” or render into
three-dimensional displays, such infor-
mation as a troubleshooting manual.

Elsewhere at PARC, researchers be-
gan wondering how to meld various
document technologies. XSoft has al-
ready produced the first of a new line
of Xerox offerings. Called PaperWorks,
it enables people to tap directly into
their computers via a facsimile machine
by using a specially marked form. Soon
to follow will be a family of very fast
printers, developed in a project code-
named Roadrunner, that will allow cus-
tomers to choose the quality, color and
speed that they need.

Roadrunner grew out of radical ques-
tions posed by PARC researcher, Rich-
ard J. Beach. Why, for instance, can’t
bookstores or publishers serve up the
literature a customer wants on de-
mand? The short answer is that no
printers have the combination of speed,
flexibility and resolution to churn out
quality books.

Beach became committed to finding a
way to unify the printing and the copy-
ing of documents, whether they are in
printed or digital form. The technologi-
cal solution lay with hardware and soft-
ware inventions that could link various
printing engines (which determine print
quality and color) with the computers
that control them.
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Because Beach’s approach marked a
dramatic departure from the way Xerox
traditionally developed products, the
proposals initially met with more ques-
tions than enthusiasm. He enlisted the
help of people throughout Xerox. The
turning point came when a major Xe-
rox customer called with a problem;
Roadrunner held the most promising
answer. The project “absolutely caused
us to see the world differently,” says
John Seely Brown, who directs PARC.
“It’s shown how one architecture can
cut across many things that we
thought were very different.”

Xerox’s focus on documents has also
pushed the company away from try-
ing to commercialize some ideas on
its own. For several years, a handful of
PARC researchers had been toying with
a design for a scalable multiprocessor
computer. With a few nudges, the re-
search team found an established com-
puter vendor willing to help them build
the machine. Xerox’s partner will soon
unveil a new computer line. Xerox, in
turn, will use that computing power
to push its Roadrunner fleet closer to
Beach’s goal of uniting document print-
ing and copying.

In many ways, Xerox’s emphasis on
technology that evolves echoes the Jap-
anese principle of kaizen, or gradual,
unending improvement. Xerox manag-
ers add a twist to that approach, how-
ever: they are aggressively searching
for revolutionary ideas that challenge
the status quo. “I call it ‘radical in-
crementalism,’” says Myers, who adds
that he is seeking “not just a good idea,
but a paradigm shift.” Such shifts—like
Roadrunner—inevitably jar the compa-
ny. But if Xerox can understand how its
technology can help its customers it
might similarly learn how to fuse its
own diverse groups of research, manu-
facturing, marketing and service into
teams resilient enough to grow by ex-
ploiting radical change.

merican companies have long
shown they can be wellsprings of
fundamental science and tech-
nology. Now they aim to prove equal-
ly adept at transforming such find-
ings into profits. Most researchers want
to make a difference. Still, many wor-
ry about the future of traditional re-
search skills.

Remolding research into an adjunct
of engineering is not the answer. But if
closer contact with customers becomes
an inspiration for new research direc-
tions, which then help to build a vision
of the future corporation, then both re-
search and business will benefit. These
companies believe they can use research
this way. Now they have to prove it.
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SCIENCE AND BUSINESS

Genes to Order

Companies queue up to realize
the promise of gene therapy

research team at the National In-

stitutes of Health was granted the
first permission to treat a patient with
genetically modified cells. A functional
gene for adenosine deaminase (ADA)
was inserted into white blood cells re-
moved from a young girl whose own
body did not produce enough of that
essential enzyme. Then the altered
cells were returned to her bloodstream.

That landmark experiment in gene
therapy was a success. The transformed
cells produced enough ADA to relieve
her severe immune deficiency even bet-
ter than daily injections of the enzyme.
Today two ADA-deficient girls are giv-
en transfusions of their altered cells ev-
ery two to three months. The pioneer-
ing researchers—R. Michael Blaese and
Kenneth W. Culver of the National Can-
cer Institute and W. French Anderson of
the National Heart, Lung and Blood In-
stitute (NHLBI)—continue to seek ways
to improve the therapy.

The continued good health of the
ADA patients has ushered in further
approvals for experiments. So far the
NIH's Recombinant DNA Advisory Com-
mittee (RAC), which oversees the scien-
tific and safety review of biotechnology
experiments, has recommended ap-
proval of 17 clinical trials. All such pro-
tocols must also be approved by the
Food and Drug Administration. Like the
first experiment, some of the trials will
replace missing genes that cause dis-
eases such as cystic fibrosis. Others are
intended to give new therapeutic abili-
ties to a specific cell type, to treat AIDS
and some cancers, for instance. Addi-
tional tests will track inserted markers,
to learn more about basic biology.

Lured by the potential of gene thera-
py, a number of companies, including
Genetic Therapy, Inc. (GTI), Somatix
Therapy, Targeted Genetics, TargeTech,
Transkaryotic Therapies, Viagene and
Vical, are intent on commercializing the
process. Some larger corporations, such
as Sandoz and Merck & Company, are
also becoming involved, mostly through
agreements with smaller firms. Their
immediate goal is to develop better,
off-the-shelf materials for clinicians, es-

| ess than two years ago a medical
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MICHELANGELO TURTLE celebrates the benefits of gene therapy, in this drawing
by one of the little girls being treated for ADA deficiency.

pecially the vehicles for inserting new
genetic material into target cells. “We
believe the first products will be vec-
tors in a bottle,” says Paul Tolstoshev,
vice president and director of research
for GTI in Gaithersburg, Md. The firm
has supplied vectors for most of the
gene therapy trials initiated thus far.

As yet, only academic scientists have
been named as primary investigators on
experimental protocols submitted to the
RAC. But many researchers are team-
ing up with biotechnology companies.
For example, Targeted Genetics, a spin-
off of the Seattle-based Immunex, and
researchers at the Fred Hutchinson
Cancer Research Center got the go-
ahead in February for a trial of an AIDS
treatment. The company will supply
the clinicians with a vector meant to
enhance the ability of certain T cells to
recognize the AIDS virus. Patients al-
ready slated to receive marrow trans-
plants to treat advanced lymphomas
will be infused with the boosted cells.

In most of the experiments approved
so far, the vectors have been modified
retroviruses that naturally insert their
own DNA into the genomes of invaded
cells. After the viruses are stripped
down to their bare essentials, the hu-
man gene and regulatory sequences
such as promoters and enhancers are
added. The altered retroviruses are
more effective than other physical and
chemical methods at carrying genetic
material into cells.
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Although these delivery vehicles have
been well behaved in trials, concern
persists that somehow they could turn
against the body to cause infection or
stimulate a latent virus or cancer. The
risk is slight, researchers say, and worth
tolerating for now. “The field is in its
infancy, so people are taking approach-
es that aren’t what they ultimately want
to do,” observes Stanley R. Riddell, an
assistant member at the Fred Hutchin-
son Center and co-director of the study
involving Targeted Genetics.

To track modified cells released into
patients’ bodies and to control their
fate, Targeted Genetics inserts a “sui-
cide gene” into its vectors. Company
scientists add a gene for a telltale pro-
tein, called thymidine kinase, which is
the target of antiherpes drugs such as
ganciclovir. If the altered cells need to
be stopped, the drug will kill them. Rid-
dell believes the safety mechanism “es-
tablishes a precedent for gene therapy
in general.”

Scientists are also devising experi-
ments utilizing other types of viral vec-
tors that home in on specific types of
tissues. For instance, Ronald G. Crystal
of the pulmonary branch of the NHLBI
hopes to modify an airborne virus that
normally causes colds to deliver genes
to patients via an aerosol. This ade-
novirus will carry the gene for a cell
membrane protein missing in individu-
als with cystic fibrosis. The protein
helps cells break down mucus in the



On September 14, 1990, a modified GMC Truck set a new F1.A. authenticated record of 204.145 miles per hour, two-way aver-
age, in the flying mile. Yes, you read that right. A GMC Truck. The street-legal truck inspired by these explorations was a

[F YOU HAVE SETTLED IDEAS OF LUXURY, SAFETY AND
PERFORMANCE, A TYPHOON WILL BLOW THEM AWAY

compact pickup called Syclone. Performance cognoscenti still  Typhoon's luxury appointments will be comforts to you,

speak of how Car and Driver pitted Syclone against a  too. Body styling that's easy on the eyes. A leather-trimmed
$122,000 Ferrari 348ts. “In a blink, the Ferrari is —= =
looking at tailgate” they wrote. '

f seating area with front bucket seats. Adjust-
. able lumbar supports and side bolsters in the
‘{" buckets. A Delco AM/FM stereo system

" with available compact disc player.

Now we've taken this experience in power,
handling and braking to a new, astonishing level.

In Typhoon. The sports coupe of sport utilities. | - ,: Did we mention 67.3 cubic feet of lug-
S
AVAILABLE DELCO Cb. LaaTHERTRiMmEn 23€€ Space (with the rear seat folded down)?

SEATING. THE SOUND AND FEEL OF LUXURY.
of technology youwouldn'texpect in autility vehi- : Typhoon is still, after all, a utility vehicle.

Brace yourself: Typhoon is riding on the kind
cle: the same safety and performance technology Only from a company with over 80 years
as Syclone. A 4.3L V6, turbocharged and liquid-
intercooled, that yields 280 horse-power. A 4-

of truck experience could a vehicle so wholly
unexpected seem so wholly fitting. Call 1-800-
" 879-4621 to find out how to put yourself in the
eye of the storm: Typhoon, from GMC Truck.

speed automatic transmission with overdrive top
gear. All-wheel drive. And 4-wheel anti-lock braking, |

| e 31
4.3L V6. TURBOCHARGED. A PRACTICAL
APPROACH TO SHEER EXUBERANCE

GMC

TRUCK

®
: ©1992 GM Corp. All Rights R d.@ @
o o retors Cop. THE STRENGTH OF EXPERIENCE P Bk up, Americal Lo,

© 1992 SCIENTIFIC AMERICAN, INC



FAMILIAL HYPERCHOLESTEROLEMIA

Approval: October 1991

Approval: April 1992

Approval: Pending *

Approval: Pending *

Approval: Pending *

Targets for Gene Therapy

Liver cells taken from patients unable to

process dietary fats are given the missing gene for a receptor molecule that ushers the
substances into the organ for breakdown. The cells are returned to a hepatic vein.

Principal investigator: James M. Wilson, University of Michigan

SKIN CANCER Metastatic melanoma tumors will be directly injected with a gene that
produces an antigen intended to stimulate the immune system to attack the tumors.
Experiment is the first in which cells are not removed from the body for treatment.

Principal investigator: Gary J. Nabel, University of Michigan

BREAST AND OVARIAN CANCER A gene that confers resistance to multiple can-
cer drugs is implanted into bone marrow cells. Reimplanting these cells may enable
patients to tolerate high doses of chemotherapy.

Principal investigator: Arthur Bank, Columbia University

AIDS Genes encoding short antisense RNA sequences are inserted into CD4
lymphocytes, the targets of HIV infection, to interfere with viral replication.

Principal investigators: Clay Smith and Eli Gilboa, Memorial Sloan-Kettering

BRAIN CANCER Genes that produce thymidine kinase, an enzyme made by herpes
simplex virus, will be introduced into brain tumors. Then intravenous administration
of the antiherpes drug ganciclovir should kill the cancerous cells.

Principal investigators: Edward Oldfield, National Institute of Neurological Disorders
and Stroke, and Kenneth Culver, National Cancer Institute

* To be reviewed by the National Institutes of Health Recombinant DNA Advisory Committee in June.

lungs. Researchers acknowledge that
the body may become immune to the
airborne virus and eventually render
the therapy ineffective.

Other kinds of viruses that travel to
specific parts of the body, such as her-
pes, which targets nerves, are also being
explored as delivery vehicles. The abili-
ty of herpesvirus to sit quietly latent in
the genome until it is switched on, by
ultraviolet light or other means, might
be used to advantage some day. The
adeno-associated virus, already present
in many people, is another possibility.
It has a unique ability to integrate at a
particular site in one chromosome, but
it does not seem to be associated with
any disease. The system is not yet ready
for clinical trials. Some scientists antic-
ipate that vectors for gene therapy ulti-
mately will share features and proper-
ties from an assortment of viruses.

Several companies intend to avoid the
issue of viruses completely. Although
cells are notoriously poor at picking up
naked genetic material, Vical in San
Diego says it has gotten surprising re-
sults when it injects DNA directly into
muscle tissue. Admitting that the firm
made the observation quite by acci-
dent, Dannie H. King, president and
chief executive officer, says his ap-
proach ‘“reduces the paranoia about
retroviral vectors.” Vical plans to ap-
proach regulatory committees by the
end of the year for permission to test
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vaccines for AIDS and influenza. “If it’s
not the way to go, it’s certainly a way
to go,” King says. TargeTech in Meriden,
Conn., also eschews viruses as guides
for genes. Instead it makes a carrier of
glycoproteins that bind tightly to re-
ceptors in the liver.

After deciding how to transport
genes, companies can be very particu-
lar about the kinds of cells they choose
to transform. “Our favorite cell type is
alymphocyte,” GTT's Tolstoshev offers.
“It's easy to get and easy to give back.”
Other cells are prized for attributes
such as longevity or location or mobili-
ty. “There is something very special
about putting a gene in the cell where
it normally belongs,” observes Culver of
the Nct. “T think we’ll see more of that.”

But it is not always necessary to
match genes to their usual types of
cells, if all that is needed is a factory to
synthesize a product. “We think fibro-
blasts are a great cell type for gene ther-
apy,” asserts Richard Selden, founder
of Transkaryotic Therapies in Cam-
bridge, Mass. Because these connective
tissue cells cling together, Selden envi-
sions subdermal implants that churn
out such proteins as the clotting fac-
tors to control hemophilia or growth
hormone to treat short stature. The
clumps could be retrieved if something
went amiss.

Eventually scientists would like gene
therapy to progress beyond the period-
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ic infusion of modified cells and be-
come a once-and-for-all cure. Altering a
human’s genome so that changes are
transmitted to offspring is ethically out
of bounds at present, but lasting repair
might be accomplished by transform-
ing the stem cells in the bone marrow,
which differentiate into all the types of
immune system and blood cells. The
door to this therapeutic approach
opened in February, when the NCI team
received permission to modify the
stem cells of the children currently re-
ceiving gene therapy for ADA deficien-
cy. “This could really be it,” Culver ex-
ults. “We could have a one-shot cure as
opposed to chronic therapy.”

Although GTI provides the vectors for
the ADA experiment and others, profits
from gene therapy are still a long way
off. Many of the diseases being ex-
plored in early experiments are ex-
tremely rare. For example, fewer than
30 people worldwide are afflicted with
ADA deficiency. But some experiments
are beginning to show a glimmer of
commercial potential. James M. Wilson
of the University of Michigan, for ex-
ample, plans to treat severe hyper-
cholesterolemia, a hereditary blood dis-
ease that renders the body incapable of
metabolizing dietary fats. Patients have
cholesterol levels as high as 1,000 mil-
ligrams per deciliter.

Wilson will transfer into liver cells
the gene for a complex molecule called
the LDL receptor, which is in charge of
admitting low-density lipoproteins—the
so-called bad cholesterol—into the liver
for destruction. Only one person in a
million suffers the familial disease, but
one in 500 Americans has a less severe
gene defect that results in high choles-
terol levels and invites heart attacks.

“We want to push it faster,” Wilson de-
clares. “When we get beyond transplant-
ing cells, to direct injection of genes,
that kind of therapy begins to resemble
things the pharmaceutical industry is
comfortable with,” he observes. Wilson’s
current laboratory research into non-
viral molecular conjugates that carry
genes to receptor-loaded tissue, such as
the liver, typifies the kind of approach
he thinks will stand the test of time.

As in other areas of biotechnology,
the companies pursuing gene therapy
are likely to squabble over rights to ge-
netic sequences. Some firms are looking
to the Human Genome Project as a font
of disease-curing genes; others are devel-
oping gene-seeking technology of their
own or instituting aggressive licensing
programs to process the fruits of aca-
demic research. The rate of progress
indicates that if you weren’t born with
the proper genes, you may one day be
able to buy them. —Deborah Erickson



Tap Dance

Keeping communications
networks safe for bugging

was once fond of pointing out
that “it always gets its man.” One
of its most heavily used techniques—as
in the recent murder trial of mob boss
John Gotti—is the trusty wiretap. But
the bureau fears that new digital com-
munications systems could leave its
agents listening to an uninformative
cacophony. So this spring the U.S. De-
partment of Justice proposed legisla-
tion requiring makers of electronic
communications equipment to ensure
that their equipment could be tapped.
While civil libertarians rose up in out-
rage, many communications engineers
scratched their heads in puzzlement.
The idea that digital technology could
make it impossible to intercept commu-

r I Y he Federal Bureau of Investigation

nications appeared to be somewhere be-
tween incomprehensible and flat wrong.
Soon after, participants in the Telecom
Digest, an international on-line discus-
sion of communications-related issues,
outlined how existing digital switching
technology could be used to perform
completely undetectable taps.

One technique is simply to turn every
call to or from a tapped phone into a
conference call with law enforcement on
the third line. Another way would be to
allow officers access to “maintenance
ports” normally used to monitor phone
line quality. “Maybe the FBI doesn’t
know how to do it yet,” asserts Michael
A. Schwartz, an engineer at Bellcore,
but “hundreds of thousands of people”
outside the bureau know how to tap
digital phone lines. It's a question of
getting the right equipment, he says.
Special electronics capable of tapping
fax transmissions have been commer-
cially available for years, for example.

The bureau is not pleased at having

its technical prowess impugned. William
A. Bayse, the FBI's assistant director for
technical services, snaps, “It’s not worth
having this conversation” at a reporter
who asks him about the claims made
by communications engineers. Bayse
contends that few facilities are avail-
able for tapping digital conversations,
and, furthermore, he declares, digital
phone standards are still in flux—not
only must would-be listeners get their
taps in place, they must also figure out
in just what form their information is
being transmitted.

Bayse has a point. Tapping digits is
not as easy as hooking up the time-
honored “alligator clips”—those tiny
spring-loaded connectors that clamp
onto a piece of copper wire and let any-
one with earphones or a tape recorder
listen in. These days it is as likely to be
the singularly uninteresting sound of
bits as an analog human voice. Not
only must a digital wiretap convert bits
to sound, it must also cope with the

Getting Agricultural Biotech off the RAC

year, the Recombinant DNA Advisory Committee’s re-

sponsibility for overseeing environmental release of
genetically engineered organisms is there just in case. “A
court of last resort for scientific expertise is a comforting
thought,” says Nelson A. Wivel, director of the RAC.

But it truly is time to remove this official burden, Wivel
asserts. The committee was set up at the National Insti-
tutes of Health in 1976, when concerns about releasing ge-
netically altered forms of life into the environment were at
their height. Those fears have mostly been put to rest, and
today the RAC spends much of its time advising scientists
about experimental protocols for gene therapy. The pas-
sage should be officially recognized, Wivel says, because
there is no point in having responsibility without the au-
thority and tools to carry it out.

| “We think environmental release is more properly in the
purview of regulatory agencies,” Wivel declares. “We're
simply in the business of augmenting research.” Indeed,
the only environmental release of a modified organism ap-
proved by the RAC was the first spraying of “ice-minus”
bacteria, which were expected to prevent frost damage to
crops, on a California strawberry field in 1986. A provision
written the following year allowed applicants to avoid re-
view by the RAC or the NiH if they could get another agen-
Cy to issue a permit.

Ever since, oversight has devolved on three agencies.
The U.S. Department of Agriculture has shouldered most of
the burden for genetically altered plants and animals, grant-
ing permits to over 200 field tests through the Animal and
Plant Health Inspection Service (APHIS). Meanwhile geneti-
cally engineered pesticides have been shepherded, some
would say slowly, through the Environmental Protection
Agency. The Food and Drug Administration has been consid-
ering whether genetically engineered foods are safe to eat.

The Bush administration seems to have given the RAC a
perfect opportunity to bow out formally. In late February
the president’s Council on Competitiveness called for fed-

I ike a coat that remains in a closet, unworn year after
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eral agencies to streamline the regulation of biotechnology
products by creating a risk-based oversight policy. In addi-
tion, the group’s so-called Scope document asks that the
agencies publish the rules they will observe in making de-
cisions about environmental releases and develop detailed
“road-maps” that companies will be expected to follow in
bringing biotechnology products to market. “Were federal
agencies to regulate products simply because an innova-
tive process such as recombinant DNA technology had
been used, we would be unable to reap the benefit of our
own research investments,” said the president’s science ad-
viser, D. Allan Bromley.

If the new document accelerates the approval process, it
may shorten the time to market and allay the frustrations
of agricultural biotechnology companies. “Delay is the
worst form of denial,” says John L. Callahan, vice president
of marketing and product development for Calgene. The
Davis, Calif., firm admits that it has been concerned about
the fate of the rot-resistant tomato it has developed. Last
year Calgene employed a bit of public policy in a new way,
petitioning the FDA to issue an advisory opinion on the
safety of the tomato. Other companies are rumored to
have done the same.

“When some of the food safety issues are solved, a lot of
otherthings will fall into place,” asserts John H. Payne, asso-
ciate director of APHIS. “You can't come to significant find-
ings of environmental impact if you have open questions
as basic as, ‘Is it safe to eat?””

The agencies expect to resolve such questions, or at least
establish a procedural approach to answering them, within
the next few months. “There’s quite a bit of concurrence
about the safety of genetically engineered organisms,” ob-
serves Sue A. Tolin, professor of plant pathology at the Vir-
ginia Polytechnic Institute and State University and long-
time USDA representative to the RAC. When regulators final-
ly begin to feel comfortable about assigning certain
products to “low-risk” categories, new agricultural products
may begin sprouting with vigor. —Deborah Erickson
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possibility that a digital line is carrying
anywhere from two to dozens of con-
versations and strip out only the infor-
mation authorized by warrant. At some
point when optical fibers replace cop-
per phone wires, tappers could be
forced to invest in the extraordinarily
finicky gadgetry required to siphon off
photons without being detected.

Faced with such an uncertain future,
law enforcement officials might well
prefer to get their taps directly from
the telephone switching system, but
engineers will guard their system jeal-
ously. Schwartz contends that adding
convenient wiretapping to the long list
of other features for call routing and
tracing on a digital switch at best would
be expensive and at worst could make
the phone system unreliable.

Cost is also a sensitive issue. Un-
der the proposed legislation, telephone
companies and equipment makers
would be allowed to charge customers
for the privilege of being tappable. FBI
director William Sessions has estimat-
ed the cost at a mere $250 million to
$300 million.

And the U.S. telephone system is only
the beginning of the problem. The FBI's
proposal applies equally to private
branch exchanges (internal corporate
telephone systems), local-area networks,
computer bulletin boards and even the
Internet, which links computers across
the U.S. and throughout the world. All
these systems, according to the FBr's bill,
would have to conform to (potentially
unpublished) ease-of-tapping standards
promulgated by the Federal Communi-
cations Commission. Violators would
face fines up to $10,000 a day.

Computer manufacturers have been
working hard to make their hardware
and software more secure and to build
in encryption and other techniques that
will safeguard information from prying
eyes, says John Podesta, a former con-
gressional staffer who helped to draft
the Electronic Communications Privacy
Act of 1986. Consequently, computer
makers are not welcoming the idea of
increased “porousness.”

After first discussing the issue only
with telephone companies, the FBI met
privately with some computer compa-
nies in mid-April. On Capitol Hill, public
discussions were scheduled for the end
of the month, amid a growing sense that
legislation bending all the nation’s com-
munications systems to the current
needs of the FBI is a wrongheaded way
of attacking the problem. Mitchell Ka-
por of the Electronic Frontier Founda-
tion suggests, “Give the FBI the funding
they need” to develop better taps and
leave the telephone and computer net-
works alone. —Paul Wallich
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Joy of Cooking

A better way to bake
high-tech materials

aterials scientists keep hinting
M at a day when a mere techni-

cian will be able to cook up a
new supermaterial by simply adjusting
the dials for strength, elasticity and
other properties. But before that day
comes, they have to figure out how to
fabricate such designer materials with-
out having to throw away half of every
lot that is made. “I still go to meetings
where somebody holds up an I beam
and boasts that the cost has come
down to $5,000 a pound,” says Dawn
R. White, an advanced technology man-
ager for MTS Systems, a manufacturer
of computerized-control equipment.

SMART PROCESSING is used at the Na-
val Surface Warfare Center in spraying
a nickel superalloy to make piping.

Prices like that cause even the Pen-
tagon to quail. So in the mid-1980s the
Defense Department became worried
that metal matrix composites and other
exotic materials needed for advanced
aircraft and submarines would remain
stuck forever on a remote laboratory
workbench. To get uniform quality and
to bring prices down from the strato-
sphere, the Defense Advanced Research
Projects Agency launched a program
called intelligent processing of materi-
als (IPM).

The idea behind IPM is to develop a
new generation of sensors and comput-
er controls that can make instantaneous
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changes in processing conditions. In-
stead of the standard point readings of
temperature and pressure, IPM would
include more sophisticated measures,
such as the surface roughness of a
molten part. That information can then
be compared with a physical model—
or perhaps a computerized expert sys-
tem—and if the process is not proceed-
ing as it should, controls would adjust
parameters ranging from gas pressure
to the rate at which the metal flows
through a spray nozzle.

Interest in IPM broadened quickly be-
yond the type of company that pro-
duces parts for Stealth bombers. Today
even the staid steel industry wants to
get involved. A leader in IPM for the
past six years has been the National In-
stitute of Standards and Technology
(N1ST), which in 1991 formally estab-
lished an Office of Intelligent Process-
ing of Materials. NIST is organizing five
consortia of industrial companies to
work on problems ranging from sens-
ing techniques for polymer manufac-
turing to controlling the paint-finishing
of automobiles.

Some intensive programs are already
under way. General Electric is develop-
ing an IPM system for manufacturing
expensive metal matrix composites for
jet engines. These difficult-to-fabricate
structural materials offer designers the
benefits of lower weight and higher
operating temperatures. Using fluid-dy-
namics modeling, GE can simulate the
process by which titanium particles
heated in a plasma of helium and other
gases are deposited onto fibers of a
material such as sapphire.

GE hopes it will be able to convert
these complex simulations into pared-
down models that can work as fast as a
material can be processed. The simula-
tion software could predict from the
temperature and velocity of the plasma
jet what the porosity of the finished
materials will be. That information can
then be immediately incorporated to
control the process.

The software that does the initial
fluid-dynamics modeling can still be
maddeningly slow. In addition, new sen-
sors, such as those that provide a pic-
ture of the crystal structure of the com-
posite, are needed. Getting the control
software to cope with the flood of in-
puts from the sensors is another chal-
lenge. “Even the simplest process has 50
to 100 pieces of sensor information,”
says Daniel G. Backman, a GE materials
engineer, who is head of the company’s
IPM program.

Instead of trying to simulate the dy-
namics of the process, some researchers
are turning to expert systems and oth-
er techniques of artificial intelligence



that are capable of embodying the intu-
ition of skilled technicians. The Naval
Surface Warfare Center in Annapolis,
Md., employs a series of artificial-intel-
ligence methods to control a spray of
molten metal droplets that are formed
into a finished part.

An expert system there is based on
the observation of project leader An-
gela L. Moran that technicians relate
the degree of surface roughness during
manufacture to the quality of the final
part. A video camera digitizes the im-
age while molten metal is sprayed onto
a disposable substrate. Data on surface
roughness, rate of growth and shape of
the object help to predict porosity,
cracking and other qualities of the fin-
ished part. The expert system then de-
cides how to adjust the process.

To control gas pressure and other
parameters, Moran chose fuzzy logic,
an artificial-intelligence technique that
can quantify vague descriptions such
as “big” and “small.” Fuzzy logic allows
pressure, metal flow and other values
to be adjusted slightly up or down un-
til the desired properties are attained,
an action that is intended to replicate
the subtle adjustments are made by an
operator.

The U.S. Navy’s sophisticated spray-
forming process was developed to pro-
duce parts for submarines, ships and
aircraft. With the end of the cold war,
the military is considering how to apply
its technology to industry. Researchers
at Wright-Patterson Air Force Base are
trying to adapt algorithms for main-
taining aircraft stability in flight to the
more mundane task of adjusting a
manufacturing process. “Instead of ad-
justing for yaw, pitch and roll, the out-
puts are temperature, strain rate and
time,” says James C. Malas, a materials
research engineer at Wright-Patterson.

The steel industry also hopes to bene-
fit from IPM. The American Iron and
Steel Institute, a trade group that repre-
sents the steelmakers, recently applied
to the U.S. Department of Energy to de-
velop sensors, models and control
software through a nearly $23-million
program that is proposed to begin in
October and last for five years. “These
are the things at the boundary of sci-
ence that industry doesn’t have the re-
sources to do itself,” says Ian F. Hugh-
es, vice president of technology for In-
land Steel Flat Products Company.

Incorporating IPM into the manufac-
ture of steel and other materials will
not cost a pittance. But intelligent pro-
cessing may be the only way to move
beyond a set of manufacturing skills
that has little more sophistication than
sticking a toothpick in a cake to test
whether it is done. —Gary Stix

Fuelish Study?

he crystal ball the National Research Council used in a study that esti-
I mates achievable fuel economy for automobiles bears a suspicious
resemblance to a mirror. Or that is what critics allege. The council’s
handiwork had barely rolled off the end of the line when critics charged
that the study’s most optimistic estimate of “technically achievable” test-rat-
ed fuel economy for subcompact cars in the year 2006 is 25 percent below
the test-rated fuel economy of production vehicles on the road today. Esti-
mates for larger vehicles, the critics said, were equally unambitious and re-
flective of the status quo.

The work was commissioned by the Department of Transportation and
carried out by a panel chaired by Richard A. Meserve, a policy analyst and
Washington lawyer. The committee estimated with “higher confidence” that
subcompact cars could reach 39 miles per gallon by 2006, and it judges
with “lower confidence” that they might reach 44 miles per gallon by the
same date. Large cars, the group concluded, could achieve 30 to 33 miles
per gallon in that year. The NRC committee emphasized that its estimates of
achievable fuel economy should not be understood as goals.

John M. DeCicco of the American Council for an Energy-Efficient Econo-
my, a Washington-based environmental group, notes that the Honda Civic
VX, a subcompact car now commercially available, has a laboratory-rated
fuel economy of 59 miles per gallon. Meserve replies that his committee’s
estimates are averages across entire car size classes. The Honda model, he
counters, is a “specialty car” whose fuel economy probably does not pay for
itself at today’s low gasoline prices. And Meserve doubts whether the Hon-
da Civic VX with automatic transmission and air conditioning can reach 59
miles per gallon.

The NRC study, Meserve says, “shows that you get what you pay for” in
fuel economy. Many improvements may be too expensive or too unappeal-
ing for consumers, he says. And tightening vehicle emissions regulations
could make improving fuel economy even harder. “There are,” he notes,
“trade-offs between national security interests and the economic effects on
industry and consumers.” The improvements whose effects the committee
considered would add from $500 to $2,500 to the cost of a car.

DeCicco maintains that the committee “perverted the common meaning
of what is ‘technically achievable’” by relying on industry-derived assump-
tions of what the market can bear, not on what engineering can achieve
now or in the near future. Furthermore, the study group accepted the stan-
dard 10- to 15-year lead time for new products.

The group also underestimated the savings that could be achieved
through several technologies, DeCicco contends. For example, it estimated
that variable valve timing—a key innovation in the Honda Civic—would
produce a gain in fuel economy of 6 percent. DeCicco puts the figure at 10
percent, but Meserve retorts that he is “just wrong.” DeCicco also objects to
the committee’s excluding from its estimates the energy-sparing potential
of cleaned-up two-stroke engines, direct-injection diesels, electronic throt-
tle control, “idle-off,” “tall gearing” and heated batteries.

The NRC committee does some fender denting of its own. It attacks the
corporate average fuel economy (CAFE) system for stipulating that manu-
facturers must achieve an average fuel consumption of 27.5 miles per gal-
lon across all model sizes. That penalizes manufacturers of large cars and
has benefited Japanese makers of small models, the report says.

The study does concede that CAFE standards probably helped to bring
about some of the 80 percent improvement in fuel economy that occurred
between 1975 and 1988. But it notes that fleet fuel economy has declined
since then, as drivers have switched back to heavier and more powerful
automobiles.

Increasing fuel prices is an alternative to CAFE standards that “warrants
consideration,” the NRC group urges. For example, vehicle registration fees
and even insurance premiums might be paid at the pump as a supplement
to the cost of gasoline. The NRC also gives a provisional approval to “fee-
bate” schemes in which buyers of vehicles with above-average fuel econo-
my would get a refund. Others would pay a fee. Meserve’s study may never
leave the garage. On such vote-sensitive issues, minds are usually made up
without reference to the facts. —Tim Beardsley
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Stained Glass

Low-melt glass may be the
key to a solid state dye laser

Corning Glass Works—Paul A. Tick
and Leon Michael Sanford—came
on a type of glass that would melt and
flow at a fraction of the ferociously
high temperatures used to make the
common silicate product found in Coke
bottles and windowpanes. In some cas-
es, these glasses based on lead, tin and
phosphorus can be formed with as little
heat as it takes to make tea or coffee.
For now, the glasses are still an oddi-
ty confined to Corning’s upstate New
York laboratories. At $50 a pound or
more, these low-melting-point glasses
could cost about 100 times more than
does one made from common silicates.
But Tick hopes that his invention will
soon become a valued part of a new
class of materials from which to fabri-
cate lasers and other components for
optical communications and comput-
ing. Cost would be less of a drawback
for such high-performance applications.
In contrast to a number of previous
glasses with low melting points, the ma-
terial is the first that is not quickly at-
tacked and destroyed by water. “Before
Corning’s work, you could leave one of
these glasses on the countertop and
come back in the morning, and it would
be a puddle. It would absorb so much
water from the air that it literally dis-

In the late 1970s two chemists at

solved,” says James E. Shelby, professor
of glass science at the New York State
College of Ceramics at Alfred University.
The glasses for which Tick received a
patent in 1982 (Sanford died soon after
the two finished their initial work) are
made by melting together lead, tin and
phosphorus in the presence of oxygen
and fluorine. The lead-tin fluorophos-
phate glasses are special because they
can be processed in the same low-tem-
perature range as many organic materi-
als to which they bond readily. The
glasses also join with copper, aluminum
and stainless steel at temperatures be-
low those that would disturb soldering
connections. In addition, they are im-
permeable to gases and water.
Although the glasses are potentially
useful for hermetically sealing electron-
ic components from air and water, the
most promising application is for la-
sers and the ragtag collection of wave-
guides, amplifiers and other so-called
nonlinear optical devices. Researchers
at the University of Rochester, led by
optics professor Robert W. Boyd, were
the first to demonstrate in 1987 the
nonlinear properties of the glass when
it was doped with an orange or yellow
organic dye called acridine. When two
light beams intersected within the glass
containing the dye, a small amount of
energy was transferred from one beam
to another—a potential way to pass in-
formation between separate signals.
Sometime this year Tick and his col-
league David L. Weidman, a Corning
physicist, plan to demonstrate the first

LOW-MELTING-POINT GLASSES contain the same type of organic dyes that are
shown in the beakers. Corning wants to use these glasses to change light in ways that
may be useful for optical communications and computing. Photo: Robert Prochnow.
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tunable laser made from the glasses by
doping an optical fiber with another or-
ganic dye, rhodamine. When the dye is
excited by the relatively short wave-
lengths of light produced by an argon
laser, it should be capable of lasing
within a band of longer wavelengths. An
optical element—a plate that adjusts po-
larization of the light—would be used
to select the desired wavelengths.

Before they can produce an efficient
laser, however, the researchers must
find a way to make low-loss fibers from
lead-tin fluorophosphate glasses. So far
Tick and Weidman, who are working on
the project part-time, have made fibers
with losses of 10 decibels per meter in
an undoped fiber. They must do better
by a factor of 10 to make a practical
device of a few meters in length.

The Corning researchers are con-
fronting problems that have led other
investigators to eschew the use of or-
ganic materials for optical devices—the
tendency of some dye molecules to
break down when excited by a light
source, for one. “We have spent time
thinking about organics, but because of
longevity problems they’re not ready for
device applications,” says Mohammed
N. Islam, an AT&T Bell Laboratories re-
search scientist. Sealing the dyes in the
glass and picking ones that resist opti-
cal and thermal degradation may help
counteract these difficulties, Tick and
Weidman says.

Besides lasers, the two investigators
believe doped fibers of their glasses
could be used to make optical switches
or other nonlinear devices. Another
possibility is an optical amplifier. Con-
ventional glass fibers doped with the
rare-earth element erbium are now be-
ing tested as replacements for the “re-
peaters” that restore signal strength in
long-distance fiber-optic communica-
tions networks.

Dye lasers do not emit light of the
proper wavelengths for telecommuni-
cations systems, but Tick and Weid-
man believe the lasers might be used
at shorter wavelengths to amplify sig-
nals in optical local-area computer net-
works. One potential application is an
amplifier that could boost a signal be-
fore it is split down separate pathways
in the local-area network. Each of the
diverging signals would then retain
sufficient power.

Tick and Weidman hope these de-
vices may open opportunities as broad
as the wavelengths emitted from dye
lasers. “Rare earths emit only at dis-
crete wavelengths, and you have only
about a dozen of these elements,” Tick
says. “With organics, you have tens of
thousands of possibilities to choose
from.” —Gary Stix
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The MBAs of Summer

r I Y he national pastime is a strange
business. Indeed, many observers
have denied over the years that

baseball is a business at all. According
to the traditionalists, it is played for the
very love of it by young men who smite
the horsehide with their straight-grained
bats of ash and run the limed diamond
or sprint across the verdant outfields
in pursuit of high flies. Owners, in this
idyll, bring a team to their home city
and at best break even as they public-
spiritedly provide a spectacle to throngs
of loyal fans.

That may have been baseball in the
good old days, but it certainly is not
baseball today. Star players pull down
salaries that would make some Fortune
500 chief executives blush. Club own-
ers pull up franchise stakes at the drop
of a new stadium. Has greed overcome
a sport whose nobility is so ingrained
in US. consciousness that it is even ex-
empt from the federal antitrust laws?

Economists don’t think so. Under
their sharp pencils, the National and
American Leagues reveal themselves as
always having been governed by the
same profit motive as any other enter-
prise. The bizarre constraints under
which baseball’s markets function have
simply obscured this fact, according to
Gerald W. Scully of the University of
Texas, an economist and author of The
Business of Major League Baseball.

Consider the free-agent rule and its
effect on players’ salaries. From 1903
until the “reserve clause” was aban-
doned, players had a choice between
playing for whoever owned their con-
tract and retiring from the game. As
a result, their market value was deter-
mined by opportunity cost: the amount
of money they could earn in some other
profession (which was often not much).
In 1975 the balance of power (and prof-
its) shifted away from owners and to-
ward players; stars could sell their ser-
vices to the highest bidder. Their mar-
ket value is now determined by what
other owners are willing to bid: in short,
the value of adding a particular player
to their franchise.

Baseball is replete with statistics, and
so Scully and others have estimated not
only the contribution various free agents
make to their teams’ won-lost percent-
age but also the proportion of ticket
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sales, broadcast revenues and other in-
come they generate. Whereas the top
players in the old days received no
more than 10 percent of the money
that they earned for their ball clubs,
Scully’s data suggest that by the mid-
1980s typical free agents could haul in
about a quarter to a third of the rev-
enue they generated.

Since then, according to Rodney D.
Fort of Washington State University,
some stars have negotiated contracts
that net 100 percent and occasionally
more of the marginal revenue they con-
tribute. Not that owners are stupid;
such overpayments are simply an ex-
ample of the “winner’s curse” that be-
sets any bidding war. The high bidder
is the one who has the most optimistic
valuation of the asset being sold; often
as not, that optimism is misplaced.

Luckily for owners, the curse of buy-
ing high-priced free agents is counter-
balanced by the blessing of deducti-

Under the economists’
sharp pencils, baseball’s
profit motives emerge.
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bility. Since the 1950s, tax laws have
allowed those who buy a baseball fran-
chise to earmark part of the purchase
price (currently no more than half) to
“the value of player contracts” and de-
preciate that amount over five years.
As a result, a club that has recently
changed hands may take in millions of
dollars more than it pays out and still
show an accounting loss.

Owners may also make helpful ar-
rangements with other businesses they
run. For example, the St. Louis Cardi-
nals, which are owned by brewer August
Busch, Jr, pay a higher-than-average
rental to the owner of the team’s stadi-
um, a subsidiary of Anheuser-Busch. Yet
the team receives none of the revenue
from stadium parking or other conces-
sions, several million dollars every year.

Owners have a full rotation of ac-
counting curves, sliders and spitters. In
1982, the worst year for baseball’s fi-
nances in current memory, Scully reck-
ons that unraveling the sport’s unique
accounting practices converted an ap-
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parent $105-million league-wide loss
into an $11-million profit.

Until 1953, the year the first major
league teams abandoned their home-
towns, most clubs built the stadiums
they played in and paid for them direct-
ly, recalls James Quirk, a retired Cali-
fornia Institute of Technology econo-
mist. Today that number has shrunk
to a handful, and the rest play in pub-
licly owned parks built at taxpayer ex-
pense—often specifically to attract a
new team or keep an existing one in
town. Quirk estimates that overall local
subsidies to professional sports teams
(football, baseball, basketball and hock-
ey) exceed half a billion dollars annually.

Although many municipalities (not
to mention engineering firms pushing
stadium projects) have proclaimed the
benefits of a team in residence, Quirk
contends that no studies have ever
demonstrated that a city actually reaps
increases in local business income or
economic growth as a result of a major
league franchise. “Any notion that a
city can break even on these facilities
is just wild imagination,” he says. In-
trigued by this observation, Fort has be-
gun investigating just why cities con-
tinue to build stadiums but has found
no convincing answers as yet.

If players can achieve cislunar salaries
thanks to a reallocation of power in the
labor market and owners can make
money while apparently losing it, is
there anything fans can do to better
their lot? Curiously, says Philip K. Porter
of the University of South Florida, the
most rational thing they can do is to be
fickle. Loyal fans, who come to the ball-
park regardless of whether their team
wins or loses, free owners to hire cheap-
er players and so increase profits.

If a pennant-winning season fills the
park but a year in the cellar empties it,
then owners who want to make a profit
will be forced to hire top-quality, top-
dollar stars. Indeed, Scully has devel-
oped an economist’s equivalent of the
team slugging average: his “quality-ad-
justed ticket price” measures dollars
per game won. In 1991, for example,
Atlanta rated best at $11.41 and the
New York Yankees worst at $24.11. If
your team isn’t supplying enough bats
for the buck, just stay away from the
ballpark and, in the immortal words of
Red Sox fans through the generations,
wait till next year.

—Paul Wallich and Elizabeth Corcoran



KUWAIT FOUNDATION FOR THE ADVANCEMENT OF SCIENCES (KFAS)

INVITATION OF NOMINATIONS FOR
THE KUWAIT PRIZE 1992

The Kuwait Prize was institutionalized to recognize distinguished accomplishments in the arts,
humanities and sciences.

The prizes are awarded annually The prizes for 1992 will be awarded
in the following categories: in the following fields:

A. Basic Sciences A. Immunology

B. Applied Sciences B. Aquaculture

C. Economics and Social Sciences C. Desert Development in the Arab World
D. Arts and Letters D. Children Stories

E. Arabic and Islamic Scientific Heritage E. Architecture

Background

. Two prizes are awarded in each field: A prize to recognize the scientific research of a distinguished Kuwaiti and a
prize to recognize the scientific research of a distinguished citizen of an Arab country.

. The candidate should not have been awarded a prize for the submitted work by any other institution

. Nominations for these prizes are accepted from academic and scientific centres, learned societies, past recipients
of the prizes, and peers of the nominees. No nominations are accepted from political entities.

. The Scientific research submitted must have been published during the last ten years.

. Each prize consists of a cash sum of K.D. 30,000 (appr. $100,000), Gold Medal, KFAS Shield and a Certificate of
Recognition.

. Nominators must clearly state the distinguished work that qualifies their candidate for consideration.

. The results of KFAS findings regarding the selection of the winners are final.

. The papers submitted for nominations will not be returned regardless of the outcome of the selection.

. Each winner is expected to deliver a lecture concerning the contribution for which he was awarded the prize.

Inquiries concerning the Kuwait prize and nominations, including complete curriculum vitae and updated lists of

publications by the candidates and four copies of each of their published papers, should be addressed before

October 3], 1992 to:

(SN N w o

O 00~ D

Director General
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P.O. Box 25263 Safat
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! v | MATHEMATICAL RECREATIONS by 1an stewart

The Riddle of the Vanishing Camel

he Bedouin patriarch Mustapha

ibn Mokhta successfully defend-

ed his small tribe against a fierce
rival, thanks to Allah. But Mustapha
had been mortally wounded in the fight
and had fallen unconscious. His life-
long friend, Ali the barber, tended his
wounds and then carried him for miles
across the northern Arabian desert to
their camp.

Mustapha awoke surrounded by his
wives, sons, daughters and grandchil-
dren. “Allah be praised, I am still alive.
But I must get back to the fight.” He
could barely lift his head up.

“Please rest now, Great Mokhta,” his
first wife pleaded, offering him water
from a goatskin. “You have led your
tribe to victory. How do you feel?”

“Like I have been trampled by a thou-
sand camels,” Mustapha groaned. “Who
saved me?”

“Ali the barber,” his first wife replied.

“Bring him to me quickly.” His first
son left to summon Ali, and the fam-
ily dispersed, leaving Mustapha to lie
peacefully in his tent.

Ali was busy, as usual, trimming the
beards of all Bedouins who do not trim
their own and wondering who would

THREE SONS share ownership of sev-
en camels. The first son claims half the
herd; the second son wants a quarter;
the third demands an eighth. Can they
edach take their share without chopping
up a camel?

trim his beard. Hearing that Mustapha
had regained consciousness, he ran to
visit his friend.

Ali entered Mustapha’s tent. “Salaam
aleikum. You look much better.”

“Aleikum salaam. Thanks to you and
Allah, I have had a chance to see my
family again. Yet my body is broken be-
yond repair, and I fear I will die soon.”
He waved away the protest of his friend.
“There is no need to pretend. I want to
talk to you about how I should divide
my wealth among my three sons. I am
very fond of them, but they are some-
times slow-witted. I believe before they
inherit anything they should demon-
strate their intellectual prowess.”

Ali looked perplexed. “I do not un-
derstand, Mustapha.”

“Among my possessions is an ancient
arithmetical treatise, handed down, it is
said, from the great Al-Khowarizmi him-
self. It tells of a wealthy merchant who
owned 17 camels. He decreed that on
his death the eldest son was to have
one half of the herd, the second son
one third, and the third son one ninth.”

“I remember some such conundrum.
Of course, it makes no sense to offer
the eldest son eight and a half camels.”

“Nor the youngest son one and eight
ninths. But there is an ingenious solu-
tion to the problem.”

“Yes, I remember. A wise man brings
an extra camel of his own, raising the
total to 18. The eldest son takes half
of that number, namely, nine camels;
the second son takes one third, or six

camels; and the youngest son takes
one ninth, or two camels. Those num-
bers total 17, whereupon the wise man
departs once more with his own camel,
and all are satisfied.”

“Or at least, everybody thinks so. The
psychology of the puzzle is almost as
fascinating as the mathematics.”

“But, Mustapha, you have more than
17 camels.”

“Indeed, Allah has blessed me with
39. Moreover, I promised my father on
his deathbed never to sell a camel. So it
is not possible to reduce the number to
17. Of course, it would not be difficult
to purchase a few extra camels should
that prove necessary. The questionI am
unable to answer is whether some oth-
er collection of numbers would permit a
similarly curious course of events.”

“You could always triple everything,”
Ali said. “Start with 51 camels and the
same disposition into fractions.”

Mustapha nodded again, grimacing
with pain. “I have thought of that, Ali.
But then it would be necessary for the
wise man to introduce three extra cam-
els. That lacks elegance.”

Ali rubbed his beard. “So the ques-
tion is, what other numbers of camels
would behave in this curious manner?”

“Yes. I had in mind assigning to each
son some appropriate fraction of the
total that would permit the introduc-
tion, and subsequent removal, of just
one extra camel.”

Ali leaned back and smiled. “Num-
bers, Mustapha, were always a strong
point of mine. I wonder—” He gazed
into space for a few seconds. “By the
grace of Allah, there may be a way. But
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first we must understand how the orig-
inal trick works.”

Mustapha scratched his head. “I con-
fess I am sorely puzzled. The crucial
camel appears and vanishes like a jinni
from a lamp with a defective wick.”

“It must be some quirk of the partic-
ular fractions chosen,” Ali said. “For ex-
ample, had there been 12 camels, with
the sons getting one half, one third and
one sixth, then the eldest would get six
camels, the second four and the third
two. No extra camel would be needed....
Aha! T believe I see a ray of light. The
three fractions cannot possibly add up
to one. If they did, such a trick would
never work—for all camels would be di-
vided with none left over. Let me see.
What is the sum of /5, 1/5 and 1/4?

“Ah, 17/,4,” Mustapha said. “Of course!
The sons inherit only 17/;5 of the total
number of camels. If the total is 17,
they can’t divide the herd evenly. But
if the total is 18, each son takes a por-
tion of the 18 with one camel left over.”
A thought suddenly entered his mind.
“He wasn'’t really a wise man, was he?
He never pointed out to anyone that
the fractions don’t add up.”

“In that omission lay his deepest wis-
dom,” Ali countered. “The trick works
because the sum of the three frac-
tions assigned to the sons is a fraction
whose denominator exceeds its numer-
ator by one,” Ali said. “Here the numer-
ator is 17 and the denominator 18.” He
grinned broadly. “There are many such
fractions. For any whole number d,
they take the form (@-1)/,.... 've got it!
You have 39 camels. Right?”

“Yes.”

“Then all we need to do is choose
fractions that sum to 39/,,,” Ali said.
“For example, 1/,, 1/, and 9%,,.” He
turned in triumph, but then his face fell.
“You seem unimpressed, Mustapha.”

“It lacks simplicity, Ali. Each fraction
should be one out of something. One

out of three or one out of 19. Like that.
Not nine out of 40.”

“Ah. You require numerators of 1.”

“Precisely.”

“In short, you need a solution in
whole numbers to the equation 1/,+
1/p+1/.=@-1/, That is, the number
(d-1)/; must be expressed as a sum
of three reciprocals. Egyptians often
wrote down fractions in terms of a
sum of reciprocals. Hence, the sum of
/2, Y/p and 1/ is known as a three-
term Egyptian fraction.”

“I found a way to simplify your equa-
tion,” the patriarch said. He wrote down
the following equation:

a+ Vit Vet Va=1.

Ali smote his thigh in delight. “So if a
is 2, bis 3 and cis 9, then d must be 18
since 1/, + 1/3+ 1/g+1/;5 = 1. And now
all we have to do is find some other so-
lutions to your four-term Egyptian equa-
tion. That is, find four numbers whose
reciprocals sum to 1.” He paused. “A
reciprocal agreement, so to speak.”

Mustapha’s brow furrowed. “I can
certainly think of one other solution,”
he said. “Namely, 1/, + /4 + 1/4+ 1/, =1.
So what now?”

“We will find all possible solutions to
your equation.” Ali reached for a sheet
of paper. “It is a delicate matter, for we
are dealing with what mathematicians
call a Diophantine equation, one that
must be solved using only whole num-
bers. Indeed, in this case, positive whole
numbers. Such equations were dis-
cussed by Diophantus of Alexandria
around the third century.”

Mustapha turned himself awkwardly
in his bed to ease his shattered bones.
“Are you not being overambitious, Alj,
to seek all solutions? There could be a
large number of them?”

“Diophantine equations tend not to
have very many solutions,” Ali replied,

A

© 1992 SCIENTIFIC AMERICAN, INC

“although there are exceptions. And in
this case—"

He began scribbling on the paper. “I
believe we can prove that only a finite
number of solutions exist. Moreover,
the proof allows us to find them all in a
systematic manner. Among them may
be one that suits you. Suppose that the
numbers are arranged in order of size,
S0 a<b (a is less than or equal to b)
and b <c<d Then a must be at most
4. If a were to equal 5 or more, then b,
¢ and d would equal five or more,
and therefore the sum of their recipro-
cals would never equal 1 and would
always be less than or equal to
s+ 1/s+1/54+1/5,0r4/5."

Mustapha stared at him. “This helps?”

“Yes. You see, we also know that all
four numbers must be at least 2. Other-
wise the sum begins !/, and will always
be too large. Therefore, only three cases
need be considered: a equals 2, 3 or 4. In
the first case, where a = 2, the equation
becomes Y/, + 1/p,+ 1/.+ /3 = 1." He sim-
plified this equation a bit and then wrote
down the three cases. When a = 2, the
sum of the reciprocals b, c and d equals
1/,, that is 1/p+1/,+1/3=1,. When
a = 3, the sum must be equal to 2/3, and
when a = 4, the sum is equal to 3/,.

Mustapha looked puzzled. “But, Ali,
all you have done is replace one equa-
tion with three.”

“Yes, Mustapha—but now each has
only three variables instead of four!
Moreover, I can repeat the same trick on
each. For example, consider the first of
the three equations, 1/, + 1/.+ 1/3=1/,.
It is apparent that the second smallest
number, b, must be no more than 6. Oth-
erwise, the sum would be less than or
equal to Y/, + /> + 1/-, or 3/,, whichs less
than 1/,. In the same manner, for three
reciprocals that add up to 2/3, b must be
at most 4; and for a sum of 3/,, b must
also be at most 4. Thus, each of the
three cases for the number a breaks up
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into a finite number of subcases for b.”
“And then,” Mustapha said in excite-
ment, “you use the same trick again!”
“Precisely. As I have said, if 1/,+
1/c+1/3=1,, then b must be at most
6. And since ais 2 in this case, b must
be at least 3. Suppose, for example,

that bis 3. Then V/p+ 1/53+ 1/.+ 1/3=1.
That is, 1/, + /3 ="

“From which,” Mustapha cried, “we
deduce that c is at most 12, since /;3+
1/,3 equals 2/,5, which is less than 1/5."

“Exactly. And that gives only a finite
set of sub-subcases for c, after which

a il Bl |12 iy e =t
— 12— 2 — 0 — _0 —
— 1/6—— 6 —_— 0 —
e R — 7 —_—142— 42
1/6 = 8 1/24 24
—12— 3 =16— 9 —118— 18
|-r-a-—-- 10 ——115— 15
— 16— 11 = ——5/66—
L im— 12 L—ire—] 12
—
2 =
=
—ia— 4 |— 0'—
_]—14— 5 1/20 20
flo— 4 PBP—t4— & 112 12
_]—14— 7 |——3/28——
L 1/ — 8 = B — 8
30— 5  ——110—— 10
— 12— 5 —=—310— 6 2/15—
—|-—3/10— 7 10—
— 12— 6 — 13— 6 — 16— 6
f3—= 3 |— 0 —
| fg— 4 |—i2— 12
23— 3
‘ Pl gtg—=—d 5 |o—zpstel
3 |_13_ 6 |— 16— &
23—— 4 —512— 4 — 16— 6
4 —34— 4 —AR2— 4 —1a— 4

MUSTAPHA’S EQUATION—1/, + 1/}, + 1/ + 1/g = 1—has exactly 14 solutions if a,

b, c and d are positive whole numbers and if a <b <c <d. The colored boxes in-

dicate cases in which a, b, c or d must equal a fraction or zero.
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d has a unique value that we can cal-
culate precisely. For example, if a= 2,
b=3 and c=11, then d must satisfy
o+ 1/3+1/11+1/3=1, which implies
that d is 66/5. But that is not a whole
number, so there is no solution with
a=2, b=3 and c=11. On the other
hand, if a=2, b=3 and c= 10, then
o+ 1/5+1/0+1/3=1, which implies
that d=15. This time a solution ap-
pears. In general, if d turns out to be a
whole number, then we have found a so-
lution; if not, then that particular sub-
subcase does not lead to any solution.

“Moreover, the same argument ap-
plies to any equation of the form 1/,+
Vp+...+1/, =P/, where a, b,...,z, p
and g are positive whole numbers.
There are only a finite number of ways
to write any given fraction as an Egyp-
tian fraction with a fixed number of
terms. The solutions can be found by a
series of simple deductions.”

Mustapha coughed, then spat blood.
“You seem to have proved a very gen-
eral theorem, Ali.”

“Precisely. Now, allow me a few mo-
ments while I calculate all possible so-
lutions to your equation.” Ali scribbled
away furiously [see table at left]. “I find
exactly 14 different solutions.”

“And now the manner of your be-
quest stares us in the face,” Ali point-
ed out. “The very first solution in the
table is 1/, +1/3+1/7+ 1/,, = 1. Musta-
pha, if you owned a total of 41 camels,
you could decree that your eldest son
should inherit one half of the herd,
your second son should receive one
third and your third son should get
one seventh. Then if you die, Allah for-
bid, they will need to find a 42nd camel
to satisfy your wishes. Then the eldest
son will have 21 camels, the second
son 14, and the third son six.”

The dying man clasped the barber’s
hand. “Ali, you have answered my pray-
ers. It merely remains for me to procure
two more camels. Have the terms of the
bequest drawn up immediately—"

There was a commotion outside the
tent. Suddenly a small boy shot in
through the flap. “Yes, Hamid? Do you
normally approach the head of your
family in such a precipitate fashion?”

“I apologize, master Mustapha ibn
Mokhta. Your third wife, Fatima, has
just borne you a son! Your fourth son!”
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RIDDLES IN MATHEMATICS: A BOOK OF
| PARADOXES. Eugene P. Northrop. Krie-
ger, 1975.
UNSOLVED PROBLEMS IN NUMBER THEORY.
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1981.
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One Topography Two Ways

LANDFORMS OF THE CONTERMINOUS
UNITED STATES, Map 1-2206, compiled
by Gail P. Thelin and Richard J. Pike,
with accompanying brochure. U.S. Geo-
logical Survey, Branch of Distribution,
Box 25286, Federal Center, Denver CO
80225 ($5, postpaid). LANDFORMS OF
THE UNITED STATES, by Erwin Raisz.
Sixth revised edition, 1957. Raisz Land-
form Maps, P.O. Box 2254, Jamaica
Plain, MA 02130 (map sheet $2, plus $5
shipping).

he purity of this large USGS map
I catches every eye. It appears to
be the photograph of a wonder-
fully wrought silver plate, gleaming
from a black-velvet ground almost five
feet wide, its outline that of our na-
tion’s continental borders. The lustrous
texture is roughest to the west, smooth
and subtly undulating across the wide
midcontinent, then somewhat rougher
again along the eastern portion, all ren-
dered in expressive shadow.

On this big, digital, shaded relief map,
the stones, soil and sand of the 48 con-
tiguous states are represented by no
less than 12 million tiny gray squares,
or pixels, each about one-quarter mil-
limeter on edge, whose image is printed
in still finer halftone dots. Each pixel re-
ports by its tone the elevation above sea
level of one sampled square of terrain,
its edge about a half mile on the ground.

For every pixel, a gray value is calcu-
lated from the local slope, estimated by
averaging the elevations of a number of
neighboring pixels. Steep slopes appear
nearly black on their shadowed eastern
sides, nearly white where they are on
the sunlit side; lower slopes are interme-
diate in tone. The height is then visually
coded by the width of each patch of
tone seen by a viewer looking straight
down. Some simulated light enters to be
reflected in all directions, like sky light;
it is added to soften the direct beam of
the simulated sun coming from low in
the west-northwest. The total surface
reflectances computed by that recipe,
pixel after pixel, form the work of art we
see. Shadows cast by the hills are not
shown. (Heights are exaggerated over
horizontal distances by a factor of two.)

The height data do not come from
satellite images but are sampled from
two billion mapped elevations, all digi-
tized from hundreds of big topographic
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DIGITALLY SHADED RELIEF MAP produced by the UsGs (left) contrasts with tradi-
tional hand-drawn map by Erwin Raisz (right). These details from the maps show
California’s coastline and Central Valley.

contour maps prepared since World
War II. Rounding, interpolation between
contours, and the survey errors yield a
vertical accuracy of 100 or 150 feet.
Horizontal errors are much smaller than
pixel size, apart from some systematic
flaws in matching adjoining large blocks
of data and a few minor mysteries, mere
flotsam in this flood of numbers.

The richly textured plaque is the re-
sult, a detailed, precisely defined and
strongly evocative physical map. Small-
er features, even salient places like Me-
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teor Crater or the Delaware Water Gap,
are missing or barely appear. This is a
map of solid landforms alone, the bones
of the land, somewhat larger than the
scale of the field geologist. Here are no
crops or forests, no streams, towns or
roads. River valleys are wide and promi-
nent, but no watercourses are marked
within them. All natural lakes above 20
square miles in area were added in
black. Jet black, too, renders everything
outside our national borders, so that
the Great Lakes lack many shorelines,
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and even Niagara Falls is missing its
western hinge. Mountain ridges and ba-
sins become dramatic; gentler land-
forms disclose low relief over wide ar-
eas, often patterns that can be noticed
in almost no other way.

The UsGs authors of this product of
modern minds and machines include a
16-page brochure, mildly technical (ex-
plicit enough for the software buffs)
as a guide to their gift. Three double-
spreads in that paper show their map
with strong overlays added, one to mark
state boundaries, one to outline the
physiographic divisions and geologic
provinces standard since the 1940s, and
the third indexing a couple of dozen to-
pographic features discussed in the text.
The San Andreas fault zone, the Valles
caldera and the Ozarks are to be found
here as on every good map. But what
become conspicuous are such features
as the low-relief Nebraska Sand Hills,
“largest sand-dune area in the... Hemi-
sphere”; the broad, flat Alluvial Plain of
the lower Mississippi; and the complex
textures that recall the comings and go-
ings of glaciers across the northernmost
states. The filigreed shoreline of Virginia
and North Carolina is especially beauti-
ful, as is the smooth floor of the long
Central Valley of California, whose only
lesion is an enigmatic old volcano near
Marysville on the Sacramento.

Improvements will come; a geolog-
ic map should be an “ongoing experi-
ment.” Extending the map to include
Alaska and Hawaii, filling in the black-
ness to reveal nearby Canada and Mexi-
co, fixing a variety of awkward little er-
rors and showing the streams seem
priorities. Color for altitudes? Perhaps;
that would lose the luminous serenity
of the unequaled image.

No doubt this 1991 map is a triumph
for digital mapping by machine. But
there is still time to celebrate a tireless
worker by hand, the John Henry of car-
tography, the late Harvard cartographer
Erwin Raisz, who drove a steel pen.
Long ago he drew the U.S. landforms at
very similar scale, using a clear vocabu-
lary of hatch marks, stipples and shad-
ing to represent relief symbolically.
Moreover, he lettered right across his
map a whole gazetteer, naming a couple
of thousand towns, streams and forms.
The scale of the digital USGS map is
1:3.5 million; the Raisz map is only a
little smaller, one inch to one degree of
latitude. Generously recommended by
Thelin and Pike, it is an available index
to their austere and silvery elegance.
You will find Meteor Crater easily here,
and all our rivers labeled, from the
Chehalis across to the Caloosahatchee.
Raisz left us a legacy of many other fine
pen-and-ink maps as well.
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Even in Switzerland

MALARIA: OBSTACLES AND OPPORTUNI-
TIES, edited by Stanley C. Oaks, Jr., Vio-
laine S. Mitchell, Greg W. Pearson and
Charles C. J. Carpenter. National Acad-
emy Press, 1991 ($39.95).

he veterans of the grand cam-
I paign against smallpox are still
here to recount their global victo-
ry. Our current engagement with the
subtlest, most implacable of hostile vi-
ruses—HIV and its fatal sequel, AIDS—
rages on, outcome still in the balance.
This study, well edited from the re-
ports and discussions of some 60 di-
verse experts for the cognizant com-
mittee of the Institute of Medicine
(U.S.), is sobering news from the Million
Years’ War we are losing against malar-
ia. That ancient scourge tightly couples
the lives of three disparate organisms:
a subgroup of mosquito species, all
within a single large genus; a few strains
of parasitic, specialized eukaryotic mi-
crobes called plasmodia; and our own
world-girdling, protean species.

Oh, we have had our triumphs, all
right. In 1699 a New York observer
wrote of malarial “agues and fevers”:
“Many dead, but not yet soe many as
last yeare. The like is all N. Engld. over,
especially about Boston, where have
dyed verry many.” Well-drained lands
and roads, better food, tighter housing
have served our kind well, especially in
lands where winter’s writ runs. The
main theater of war today is the tropical
belt right around the world, where that
obligate mosquito-to-person link of ma-
larial transmission remains common.
The zone is home to two billion people,
most of them poor villagers long adapt-
ed by genetic inheritance to suffer but
to survive the tides of malarial fever.

A hundred million of them fall clini-
cally ill each year, and one or two mil-
lion die of malaria. Four out of five of
those patients and nine tenths of the
ones who die are African, mostly in the
savanna regions south of the Sahara but
north of the high veldt. There malaria,
which arrives with the seasonal rains,
is most serious as a disease of child-
hood—virtually everyone becomes in-
fected early in life. The children who
manage to survive, liberally inoculat-
ed by the three abundant species of
Anopheles mosquitoes, acquire partial
immunity. Those mosquitoes prefer to
lay eggs in natural sunlit pools of stand-
ing water; a photograph documents that
pleasant locale, adjoining newly cleared
garden patches of the slash-and-burn
farmers along the forest’s edge.

In mainland Southeast Asia and in
much of the Amazon basin, forest ma-



laria is becoming a disease of young
adults. Almost all the young men who
venture into the forests, to sleep in
open lean-tos while they scrabble for
gold or for gems, come down with the
fever. In India the larvae of the chief
mosquito vector breed by choice in the
rainwater held in tanks, buckets, even
in tin cans; malaria in south India has
become mostly an urban disease.

In San Diego County the female mos-
quitoes pick up the parasites along
with the first nourishing blood meal
they take from sleeping migrant work-
ers, to transfer by bite a week or two
later an inoculum of thriving microbes.
Malarial cases by the dozen are reported
there, some during every one of the past
few years. Even in meticulous Geneva, a
few malarial cases recently astonished
the Swiss physicians: their patients had
never traveled, but they shared one trait.
All lived within a mile of the busy inter-
national airport. Those infected vectors
had been jet assisted all the way from
the tropics, to fly only one last mile on
their own. Plasmodia prosper within
those flying, searching and incubating
insect syringes for up to a month.

Back in the late 1950s the full eradi-
cation of malaria, ending not only the
fever but all new infections, seemed
within reach. The wartime insecticide
DDT, cheap and powerful, had allowed
broad reduction of mosquito popula-
tions. Exposed people were well pro-
tected by steady prophylatic doses of
the drug chloroquine, another wartime
find. It was held that a winning strategy
was to kill the mosquitoes that came
near people often enough to make sure
there was no time for multiplication of
parasites within the insects.

Early results were promising. Malaria
was so plainly on the run that health
officials often reallocated funds to oth-
er pressing needs. Then malaria made
its powerful counterattack. The mos-
quitoes began to survive their contact
with well-sprayed house walls; soon
there were vector strains so well adapt-
ed that they would not even rest on a
sprayed surface. By the 1970s cheap,
overused DDT had poisoned the food
chain, to be replaced by pesticides that
were dearer, even more toxic, and spar-
ingly used. Worst of all, the plasmodia
were rapidly selected for their resis-
tance to the best drugs. The most resis-
tant species of the parasite, Plasmodi-
um falciparum, has by now spread al-
most globally. “The situation for drug
treatment and prophylaxis” for this fast-
growing form of malaria “is desperate.”
Other drugs we know are slower, more
expensive and less sure; multidrug re-
sistance is spreading as well.

Among the dozen chapters that con-
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sider the relevant intricacies, from the
treatment of plantation labor to new
diagnostic polymerase chain reactions,
four or five treat molecular biology at a
rather technical level. One urgent aim
is a good vaccine, which might act at
any of a variety of target structures
along the eventful life cycle of the para-
sites. It is simply impractical to follow
the classical route of smallpox or ra-
bies vaccines, by growing weakened in-
fectious particles to inject as antigens.
Vaccines based on subunits, key pro-
tein fragments of these big plasmodia,
are for now the only hope.

The readable, many-sided volume
ends with a brief, eloquent note of dis-
sent, entered by a committee member, a
World Health Organization expert close
to the field of battle. He argues that
what is needed is quick, generous sup-
port of direct prevention and control,
not the long chain of research and
study outlined in the book. The major-
ity offers a high-minded defense of
prudent, balanced effort. An unwritten
question remains. In 1958 Senators
Humphrey and Kennedy acted to com-
mit the U.S. to support world malaria
eradication for five years. It was, this re-
port remarks, an “enormous investment
for the time.” The unprecedented sum
would have bought as many as one or
two squadrons of Phantom jet fighters,
also brand-new that very year. During
the next decades, the U.S. Air Force and
Navy would acquire well more than 100
squadrons of that famous aircraft. An
analyst might well judge as the more
cockeyed policy not the urgency of the
dissenting World Health Organization
expert, but prudence, American-styie.

Inconstant Sunshine

THE SUN IN TIME, edited by Charles
P. Sonett, Mark S. Giampapa and Mil-
dred S. Matthews, with 83 collaborating
authors. University of Arizona Press,
1991 ($60).

r I Yhe appeal of this chunky, expert
and fascinating text is its novel
topic: change in the proverbially

constant sun. To be sure, our grasp of

stellar evolution in the large has be-
come so robust that we are pretty sure
about the far prophetic future, say, five
billion years out, time enough for ex-
haustion of the sun’s available thermo-
nuclear fuel. After that the sun will
swell grotesquely to become a red giant,
engulfing its inner planets. Waiting only

a modest interval, that giant radiator

will again transform, blowing away its

great swollen envelope, to dwindle into

a commonplace, long-lasting but dim
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and tiny white dwarf. The neighborhood
of a spent sun is no place to live,

The changes this volume so close-
ly examines are not such apocalyptic
events, but rather the normal course of
the geologic past and the brief time of
human presence. Life bears witness that
the sun has functioned recognizably for
a very long time, although never free of
important change. Since 1945 we have
learned that certain solar-type stars
with unusual hydrogen emission lines
are suns still in the womb, enveloped
in placental clouds of molecular gas
and dust, rapidly gvolving toward birth.
A sun can be said to be born once the
newly stable globe of gas, which has
mass, temperature and rate of rotation
roughly matching our own sun, begins
its long, independent life of slow nu-
clear burning. During that career, spin,
spottedness, magnetic fields, unusu-
al radiations and incessant outgoing
winds are in persistent change. For two
decades now, spectral evidence has
allowed us to follow in many distant
sunlike stars both what look like regu-
lar solar cycles and such less repetitive
features as the absence of sunspots in
the years after Galileo’s discovery.

We were not around at the sun’s birth;
our time machine is inferential, from
theory and from the modern multiband
examination of sun surrogates, some
older, some younger than our sun. New-
born suns are rotating and magnetic;
some sport a circumstellar disk, often
with polar jets of gas, like the “solar
nebula” postulated since Laplace’s time.
A smaller class among such stars have
disturbed surfaces but lack the con-
spicuous dusty disk, cleared away by
star winds and powerful radiation. Then
direct starlight can illumine the equato-
rial neighborhood of the new sun. The
disk has dissipated or even condensed
to form planetesimal precursors and,
eventually, real planets. That process
would certify the birth of a true plane-
tary system; it is conceded that we
have yet to see the planets.

The meteorites and the moon rocks
give mineral evidence of earliest days,
when the sun was still in gestation, un-
stable and dust obscured. The aster-
oid-size parent bodies of the meteo-
rites endured that very time. Strong
interior heating, even real melting, is
still present. Only two sources of so
much power flung far into space now
seem plausible. One is decay heat from
short-lived radioisotopes of aluminum,
whose million-year lifetime fits the pre-
solar schedule. The other is electrical
heating of the orbiting bodies as they
circled in a strong early magnetic field,
stirred by fierce pre-solar winds. Two
chapters assess the processes in detail;



the reflective experts flatly disagree.

Half a billion years later—planets
well formed, solar space cleared of
dust—old earth rocks disclose warm
and sunny shores, sediments formed
in liquid water, even microbial growth:
no signs of glacial ice. But the stellar
evolutionists maintain that the sun
took longer than that to warm up; its
central thermonuclear source had to be
weaker in those days, by perhaps a
third. The young sun was faint, yet the
earth was not cold. Was the sun per-
haps more massive and brighter to be-
gin with, to reach its present mass by
heavy losses to strong early wind? That
would be even worse; a hotter earth
might have lost its oceans altogether.
The present best answer is as familiar
as the daily papers: a greenhouse at-
mosphere of carbon dioxide was re-
leased from inorganic rocks by huge
impacts and by hyperactive volcanism,
enough to overcompensate for the in-
trinsic dimness of the young sun.

Ever since, the sun’s changes have
been more subtle: sunspots and their
half-chaotic cycles, frequent but small
changes in size and brightness, high
winds in space or none at all, declining
spin, transient flare-ups of harder radi-
ation than the dominant sunlight. In-
strumented satellites of the 1980s show
by direct measurement the reduction of
solar power, if only by parts in 1,000,
whenever the sunspots abound.

So far we have been led by the ac-
counts of only a third of the papers in
the book, the more astronomical moi-
ety. For the rest, the story lies neither
in the bright disk of the sun nor far-
away in the night sky. Instead it is read
right here on the earth—in exotic ra-
dioactive traces in molybdenum ore
taken from the base of one red moun-
tain in Colorado, in ice cores drilled out
of the polar caps, in particle tracks art-
fully etched in mineral grains taken
from meteorites, even in fine alternat-
ing layers seen in some old limestones
and in less ancient tree rings. Two gen-
eral methods are used: material traces
ascribable to one or another kind of ra-
diation of solar origin or to the telltale
periodicities to be read in any earthly
process that the sun might modulate.

Curiously, the grand rhythms of re-
cent ice ages may be an exception: gla-
ciers come and go, not mainly because
the sun’s output changes but more in
time with minor gravitational forces
from the other planets that tweak
the tilt of the poles and the orbit of
the earth. Those small variations in
sunshine received are amplified by
enigmatic feedbacks in the global cli-
mate engine to bring or banish the ice
sheets...maybe.
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E S SAY by Peter W. Huber

Junk Science in the Courtroom

he opportunities for peddling

bad science in a court of law cut

across our litigious landscape.
May a public school consider exclud-
ing a child who is HIV positive because
someone clothed as an expert declares
there is a risk of contagion, or would
that amount to unlawful discrimination
based on paranoia, not science? May
Texas courts rely on a psychiatrist’s
predictions of “future dangerousness”
in deciding whom to electrocute, or
would sentencing on that basis be un-
constitutionally arbitrary? May a public
school in Arkansas teach “creation sci-
ence” alongside Darwinian evolution, or
would this violate our separation of
church and state? And in civil litigation,
what kind of evidence should be admit-
ted as to whether tobacco causes can-
cer or breast implants don’t? Cases like
these often involve pitched battles
among experts. Many cases are decided
by—or quickly settled because of —pre-
trial rulings on whose experts will be
permitted to testify.

Should judges screen such “expert”
scientific testimony? Since the early
1970s, many courts have drifted to-
ward what has been dubbed the “let it
all in” approach, preferring that 12
stout citizens in the jury box draw the
lines between real science and junk.

The stakes riding on the answer that
the courts ultimately reach are high.
Highest of all are those in civil litiga-
tion. And it is here that evidentiary
standards have declined the most, even
as standards for liability itself have
grown more strict. Thus, “clinical ecol-
ogists,” who claim to detect links be-
tween stray chemical pollution and
something they term “chemically in-
duced AIDS,” have become a powerful
force in worker’s compensation litiga-
tion. Obstetricians have been sued in
record numbers on the (erroneous) the-
ory that the doctor’s performance at
the time of delivery significantly affects
a child’s risk of cerebral palsy. The
quality of testimony in cases involving
chemical pollution is especially vari-
able. Stuart F. Schlossman of the Dana-
Farber Cancer Institute dismissed the
testimony in one major and much pub-
licized case not only as “outside the
mainstream of science” but as “outside
its widest perimeter.”

Scientists from within the pale may
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scoff at courtroom antics, but what
passes for science in court affects them,
too. Over time, trials can define the
meaning of “good” performance for en-
tire professions and industries. Cerebral
palsy litigants, for example, frequently
argue that an electronic fetal monitor
or cesarean delivery would have saved
the child. Science offers little support
for this view. And yet electronic mon-
itors and aggressive surgical inter-
vention have become the professional
norm, because peer review for an ob-
stetrician too often means review from
an iconoclastic medic on the witness
stand, followed by the vote of a jury.

Courtroom experts may likewise
trump professional societies, journals
or administrative agencies in judging
how drugs, pesticides or cars should be
designed. The Food and Drug Adminis-
tration, for example, relied on several
orthodox epidemiological studies to
conclude that Bendectin, a drug for
morning sickness, did not cause birth
defects. But armed with a barrage of
inflammatory publicity and a single re-
searcher’s limited animal tests (later
exposed as fraudulent), lawyers con-
ducted some epidemiology of their
own: in 1984 they assembled more
than 1,000 Bendectin claims in a single
court case. With “people power” like
that, one attorney cheerfully observed,
conventional epidemiology might not
matter so much. Bendectin was with-
drawn from the market, leaving what
the American College of Obstetricians
and Gynecologists describes as a “sig-
nificant therapeutic gap.”

The legal climate may even shape
what reputable researchers should pub-
lish—and when. In 1981, for example, a
paper suggested a possible link between
spermicides and birth defects. This led
to a $5-million verdict against a leading
contraceptive manufacturer. But the re-
search was not corroborated by subse-
quent studies, as the original authors
themselves have since acknowledged.
“I believe our article should never have
been published,” one frankly conceded.
“In our present litigious environment,
the reservations and qualifications writ-
ten into a published report are often ig-
nored, and the article is used as ‘proof’
of a causal relationship.”

What can or should be done? The
thought of some judge deciding what
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passes for “science” and what does not
undoubtedly evokes unpleasant memo-
ries of Galileo. But in the American le-
gal system today, juries already pass
judgment on scientists, engineers and
physicians all the time. With that the
established fact, judges should, at the
very least, ensure that science in court
has more in common with Scientific
American than The National Enquirer.

A slowly growing number are look-
ing for ways to do just that. Most judg-
es recognize that screening an expert’s
qualifications is necessary but not suf-
ficient. Some are willing to insist that
an expert rely on facts and methods of
a kind generally accepted by a wider
scientific community. The Frye rule,
based on a landmark criminal case, is
being gradually resurrected to require,
once again, that a scientific witness’s
methodology or mode of reasoning be
“sufficiently established to have gained
general acceptance in the particular
field in which it belongs.”

Scientific communities should be ask-
ing their members some searching ques-
tions, too. Should a scientist or doctor
accept the same lawyer’s (well-paid) in-
vitation to testify on the same issue
again and again? Can a true expert de-
rive much of her income from scientific
exposition aimed more at jurors than
at scientific peers? At the very least,
the individual scientist should reflect
on the counsel once offered by Nobel
physicist Richard Feynman. A true sci-
entist approached for advice on public
matters must commit to come forward
with his ultimate findings regardless of
whose position they may favor.

One way or another, lawyers and sci-
entists alike must recognize that the de-
livery of babies or the redesign of drugs
on the witness stand is also a form of
professional practice—or malpractice. If
courts aspire to maintain high stan-
dards of performance among profes-
sionals summoned to court as defen-
dants, they must find ways to maintain
equally high standards among the pro-
fessionals who accuse them. Otherwise,
there is a real risk that the least compe-
tent fringes of a scientific community
will end up, through the courts, pre-
scribing standards for the rest.

PETER W. HUBER is a senior fellow of
the Manhattan Institute and author of
the recent book Galileo’s Revenge: Junk
Science in the Courtroom (Basic Books).
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