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LEAVE THE STAT
The All-New Po

Seven years ago, we stunned the automotive world with the Pontiac Grand Am. A machine so

driven by performance and value, it completely redefined the affordable sport sedan status quo.
That was then. This is now. The all-new Grand Am. to be

even more aerodynamic. Bigger inside. And with more technically advanced performance

hardware than ever.

are now standard. So is a powerful new 2.3L
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variable-effort steering available, to enhance Grand Am’s tactile feel. And you can still
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US QUO BEHIND.
ntiac Grand Am.

unleash either an available 2.3L @ or 3.3L
fuel-injected V6

The 1992 Pontiac Grand Am® If you're ready for a new blast of excitement, see your
Pontiac dealer. Because the time is right. And the time is now.
PONTIAC CARES... with an extensive 3-year/36,000-mile, no-deductible warranty

z (see your dealer for terms of this limited warranty) plus 24-hour Roadside
Assistance. Call toll-free 1-800-762-4900 for more product information

PONTIAC

/7427 and dealer locations.

PONTIAC We Buwild Excitementv
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—— 1 While the engineering and architec-
# __ tural disciplines have always prized
g the elegant solution, there
are times when brute
strength is imperative.

Introducing the Apple

—— ™ Macintosh' Quadra”700 and
So much power in so little
gace. The Quadra 900 Quadra 900 computers.
5 just 186" highand fis— Awesomely powerful,
comfortably next to your . .
dest. The Guadra 700 /s Ferociously fast. But each s
comfortably on op of . il very much a Macintosh.

Up to twice as swift as any of their forebears,
they're the first Macintosh computers to be
built around the Motorola 68040, rated at 20
MIPS and running at 25 MHz. A highly inte-
grated design, the 040 combines the processor,
math coprocessor, memory controller, and
cache memory all onto one chip.

More important than merely technical mea-
surements, the Macintosh Quadra computers
are totally harmonized systems. The hardware
architecture, operating system, interface, periph-
erals, and networking were all designed from
the start to optimize the 040's power and work
together smoothly as asingle integrated system.

Anyone using compute-intensive applica-
tions — like 3-D modeling and stress analysis —
will immediately appreciate the difference.

Popular software packages like Inﬁm D,
MicroStation Mac, and
Virtus Wa kThrough per-

form more nimbly and

Big just got bigger. The new
Macintosh 21" Color Display gives
you more drawing board to work
on. Colors are vivid, focus is crisp, =
brightness and contrast are high.

=

Aacinuosh
@ )u(zdrﬂ 200

“24-bit video support for up lo 16" monitors: 8-bit video support for up lo 21" monilors. **There are lwo easy ways lo do il. Simply add an application called SoftPC, or one of two cards from Orange Micro, the Mac286 or Orange386. ©1991 Apple Computer: Inc. Apple, the
Virtus Corp. Camera 1 image was created in Infini-D: Infini-D s a trademark of Specular International. Lid, Orbiter image was created with MicroSlation Mac: MicroStation is  registered trademark of Bentley Systems Inc., an Intergraph affiliate. ORACLE is a registered
Instruments. Lotus and 1-2-3 are registered trademarks of Lotus Development Corporation. SoftPC is a registered trademark of Insignia Solutions Inc. WordPerfect is a regis stered Irademark of WordPerfect Corp. By the way. this ad was designed, typeset, and otheruise
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responsively than they ever did before.

And because you do more than design and
engineering, these computers also run thou-
sands of Macintosh productivity programs like
Lotus 1-2-3 and WordPerfect. Accounting pro-
grams like Great Plains. Database programs
like ORACLE and FoxBASE+/Mac. And presen-
tation programs like PowerPoint.

In addition, RAM is expandable up to 20MB.

The Quadra 900 is a standing tower of im-
mense capacity with five NuBus expansion slots,
SuperDrive, plus three additional half-height
expansion bays for CD-ROM drives, magneto-
optical disk drives, tape backups, or hard disk
storage of over 1 gigabyte. RAM can be added up
to 64MB. It also features a key lock, not only

Because it’s a Macintosh, extremely sophisticated programs for interior spatial emulation,
3-D modeling, and CAD/CAM are easy to use. Because its a Macintosh Quadra, theyve got the muscle to run nimbly
and quickly. Pictured in action, Virtus WalkThrough and Infini-D.

Both Mac® Quadra models offer a generous
array of expansion slots. Which you may never
need since so much is already on board.

That includes sound input and output
ports. And high-performance 24-bit color video
controllersbuilt onto the logic boards which will
run any Apple and many third-party monitors?
Saving both a slot and the cost of a video card.
And both come with Ethernet. So you can move
large CAD files around the office at warp speed.

The Macintosh Quadra700isthesame com-
pact size as the popular Macintosh Ilci.

It also comes with a SuperDrive” disk drive,
two NuBus'slots,and a hard drive of up to 400MB.

for security, but to protect against interruption
of your long, compute-intensive jobs.

Despite their unprecedented abilities, the
Quadra computers are as easy to set up and use
as every Macintosh and are capable of running
not only thousands of Macintosh applications,
but MS-DOS** programs as well.

For the name of your nearest authorized
Apple reseller; call 800-538-9696, extension 320).

They'll be pleased to demonstrate a
power that has vaulted once again to

new heights. The power to be your best: e

Introducing Macintosh Quadra.

Apple logo. Mac. Macintosh. and “The power o be your best” are registered trademarks and Macintosh Quadra and SuperDrive are lrademarks of Apple Computer. Inc. French Door screen was crealed with Virlus WalkThrough, Virtus WalkThrough is a trademark of
trademark of Oracle Corporation. FoxBASE +/Mac is a registered trademark of Fox Software. Inc. Great Plains is a registered trademark of Great Plains Software. Inc. MS-DOS and PowerPoint are registered trademarks of Microsoft Corp. NuBus is a trademark of Jexas
created quickly and affordably using Macintosh personal computers
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Homeless Families
Ellen L. Bassuk

More than one third of the nation’s homeless are families—often headed by
young women—and their numbers are growing. Each night, as many as 100,000
children sleep in shelters or in abandoned buildings or on the street. The
author proposes new social policies that will prevent the physical and psycho-
logical devastation faced by these vulnerable victims of poverty.

Quantum Cosmology and the Creation of the Universe
Jonathan J. Halliwell

Einstein’s general relativity enabled cosmologists to describe the formation of
matter and its coalescence into galaxies, stars and planets. But that theory cannot
explain the events before the instant of creation. During the past decade, a group
of cosmologists turned to the theories of quantum mechanics to fill the gap.
Still missing is an observation, such as gravity waves, to verify their ideas.

The Stem Cell
David W. Golde

The red blood cells that transport oxygen, the platelets that promote clotting and
the host of disease-fighting cells of the immune system are all progeny of a pro-
lific resident of the bone marrow known as the stem cell. The ability to isolate,
manipulate and store hematopoietic stem cells is leading to improved treatments
for such ailments as cancer, aplastic anemia and some autoimmune diseases.

The Origin of Horseback Riding

David Anthony, Dimitri Y. Telegin and Dorcas Brown

The first horse broken to the bit probably lived on the vast grasslands of the
Ukrainian steppes some 6,000 years ago. That finding, based on microscopic
analysis of characteristic tooth wear caused by a bit, predates the accepted origin
of horseback riding in the Middle East by three millennia. The horse may have
played a greater role in the spread of language and culture than previously thought.

Chemical Fuels from the Sun
Israel Dostrovsky

Direct conversion of solar radiation into electricity has shortcomings. The energy
cannot be stored efficiently, and it is difficult to transport over long distances.
But heat from the sun can be captured in environmentally benign chemical fuels
that can be used and then re-formed through reversible reactions. One possibility
being explored is syngas, a mixture of carbon monoxide and hydrogen.
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The Brush Turkey

Roger S. Seymour

The homely image of a female bird sitting patiently on her nest does not fit these
curious Australian fowl. They bury their eggs in carefully constructed compost
heaps—then they leave. The chicks emerge fully capable of surviving. Their
adaptations are exceptions to many rules that govern avian development.

Sophie Germain
Amy Dahan Dalmédico

The obstacles to women in science pale today before those faced by Sophie
Germain in 18th-century France. Yet this self-taught, middle-class woman would not
be dissuaded from the pursuit of mathematics. Firm in the conviction that her
work would withstand the test of time, Germain made significant contributions.

TRENDS IN ARTIFICIAL INTELLIGENCE

Silicon Babies
Paul Wallich, staff writer

Artificial-intelligence researchers have found ways to automate reasoning and
planning, provide computers with sight and other senses, and teach them to
comprehend spoken commands. Now a small group of researchers are attempt-
ing to put all those skills into one package. They are trying to build “integrated
systems” that they hope will function independently in the real world.
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To your family, to your business associates, to a palm of your hand. To take with you beyond new hori-

potential client, there is nothing more powerful than zons, beyond all past limitations.
the sound of your voice. With GTE’s growing Mobilnet® system, for example,
At GTE, we can help you keep that power in the your car telephone keeps you in touch in over 28
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metropolitan areas. From Tampa to San Francisco to Offer a comforting word to your child. check in with
the state of Hawaii. GTE’s Airfone® In-flight your office, open the door of a new business opportunity.
Telephone Service is now on 15 major airlines. And At GTE, we give you the power to touch your world.

Amtrak is expanding the availability of Railfone” Because at GTE, the power is on.

HOLD YOUR WORLD TOGETHER WITH
THE POWER OF MOBILE COMMUNICATION.

THE POWER IS ON IS
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THE COVER photograph shows an insect-
like, reflex-driven robot under development
at the Massachusetts Institute of Technolo-
gy. The current models, named Attila and
Hannibal, explore the M.L.T. Artificial Intelli-
gence Laboratory; future versions might be

deployed to gather information on other
planets. Although the M.LT. robots operate
almost entirely by reflex, artificial intelli-
gencers are locked in intense debate over
the amount of reasoning and knowledge
such machines will require (see “Silicon Ba-
bies,” by Paul Wallich, page 124).
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Good Nukes, Bad Nukes

It is unfortunate that Scientific Amer-
ican chose to print “Nuclear Power in
Space,” by Steven Aftergood, David
W. Hafemeister, Oleg F. Prilutsky, Joel
R. Primack and Stanislav N. Rodionov
[June], as an objective consideration
of the technical and safety concerns
over nuclear-powered satellites. The ar-
ticle presents as meaningful facts mere
fragments of data that cannot be put in
perspective by most readers.

The opening paragraph refers to the
“extensive history of accidents and fail-
ures” and to “numerous” releases of ra-
dioactivity. The authors then proceed

to describe the three releases of nucle-
ar material to the upper atmosphere
that have occurred. Do three events tru-
ly merit the description “numerous”?

The release of “17,000 curies of plu-
tonium 238” following the failure of
the Transit 5BN-3 navigational satellite
to achieve orbit is presented without
any means for considering its signif-
icance. The amount of radium 226
alone naturally present in the earth’s
surface dwarfs by orders of magnitude
the “environmental burden” of plutoni-
um added by man.

The claim that nuclear power sour-
ces for satellites create international
tension confuses cause and effect. It is
not the power source that causes ten-
sion but rather the operation of the
military reconnaissance and naviga-
tional satellites. Tension and conflicts
aside, those satellites have contributed
to the remarkably enduring (albeit un-
easy) truce between the superpowers
for the past five decades.

The apparent support given to the use
of nuclear power for distant space pur-
poses is also misleading. These uses,
such as the plutonium power sources
on the Galileo and Ulysses space probes,
have been opposed by activist groups,
using the same strategies and argu-
ments as those of the authors.

R. J. TUTTLE
Moorpark, Calif.

Aftergood, Hafemeister and Primack
respond.:

Of the roughly 65 space missions
that used a nuclear power supply, at
least 10 were terminated by an acci-
dent, a launch abort or some other fail-
ure. At least five resulted in the release
of radioactivity into the biosphere.

It is hard to see how Soviet surveil-
lance satellites powered by nuclear re-
actors have contributed to the “truce”
between the superpowers. Rather the
RORSAT program, suspended in 1988,
threatened to stimulate the develop-
ment of antisatellite weapons by the
U.S. Military applications of space nu-
clear power may begin as only the man-
ifestations of conflict, but they soon
form a causal link in arms competition;
they are well worth controlling.

Our support of nuclear power for
deep space uses is genuine—and it has
been effective. A Federation of Ameri-
can Scientists report on nuclear safety
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aspects of the Galileo mission was cit-
ed by the National Aeronautics and
Space Administration to help persuade
a federal judge to allow that spacecraft
to be launched.

What Is a Weed?

The unexamined assumptions un-
derlying “Biological Control of Weeds,”
by Gary A. Strobel [SCIENTIFIC AMERI-
CAN, July], are deeply troubling. Strobel
champions an industry aimed at eradi-
cating not a clearly defined target, like
AIDS or cancer, but a family of plants
chosen by the most superficial human
subjectivity. We simply have no idea
what essential functions these plants
perform. Many of them may defy labo-
ratory elucidation because they are en-
tirely passive or catalytic, in the same
way that a coral reef provides shelter
for myriad marine species.

His approach also conceals a second,
more disturbing level of trivializing
subjectivity: Strobel and his like-mind-
ed colleagues devote careers to mak-
ing commercially valuable plants thrive
and making plants without recognized
uses vanish. They merrily champion the
extinction of plants that could possibly
save our lives.

ROBERT B. MERKIN
Northampton, Mass.

Strobel responds:

Weeds are basically “plants out of
place.” In its home environment, a plant
may be controlled by pathogens, in-
sects or other competing plants. Once
carried to a new location where it fac-
es no competitors, however, the same
plant may threaten wildlife, the land-
scape, livestock and people by prolifer-
ating dramatically.

People who practice and study biolog-
ical control do not represent a cult bent
on annihilating weedy plants. Quite the
contrary, biological control measures
usually suppress the invading weed
population without eliminating it by in-
creasing the number of its competitors.
Because biological control measures are
generally not directed at a weed popula-
tion’s native point of origin, no poten-
tially valuable germ plasm is destroyed.
There is not a single documented case
of the loss of a plant through the prac-
tice of biological control.



An Open Invitation to
Enterprising Individuals

The 1993 Rolex Awards for Enterprise

If there is a dream, a plan, or a project that has captured your imagination, we invite
you to capture ours—by submitting your application for the 1993 Rolex Awards for Enterprise.

Since their inception in 1976, the Rolex Awards for Enterprise have attracted thousands
of applicants from all around the world.

Now, once again, we are issuing this worldwide call for entries from people who
demonstrate the true spirit of enterprise— the courage, energy, and initiative to undertake bold
new ventures for the common good.

An Award of 50,000 Swiss Francs

and an Engraved Rolex Timepiece

While the spirit of enterprise carries its own reward, the five winners for 1993 will
each receive an award of 50,000 Swiss francs. In addition, these five people, plus up to thirty-
five designated as honorable mentions, will receive specially inscribed Rolex timepieces.

We are seeking proposals for original projects in any one of the following categories:
Applied Sciences and Invention; Exploration and Discovery; The Environment. The Selection
Committee will be looking for projects which not only display the true spirit of enterprise and
originality, but also demonstrate interest, significance, and feasibility.

Previous recipients have won for projects as varied as Rodney Jackson’s program for
radio-tracking the endangered Himalayan snow leopard; John Asmus’s use of lasers to restore
Qin Dynasty terra-cotta figures; Penny Patterson’s study of the language ability of the great
apes; Donald Perry’s invention of a device that enables him to work high in the trees to study
tropical rain forests; or Anita Studer’s reforestation project in the rural villages of Brazil.

Book To Be Published

When the results are announced in 1993, a hardback book will be published contain-
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Switzerland. The awards will be presented in Geneva at the end of April, 1993.
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o0 AND 100 YEARS AGO

DECEMBER 1941

“Newspaper reports from London re-
veal what has been suspected for some
time: the British are using catapult-
launched single-seater fighters on board
freighters as protection against air at-
tack, employing small Hurricanes of
relatively short range but with sufficient
fire power successfully to attack a four-
engined Focke-Wulf bomber. The pilots
are specially trained and particularly
courageous men. They need both qual-
ities because the service is such a haz-
ardous one. Suppose the pilot shoots off
via the catapult and downs the enemy
in the air, or the submarine by means
of a depth charge. He cannot land on
the deck of the freighter, so he has but
two alternatives: To seek a land air-
port, hoping that his fuel supply will
be sufficient, or else to ‘mush’ into the
water as near a ship as possible.”

“During World War I this nation was
faced with an industrial problem sim-
ilar to the one that now pertains. There
were no facilities for training skilled
mechanics in the numbers needed. To
remedy this the Smith-Hughes Act was
passed, providing for federal appropri-
ations for the creation and operation of
trade schools. For awhile things pro-
gressed favorably, but soon after World

War I the snobbery of academic edu-
cation gained the upper hand. By legal
means it was decreed, in most of the in-
dustrial states, that no one could teach
in secondary schools unless he or she
had graduated from an accredited uni-
versity. Death came to the trade schools.
Since 1925 no highly skilled trades have
been taught in the public schools.”

“Spraying sulfadiazine, one of the new
miracle sulfa drugs, directly on burns is
being hailed as the most effective meth-
od of treating burns yet devised. At the
Johns Hopkins Hospital, in Baltimore,
114 badly burned patients were swiftly
healed by the new method. Burned ar-
eas ‘healed more rapidly than with any
form of treatment previously used at
the Johns Hopkins Hospital,” surgeons
on the hospital staff declare. Some of
them believe the sulfadiazine method
will eliminate the need for skin grafting
and plastic surgery to efface scars and
correct deformities.”

DECEMBER 1891

“M. de Chauveau had the idea of ex-
porting water from the Dead Sea as an

Automatic beverage distributors
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antiseptic for use in hospitals, it being
reputed mortal to every kind of animal
life, and necessarily, as he supposed, to
microbes. But a savant whom he con-
sulted said, ‘Take care, there is hardly
a fluid in nature in which a virulent
microbe of some sort may not find a
good soil.” He therefore cultivated vari-
ous kinds of bacilli in the densest Dead
Sea water that had ever been fetched to
his laboratory. The diphtheria, measles,
scarlatina, small pox, and other fell crea-
tures of the animalcular world were ex-
perimented upon. All died but two, with
which in forty-eight hours the fluid was
alive. The one shaped like the clapper
of a bell and the other like a tack nail
with a round head were the microbes
of tetanus and of gangrene.”

“Prof. Robert Koch, the eminent bac-
teriologist, employs photography with
great success to bring out the most mi-
nute parts of organic and inorganic bod-
ies. He likens the negative plate to a hu-
man eye not blinded by long-continued
examinations. ‘The negative,’ says Prof.
Koch, ‘frequently shows very fine bodies
and parts, which are afterward discov-
ered by the microscope on the object it-
self, but only after very hard work and
under the most favorable conditions.’”

“A.S.Q. says: Suppose a man to fall
overboard from a vessel in midocean,
water very deep; will he go to the bot-
tom, or after having reached a certain
depth, will the water be too dense to al-
low of his sinking further? A. There is
every reason to believe that any body
that will sink at all will sink to the bot-
tom. The known fact that fishes live at
the bottom of the deep seas, that water
is but slightly compressible, and that or-
ganic bodies are equally or more com-
pressible than water, sustains this view.”

“Several bars provided with automat-
ic distributors of hot and cold bever-
ages are installed in different parts of
Paris. We give a representation of one
that is in operation at 32 Montmartre
Street. The distributor presents exter-
nally the appearance of two superposed
kegs. The upper keg protects a glass
bottle containing the supply of liquid.
The lower keg conceals the entire mech-
anism. The work produced by the fall
of the coin from the slot into the pan
effects the starting of the mechanism
and the opening of the cock.”
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High and Dry

New wetlands policy is
a political quagmire

copies of the Bush administration’s

recently proposed wetlands guide-
lines, a group of scientists set out to
reevaluate 22 of Washington State’s
recognized wetlands. They visited Nis-
qually and Turnbull national wildlife
refuges as well as Bowerman Basin—
each a famous wetland and breeding
site for migrating birds.

To their surprise, large parcels of the
parks would no longer qualify if the
regulations are approved. In fact, under
the new rules only four of the 22 wet-
lands would be so classified. “If a team
of regional experts can’t determine a
known wetland, how can the public?”
asks Michelle Stevens of the Washing-
ton State Department of Ecology, who
participated in the review.

Like Stevens, scientists all over the
country are having trouble deciphering
the guidelines. The new wetlands poli-
cy, which was announced this August
and is under review until December,
promised to continue the president’s
“no net loss” campaign and to make
these dwindling resources easier to
identify—and to protect.

But many experts say the document
is filled with inconsistencies and loop-
holes that could lead to the loss of des-
ignation for half of the nation’s remain-
ing wetlands. The debate has also raised
questions about the role of politics in
a scientific process. “It is the height
of arrogance to have [Vice President]
Quayle’s staffers think they can write a
wetlands manual,” asserts Tim Search-
inger, an attorney at the Environmental
Defense Fund, one of the groups op-
posing the policy.

The 1991 proposal is the latest in a
series of wetlands preservation docu-
ments. These areas first received feder-
al protection under the 1972 Clean Wa-
ter Act. And in 1985 the Swampbuster
program withheld subsidies from farm-
ers who drained wetlands for agricul-
ture. Despite these regulations, each
agency involved in wetlands manage-
ment—the Army Corps of Engineers,
the Fish and Wildlife Service, the Soil
Conservation Service and the Environ-
mental Protection Agency—used dif-

It seemed easy enough. Armed with

WETLANDS in areas of Nisqually National Wildlife Refuge would lose their designa-
tion under the 1991 proposal. Photo: Andrew McMillan.

ferent guidelines to define a wetland.

Finally, in 1989, the four agencies cre-
ated a joint manual—but several spe-
cial-interest groups objected. Farmers
claimed that mostly dry land suddenly
qualified as wetlands. Oil companies
were concerned that even more of the
Alaskan tundra would become protect-
ed wetlands. But in general, scientists
were pleased with the document—find-
ing it easy to use and logically devel-
oped. Although “we knew there were
problems,” explains William S. Sipple,
chief ecologist in the EPA’s wetlands di-
vision, “we also knew there were ways
in which to improve it.”

Sipple never got his chance. The revi-
sion process was transformed into the
creation of new guidelines, and Sipple
resigned from the interagency commit-
tee responsible for improving the man-
ual. “This 91 thing is so horrendous
and so bad,” he says. “It is an embar-
rassment to the agency.” Meanwhile
the new policy was applauded by an in-
dustry group called the National Wet-
lands Coalition—members include Amo-
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co, Arco, Chevron, Conoco and Exxon—
that was influential in advising the
White House staff on the proposed pol-
icy, according to government sources.

Roughly defined, wetlands are areas
often covered by shallow water or ar-
eas in which soil is saturated. They
serve as natural filtration systems, as
repositories for floodwater and as fer-
tile, frequently economically lucrative
habitats for fish and wildlife. Although
there are many kinds of wetlands—in-
cluding prairie potholes, coastal salt
marshes, bogs, swamps and vernal
pools—they are often characterized by
special plants that can grow and thrive
in wet conditions.

Until their importance for water pu-
rification and flood control was recog-
nized in the 1960s, wetlands were of-
ten drained or filled so they could be
farmed or developed. A 1991 study by
the Department of the Interior found
that only an estimated 103.3 million
acres of the lower 48 states’ original
221 million acres of wetlands remained
by the mid-1980s. Every year some
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300,000 more acres are lost, according
to the National Audubon Society. The
Washington State results—which are
officially restricted by a gag order—as
well as those from other regions, sug-
gest that as many as 50 million acres
would no longer be protected if the
proposal is accepted.

The loss of wetlands has ramifica-
tions beyond poor water quality and
flooded basements. Coastal wetlands
curb erosion and provide nurseries for
fish and shellfish. A 1987 National Wild-
life Federation study reported that 45
percent of endangered animals and 26
percent of endangered plants depend
indirectly or directly on wetlands. “Wet-
lands are frequently the places where
there is the greatest biodiversity,” notes
William Schiller, a botanist at the Amer-
ican Museum of Natural History.

At the heart of the issue are defini-
tions of three components of wetlands:
hydrology, or wetness, vegetation and
soil. Because the character of wetlands
varies not only from region to region
but from season to season, experts say
it is not always possible to find all three
aspects together. Indeed, under 1989
guidelines, two criteria could be used to
infer a missing third. So, for example, if
wetlands soil and vegetation were pres-
ent, hydrology could be inferred and
the area would be considered a wet-
land and subject to protection.

In contrast, under the 1991 manual,
not only do all three criteria have to be
present, each has to be described in re-
splendent detail. Many scientists say
this demand would be problematic. For
example, prohibitively extensive infor-
mation on plants would be needed
and soils would require the trained eye

of a certified soil taxonomist—a rarity.

Once scientists completed the task of
classifying soil and vegetation, they
would be faced with hydrology. Per-
haps the loudest criticisms of the pro-
posed manual concern saturation. Un-
der the new guidelines, land would have
to be continually wet at the ground
surface for at least 21 days or inundat-
ed for a minimum of 15 consecutive
days to qualify as a wetland. The 1989
manual required that the land be satu-
rated within six to 18 inches of the sur-
face—for seven days.

The 21-day requirement has no scien-
tific basis, says Francis C. Golet of the
department of natural resources sci-
ence at the University of Rhode Island,
who worked on the first federal defini-
tions of wetlands in the late 1970s. The
seven-day requirement first arose be-
cause it was believed to be the mini-
mum duration of saturation needed to
deoxygenate the soil, Golet explains. If
the area is a wetland, such conditions
can lead to the growth of specially
adapted wetlands vegetation.

The new demand may be impossible
to meet. “Hydrology is the most basic
component of wetlands and the most
difficult to document,” Golet notes. He
argues that vegetation and soil should
be used to infer hydrology, otherwise
“you can’t prove anything is a wetland.”

If—after these extensive and expen-
sive tests for soil, vegetation and hy-
drology have been conducted—the de-
termination is inconclusive, the land
would automatically cease to be desig-
nated a wetland under the 1991 guide-
lines. In the Washington State count,
for instance, experts could not conclu-
sively classify nine of the wetlands.

[Jo-19 []20-39

America’s Disappearing Wetlands

PERCENT LOST FROM 1780s TO 1980s
40-59 [ 60-79 [l 80-100

SOURCE: U.S. Department of the Interior, 1990
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Enforcement may also become more
difficult. Under the old guidelines, the
burden of proof was on the owner to
show that land was not a wetland in or-
der to obtain a permit from the Army
Corps to develop the property. The 1991
proposal places the onus on the federal
agencies to prove the land is a wetland.
The new manual “gives very good guide-
lines to people to go out and violate
the Clean Water Act,” comments Kathy
Kunz, a wetlands ecologist with the
Army Corps. In the future, “we can’t be
as reliant on similar or neighboring ar-
eas to determine if something that has
been filled was a wetland.”

The new guidelines are not the only
assault on wetlands management. Sev-
eral bills pending in Congress would al-
ter the definition and the relative value
of wetlands. And a little-noticed bill
passed this fall requiring the Army
Corps to use its guidelines that preced-
ed the 1989 joint agreement—until the
1991 proposal is worked out. The con-
sequences are unclear. Some scientists
argue that the earlier document is as
protective as the 1989 one; others say
it is open season on wetlands filling.

For its part, the administration says
the revisions are scientifically sound.
“There admittedly were some policy
judgments made,” says Michael R. De-
land, chairman of the White House
Council on Environmental Quality. “But
there is no scientific consensus on this
issue, as there seldom is on any envi-
ronmental issue.” Deland adds that the
revisions are only part of a package
that includes mitigation banking—trad-
ing credits for wetlands. Mitigation
could ensure that anyone who destroys
a wetland must create a similarly sized
wetland somewhere else.

At present, however, creating self-
sustaining wetlands does not seem en-
tirely feasible. “We know that 50 per-
cent of the attempts to create wetlands
have failed to even grow wetlands veg-
etation,” notes Joseph S. Larson, direc-
tor of the Environmental Institute at the
University of Massachusetts at Amherst.
In contrast, Larson says, restoration is
more successful—usually you just have
to restore the water source. Then “you
can take advantage of the soil and
maybe the seeds” in the soil.

Perhaps because of the outrage ex-
pressed by scientists in the field who
have to test the new manual and by en-
vironmental groups, the public com-
ment period was recently extended. A
larger concern still remains unaddressed.
“They shouldn’t be changing the defini-
tion of wetlands—that’s a scientific is-
sue,” Golet says. But as one federal sci-
entist notes: “So far it’s policy one, sci-
ence zero.” —Marguerite Holloway
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How a Fullerene Might Form a Fiber

Buckytubes

Fullerenes may form the
finest, toughest fibers yet

r I Yhe family of carbon cages known

as fullerenes has already shown

a vast range of mechanical, chem-
ical, magnetic and electrical properties,
including high-temperature supercon-
ductivity. Now a Japanese scientist has
found yet another attribute of these
clusters: they apparently form tubes
that are thinner, more perfect in their
molecular structure, more resistant to
chemical attack and almost certainly
stronger than any other fiber.

Sumio lijima, a scientist at NEC Cor-
poration, made the discovery this past
May while examining sooty deposits on
a carbon-arc electrode he had used to
generate fullerenes. There he found
tiny, tubular fibers, up to a micron
long, tiled in hexagonal arrays that
tightly bind the carbon atoms and that
terminate in faceted, conical caps. His
first paper describing the tubes was
scheduled to be published in Nature in
early November.

Because the family is named for its
60-atom archetype, buckminsterfuller-
ene, or buckyball, lijima’s fiber was
quickly dubbed buckytube. “It has a
very interesting structure—to me much
more interesting than buckyballs,” Iiji-
ma says. “First, it is helical—such struc-
tures have never been found before in
inorganic material. Second, it is cylin-
drical—a very unusual crystal lattice.”
He later corrected himself, noting that
Robert L. Whetten of the University of
California at Los Angeles had proved
that the fullerene C; is helical. (Whet-
ten says he thinks many or all of the
larger fullerenes are helical.)

lijima deduced the structure of his
tubes in part from images produced by

the 500,000-fold magnifications of a
high-resolution transmission electron
microscope, in part from electron dif-
fraction patterns. The images showed
cross sections of two or more coaxial
tubes 0.34 nanometer apart—a dis-
tance roughly equal to the gap between
layers of carbon atoms in graphite and
to the radius of a buckyball.

The diffraction patterns indicate a
crystalline structure of hexagonal car-
bon rings, such as are found in graphite
sheets, but with a twist. The tubes are
formed of sheets of hexagons whose
rows look as if they had been curled up
and pasted to those of a nearby row,
creating a spiral.

Because the tubes enclose channels
as small as two nanometers wide, they
hold the possibility of weird physical
properties. “It could be a quantum
pipe,” lijima speculates, referring to a
hypothetical structure through which
electrons might “tunnel” effortlessly.
“They could be superconducting. Who
knows?”

The possible mechanical strength of
buckytubes is a more immediate boon.
“It could be the strongest fiber that ex-
ists, maybe the strongest that can ex-
ist,” lijima says. Its strength flows from
the nature of carbon-carbon bonds, on
the one hand, and the nearly flawless
structure of the tubular crystals, on the
other. “A carbon fiber is the strongest
thing in nature, very stiff for its
weight,” says Mildred S. Dresselhaus of
the Massachusetts Institute of Technol-
ogy. “Buckyfibers have very few defects
and so in that sense are better than
graphite.”

Dresselhaus in fact predicted the
tubes before their existence became
generally known, while discussing hy-
pothetical molecules with Richard E.
Smalley of Rice University, a fullerene
pioneer. Smalley has since propounded
the theory that buckytubes will heal
their open ends when broken. He cites
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Leonhard Euler, the 18th-century Swiss
mathematician, who proved that a
hexagonal sheet of any size can c¢lose
into a polyhedron only if it adds exact-
ly 12 pentagons to the mix. Smalley
draws a fascinating conclusion: if bucky-
tubes are indeed closed—and hence
true fullerenes—they might tend to
“heal” themselves. A broken buckytube
should tie up dangling bonds by pro-
ducing new pentagons at the open end,
thus closing it.

More interesting than how the fibers
close is how they start growing in the
first place. “The fibers have to be nucle-
ated,” Dresselhaus says. “They would
start from clusters, but instead of be-
coming balls they grow like fibers.” If
such growth could be extended, fine-
tuned and scaled to macroscopic yields,
chemists would be able to cook up
inch-long buckytubes having any num-
ber of layers.

lijima says he is trying to optimize
for length and for yield, but he just
laughs when asked how he hopes to do
it and what results he expects to ob-
tain. He says he also wants to test the
self-healing theory by administering a
tube-busting jolt of electricity and see-
ing what happens at the break points.

lijima’s findings have not yet been
reproduced. Yet word of his discovery
only began to percolate through the in-
ternational fullerene fraternity in mid-
October, after Iijima gave a presentation
at a conference held in Richmond, Va.
Whetten says that if buckytubes are con-
firmed, researchers would begin recon-
figuring their labs “in about a month.”

The preliminary nature of Ilijima’s re-
sults did not stop many of the 200 or
so participants at the Richmond con-
ference from suggesting off-the-cuff ap-
plications. A physicist imagined arrays
of parallel buckytubes functioning as a
gamma-ray window, enabling the high-
energy radiation to propagate through
their pores while discouraging the diffu-
sion of gases, such as air.

Engineers speculated about carbon
fibers that would outperform graphite
as a matrix for carbon-carbon compos-
ites, extremely strong and light materi-
als used in high-performance aircraft.
But graphite fibers are vulnerable to the
slightest scratch, which opens the bro-
ken ones to oxidation. A buckytube com-
posite capable of healing itself would
retain its strength.

Science lags ever less behind fiction.
David Jones, writing under the pen
name Daedalus, imagined fullerenes 19
years before they were detected. In Na-
ture this past June, he dreamed of su-
perstrong “graphitic foam” made of
carbon tubes—weeks after lijima had
discovered buckytubes. —Philip E. Ross
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The Ig Nobel Prizes

Irreproducible achievements
finally get what they deserve

crowds descended on the cam-

pus of the Massachusetts Insti-
tute of Technology for the first annual
Ig Nobel Prize Ceremony. With heads
raised high and tongues in cheek, a pro-
cession of pranksters and researchers
set out to skewer the most ignomin-
ious accomplishments in science.

The evening was sponsored by the
M.LT. Museum and the Journal of Irre-
producible Results, a humor magazine
that lampoons research papers. As ex-
plained by Marc Abrahams, the editor of
the Journal and master of ceremonies
for the awards, the Ig Nobel Prizes are
presented to persons whose work can-
not—or should not—be reproduced.

Four Nobel laureates—Sheldon L.
Glashow and Dudley R. Herschbach of
Harvard University and Eric S. Chivian
and Henry W. Kendall of M.I.T.—presid-
ed over the event, all attired in the silly
hats and fake noses befitting the digni-
ty of the occasion. Laureate Jerome I.
Friedman of M.L.T. was there in spirit:
he sent a slide of himself with a record-
ed message that congratulated the win-
ners and added, “I hope you're enjoy-
ing the evening as much as I am.”

The Ig Nobel Prize in Chemistry was
awarded to Jacques Benveniste of the
French National Institute of Health and
Medical Research for his 1988 paper in
Nature that claimed water had a mem-
ory for materials dissolved in it. The
education award went to Vice President

I ‘1 orget Sweden. This past October

Dan Quayle, hailed by Abrahams as a
“consumer of time and occupier of
space,” who had clearly demonstrated
the need for a good science education.

Thomas Kyle of M.LT. won but de-
clined the physics prize for his paper
in the Journal describing administra-
tium, the heaviest element in existence,
which consists of one neutron, eight
assistant neutrons, 35 vice-neutrons
and 256 assistant vice-neutrons. Kyle
explained he had not actually done any
of the research: in the true spirit of sci-
ence, he had just signed his name to
the publication.

The winner of the Ig Nobel Peace
Prize was Edward Teller of Lawrence
Livermore National Laboratory. As the
father of the atom bomb and the origi-
nator of the “Star Wars” Strategic De-
fense Initiative, Abrahams noted, Teller
had done the most “to change the
meaning of peace as we know it.”

Imprisoned junk-bond dealer Michael
Milken, “to whom the world is indebt-
ed,” walked away with the laurels for
economics. Erich von Daniken, author
of Chariots of the Gods and other books
that claim alien astronauts visited Earth
in prehistory, received the prize for lit-
erature. And the prize for biology was
awarded to Robert Klark Graham of the
Repository for Germinal Choice in Es-
condido, Calif., a sperm bank that ac-
cepts deposits only from Nobel laure-
ates and Olympic athletes.

Perhaps the most noteworthy parties
overlooked by the Ig Nobel Prize com-
mittee were B. Stanley Pons of the Uni-
versity of Utah and Martin Fleischman
of the University of Southampton, the
discoverers of cold fusion. There’s al-
ways next year. —John Rennie

AT THE IG NOBEL AWARDS, Nobelists S.L. Glashow, E.S. Chivian, D.R. Herschbach
and H.W. Kendall (seated left to right) pay their respects. Photo: Stanley Rowin.
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Fatal Flaw

Who will have the right
to examine your genes?

graduate of a police academy in

the Midwest was about to be

hired as a policeman when it

became known he had a family history

of Huntington’s chorea, an incurable

disorder that causes physical and men-

tal degeneration in middle age. The

man was told he would have to be test-

ed for the gene causing the disease be-
fore he could be hired.

Such testing by employers and insur-
ance companies is not yet common,
but new genetic discoveries that make
it possible are being reported almost
weekly. Researchers are rapidly ex-
panding the list of specific genes car-
ried by many healthy people that are
statistically linked to an increased risk
of acquiring one or another disease, in-
cluding many cancers and other disor-
ders not normally thought of as geneti-
cally based.

One current target for investigators
is an inherited form of breast cancer
that will develop in about one in 170
women before they reach the age of 50.
According to Mary Claire King, a re-

searcher at the University of California
at Berkeley, that statistic makes inherit-
ed breast cancer more common than
such well-known genetic diseases as
cystic fibrosis and muscular dystrophy.
By analyzing the genetic constitution of
afflicted women, King is rapidly win-
nowing down the shortlist of genes
found in one region of chromosome 17
that might transmit a tendency to ac-
quire the malignancy. When King or
some other researcher succeeds, devel-
oping an easy-to-use test will be rela-
tively simple.

King, who described her latest re-
sults in October at the 8th Internation-
al Congress of Human Genetics in
Washington, D.C., hopes her research
will lead to ways to diagnose breast
cancer at an early stage, when it is
more easily treated. Knowing the na-
ture of the genetic changes that occur
in cancerous cells might, she points
out, make it possible to develop a
blood test that would betray the pres-
ence of a tumor too small to be seen.

Early treatment is better treatment,
and many of the scores of recent dis-
coveries in human genetics can be ex-
pected to benefit patients as care im-
proves. Candidate genes for predispo-
sitions to Alzheimer’s disease, colon
cancer, liver cancer and some forms of
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arthritis have all recently been found.
Carrier and prenatal genetic screening
has already led to a dramatic drop in
the number of babies born with severe
genetic disorders, such as Tay-Sachs dis-
ease and beta thalassemia.

But as more tests become available,
their use as a screening tool is likely to
increase. According to a survey con-
ducted by the congressional Office of
Technology Assessment (OTA) and re-
leased in October, only 12 out of 330
Fortune 500 companies reported in
1989 that they were conducting genetic
monitoring or screening, either for re-
search or some other reason. But
roughly half of the companies respond-
ing thought genetic monitoring or
screening would be acceptable, either
for the benefit of the employee or the
employer. More than 40 percent of the
companies admitted that the potential
cost of insuring an otherwise healthy
job applicant would affect his or her
chances of being hired.

The main reason genetic screening is
not more common, the OTA survey im-
plies, is that personnel officers believe
the tests now available are not cost-ef-
fective. Insurance companies, for their
part, argue they should have access to
any genetic information that those in-
sured have access to, in order to pre-




vent people who know they are at an
increased risk of illness or death from
buying excess coverage. “There are al-
ready many examples of people who ei-
ther have been denied insurance cover-
age or have had benefits limited because
of dependents with genetic disorders,”
observes Paul R. Billings, a medical ge-
neticist at California Pacific Medical Cen-
ter in San Francisco.

Arguments over who should have ac-
cess to information are not new. In the
1970s blacks in many states were
screened against their will for the sick-
le cell trait, and some of those who re-
fused to be tested were charged higher
insurance rates. Many people who have
a family history of Huntington'’s disease
decline to be tested for the Huntington
gene for fear that health and life insur-
ance companies as well as employers
might discriminate against them. An-
other issue is whether patients’ rela-
tives should be given test results.

Laws to prevent the abuse of genetic
information are on the books in eight
states, points out Philip R. Reilly, exec-
utive director of the Eunice Kennedy
Shriver Center for Mental Retardation
in Waltham, Mass. The Human Genome
Project, the international effort to map
and sequence the entire human genome,
is often cited as a reason for enacting

protective legislation. Wisconsin, Rhode
Island, Pennsylvania and Texas are all
debating measures to prevent misuse
of genetic data, and commissions in
several European countries have rec-
ommended legislation that would deny
insurance companies access to genetic
information.

By 1995, the Americans with Disabili-
ties Act of 1990 will restrict preem-
ployment medical examinations so that
they can be used to determine only an
applicant’s ability to do the job. But it
will not affect insurers. “We may see in-
creasing pressure to avoid the birth of
children who will be costly to insure,”
says Neil A. Holtzman, a professor of
pediatrics at Johns Hopkins University.

State assemblyman Lloyd G. Connelly
of California recently sponsored a bill
that would have prevented employers
and insurers from discriminating on the
basis of “genetic characteristics” associ-
ated with a risk of disease. Although
the state’s insurance industry dropped
its opposition, the California Manufac-
turers Association fought the bill to the
end. Governor Pete Wilson vetoed it in
October, saying he feared it would im-
pose an undue burden on employers.

A subcommittee of the House of
Representatives recently devoted a day
of hearings to uses and misuses of ge-

netic information and also examined
the proposed Human Genome Privacy
Act, introduced by Representative John
Conyers, Jr., of Michigan. The bill ex-
tends the right of privacy to cover ge-
netic information. Modeled on con-
sumer credit laws, it would prevent ge-
netic information about an individual
from being made available to third par-
ties without the person’s consent. It
would also give individuals the right to
correct their records.

That is not protection enough, says
Dorothy C. Wertz, a medical sociologist
at the Shriver Center. “The bill says al-
most anyone can have access to ge-
netic information with the patient’s
consent, and one can coerce consent,”
Wertz asserts. “It won’t protect most
people.”

Some see the increasing availability
of genetic testing—which reveals ever
more differences between people—as
posing a fundamental challenge to pri-
vate insurance, which operates by pool-
ing risk. “There are 37 million people
in this country who are uninsured or
underinsured,” Billings notes. “Our sys-
tem is geared to excluding people who
will get sick. Until there is a fix, predic-
tive genetic tests that identify pre-
symptomatic people will make this sit-
uation worse.” —Tim Beardsley
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history And only one
machine has it: The new

1992 Corvette. 4 Flaunting
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as reverse-flow cooling, a
front-mounted Opti-Spark
distributor, aluminum
cylinder heads, high-
compression (105:1)
pistons and an aggressive
hydraulic roller cam-
shaft, the IT'1 generates
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GAMMA-RAY IMAGE captured by Compton shows the Crab Nebula (right) and the
enigmatic source known as Geminga (left). Photo: NASA.

Star Bursts

The deepening mystery
of the gamma-ray sky

very few hundred years or so a
E supernova appears whose light

briefly exceeds that of any other
star in the sky. Seen through gamma-
ray eyes, the universe is far more dy-
namic: bright flashes of energetic gam-
ma radiation, each lasting from thou-
sandths of a second to a hundred
seconds, appear everyday.

Over the past two decades, astro-
physicists have developed a fistful of
clever theories to explain these flashes,
known as gamma-ray bursts. But in a
dramatic press conference in late
September, scientists reported that
fresh observations by the National
Aeronautics and Space Administration’s
Gamma Ray Observatory, recently re-
named the Compton Observatory, show
that bursts and other gamma-ray phe-
nomena behave in ways that continue
to defy explanation.

Most models posited that bursts re-
sulted from matter falling onto a neu-
tron star (an ultradense stellar corpse)
or from some temporary instability of
the neutron star itself. Because neutron
stars are distributed throughout the
galaxy, theorists expected that bursts—
especially the faintest, most distant
ones—would appear to cluster along
the plane of the galaxy, much like the
faint stars that make up the luminous
band of the Milky Way.

By the time of the conference, one of
Compton’s highly sensitive detectors,
known as the Burst and Transient Source
Experiment (BATSE), had detected 117
bursts. Much to everyone’s surprise,
the bursts are spread almost perfectly
evenly across the sky, which seems to
suggest that they are not a part of our
galaxy. “The most popular explanation
of gamma-ray bursts is dead or in need
of serious revision,” concludes Neil Geh-
rels of the Goddard Space Flight Cen-
ter, Compton’s project scientist.

Equally puzzling, BATSE also found a
cutoff in burst brightness. The absence
of extremely faint bursts implies the
existence of a boundary beyond which
no bursts can be observed; the most
obvious such boundary is the edge of
the Milky Way. But if bursts are not
scattered throughout the galaxy, they
must be either fairly local phenomena
(in which case the existence of a bound-
ary is quite mystifying) or incredibly lu-
minous events in distant galaxies (in
which case the boundary may repre-
sent the visible edge of the universe).

Many astrophysicists are not about
to give up on the neutron-star model
just yet. Marvin Leventhal of AT&T Bell
Laboratories speculates that some neu-
tron stars lie far outside the plane of
the galaxy; these stars could create
bursts when they encounter dark mat-
ter in the galactic halo. Richard Lingen-
felter of the University of California at
San Diego sees a simpler explanation
for the results from Compton. He
thinks BATSE is detecting two kinds of
gamma-ray bursts, a faint population
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that is sufficiently nearby to appear iso-
tropic and a second, less common group
of much brighter but more distant flash-
es. Both could be explained by present
neutron-star models, he asserts.

Bohdan Paczynski of Princeton Uni-
versity, one of the few researchers who
never subscribed to the neutron-star
model, suspects that the bursts actual-
ly lie far outside the Milky Way. “Some
people are not persuaded,” he admits,
“but the reasons are mainly psychologi-
cal.” He derides attempts to save the
neutron-star model as “adding epicy-
cles.” Paczynski proposes that rare but
extremely energetic encounters between
neutron stars and black holes could
create blasts of gamma radiation that
would be readily visible even if they
originated in distant galaxies.

A much more complete map of
bursts, which will be available in a year
or two, will permit a better evaluation
of their true distribution. If gamma-ray
bursts truly do originate in remote
galaxies, BATSE should eventually see
flashes whose images have been split
by the gravity of intervening galaxies.
These doubled bursts should look iden-
tical but show up a few weeks apart.

The Compton Imaging Telescope
(COMPTEL), another instrument on
board the Compton Observatory, may
help solve the mystery of the bursts.
COMPTEL has captured the first crude
images of a gamma-ray burst in the act.
Images from COMPTEL will enable as-
tronomers to point their telescopes to
the exact location of a burst to see if
any object is visible at other wave-
lengths. And several instruments on
board Compton are recording the ener-
gy distribution and very short term
behavior of bursts, which should con-
strain some of the numerous models
that theorists are considering.

Researchers will also have their hands
full trying to solve other puzzles raised
by the satellite’s first batch of results.
A pervasive gamma-ray glow emanat-
ing from the heart of the Milky Way,
until recently thought to be the com-
bined radiation from a multitude of su-
pernova remnants, turns out to be in-
explicably concentrated toward the
center of the galaxy. And an enigmatic
object known as Geminga shows up at
the highest-energy gamma rays but is
invisible at all lower energies.

“We didn’t expect to have anything
to report so soon,” Gehrels says, “but
the scientific return from the first few
months of the mission has been spec-
tacular.” Astrophysicists expect that
before its mission is over, Compton will
completely redraw the map of the gam-
ma-ray sky. —Corey S. Powell
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R&D as an international joint effort has become an issue
of increasing importance.

“Posifive Sum” R&D

To ensure the continued progress of global science and
technology, all advanced countries should work to
promote the disclosure, transfer, and distribution of
research results. To solve common problems and to cope
with the growing reach of science and technology,
nations should cooperate through international projects.
Because the combined efforts of individual countries will
produce synergistic effects, they will have a “positive
sum” relationship—each party will gain.

Japan has acquired economic strength second only
to that of the United States. The country’s science and
technology is among the best in the world. Because it
holds this position, Japan should take the initiative in the
globalization of science and technology.

The first step toward globalizing science and
technology involves contributing to a commonly
held body of knowledge. Common international

public property should include

istory shows that countries with
scientific and technological
prowess and economic strength
have led the world in basic
research and have disseminated
their findings as the common
property of mankind. Individual
countries have promoted application
and deve|opment research from this
shared intellectual stock. This
strategy of simultaneous competition
and cooperation ensures the growth
of national economies for the benefit
of people both within the country of
origin and in countries that build
upon common research. With
intellectual property rights properly
protected, the world has seen global
progress in science and technology. [
Because science and technology

has become increasingly important |

To cope with the growing reach
of science and technology,
and in promoting science
mdluluwhgrd'h-l

worldwide level.

not only the results of basic
research, but also basic technologies
that serve as the foundation for
applied technologies—so-called
technological infrastructure. Japan
is endeavoring to boost its basic
research to better contribute to the
world’s common assets. Meanwhile,
the country, while maintaining
incentives for its own R&D activities,
is actively cooperating in the
adoption of international rules to
transfer and distribute scientific and
technological research results.
Simultaneously, Japan is stepping up
its R&D activities to work for
solutions to humanity’s common
problems.

Science and technology have
contributed immensely to the

economic progress of the world in

for the competitiveness of industry,

the disclosure, transfer, and distribution of research often
suffer from excessive curbs. At the same time,
international problems have come to the fore. Common
challenges include global environmental issues, threats of
shortages in food, resources, and energy, and such
intractable diseases as cancer. The ability to carry out

recent years. Indeed, a recognition
that research is the source of economic strength is taking
root internationally. In the OECD, debates over the
globadlization of science and technology are acquiring
increasing depth. At the annual G-7 Economic Summit,
topics related to science and technology are taking
positions of important factors in international politics.
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While it is not clear what will ultimately constitute
home computer systems, one certainty is that they will
have audio-visual functions. The initial development in
this connection is high-definition television. “High vision”
equipment as it is called in Japan has an information-
processing capacity almost equal to that of the
mainframe computer of a decade ago.

System integration will undoubtedly expand our
market. No other company manufactures in such rich
variety as does Matsushita—products that range from
resistors to computers. With our complete line of
components, we can construct condominium control
systems or intelligent buildings as a package.

Creating a Path to Progress

Matsushita’s increasing reliance on R&D parallels a
larger Japanese trend. When Japan’s goal was to catch
up with the US and Europe, it was enough fo react to
market trends. Now, we must create our own path to
progress. To achieve this goal, a national project, the
Kansai Cultural and Academic Research City, is

scheduled for completion next autumn.

f1atsushita Electric Industrial Co.’s
/1 strategy is simply to anticipate the
|| changes in society and fo respond. To

U implement appropriate reactions in
advance, we must forecast the course of
technology. Therefore, research and
development constitutes one of our two basic

Matsushita plens a

four-part world

Here, Matsushita will assemble world
scientists to study home electronics.

We are also creating a business base
to tackle systems. Next May, we expect to
open our Communication Information
Center in Shinagawa, Tokyo. Along with @
similar Osaka facility scheduled to open in

strategies. The relative weights of R&D and arrangement with two years, Matsushita will gather some
marketing, our other basic strategy, have 1,000 information researchers and
changed in the past few years, propelling engineers who are now dispersed. Software
R&D to a position almost equal to our bases in Japan, the facilities that we will build in more than 10
corporate strategy itself. locations throughout Japan will pave the
Still, the position of Matsushita Electric way to system infegration.
as a "home electronics” manufacturer hasn't US, Europe, and By the year 2000, Matsushita plans to
changed. We remain confident that all new complete a four-part world arrangement.
technologies will wind their way to household 3 Bases in Japan, the US, Europe, and Asia
use. However, technology developed for ASG TS pesiaee will pursue separate business functions. For
other markets must be adapted. For now, we will reinforce the capabilities of
example, downsizing is necessary before seporote business these bases,taking advantage of each

putting advanced information in the home
and computers on the road.

Technologies meant to enter people’s
homes must adhere to a standard. That

center’s particular strengths. In the future,

each will pursue independent R&D goals.
Although 180,000 of Matshushita’s

240,000 employees are in Japan, the

principle became apparent with the VCR,
which created a new era of standardization.
Optical communication networks and satellite
broadcasting systems are being established. Through this
infrastructure development, phenomenal increases

become possible in communication capacity.

number in other parts of the world is
increasing. Our target is to create products
for all mankind, as indicated by Matsushita’s motto:
“Electronics for the Benefit of Human Beings.” Our home
electronics technologies lifted the burden on housewives.
Now, we hope to ease mental work for all mankind.
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How advanced research done by
Matsushita in the U.S.today will create
opportunities across America

tomorrow.

Imagine, being lost in a strange town.
You stop and ask a friendly robot for
directions. It not only speaks to you but
prints out a map. Imagine, calling home
but instead of speaking with a person
you speak directly to your house, telling
it to turn on the lights and turn up the
heat. These are just a few examples of
the technologies being developed in
America with the help of scientists
working at Matsushita’s eight U.S.
R&D facilities.

BORN IN AMERICA

Right now, in California, New Jersey, Illinois and
across America, Matsushita scientists are work-
ing on an impressive array of scientific projects
including Avionics Communication systems,
Digital Signal Processing as well as Advanced
Television Research. In the near future, these
projects may be translated into new products.
And it is Matsushita’s plan to build those prod-
ucts in the country that developed them...the
United States.

Today, in addition to R&D facilities,
Matsushita has 15 factories and 100 sales and
service centers in the U.S.—employing more

than 11,000 Americans. And Matsushita plans
to expand its operations in the U.S., creating new
technologies along with new opportunities for
Americans.

PARTNERSHIPS FOR PROGRESS

To create major breakthroughs often takes exper-
tise from many different scientific fields and
organizations. That’s why Matsushita is involved
in joint manufacturing ventures that we hope will
expand business opportunities for everyone. In
addition, working together with American part-
ners, Matsushita has helped develop the technol-
ogy used in sophisticated language translation
systems and advanced computer workstations.

HUMAN ELECTRONICS

Research and developing new technologies and
products that can improve lives and create oppor-
tunities for people is just one example of what
Matsushita Electric means by the term Human
Electronics. Every day Matsushita dedicates
its vast resources to create and market products
that make life richer, safer and more comfort-
able. These products are sold under the brand
names Panasonic, Technics and Quasar. In
1990 Matsushita’s worldwide consolidated
sales volume surpassed $46.8 billion. All a
direct result of a single-minded philosophy:
Don’t create technology for technology’s sake,
but for man’s sake.

MATSUSHITA ELECTRIC

PANASONIC TECHNICS QUASAR
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Food Research in Nestlé

A multidisciplinary problem

Scratch the surface of nature, and it is not as simple or
idyllic as it looks.

For the 500 scientists and technicians in the Nestlé
Research Centre above Lausanne in Switzerland, this is
not a new discovery. It is a fact that they must live with
every day.

Looking into the history of the food industry, archaeo-
logical traces show how man learned empirically to
work with nature’s positive side... what to plant, when
to sow and harvest... and to fight against the negative
side... blight, pests and rot... to preserve and store foods
against the lean season.

The modern food industry still operates on the same
natural principles, manufacturing foods from agricultu-
ral raw materials, and preserving agricultural and indus-
trial food products in the form of living or non-living
tissue. Here, nature presents the same challenges as in
the past. Research responds through
state-of -the-art science to an improved
exploitation of nature’s good points,
and to a better control of the bad points.
Today, Food and Nutrition have be-
come applied sciences in themselves, at
the crossroads between the biological,
physical and social sciences.

This is why Nestlé engages research
personnel from a wide variety of disci-
plines... agronomists, biochemists, chem-
ists, engineers, enzymologists, immu-
nologists, microbiologists, physicists,
physiologists... all contributing their
research skills to the multidisciplinary
effort needed to guarantee high quality food products.

The dynamics of the food industry
The food scene changes continuously, with a constant
evolution in tastes of the consumer, an internationaliza-
tion of food cultures and habits, and a reawakening to
the impact of food on health and well being.

Further, food needs change with age, from the young
baby, to the active adolescent, the mature adult or the
senior citizen. What are their needs? What combination
of raw materials and ingredients will supply the neces-
sary nutrients? What processing methods must be used
to offer these in food products which are safe and con-
venient, have good keeping qualities, and are pleasant
to eat?

Such questions imply research all the way along the
food chain, from the raw materials on the farm, through
food processing, packaging and distribution, to the final
product on the consumer’s table.

A profile of the Nestlé Research Centre
The Nestlé Research Centre is divided into seven
Departments engaged in both strategic and preventive
research. Four Departments... Food Science, Food
Technology, Biosciences and Plant Sciences... are
directed towards strategic aspects of new raw materials,
processes and products, or improving existing process

efficiency and product quality. In an R&D context, this
calls for close cooperation with 20 Nestlé Development
Centres in 10 countries around the world.

Two Departments, namely Safety and Quality Assur-
ance and Food Safety Evaluation are principally en-
gaged in preventive research, i.e., in screening raw ma-
terials, ingredients and processes to ensure the whole-
someness and quality of novel and existing products.
The Department of Nutrition covers both the strategic
and preventive areas, in terms of offering an optimum
nutrient choice and balance in individual products and
in the overall diet.

Together, the seven Departments are geared to provide
scientific input as required at any point in the food
chain.

All in a day’s work

The Food Structure Team is part of the Food Technolo-
gy Department. It provides a good example of interdis-
ciplinary work between the physical and biological
sciences.

On a routine basis, physical techniques
like electron microscopy reveal how
different manufacturing processes
influence food microstructure, and
give important clues for process and
product development.

However, beyond the physics, electron
microscopy also provides a tool to
study microorganisms in their natural
environment. Working on green cof-
fee, researchers in the Nestlé Research
Centre made a highly significant dis-
covery for the future of coffee quality
when they found the source of the
“rioy taste”. This particularly repug-
nant off-flavor in certain beans was first observed al-
most a century ago, localized in a few plantations. In
recent years, rioy beans had begun to show up in all
coffee producing countries.

The culprits were a number of unusual microorganisms,
as shown in the illustration. Work in microbiology,
chromatography and mass spectrometry linked these to
the production in the infected beans of a natural micro-
bial metabolite, trichloroanisole (TCA). This has a fla-
vor threshold in aqueous solution of 0.00003 ppb, and a
single rioy bean is enough to spoil a whole sack!

The findings were so important that Nestlé shared them
with coffee growers in over 40 coffee producing coun-
tries, through the International Coffee Organization, to
help halt the spread of this infection to all plantations in
the world.

Clearly, this research benefits not only Nestlé, but the
coffee trade as a whole, since the quality of a simple
cup of coffee can never be better than the natural qual-
ity of the raw materials used to produce it.

What is true for coffee is true for all foods produced
under the Nestlé name. Indeed, the research that goes
into guaranteeing good quality products is in everyone’s
interests, especially the consumer’s.
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The challenges ahead are many. Human interface
represents an essential concern as technology becomes
ever more complex. The search for securer, more
efficient energy sources continues with the development
of fuel cells and advanced boiling water reactors, as well
as research into nuclear fusion. High-temperature
superconductivity technologies are expected to bring
about revolutionary changes. With global environmental
protection a growing concern, Toshiba is working on the
photolysis of chlorofluorocarbons, and developing new
detergents fo provide substitutes for CFCs.

The significance of basis research will only increase
in the years ahead as current technologies approach
major hurdles. In semiconductors, for example, the
density of DRAMs has quadrupled in capacity every
three years or so. If the current pace of technological
development continues, we will see the first one gigabit
(one billion bit) memory by the year 2000. The
miniaturization necessary fo achieve capacities of more

than one gigabit will likely toke us to

() s the world heads toward a | levels of integration where
||| highly advanced information conventional design rules no longer
‘, society, Electronics and Energy hold. At this point, electron flows
4 U (E&E) are assuming ever more Facilities such as our UK become subject to the laws of
central roles in defining the future. quantum mechanics.
Toshiba believes electronics is a key _ At Toshiba, we are trying to
to the “intelligence” that will govern semiconductor lab enable meet these challenges in a number of
the advanced information society of ways. One major push is toward
the 21st Century. Similarly, we view _ internationalization of our R&D
electrical energy as the “power” that Toshiba fo support interchanges facilities. We are continually
supplies the activities of society and strengthening our capabilities in
industry. These two pillars will bet sclahabills Som basic research.
remain the primary concerns of i 7 ' The Toshiba-Cambridge
Toshiba's research and development. Research Centre Ltd., established in
The scope, scale, and different cultural, philosophical, the UK in January 1991, expects to
complexity of R&D activities are : 3 4 play an important role in advancing
expanding rapidly. In such a context, _ semiconductor physics. Under the
the 1990s presents a challenging and national back leadership of Dr. Michael Pepper, a
decade for Toshiba at numerous professor at Cambridge University’s
technological frontiers. Cavendish Laboratory, a team of
Toshiba is engaged in the | = researchers is now exploring

research and development of

information processing, telecommunications, and energy
systems technologies. Our research also focuses on the
microelectronics, optoelectronics, mechatronics, and new
materials that form the basis of these technologies.
Toshiba researchers place particular attention on
semiconductor technology, as we consider it to be the
central fechnology required for the next century.

phenomenc that will solve the
problems of higher levels of integration. The research
results from the Research Centre will be made public
through reports in the academic press. In this way,
Toshiba will contribute to the development of science.
Facilities such as our UK lab enable Toshiba to support
interchanges between scientists from different cultural,
philosophical, and national backgrounds.
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U Uhere there is

anopen mind, there will

always be a frontier”

Charles F Kettering

To be content with what is already
known is to close the door on tomorrow.
It is this belief that drove us
beyond our status as a world leader in

x-ray technology.

Toshiba researchers in South
San Francisco have helped to develop
a faster, more accurate method
of medical diagnosis called Magnetic
Resonance Imaging.

It is becoming the new standard
for medical imaging technology.

And it is one reason we will never

cease to believe in a better tomorrow.

In Touch with Tomorrow

TOSHIBA
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make steady progress in these fields in the direction
mandated by the national or world conscience.

Creating New Industries

So far, Japan has a whole has been criticized for not
creating new industry. It will be necessary, needless to
say, for Japan as a nation to answer this criticism.
Hitachi, for its part, infends to contribute to the creation
of new industries. Our efforts will bear fruit in the first
decade of the next century. It is our hope that the
industries created by Japan will be well received by the
world. Therefore, we must respond sensitively to the need
for creative research.

Our efforts are not limited to Japan. Both Hitachi
America and Hitachi Europe have R&D divisions. In the
United States, we carry out research on semiconductors
in San Francisco. Studies on auto parts come from
Detroit. Our advanced television (ATV) work takes place
in New Jersey. In Europe, Hitachi is now involved in joint
research programs on quantum elements with
Cambridge University. Our neural network research is

conducted jointly with Dublin

&he world is about to undergo a University.
. 9 |
great change. Generally, up Foreign researchers in Japan
until now the main thrust of In the United States, have also been increasing in number.
U business has been to make More than 100 foreign researchers
9
profits by supplying a rich variety of | ' are now living and doing work in
products to meet consumer demand : we carry out research Japan under the HIVIPS program.
for greater convenience. Hitachi has also begun the permanent
g gun the p

At our Central Laboratory employment of foreign researchers.
established in 1942, there is a scroll on semiconductors in .
carrying these words written in me EXBE”ISB l]f HmEfS
Chinese characters: “Raise your So far, Hitachi’s policy has been to

. San Francisco, on auto parts '

sights and develop tasks useful for 4 conduct all necessary research for
society.” This philosophy has ourselves, and the university-business
constituted the starting point for i Detroit, and on alliance has been only a stance.
Hitachi’s Central Laboratory. It has However, it has become impossible to
also reflected Hitachi’s research and retain sufficient in-house personnel to
development policy. advanced television in cover a wide range of fields.

Society in advanced countries Moreover, any one company that
rests on technology. We understand attempts to retain such personnel
that the technology must be one that New Jersey. could be considered to run counter fo
allows nature and humanity to social justice. In any case, in our
develop consistently with each other. future plans, Hitachi will emphasize

p y p p

Hitachi is involved in a wide range
of businesses. Operations by the 765 companies in the
Hitachi group cover almost all business fields.

Broadly, Hitachi’s business efforts can be divided
into three sectors: the environment, resources, and
energy; cities, traffic, and information; and health,
education, and culture. Hitachi expects to continue to

cooperation with other organizations
in Japan and abroad.

Hitachi believes that the 20th Century has been an
age of imbalances. We hope that the 21st Century will
be an age of reason. We will steadfastly pursue the
research and development of technology which nurtures
harmony among nature, individuals, and society.
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which drives

our 16,000-person,

$3.5 hillion
R&D

department.

N
Syster

To Hitachi, the true measure of
a company’s worth is its commit-
ment to enhance the quality of life.
Few corporations can compare
with Hitachi in this regard.

Our R&D department creates
technologies that directly affect the
lives of people everywhere. We're
involved in the development of a
vast range of medical diagnostic
equipment. Hydroelectric and ther-
mal power plants. As well as con-
sumer electronics, new materials

©1991 Hitachi, Ltd. Tokyo, Japan. All rights reserved
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Rower andyndustrial

and telecommunications systems.

With 35 research laboratories
located in Japan, Europe and the
United States, R&D is the lifeblood
of Hitachi.

We're a people company in
other ways, too. Our recently estab-
lished GREEN Center (Global
Resources, Environment & Energy
System Center) will soon join the
battle to solve such problems as
acid rain, the greenhouse effect and
ozone depletion.

© 1991 SCIENTIFIC AMERICAN, INC

.+ - CENLETS
on
a very

Important
subject:
people.

The breadth and scope of
Hitachi is deep, indeed. Our prod-
ucts are found in offices, stores, fac-
tories, hospitals and homes around
the world.

And with a people-oriented
philosophy, Hitachi will continue to
grow and secure a place as a citizen
of the world.

*$3,480 million; net R&D expenditures for the year ending
March 31,1991 $1=¥141

@ HITACHI
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universities, public research institutes, and customers in
Japan and abroad.

While we don't expect crude steel demands to
greatly expand, steel requirements in the future will
become more sophisticated. Our Iron and Steel
Laboratories are developing stronger, lighter steel sheets
and construction materials with a pleasing appearance.
The Process Technology Laboratories are developing
innovative steel production technologies, including the
direct-reduction ironmaking process.

Beyond Cost-Control

Nippon Steel’s aim goes beyond enhancing our
competitiveness through cost reduction. As technology
and culture become more closely related, we believe that
increasing calls will come for technologies to improve
factory work environments, save energy, and protect the
environment. Bolder research on seed and support
technologies will be indispensible. Our Advanced
Technology Laboratories are pursuing fundamental
studies in such areas as materials analysis. New

technology studies focus on new

ippon Steel, the world’s largest
steelmaker, produces some 29
\million tons of crude steel
| annually. While the core of our
business remains in steel, we are
pressing ahead with a multiple
business management policy. The
steel industry operates with a broad,
accumulated technology base.
Strategies of both multiple business
management and research make the
most of this base. In recent years
Nippon Steel has entered chemicals
and new materials fields, electronics,
and engineering. Non-steel
operations should expand from a
25% share in fiscal 1990 to 36% in
1993.

Nippon Steel’s Technical
Development Bureau consists of
laboratories in four areas: Process

Technology, Advanced Technology,

made a total of 917
technology transfers to
1136 companies in 39
countries, mainly in the

engineering field.

materials, superconducting oxides,
and life sciences.

The broad scope covered by our
Electronics R&D Laboratories
extends from semiconductor
materials to systems, from basic
research to application studies.
Nippon Steel’s products include
CAD/CAM equipment, engineering
workstations, and notebook-type
personal computers. As a user of
computers, we have accumulated
advanced user technology, and are
now able to produce computers for
ourselves.

Nippon Steel expects cross-
border relations o grow. We have
already made a total of 917

technology transfers to 136

Electronics R&D, and Equipment

Technology, as well as Technological Research attached
to each. Our Research and Engineering Center,
completed this fall in Futtsu City, Chiba Prefecture, has
assembled 1,200 researchers and staffers formerly
scattered all over the country. The Center’s efforts range
from basic studies to product development, aiming to
encourage the immediate movement of advanced R&D to
practical applications. Nippon Steel envisions the Center
as an international R&D base through joint research with

companies in 39 countries, mainly in
the engineering field. Also, joint ventures we have
established with Inland Steel Industries in the US are
supplying cold-rolled steel sheets and surface-coated
steel sheets to North American users. Nippon Steel
receives a gradudlly increasing number of researchers
from overseas both on a short-term basis or as
employees. Liaison programs with Massachusetts Institute
of Technology, California Institute of Technology, and
others are also underway.
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Doing Our Best....Io Achieve the Best
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Working together at I/N TEK, the world’s most modern cold-rolling steel mill

In 1990, after two years of careful preparation to provide the
American market with the best premium cold-rolled steel
sheet and the best service, NIPPON STEEL and INLAND
STEEL established I/N TEK.

As always, NIPPON STEEL is doing its best to be
a responsible member of the world community by providing
products and ideas that will contribute to the creation of a

better life for everyone, everywhere.

NIPPON STEEL
the leading edge of technology
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aircraft, including Boeing 747s and
. DC10s, on domestic and international
"Y' routes. We intend to increase the
number to 170 by 2000, mainly through
the addition of more 747-400s. Ground
personnel include some 5,000 maintenance
and servicing engineers, accounting for
one-quarter of all JAL employees. At the
Technological Laboratory opened in 1986,
60 engineers are engaged in developing
advanced technology to enhance the safety
and comfort of our flights.

Support Safefy

An airline’s first requirement is to provide

’:g apan Airlines currently operates 110
%

complete safety, supported by advanced
maintenance technology. With “We're
making sure” as our slogan, JAL has
accumulated the core technology required
to maintain and service our aircraft. This
includes the ability to detect abnormalities
early by finding minute amounts of foreign
substances in the engine oil by analyzing it
on a chromatograph. A basic study
elucidates the mechanism of a failure
through a precision analysis of metal
fractures.

JAL is now developing a system which enables our
engineers to promptly retrieve necessary information for
their maintenance work from CD-ROM disks. These disks
store an enormous volume of information, including our
maintenance manuals and parts catalogs. Development
of support systems such as this is another important
theme.

In pursuit of safer operating methods, JAL is
studying an automatic dependent surveillance system.
This system would allow airplanes and control centers to
exchange flight information via a communications
satellite. Also, we have dispatched JAL engineers to
Boeing to cooperate in developing design standards for
the Series 777, their next generation airline.

Technology fo Support Comfort

Next fo flight safety, JAL emphasizes comfort, which we
also define as a function of technology. We are now
involved with many projects pertaining to comfort,
including developing a seat which is both comfortable
and highly shock absorbing, an electric reclining sedt,

and video equipment for individual use. In

JAL engineers have

addition, our researchers are analyzing air
circulation inside the plane and the
absorption and elimination of sounds
generated within the plane. All these

measures are efforts to improve comfort.

been sent to Boeing In another direction, JAL has
conducted joint experiments with

communications equipment manufacturers

fo cooperate in regarding telephone and facsimile

developing design

new Series 777,

their next

generation airline.

communications from planes on
infernational routes. Starting in November
1991, such telephone and facsimile
communications will be available on some
of our Pacific routes, using the INMARSAT
communications satellite, which is operated
by the International Marine Satellite
Organization.

In 1989, JAL inaugurated the
“Committee on Future Technology for the
21st Century,” a group consisting mainly of
young researchers from our technological
laboratories. This committee’s mandate is to
design large inflight lounges, airports, and
transportation systems for the future, free of

As aircraft have advanced, maintenance has

become very complicated and specialized. Therefore,

—| preconceptions. JAL researchers are thus

charged with providing “dreams” in

addition to safety and comfort. These dreams will
materialize as “Romantech Airliners.”
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Rediscover your love of flying.

Once upon a time you approached flying with a keen perhaps become simply a means to an end. Rediscover the
things you first loved about air travel. Aboard Japan Airlines.

sense of excitement. Then you grew up. Now you have
important things to do and places to be, and flying has Where a world of comfort sets us a world apart.

RSN
e

T
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Japan Airlines

A WORLD OF COMFORT.

© 1991 SCIENTIFIC AMERICAN, INC



ultimedia

in the
Communications
fige

Masahiro
Fujimoto
General
Manager of
Research

and
Development
Division

Victor Co. of
Japan Ltd. (JVC)

ictor Company of Japan’s
principal research theme for the
21st Centrury is multimedia.
Multimedia, which makes
possible greatly enhanced data
transmission, is the key technology
of the information/communication
age just around the corner. There
seems little reason to doubt that
multimedia will change our lives.
JVC can make an important
contribution to society by deepening
our current knowledge of
multimedia. Our company has a
head start, thanks to the image
processing technology that we have
produced for video equipment. JVC
announced this future course last
year at COMDEX, the major event in
the world’s information processing
industry. At that conference, we
displayed products that represented
the cumulative results of JVC’s multimedia research.

Nafa Compression Standards

Because of the enormous volume of text, images, and
sounds that multimedia can communicate, data
compression is indispensable for efficient information
processing and transmission. JVC is strong in this field.

We are proud that we have been able to contribute
to the development of international standards for image
compression. These industry standards are expected to
be finalized by year-end. Following their adoption,
technology advances should accelerate in a variety of
fields. Those fields that may be most directly and most
swiftly impacted include satellite broadcasting, digital
audio-visual equipment for home and commercial use,
and computer systems.

By simulating the coming situation from a
multilateral viewpoint, we are now strengthening our
R&D strategy with a sense of urgency. JVC's present
plan is to establish an R&D triad with Japan, the United
States, and Europe as the three bases and Kurihama
Laboratory as the nucleus.

In the United States, JVC Laboratory of America
was established in 1988 as a division of our US
subsidiary. The lab’s 20 researchers are now engaged in
the field of computer systems and imaging systems. We
expect to see a steady stream of research coming from
our American researchers in the
years ahead.

Joint Research

In addition to our independent
efforts, JVC is also involved in joint
research and development. One
result has been high-performance
LS| technology for image
compression. This technology was
jointly developed with C-
Cube Microsystems, a leading
semiconductor-related company
headquartered in San Jose,
Cdlifornia.

Another alliance with the
University of Alabama promotes
research on materials, mainly
magnetic and optical recording
media. To enhance the quality of our
linkage, JVC has invited Alabama
graduate students to train for six
months at Kurihama. The first
internship students arrived this past summer.
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JVC keeps it live. By sponsoring
such events as the famous
Newport Jazz Festival, the New
York Jazz Festival, a series of jazz
concerts in Europe—even sports
and video events—JVC shows it
cares about live performance.
Nothing brings people together
like the live experience—human
events that truly are a world
language for a world community.

This commitment to live
communication is part of what
drives us to create our innovative
line of audio and video equipment.
We want to make possible sound
and pictures so real that all the
thrill of the live experience is
there—you'll think you're still in
the middle of the cheering crowd.

The exhilaration of being there
live, and audio and video
equipment that recreate the
excitement—it's our commitment
to our friends around the globe.
JVC keeps the joy coming.

LS

-
-

vewport Jarz Festival 15 3 registered service mark of George Wesn and Festival Productions, inc
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lmproving the
environment, 9 to 5.

As one of the world’s largest computer and communi-
cations companies, we feel a great responsibility in
preserving our planet’s natural environment.

But after considering the harmful elements that often
exist within our everyday office environment, we've
also become active in producing user-friendly office
equipment that's designed with the employees’ health
foremost in mind.

A good example of this effort can be seen in the NEC
MultiSync monitor. Not only has distortion and reflection
been reduced to a minimum, but NEC's Reduced
Magnetic Field™ technology has greatly decreased the
potentially harmful emissions that plague other
monitors. The result is a computer monitor that is safer,
more efficient and a pioneer for a whole new generation
of computer peripherals.

Building a better monitor may not solve problems as
universal as our disappearing ozone layer or rain
forests. But for those sitting behind a screen during
their working day, it's an effort every bit as important.

For further information, please contact: NEC Technologies, Inc., Graphics SBU,
1255 Michael Drive, Wood Dale, [llinois 60193
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NEC Corporation is a leading
global supplier of computers
and communications systems
and equipment. From
marketing to research and
development, while producing
everything from satellites

to semiconductors, our basis
of operations is to promote

a world of mutual
understanding through the
synergistic integration of
“C&C” — computers and
communications.

NEC
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' lympus has grown mainly in the field |
of optical instruments, starting with
microscopes and expanding into
cameras and medical endoscopes.

While all of our products have been stand-
alone items to date, that is about to change. ||
We intend to produce Olympus systems in ||
the future. The company is approaching this

| researchers work

commercialized as a new business field. From the
starting point of our accumulated optical technology,
Olympus will advance into printers, optical memories,
optical cards, and so on. Also, we will commercialize
charge modulation devices (CMDs), optical sensors to
replace charge-coupled devices (CCDs), as units to
receive images.

Our optical technology will also play the central
role in medical pursuits. In this field, Olympus will
advance from the monitoring aspects of medical service
to the treatment phase. Our researchers will develop
reagents for blood analysis and detection of infectious
diseases. Additionally, we will produce related optical
cards as clinical charts.

Olympus’ overseas strategy calls for developing and
producing goods locally to meet local needs. In the past,
we engaged in overseas production, but we are now
determined to undertcke off-shore development as well.
For example, the company established a biotechnology
laboratory in New York two years ago.
Since then Olympus developed reagents and
conducted research on testing methods.
Japanese researchers work with their
American counterparts in roughly equal
numbers at the New York laboratory.

In another effort, Olympus has created a
joint venture with an American company.
That joint venture is charged with

with their American

strategy with a sense of urgency: If Olympus developing bar-code systems.
doesn’t develop and market whole systems, Back home in Japan, Olympus is
we will fall behind in the information age. counterparts in accepting trainees and employing technical

Our first step will be to systematize experts from abroad. In the present day,
existing operations. Cameras will be made both development and production know no
fully electronic. IC cards will allow the roughly equal borders.
storage and wireless transmission of pictures We are addressing global
taken with them. Our cameras will thus environmental problems also. For example,

numbers at the

become input units for picture processing.

In the case of microscopes, we will

make pathological diagnostic systems that
can produce more advanced images for use
by specialists. Images produced by
endoscopes will be examined with video

monitors. It will be possible to store and
transmit these images electronically. L

In order to realize these systems,
“electronification” technology is required as a
foundation. Olympus is now strengthening research on
electronic images and their transmission.

In fact, this electronification technology itself will be

company’s New

Olympus is developing washing systems
which do not use fluorocarbons. We are
extending support to the World Wildlife
Fund for Nature (WWF). Further, we plan to
improve Olympus materials and packaging
so that our products will not harm the
environment.

As we consider the future, Olympus
wishes to engage in endeavors that
contribute to the health of all humanity. Specifically, we
want fo rise to the challenge of the testing and treatment
of diseases with micro-machines and micro-optical
equipment based on ultra-fine fechnologies.
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People Preserves

Apartheid’s legacy pits
wildlife against settlement

etrus Nkosi’s home is a stone’s
Pthrow from the banks of the

Crocodile River, whose waters di-
vide the mud-and-tin shanties of Mat-
sulu Township from Kruger National
Park. This game reserve, one of the
largest in the world, shelters some of
the last protected rhinoceroses and ele-
phants on the earth. It is the premier
example of South Africa’s conservation
effort, which includes more than 560
national parks and nature reserves and
whose land area comprises more than
7.2 million acres. Besides big game,
these reserves contain the highest num-
ber of plant species per acre in the
world and the largest number of sur-
viving reptiles on the continent.

But Nkosi views the park and its cus-
todians in a different light. He hobbles
on crutches; there is a hole in his knee
that still festers with pus two years af-
ter Kruger Park rangers shot him for
poaching buck in the reserve. “Look at
me. I am finished. I cannot find work.
I cannot feed my children,” Nkosi la-
ments. “They can shoot us dead even if
we are hunting for a small animal to
feed our families. This makes people
feel that animals are more important
than our lives.”

Like Nkosi, black people in most ru-
ral areas consider game reserves and
the paramilitary personnel who run
them to be symbols of apartheid re-

“DOWN WITH KRUGER,” yell protesters from Matsulu Township. They recently
demonstrated against Kruger Park rangers’ beatings and shootings of township resi-
dents who entered the park to poach game or search for firewood. Photo: Bruce Wills.

pression. Poachers face the risk of be-
ing shot, even if their only aim is to
feed their families. Park rangers, fre-
quently drawn from the ranks of the
South African Defence Force, are heavi-
ly armed and trained to shoot on sight.
Illegal trophy hunters, organized syndi-
cates in search of ivory and rhino horn,
face between three and 10 years in jail,
or worse. “We had poachers in 1982
and 1983,” boasts Anthony Hall-Martin,
chief research officer for Pretoria’s
National Parks Board, “and we killed
them off.”

The establishment of most game re-
serves entailed the forced removal of
local villagers whose livestock and farm-
ing posed a threat, in the eyes of the
country’s rulers, to indigenous flora and
fauna. Skukuza, the name given to the
first and most famous rest camp in
Kruger Park, translates as “He Who
Sweeps Clean.” That was the title be-
stowed on Major James Stevenson-Ham-
ilton, the park’s first ranger, by Tsonga
tribespeople forced to abandon their
villages so that the reserve could be
fenced off at the turn of the century.

Contemporary examples abound.
Some 100 kilometers north of Johan-
nesburg lies the beautiful Pilanesburg
Reserve. Inside its fences, one can still
see the remains of homesteads whose
residents were removed in the early
1980s to make way for the park.

Game reserves are also deeply inter-
twined with the operations of Pretoria’s
military and its efforts to prevent cross-
border incursions into the country.
Many, including Kruger Park and the
Ndumu Game Reserve in Natal, strad-
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dle the border with Mozambique and
are still used by the army as a cordon
sanitaire for keeping out illegal immi-
grants. Until recently, two reserves
have been used by the South African
Defence Force as missile testing sites.
The De Hoop Reserve in the western
Cape, where South Africa and Israel
have jointly developed a long-range
rocket capable of carrying nuclear war-
heads, is still a military zone.

As apartheid has begun to founder,
rural communities are beginning to re-
occupy the land or demand compensa-
tion for that which was taken from
them. Local conservationists and politi-
cians are still afraid of the way some
Namibians celebrated independence
from South African rule: they raced
into the Etosha Game Reserve in the
north of the country with guns and
trucks and poached as much wild
game as they could. “This is forcing
conservationists to look at new ways of
running these areas, to adapt to the
new era of change in South Africa,”
says John Hanks, executive director of
the Southern African Nature Foundation.

For the first time, a government-run
game reserve has been created without
any disruption to the lives of the peo-
ple living in the area. In South Africa’s
newest reserve, the Richtersveld Na-
tional Park in the arid northern Cape,
seminomadic pastoralists have been al-
lowed to stay; limited stock farming will
be allowed in the reserve, and agree-
ments have been negotiated that will
protect unique plant species.

Earlier this year four prominent con-
servationists, including a senior official
from the National Parks Board, feted
African National Congress leader Nel-
son Mandela by hosting a hunting
safari for him in the bush near Krug-
er Park. Mandela, heartened by the
changes he has witnessed, favors retain-
ing the existing network of parks and
reserves. He would like to investigate
ways in which the existing 6 percent of
land allocated to conservation could be
increased to meet recommendations
from the International Union for the
Conservation of Nature, headquartered
in Geneva, that every country set aside
at least 10 percent of its territory for
the maintenance of biodiversity.

Notwithstanding memories of more
than 40 years of forced removals, Man-
dela voiced support for the existing
system of national parks. “Kruger Park
is now an established fact whether we
like it or not,” he proclaims. “It has suc-
ceeded in preserving valuable wildlife
and plants and other biological speci-
mens. It has become one of our natural
riches, and therefore we will have to
preserve it.”—FEddie Koch, Johannesburg
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Cross Reaction

Could AIDS really be an
autoimmune disease?

r I Yhe standard picture of AIDS in-
fection is that the virus simply
attacks and destroys so-called T4

cells, a crucial component of the im-
mune system. But a few researchers
have been impressed by the similarity
between the clinical features of AIDS
and graft versus host disease. This of-
ten fatal condition develops when trans-
planted immune system cells, such as
those in bone marrow, attack their new
host—including the suppressor T cells
that regulate the immune system.

Two studies with experimental ani-
mals have recently produced surpris-
ing results that add to credibility of
theories that AIDS might have much in
common with graft versus host dis-
ease. The findings, if confirmed, could
have important implications for efforts
to develop a vaccine to protect people
against infection or to reverse the dete-
rioration of the immune system in
those who are already infected. Al-
though neither finding casts doubt on
the central role of HIV infection in
causing AIDS, both suggest that im-
mune responses to foreign cells may
be important as well.

Angus G. Dalgleish of St. George’s
Hospital in London and John A. Habe-
shaw of the Royal London Hospital
have argued for some years that HIV
infection makes the immune system at-
tack itself. Dalgleish and Habeshaw be-
lieve the coat protein of HIV, known as
GP120, generally inhibits the immune
system. GP120 also chemically resem-
bles parts of the class II major histo-
compatability complex (MHC), mole-
cules that identify immune system
cells as host cells. The similarity, Dal-
gleish says, permits a cross reaction in
which the immune system attacks host
cells as it would foreign cells. The re-
sulting syndrome resembles graft ver-
sus host disease.

Tracy A. Kion and Geoffrey W. Hoff-
mann of the University of British
Columbia have a related idea. They
point out that many people who are in-
fected with HIV might also have been
exposed to “foreign” immune system
cells—cells from another person—in
body fluids. They believe that people
who have been exposed both to foreign
cells and to HIV launch two distinct
kinds of immune response, one against
the cells and one against the virus.
Each response also attacks a subgroup
of T cells, helper and suppressor cells,
fatally destabilizing one of the immune



system’s self-regulatory mechanismes,
leading it to destroy itself.

Kion and Hoffmann have now but-
tressed those ideas with experimental
observations. They published in Sci-
ence evidence that mice that have been
exposed to cells from a different mouse
strain spontaneously produce antibod-
ies to GP120 as well as to an HIV core
protein—even though they have never
been exposed to HIV. The mice also
made antibodies that resembled MHC
molecules, just as the theory predicts.

Moreover, mice that are specially
bred to develop an autoimmune dis-
ease similar to lupus erythematosus
also spontaneously made antibodies to
GP120, as well as MHC-like antibodies.
The fact that mice could produce anti-
bodies to GP120 without ever having
been exposed to HIV suggests that
there is indeed a significant similarity
between GP120 and molecules normal-
ly operating in the immune response.

The second study, published recently
in Nature, indicates that macaque mon-
keys can be protected against infection
with the simian immunodeficiency virus
(SIV) simply by immunizing them with
human T cells. Researchers led by
E. James Stott of the National Institute
for Biological Standards and Control in
England had expected to see a protec-
tive antibody response only when the
macaques were immunized with T cells
that had been infected with SIV.

Instead macaques that produced high
levels of antibodies after being immu-
nized with human T cells were protect-
ed against subsequent infection with
SIV—whether or not the T cells were in-
fected with the SIV virus. “Rather to
our surprise, there was no connection,”
Stott says.

Dani P. Bolognesi, a leading U.S. AIDS
researcher who works at Duke Univer-
sity Medical Center, says he has already
confirmed Stott’s finding that macaques
with high levels of antibodies against
foreign cells are protected against SIV
infection, although he has not yet done
the experiment using uninfected cells.
The key question that must be an-
swered next if the approach is to lead
to a vaccine, Bolognesi says, is whether
the “Stott effect” works when macaque
cells, rather than human cells, are used
to immunize macaques.

Dalgleish, for his part, says Stott’s re-
sults provide indirect support for his
ideas. He says he will shortly publish
new studies showing extensive similari-
ties between GP120 and class II MHC
molecules. He hopes the British Medi-
cal Research Council—which has previ-
ously rejected his grant applications as
too speculative—will now take more
notice. —Tim Beardsley
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Smaller World

The Draper Prize recognizes
the fathers of the jet age

sengers 14 hours to cross the At-

lantic in a propeller-driven airplane.
Trans-Atlantic jet flights, which began
in 1958, cut that time in half. The jet
age, however, had actually begun about
20 years earlier.

During the 1930s, a British and a
German engineer, each unaware of the
other’s work, designed and built proto-
types for the turbojet engine. The Ger-
man, Hans J.P. von Ohain, who was
then employed by German aircraft
manufacturer Ernst Heinkel, was the
first to see his engine propel an aircraft
aloft during a seven-minute flight on
August 27, 1939. The first aircraft pow-
ered by an engine built by British en-
trepreneur Frank Whittle flew in 1941,
although he had received a patent as
early as 1930.

The two men, who in their own way
brought the world’s nations a good
deal closer, will now split a $375,000
check. In October the National Acade-
my of Engineering (NAE) announced
that Whittle and von Ohain have be-
come the second recipients of the
Charles Stark Draper Prize, to be pre-
sented in February. The first award
went to Robert N. Noyce (who died in
1990) and Jack S. Kilby, the inventors
of the integrated circuit.

NAE officials would like to see the
Draper award achieve a standing in en-
gineering comparable to that of the No-
bel Prizes in science and literature.
“Too often engineers are too modest
about their work and so don’t always
get the recognition that they should,”
says Robert M. White, president of the
nonprofit organization in Washington,
D.C., that advises the U.S. government
on engineering and technology. “And
we hope that the Draper Prize will put a

In the early 1950s it often took pas-

TURBOJET ENGINE is being fitted into
the Gloster-Whittle E.28/39 aircraft
during the spring of 1941.



well-deserved spotlight on engineering.”

The prize is awarded for engineering
contributions to “human welfare and
freedom.” Jet planes, of course, are
used to deliver foodstuffs and emer-
gency medical supplies, besides carry-
ing business travelers and innumerable
overnight packages. But, paradoxically,
the first use for the new jet airplanes
was military: German and British jets
saw limited combat toward the end of
World War I, although the planes never
met each other in a dogfight.

The endowment for the prize comes
from the Charles Stark Draper Labora-
tory in Cambridge, Mass. Previously
affiliated with the Massachusetts Insti-
tute of Technology, the laboratory has
been known for its work in guidance
systems, such as the one for the Tri-
dent II missile. It is named for the in-
ventor of the inertial guidance system;
Draper died in 1987.

The two Europeans did not have to
cross the Atlantic by jet to be present
when the winners were made known.
The 79-year-old von Ohain was recruit-
ed by the U.S. Air Force after the war to
work on jet propulsion at Wright-Pat-
terson Air Force Base, where he eventu-
ally became chief scientist of the Aero
Propulsion Laboratory.

In 1979 he moved to the University
of Dayton Research Institute, where
he is still a senior research engineer.
Whittle, now 84 years old, continues to
hold British citizenship, but he has
taught at the U.S. Naval Academy in
Annapolis, Md., since 1977.

The former war foes are now fast
friends. Von Ohain explained to the
press how one of Whittle’s great ac-
complishments was to convince the
British Air Ministry that a gas turbine
could produce the thrust needed for jet
propulsion. Others had discarded the
idea. Asked why he believed it was pos-
sible to build a machine others thought
to be a practical impossibility, Whittle
retorted, “Well, I was too stupid to know
that it wouldn’t work.” —Gary Stix

AIR INTAKE on the Gloster-Whittle re-
veals the hollow fuselage where Whit-
tle’s engine is lodged.

“With aWindows-like
file manager, on-line help, more
memory for applications, and the
ability to load multiple applications,
MS-DOS 5 is unquestionably
the best DOSever?”

Scott Spanbauer
PC World
July 1991

Microsoft

But don't take their word
for it. See for yourse]f.

i 121" 4

Microsoft
MS-DOS 5
Upgrade

MS-DOS’5 frees up extra memory;, it’s
easy to use, and it’s a snap to install the Upgrade
on your current system. Maybe that’s why in just
four months, over a million people have come to
the same conclusion about MS-DOS 5-noPC
should be without it.

Microsoft

© 1991 SCIENTIFIC AMERICAN, INC




PROFILE: THOMAS EISNER

The Man Who Loves Insects

or more than an hour, Thomas

Eisner has been making the case

for a concept he calls “chemical
prospecting.” Nature, he asserts, is a
vast, unexplored reservoir of potential-
ly beneficial chemicals—remedies for
cancer or diabetes or the common
cold. By “mining” such compounds
from plants, insects and other organ-
isms, says Eisner, a professor of biolo-
gy at Cornell University and pioneer of
a field called chemical ecolo-
gy, humans can offset the
costs of conservation.

The wiry, fast-talking Eis-
ner, who at 62 still sports
long, 1960s-style sideburns,
has been promoting this
scheme a lot lately, to politi-
cians and industrialists as
well as to reporters, and his
weariness shows a bit. As he
pauses to rub his eyes, I re-
mind him that he promised to
show me some bombardier
beetles, so called because of
their ability to blast attackers
with a high-pressure spray.

“Right!” Eisner exclaims. He
bolts from his office and re-
turns a minute or so later
with a plastic box. Setting the
box gently on his desk, he
gazes down at its inhabi-
tants—several dozen pin-
headed, brownish bugs—with
unalloyed affection. “Aren’t
they beautiful?” he asks.

Yes, let it be said: Thomas
Eisner loves bugs. He has par-
layed a childhood obsession
into a career as a leading au-
thority on insects, especially
on the crucial role that chemi-
cals play in insects’ survival
strategies. He reveals this
phenomenon through mar-
velously evocative particulars:
a male moth whose bitter diet makes it
repugnant to spiders but alluring to fe-
male moths, or a female firefly that de-
ceitfully beckons and then devours
males of another species rich in a
predator-repelling poison. The eminent
entomologist and sociobiologist Ed-
ward O. Wilson of Harvard University, a
former classmate of Eisner, calls him
“the Seurat of evolutionary biology.”

Eisner has interests other than in-
sects. In addition to being a conserva-
tionist, he has worked for the rights of
scientists in totalitarian countries and
for population controls worldwide. An
ardent musician, he plays the piano
and conducts an amateur orchestra at
Cornell. Its motto, he says, paraphras-
ing Mark Twain’s comment on Wagner,
is, “We’re not as bad as we sound.” But
if Eisner had a bumper sticker on his

“A NOSE with a human being attached,” Eisner excels at de-
coding insects’ chemical signals. Photo: Robert Prochnow.

car, it would almost certainly read, “I'd
rather be bug watching.”

Reality, it seems, has always intruded
on Eisner’s dalliances with bugs. He
was born in Berlin in 1929 to a Jewish
father and a Christian mother. When
the Nazis rose to power in 1933, the
family fled to Spain, where civil war
soon erupted. In one of Eisner’s earliest
memories, he was sitting in a sandbox
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in Barcelona poking and peering at his
favorite pets when a streetcar filled
with dynamite exploded and careened
into a nearby house. Eisner recalls be-
ing not terrified but annoyed “to find
my playing with insects interrupted.”

In 1937 the family left Europe and
sailed to South America. They eventual-
ly settled in Montevideo, Uruguay, a
paradise for the young insect fancier.
He turned his room into a menagerie of
tropical moths, beetles, spiders and
ants. “No one else was daring to go in
there,” he boasts. “I had no need of
playmates.” After a moment’s
reflection, he adds, “I must
have been very weird.”

Eisner also grew up with an
unusual sensitivity to and fas-
cination for smells. “I'm es-
sentially a nose with a human
being attached,” he remarks.
He traces this trait to his fa-
ther, a professional chemist
who brewed perfumes at
home. The young Eisner some-
times sniffed strangers on
meeting them; he also noticed
that many insects exuded
pungent odors.

In 1947 the Eisners moved
to New York City, and shortly
thereafter the teenage Eisner
applied to several prestigious
colleges—in vain. (He delights
in showing visitors his letter
of rejection from Cornell,
which hangs on the wall of
his office.) Eventually his En-
glish improved (his first lan-
guages were German and
Spanish), and after a stint in a
two-year college he trans-
ferred to Harvard, from which
he received his doctorate in
biology in 1955.

In the 1950s, Eisner points
out, biologists still had mere
inklings of how secretions
and emanations, flavors and
smells, mediate insect behav-
ior. Eisner’s own interest in this possi-
bility was sparked in part by an article
on how honeybees tell nest mates of
the whereabouts of nectar through
elaborate “dances.” Recalling the odd
odors given off by his pet insects in
Uruguay, Eisner wondered “how much
could happen with chemicals rather
than acoustic or visual signals.”

After becoming a professor of biolo-
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gy at Cornell in 1957, Eisner began ex-
ploring this question in earnest. Since
chemistry was not his forte, he teamed
up with an organic chemist at Cornell
named Jerrold Meinwald, who remains
his closest collaborator. (Meinwald also
occasionally plays the flute in the “not
as bad as we sound” orchestra.) “What-
ever accomplishments I've had over the
past 30 years are at least 50 percent a
consequence of having worked with
him,” Eisner says.

The duo’s discoveries typically arose
from a simple observation by Eisner,
one that provoked him to ask, like an
obstinately curious child, Why? In one
case, he noticed that a spider cut an or-
nate male moth out of its web rather
than eating it. Why? The male moths,
while still caterpillars, consume plants
containing alkaloids that spiders find
distasteful.

The alkaloids, Eisner and Meinwald
established, also serve as a kind of
cologne that helps the male moth at-
tract a mate. “In order to be accepted
at mating, he has to give her a promis-
sory note about how much [of the tox-
in] he’s got in store for her,” Eisner ex-
plains. “If he doesn’t have enough, she
says, ‘To hell with you."” Why? Because
the toxin in the male’s semen is passed
on to the female’s eggs, protecting
them from predators.

The tale of the flashy femme fatale
unfolded when Eisner noticed that a
pet hermit thrush enjoyed eating some
species of firefly and spurned others.
On investigating, Eisner and Meinwald
determined that the rejected fireflies
contained a poisonous steroid the oth-
er species lacked.

The researchers then found that fe-
males of a nonpoisonous species often
attract and consume the males of a
steroid-rich species by mimicking the
flashing pattern displayed by females
of the species during courtship. The
imposter thus protects both herself
and her eggs. “This whole business of
being concerned about your offspring—
concerned in quotes, I'm not implying
consciousness or anything like that—is
a wonderful insect story,” Eisner says.

Yet another case of deceit and mur-
der from Eisner’s files involves the
woolly aphid. The aphids, which have a
waxy coating resembling sheep’s wool,
exude a nectar coveted by ants. The
ants do not kill the aphids but keep
them gathered in flocks, “milking”
them for nectar and protecting them
from predators.

While observing a flock of aphids,
Eisner noticed that some members
seemed to be scuttling about with ab-
normal speed. On closer inspection, he
realized that the aphids were actually

larvae of the green lacewing, a deadly
predator of the aphids. The lacewing
larvae, Eisner eventually learned, had
covered themselves in the woollike wax
they had ripped from the aphids. Thus
concealed, both visually and olfactorily,
from the watchdog ants, the lacewing
“wolves” could devour aphids to their
hearts’ content.

Then, of course, there is that marvel
of engineering, the bombardier beetle.

Conservation efforts are
doomed to fail, Eisner says,
if society does not confront
the greatest threat to na-
ture: overpopulation.

Eisner originally encountered it in grad-
uate school, when he impulsively
popped one in his mouth. He insists he
was only following an august predeces-
sor’s example. “I can’t be sure that it
was a bombardier beetle, but Darwin
describes popping this beetle in his
mouth because he needed two hands
to catch two other beetles.” Darwin,
like Eisner, felt a hot, irritating sensa-
tion in his mouth. “He was so startled,
he lost the two beetles in his hands,”
Eisner remarks. “So much for greed
and dexterity.”

Over the subsequent years, Eisner
and various collaborators, notably
Daniel Aneshansley of Cornell, found
that the beetle concocts its toxic spray
by combining two chemicals in a reac-
tion chamber in its abdomen. The in-
tense heat generated by the reaction
brings the mixture to a boil. No other
biological process is known to generate
such high temperatures.

After enlisting the aid of the late
Harold “Doc” Edgerton of the Mas-
sachusetts Institute of Technology, the
grandmaster of high-speed photogra-
phy (“you make one of these little dis-
coveries involving insects, and you end
up discovering people,” Eisner says),
Eisner and his colleagues determined
that the beetle squirts the scalding,
pressurized liquid in a pulsed jet out
of two steerable nozzles at the rear of
its chamber. The design of the reaction
chamber and nozzles resembles the
engine of the German V-1 rocket. “The
creationists have used it as an example
of something that had to be created,”
Eisner says with a chuckle.

Eisner takes his opportunities for dis-
covery where he finds them, whether in
the woods near his house in Ithaca,
N.Y,, or at the Archbold Biological Sta-
tion in Lake Placid, Fla., where he does
much of his research, or at some other
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site. “Whenever I'm in an area where I'm
finishing a program,” he says, “I try to
add another two days to the experi-
ence, and in those two days I do noth-
ing but look around. That’s when I feel
like I'm eight or nine years old again.”
He has even turned a phobia of flying to
his advantage. “If I'm driving, I can stop
every 50 or 100 miles and look for in-
teresting insects at the side of the road.”

As Eisner’s appreciation of nature
has deepened, however, so has his fear
for its future. He has been involved in
conservation efforts throughout his ca-
reer. Teaming up with Wilson, he lob-
bied successfully for the preservation
of one of the Florida Keys in the late
1960s. In the early 1970s he helped to
pass legislation preserving Texas’s “Big
Thicket” wilderness.

But increasingly, Eisner felt that he
could not simply promote conservation
for its own sake. In 1989 he began
proposing that countries could derive
some profit from their wildernesses by
selling chemical-prospecting “licenses”
to industry. “I feel very odd sometimes
speaking like a market economist, but
setting aside land for conservation pur-
poses has consequences for the people
living there.”

Eisner has firsthand knowledge of
the commercial potential of natural
compounds. After all, he and Meinwald
have found a millipede packing an al-
kaloid that is a potent insect repellent,
a firefly rich in a substance resembling
the cardiac stimulant digitalis and a
beetle containing a chemical similar to
a well-known sedative. In recent years,
moreover, techniques for finding and
synthesizing beneficial compounds
haveimproved enormously.

With such arguments, Eisner recently
helped to persuade the giant pharma-
ceutical manufacturer Merck to invest
$1 million in a rain forest preserve in
Costa Rica in exchange for access to
chemicals extracted from the preserve.
He hopes that other companies will fol-
low Merck’s lead.

Yet Eisner emphasizes that no mat-
ter how successful such conservation
programs are, they will fail if humans
do not learn how to curb their popula-
tion growth. “If someone told me that
there is a way of addressing overpopu-
lation constructively, I would drop ev-
erything and dedicate myself to it.”

Well, maybe not everything. Over the
past few months or so, Eisner’s promo-
tion of chemical prospecting has kept
him inordinately busy, but this week-
end he plans to make time for bug
watching. “T have a lab that I built right
outside my house,” he says. “Sunday I'll
spend all day in there. I'm ready for
a discovery.” —John Horgan
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Homeless Families

Single women with young children constitute the most rapidly growing
segment of homeless persons. Emergency shelter can only partly ease
the physical and psychological devastation experienced by these families

r I Y wenty-six-year-old Martha lives
in a shelter with her daughter,
Sarah, and son, Matthew. Martha,

whose father regularly beat her, gradu-

ated from high school with honors and
completed three years of college. Soon
after she was married, her husband
was imprisoned for theft. After his re-
lease, the marriage became violent and
floundered, and over the course of three
years Martha left her husband 15 times.
Martha is withdrawn and reluctant to
apply for a job or an apartment. She
describes a deep and enduring sense of
shame, particularly about her black
and carious teeth—the result of many
years without dental care.
Five-month-old Sarah is frail, listless
and underweight. She cannot hold down
her food, is unable to grasp a rattle and
rarely vocalizes or smiles. Her brother,

Matthew, who has moved seven times

in his 15 months of life, is painfully shy.

After arriving at the shelter, he stopped

saying the few words he knew, refused

to eat and had trouble sleeping.
Martha, Sarah and Matthew—who
were interviewed during the course of

a study I conducted with my colleagues

ELLEN L. BASSUK is president of The
Better Homes Foundation, a nonprofit
organization serving homeless families,

| and associate professor of psychiatry at
Harvard Medical School. She has done

‘ extensive clinical research in the areas
of emergency psychiatry, mental illness
and homelessness and has conducted
pioneering studies on the effects of
homelessness on children. Bassuk re-
ceived her B.A. from Brandeis and her

| M.D. from Tufts University.

by Ellen L. Bassuk

at Harvard Medical School—are part of
the fastest-growing subset of the home-
less: families most often headed by
women. These single-parent families
now account for approximately 34 per-
cent of the homeless population—
an increase from 27 percent in 1985,
according to a 30-city survey conduct-
ed in 1990 by the U.S. Conference of
Mayors. Another study, conducted in
1987 by the Urban Institute, found that
23 percent of all homeless individuals
are family members. Every night be-
tween 61,500 and 100,000 homeless
children sleep in emergency shelters,
welfare hotels, abandoned buildings or
cars. Some sleep exposed to the perils
of the streets.

The consequences of this situation
are dire. During critical, formative years,
homeless children lack the basic re-
sources needed for normal develop-
ment. They undergo experiences result-
ing in medical, emotional, behavioral
and educational problems that may
plague them forever. Their mothers, of-
ten victims of abuse, sometimes lack
the resources to reenter society.

Research by myself and others has
shown that “houselessness” is only one
aspect of homelessness. Home implies
basic shelter, but it also entails connec-
tion to a community of supports, in-
cluding friends and family, organiza-
tions that share common values and
beliefs, such as churches, as well as
caretaking institutions. Homelessness
marks a rupture in community and fam-
ily ties in addition to a loss of residence.

By examining the plight of homeless
mothers and children, we can begin to
understand the far-reaching societal im-
pact of their situation. And by delineat-
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ing the many factors leading to home-
lessness, we can suggest long-term poli-
cy decisions that realistically address
the diverse needs of these families.

oots of family homelessness are
R myriad and apply to discussions
of homeless adult individuals,
runaway youths as well as parents with
children. During the past decade, cut-
backs in benefits coupled with severe
shortages of low-income housing jeop-
ardized the stability of all people with
reduced or fixed incomes—pushing
many onto the streets. Although the
size of the homeless population is un-
known, experts agree it is growing. An
advocacy group, the Partnership for the
Homeless reported that the number of
homeless people increased 18 percent
between 1988 and 1989. Estimates of
the numbers of homeless vary wildly ac-
cording to the source, design and agen-
da of the study: from 250,000 to as
many as three million nationwide.
Ironically, increases in social welfare
spending, both in real dollars and in
percent of gross national product, did
not benefit the poor during the 1980s.
Social security expenditures, for exam-
ple, helped only the elderly. Even finan-
cial assistance programs, such as Aid
to Families with Dependent Children
(AFDC), accomplished little. Although

MOTHER AND CHILDREN live in a
housing facility for homeless families.
Such families now make up 34 percent
of the homeless population, and their
numbers are growing. Every night be-
tween 61,500 and 100,000 American
children are homeless.
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The Housing Crisis
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most homeless families receive such
aid, the amounts are well below the
1990 federal poverty income level of
$13,359 for a family of four. Indeed,
the maximum amount of AFDC avail-
able to a family of three—even when
taken together with food stamp bene-
fits—bought 26 percent less in 1990
than it did in the early 1970s.

At the same time financial assistance
plummeted for many persons, housing
costs outdistanced income. The medi-
an rents of unsubsidized, low-income
apartments climbed from $255 to $360.
And the number of poor renters in-
creased from 4.5 million in 1974 to sev-
en million in 1987.

Gentrification and the conversion
of apartments to condominiums fur-
ther depleted the supply of affordable
housing. This shortage was never ad-
dressed by the federal government. In
the past 10 years the government virtu-
ally ceased funding construction or re-
habilitation programs for low- and mod-
erate-income housing. Between 1980
and 1987, new commitments for the
construction of public and Section 8, or
subsidized, housing fell from about
173,249 to 12,244 apartments, reports
Michael A. Stegman of the University of
North Carolina at Chapel Hill.

Dwindling aid and housing shortages
are not problems specific to mothers
and their children, but this group is
particularly at risk. More women are
running households than ever before in
US. history. In 1970, for example, one
in 10 families were headed by women,
according to Senator Daniel Patrick
Moynihan of New York, who has writ-
ten a book on the subject; by 1989, more
than one in five families were headed by
women.

Approximately one third of the fam-
ilies headed by women are living be-
low the poverty line, and studies by the
Urban Institute have found that they
are generally poorer than families of
aged or disabled persons. Although the
numbers of poor people and the over-
all poverty rate decreased slightly be-
tween 1983 and 1989, the poverty rate
surged during 1990: 2.1 million more
Americans became poor. Meanwhile the
poverty rate among children and fe-
male-run households remained consis-
tently high. The number of poor, fe-
male-run families grew 25.5 percent be-
tween 1970 and 1979 and another 15
percent between 1980 and 1989. The
Census Bureau recently reported that
children younger than 18 years make
up 38 percent of the 33.6 million poor
in the U.S.

Because homelessness is a manifes-
tation of extreme poverty and because
families headed by women are dispro-



portionately poor, these families are es-
pecially vulnerable to economic vicissi-
tudes. The situation is exacerbated by
today’s housing market. Even if a moth-
er is working full-time and has child
care provided free by a family member,
rent constitutes a large proportion of
her budget. Any unexpected drop in in-
come or rise in expenses may easily dis-
lodge her and her family.

Furthermore, because many cities
have low vacancy rates and because
waiting lists for public housing are years
long, families able to survive with lit-
tle after-rent income are often unable
to find housing. Housing vouchers are
sometimes available, but supply cannot
meet demand; mothers with more than
three children are sometimes consid-
ered undesirable tenants.

explain how one poor, female-

run family manages to maintain
a home while another must turn to an
emergency shelter for refuge. Within the
subset of such households are families
particularly susceptible to homeless-
ness. Research suggests that a lack of
relationships and resources such as
savings or child care can hamper a fami-
ly’s capacity to remain housed.

In a vicious cycle, the housing famine
itself destroys some of these supports
by dislocating entire families. Initially,
some homeless families may live with
friends or family, doubling up in al-
ready overcrowded living quarters. As
time passes, such relationships tend to
weaken. Indeed, most families move
several times in a year before becoming
homeless. Martha, for example, lived
with her relatives and friends before
she turned to abandoned buildings and
shelters.

From the outset, however, many
homeless mothers have never had peo-
ple to turn to for help. In 1985 we con-
ducted a study of the needs of 80 fami-
lies and 151 children living in Mas-
sachusetts family shelters. We found
that most mothers were disconnected
not only from caretaking institutions—
such as day care—but from friends and
family.

The reasons for the isolation may
stem from the mother’s own childhood.
Studies of homeless mothers have doc-
umented a relatively high frequency of
early and current disruptive experi-
ences, including divorce, desertion, ill-
ness, parental death or victimization.
In a recent Boston University study,
Lisa A. Goodman reported that 89 per-
cent of homeless mothers had been the
victims of physical or sexual abuse at
some point in their lives, 67 percent
while children.

I E conomic dislocation alone cannot

U.S. Families Unable to Afford a Two-Bedroom

SOURCE: Cushing N. Dolbeare, Low-Income Housing Information Service, 1991

As aresult of a traumatic childhood,
some homeless mothers may never
have had adequate supports or the ca-
pacity to find and keep them. Difficult
early experiences can impede the de-
velopment of social skills, hindering
a person’s ability to find employment
and seek social services as well as to
form sustaining long-term relationships.

The lack of social skills can thwart
these women’s efforts to maintain jobs.
Research indicates that although most
homeless mothers have completed two
or three years of high school, they gen-
erally have limited work experience,
which is compounded by sexual dis-
crimination in the job market. Employ-
ment alone, however, does not guar-
antee financial security. Even if these
women are employed in service-sector
jobs, which pay the minimum wage of
$4.25 per hour, many cannot make
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ends meet. Without job training and
adequate child care, it is difficult to
imagine how they could afford current
rents or become self-sufficient.

Some homeless families are also hin-
dered by substance abuse and mental
illness. Although few systematic epi-
demiological studies have been com-
pleted, an estimated 10 to 30 percent
of homeless mothers abuse alcohol or
drugs such as crack cocaine. The use
of drugs further complicates the sit-
uation of these families and sometimes
impairs their ability to raise children.
In contrast to single homeless adults,
homeless mothers in family shelters
have lower rates of chronic mental ill-
ness, particularly schizophrenia, and
most have not become homeless as a
result of deinstitutionalization.

The high incidence of pregnancy
among these women may contribute to
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Children and Homelessness

Estimates of the Annual Number of Homeless Children
NATIONWIDE

NATIONAL COALITION
FOR THE HOMELESS (1990) 500.000

GENERAL ACCOUNTING
OFFICE (1989) - 0:000

U.S. DEPARTMENT
OF EDUCATION (1989) <73,000

NATIONALACADEMY 100,000
OF SCIENCES (1988) | nightly CALIFORNIA
GENERALACCOUNTING | 68,000 200,000 WESTERN CENTER ONLAW
OFFICE (1989) ' nightly AND POVERTY (1989)
URBAN INSTITUTE (1988) 61,500 156,000 DEPARTMENT OF SOCIAL
nightly SERVICES (1989)

SOURCE: Children’s Defense Fund

Homelessness and Child Health

40

30

20

10 =

0 I l B
INFANT MORTALITY MOTHERS WHO RECEIVE BABIES BORN AT
(DEATHS PER 1,000 NO PRENATAL CARE LOW BIRTHWEIGHT
LIVE BIRTHS) (PERCENT) (PERCENT)

HOMELESS LOW-INCOME
PERSONS HOUSED N NEW YORK CITY UsS.

SOURCES: Wendy Chavkin, Columbia University, 1987; Children’s Defense Fund

Homelessness and Education

REPEATED A GRADE =
PLACED IN SPECIAL CLASSES
—
MISSED MORE THAN ONE WEEK
OF SCHOOL IN PAST THREE MONTHS — i

MISSED MORE THAN THREE WEEKS
OF SCHOOL IN PAST THREE MONTHS

0 10 20 30 40 50
PERCENT

HOMELESS CHILDREN I HOUSED LOW-INCOME CHILDREN

SOURCES: David Wood, Cedars Sinai Medical Center, Los Angeles, 1989; Children’s Defense Fund

Child Poverty Rates

IF WHITE ﬁﬂﬂﬁm}(ONEmsm) IFAGE3TOS5 ﬁﬂ@@ﬂﬁm}@

FeLack AARROAHHA IFAGE6TO17 i} fifi
FrHisPANC )6 { YOUNGER THAN 25 1 1
IFYO#”EE? g IF FAMILY HEAD IS § {} {

YOUNGER THAN 30
SOURCE: Children’s Defense Fund, 1989

70 SCIENTIFIC AMERICAN December 1991

© 1991 SCIENTIFIC AMERICAN, INC

homelessness. According to a 1989 New
York City study by James R. Knickman
and Beth C. Weitzman of New York
University, pregnant women receiving
AFDC had an 18 percent chance of be-
coming homeless as compared with a
2 percent chance for women who were
not pregnant. Data from 17 cities sug-
gest that the pregnancy rate among
homeless women is 12 percent—other
studies put the rate at 35 percent. The
rate for the general population was 10.8
percent in 1985, the most recent year
for which figures can be obtained.
Homeless women are frequently poor-
ly nourished and receive little or no
prenatal care. A 1987 report by the New
York City Department of Health re-
vealed that 40 percent of the homeless
women studied had no prenatal care at
all. Consequently, they are at high risk
for adverse pregnancy outcomes and
low-birthweight babies.

r I Yhe problems of the mothers are
in turn mirrored in their chil-
dren—the cycle is perpetuated.

The prevalence of alcohol and drug
abuse among homeless women threat-
ens the health of their babies. A 1989
report by the Select Committee on Chil-
dren, Youth and Families found that the
number of drug-exposed babies tripled
or quadrupled in most surveyed hospi-
tals between 1985 and 1988. Some of
these infants manifest congenital abnor-
malities, mental retardation and long-
term neurobehavioral problems.

Although foster care families take
in some of these infants, the system is
overburdened. One Miami hospital, for
instance, has 20 to 30 boarder babies
on any given day: a new Florida state
law mandates that all drug-exposed
newborns are wards of the state.

The select committee also reported
a high correlation between substance
abuse and child abuse and neglect—in
all families, housed and homeless alike.
In the District of Columbia, for exam-
ple, substance abuse was implicated in
more than 80 percent of the reported
cases of child abuse.

Homeless children experience more
acute and chronic medical problems
than do poor children who have homes.
Health care workers find high inci-
dences of diarrhea and malnourish-
ment, as well as asthma and elevated
blood levels of lead in shelter children.
The Children’s Defense Fund reported
that homeless children are three times
more likely to have missed immuniza-
tions than are housed children.

The psychological well-being of home-
less children is no better, as the case of
12-year-old Robert, living in a Boston
shelter, illustrates. When interviewed,



Robert said he was ugly and often
thought about Kkilling himself and
would do so if he had the chance. He
was not sure how he would carry out
this intent but said he felt desperate
enough to hold it as an idea.

Robert said he hated school. He stat-
ed that he had no friends and was
bored and that he worried his class-
mates would discover he had no real
home. Robert said he was teased by his
peers and criticized by adults. He dis-
liked the shelter and the other children
there and spoke wistfully of the family’s
last home in a trailer. Robert was failing
in school and had repeated a grade.

In our 1985 study we discovered that
almost half of the homeless preschool-
ers manifested serious emotional and
developmental delays. When compared
with poor, housed children, homeless
children were slower in language devel-
opment, motor skills, fine-motor coor-
dination and personal and social abili-
ty. Studies from Los Angeles, New York
City, St. Louis and Philadelphia have
subsequently reported similar findings.

A 1989 Department of Education re-
port estimated that 30 percent of the
nation’s 220,000 school-age homeless
children do not attend school regularly.
The National Coalition for the Home-
less, an advocacy group, estimates that
the actual numbers of homeless school-
age children are two to three times as
great and that as many as 50 percent
are not attending school.

As homeless children move from
place to place, and switch from school
to school, they are likely to become vic-
tims of bureaucracy. The sluggish trans-
fer of academic records or files can de-
lay their enrollment and set them back
further. In addition, the lack of subsi-
dized transportation and child care
threatens their mothers’ ability to get
them to school and back to the shelter.

Many homeless children who do at-
tend school, such as Robert, are failing
or doing below-average work. The few
studies conducted on this problem
found that between 30 and 50 percent
of homeless children had repeated a
grade. In New York City most homeless
children scored below grade level in
mathematics and reading.

Because some homeless children fall
behind their peers, they may be des-
ignated as having special needs. When
this is the case, an educational plan
must be formulated to address the
child’s unique problems, and, whenev-
er possible, access must be provided to
special educational services. In the na-
tion’s underfunded public school sys-
tem, however, these resources are not
often available. It is unlikely that the
parent alone will be able to help their

YOUNG WOMAN lives on the streets of New York City while her child stays with
her mother. Such women are particularly vulnerable to street violence.

child catch up. Thus, many children re-
main behind and are at high risk of be-
coming dropouts. Although the precise
figure is not known, the dropout rate
for homeless children is suspected to
be much higher than the nation’s al-
ready elevated rate of 28.6 percent.

Ithough there are no easy solu-
tions to the plight of homeless
families, the crisis-oriented poli-

cies of the past decade have clearly
failed. One facet of this policy is the
emergency shelter system. Homeless-
ness has been incorrectly viewed as a
transient response to a situational cri-
sis, that is, a temporary lack of low-
income housing or employment. The
shelter system was predicated on this
erroneous assumption, yet these emer-
gency facilities are becoming institu-

tionalized. The Department of Housing
and Urban Development (HUD) counted
1,900 shelters in 1984; by 1988, there
were 5,400 shelters. During these four
years, the percentage of sheltered fami-
lies rose from 21 to 40.

Even some facilities better designed
to meet the complex needs of home-
less families are an incomplete solu-
tion. So-called transitional services pro-
vide longer lengths of stay as well as a
combination of housing assistance, ed-
ucation, job training, psychosocial help
and health care. In many ways, the
structured, supervised environment of
these facilities is best suited to helping
families in crisis as well as those who
are particularly troubled. These expen-
sive, interim facilities, however, neces-
sitate a move to permanent housing.

At present the high volume of clients
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for both emergency shelters and transi-
tional housing often leads to an unfor-
tunate paradox. Forced to choose, the
staff of these residences often exclude
families with problems such as sub-
stance abuse, family violence and phys-
ical or mental disabilities. The overflow
of clients is sometimes placed in wel-
fare hotels, where there are few ser-
vices. Even mothers leaving transitional
facilities are infrequently monitored or
followed by caseworkers. Facing their
troubles alone again, these mothers can
easily fall prey to the same situation
that first led them to homelessness. In
both cases, those mothers and children
most in need of help are often least
likely to find it.

The federal government’s efforts to
provide housing that goes beyond emer-
gency shelter or transitional facilities to
offer more complete services have been
minimal. In 1987 the passage of the
Stewart B. McKinney Act (the Homeless
Assistance Act) offered new hope with
the designation of $490.2 million for aid
to the homeless. An additional $1.2 bil-
lion was appropriated over the next
three years. The money was spent on
supportive housing, residential pro-
grams, health and mental health care,
education for children and job training
for all homeless people. Although the
McKinney Act was a promising first
step, the funds were spread too thin
and were not directed to supplying per-
manent housing or long-term services.

Indeed, for the most part, the feder-
al government has proved unwilling
to combat homelessness. Consequent-

PRENATAL CARE FOR A PREGNANT WOMAN FOR NINE MONTHS

ly, states, cities and private nonprofit
organizations have been left with an
enormous, often impossible, task. New
York City, for instance, just announced
the failure of its plan for homeless
families. The more than $25-million,
year-old “Alternative Pathways” pro-
gram, designed to prevent the eviction
of 10,000 families and to pay the un-
paid rent of 32,000 families, was un-
derstaffed and underfunded. As a re-
sult of its failure, an anticipated 6,000
families will be living in shelters by
June 1992—more than ever before in
the city’s history.

o address realistically homeless-
Tness and its parent, extreme
poverty, the nation needs to re-
think its policy completely. First, citi-
zens must elect representatives who
allocate adequate funds for domes-
tic needs: housing, a higher minimum
wage, education, health care, child care
and social services. Such spending will
assist both homeless families and those
living in poverty. Ultimately, it will pre-
vent many instances of homelessness.
Second, comprehensive programs for
homeless persons must be made avail-
able and must be integrated with per-
manent housing. This situation fosters
community ties and offers families au-
tonomy while providing the services
they need. One model of such an ap-
proach is a joint effort started in 1989
by the Robert Wood Johnson Founda-
tion and HUD. Under the Homeless
Families Program, nine cities, including
Atlanta, Baltimore and Denver, will re-

The Economy of Intervention
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SIX WEEKS OF SUPPORT SERVICES SO PARENTS AND $2.000
CHILDREN STAY TOGETHER .
FOSTER CARE FOR A CHILD FOR 18 MONTHS $10,000

SOURCES: State Office for Children, Children’s Defense Fund, U.S. Department of Agriculture, Time Magazine, 1990
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ceive a projected $600,000 grant each
over five years to implement services
for homeless families. The program also
makes available 1,200 Section 8 certifi-
cates, public housing assistance funds,
worth about $35 million over five years.

In each city, parents and children are
housed in residences that are clustered
so that the families can provide sup-
port for one another. Families are fol-
lowed by case managers who ensure
that mothers receive appropriate treat-
ment for mental health or substance
abuse problems—one program pro-
vides testing for HIV infection. Employ-
ment training and child care are also
made available. To date, the initiative
has helped more than 100 homeless
families move from emergency shelters
to permanent housing.

The Better Homes Foundation, which
I co-founded, supports similar efforts.
Since its inception in 1988, the founda-
tion has awarded $1.7 million to 55
programs that provide a range of ser-
vices, including prenatal and pediatric
health care, housing and entitlements
assistance, substance abuse programs,
parenting services and long-term case
management.

The foundation also collaborates with
other organizations. In a joint venture
with IBM, for example, the foundation
established the Kidstart program. Case
managers assess the social, emotional
and cognitive development of home-
less preschoolers. They then help chil-
dren gain access to programs such as
Headstart, a federally funded educa-
tional service; they provide counseling
and help homeless mothers with their
parenting responsibilities. The Kidstart
model is particularly effective because
many homeless children have special
needs and are therefore entitled by law
to receive appropriate services. By ne-
gotiating bureaucracy and helping par-
ents, case managers can protect chil-
dren from some of the disastrous ef-
fects of homelessness.

l ] nfortunately, such programs are
available only to a small num-
ber of homeless families. Before

comprehensive programs can be widely

implemented, a perceptual change must
occur among policymakers and the
general public. The fact that most home-
less families are extremely poor and
that a significant subgroup have other
vulnerabilities as well has contributed
to an ideological tension and prejudice
ever present below the surface of Amer-
ican politics. Before effective solutions
can be achieved, we must eradicate bi-
ases against homeless people.

In the early 1980s a largely economic
explanation of homelessness was pit-
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ted against one that focused on indi-
vidual frailties. One side believed home-
less people were economically dislocat-
ed by a system that concentrated the
wealth among a small class of highly
privileged citizens. The other side as-
serted that the homeless were chroni-
cally disabled by various social patholo-
gies. At its most extreme, this view was
expressed by President Ronald Reagan:
“Some of those people are there, you
might say, by their own choice.”

The debate was fueled by data show-
ing that homeless families, not unlike
poor families, suffer disproportionately
from substance abuse and mental dis-
orders. Researchers, such as myself,
studying these problems were accused
of stigmatizing an already disenfran-
chised population—of blaming the vic-
tim. In an effort to protect the home-
less, some advocates and providers re-
fused to acknowledge mental illness or
substance abuse. They simply conclud-
ed that permanent housing would elim-
inate homelessness.

Rather than employing new data that
chronicled the complexities of home-
lessness, some advocates and critics
tended simplistically to ascribe home-
lessness to single factors. When they
identified a problem such as mental ill-
ness, for example, they interpreted the
studies as indicative of one-to-one
causality—with no regard to the context
of extreme poverty. Along these lines,
various editorials even concluded that
homelessness was not a housing prob-
lem and that the homeless merely need-
ed to be institutionalized.

t the heart of this debate are soci-
ety’s views of economic misfor-
tune, individual frailties and
personal disabilities. Traditionally, emo-
tional and social problems have been
judged as the moral shortcomings of
an individual. Someone suffering from
a psychiatric illness or an addiction is
rarely viewed as a person who has a
disorder or who is taxed by over-
whelming circumstances. Instead the
affliction becomes a metaphor for a
host of evils; it serves as testimony of
the individual’s unworthiness, a cause
for condemnation.

Unless a multidimensional under-
standing of the origins of homeless-
ness is reached along with acknowledg-
ment of the heterogeneity of homeless
family needs, we will continue to for-
mulate ineffective policies. We must rec-
ognize that families on the street need
more than just shelter. They need em-
ployment, a community, sustaining re-
lationships, health care, child care and
education.

The serious systemic ills plaguing this

MOTHER AND SON stand outside the Human Resources Administration in New
York City, where they applied for housing. They are living in a shelter.

country virtually ensure homelessness
for a growing number of families. Until
the federal government provides ample
housing, welfare and employment, vul-
nerable families will continue to strug-
gle. Although we know the direction we
must take to ameliorate extreme pover-
ty and homelessness, our unwillingness
to do so reflects our values and our pri-

orities. The debate about the origins of
homelessness has diverted attention
away from the most basic issue: Are we
willing to care for the most disenfran-
chised among us, whether it be on the
basis of economic need or individual
need, or both? Are we willing to lose
another generation of young women
and children?
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Quantum Cosmology and
the Creation of the Universe

By applying quantum mechanics
to the universe as a whole, cosmologists hope to look
beyond the very instant of creation

any of us have stared out into
l \/ I space on a clear night and
wondered, “Where did all this
come from?” For many centuries, this
question, pondered by philosophers
and theologians, lay far outside the
reach of scientific investigation. Only
in this century has theory grown suf-
ficiently subtle and rigorous to provide
a plausible look at the very beginning
of the universe. Using Einstein’s the-
ory of general relativity to extrapolate
back in time, investigators deduced that
the universe emerged from a single,
unbelievably small, dense, hot region.
The events that have unfolded since
that moment, including the formation
of matter as well as its coalescence into
galaxies, stars, planets and chemical
systems, appear to be adequately de-
scribed by conventional cosmology.
Yet the conventional ideas are in-
complete. They fail to explain or even
describe the ultimate origin of the uni-
verse. The most extreme extrapolation
backward in time takes the universe
down to a size at which it is necessary
to incorporate that other great vision
of modern physics: quantum theory.
But the marriage of quantum theory
and general relativity has been de-
scribed as, at best, a shotgun wedding.
Its consummation remains one of the
outstanding problems of physics.

JONATHAN J. HALLIWELL is a post-
doctoral associate at the Center of Theo-
retical Physics at the Massachusetts In-
stitute of Technology. A former student
of Stephen W. Hawking, Halliwell re-
ceived his Ph.D. from the University of
Cambridge in 1986. He has held posi-
tions at Christ’s College, Cambridge, and
the Institute for Theoretical Physics at
the University of California, Santa Bar-
bara. His research focuses on quantum
cosmology and quantum gravity.

by Jonathan J. Halliwell

In recent decades, workers have be-
gun to make some progress in applying
quantum theory to the universe. These
early steps have been promising enough
to encourage those taking them to
coin a name for their endeavor: quan-
tum cosmology. Quantum cosmologists
build on foundations laid in the 1960s
by Bryce S. DeWitt of the University of
Texas at Austin, Charles W. Misner of
the University of Maryland and John A.
Wheeler of Princeton University. Their
studies mapped out how quantum me-
chanics might be applied to the entire
universe. But the work was not taken
very seriously until the 1980s, after
classical theories of cosmology began
to falter in their attempts to explain
fully the beginning of the universe.

Most notable among the investiga-
tors who were drawn to this work are
James B. Hartle of the University of Cal-
ifornia at Santa Barbara, Stephen W.
Hawking of the University of Cam-
bridge, Andrei D. Linde of the Lebedev
Physical Institute in Moscow and Alex-
ander Vilenkin of Tufts University. They
put forward quite definite laws of ini-
tial conditions, that is, conditions that
must have existed at the very moment
of creation. When adjoined with suit-
able laws governing the evolution of the
universe, such proposals could conceiv-
ably lead to a complete explanation of
all cosmological observations and would
therefore resolve important problems
that plague the foundations of conven-
tional cosmology.

entral to the conventional sce-
nario is the hot big bang model
of the universe. Since George
Gamow first proposed it in 1948, the
idea of an explosive birth has steadily
and successfully battled other theories
concerning the origin of the universe.
Other researchers have over the inter-
vening decades refined the model. Us-
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ing general relativity and some basic
physical laws, the model as it exists to-
day envisages a beginning from an ex-
tremely small, hot, dense initial state
some 15 billion years ago. The universe
subsequently expanded, developing into
the large, cold universe that we observe
today.

The hot big bang model makes defi-
nite predictions about the universe as
it exists now. It predicts the formation
of nuclei, the relative abundances of
certain elements and the existence and
exact temperature of the microwave
background—the glow of radiation left
over from the initial explosion, which
permeates the universe. The prediction
of the cosmic background radiation,
made by Ralph A. Alpher of Union Col-
lege and Robert Herman of the Univer-
sity of Texas at Austin, was confirmed
by Arno A. Penzias and Robert W. Wil-
son of Bell Laboratories in 1964.

Despite its successes, the hot big
bang model leaves many features of
the universe unexplained. For example,
the universe today includes a vast
number of regions that in the hot big
bang model could never have been in
causal contact at any stage in their en-
tire history. These regions are moving
away from one another at such a rate
that any information, even traveling at
the speed of light, could not cover the
distance between them. This “horizon
problem” makes it difficult to account
for the striking uniformity of the cos-
mic background radiation.

Then there is the “flatness problem.”
The hot big bang model indicates the

GALAXY CLUSTER Abell 1060 contains
many spirals and ellipticals. The emer-
gence of galaxies is one of the celestial
features classical cosmology fails to ex-
plain fully. Quantum cosmology may
provide the missing concepts.



universe to become more curved as
time passes. But observations reveal
that the spatial geometry of the part of
the universe we can observe is extreme-
ly flat. The universe could exhibit such
flatness only if it started out almost ex-
actly flat—to within one part in 1069,
Many cosmologists consider such fine-
tuning deeply unnatural.

Perhaps most significant, the hot big
bang model does not adequately ex-
plain the origin of large-scale struc-
tures, such as galaxies. Researchers,
among them Edward R. Harrison of the
University of Massachusetts at Amherst
and Yakov B. Zel'dovich of the Institute
of Physical Problems in Moscow, of-
fered partial explanations, showing how
large-scale structures might appear
from small fluctuations in the density
of matter in an otherwise homogene-

ous early universe. But the fundamen-
tal origin of these fluctuations re-
mained completely unknown. They had
to be assumed as initial conditions.

In brief, therefore, the hot big bang
model suffered from extreme depen-
dence on initial conditions. Finding the
present universe in this model would
be as unlikely as finding a pencil bal-
anced on its point after an earthquake.

In 1980 Alan H. Guth of the Mas-
sachusetts Institute of Technology pro-
posed a compelling alternative to ex-
cessive fine-tuning. His model, known
as the inflationary universe scenario,
resembles the hot big bang except for
one essential difference: Guth’s scheme
holds that the universe began with a
very brief but exceedingly rapid period
of expansion. This process, called in-
flation, would have lasted for an unbe-

lievably fleeting moment—some 1073°
second. During this time, the universe
would have increased in size by an
equally astounding factor of 1039, grow-
ing from an initial size of 10728 cen-
timeter to about one meter [see “The
Inflationary Universe,” by Alan H. Guth
and Paul J. Steinhardt; SCIENTIFIC AMER-
ICAN, May 1984].

Guth’s inflation is essentially an in-
credibly brief glitch inserted into the
beginning of the hot big bang model.
But it is sufficient to solve many of the
problems. Inflation solves the horizon
problem because the observed universe
emerges from a region small enough
to permit causal contact. The flatness
problem vanishes because the huge ex-
pansion blows the universe up so
much that it appears flat—much as any
specific area on the surface of a large,
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Some Contributors to Modern Cosmology

ERWIN SCHRODINGER (1887-1961), an Austrian physicist, was one
of the fathers of quantum mechanics. Using the idea that matter may
behave as a particle or wave, he established the fundamental
equation that determines the wave function for atomic systems.
Intellectually versatile, he later studied the philosophy and literature
of Western cultures and attempted to show how quantum physics
could be used to explain genetic structure.

GEORGE GAMOW
(1904-1968) emigrated
from the U.S.S.R. in 1934. A
volatile and prolific contri-
butor to many areas of
physics, he put forward the
idea of the big bang in
1948 as part of a theory of
the origin of light elements.
Brilliant, but considered ec-
centric by some of his
peers, he was not always
taken very seriously.

JOHN A. WHEELER (b. 1911), now emeritus professor at Princeton
University, has made major contributions to many theories of
modern physics, from a quantum description of nuclear fission to
neutron stars and black holes. He studies the philosophical
implications of quantum mechanics as well.

BRYCE S. DEWITT (b. 1923) of the University of Texas at Austin has
worked on theories of applying quantum theory to the universe and

of quantum gravity. Together Wheeler and DeWitt formulated the
cosmological analogue to the Schrédinger equation in the 1960s.

inflated balloon will appear flat. The
density-fluctuation problem is also
solved; the scenario predicts that the
sudden expansion would have locked
in quantum fluctuations that could have
seeded the formation of large-scale
structures.

But why would such a moment of
inflation happen? Guth found a plausi-
ble cause in the form of a particular
kind of matter. In the hot big bang
model, the matter content of the uni-
verse is a uniformly distributed plasma
or dust. Guth’s model considers matter
to consist of scalar-field particles. Such
field particles are not the stuff of ev-
eryday life, but they do arise naturally
in many theories. Indeed, they are be-
lieved to be the dominant form of mat-
ter under the extremely high energy
conditions similar to those in the early
universe. According to the inflationary
model, they lead to a kind of negative
pressure. Gravity effectively becomes
a repulsive force, and inflation occurs.
At the end of the inflationary era, the
decay of the scalar-field matter produc-
ing the expansion heated the (initially
cold) universe to a very high tempera-
ture. The subsequent evolution exactly
follows the path described by the hot
big bang model: the universe expanded
and cooled, and the residual heat is
detectable as the cosmic background
radiation.

Perhaps the most important aspect
of the inflationary universe scenario is
that, as mentioned above, it provides
a possible explanation for the origin
of the density fluctuations that would
have seeded galaxies and other struc-
tures. The inflationary universe scenario
assumes that although the scalar field
is largely homogeneous, it still may have
small, inhomogeneous parts. Accord-
ing to quantum theory, these inhomo-
geneous parts cannot be exactly zero
but must be subject to small quantum
fluctuations. (In fact, all types of matter
are subject to such quantum effects, but
for most purposes the fluctuations are
so small as to be totally insignificant.)
The rapid expansion of the universe
during inflation magnified these initial-
ly insignificant microscopic fluctuations,
transforming them into macroscopic
changes in density. (The much slower
expansion in the hot big bang model is
incapable of producing this effect.) In-
deed, detailed calculations showed that,
subject to certain assumptions about
the scalar field, the resultant density
fluctuations were of the type suggested
by Harrison and Zel’dovich.

Inflation improves dramatically on
the hot big bang model in that it allows
for the currently observed state of the
universe to have arisen from a much
broader, far more plausible set of ini-
tial conditions. Nevertheless, inflation
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does not relieve the observed state of
the universe of all dependence on as-
sumptions about initial conditions. In
particular, inflation itself depends on a
number of assumptions. For example,
it would have occurred only if the
scalar field began with a large, approxi-
mately constant energy density. This
approximately constant energy density
is equivalent, at least for a brief time,
to Einstein’s famous (or infamous) cos-
mological constant. Therefore, like it
or not, the success of inflation rests
on certain assumptions about initial
conditions.

From where do these assumptions
come? Obviously, one can go on asking
an infinite sequence of such questions,
like an overbearingly curious child in
the “Why?” stage. But the cosmologist
seeking a complete explanation is ulti-
mately compelled to ask, “What hap-
pened before inflation? How did the
universe actually begin?”

One can start answering these ques-
tions by following the expansion of the
universe backward in time to the pre-
inflation era. There the size of the uni-
verse tends to zero, and the strength of
the gravitational field and the energy
density of matter tend to infinity. That
is, the universe appears to have emerged
from a singularity, a region of infinite
curvature and energy density at which
the known laws of physics break down.



HUGH EVERETT 1l
(1930-1982), a student
of Wheeler in the 1950s
at Princeton, solved the
observer-observed pro-

blem with his “many

worlds” interpretation,
which was originally
developed as his Ph.D.
thesis. Later, he became a
defense analyst and con-
tributed to game theory
and operations research.

STEPHEN W. HAWKING (b. 1942)
helped prove that singularities are
an inescapable consequence of
Einstein’s general relativity. He is
perhaps best known for demon-
strating that black holes are not in
fact black but radiate energy. He was
instrumental in reviving quantum
cosmology in the1980s, using it to
understand what happened “before”
the big bang. He holds Isaac Newton’s
chair at the University of Cambridge.

RALPH A. ALPHER (b. 1921), a
protégé of Gamow now at Union
College, and ROBERT HERMAN
(b. 1914) of the University of
Texas at Austin, predicted the
existence of the cosmic
background radiation while at
Johns Hopkins University in 1948,
as they worked to make
consistent the Russian physicist's
theories concerning the birth of
the universe and the creation of
the light elements.

Singularities are not artifacts of the
models. These conditions are a conse-
quence of the famous “singularity theo-
rems,” proved in the 1960s by Hawking
and Roger Penrose of the University of
Oxford. These theorems showed that un-
der reasonable assumptions any model
of the expanding universe extrapolated
backward in time will encounter an ini-
tial singularity.

The theorems do not imply, howev-
er, that a singularity will physically oc-
cur. Rather the theory predicting them—
classical general relativity—breaks down
at very high curvatures and must be
superseded by some bigger, better,
more powerful theory. What is this the-
ory? A consideration of scale yields a
clue. Near a singularity, space-time be-
comes highly curved; its volume shrinks
to very small dimensions. Under such
circumstances, one must appeal to the
theory of the very small—that is, to
quantum theory.

uantum theory arose from an
attempt to explain phenomena
that lay beyond the scope of
conventional classical physics.
A central failure of classical mechanics
was its inability to account for the struc-
ture of the atom. Experiments suggest-
ed that the atom consisted of electrons
orbiting a nucleus, much as planets or-
bit the sun. Efforts to describe this mod-

el using classical physics, however, pre-
dicted that the electrons should plunge
into the nucleus. There was nothing to
hold them in orbit.

To overcome the discrepancy be-
tween observation and theory, Niels
Bohr, Erwin Schrodinger, Werner K.
Heisenberg and Paul A. M. Dirac, among
others, in the early 20th century devel-
oped quantum mechanics. In this for-
mulation, motion is not deterministic
(as in classical mechanics) but proba-
bilistic. The dynamic variables of classi-
cal mechanics, such as position and
momentum, do not in general have def-
inite values in quantum mechanics,
which regards a system as fundamen-
tally wavelike in nature. A quantity
called the wave function encodes the
probabilistic information about such
variables as position, momentum and
energy. One finds the wave function for
a system by solving an equation called
the Schrodinger equation.

For a single-point particle, one can
regard the wave function as an oscillat-
ing field spread throughout physical
space. At each point in space, the func-
tion has an amplitude and a wave-
length. The square of the amplitude is
proportional to the probability of find-
ing the particle at that position. For
wave functions that have constant am-
plitudes, the wavelength is related to
the momentum of the particle. But be-

cause the wave functions for position
and momentum are mutually exclusive,
an indefiniteness, or uncertainty, in
both quantities will always exist. As the
measurement of one property, say, po-
sition, becomes more precise, the value
for the other grows correspondingly
indefinite. This state of affairs, called
Heisenberg’s uncertainty principle, is
an elementary consequence of the wave-
like nature of particles.

The uncertainty principle leads to
phenomena qualitatively different from
those exhibited in classical mechanics.
In quantum mechanics, a system can
never have an energy of exactly zero.
The total energy is generally the sum
of the kinetic and potential energies.
The kinetic energy depends on mo-
mentum; potential energy depends on
position (a ball on top of a hill has
more gravitational potential energy than
one that sits in a well). Because the un-
certainty principle forbids any simulta-
neous, definite values of momentum
and position, the kinetic and potential
energy cannot both be exactly zero.

Instead the system has a ground
state in which the energy is as low as it
can be. (Recall that in the inflationary
universe scenario, galaxies form from
“ground-state fluctuations.”) Such fluc-
tuations also prevent the orbiting elec-
tron from crashing into the nucleus.
The electrons have an orbit of mini-
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fall into the nucleus without violating
the uncertainty principle.

Uncertainty also leads to the phe-
nomenon of tunneling. In classical me-
chanics, a particle traveling with fixed
energy cannot penetrate an energy bar-
rier. A ball at rest in a bowl will never
be able to get out. In quantum mechan-
ics, position is not sharply defined but
is spread over a (typically infinite) range.
As a result, there is a definite probabil-
ity that the particle will be found on
the other side of the barrier. One says
that the particle can “tunnel” through
the barrier.

The tunneling process should not
be thought of as occurring in real time.
In a certain well-defined mathemati-
cal sense, the particle is conveniently
thought of as penetrating the barrier
in “imaginary” time, that is, time multi-
plied by the square root of minus one.
(Time here loses its meaning in the usu-
al sense of the word; it actually resem-
bles a spatial dimension more than it
does real time.)

These distinctly quantum effects do
not contradict classical mechanics.
Rather quantum mechanics is a broader
theory and supersedes classical mechan-
ics as the correct description of nature.
On macroscopic scales, the wavelike na-
ture of particles is highly suppressed,
so that quantum mechanics reproduces
the effects of classical mechanics to a
high degree of precision (although how
this “quantum to classical” transition
comes about is still a matter of current
research).

ow can these insights be em-
H ployed to illuminate questions

of cosmology? Like quantum
mechanics, quantum cosmology at-
tempts to describe a system funda-
mentally in terms of its wave function.
One can find the wave function of the
universe by solving an equation called
the Wheeler-DeWitt equation, which is
the cosmological analogue of the Schro-
dinger equation. In the simplest cases,
the spatial size of the universe is the
analogue of position, and the rate of
the universe’s expansion represents the
momentum.

Yet many conceptual and technical
difficulties arise in quantum cosmology
above and beyond those in quantum
mechanics. The most serious is the lack
of a complete, manageable quantum
theory of gravity. Three of the four
fundamental forces of nature—electro-
magnetism, the strong nuclear force
and the weak nuclear force—have been
made consistent with quantum theory.
But all attempts to quantize Einstein’s
general relativity have met with failure.

111C 1allul T 1VUU111S6 1dl 5C. 1CLdll Uidal sl
eral relativity, the best theory of gravity
that we have, says that at the singulari-
ty, space becomes infinitely small and
the energy density infinitely great. To
look beyond such a moment requires
a quantum theory of gravity.

I should note that proponents of a
theory of “superstrings” claim it to be
a consistent, unified quantum theory
of all four forces of nature and thus
is, or at least contains, a quantum de-
scription of gravity. Final judgment on
superstring theory has not yet been
passed. In any case, it is far from being
a manageable theory directly useful to
cosmology.

Another question that workers con-
front is the applicability of quantum
mechanics to the entire universe. Quan-
tum mechanics was developed to de-
scribe atomic-scale phenomena. The
beautiful agreement between quantum
mechanics and experiment is one of
the great triumphs of modern physics;
no physicist in his or her right mind
harbors any doubts as to its correct-
ness on the atomic scale. But a few
may raise dissenting voices if one sug-
gests that quantum mechanics is equal-
ly applicable to, say, tables and chairs.

The challenge is not easy to dismiss,
because on the macroscopic scale the
predictions of quantum mechanics co-
incide closely with those of classical
mechanics. Genuine macroscopic quan-
tum effects are extremely difficult to
detect experimentally. Even more con-
tentious is the most extravagant ex-
trapolation possible: that quantum me-
chanics applies to the entire universe
at all times and to everything in it. Ac-
ceptable or not, this is the fundamental
assertion of quantum cosmology.

Another, perhaps more difficult issue
concerns the interpretation of quan-
tum mechanics applied to cosmology.
In the development of quantum me-
chanics (as applied to atoms), it proved
necessary to understand how the math-
ematics of the theory translates into
what one would actually observe dur-
ing a measurement. Bohr laid the foun-
dations of this translation, known as
quantum measurement theory, in the
1920s and 1930s. He assumed that the
world may be divided into two parts:
microscopic systems (such as atoms),
governed purely by quantum mechan-
ics, and external macroscopic systems
(such as observers and their measuring
apparata), governed by classical me-
chanics. A measurement is an interac-
tion between the observer and the mi-
croscopic system that leads to a per-
manent recording of the event.

During this interaction, the wave
function describing the microscopic sys-
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from its initial state to some final one.
The quantity being measured takes on
a definite value in the final state. The
discontinuous change is referred to,
rather dramatically, as the collapse of
the wave function. For instance, the
wave function could start out in a state
of definite momentum, but if position
is being measured, it “collapses” into a
state of definite position.

Although many theorists feel this
scheme, known as the Copenhagen in-
terpretation of quantum mechanics, is
philosophically unsatisfactory, it none-
theless enables predictions to be ex-
tracted from theory—predictions that
agree with observation. Perhaps for
this reason, the Copenhagen interpre-
tation has stood largely unchallenged
for almost half a century.

In attempting to apply quantum me-
chanics to the entire universe, however,
one meets with acute difficulties that
cannot be brushed off as philosophi-
cal niceties. In a theory of the universe,
of which the observer is a part, there
should be no fundamental division be-
tween observer and observed. More-
over, most researchers feel uncomfort-
able at the thought of the wave func-
tion of the entire universe collapsing
when an observation is made. Questions
concerning probability predictions also
come up. Ordinarily, one tests such pre-
dictions by making a large number
of measurements. For example, flip-
ping a coin many times will verify that
the probability of heads is one half. In
cosmology, there is only one system,
which is measured only once.

eeping such difficulties in mind,
KHugh Everett NI of Princeton,
one of the first physicists to

take seriously the notion of applying
quantum mechanics to the universe,
presented a framework for the inter-
pretation of quantum mechanics par-
ticularly suited to the special needs of
cosmology. Unlike Bohr, Everett assert-
ed that there exists a universal wave
function describing both macroscopic
observers and microscopic systems,
with no fundamental division between
them. A measurement is just an inter-
action between different parts of the
entire universe, and the wave function
should predict what one part of the
system “sees” when it observes another.
Hence, there is no collapse of the
wave function in Everett’s picture, only
a smooth evolution described by the
Schrodinger equation for the entire
system. But as he modeled the mea-
surement process, Everett made a truly
remarkable discovery: the measure-
ment appears to cause the universe to
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UNCERTAINTY PRINCIPLE prevents any exact determination
of a particle’s position and momentum. The wave function
for a particle in a state of definite position will be sharply
peaked about a point in space, but the uncertainty in momen-
tum is very large (a). The wave function for a state of definite

“split” into sufficiently many copies of
itself to take into account all possible
outcomes of the measurement.

Theorists have hotly debated the
reality of the multiple copies in Ev-
erett’s uneconomical “many worlds” in-
terpretation. Indeed, modern versions
of Everett’s idea, generated most no-
tably by Murray Gell-Mann of the Cali-
fornia Institute of Technology and Har-
tle, play down the many-worlds aspect
of the theory. Instead their versions talk
about “decoherent histories,” which are
possible histories for the universe to
which probabilities may be assigned. For
practical purposes, it does not matter
whether one thinks of all or just one of
them as actually happening. These ideas
also have the great merit of eliminating
the role of the observer and the need
to collapse the wave function. And de-
spite the controversy, such approaches
give theorists some kind of framework
within which to work.

Gell-Mann and Hartle also address
the issue of probabilities for the uni-
verse. They insist that the only proba-
bilities that have any meaning in quan-
tum cosmology are a priori ones. These
probabilities are close to one or zero,
that is, definite yes-no predictions. Al-
though most probabilistic predictions
are not of this type, they can often
be made so by suitably modifying the
questions one asks. Unlike quantum
mechanics, in which the goal is to de-
termine probabilities for the possible
outcomes of given observations, quan-
tum cosmology seeks to determine
those observations for which the theory
gives probabilities close to zero or one.

= SPACE

This kind of approach has led to
the following understanding: at certain
points in space and time, typically (but
not always) when the universe is large,
the wave function for the universe indi-
cates that the universe behaves classi-
cally to a high degree of precision. Clas-
sical space-time is then a prediction of
the theory. Under these circumstances,
moreover, the wave function provides
probabilities for the set of possible
classical behaviors of the universe.

On the other hand, certain regions,
such as those close to classical singu-
larities, exist in which no such predic-
tion is possible. There the notions of
space and time quite simply do not ex-
ist. There is just a “quantum fuzz,” still
describable by known laws of quantum
physics but not by classical laws. Hence,
in quantum cosmology, one no longer
worries about trying to impose classi-
cal initial conditions on a region in
which classical physics is not valid,
such as near the initial singularity.

verse described by the quantum
theory of cosmology does not
eliminate the need for assumed initial
conditions. Instead the question of
classical initial conditions—the assump-
tions of the inflation and big bang mod-
els—becomes one of quantum initial
conditions: Of the many wave func-
tions possible (the many solutions to
the Wheeler-DeWitt equation), how is
just one singled out?
The problem is best understood by
contrasting the cosmological situation
with that of the laboratory, to which

S till, the wave function of the uni-

> SPACE >

momentum has a specific wavelength and a constant ampli-
tude throughout all space, but the particle’s position is com-
pletely uncertain (b). A “coherent” state represents a compro-
mise (c). There is indefiniteness in both position and momen-
tum, but it is as small as the uncertainty principle allows.

most of science is directed. There a sys-
tem has clearly defined temporal and
spatial boundaries—the duration of the
reaction, for instance, or the size of
the beaker. At those boundaries, experi-
menters may control, or at least ob-
serve, the physical states. Using suitable
laws of physics, they may be able to de-
termine how the initial or boundary con-
ditions evolve in space and time.

In cosmology the system under scru-
tiny is the entire universe. By defini-
tion, it has no exterior, no outside world,
no “rest of the universe” to which one
could appeal for boundary or initial
conditions. Furthermore, it seems most
unlikely that mathematical consisten-
cy alone will lead to a unique solution
to the Wheeler-DeWitt equation, as De-
Witt once suggested. Therefore, in much
the same way that the theoretical phys-
icist proposes laws to govern the evolu-
tion of physical systems, the inescap-
able task of the quantum cosmologist
is to propose laws of initial or bound-
ary conditions for the universe. In par-
ticular, Hartle and Hawking, Linde, and
Vilenkin have made quite definite pro-
posals that were intended to pick out a
particular solution to the Wheeler-De-
Witt equation, that is, to single out a
unique wave function for the universe.

Hartle and Hawking’s proposal de-
fines a particular wave function of the
universe using a rather elegant formu-
lation of quantum mechanics original-
ly developed in the 1940s by the late
Richard P. Feynman of Caltech. The for-
mulation is called the path integral or
sum-over-histories method. In ordinary
quantum mechanics, calculation of the
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wave function involves performing a
certain sum over a class of histories of
the system. The histories end at the
point in space and time at which one
wishes to know the value of the wave
function. To render the wave function
unique, one specifies precisely the class
of histories to be summed over. The
specified class includes not only classi-
cal histories but all possible histories
for the system.

Summing over histories is mathe-
matically equivalent to solving the
Schrodinger equation. But it provides a
very different view of quantum me-
chanics that has proved extremely use-
ful, both technically and conceptual-
ly. In particular, the sum-over-histories
method readily generalizes to quantum
cosmology. The wave function of the
universe may be calculated by sum-
ming over some class of histories for
the universe. The technique is equiva-
lent to solving the Wheeler-DeWitt equa-
tion, as was demonstrated most gener-
ally in a recent paper by Hartle and me.
The precise solution obtained depends
on how the class of histories summed
over is chosen.

One way to understand the choice
made by Hartle and Hawking is to trans-
late their mathematics into geometry.
Imagine the spatial extent of the uni-
verse at a particular time as a closed
loop of string lying in the horizontal
plane. If the vertical axis represents
time, then the loop changes in size as
time passes (representing the expan-
sion and contraction of the universe).
Various possible histories of the uni-
verse therefore appear as tubes swept
out by the loop as it evolves in time
[see illustration below]. The final edge

TIME

INITIAL
SINGULARITY

SPACE-TIME “TUBES” can represent the evolution of the uni-
verse. In classical theories, any reasonable model of the uni-
verse encounters a singularity when evolved backward in time
(a). In quantum cosmology the initial state of the universe
may not necessarily be a point (b). Some specific proposals

represents the universe today; the op-
posite end is the initial state (that is,
the creation of the universe), to be spec-
ified by proposed boundary conditions.
Some tubes might close off in a sharp
way, like the point of a cone; others
might simply end abruptly.

Hartle and Hawking proposed that
one should consider only tubes whose
initial end shrinks to zero in a smooth,
regular way, forming a kind of a hemi-
spherical cap. One therefore sums over
geometries that have no boundary (ex-
cept for the final end, which is open and
corresponds to the present universe).
Hence, Hartle and Hawking’s idea is
called the no-boundary proposal.

Closing off the geometry in such a
smooth way is impossible in classical
theory. The singularity theorems imply
that the classical histories of the uni-
verse must shrink to zero in a singular
way, much as the end of a cone shrinks
to a point. But in quantum theory the
sum-over-histories approach admits
many possible histories, not just classi-
cal ones. The smooth closing off be-
comes possible. In particular, the re-
gion may be regarded as taking place
in imaginary time and as such is dis-
tinctly nonclassical.

This reasoning has given rise to
another proposal, or solution, to the
Wheeler-DeWitt equation. Recall that the
appearance of imaginary time is charac-
teristic of tunneling processes in quan-
tum theory. Perhaps, then, the universe
has tunneled from “nothing.” The evo-
lution described by inflation and the
big bang would have subsequently
occurred after the tunneling. The no-
boundary wave function, however, does
not have the general features normally
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associated with tunneling. It gives high
probability of a classical universe ap-
pearing with a large size and a low en-
ergy density. An ordinary tunneling pro-
cess would suppress a transition from
zero to large size and give highest prob-
ability for tunneling to small size that
has a high energy density.

Partly for this reason, Linde and
Vilenkin independently put forward a
“tunneling” proposal. The precise state-
ment of this idea is mathematical, but
it suffices to say that the scheme is de-
signed to pick out a solution to the
Wheeler-DeWitt equation possessing
the properties expected of a tunneling
process. Their solution enables one to
think more appropriately of the uni-
verse as tunneling from nothing.

The no-boundary and tunneling pro-
posals select a unique wave function
for the universe (contingent, however,
on the resolution of a number of tech-
nical difficulties recently exposed by
Hartle, Jorma Louko of the University
of Alberta and me). In both, the wave
function indicates that space-time be-
haves according to classical cosmology
when the universe is a few thousand
times larger than the size at which the
four forces of nature would be unified
(about 10733 centimeter), in agreement
with observation. When the universe is
smaller, however, the wave function in-
dicates that classical space-time does
not exist.

iven a unique wave function of
Gthe universe, one may finally
ask, “How did the universe actu-
ally begin?” Rather than answering, a
quantum cosmologist would reframe

the question. In the neighborhood of

)

| MAGINARY
J TIME

indicate that the universe began from a perfectly smooth kind
of cap rather than a point (¢). The “smoothing off” occurs in
imaginary time, so it does not contradict singularity theo-
rems, which refer to real time. Shortly after quantum cre-
ation, the universe evolved classically in real, physical time.



POSSIBLE HISTORIES of the universe, shown by the green lines, emerge from a
“quantum fuzz,” as indicated by the no-boundary and tunneling functions. The fuzz
surrounds the (classically defined) initial singularity, but an observer looking back
in time would see the histories emerge from a finite size in a nonsingular way.

singularities, the wave functions given
by the tunneling and no-boundary pro-
posals state that classical general rela-
tivity is not valid. Furthermore, the no-
tions of space and time implicit in the
question become inappropriate. The
picture that emerges is of a universe
with nonzero size and finite (rather
than infinite) energy density appearing
from a quantum fuzz.

After quantum creation, the wave
function assigns probabilities to differ-
ent evolutionary paths, one of which in-
cludes the inflation postulated by Guth.
Although some theorists disagree, both
the no-boundary and tunneling propos-
als seem to predict the conditions nec-
essary for inflation, thereby eliminating
the need for assumptions about the
scalar-field matter that drove the rapid
expansion.

The no-boundary and tunneling pro-
posals also eliminate assumptions
about the density perturbations. Al-
though inflation explains their origin,
the exact form and magnitude depend
on certain assumptions about the ini-
tial state of the scalar-field matter. The
inflation model assumes the inhomoge-
neous parts started out in their quan-
tum mechanical ground state—the low-

est possible energy state consistent with
the uncertainty principle.

But in 1985 Hawking and I demon-
strated this assumption must be a con-
sequence of the no-boundary proposal:
the correct kinds of inhomogeneities
emerge naturally from the theory. The
no-boundary proposal states that ev-
erything must be smooth and regular
on the bottom cap of the space-time
tube. This condition implies that inho-
mogeneous fluctuations must be zero
there. Evolving up the tube in imagi-
nary time, the fluctuations grow and
enter the real-time region as small as
they could possibly be—as the quan-
tum mechanical ground-state fluctua-
tions demanded by the inflation model.
The tunneling proposal makes the
same prediction, for similar reasons.

0 we arrive at a possible answer.

According to the picture afford-

ed by quantum cosmology, the
universe appeared from a quantum
fuzz, tunneling into existence and
thereafter evolving classically. The most
compelling aspect of this picture is that
the assumptions necessary for the in-
flationary universe scenario may be
compressed into a single, simple bound-

ary condition for the wave function of
the universe.

How can one verify a law of initial
conditions? An indirect test is to com-
pare the predictions of the quantum
models with the initial conditions
needed for standard classical cosmo-
logical models. In this endeavor, as we
have seen, quantum cosmologists can
claim a reasonable degree of success.

More direct, observational tests are
difficult. Much has happened in the
universe since its birth, and each stage
of evolution has to be modeled sepa-
rately. It is difficult to distinguish be-
tween effects that result from a partic-
ular set of initial conditions and those
that derive from the evolution of the
universe or from the modeling of a
particular stage.

What is needed is an observation of
some effect that was produced at the
beginning of the universe but was in-
sensitive to the subsequent evolution.
In 1987 Leonid Grishchuk of the Stern-
berg Astronomy Institute in Moscow
argued that gravitational waves may be
the sought-after effect. Quantum cre-
ation scenarios produce gravitational
waves of a calculable form and magni-
tude. Gravitational waves interact very
weakly with matter as they propagate
through space-time. Therefore, when
we observe them in the present uni-
verse, their spectrum may still contain
the signature of quantum creation. De-
tecting gravitational waves is, unfortu-
nately, extremely difficult, and current
attempts have failed. New detectors to
be built later this decade may prove sen-
sitive enough to find the waves.

Because it is so hard to verify quan-
tum cosmology, we cannot conclusively
determine whether the no-boundary or
the tunneling proposals are the correct
ones for the wave function of the uni-
verse. It could be a very long time be-
fore we can tell if either is an answer to
the question, “Where did all this come
from?” Nevertheless, through quantum
cosmology, we have at least been able
to formulate and address the question
in a meaningful—and most interest-
ing—way.
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The Stem Cell

This master cell creates the key components of the human blood cell and
immune systems. Isolating and manipulating the stem cell will lead
to new treatments for cancer, immune defects and other disorders

uman blood contains a remark-

able variety of cells, each pre-

cisely tailored to its own vital
function. Erythrocytes, or red blood
cells, transport life-sustaining oxygen
throughout the body. Tiny platelets ar-
rest bleeding by promoting clotting.
White blood cells—which include lym-
phocytes, monocytes and neutrophils—
form the immune system that guards
an individual against attack by foreign
tissue, viruses and various other mi-
croorganisms.

Amazing as it may seem, all these
cells develop from a kind of master
cell, the hematopoietic (blood-forming)
stem cell, which resides primarily in
the bone marrow. Injury to the stem
cells—from chemotherapy, radiation or
disease, for example—can cripple the
immune and blood production systems.
Transplanted bone marrow can be used
to treat people whose stem cells have
sustained such damage. In recent years,
knowledge about the stem cell has
grown tremendously, opening the door
to improved methods for marrow
transplants and to promising therapies
for catastrophic diseases—cancer, AIDS,
aplastic anemia and autoimmune disor-
ders, among others.

DAVID W. GOLDE has been a pioneer
in the study of the development of nor-
mal and malignant blood cells; he has
also conducted extensive research on the
factors that regulate cell growth. Golde
earned his MD. at McGill University in
1966 and completed training in internal
medicine, hematology and oncology at
the University of California, San Francis-
co, and at the National Institutes of
Health. During the past decade, he has
held a number of posts at the University
of California, Los Angeles. Recently he
moved to New York City to become head
of the division of hematologic oncology
at the Memorial Sloan-Kettering Cancer
Center, where he also holds the Enid A.
Haupt Chair in Hematologic Oncology.
Golde’s hobbies include diving, fishing
and horseback riding.

by David W. Golde

These new therapies will depend on
a comprehensive understanding of the
nature and function of stem cells. A
stem cell may be defined as a cell that
can replicate repeatedly and differen-
tiate into various kinds of secondary
cells. As the cells differentiate, they
commit themselves more and more to
a particular lineage until they can form
only one kind of cell—a precursor cell
that can develop only into an erythro-
cyte, for example. Any general cell that
differentiates into several more specif-
ic varieties may be considered a stem
cell, but for the purposes of this article,
the term “stem cell” refers only to the
hematopoietic stem cell.

Hematopoietic stem cells first appear
in the human embryo in the yolk sac.
They then migrate to the liver as the
fetus develops. Blood cells are created
in the liver of a fetus, but shortly after
birth blood is normally produced sole-
ly in the bone marrow. Fetal stem cells
differ from adult stem cells in that the
former give rise to special types of lym-
phocytes as well as to red blood cells,
which produce fetal hemoglobin. Fetal
stem cells seem to have an internal
clock that tells them to acquire the char-
acteristics of adult stem cells as an in-
fant matures.

Stem cells have varying degrees of
“stemness,” that is, the range of more
specialized cells that they can create.
Some stem cells can replicate exten-
sively but have only a limited capaci-
ty for differentiation. The most fun-
damental cell in this family is the so-
called totipotent stem cell; in principle,
a single totipotent stem cell can per-
manently reconstitute the entire blood-
producing and immune systems. Stem
cells that are less general but that can
still differentiate into several lines are
called pluripotent.

Stem cells are the main ingredient in
bone marrow transplants. Bone mar-
row cells can be kept alive in a cryo-
genic chamber and then infused into
a patient. The stem cells in the trans-
planted marrow can reestablish the re-
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cipient’s blood-producing and immune
systems. Marrow can be returned to
the individual from whom it was tak-
en (autotransplantation), or it can be
donated to someone else (allogeneic
transplantation).

The precursor cells that derive from
stem cells can replicate and differen-
tiate at an astounding rate: an aver-
age person creates three to 10 billion
platelets, red cells and neutrophils,
along with some unknown number of
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STEM CELLS DIFFERENTIATE to form the many varieties
of blood cells. Some stem cells become lymphoid precur-
sors, which then produce the lymphocytes that constitute
the immune system. Other stem cells give rise to the pre-
cursors of erythrocytes (red blood cells), platelets (which
are essential for clotting) and neutrophils, monocytes,
macrophages and other cells that fight infections and
clear the body of foreign matter. The bone marrow biopsy
(top right) shows the reddish liquid in which stem cells re-
side, along with fatty cells and a splinter of bone.
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lymphocytes, every hour. In times of
need, the production rate can increase
10-fold or more. The life span of blood
cells varies widely. Red cells circulate
for about 120 days, during which time
a cell may travel more than 300 miles.
Platelets stay in the circulatory system
for a week or so. Neutrophils remain in
the blood for only eight hours before
they pass into tissues and then die.
Some lymphocytes, in contrast, may
survive for years or perhaps even for
one’s lifetime.

In addition to forming the various
cells of the bloodstream, stem cells
also appear to be the source of an im-
portant class of immune system cells
known as macrophages. Macrophages
are large cells that resemble monocytes
in appearance and function, but unlike
monocytes, they are present in most
organs in the body, not just the blood-
stream. In 1976 E. Donnall Thomas
of the University of Washington and I
demonstrated that macrophages in the
lung derive from stem cells. We exam-
ined macrophages in patients who had
recently received bone marrow trans-
plants from donors of the opposite
sex, making the transplanted cells easy
to identify. Within three months after
the transplant, all of the lung macro-
phages we examined were of the do-
nor’s sex.

Two years later Robert P. Gale of the
University of California at Los Angeles
and I showed that liver macrophages
also originate from stem cells in the
bone marrow. Other researchers have
proved that macrophages in the skin
and brain, as well as osteoclasts (a kind
of macrophage that reabsorbs and re-
models bone), originate from bone
marrow stem cells.

In 1961 J. E. Till and E. A. McCulloch
of the University of Toronto signifi-
cantly advanced the understanding of

where and how stem cells operate. The
researchers exposed mice to lethal dos-
es of radiation (thereby destroying
the animals’ immune and blood-form-
ing systems) and then injected them
with bone marrow from a healthy, ge-
netically compatible donor. About 12
days later Till and McCulloch removed
the spleens of the irradiated mice and
counted the colonies of blood-produc-
ing cells growing there. They found that
the number of colonies in the mouse
spleens reflected the number of stem
cells originally injected. These spleen
colonies evidently developed from a
stem cell population, although they did
not necessarily derive from the most
primitive, totipotent stem cell.

of cells in the bone marrow has

proved no easy task. In 1988 Ger-
ald J. Spangrude and Irving L. Weiss-
man of Stanford University, along with
several colleagues, sorted through the
cells in mouse bone marrow using a
series of monoclonal antibodies, com-
plex proteins that bind only to anti-
gens on specific cell types. In this way,
they identified a subpopulation of
cells, accounting for less than 0.1 per-
cent of the cells in the bone marrow,
that could permanently reconstitute
the immune blood-producing systems
of mice exposed to deadly levels of
radiation.

This subpopulation seems to be
highly enriched in primitive stem cells.
Lethally irradiated mice survived 50
percent of the time if they were inject-
ed with only 30 of these cells. Thor R.
Lemischka of Princeton University and
his colleagues have conducted analo-
gous experiments designed to separate
stem cells from mouse fetal liver. They,
too, found a cellular subpopulation,
constituting 0.1 to 0.2 percent of the

I solating stem cells from the mass

cells in the fetal liver, that contains the
totipotent stem cell.

In 1984 Curt Civin of Johns Hopkins
University isolated a monoclonal anti-
body that recognizes a well-known leu-
kemia cell line (KG-1) developed at
U.C.L.A. by H. Phillip Koeffler and me.
Civin’s antibody has proved useful for
targeting the human stem cell because
it reacts to a cell protein marker, or
antigen, called CD34. This marker is
found on the most primitive human
stem cells and on other blood cell pre-
cursors derived from the totipotent
stem cell. Cells that bind to Civin’s an-
tibody can be separated from the rest
of the population. In baboons, CD34-
separated bone marrow cells have been
shown to reconstitute the hematopoiet-
ic system of lethally irradiated recipi-
ents. Therefore, pluripotent stem cells
must exist among the CD34-positive
bone marrow cells, although these prim-
itive stem cells make up only a small
part of that population.

Other workers have developed meth-
ods for further isolating stem cells
from among the cells that bind to
CD34. For example, Charles Baum and
his co-workers at Systemix, Inc., in Palo
Alto, Calif., have made progress in sep-
arating out the true human stem cells
by means of monoclonal antibodies
that positively or negatively select for
stemness. Baum’s group has pursued a
unique approach using immunodefi-
cient white mice, known as SCID mice,
that have been implanted with frag-
ments of human thymus and bone.
Separated human stem cells injected
into the mice replicate rapidly and dif-
ferentiate, populating the thymus frag-
ments with human lymphocytes and
the bits of bone with primitive myeloid
cells. In this way, it is possible to study
human stem cells in a living specimen.

For therapeutic purposes, one would

ARTIFICIAL BONE MARROW SURFACES, or stromal layers,
permit the study of the behavior of stem cells and derived
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blood cells in a long-term culture. Bone marrow cultures (a)
contain many of the cells, hormones and other proteins nor-



like to be able to control stem cell dif-
ferentiation and to cause pluripotent
stem cells to replicate. How a stem cell
“decides” whether to replicate or to dif-
ferentiate remains a central unanswered
question of stem cell physiology. Two
broad schools of thought exist regard-
ing stem cell differentiation. The de-
terministic view holds that external in-
fluences, including hormonal signals,
direct stem cell differentiation. The com-
peting, stochastic view contends that
the decision to self-renew or to differ-
entiate, as well as which lineage to fol-
low, occurs randomly.

To help settle this debate, Makio
Ogawa of the Medical University of
South Carolina in Charleston has de-
vised a method for growing human
stem cell colonies in a semisolid gel. He
removed single cells from the early-
forming colonies and used them to
start secondary colonies. Ogawa found
that the cells in these secondary col-
onies developed into a variety of cell
types, indicating that the stem cells in
the original colonies randomly differ-
entiated along several lines. When he
separated newly divided pairs of stem
cells to establish two independent col-
onies, Ogawa discovered that these,
too, exhibited random differentiation.
Such results are consistent with a sto-
chastic model of stem cell behavior.

The deterministic concept implies
that the surrounding chemical environ-
ment directs the differentiation of stem
cells or somehow commits them to one
of several possible pathways of de-
velopment. Supporting (stromal) cells
and various molecules that bind to the
stem cells in the marrow could provide
signals for stem cell differentiation in
ways that cannot be measured when
cell colonies are studied in cultures that
lack the supporting tissues.

At some point, a stem cell expresses

the receptors that make it sensitive to
the hormones in the body that regulate
the production of blood cells. The stem
cell is then able to proliferate in re-
sponse to the hormonal signal. This
stage is critical in the differentiation
process. Nobody knows, however, what
regulates the initial expression of these
receptors or precisely which receptors
exist on the most primitive, totipotent
stem cells. I conclude that the stochas-
tic and deterministic theories of stem
cell development are not mutually ex-
clusive and, in fact, that both mecha-
nisms probably occur.

esearchers trying to learn more

about stem cell behavior would

like to study the cells inside the
bone marrow, but such a procedure is
highly impractical. In the 1970s Michael
Dexter and his colleagues at the Pater-
son Institute for Cancer Research in
Manchester, England, created a culture
system that can sustain human stem
cells in the laboratory, thereby making
it possible to observe their growth and
development under conditions similar
to those prevailing in human bone mar-
row. In real marrow, stromal tissues
provide a setting conducive to the de-
velopment of blood cells. In Dexter’s
system, blood-producing cells (includ-
ing stem cells) grow in a flask lined
with an “artificial” bone marrow stro-
mal layer. This layer is composed of
cells and organic material extracted
from the bone marrow.

Many components of natural marrow
are present in this cultured layer, in-
cluding fibroblasts, fat cells, endothe-
lial cells and macrophages. The culture
also contains many of the matrix pro-
teins (such as collagen, fibronectin, lam-
inin and hemonectins) that appear to
play a role in hematopoietic cell repli-
cation and differentiation. The cells lin-

ing the flask are capable of producing
hormones that regulate cell division
and other aspects of blood cell produc-
tion and differentiation.

Other constituents in the adherent
layer may facilitate the action of hor-
mones that promote the growth of
blood cells. Long-term cultures permit
blood cell production to continue for
as long as two to three months, enough
time for researchers to analyze the
influences that regulate the growth and
development of stem cells and to iden-
tify the poorly understood roles of var-
ious stromal elements. These cultures
may someday be used to grow large
numbers of stem cells for use in trans-
plant therapy.

Building on these studies, several re-
cent experiments have revealed new
details about how hormonal factors
regulate hematopoiesis and how the
marrow environment affects stem cell
activity. These factors may be extreme-
ly important for treating diseases be-
cause they may hold the key to coerc-
ing primitive stem cells to replicate.
Several hormones have been found to
stimulate the replication of early-type
cells, precursors of the other blood
cells but somewhat differentiated and
hence not true totipotent stem cells.
These hormones include granulocyte
colony-stimulating factor (G-CSF), in-
terleukin-6, interleukin-11 and a re-
cently described molecule often known
as stem cell factor.

Stem cell factor is of particular inter-
est because it has been identified as
the hormone that interacts with a cell
receptor produced by the cellular onco-
gene c-kit. The oncogene receptor ex-
ists on pigment cells (melanocytes) and
blood-producing cells. A strain of mice
that has been bred to have anemia and
pigmentary abnormalities (meaning it
produces malfunctioning red blood

mally present in marrow. Over several weeks blood cells be-
gin to develop on the cultured stromal layer (b and c). Even-

tually the blood cells adhere to and interact with the artificial
layer (d), much as they do in bone marrow in the body.
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BONE MARROW TRANSPLANTATION is used to treat patients whose stem cells
have been injured by leukemia, cancer or unknown toxins. Marrow donors and re-
cipients must have compatible tissue types; otherwise the transplanted stem cells
will not engraft. A patient’s marrow can be stored away before he or she under-
goes chemotherapy or radiation therapy for cancer. Afterward the marrow is in-
jected into the patient to replace the stem cells destroyed by the therapy.

cells and melanocytes) is also known to
have defective c-kit oncogene recep-
tors. Researchers recently demonstrat-
ed that another type of genetically ane-
mic mouse whose bone marrow is de-
fective lacks the ability to produce
stem cell factor. Evidently, stem cell
factor acts on true stem cells, although
evidence suggests it is not the long-
sought self-renewing factor. These
findings are clarifying the connection
between the hormone mixtures in the
bone marrow and the behavior of the
stem cells.

r I Yhe ultimate goal of the research
on stem cells is to improve treat-
ments for blood and immune

system diseases. Bone marrow trans-

plants are performed in patients whose
immune and blood-forming systems
have been devastated by leukemia, can-
cer, chemotherapy, radiation therapy or
unknown causes. At present, the only
way of acquiring enough stem cells is
to extract marrow from a donor’s bones

90

with a needle and syringe, an involved
process that usually requires general
anesthesia.

Bone marrow transplants also pre-
sent numerous medical hurdles. The
recipient must receive a steady supply
of fresh red cells, platelets and antibi-
otics for several weeks until the trans-
planted stem cells begin producing
large quantities of mature blood ele-
ments. The recipient’s immune system
must be sufficiently suppressed so that
it will not reject the transplanted stem
cells. At the same time, the immune
system cells produced by the donor
stem cells may recognize their new
host as foreign—a reaction known as
graft versus host disease (GVHD)—in
which case they may cause lethal tissue
and organ damage. The recipient must
therefore be protected from attack by
the newly developing immune system.

For patients who have acute leu-
kemia or other cancerous blood dis-
eases, the malignant cells must be erad-
icated for the transplant to be success-
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ful. In these cases, a mild form of
GVHD, called graft versus leukemia, is
actually desirable. Immune cells de-
rived from donor stem cells appear
able to destroy or to contain the rela-
tively few remaining leukemia cells.
Molecular evidence shows that some
patients apparently cured of myeloge-
nous (marrow-based) leukemia by an
allogeneic marrow transplant still har-
bor a small population of leukemia
cells. The evident ability of transplant-
ed stem cells to contain the leukemia
cells in the recipient is valuable for
therapy but difficult to control because
the graft versus leukemia effect is so
closely related to GVHD.

Because transplanted stem cells can
reconstitute the immune system, the
technique has been used to treat ge-
netic diseases in which lymphocytes
malfunction, such as severe combined
immunodeficiency syndrome. Stem cell
transplants can also treat metabol-
ic diseases involving disorders of the
macrophages, such as osteopetrosis
(which leads to overly dense bone) and
severe Gaucher’s disease (character-
ized by anemia and distortions of the
bones). Likewise, stem cell transplants
can cure congenital disorders of the
blood production process—such as
thalassemia and sickle cell disease (de-
fects of the oxygen-carrying hemoglo-
bin in the red blood cells), Fanconi’s
anemia (a stem cell defect that leads to
bone marrow failure) and chronic gran-
ulomatous disease (a severe enzyme
defect in white blood cells).

Bone marrow donors are usually sib-
lings whose tissue types are compati-
ble and sometimes unrelated donors
who are matched to the recipient by a
method called HLA typing. HLA tissue
typing has several advantages: stem
cells can be made available to persons
who do not have matched siblings; mul-
tiple donors may be available for a giv-
en recipient; and the graft versus leu-
kemia effect can take place. Many reg-
istries of HLA-typed donor candidates
exist in Europe and in the U.S. The U.S.
National Marrow Donor Program, which
is run under the aegis of the National
Institutes of Health, now has approxi-
mately 330,000 typed donors on file.

Despite such registries, the chance of
finding a compatible, unrelated marrow
donor remains low, about one in four
for whites; the likelihood of a match is
much lower for minorities and those of
mixed ethnic heritage because minori-
ties are poorly represented in the reg-
istries. Furthermore, marrow from an
unrelated donor fails to engraft or is re-
jected in 10 to 20 percent of all cases,
and serious GVHD occurs approximate-
ly 50 percent of the time.



Marrow need not be donated by
someone else. In a procedure known as
autologous transplantation, a patient’s
own stem cells are collected and stored
outside the body while chemotherapy
or radiation therapy is administered in
an attempt to obliterate the malignant
cells. Autologous transplantation per-
mits the use of high-dose chemothera-
py and irradiation without the risk
of permanently destroying a patient’s
blood cell-forming capacity and im-
mune system. The bone marrow is ex-
tracted, frozen and stored; it is later re-
turned directly into a vein. (The stem
cells eventually home to the bone mar-
row.) In this way, autologous marrow
transplants circumvent the potentially
fatal effects of cancer chemotherapy on
the blood-producing cells.

Autologous transplantation elimi-
nates the need to find a compatible mar-
row donor and bypasses the risk of
GVHD. On the other hand, the restored
stem cells do not normally produce a
graft versus tumor effect. Also, pa-
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tients who could most benelit from an
autologous transplant may have bone
marrow that has already been invaded
by cancer cells, especially in patients
having leukemia or lymphoma (cancer-
ous growth in the lymph system).

The ability to separate malignant
stem cells from the healthy ones in a
patient’s bone marrow could have im-
portant medical implications, and so
researchers have tried several ways to
purge bone marrow of malignant cells.
Their methods include using mono-
clonal antibodies that incorporate com-
plement (destructive enzymes that bind
to antibodies) or that have attached
toxins. Another approach involves us-
ing chemotherapy to treat the extract-
ed marrow while it is outside the body
in an attempt to destroy the malignant
stem cells.

None of the purging techniques yet
attempted have proved clearly effec-
tive, and they may in fact delay en-
graftment of the transplanted cells.
Some workers have proposed cleansing

DISEASED (LEUKEMIC)
BONE MARROW
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bone marrow of certain tumor cells by
selecting out CD34-positive cells. Other
monoclonal antibodies may also be ca-
pable of separating normal stem cells
from leukemic ones.

Connie J. Eaves and her colleagues
at the University of British Columbia,
along with Dexter and his co-workers,
have found an intriguing means of
approaching such separation. They dis-
covered that the long-term culture sys-
tem tends to inhibit the growth of leu-
kemic cells in the marrow as compared
with normal growth of stem cells. The
two groups examined the ratio of leu-
kemic to normal cells in cultures grown
from bone marrow from leukemia pa-
tients. The researchers observed that
whereas leukemic cells have a growth
advantage over normal stem cells in
the body, they had a distinct disadvan-
tage in the long-term cultures. Others
have reported similar findings for dif-
ferent leukemic cells; the possibility of
preferentially growing healthy stem
cells may hold for other malignancies
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BONE MARROW CULTURES seem to encourage healthy stem
cells to reproduce more rapidly than leukemic ones. Over
time one might be able to derive a population of healthy
stem cells from diseased marrow (such as the lymphoma-af-

flicted marrow shown in the inset image). If so, patients
could undergo chemotherapy or radiation therapy to kill off
their diseased cells and then receive an injection of healthy
stem cells derived from their own bodies.
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as well. Eaves, Dexter and their col-
leagues have attempted to use the
long-term culture system as a means
of purging leukemic cells from a pa-
tient’s bone marrow while maintaining
a supply of normal, healthy stem cells.
Their procedure and general strategy
appear promising.

Regardless of their source, the stem
cells must be transplanted in huge
quantities so that a patient’s immune
and hematopoietic systems quickly re-
establish themselves. The number of
stem cells required for a successful en-
graftment is quite uncertain, however.
Because nobody knows how many
stem cells are present in a given bone
marrow sample, my colleagues and I
have had to rely on experience and ex-
trapolations from animal data to esti-
mate cell dose in human transplanta-
tion. In general, we have found it neces-
sary to transplant 200 million bone
marrow cells per kilogram of body
weight. Lower doses tend to increase
the risk that the transplanted cells will
fail to graft or will be rejected. The
need for a large number of bone mar-
row cells requires multiple extractions.
About 500 to 1,000 milliliters of bone
marrow is removed from the donor,
processed through filters, and then de-
livered to the recipient or put in frozen
storage for subsequent transplantation
back into the donor.

Bone marrow transplants would be
much more effective if a way could be
found to accelerate the process of en-
graftment. Recent results from many
medical research centers have shown
that administering the hormones GM-
CSF and G-CSF, which stimulate blood
production, markedly reduces the time
necessary for stem cells to engraft and

for the peripheral white blood cell count
to return to safe levels.

Such hormones may prove useful in
other ways as well. Some investigators
have found that adding stem cells from
the peripheral blood to those from the
bone marrow significantly increases the
rate of engraftment. Extracting suffi-
cient numbers of stem cells from pe-
ripheral blood is a complicated proce-
dure that involves repeatedly passing
the blood through a cell separator. Ad-
ministering GM-CSF or G-CSF drastical-
ly increases the number of stem cells
in the blood, improving the feasibility
of transplanting stem cells from pe-
ripheral blood.

hen researchers produce ef-
fective techniques for isolat-
ing a fairly pure sample of

pluripotent stem cells and for acceler-
ating the grafting process, creative
strategies for storing and transplanting
bone marrow will become possible. For
example, if a single marrow extraction
performed under local anesthesia (con-
taining 10 to 15 milliliters of marrow)
could provide enough cells for engraft-
ment, individuals could easily store
their own cells for possible later use.
The marrow donation process also
would be considerably simpler and less
burdensome.

A particularly forward-looking strate-
gy would be for healthy people to have
their stem cells placed in permanent
storage for a time when the cells might
be needed to treat a serious disease.
Until recently, the technology for such
a strategy did not exist. Standard tech-
niques of extracting bone marrow do
not lend themselves to routine collec-
tion and storage of stem cells from a
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broad segment of the population. The
process of obtaining enough stem cells
for effective transplants could be made
much simpler if a system existed for
growing stem cells in vitro, that is, out-
side the body.

The long-term cultures previously de-
scribed already suffice to keep stem
cells alive; modifying that technology
could allow a small seed culture to de-
velop into a sizable cell population. Ad-
ministering hematopoietic hormones
such as GM-CSF and G-CSF may then
help expand the stem cell population in
the body after transplantation. The abil-
ity to enhance engraftment using such
hormones, along with the prospect of
being able to cause stem cells to rep-
licate rapidly both inside and outside
the body, suggests that physicians may
soon be able to perform successful
transplantation starting with a small
initial sample of stem cells.

Umbilical cord blood may prove an
important source of such an initial
sample. Workers have known for near-
ly two decades that cord blood con-
tains blood cell progenitors. Using his
stem cell colonies, Ogawa showed in
1987 that umbilical cord blood con-
tains pluripotent stem cells. Edward
A. Boyse, formerly at Memorial Sloan-
Kettering Cancer Center, along with
Harold E. Broxmeyer of Indiana Univer-
sity and Elaine Gluckman of Saint-Louis
Hospital in Paris, conceived of using
cord blood for transplantation. They
have reported that two patients who
were afflicted with Fanconi’s anemia re-
ceived successful transplants of stem
cells obtained from the umbilical cord
blood of HLA-identical siblings. Recent-
ly doctors at the Johns Hopkins Oncol-
ogy Center effectively treated a four-
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UMBILICAL CORD BLOOD contains active stem cells. Because
cord blood cells can be stored for long periods, every person
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could have a supply of healthy, compatible stem cells avail-
able whenever a medical crisis might arise.
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CUSTOMIZED BLOOD CELLS may soon permit radical new
therapies. Lymphocytes (top left) and macrophages (bottom
left) might be grown from cultured stem cells. Tlymphocytes
could be exposed to antigens and then released into the

@GHOW LYMPHOID

STEM CELL
POPULATION

\ GROW MYELOID
\Y STEM CELL

POPULATION ’ B
e T E

nviivinl vl

CELLS

TRANSPLANT |/
ANTIGENS INTO PATIENT /;‘\ | ~

DISEASE-SPECIFIC

EXPOSE CELLS TO ANTIBODIES

FOREIGN ANTIGENS

MONOCYTE " MACROPHAGE

body, where they would kill cancerous or virus-infected cells.
In a similar way, B lymphocytes could be trained to make

antibodies directed against specific diseases or disorders.
Macrophages help to present antigens to the T and B cells.

year-old leukemia victim using trans-
planted umbilical cord blood cells.

At present, cord blood is normal-
ly discarded after birth; it could be-
come a valuable source of stem cells
that could, theoretically, be kept avail-
able thoughout an individual’s lifetime.
Stem cells and lymphocytes from cord
blood would lack all the disease resis-
tance acquired through life, and so
they would lead to reconstitution of a
“naive” or inexperienced immune sys-
tem that would need time to acquire
the appropriate disease immunities.

The ability to store stem cells from
many or all individuals—especially the
capacity for routine storage of hema-
topoietic stem cells collected at birth—
would have profound medical implica-
tions. A supply of stored stem cells
would be instantly available for the
kinds of situations that currently call
for autologous transplantation. Further-
more, the problems associated with
purging tumor cells from diseased
blood or bone marrow would be obviat-
ed. Stored samples of stem cells might
also be available for allogeneic trans-
plantation, although that procedure rais-
es many logistic and ethical concerns.

he prospect of storing one’s own
Tstem cells ready for use at any

moment opens up possibilities
for disease treatments that go well be-
yond reconstitution of the blood-pro-
ducing system. As researchers learn to
grow certain stem cell lines in the labo-
ratory, they should also be able to dis-
cover ways to remove a patient’s stem
cells, manipulate them for some thera-

peutic effect and then reintroduce
them. For example, one might be able
to alter stem cells so that when trans-
planted back, they differentiate into
immune cells able to carry out specific
new functions. Immune cells might also
be altered at more advanced stages of
development. For example, B lympho-
cytes, which specialize in producing
antibodies, could be grown and immu-
nized in the laboratory to cause them
to produce antibodies against specific
diseases.

All kinds of intriguing possibilities
arise. Could one “teach” B cells in vitro
to make antibodies against cancerous
cells or against infectious agents such
as HIV (the AIDS virus)? Might it be fea-
sible to grow in the laboratory cytotox-
ic T lymphocytes (“killer” white blood
cells) that have been specifically sensi-
tized to recognize and kill tumor cells
or virus-infected cells?

These strategies are not as fanciful
as they may seem. David Baltimore of
the Rockefeller University has suggest-
ed that autologous T cells could be ren-
dered resistant to infection by HIV, a
notion he has dubbed “intracellular im-
munization.” Eli Gilboa of Sloan-Ketter-
ing has isolated a gene from HIV,
known as tar, that binds and blocks a
protein the virus needs in order to
replicate. Gilboa has managed to intro-
duce this gene into cultured lympho-
cytes. The cultured cells that express
tar are resistant to HIV infection. It re-
mains to be seen whether techniques
that work in the test tube will work as
well in humans.

Continuing

research will enable

medicine to take new approaches to
treating human diseases, ones that will
embrace multiple means of marshaling
and enhancing the body’s natural de-
fenses. The road to improved disease
prevention and cure may eventually in-
volve specific and general arming of
the cells of the immune system to deal
more effectively with the hostile biolog-
ical environment all around. The cen-
tral role of the stem cell in the growth
and maintenance of the human blood-
producing and immune systems en-
sures that it will be crucial for achiev-
ing these goals.
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The Origin of Horseback Riding

Analysis of horse teeth from the Ukraine proves that riding began
6,000 years ago, much earlier than had been supposed.

The innovation affected the dispersion of culture and language

by David Anthony, Dimitri Y. Telegin and Dorcas Brown

n the day when a human first

jumped onto the back of a

horse and surveyed the world
from that elevated post, the course of
history was changed. A French hippo-
phile once observed, with only a little
hyperbole, that man, threatened by ele-
ments that conspire to destroy him and
by beasts stronger and faster than he,
would have been a slave if the horse
had not made him a king.

Horseback riding has generally been
supposed to have begun in central Asia
a mere five centuries or so before the
appearance of cavalry in armies of the
Middle East around 1000 B.C. This view
is mistaken. New evidence based on
dental wear caused by a bit in a prehis-
toric horse indicates that riding began
much earlier. The epochal relation be-
tween horse and rider originated in a
Copper Age society known as the Sred-
ni Stog culture, which flourished in the
Ukraine 6,000 years ago. Riding there-
fore predates the wheel, making it the
first significant innovation in human
land transport. Moreover, the time and
place of the earliest riders lend new sup-
port to the old theory that horsemen
from the steppes of Eurasia helped to
spread the Indo-European family of lan-
guages, now the most widely dispersed
in the world.

Before about 4300 B.C., horses were
exclusively wild and ranged naturally
through the vast belt of grasslands that
extended from the Ukraine east to the
Tien Shan and Mongolia. Small horse
populations lived in central and west-
ern Furope, but the animals were im-
portant in the human diet only at the
edges of the steppe grasslands, where

they must have formed large herds.
Like the buffalo in North America, they
were the primary large grazing animal
of the steppes.

Horses recovered from prehistoric
sites might have been used in three
ways: as wild game, as domesticated
sources of meat and as mounts. Ways
to distinguish these uses have been sug-
gested from studies of two populations
of modern feral horses. Joel Berger of
the University of Nevada has studied
the mustangs of the Granite Range of
Nevada, and Ronald R. Keiper of Penn-
sylvania State University and Daniel I.
Rubenstein of Princeton University have
studied the ponies of the Eastern Shore
barrier islands of Virginia and Mary-
land. The ethologists found that horses
in the wild naturally form two primary
social units: bachelor bands and harems
led by a single stallion.

Bachelors roam widely and unpredict-
ably, whereas stallion and harem bands
follow habitual routes, producing dung-
lined trails that would have made these
bands easy for hunters to track. The re-
mains of hunted horses should there-
fore consist primarily of adult mares
and their immature offspring. In con-
trast, the horses chosen for slaughter
from a domestic herd should include a
higher proportion of young males, who
are unruly and not needed for the in-
crease of the herd.

The sex and age structures revealed
in the bones of the horses eaten by Cop-
per Age humans should therefore indi-
cate whether the horses were wild or
domesticated. Unfortunately, determi-
nation of the sex of horse skeletons is
often impossible, because it depends

[ DAVID ANTHONY, DIMITRI Y. TELEGIN and DORCAS BROWN study the cultural pre-
history of eastern Europe. Anthony is an assistant professor of anthropology at
Hartwick College in Oneonta, N.Y.; Brown, his wife, has collaborated with him in the field
and directed studies on bit wear in horses as an adjunct lecturer at Hartwick. Telegin is
a senior researcher at the Ukrainian Institute of Archaeology in Kiev. He is an authority
on the Ukraine during the Neolithic and Copper ages and has conducted many excava-

tions over the past 40 years.
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on the preservation of the upper or
lower jaw tooth row, which in males
contains canine teeth that are normally
absent in females. But because there is
little meat on a horse’s jaw, relatively
few were brought to the kitchens, whose
leavings constitute the principal ar-
chaeological trove. Attempts to identify
the earliest domesticated horses have
consequently depended on traits other
than sex, primarily cranial measure-
ments and lower leg bone dimensions,
neither of which yet provides conclu-
sive evidence for domestication.

r I Yhe most important archaeologi-
cal site for the study of early horse
keeping is Dereivka, a hamlet ex-

cavated by one of us (Telegin) between

1960 and 1967 and again in 1983. The

site, one of hundreds identified with

the Sredni Stog culture of the Ukrainian

Copper Age, is 155 miles (250 kilome-

ters) south of Kiev on the west bank of

the Dnieper River, in an ecological zone
that forms a transition between the
forest steppe to the north and the true
steppe to the south. The Sredni Stog
culture, named after an island in the

Dnieper where the first site of this type

was excavated, dates between 4300

and 3500 B.c. Four radiocarbon dates

from Dereivka indicate that it was oc-
cupied around 4000, give or take a few
centuries.

The recovery of grindstones and flint
sickles indicates that the Sredni Stog
people practiced agriculture. The pleni-
tude of bones of cattle, sheep, goats
and pigs suggests that they also bred
stock. Horses, however, are what make
the culture distinctive economically.

As a percentage of food refuse, horse
bones are about twice as important for
the Sredni Stog people as they had
been for earlier cultures in the region.
Not only did they eat more horsemeat,
they ate it at sites farther north, in well-
watered, forested catchments where
feral horses rarely roam. The people
must have brought the horses there.

The increased use of horsemeat sug-



gests that the culture domesticated the
animal around this time as a source of
food. It would have been a particularly
convenient source: horses, unlike cattle
and sheep, are native to the region and
hence require less care—particularly
during the lean winter months. Not
long after horses were first corralled,
someone must have hit on the idea of
riding one.

ereivka has yielded evidence
D documenting these trends to-
ward increased exploitation of
horses. The 2,412 horse bones in its
refuse piles (probably accumulated in
the course of several reoccupations of
the site) constitute 61.2 percent of all
the identifiable animal bones. They rep-
resent at least 52 animals—probably
many more—for a total of 15,000
pounds of meat. That amount would
account for 60 percent of the meat
weight of the fauna found at the site.
Only six mandibular fragments can
reliably be assigned a sex, but all are
male. That finding suggests that most
of the animals at Dereivka—in fact, a
striking preponderance—were male.

We know that a wild harem band
would vyield only about 30 percent
males, counting immature offspring,
and that a random harvest of a wild
horse population would yield some-
what less than 50 percent males. It ap-
pears, therefore, that the horses were
culled from a managed domestic herd.
On the other hand, recent analysis of
the ages of the Dereivka horses indi-
cates that most of them were killed be-
tween six and eight years of age, older
than one would expect for a cull of
young bachelors. The site probably con-
tains the remains of both wild and do-
mesticated horses.

The most spectacular find was a
horse that had been treated very differ-
ently from the others. It was a stallion,
seven or eight years old, whose head
and left foreleg were found in a ritual
deposit with the articulated remains of
two dogs. The three animals appear to
have been brought together intention-
ally, in the form of hides or pelts with
the entire head and the bones of the
foreleg or of the spine still attached.
Nearby, workers found a clay figurine
shaped like a boar and fragments of

others that resembled humans. There
were also two perforated pieces of ant-
ler that appeared to be the cheekpieces
of a bit.

The entire assemblage is a cult de-
posit: the grouping of horse, dogs and
anthropomorphic figurines clearly indi-
cates the horse’s domesticated status.
The ritual custom in which a horsehide
with the head and feet attached is dis-
played on a pole to mark a sacred loca-
tion is widely documented in pre-Chris-
tian Europe. The rite was conducted well
into this century among the Buryat and
Oirot peoples, who live between the Al-
tai Mountains and Lake Baikal in Soviet
Asia; it may persist there to this day.

The Dereivka cult stallion clearly
dates to the Sredni Stog culture. It was
found on the ground surface that exist-
ed in the Copper Age, where it either
fell or was placed, eventually to be cov-
ered by Sredni Stog refuse. These de-
tails of discovery are consistent with
what would be expected for a pole-
mounted offering of a head and hide
and make it very unlikely that the cult
stallion came from an intrusive pit dug
by people who came later.

HORSEHIDES hang from poles in a Danish re-creation of a rite
of pre-Christian Europe. A comparable stallion, found beside
two dogs in a 6,000-year-old Ukrainian site, bears dental bit

marks. It is the oldest known mount in the world. The assem-
blage recalls Indo-European myths of a horse that bears souls
to the gates of Hades, where dogs stand guard.
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HORSE DOMESTICATION is poorly attested in Copper Age ar-
tifacts, such as this horse-head “scepter” (left,top) from Dra-
ma, in Bulgaria. The first clear evidence dates to this Bronze
Age rock carving of horse and rider (left,bottom) at Kamme-

The antler cheekpieces—if that is
what they are—are similar to others
that have been cited as circumstantial
evidence for Copper Age riding. These
include a pair from a Sredni Stog grave
at Aleksandriia (which lacked horse re-
mains); some have also been recovered
from coeval sites in Poland and eastern
Germany. But although similar antler
cheekpieces were certainly used 2,000
years later as a part of Bronze Age
horse harnesses, these Copper Age ex-
amples do not provide absolute proof
for the existence of riding.

Another suggestive group of arti-
facts, analyzed in detail by one of us
(Telegin), is the polished stone mace
heads that have been recovered from a
wide range of late Copper Age sites in
the steppes and adjacent parts of
southeastern Europe. The earliest ones
do not appear to have been shaped to
portray animals, but the later speci-
mens, from 3500 to 3000 B.C., are
carved to represent horses’ heads, oc-
casionally with suggestions of harness
straps. These later objects seem to be
associated with a post-Sredni Stog cul-
ture known as the Yamna. They com-
bine the image of a horse with the sym-
bolism of wealth, being made, for the
most part, of the exotic stone por-
phyry. The mace itself also symbolizes
military power. No other animal is rep-
resented similarly in Copper Age Eu-
rope. Yet even so, the maces do not
prove horseback riding.

) ALékéAﬁj:iR{W 5
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Because there were no artifacts that
clearly proved when riding began, we
decided to look in the horse’s mouth.
We assumed that if the earliest ridden
horses were bitted, even with rope bits,
their premolar teeth would bear micro-
scopic marks. This initial assumption
was greeted with doubt by several vet-
erinarians, who pointed out that the bit
ideally remains on the soft tissues of a
horse’s mouth, where a slight tug on
the reins can cause intense discomfort,
providing control over the animal. A
properly adjusted bit should rest on the
horse’s tongue and gums in the space
between the incisors and the premolars
[see top illustrations on opposite page].

ut as horse trainers have told us,
bits do not always rest where
they should. This practical wis-
dom was confirmed by X-ray fluoro-
scopic photographs of horses champ-
ing on their bits, taken by Hilary M.
Clayton of the University of Saskatche-
wan. The photographs showed that if
the bit is not perfectly adjusted, the
horse can elevate and retract its tongue,
raising the bit back onto its forward pre-
molars. The fleshy corners of the mouth
are positioned far enough forward of
the premolars so that the horse must
pull the bit into its cheeks and grasp it
firmly between its premolars in order
to prevent the cheeks from pushing it
forward onto the gums.
A horse that habitually fights the bit
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naya Mogila, the Ukraine. Horsemen quickly spread eastward
(map) into unoccupied steppes but took longer to penetrate
settled areas to the west. Horse-drawn chariots reached the
Middle East by 1800 B.C., some 2,000 years after riding began.

will therefore move it repeatedly onto
the anterior part of the occlusal (chew-
ing) surface of its forward premolars,
where its precarious grip causes the bit
to slip over the prow of the tooth. The
enormous strength of the horse as it
squeezes the bit between its teeth and
the tendency of the bit to slip back and
forth over the prow of the tooth cause
bit wear.

Two of us (Anthony and Brown) ex-
amined the lower premolar teeth of 10
modern domestic horses that had been
bitted and of 20 feral horses from
Nevada and the barrier islands of Vir-
ginia—animals that had never been bit-
ted. Under a scanning electron micro-
scope, the damage caused by a bit was
clearly distinguishable from that caused
by natural occlusal wear. A bit causes
damage that is distinctive in four ways.
First, the location of the damage is con-
sistent: the occlusal enamel of the first
cusp is scarred on the cheek side of the
tooth, on the tongue side and on the
prow. Second, the scars form a charac-
teristic pattern. Spalls (small fractures)
radiate from the center of the raised
enamel surface, sometimes joining to
form trenchlike breaks that run along
the length of the enamel ridge. Third,
the bit's movement back and forth over
the broken enamel produces irregu-
lar areas (called abraded step fractures)
within spalls. Finally, the first cusp is
often beveled, or worn down, toward
the front of the mouth.



On average, 3.56 millimeters of the
tooth prow are worn away in modern
horses that show the microscopic traits
of bit wear. But wear averaging only
0.82 millimeter is found in the premo-
lars of feral horses. Moreover, the oc-
clusal enamel of these horses is gen-
erally quite smooth, completely lacking
the heavy scars that covered the first
cusp of bit-worn horses. About a third
of the feral horses do exhibit some frac-
turing of the enamel on the cheek side
of the first cusp, but never .on the
tongue side. (The damage to the cheek
side results naturally from the way
horses chew.) Even in these cases, no
feral horse has ever been found to bear
dental patterns that could be mistaken
for bit wear.

rmed with this knowledge, two of
us (Anthony and Brown) went to
Kiev at the invitation of the
Ukrainian Academy of Sciences. There,
together with Telegin and Natalya Be-
lan-Timchenko, an archaeozoologist,
we studied the teeth of a wide variety
of prehistoric horses. We made high-
resolution casts of lower premolars
recovered from sites ranging from
25,000 years old to just 1,000 years
old. Analysis of the casts in the U.S. es-
tablished that horse teeth dated earlier
than 4000 B.C. showed no beveling or
microscopic evidence of bit wear. The
Dereivka cult stallion, however, exhibit-
ed beveled anterior premolars, with a
beveling measurement of 3.5 millime-
ters, almost exactly the average for our
bit-worn control sample and far from
the 0.82 average for feral horses.
When the casts of the Dereivka cult
stallion premolars were examined un-
der the scanning electron microscope,
all the microscopic traits of bit wear
were found to be present. Beveling, cen-
ter-origin spalls and abraded step frac-
tures were in evidence over the entire
first cusp. The wear was confined to
the beveled area; it did not extend to
the rear portion of the same tooth.
Moreover, because the Dereivka cult
stallion was deposited in a head and
hoof ritual, the matching upper jaw
was preserved and could be fitted
against the lower. No malocclusion
could account for any of the wear. The
stallion was therefore bitted, which
means it must have been guided from
behind. Such guidance must be provid-
ed by either a rider or the driver of a
wheeled vehicle. Five hundred years be-
fore the invention of the wheel, such a
horse could only have been a mount. It
is the first horse known to have been
ridden anywhere in the world.
Strangely, none of the four other
lower premolar teeth from Dereivka ex-

ANTLER
CHEEKPIECE

MODERN
METAL BIT

DEREIVKA STALLION (top) is reconstructed as a large-headed animal carrying a
rope bit bracketed by antler cheekpieces. A bit in a modern horse (bottom) proper-
ly rests on the soft tissue, but horses tend to move it onto the teeth.

FERAL STALLION

DEREIVKA
CULT STALLION

READING TEETH: tooth of feral horse (top) has an unbeveled profile and fractures
on only the cheek side of the chewing surface (micrograph). Tooth of Dereivka
stallion (bottom) is beveled and covered in fractures—proof that it was bitted.
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hibit clear evidence of bit wear. These
teeth were part of the general kitchen
refuse at the site and probably came
from horses that were eaten. The horse
chosen for inclusion in a ritual assem-
blage with two dogs was the only ani-
mal that exhibits clear evidence of us-
age as a mount.

We sought not only to date the inven-
tion of riding but also to ascertain its
effects on the society of late Copper Age
Europe, roughly from 4000 to 3000 B.C.
Several scholars, notably Andrew Sher-
ratt of the University of Oxford’s Ash-
molean Museum and Sandor Bokonyi
of the Hungarian Academy of Sciences,
have proposed that extensive social and
economic changes were brought on by
the use of animals for secondary prod-
ucts, such as wool and dairy foods, and
as sources of power for riding and draft.
If riding preceded wheeled vehicles, its
effects will be distinguishable from
those associated with draft.

ecorded cultural responses in the
RNew World provide a model by

which to reconstruct the impact
of riding in the Ukraine during the Cop-
per Age. Horses may have been among
the first tokens of European life to pen-
etrate North America. These horses de-
rived from Spanish stock introduced in
the late 17th century by colonists in
New Mexico. The horses either escaped
or were traded through a chain of in-

digenous societies to reach the central
part of the continent. The tribes there
clearly adopted horseback riding long
before they encountered guns, European
diseases, European traders or other as-
pects of Western life. The effects of the
adoption of riding can therefore be ex-
amined in at least partial isolation from
other European influences for the peri-
od between 1680 and 1750.

The acquisition of horses wrought
a revolution in virtually every aspect
of life of the Plains tribes. Riders could
move two to three times farther and
faster during a day than people on foot.
Resources, enemies, allies and markets
that had previously been beyond ef-
fective reach suddenly became attain-
able. Subsistence and economic surviv-
al in the dry grasslands, an uncertain
and risky proposition for pedestrian
hunters, became predictable and pro-
ductive. Sedentary horticultural villag-
ers whose river valley settlements had
been the centers of population and eco-
nomic productivity became vulnerable
to lightning raids by mounted enemies
who could not be pursued or punished.
Many of these villages were abandoned,
and their occupants became mounted
hunters in self-defense, as happened
in the case of the Cheyenne, the Arapa-
ho and the Crow.

Warfare increased in intensity and
social importance, both because horses
became an easily stolen standard of

wealth and because mounted societies
redrew ethnic boundaries that had been
based on pedestrian travel distances.
Trade and exchange systems extended
farther, became socially more complex
and carried a higher volume of goods
(including horses) than had been pos-
sible with pedestrian transport. Com-
parable changes occurred independent-
ly in South America.

Similar changes seem to have unfold-
ed in the time of the Sredni Stog cul-
ture, which is now well known from ex-
cavations at more than 200 sites in the
steppe river valleys of the Ukraine. Set-
tlements contained a few lightly built
dwellings in which extended family
groups might have lived together. They
hunted, fished, farmed and herded cat-
tle and sheep—perhaps on horseback.
They buried their dead in small ceme-
teries of 10 to 30 graves, providing most
of the deceased with only one or two
simple tools as gifts. Some graves, how-
ever, contain copper ornaments, shell
beads and fine flint implements, sug-
gesting that they harbor members of
an incipient elite.

One would expect a newly mounted
Sredni Stog population to have entered
into radically altered relations with its
neighbors, as happened with the Native
Americans. In fact, important changes
did occur. By the late Sredni Stog peri-
od represented at Dereivka, copper or-
naments begin to appear in graves in

The Introduction of Horses in North America
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IMPROPER BIT PLACEMENT is evident in this scene of Afghan horseback riders.
The horses have moved the bits to their teeth to relieve pressure on the soft tissue.
Such maneuvers leave characteristic marks on the teeth.

numbers and varieties not previously
seen east of the Dnieper.

These ornaments clearly derive from
the Cucuteni-Tripolye culture, which
flourished from about 4500 to 3500
B.C. in the forested uplands between
the Dnieper River and the Carpathian
Mountains. It had large agricultural
towns and many small villages, copper
metallurgy, two-story buildings, rituals
associating female figurines and grain,
and technically sophisticated poly-
chrome ceramic vessels. In addition,
copper ornaments of the Cucuteni-Tri-
polye type and spectrographic compo-
sition also begin to appear in cemeter-
ies 900 kilometers east of Dereivka.
These ornaments were conveyed as far
as Khvalynsk, on the middle Volga, pre-
sumably by Sredni Stog middlemen.

Horseback riding, by bringing distant
cultures into contact, seems to have
stimulated both trade and war. The
largest Cucuteni-Tripolye settlements
ballooned in size, covering more than
750 acres (300 hectares) and including
as many as 1,000 structures. Such un-
precedented population concentrations
can best be explained as defensive in
nature. Moreover, cemeteries resem-
bling those of the Sredni Stog people
appear around 3800 B.C. some 600
kilometers to the west of the Dnieper,
in eastern Hungary and western Roma-
nia. Horseback riding should have led
to just such changes: the enrichment of
the Sredni Stog culture, the extension
of long-distance trade and communica-
tion across the grasslands, the defen-
sive concentration of sedentary farm-
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ing populations and the movement of
Sredni Stog groups into resource-rich
areas that they had never before been
able to exploit.

spoke a language we would now

call proto-Indo-European. Linguists
have reconstructed that language, now
long extinct, from the evidence of its
descendant tongues. These include San-
skrit, Homeric Greek and Latin, as well
as such modern languages as English,
French, Russian and Persian.

In the past century some archae-
ologists and linguists have sought the
Indo-European homeland in the grass-
lands of the Ukraine, particularly among
the horse-rich remains of the Yamna, a
culture that grew partially out of Sredni
Stog and expanded across the steppes
north of the Black and Caspian seas.
James Mallory of Queens College, Bel-
fast, has reasserted the theory of a
Ukrainian homeland. Alternatively, oth-
er scholars have recently suggested that
the Indo-European languages were car-
ried from Anatolia by the expansion of
the first farmers during the Neolithic
age, long before horses were domesti-
cated [see “The Early History of Indo-
European Languages,” by Thomas V.
Gamkrelidze and V. V. Ivanov; SCIEN-
TIFIC AMERICAN, March 1990].

Even the authors of this article dis-
agree about the original Indo-European
homeland. But if the grasslands of the
Ukraine did support speakers of some
of the early Indo-European dialects—a
judgment on which we do agree—then

It is possible that the first riders
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the discovery there of horseback riding
near the beginning of the fourth mil-
lennium B.C. provides a possible mech-
anism for their dispersal.

Dispersal to the eastern steppes could
have been accomplished through a new
economic adaptation based on grass-
land herding and small-scale agriculture
in the river valleys. The deep steppe was
a hostile environment; it could not sup-
port large human populations prior to
the development of horseback riding. In
fact, riding helped to transform the vast
Eurasian grasslands from a barrier to a
conduit of communication and trade.

An eastward dispersion by the first
riders would have encountered only
small and scattered human resistance.
Dispersal to the west would have been
much more complex because it would
have encountered the well-established
agricultural societies of Copper Age Eu-
rope. Archaeological data and theoreti-
cal models of migration tend to sup-
port the theory that such movements
took place, first in the east, and then to
the west, between 3500 and 3000 B.C.

In all these developments the horse
played a critical role, as it would con-
tinue to do in human events for the
next 5,000 years. But it is now clear
that it took a very long time for the
custom of riding to diffuse southward
into the Middle East. When horses final-
ly did appear there, around 2200 to
2000 B.C., they were used in a role pre-
viously played by asses or ass-onager
hybrids, as draft animals attached to
battle carts. The superior size and speed
of horses and perhaps new control
methods based on the bit contributed
to the refinement of the war chariot by
1800 B.C. It was as a chariot animal that
the horse trotted onto the pages of his-
tory, two millennia after it had first
been broken to the bridle.
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GAA-GAA GOO-GOO.

Researchers who have been
studying language
have made an incredible
discovery. Deaf babies,
who have only been
exposed to sign language,
begin to babble with
their hands at the same time
other babies begin to
babble with their mouths.

And on the next
Scientific American Frontiers
we’ll find out how
this discovery is challenging
traditional views about

how babies develop language.

We’ll also look at
spiders who use UV rays
to catch their prey.
Outpatient brain surgery.
And 8,000-year-old
sea kayaks that are more

powerful than today’s.

So tune into
Scientific American Frontiers.
On PBS* Sponsored by
GTE Corporation.
You’ll find that baby talk is

very intelligent, indeed.

*Check local listings for date and time.
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Chemical Fuels from the Sun

The production of chemical fuels from sunlight offers a form
of energy that can be transported and stored, overcoming the

limitations of converting solar energy directly to electricity

ecause fossil fuels are finite in
B amount, it is essential to find
substitute sources of energy.
The search is made even more urgent
by the realization that the continued
burning of fossil fuels endangers the
earth’s climate through the emission of
carbon dioxide, which as it lingers in
the atmosphere is thought to contrib-
ute to the warming called the green-
house effect. The new energy must be
renewable, available in amounts large
enough to meet global need and envi-
ronmentally benign. Only one source of
such energy is known today: the sun.
At first glance, solar energy appears
to be an ideal solution. The amount of
solar radiation reaching the surface of
the earth totals some 3.9 million exa-
joules a year. (An exajoule is one billion
joules of energy, approximately equiva-
lent to the amount of heat released
during the combustion of 22 million
tons of oil.) Because the annual con-
sumption of global energy equals 350
exajoules, that amount could be sup-
plied by the solar rays falling on less
than 0.1 percent of the earth’s surface,
harvested with an efficiency of no more
than 10 percent. Although the argu-
ment is grossly oversimplified, a more
careful analysis confirms the basic
point: solar energy could easily deliver

ISRAEL DOSTROVSKY grew up in Jeru-
salem (then in Palestine) and received his
primary and secondary education there
before going to University College, Lon-
don, where in 1943 he obtained his Ph.D.
in physical chemistry. He taught chem-
istry at the University College of North
Wales until 1948, when he joined the
fledgling Weizmann Institute of Science
in Rehovot, Israel, to establish its isotope
research department. He served as vice
president and president of the institute
between 1971 and 1975 and as director
of the energy research center there from
1980 to 1990. He has also served as di-
rector of Israel’s National Research Coun-
cil and Atomic Energy Commission. |
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upward of 450 exajoules a year, even if
it were harvested from only a small
fraction of the desert areas that receive
the most sunlight.

At this point, one must confront two
problems. The regions where ample
sunshine is available for harvesting do
not coincide with the centers of popu-
lation and industry, where energy de-
mand is greatest. Moreover, solar energy
is intermittent.

These problems translate into a need
to develop processes for harvesting so-
lar energy on a large scale and convert-
ing it into forms suitable for long-term
storage and long-range transmission.
There are as yet no economically and
technologically satisfactory means of
achieving those goals, partly because
the resources devoted to research in
this field are meager. For example, al-
though the International Energy Agen-
cy allocates more than 60 percent of its
research budget to projects involving
nuclear energy, it sets aside less than 4
percent for research on solar energy.

Most of the limited amount of re-
search on solar energy focuses on con-
verting sunlight to electricity, mainly
by photovoltaic and thermal methods.
In photovoltaic conversion, solid state
devices transform solar radiation di-
rectly into electricity. (The process sup-
plies power in many space satellites.)
In thermal conversion, solar radiation
is first transformed into heat, which in
turn drives steam turbines and electric
generators. The major example of such
an application is at Daggett, Calif.,
where plants based on a design by LUZ
International, an Israeli firm, generate
about 400 megawatts (million watts) of
electricity.

Although electricity constitutes a key
means of delivering energy—indeed, it
accounts for one third of the world’s
primary energy—it is not the answer to
all the problems involved in the use of
solar energy. It cannot be stored conve-
niently, and transmitting it over long
distances gives rise to another set of
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problems. Therefore, it will not be
enough merely to develop solar elec-
tricity; additional energy vectors must
be sought.

In one approach that meets the re-
quirements of both storage and trans-
portation, sunlight is converted into a
chemical. Many chemicals can be piped
and stored as gases, liquids or solids
and then used as fuels for combustion
that generates heat to drive machinery.
Some can also be used to generate elec-
tricity directly. The production of vari-
ous chemical fuels through solar-driv-
en processes might solve the impend-
ing energy and environmental crises.

any attempts to produce
‘.\/ I chemical fuels through solar-

driven processes have cen-
tered on hydrogen. A light, com-
bustible gas, hydrogen can readily be
made by the electrolysis of water. It
can also be stored and transmitted
over long distances. When burned, hy-

SOLAR TOWER at the Weizmann Insti-
tute of Science in Rehovot, Israel, con-
centrates sunlight to provide heat for
driving reactions that yield chemical fu-
els. Other facilities of this type, which
can deliver more than a million watts of
power, have been constructed.
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AVERAGE AMOUNT OF SUNLIGHT (in watts per square me-
ter) falling on a horizontal area of the earth’s surface is
shown for a 24-hour period. The abundance of sunshine

drogen produces water, and so it is a
“zero emission” fuel. But only if the
electricity used to make the hydrogen
is generated from nonfossil sources

[]1s0 ] 200

WATTS PER SQUARE METER

such as sunlight, water or wind can the
gas be regarded as a truly environmen-
tally benign fuel. Such a system is now
being demonstrated in Saudi Arabia.

ydrogen can serve as a chemical
fuel. The first step, common to
each of the following processes for
making it, can be driven by sunlight.

= Hydrogen can be generated in a
number of reactions involving sul-
fur dioxide (SO,), which is formed
during the high-temperature de-
composition of sulfuric acid (H,5S0,):

H,50, —H,0 +50,+1/50,

One way of producing hydrogen
with sulfur dioxide, developed by
Ceneral Atomics in San Diego,
Calif., involves the addition of io-
dine (1,):

I,+S0,+2H,0 —2HI +H, SO,
Subsequent thermal decomposi-

tion of the hydrogen iodide (HI)
molecules yields hydrogen:

2HI S H, +1,

Producing Hydrogen in Reactions with Sulfur Dioxide

= A second (electrolytic) process for
producing hydrogen was developed
at Westinghouse:

50,+2H,0 —H,SO,+H,

The advantage of this process is
that it requires only an applied volt-
age of 0.29 volt, much less than the
nearly two volts needed to produce
hydrogen directly in the electrolysis
of water.

=A third process, also electrolytic,
was developed at the Ispara Labora-
tories in Italy; the process involves
bromine (Br,):

Br,+S0,+2H,0 —2HBr +H, SO,
The application of 0.62 volt to the

hydrogen bromide (HBr) molecules
yields hydrogen:

2HBr —H, +Br,
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makes it an obvious source of energy. To be a practical
source, however, the energy derived from sunlight must be
converted to a form that can be transported and stored.

The HYSOLAR project, carried out joint-
ly by Saudi Arabia and Germany, con-
sists of a photovoltaic generator of 350-
kilowatt capacity coupled to an electrol-
ysis plant that produces hydrogen.

The overall efficiency of producing
hydrogen by electrolysis is calculated
by combining the efficiency of generat-
ing electricity from the particular re-
newable source and the efficiency of
the electrolysis process itself. Much
work in recent years has focused on
improving both. Today the efficiency of
generating electricity commercially from
solar sources is around 12 percent and
that of electrolyzing water is about 70
percent, yielding an overall value of ap-
proximately 8 percent. As the various
projects to develop more efficient so-
lar-generating plants bear fruit, the elec-
trolytic route to solar-produced fuel
will become more attractive.

To the extent that hydroelectric pow-
er can be viewed as an indirect form of
solar energy, the large amounts of hy-
drogen produced electrolytically in cer-
tain countries (notably Norway and
Canada) can be regarded as an example
of a fuel produced from the sun. In
these cases, however, the hydrogen is
used by the chemical industry as a raw
material for synthesizing ammonia and
not as an energy vector.



The problems involved in improving
the electrolytic path to the large-scale
production of hydrogen have prompt-
ed a search for other ways to make
hydrogen. The search also embraces
other chemical systems that do not
rely on the intermediate production of
electricity.

It is theoretically possible to produce
hydrogen from water simply by heat-
ing the water to a high temperature. At
temperatures above 2,000 degrees Cel-
sius, water vapor contains an apprecia-
ble amount of hydrogen. Such temper-
atures are easily within the reach of
concentrated solar radiation. The chal-
lenge in this process is to keep the
hydrogen and the oxygen from recom-
bining as the vapor cools. The two
products must be separated while the
temperature is still high. The develop-
ment of a practical separation process
suitable for operation at temperatures
above 2,000 degrees C is no trivial
matter, and research on it is still in
progress.

Most hydrogen used in industry to-
day is made from hydrocarbons (coal,
natural gas or components of petro-
leum) with a fossil fuel as the energy
source. Such processes are, of course,
of little interest in the present context
because they use fossil sources. The
picture changes, however, when one
considers biomass—the general term
for plant material—as a substitute for
hydrocarbons in some of these pro-
cesses. Biomass is produced by solar
energy through photosynthesis. With
biomass as the raw material and solar
radiation as the source of energy, one
would have a system with the desired
characteristics.

This application of solar energy is
based on the fact that when organic
material, which contains carbon, is
heated to a sufficiently high tempera-
ture (700 to 900 degrees C) in the ab-
sence of air and the presence of steam,
it decomposes to yield a gaseous mix-
ture of hydrogen and carbon monox-
ide. The gas has a low heating value,
but the heat is adequate for generating
steam or electricity.

ven more important for the pres-
ent discussion, the composition

of the gas can be adjusted to
make what is known in the industry as
synthesis gas, or syngas. It is a mix-
ture of hydrogen and carbon monoxide
in a ratio between 2:1 and 3:1, from
which, as the name implies, a large va-
riety of materials can be synthesized.
Among them are liquid fuels such as
methanol and gasoline as well as pure
hydrogen.

The current practice is to provide the
large amount of heat needed for gasifi-
cation by burning a considerable frac-
tion of the organic material itself. Us-
ing the heat from solar sources, which
is fairly simple, would more than dou-
ble the yield of syngas and any materi-
al or fuel produced from it. The carbon
dioxide emitted when plant materials
are burned or fermented is not added
to the atmosphere, however, but recir-
culated. The process returns to the at-
mosphere material that had been bor-
rowed from it quite recently.

The gasification process can be ap-
plied to carbon-containing materials
other than biomass—indeed, to almost
all the conventional and unconvention-

COAL
27.2%

HYDRO
6.2%

NATURAL GAS
21%

al fossil fuels. In such methods the
combustion of fuels made from syngas
contributes fresh carbon dioxide to the
atmosphere and therefore to the green-
house effect. But here, too, if the sun is
the source of heat for gasification and
subsequent processing, the effective
magnitude of the raw materials will be
more than doubled, and the emission
of carbon dioxide per unit of fuel con-
sumed will be more than halved.

A particularly interesting application
of similar technologies arises in con-
nection with the problems of long-term
storage and long-distance transmission
of solar energy. In the 1970s workers
at Kernforschungsanlage Juelich GmbH
(KFA), a nuclear research center in Ger-

OTHER
19.6%

COMMERCIAL TRANSPOR-
PUBLIC TATION
17.35 16%

GLOBAL PROPORTIONS of the various primary energy sources (left) and the major
purposes for which they are used (right) reveal that electricity accounts for only
about a third of the primary energy distributed.
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CHEMICALS AND FUELS

SUNLIGHT can be converted to several chemicals and fuels. The three methods of
using solar energy to make such products are depicted schematically.
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CONCENTRATED SUNLIGHT can be produced by a solar furnace (top) or a solar
dish (bottom). The furnace intensifies terrestrial radiation up to 10,000-fold and is
capable of delivering tens of thousands of watts of power. The dish yields up to
150,000 watts. This furnace is at the Weizmann Institute; the dish, located near
Stuttgart, is operated by the German Aerospace Research Establishment.
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many, proposed and tested an entirely
new approach for converting nuclear
heat into a chemical suitable for com-
mercial and industrial use. The effort
took into account the same considera-
tions that apply to solar energy today—
namely, the need to transmit the heat
from its production site to the con-
sumers and the desire to serve a wider
segment of the energy market than is
possible through electricity alone.

Instead of relying on a single fuel,
hydrogen, that would be generated at
the nuclear reactor, transmitted to the
consumer and then burned, the KFA
group sought what is called a re-
versible chemical system. Such a sys-
tem would soak up a great deal of heat
to yield products that could then be
transported over indefinite distances
and delivered to consumers. The con-
sumer would reverse the reaction, re-
covering the heat and regenerating the
original chemicals, which would then
be returned to the reactor site. The de-
velopers called their concept “the ther-
mochemical heat pipe.”

Several chemical systems could serve
in a thermochemical heat pipe, but
they are not all equally convenient. The
experimenters at KFA chose what is
called the steam re-forming reaction, a
process well known in the petrochemi-
cal industry. Methane is reacted with
steam at a high temperature in the
presence of a catalyst to yield a mix-
ture of hydrogen and carbon monox-
ide—the same syngas described above.
The syngas can be stored at ambient
temperatures indefinitely and then de-
livered to the consumer by pipeline.

The consumer causes the mixture to
react, again with the help of catalysts.
The yield is heat, which is applied to
whatever purpose the consumer has in
mind, and the original chemicals, which
are returned to the re-forming reactor.
Trials of the process, using an electric
source of heat rather than a nuclear re-
actor, generated more than 10 million
watts of power. (The general retrench-
ment in the nuclear industry inter-
vened before the workers could test
the process in a reactor.)

The concept of the thermochemical
heat pipe as applied to solar energy is
being explored at the Weizmann Insti-
tute of Science in Rehovot, Israel, and
the German Aerospace Research Estab-
lishment. The work uses the reactions
between methane and steam and be-
tween methane and carbon dioxide.
Both reactions are carried out at tem-
peratures between 900 and 1,000 de-
grees C on the surface of solid cata-
lysts, which usually contain nickel or
rhodium. The high temperature needed
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ide (or water vapor) are heated by concentrat-
ed sunlight to produce hydrogen and carbon

to drive the re-formers is produced by
concentrated sunlight. Because it is a
closed-cycle process, no materials are
consumed, and no by-products are
emitted to the atmosphere. The system
has a great asset: its three functions—
capturing solar energy and converting
it to chemical energy, storing the ener-
gy, and using it ultimately to generate
electricity or provide heat for an indus-
trial process—can be carried out in
different locations, each optimal for the
particular function.

The concentrated solar radiation
needed for all these processes can
readily be obtained by means of mir-
rors arranged in various configura-
tions. The technologies include the so-
lar furnace, the dish concentrator and
the solar tower. One’s choice depends
on the amount of power sought: solar
furnaces can provide power at several
tens of kilowatts, dishes in the range of
hundreds of kilowatts and towers in
the thousands of kilowatts. Commer-
cial solar towers aim at power levels of
hundreds of megawatts; the experi-
mental towers now operating are rated
at from three to five megawatts.

hatever the means of concen-

‘/ \/ trating sunlight, perhaps the
most elegant way of delivering

solar energy to drive the reactions is to
illuminate the catalysts directly with
concentrated sunlight. One way passes
the light into the chemical reactor (the
re-former) through a window, which

then be used to repeat the process.

would keep the contents out of contact
with the atmosphere. The major prob-
lem with this technique is the size of
the window that would be required for
a large-scale operation.

Another approach, which avoids the
need for a window but pays the penalty
of a less direct way of introducing the
solar energy to the reaction mixture,
encloses the mixture in tubes and
heats them from the outside with solar
radiation. The approach has been test-
ed successfully at the Schaefer Solar
Furnace Facility of the Weizmann Insti-
tute. A scaled-up version with a power
of 400 kilowatts is being constructed at
the Kay Family Solar Spire there.

To protect the tubes from overheat-
ing while ensuring that the delivery of
energy is uniform and easily controlled,
a separate heat-transfer medium cou-
ples the solar radiation to the chemical
reaction. In an approach first proposed
at Sandia National Laboratories in Al-
buquerque, N. M, vapors of boiling
sodium, heated by concentrated sun-
light, bathe the reaction tubes and keep
them at a constant temperature. A suc-
cessful test of this idea was carried out
jointly by a team from Sandia and the
Weizmann Institute at the Schaefer So-
lar Furnace.

Heat can also be transferred by air,
which can be circulated through a jack-
et surrounding the tubes. Several de-
signs of such a system for transferring
heat have been proposed and are now
being tested in Israel and Spain.
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chemicals (right). The original chemicals can

Other concepts for heating air to high
temperature by means of solar energy
are being developed in several labora-
tories, notably in Israel, Germany, Spain
and the U.S. All the approaches involve
making air flow over extended surfaces
that are heated with concentrated solar
radiation. The surfaces can be wire
grids, ceramic foams, ceramic honey-
combs or suspended particles. If the
operation is to be pressurized, win-
dows are necessary. They are not nec-
essary if air at atmospheric pressure
can be used, in which case the design
can be much simpler.

Much is at stake here. The successful
development of these processes would
create an ample supply of clean energy
for as long as the sun shines.
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The Brush Turkey

This Australian bird is one of a family that constructs
mounds in which to incubate its eggs. The process
requires remarkable adaptations of both egg and hatchling

n Australia and the surrounding
—[ Indo-Pacific islands lives a group

of birds that is unusual even by
the exotic standards of the fauna of
this region. These creatures—informal-
ly called mound builders—do not sit
on their eggs to warm them. Instead
they deposit their eggs in places where
external sources provide heat for incu-
bation. Some tropical island species
bury their eggs in sand warmed by the
sun or by geothermal activity, whereas
others construct heaps of plant litter in
which energy from microbial decompo-
sition keeps the temperature high.

The 19 species in this family of
birds, called the Megapodiidae because
of their exceptionally large feet, are no
more involved in raising their young
than they are in incubating them. Un-
like the attentive parents of, say, a
young finch or thrush, megapode par-
ents do not care for or feed their newly
hatched offspring.

To achieve early independence, mega-
pode eggs and hatchlings are equipped
with special features. A unique de-
sign allows the egg to develop in the
mound—an environment that would
kill the embryos of most birds. And
megapode chicks emerge not only with
a respiratory capability different from
that of most birds but with preco-
cious strength and foraging ability.

Recent studies of one of the true

ROGER S. SEYMOUR is senior lecturer
in zoology at the University of Adelaide,
South Australia. In 1972, after complet-
ing his Ph.D. in zoology at the Universi-
ty of California, Los Angeles, Seymour
moved to Australia, where he has studied
the respiratory and cardiovascular physi-
ology of unusual animals ever since. His
subjects have included sea snakes, croc-
odiles as well as the eggs of terrestrially
breeding frogs and mound-building birds.
In the February 1991 issue of Scientific
American, Seymour and Peggy D. Ris-
miller described the reproductive biology
of an egg-laying mammal, the echidna.
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mound builders living in tropical and
subtropical forests, the Australian brush
turkey (Alectura lathami), have provid-
ed insight into the characteristics of
the megapode mound, egg and off-
spring. With help from my colleagues
David and Carol M. Vleck, David Brad-
ford, David T. Booth and Dominic Wil-
liams, I have examined the regulation of
mound temperature, the gas exchange
mechanisms of the eggs and of the
mound microorganisms, the energet-
ics of embryonic development and the
details of the striking biological transi-
tion that occurs during hatching. These
studies continue a vein of research ini-
tiated 35 years ago, when the breeding
biology of the mallee fowl (Leipoa ocel-
lata), one of the most famous of the
compost assemblers, was first inves-
tigated [see “Incubator Birds,” by H. ]J.
Frith; SCIENTIFIC AMERICAN, August
1959].

r I Yhe distinctive ritual of brush
turkey parenting begins in the
winter months. At that time, the

male collects litter—including leaves,

small branches, twigs and moss—and
kicks it backward into thickets or un-
der a forest canopy until he has assem-
bled a mound about one meter high
and five meters in diameter. The brush
turkey then mixes the material and
breaks it up by digging holes in the top
of the heap and refilling them. In a few
weeks, the mound consists of a rela-
tively fine, friable compost covered with

a layer of larger sticks and twigs.

The decomposition of the litter is
brought about chiefly by fungi, which
produce the heat that will incubate
the eggs. After an initial period during
which mound temperature varies be-
cause of the biological phases of the

BRUSH TURKEY inhabits the tropical
and subtropical forests of Australia. The
adult male (shown here with an iden-
tification tag on his shoulder) builds
mounds to incubate his mate’s eggs.
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microorganisms, the temperature at a
depth of about 60 centimeters, where
the eggs will be placed, stabilizes
around 33 degrees Celsius. The incu-
bation temperature remains constant,
within a range of one or two degrees,
throughout the breeding season.

While the male constructs the mound,
the female forages, nourishing herself
for the delivery of her eggs. When the
mound is ready, she can lay an egg ev-
ery three days or so for five to seven
months. Each egg is laid at the bottom
of a wedge-shaped trench dug by the
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female. Because the mound serves as
a continuous incubator, some eggs de-
velop and hatch while others are being
laid—as many as 16 eggs can exist in a
mound at any one time.

By constructing artificial mounds
and manipulating natural ones, we have
been able to determine the factors lead-
ing to temperature stability. First, the
size of the mound has proved crucial.
On Kangaroo Island off South Aus-
tralia, for instance, brush turkeys build
mounds that weigh about 6.8 metric
tons and are 12 cubic meters in volume.
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Such mounds have great thermal iner-
tia and remain virtually independent of
daily changes in external temperature.
The mound also acts as a thermo-
stat. The core temperature depends on
the balance between the rate of mi-
crobial heat production and the rate of
heat loss from the mound. We mea-
sured the rate of microbial oxygen con-
sumption, an indicator of the rate of
heat production, and found that it in-
creases exponentially with mound tem-
perature. Heat loss also increases with
mound temperature, but in a steeper

-
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fashion. When these two increases are
plotted as lines, they intersect. The
point where they cross marks the sta-
ble temperature at which heat loss
equals production.

Interestingly, the mound tempera-
ture always tends to fall or rise toward
this equilibrium temperature. At core
temperatures below equilibrium, heat
production is greater than heat loss,
and the mound warms. If the mound is
cooled when opened by the male to
test the temperature or by the female
to lay an egg, for instance, it will warm
up again after it is reconstructed. On the
other hand, if the mound temperature
is above equilibrium, it cools because
heat loss exceeds heat production.

Although mound homeothermy will
keep a temperature stable, the appro-
priate incubation temperature has to
be established by the birds. A brush
turkey tests temperature by inserting
its one-inch-long beak into the mound
material during excavations. If the core
temperature is too low, the bird adds
a small amount of fresh litter to the
mound. This action supplies nutrients
to the microorganisms and raises the
level of heat production. It also slightly
enlarges the mound, thereby reducing
the rate of heat loss. This process is
very precise: one centimeter of fresh
material added to the mound can in-
crease the core temperature by about
one and a half degrees C.

Once the mound is constructed and
the temperature stabilized, the birds
do not need to do much work to main-

tain the temperature. The level is so
constant, in fact, that some unattended
mounds sustain temperatures favor-
able for incubation for over six months.

Other features of the mound serve
to retain heat. Usually a new mound is
placed over the remains of an earlier
one that insulates it from the ground.
In addition, the thermal conductivity
of the compost is about 2.4 milliwatts
per centimeter per degree C—lower
than that of dry sand. Low conductivi-
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EMBRYONIC INCUBATION (DAYS)

ENERGY REQUIREMENT is greater for embryos that must fend for themselves after
hatching, such as the mallee fowl (right) and brush turkey (center), than for galli-
form birds (left) whose parents care for them. The areas defined by each curve rep-
resent the embryos’ energy requirement in kilojoules. The curves indicate oxygen
consumption and a related measure, metabolic rate, from the time when the egg is
laid through the time when the chick emerges.
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INCUBATION MOUND is composed of dry forest litter that affords plenty of air
space. Average mounds on Kangaroo Island off South Australia weigh 6.8 metric
tons and measure 12 cubic meters (about 423 cubic feet) in volume.

ty, which results from the dryness of
the mound (it contains only 30 milli-
liters of water per 100 grams of solid
material), prevents heat loss.

Even if the mound were wetter, in-
cubation temperature could be main-
tained by higher rates of heat produc-
tion and heat loss. This process would
necessitate the collection of more leaves
and twigs. As it is, mounds produce a
minimal amount of heat, about 100 to
200 watts, and the energy in the litter
lasts several months.

Brush turkeys can also turn the
weather to their advantage. More than
50 years ago the eminent Australian
naturalist David H. Fleay suggested
that the birds could control the entry
of rain by altering the mound shape,
keeping it round on top when the ma-
terial was moist and creating a crater
when water was needed. Our observa-
tions support this idea.

r I Yhe precise regulation of gas ex-
change parallels the finely tuned
temperature regulation of the

mound. Some researchers have report-

ed that fermentation generates the mi-

crobial heat in the mound. Our work,

however, points to aerobic respiration.

The microorganisms consume oxygen

at a rate of about 20 liters per hour,

60 times the rate of consumption by

all the eggs in the mound. Oxygen is

supplied as the atmosphere diffuses
through holes between the litter parti-
cles. These spaces occupy about 70 per-
cent of the mound’s volume.
Maintaining a low water content
maximizes the air space and ensures
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that oxygen levels near the eggs do not
drop too low and that carbon dioxide
levels do not rise too high. Neverthe-
less, the oxygen content of the mound
decreases from 21 percent at the sur-
face to about 17 percent near the eggs;
carbon dioxide levels rise from 0 to 4
percent.

These gas levels would be stressful
to the brush turkey embryo were it not
for the special architecture of the mega-
pode egg. The shell of the brush turkey
egg is about half as thick as the shell of
a comparable, normal avian egg—rela-
tive to the size of the bird. The thin
shell increases permeability by decreas-
ing the distance that gas must travel as
it diffuses.

David Booth and I also discovered
that the inside of the shell is dissolved
by the embryo during development.
This action removes the narrowest,
most restrictive part of the shell’s pores,
which taper as they approach the in-
ner wall. The result is that the shell’s
gas permeability is three times great-
er than that of most bird eggs [see
“How Bird Eggs Breathe,” by Hermann
Rahn, Amos Ar and Charles V. Paga-
nelli; SCIENTIFIC AMERICAN, February
1979]. This increase in permeability al-
most entirely offsets the abnormal gas
levels in the mound and exposes the
embryo inside the shell to oxygen and
carbon dioxide levels well within the
range experienced by embryos of most
other birds.

Having a thin shell, however, could
put the brush turkey embryo at risk in
other ways. For example, egg mortality
among birds poisoned by DDT has

shown that a sitting parent can easily
break a thin shell [see “Pesticides and
the Reproduction of Birds,” by David
B. Peakall; SCIENTIFIC AMERICAN, April
1970]. But the mound impressively pro-
tects megapode eggs from this kind of
breakage. We have even stood on brush
turkey eggs buried only 10 centimeters
below without breaking them.

rush turkey eggs also differ from
normal bird eggs with regard to

water conservation. The late Her-
mann Rahn of the State University of
New York at Buffalo, Amos Ar of Tel-
Aviv University and their associates
have shown that during incubation,
most bird eggs lose an average of 18
percent of their initial weight through
evaporation. This water is part of a
pool present in the egg at laying in ad-
dition to metabolic water formed by
the catabolism, or breakdown, primari-
ly of lipids in the yolk. The water bud-
get is such that very little liquid water
is lost during hatching.

In contrast, brush turkey eggs are
incubated in high humidity. They lose
only 9.5 percent of their water by evap-
oration despite an incubation period
of 49 days—about 20 days longer than
other birds of the same size. Moreover,
high rates of metabolism during the
extended incubation period produce a
large amount of metabolic water, equiv-
alent to about 7 percent of the initial
egg mass. Thus, brush turkey eggs lose
about 25 milliliters of excess water when
they emerge.

It was surprising to us that the eggs
evaporate as much water as they do,
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because the relative humidity in the
mound is greater than 99 percent. We
measured the permeability of the egg-
shell, expecting to find that an egg
would lose about 0.1 percent of its ini-
tial weight. Instead we found that it lost
nearly 10 percent. The large discrepan-
cy resulted from three factors that are,
again, specific to megapode eggs.

Most important is the metabolic heat
produced by the embryo in a highly in-
sulated environment. During incuba-
tion, this heat progressively raises egg
temperature from 33 to 38 degrees C,
thereby increasing the water-vapor pres-
sure gradient across the shell 40-fold.
Our measurements were confirmed by
Ralph A. Ackerman and Richard C. Sea-
grave of Iowa State University, who
mathematically modeled heat and wa-
ter fluxes in buried megapode eggs.

The second factor promoting water
loss is the way in which water leaves
the egg. It apparently moves through
the pores of the eggshell by capillary
action and does not evaporate until it
has traveled toward the shell’s surface.
This movement decreases the diffusion
distance for water vapor, effectively
quadrupling the water-vapor permeabil-
ity of the shell. Finally, the permeability
of the shell increases by 50 percent as
the embryo absorbs nutrient calcium
from the shell during development.

The exceptional characteristics of
megapode reproduction are not limited
to the peculiarities of the mound and
egg. Indeed, the process of embryonic
respiratory development is quite differ-
ent from that of most birds. All bird
embryos exchange oxygen and carbon
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dioxide with the environment through
a special respiratory organ called the
chorioallantois. This double membrane
is produced by the embryo and grows
from the umbilical region toward the
shell. By the time incubation is about
half complete, the chorioallantois sur-
rounds the embryo, which continual-
ly supplies it with blood. The embryo
finishes development inside this sole
gas exchange organ, a situation rather
like living inside one’s own lung.

For this reason, the developing bird
encounters a potential problem at the
time of hatching. Breaking out of the
egg requires considerable effort and
therefore a good amount of oxygen. Yet
in breaking out of the egg, the hatch-
ling must destroy its only source of
oxygen: the chorioallantois. The solu-
tion that most birds use is to begin de-
veloping the lungs as effective gas ex-
changers well before hatching.

During incubation, the space in the
egg left by evaporating water is replaced
by air. The gas collects in a compart-
ment that usually appears at the blunt
end of the egg, where the membranes
just inside the shell split apart to en-
close the air. This air cell, apparent in
hard-boiled chicken eggs, increases in
size as water is lost during the course of
development. The pocket of air is es-
sential in normal eggs because, near
the end of incubation, the chick thrusts
its beak into this chamber and begins
ventilating its lungs. This activity is
called internal pipping; it is followed
several hours later by external pipping,
when the chick breaks the shell at one
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point and begins to breathe the outside
air. A few hours later the chick hatches.
Pulmonary respiration develops slow-
ly, over the course of a day, as A.H.J.
Visschedijk of the University of Utrecht
has shown in his studies of chickens.
Meanwhile the circulation to the chorio-
allantois is gradually reduced until, at
hatching, it has practically ceased to
function. The chick can now break
through the chorioallantois without
danger of blood loss. The development
of pulmonary function allows the bird
enough oxygen to satisfy its metabolic
requirements during hatching.
Aeration in the lungs in neonate birds
is a slow process because of the struc-
ture of the avian lung. Effective lung
function depends on getting air to the
gas exchange part of the lung. But un-
like mammalian neonates that can ex-
pand their lungs and inspire enough
gas into the alveoli to satisfy oxygen
requirements at birth, birds cannot
expand and contract their lungs. Their
lungs are made up of a series of tu-
bules, called parabronchi, that reside
in pulmonary cavities of fixed volume
[see “How Birds Breathe,” by Knut
Schmidt-Nielsen; SCIENTIFIC AMERICAN,
December 1971]. Air is forced through
the parabronchi from several expand-
able air sacs that act like bellows with-
in the bird’s body. Oxygen and carbon
dioxide exchange occurs almost solely
in the small, blind-ended air capillaries
that connect to the parabronchi.
Before embryonic lungs can func-
tion, the fluid that fills them must be
removed. As the mammalian neonate

ONE DAY
AFTERHATCHING

PULMONARY FLUID fills the air capillaries of the rigid
parabronchial tubes of avian embryos (left), while the
chorioallantoic membrane supplies the needed oxygen.
With the chick’s first breath, some of the straw-colored
fluid is evacuated (center). After a day, the remaining
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CHICKEN EMBRYO breathes in the air
cell after piercing the chorioallantois.

passes through the birth canal, emerges
and takes its first gasps, much of this
fluid is removed within minutes or sec-
onds by changes in lung volume. Al-
though some fluid remains in the alve-
oli of the lungs, enough has been lost
to satisfy the oxygen needs of the rest-
ing newborn.

In birds, on the other hand, the fluid
in the constant-volume lung can be re-
moved only through absorption into
the pulmonary bloodstream, a process
taking many hours. The lungs of chick-
ens, for instance, require more than 24
hours of progressive aeration before
hatching. At that time, air volume reach-
es 44 percent of total lung volume,
about two thirds of the adult value.

rush turkeys, and probably other
megapodes as well, provide ex-

ceptions to this rule of respirato-
ry development. There is practically no
overlap in the change from chorioallan-
toic to pulmonary respiration, a slow
transition that had been thought to
be universal among birds. In brush
turkeys the lung contains absolutely no
air before hatching occurs. The shell
membranes of megapode eggs are not
adapted to form an air cell at one end,
so a chick has no place to begin breath-

fluid is absorbed into the blood (right). ing inside the egg.
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HATCHING BRUSH TURKEY breaks free of the shell by push-
ing with its shoulders (left). The egg’s shell is thinner than

Instead the chick begins to breathe
just after hatching. The young bird
breaks free by pushing against the
shell with its legs and back until the
shell suddenly cracks. The chick’s feet
rip long slits through the chorioallan-
tois, and the blood flow in it stops im-
mediately as smooth muscles contract
and the chick starts breathing.

Megapode chicks can hatch success-
fully without developing pulmonary
function because hatching is relative-
ly easy for them. Unlike birds such as
ostriches, which may take two days
to escape from a thick shell, a mega-
pode chick can quickly and -easily
break through its abnormally thin con-
tainer. Apparently, sufficient gas ex-
change exists after the first few breaths
to keep the birds alive—but probably
not enough exchange for immediate ex-
ertion. Indeed, brush turkeys rest for
several hours after hatching while their
lungs become aerated.

Although breaking out of the egg re-
quires little energy, digging out of the
mound is very demanding. Brush tur-
keys hatch about 60 centimeters be-
neath the surface, and they must free
themselves without any help from the
parent. We have observed chicks dig-
ging upward through plastic columns
of mound material in the laboratory.

The chick turns on its back and uses its
feet to scrape the roof of the cavity; it
lets the debris fall around its body and
then compresses the material with its
back. Bouts of digging are often broken
by long periods during which the chick
breathes heavily. Emergence takes about
two and a half days. Measurements of
oxygen consumption during this time
indicate that the cost in energy is about
a third of that used during the preced-
ing 49 days of incubation.

Lack of parental care necessitates
the chick’s complete independence. The
megapode hatchlings have been de-
scribed as superprecocious: they hatch
with full primary feathers, and some
can even fly on their first day out.
Booth showed in my laboratory that
brush turkeys and mallee fowl do not
need to be brooded, because they can
maintain a stable body temperature
in environments ranging from five to
45 degrees C immediately after their
plumage dries.

The exceptional maturity at hatching
is associated with a large investment
of energy in the eggs and a long incuba-
tion. Brush turkey adults, which weigh
about 1,800 grams (about four pounds),
would be expected to lay 60-gram (2.1-
ounce) eggs if they were like some oth-
er species of their order, the Galli-
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that of most birds’ eggs and contains no air cell. The young
digs out of the mound (right) using its large feet.

formes. Their eggs, however, weigh 180
grams, one tenth of the adult body
weight. Females require two to five days
to form these large eggs, rather than
the one to two days expected in most
other birds. The energy-rich yolk occu-
pies 50 percent of the egg, in contrast
to 40 percent in other precocious spe-
cies and about 20 percent in nonpreco-
cious species such as parrots and peli-
cans. Our measurements of embryonic
oxygen consumption indicate that the
total amount of energy used in devel-
opment is about four times that ex-
pected from eggs of similarly sized gal-
linaceous birds [see bottom illustration
on page 110].

t first glance, burying eggs and
leaving them to incubate seems
purely reptilian in nature. In
fact, a few crocodilians, such as the es-
tuarine crocodile (Crocodylus porosus),
build mounds of vegetation and de-
posit their clutches inside. But although
megapode mound building was once
considered a primitive process, it is now
thought to be derived from usual avian
incubation behavior.

The main evidence for this idea is
that megapode chicks have both an egg
tooth and hatching muscles on the back
of the neck—although they are not
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YOUNG BRUSH TURKEY emerges with full flight feathers, ready to fend for itself.
This hatchling and an unhatched egg were found during a mound excavation.

used. The egg tooth is a calcareous cone
on the tip of the bill that helps most
chicks pierce the shell. The muscles pull
the head back during hatching and force
the egg tooth through the shell. In
megapode chicks, these structures ap-
pear to be vestiges from ancestral birds,
which presumably required them while
breaking free of thick-shelled eggs incu-
bated under the parent.

The Australian naturalist H. J. Frith
suggested a possible evolutionary se-
quence leading from ground-nesting
tropical birds that sat on their eggs to
birds that built mounds. According to
his theory, the warm tropical environ-
ment where ancestral megapodes arose
probably allowed the parents consider-
able time away from the nest. While
away, the parent may have covered the
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eggs with soil or litter to conceal them
and to help retain heat. If the birds
chose sites naturally heated by the sun
or volcanism, they could remain away
from the eggs for much longer periods,
a trend that would culminate in com-
plete abandonment.

r I Yhe eggs, however, needed to be
supplied with enough energy and
nutrients to produce a chick that

would be capable of survival without

parental care. This requirement selected
for large, energy-rich eggs. With free-
dom from the nest, the females extend-
ed the foraging time that could provide
the energy and nutrients needed to
produce such eggs.

As the birds invaded cooler regions
such as the highlands of oceanic islands
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or the temperate forests of Australia,
more litter may have been needed to
keep the egg warm during the parents’
absence. It is easy to imagine that the
decomposition of litter eventually pro-
vided some heat to the eggs and that
this opened the door for further inva-
sion of cooler habitats. As far as we
can determine, there are no indigenous
predators that break apart the mound
and devour the eggs.

Once successful incubation did not
require parental supervision, the adults
were free to produce large numbers of
completely independent young. In one
season, with plentiful resources, female
brush turkeys can lay as many as 50
eggs, weighing a total of nine kilograms.
Because the incubation time is so long
and the laying interval is three days, a
1,800-gram bird could not possibly in-
cubate even the standard 16 eggs in
one mound by sitting on them.

High fecundity is probably the princi-
pal selective advantage of megapode
incubation behavior, but sometimes it
is apparently matched by high mortali-
ty in the first year of life. Although we
know little about the natural history of
hatchling brush turkeys, David Priddel
of the National Parks and Wildlife Ser-
vice of New South Wales has recorded
high mortality of mallee fowl chicks
caused by starvation.

As far as we can determine, however,
brush turkeys are thriving in tropical
forests and, in fact, have become some-
what of a nuisance. To avoid the chore
of building mounds, some of them
are reportedly claiming man-made com-
post heaps as their own. Perhaps for
the brush turkey, such commandeering
represents the next evolutionary step.
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Sophie Germain

An extraordinary mathematician, she struggled against the
prejudices of 19th-century French society to produce
enduring work in number theory and the theory of elasticity

an you name a famous female

mathematician? I would wager

that you cannot. But you should
first think of Hypatia of Alexandria.
Her contemporaries praised her work
in mathematics, although none of it
survives. Perhaps her writings were de-
stroyed by the Christian monks who
stoned her to death in 415 for her pa-
gan beliefs. More than 1,300 years later
there was the Marquise de Chatelet,
who translated Sir Isaac Newton’s Prin-
cipia Mathematica into French. In 1750
the Italian scholar Maria Gaetana Agne-
si, known for her achievements in dif-
ferential calculus, became the first wom-
an professor of mathematics.

Like Hypatia, the Marquise and Ag-
nesi, Sophie Germain fought fiercely
against the prejudices of her family,
friends and co-workers to become an
accomplished mathematician. Germain
possessed exceptional talents, great am-
bition and an undistracted passion for
science. She taught herself mathemat-
ics and physics and produced original
work in number theory and the theory
of elasticity. Despite these accomplish-
ments, Germain has still not received
the recognition she deserves.

Sophie Germain was born in Paris
on April 1, 1776, a decade before the
French Revolution and a century after
the Scientific Revolution. The laws of
Newton governed the cosmos, while the
decrees of Louis XVI ruled France. Ger-
main supported political change and
advanced the cause of mathematics
and physics, and she would fight most
fiercely to break the barriers that kept
women out of science.

Her father, Ambroise-Francois Ger-

SOPHIE GERMAIN produced great works
in mathematics, but as a middle-class
woman living at the time of the French
Revolution, she never received the
recognition she deserved from fellow
scientists. A statue of her now stands in
the courtyard of the Ecole Sophie Ger-
main, a lycée in Paris.

by Amy Dahan Dalmédico

main, focused his attention on the
French Revolution. Ambroise belonged
to the society of liberal, educated bour-
geoisie. The Germain family had been
merchants for generations, and they
were comfortable financially. To pro-
tect his interests, Ambroise served as
an elected deputy of the third estate
of the Constituent Assembly of 1789.

At the age of 13, Sophie was de-
scribed as shy and awkward. She felt
her family was obsessed with money
and politics, and she took refuge in her
father’s library, where her intellectual
development began. She tutored herself
in mathematics by reading every book
she could find. Just as she could not
understand her parents’ interest in pol-
itics, they could not grasp her love of
mathematics. They thought her interest
was astonishing for her age and incon-
gruous with her sex.

The Italian mathematician G. T. Libri-
Carrucci—who later became Germain’s
friend—recounted how the young wom-
an overcame her parents’ insistence that
she abandon her interest in mathemat-
ics. While the family slept, she would
study by candlelight. On winter nights
when the ink froze in the well, she
would read, wrapped in blankets. Her
determination outlasted the will of her
parents. And despite her “strange” in-
terests, her father supported her finan-
cially throughout her life. Germain nei-
ther married nor obtained a profession-
al position that could sustain her.

Germain enjoyed reading about Ar-
chimedes in the History of Mathemat-
ics, by Jean-Etienne Montucla. She iden-
tified with Archimedes’ struggle to con-
tinue his research in the midst of the
Roman invasion of Syracuse. She pro-
gressed from Etienne Bezout’s treatise
on arithmetic to the works of Newton
and the Swiss mathematician Leonhard
Euler.

Relatives, friends and educators paid
little attention to the interests and tal-
ents of young Sophie. They saw little
purpose in engaging the mind of a girl
from a middle-class family.

SCIENTIFIC AMERICAN December 1991

© 1991 SCIENTIFIC AMERICAN, INC

Germain was 19 when the Ecole Poly-
technique was founded. She obtained
the lecture notes for many courses, in-
cluding analysis taught by Joseph-
Louis Lagrange and chemistry by An-
toine-Francois Fourcroy. During one
session, Lagrange asked his students to
evaluate the course. Fearing her opin-
ions would be ignored, Germain sub-
mitted her comments under the name
of a former student, Antoine-August Le
Blanc. (It is not known whether Le Blanc
gave his consent.)

ermain’s education in science
Gwas extremely unusual for a

woman of her social status. Dur-
ing the 18th century, science was taught
to some aristocratic women through
popularized accounts written specifi-
cally for them. The books revealed only
enough science to allow a woman to
chat about the subject at social events.
Francesco Algarotti wrote one of the
most notable books of this genre: Sir
Isaac Newton'’s Philosophy Explain’d for
the Use of the Ladies.

Algarotti believed women were inter-
ested only in gallantry and love, and so
he tried to teach physics while catering
to those interests. His book revolves
around a dialogue between a marquise
and her interlocutor. In one scene the
interlocutor teaches the inverse square
law. He explains that the force of gravi-
ty—or the intensity of light—decreases
in proportion to the inverse square of
the distance between the object and
the observer. The marquisereplies that
she is familiar with the concept. “I can-
not help thinking...that this propor-
tion in the squares of the distances of

AMY DAHAN DALMEDICO is a mem-
ber of the staff at the Centre National de
la Recherche Scientifique and a lecturer
at the Ecole Polytechnique. This article has
been translated and adapted from a story
that first appeared in Pour la Science, the
French edition of Scientific American.
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FRIENDS AND RIVALS of Sophie Germain were some of the
most famous mathematicians and physicists of the 19th cen-
tury, but most of the scientific community regarded her
with indifference. Early in her career Germain exchanged
many letters about number theory with Carl Friedrich Gauss.

places. . . is observed even in love. Thus
after eight days absence love becomes
sixty four times less than it was the first
day.” Such digressions fill the pages of
the book and obscure the few passages
that explain physics rigorously.

Germain had no tolerance for such
frivolous literature. She was enraged
by Joseph-Jéréme Lalande when he im-
plied that she would not be able to un-
derstand the work of Pierre-Simon La-
place until she read Lalande’s book As-
tronomy for Ladies. Germain made it
known publicly that she would not
speak to Lalande again.
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Her education was disorganized and
haphazard. She was granted meetings
with Lagrange and several other scien-
tists. Some challenged her with small
problems. But Germain yearned for pro-
fessional training. She was never given
the opportunity.

Germain was isolated not only from
the community of male scientists but
also from the society of educated wom-
en. Her social status did not allow her
to converse with aristocratic women.
Furthermore, she was not related to a
male scientist who could introduce her
ideas on her behalf—a strategy that
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Fourier

Joseph-Louis Lagrange encouraged her investigations of both
physics and mathematics. Around 1814 she competed against
Simeon-Denis Poisson in an attempt to devise a theory of
elasticity. At the end of her life, she collaborated and became
friends with Jean-Baptiste-Joseph Fourier.

worked for the Duchess of Gotta and
Madame Lalande.

Germain may also have contributed
to her own isolation. She avoided social
encounters simply because of modesty
and shyness. She believed, like the en-
cyclopedists whom she had read, that
her contributions to science would
stand the tests of time and social prej-
udice on their own.

Germain was left outside the scien-
tific community during a period when
it was attracting more members, orga-
nizing more institutions and encourag-
ing more collaboration than ever be-



fore. She was no longer studying in the
cold, but she would have to climb an
icy wall to gain recognition for her work.

t the turn of the 19th century,
Germain found some of her
greatest opportunities in the
field of number theory. Her first profes-
sional contacts, Lagrange and Adrien-
Marie Legendre, were both very inter-
ested in the subject and encouraged
her to learn it.
Over several years she developed
a thorough understanding of the com-
plicated methods presented in Disqui-
sitiones Arithmeticae by the German
mathematician Carl Friedrich Gauss.
Excited by the book, Germain wrote
him a dozen letters between 1804 and
1809. She signed the letters with the
pseudonym “Le Blanc” because she
feared “the ridicule associated with be-
ing a female scholar.”
In her first letter to Gauss, Germain
discusses Fermat’s equation, namely,

XNy yh= zn

where x, y, zand n are integers. Pierre
de Fermat believed he could prove that
the equation cannot be solved if n is
greater than 2. To this day, this conjec-
ture, which is known as Fermat’s last
theorem, has not been proved [see
“Fermat’s Last Theorem,” by Harold M.
Edwards; SCIENTIFIC AMERICAN, Octo-
ber 1978].

Germain discovered that Fermat’s
equation cannot be solved if n is equal
to p-1, where p is a prime number of
the form 8k + 7. (For example, if k
equals 2, then p is a prime number,
namely, 23, and n equals 22.) Germain
explained her proof to Gauss and re-
marked: “Unfortunately, the depth of
my intellect does not equal the voracity
of my appetite, and I feel a kind of
temerity in troubling a man of genius
when I have no other claim to his atten-
tion than an admiration necessarily
shared by all his readers.”

Gauss responded: “I am delighted
that arithmetic has found in you so
able a friend. Your new proof...is very
fine, although it seems to be an isolat-
ed case and cannot be applied to other
numbers.”

In 1806 Germain relayed a message
to Gauss through Joseph-Marie Per-
nety, an army commander who was
her friend. Germain was concerned for
Gauss’s safety as Napoleon I had re-
cently conquered most of Prussia. She
told Pernety she feared Gauss might
suffer the same fate as Archimedes,
who was killed by the Romans. Pernety
sent a messenger to report that Gauss
was well but that the mathematician

did not know Sophie Germain. In her
next letter to Gauss, Germain—alias
Le Blanc—revealed her true identity.

Gauss was surprised and delighted.
“A woman because of her sex and our
prejudices encounters infinitely more
obstacles than a man in familiarizing
herself with complicated problems. Yet
when she overcomes these barriers and
penetrates that which is most hidden,
she undoubtedly possesses the most
noble courage, extraordinary talent and
superior genius.” Gauss was sincere in
his praise of Germain as revealed in let-
ters to the German astronomer Hein-
rich W. M. Olbers.

In 1808 Germain wrote to Gauss, de-
scribing what would be her most bril-
liant work in number theory. Germain
proved that if x, y and z are integers
and if

+,\’-’:Z”

then either x, y or z must be divisible
by 5. Germain’s theorem is a major
step toward proving Fermat’s last theo-
rem for the case where n equals 5.

Gauss never commented on Ger-
main’s theorem. He had recently be-
come professor of astronomy at the
University of Gottingen, and he set
aside his work in number theory. He
became consumed with professional
and personal problems.

For the most part, Germain’s theorem
remained unknown. In 1823 Legendre
mentions it in a paper in which he de-
scribes his proof of Fermat’s last theo-
rem for the case where nis 5. (In 1676
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Bernard Frénicle de Bessy had proved
the case where nis 4; in 1738 Euler had
found the solution for n equals 3.) Ger-
main’s theorem was the most impor-
tant result related to Fermat’s last theo-
rem from 1738, until the contributions
of Ernst E. Kummer in 1840.

ophie Germain depended on

Gauss to guide her research in

number theory. When their corre-
spondence ceased, she searched for new
problems and new mentors. In 1809
she found a challenge that would in-
spire some of her finest work. She
strove to explain the classic experi-
ments of Ernst F. F. Chladni, a German
physicist who was investigating the vi-
brations of elastic plates.

In his experiments, Chladni poured
fine sand on top of a glass plate. He
then rubbed a bow against the plate,
causing a vibration. The sand bounced
away from regions that vibrated and
collected at “nodes,” places that re-
mained still. Within seconds, the plate
was covered with a series of sandy
curves. The patterns were symmetric
and spectacular: circles, stars and other
geometric figures [see illustration be-
low|. The character of the pattern de-
pended on the shape of the plate, the
position of the supports and the fre-
quency of the vibration.

On a visit to Paris in 1808, Chladni
presented his experiments before 60
mathematicians and physicists of the
First Class of the Institute of France,
a section of the French Academy of Sci-
ence. Chladni’s demonstrations so as-
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CHLADNT'S FIGURES are formed when a surface covered with sand is struck so
that it vibrates. The sand collects along lines where the vibrations are weakest. So-
phie Germain was a major contributor to the mathematical theory that explains the
figures. The illustration above was reproduced from the 1809 edition of Traité

d’Acoustique, by Ernst F. F. Chladni.
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tounded the scientists that they asked
him to repeat his demonstration before
Napoleon. The Emperor was impressed,
and he agreed that the First Class
should award a medal of one kilogram
of gold to anyone who could devise a
theory that explained Chladni’s experi-
ments. In 1809 the First Class an-
nounced the contest and set a deadline
of two years for all entrees.

Germain seized this opportunity. For
more than a decade, she would attempt
to devise a theory of elasticity. She
would compete or collaborate with some
of the most eminent mathematicians
and physicists. She would feel proud to
contribute to a subject that explored the
frontier of 19th-century science.

Nevertheless, Germain would remain
a stranger in the world of science. Eti-
quette demanded that she obtain a let-
ter of invitation each time she wished
to visit an institution. Her host was re-
quired to provide transportation and
escorts. These formalities restricted her
freedom to discuss topics with scien-

tists. Consequently, she had many diffi-
culties in leaping from the field of num-
ber theory to the subject of elasticity.

To prepare herself for a theory of vi-
brations, she turned to texts such as
Lagrange’s Analytical Mechanics and
Euler’s essays on the vibrations of elas-
tic rods. Germain tried to explain the
behavior of elastic plates by applying
the methods that Euler had used. Euler
had suggested that a force applied to a
rod is counteracted by an internal force
of elasticity. He claimed that the force
of elasticity at any point along the rod
is proportional to the curvature of the
rod. Euler’s essays inspired Germain to
invent a similar hypothesis. She pro-
posed that at any point on a surface,
the force of elasticity is proportional to
the sum of the major curvatures of the
surface at that point. The major curva-
tures are the maximum and minimum
values of curvature out of all the curves
formed when planes cut through the
surface perpendicularly.

In 1811 Germain was the only en-

TANGEN RAY OF

\/ / CURVATURE

CURVE
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CONCEPT OF CURVATURE was fundamental to Sophie Germain’s work on the the-
ory of elasticity. A curve can be closely approximated, at any point, by a circle that
shares a tangent with the curve at that point. The curvature is equal to the inverse
of the length of the ray that runs from the center of the circle to the point of tan-
gency. For a surface, the curvature at a point is related to the curvature of the
curves formed by the intersection of the surface with planes perpendicular to the

surface at that point. Out of all such curves, the one that has the greatest curvature

and the one that has the least are known as principal curves.
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trant in the contest, but her work did
not win the award. She had not derived
her hypothesis from principles of phys-
ics nor could she have done so at the
time, because she lacked knowledge of
analysis and the calculus of variations.
But her work did spark new insights.
Lagrange, who was one of the judges of
the contest, corrected the errors in Ger-
main’s calculations and came up with
an equation that he believed might de-
scribe Chladni’s patterns. Lagrange de-
duced that if z is the amplitude of the
vibration and if z is small, then

diz
+ 22 _1-0
d,\'-’dyl]

where t is time, k is a constant and x
and y represent points on the surface.

In 1811 the First Class extended the
contest deadline by two years, and
again Germain submitted the only en-
try. She demonstrated that Lagrange’s
equation did yield Chladni’s patterns in
several simple cases. But she could not
devise a satisfactory derivation of La-
grange’s equation from physical princi-
ples. For this work, she received honor-
able mention from the First Class.

t about the same time, Simeon-
Denis Poisson began to invade
Germain'’s intellectual territory.

He would become her chief rival. In
stark contrast to Germain'’s experience,
Poisson approached the subject of elas-
ticity with all the resources available to
a 19th-century scientist.

Poisson entered the Ecole Polytech-
nique in 1798 at the age of 17. La-
grange and Laplace noticed his talents
in problem solving and abstraction.
With the support of Laplace, Poisson
moved easily through the ranks of ac-
ademia. He became a professor at the
Ecole Polytechnique and at the Facul-
ty of Sciences in Paris. He frequent-
ed the famous Société d’Arcueil, where
some of the most distinguished scien-
tists came to discuss and perform novel
experiments. Laplace and Claude-Louis
Berthollet led the society, and Poisson
was its mathematical adviser. In 1812
Poisson, who had entered the heart of
the scientific community, was elected
to the First Class.

Poisson sought to explain the vibra-
tions of elastic plates by applying the
Newtonian model of physics. He began
with the idea that a plate consists of
molecules that mutually repel and at-
tract one another. He then made what
may have seemed like a set of plausible
assumptions. He derived a very compli-
cated formula and, by simplifying it,
arrived at Lagrange’s equation. By mod-
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SALONS of the 19th century were perhaps the only institutions where it was social-
ly acceptable for women to participate in conversations about the great scientific
discoveries and debates of the day. Sophie Germain struggled to gain admittance to
scientific institutions and societies where she could discuss her theories seriously.
The above scene, which was painted by Isidore Pils in 1849, depicts a salon of the

period in Strasbourg.

ern standards, Poisson’s assumptions
seem absurd, and he was successful in
his derivation of Lagrange’s equation
only because he had been aware of the
work of Germain and Lagrange.

In 1814 Poisson published his article
on elastic plates. As a member of the
First Class, he was ineligible to com-
pete for the prize. But many of his peers
believed Poisson had found a theory
that explained the physical mechanisms
of Chladni’s patterns. The prize was
not retired, however.

“I have greatly regretted not knowing
the paper of Poisson,” Germain wrote
in 1815 in an essay on elasticity. “I
spent time, precious to me, waiting for
the publication.” In this paper, she at-
tacked Poisson’s approach while trying
to propose her own explanation. Ger-
main postulated that the force of elas-
ticity is proportional to the applied
force, which in turn is related to the de-
formation of the surface. The force at
one point is proportional to the sum of
all curvatures through that point. She
then showed that the sum of all curva-
tures is related to the sum of the maxi-
mum and minimum curvatures. Finally,
she derived Lagrange’s equation from
the sum of major curvatures.

This essay became Germain’s third
entry in the contest whose judges were,
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at that time, Legendre, Laplace and
Poisson. They could not accept her
postulate that the effect—the deforma-
tion—is necessarily proportional to the
cause, that is, the applied force. Indeed,
decades would pass before an explana-
tion was found. With this reservation,
the judges awarded Germain the prize
of the First Class. Germain did not at-
tend the award ceremony. Perhaps she
thought the judges did not fully appre-
ciate her work, or perhaps she simply
did not want to appear in public.

To Germain, the award represented
formal recognition of her competence.
It gave her authority and confidence.
But the scientific community did not
show the respect that seemed due to
her. Poisson sent a laconic and formal
acknowledgment of her work. He avoid-
ed any serious discussion with her and
ignored her in public. A few years ear-
lier she had viewed herself as an inferi-
or novice in the company of giants.
Now she felt no admiration for her
colleagues.

er spirits were soon lifted by a
H new friendship with Jean-Bap-
tiste-Joseph Fourier. Germain
and Fourier both suffered in their ca-

reers because of their rivalry with Pois-
son, and they shared a dislike of him.
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Through Fourier’s efforts, Germain be-
gan participating in the activities of the
Parisian scientific community. She at-
tended sessions of the Academy of Sci-
ences and was the first woman who
was not the wife of a member to do so.

In the 1820s she began an ambitious
research project to refine her proofs
and contributions to number theory.
She and Legendre worked on the proj-
ect as equal collaborators. She also pub-
lished a review of her theory of elastici-
ty. She became interested in various
scientific fields and socialized with the
intellectual elite. Her curiosity and her
charm were appreciated by all.

Although Germain certainly pro-
duced work worthy of a degree, she nev-
er received one. In 1830 Gauss failed
to persuade the University of Gotting-
en to award her the title of doctor hon-
oris causa.

After battling breast cancer for two
years, Sophie Germain died on June 27,
1831, at the age of 55. She is described
on her death certificate as rentere,
which translates as “a person of private
means” but which has the connotation
of “an independent woman.”

Before her death, she outlined a
philosophical essay, which she never
finished. It was published posthumously
as General Considerations on Sciences
and Letters. In the essay, she tried to
identify the intellectual process in all
human activities. She believed the in-
tellectual universe is filled with analo-
gies. The human spiritrecognizes these
analogies, which then leads to the dis-
covery of natural phenomena and the
laws of the universe. We should recog-
nize the analogies between the life of
Sophie Germain and our own, and they
should lead us to strive for excellence
in the face of prejudice.
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Researchers are trying to build
machines that emulate the reasoning
and self-awareness of humans, but in the real
world even the competence of a
mayfly eludes them—for now.

ing toast. It’s doing a fairly good job, considering that it
is just learning.

Although humans do it easily, by machine standards the
simple act of buttering toast is very difficult indeed. It is also
a task that stands proxy for a host of other probiems that
confront machines aspiring to get along in the real worid.
A conventional robot, which knows only how to move its
gripper along a specific path, would alinost certainly make a
mess of both toast and butter.

Buttering toast requires continuous modification of actions
based on sensory feedback. Too much resistance, ease off
the pressure; too little, change the angle of the knife, and so
on. Calculating the correct path in advance would call for
precise measurement of the viscosity of the butter and of
the toast surface, a nonlinear finite-element model of the
spreading process as well as several hours of time on a Cray
supercomputer.

This experimental robot in Stanley J. Rosenschein’s labora-
tory at Teleos Research in Palo Alto, Calif., is one of a new
breed of machines that represent the leading edge of
artificial-intelligence (Al) research. Unlike Al systems based
on vast stores of arcane know-how, such as expert systems,
this nascent tribe is supposed to act with perception and be
imbued with common sense. The effort is pushing the state
of the art not only of machine vision and sensing but also of
automated reasoning, planning, knowledge representation
and natural-language understanding.

These are the subdisciplines that artificial intelligence split
into a generation ago, when it became clear that it would
take more than simple programming to produce a computer
that could be regarded as intelligent. Then, two years ago, Al
pioneer Allen Newell of Carnegie Mellon University issued a
call for researchers to put the field back together again, to
build what he called “integrated intelligent systems.” The
prowess demonstrated by AI's parts, he said, was now
sufficient to build a whole.

In response, Newell says, “a whole bunch of interesting
characters emerged from the woodwork.” Most of them were
already working on “autonomous vehicles” or “intelligent
agents” or just strange things. They shared the common goal

LS‘vquish ... Whirr... Scrape. Scrape. Scrape. A robot is butter-

FORCE-SENSING ROBOT can spread butter, but it still can't taste breakfast.
Interaction with the world is largely an unsolved problem for machines that
aspire to humanlike intelligence and even a sense of their own existence.
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How Not
to Butter Toast

of attempting to build not just “smart”
computers but mechanical creatures
that could function independently in
the world.

Two major issues daunt those who
have responded to Newell’s call. Re-
searchers disagree on the fundamen-
tal issue of what constitutes intelligent
behavior. Second, they divide into at
least two major camps on the question
of how to get from the current state
of the art to whatever they think in-
telligence may be. Traditional Al re-
searchers such as Newell believe in
reasoning, learning and symbolic pro-
cessing. More sophisticated algorithms
and faster hardware, they predict con-
fidently, will eventually engender smart
machines. Meanwhile young turks such
as Rodney A. Brooks of the Massa-
chusetts Institute of Technology avoid
at all costs anything that might look
like rationality by designing mechani-
cal creatures that act entirely according
to reflex.

Even if a consensus existed among
Al researchers (a suggestion that peo-
ple in the field regard as humorous),
putting artificial intelligence back to-
gether would not be easy. Expert sys-
tems are solving a myriad of problems,
from diagnosing the ills of diesel en-
gines to rating midsize banks. Auto-
mated planners schedule aircraft main-
tenance and help design assembly lines.
Natural-language systems can parse
most sentences as well as a person can.
But experience demonstrates that mod-
ules from these diverse disciplines can-
not simply be combined and work
smoothly together.

At one recent workshop, reports
Kenneth D. Forbus of Northwestern
University, “thing” builders spoke opti-
mistically of an autonomous machine
that could perform a variety of tasks
and survive unaided in the world for a
year. “So I went around and asked peo-
ple, ‘How long does your system last?’”

The answer was that no one had yet
built anything that survived more than
a few hours. The causes of death are as
varied as the machines themselves.
Sometimes the software just grinds to
a halt, Forbus says, or sometimes the
batteries run out. Most often, though,
an autonomous system simply gets
into a situation from which either rea-
soning or servomotors cannot extricate
it—say, stuck under a chair.

In blunt terms, the integrated-intelli-
gent-systems researchers have yet to
build a machine with the survival abili-
ties of a mayfly—much less the senso-
ry and behavioral smarts to find anoth-
er mayfly and mate with it.

Modules from different parts of Al
do not work together, because the re-
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Knowledge
Representation

rtificial-intelligence programs
Ausually represent their knowl-
edge in the form of logical
assertions in a specialized computer
language. Some assertions are sim-
ple facts—(HAS TWEETY WINGS) (ISA
TWEETY BIRD)— whereas others, typ-
ically called rules, encode informa-
tion about connections: (IMPLIES
(HUNGRY CLYDE) (GOAL CLYDE (AND
(POSSESS CLYDE ?X) (EDIBLE ?X))
(CONSUME CLYDE ?X))) [Rough trans-
lation: “If Clyde is hungry, he will
want to possess something that is
edible and consume it.”]

An “inference engine” responds to
new assertions by searching its
knowledge base for additional facts
based on rules and existing facts. For
example, if a system were told that
Clyde is in fact hungry, it would as-
sert that he has the appropriate
goals. That conclusion drawn, the
system might search its knowledge
base for edible objects and then as-
sert that Clyde wanted to possess
and eat one of them (below).

Reasoning from knowledge and

HAS CLYDE TRUNK

COLOR CLYDE GRAY
|
IS CLYDE ANIMAL

HAS TWEETY WINGS

IS TWEETY ANIMAL

[ | FAcTs

RULES

INTERACTIONS
PRODUCTIVE CONNECTION
s DEAD END

PATH OF INFERENCE



rules to new knowledge is typically called forward chain-
ing. Inference systems can also chain backward from exist-
ing knowledge to answer queries. For example, if asked
whether Clyde wanted to possess a crescent wrench, the
system would see that being hungry can be a reason for
wanting to possess an object, and so it would check
whether Clyde is hungry and whether crescent wrenches
are edible. Failing either of those possibilities, it would con-
tinue searching for other rules that might eventually imply
(GOAL CLYDE (POSSESS CLYDE CRESCENT-WRENCH)).

Encoding facts and actions is a tricky problem. Consider
the “Gravity drowned” problem: When a natural-language
understanding researcher was first trying to represent the
concept of falling, he translated “X fell” as “Gravity carried X
downward.” Elsewhere in his system was a rule that if you
fell in a river and could not swim, and had no friends to
rescue you, you drowned. Since gravity as a force of nature
has neither arms, legs nor friends, it meets its unfortu-
nate—and improbable—end.

Other facts, such as “Fish swim,” are not really facts at
all, so attempting to encode them yields endless trouble.
Some fish walk on their fins, and others are baked. Re-
searchers have turned to “default reasoning” (“Fish usually
swim”) and “nonmonotonic inference” (retracting any con-
clusions that may have depended on the belief that a par-
ticular fish swims) to produce automated deductions in the
presence of uncertainty and error. The success of both
techniques is mixed.

If the objects in a knowledge base have complex rela-
tions to one another— and they usually do—researchers of-
ten resort to semantic network representations (above
right). Nets consist of nodes that stand for the object in

QUERY
(GOAL CLYDE
(POSSESS CLYDE CRESCENT-WRENCH))

— 7

IMPLIES (AND (IS ?X ANIMAL)
(NOT-EATEN-LATELY ?X))
(HUNGRY ?7X)

IMPLIES (HUNGRY ?X)
(GOAL ?X (AND (POSSESS ?X ?Y)
(EDIBLE ?Y)))

IMPLIES (IS TOOL ?X)
(NOT (EDIBLE ?X))

— =) =

IMPLIES (GOAL?X USE-TOOL-TO-OPEN)
(GOAL?X (AND (POSSESS?X ?Y)

ANTECEDENT Q CONSEQUENT

O FOR ALL Q
CLASS —/ — CLASS

MEMBER - MEMBER

4 N Y ; I
 HumaN 2 . woRTAL
CLASS—

MEMBER

SOCRATES

question and of links that show nodal connections. Links
can denote simple relations such as IS-A or PART-OF or
more complex ones such as LEGALLY-ENTITLED-TO, BE-
LIEVES or OPERATES-ON. A program seeking to deduce in-
formation about a particular object in the semantic net-
work need only follow the appropriate links.

Semantic nets can also use a technique called spreading
activation to model human cognitive behaviors such as free
association. Spreading activation passes markers outward
from nodes representing particular objects or concepts.
When the markers from different nodes cross, the paths
back to the parent nodes represent a chain of associations
between the two objects.

EDIBLE PEANUTS

EDIBLE BROCCOLI

EDIBLE BRAZIL NUTS

EDIBLE CASHEWS

IS CRESCENT-WRENCH TOOL

IMPLIES (AND (GOAL ?X (POSSESS ?X ?Y))
(NOT (KNOW 2X (LOCATION 2Y))))
(GOAL ?X (FIND-LOCATION ?Y))

AND (CONTAINS CRATE-34 PEANUTS)
(CLOSED CRATE-34)

IMPLIES (AND (GOAL ?X POSSESS ?Y)

(IS TOOL 2X)))

ANSWER
(QUERY (NOT-EATEN-LATELY CLYDE))

(IN-CLOSED-CONTAINER ?Y))
(GOAL ?X USE-TOOL-TO-OPEN)
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RODNEY A. BROOKS of M.LT. and thoughtless friend Genghis are leading expo-
nents of the belief that intelligent behavior has no need of reason.

searchers who built them have an-
swered questions that those in other
specialties were not asking, and they
have for the most part neglected other
issues that are turning out to be crucial
for integrated intelligence. For exam-
ple, says Thomas M. Mitchell of Carnegie
Mellon, the underlying paradigm of
most machine vision algorithms is sim-
ply misguided: “Much of the work was
how to get a program to interpret a
[single] picture” and identify the ob-
jects in it. But artificial creatures that
exist in the world must interpret a
stream of images, each differing only
slightly from the one before it. Further-
more, they may care less about the
identity of an object than whether they
should avoid running into it.

Although machine vision systems are
being used in commercial robots, until
recently specialists in the field large-
ly ignored the question of vision for
mobile machines. Mitchell, for one, be-
lieves problems ranging from binocular
vision to the identification of ambigu-
ously shaped objects can be solved sim-
ply by moving arobot’s eyes, not by in-
creasing computing power. He cites
work by Dana H. Ballard of the Univer-
sity of Rochester on “animate vision,”
which has shown that many image-pro-
cessing algorithms can be simplified
immensely by taking into account the
fact that creatures can move their
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heads and can fix both eyes on the ob-
ject of their attention.

Then there is the problem posed by
so-called systems of truth maintenance
and default reasoning, which attempt
to cope with uncertain or contradicto-
ry information. Take, for example, the
statement “Birds fly.” That’s true, as
Marvin L. Minsky of M.I.T., among oth-
ers, has observed, unless they are pen-
guins or ostriches or moas or dodoes,
or unless they have had their wings
clipped or are confined to a small box,
or unless they are dead and nailed to a
perch, or unless they have been psy-
chologically conditioned from fledgling-
hood to stay on the ground, and so on.
Instead of cogitating furiously in an at-
tempt to determine whether it should
believe a priori that a particular bird
flies, Mitchell says, “a robot can just
look at Tweety to decide if it can fly.”

Attila the Bug

Brooks is the most visible member of
the Al faction that wants to consign
machine vision, truth maintenance and
most of the rest of artificial intel-
ligence to the dustbin of history. They
contend that AI's separate subdisci-
plines have essentially been looking
under the lamppost—choosing entire
areas of study for their conceptual ele-
gance or tractability rather than for
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their usefulness. In papers titled “Intel-
ligence without Reason” or “Elephants
Don't Play Chess,” he argues that the
fancy logic and knowledge-representa-
tion techniques beloved of artificial in-
telligencers have no place in machines
designed to live in the world.

Instead Brooks pins his hopes on
what he calls “subsumption architec-
ture,” in which complex behaviors such
as exploration of the environment are
built up from simple ones like moving
a single leg. Subsumption architecture
relies largely on the nature of the out-
side world rather than sophisticated
reasoning to structure the robot’s ac-
tions. For example, if the robot encoun-
ters an obstacle, the important thing is
to go around it, not to determine how
it got there. The robot may not even
need to remember that the obstacle is
there—after all, it will detect the obsta-
cle perfectly well the next time it ap-
proaches it.

Such a procedural knowledge repre-
sentation, says M.L.T. researcher Pattie
Maes, avoids the conventional Al im-
passe of trying to construct and main-
tain a consistent logical model of the
outside world. “Making the correspon-
dence between perception and internal
representations is too hard,” she says.

Brooks’s insectoid robots, dubbed
Attila and Hannibal, contain multiple
microprocessors and work by coupling
sensors, processors and actuators in
a tight loop [see “Mathematical Recre-
ations,” SCIENTIFIC AMERICAN, July]. The
legs, for example, spend most of their
time running a program that checks
their position and keeps them stand-
ing. If conditions trigger the robot’s
walking behavior, a central processor
sends “Walk” signals to the legs but
does not actually coordinate their be-
havior. The individual programs built
into each leg operate independently.
Maes contends that the “emergent be-
havior” of these parallel processes may
be a better mimic for what actually
happens in the brain than the “folk
psychology” of a centralized, all-con-
trolling conscious mind.

As simple as it seems, subsumption
can generate fairly complex activity.
One of the robots that the group de-
signed wandered the halls of the M.I.T.
Artificial Intelligence Laboratory scav-
enging soda cans (at least once, the pub-
lished claim goes) without any explicit
concept of what it was doing. The “ap-
proach” module brought the robot’s
gripper close to anything can-shaped,
and the gripper simply closed whenev-
er anything appeared between its claws.

Brooks has suggested that tiny mo-
bile robots, weighing no more than a
kilogram might perform such tasks as



exploring the terrain of a distant planet
(or this one) more efficiently than larg-
er, individually more reliable systems.

Working along these lines, M.LT.
graduate student Maja Mataric designed
a software module that produces a sub-
sumption-style map of a robot’s sur-
roundings. Instead of the usual data
structure containing objects and their
locations, or perhaps even a robot-sen-
sor view of the world, the subsumption
map is a collection of little computa-
tional processes, one of which is acti-
vated for each “interesting” place in the
robot’s world.

Maes has even designed a subsump-
tion-based architecture that incorpo-
rates “beliefs” and “motivations.” A
robot based on her designs would be
potentially able to answer the question
“Why did Attila cross the road?” The
robot could tell a human being where it
thought a particular object was located
or what caused it to go from one room
to another. Much like the “behavior”
agents that drive walking or scavenging
behavior, the “belief” agents in Maes’s
so-called agent network architecture
govern the robot’s actions at a high lev-
el. For example, a “battery low” belief
agent might suppress exploration in fa-
vor of a “return to base” behavior.

Predictably, the makers of more con-
ventional, less photogenic systems are
charitable toward Brooks at best, hos-
tile at worst. Nils J. Nilsson of Stanford
University, who directed Al work at SRI
International 20 years ago in the days
of Shakey, the first mobile robot, re-
treats to W. H. Auden when pressed for
an opinion: “Those who will not rea-
son/Perish in the act: / Those who will
not act/Perish for that reason.”

Mitchell is blunter. Brooks and his
colleagues, he says, “are very seductive,
but they have very bad ideas.” Al-
though he admits that Brooks’s team
has been “surprisingly successful in
building systems that behave well,”
Mitchell contends that the subsumption
architecture is better suited to building
thermostats than intelligent agents.

Yet one of the most approving com-
ments comes from Newell, whose SOAR
architecture is the apotheosis of elegant
reasoning and knowledge representa-
tion. Newell contends that SOAR and
subsumption are not really so very dif-
ferent, because SOAR, too, operates es-
sentially on a stimulus-response basis
except when its rules run into an im-
passe. He praises the idea of “reactivi-
ty” that he sees in the little insectoids.

Regardless of whether Attila and its
kin scuttle to fame or blunder into a
philosophical dead end, or do both,
Brooks’s work raises some fundamen-
tal issues about the nature of intelli-

gence. What does it mean to say that a
system knows something? Is it enough
for the system to behave as if it knows
not to run into walls, or must it have
some explicit representation of struc-
tural engineering?

Researchers may find it simpler to
think in terms of logical propositions
and inference, Rosenschein says, but
that does not mean everything inside a
machine must be represented in terms
of explicit logic. “Some people are im-
pressed by the precision of logical lan-
guages and their capacity for rubbing
facts up against one another,” he says,
but in real machines elegance must de-
fer to efficiency. Determining the truth
of a logical proposition is an “NP-hard”
problem, one that in principle cannot
be solved in any reasonable time. That
is not a good thing for a mobile robot
to be computing.

The problem, Rosenschein contends,
is that designers in pursuit of logical el-
egance mix static facts, which are al-
ways true, with dynamic information
about the immediate state of the world.
Facts that can change, such as who

works in what office or whether the ele-
vator door is open, benefit from explic-
it representation. But constants such as
gravity or the impenetrability of mate-
rial objects need not be explicitly cod-
ed. A system has only to act as if it
knows them. Rosenschein and his col-
leagues have developed software tools
thatbuild the static knowledge into the
structure of an autonomous system.
But the designer of an intelligent ma-
chine must still decide what knowledge
the system should appear to have and
how that knowledge should appear to
be represented. The issues are far from
resolved. Standard logic, for example,
can represent facts, but it cannot repre-
sent intentions or beliefs about the
world or about the results of particular
actions, says Stuart C. Shapiro of the
State University of New York at Buffalo.
Richer logical formalisms bring with
them the danger of creating paradoxes
that can bring a reasoning engine to its
knees, he notes [see box below].
Furthermore, Shapiro says, the logic
of belief and the logic of action are not
the same. Software based on conven-

he barber shaves every man
Z who does not shave himself.
Who shaves the barber? With
these simple sentences Bertrand
Russell demolished the apparent
perfection of predicate logic and
mathematical set theory. The barber
paradox (or, for the set-theoretically
inclined, the set of all sets that do
not contain themselves as mem-
bers) illustrates the pitfalls of allow-
ing statements to refer to the truth
of other statements.

Artificial-intelligence researchers
care about this ancient chestnut be-
cause most of their programs are
firmly based on logical inference.
The laws of logic provide that it is
possible to deduce anything from a
contradiction, and so the possibility
of paradoxes spells disaster for Al.

The incantation runs as follows: if
“A” is true, then obviously “A or B” is
true. Meanwhile, if “A” is false and
“A or B” is true, then “B” must be
true. But a contradiction says that
“A”is true and “A” is false, and so “B”
must be true whatever it is.

There are two paths out of the
guandary, according to Stuart C.
Shapiro of the State University of
New York at Buffalo. One is the ver-
sion that mathematics chose: first-

The Paradox Explosion

order predicate logic, which does
not permit statements that refer to
one another’s truth value. No para-
doxes, but the system is incomplete,
as Kurt Godel showed in the genera-
tion after Russell. A statement may
be manifestly true but impossible to
prove in formal terms.

The other path is to impose (logi-
cally speaking) arbitrary constraints
on relevance, so that deductions
cannot simply run away into infini-
ty, Shapiro says. Knowing that the
moon both is and is not made of
green cheese, for example, might
lead an automated reasoner to bi-
zarre conclusions about lunar soil
samples, but it should not permit
the machine to decide that the color
of the sky determines shipping tar-
iffs for Tibetan yak fat.

Ironically, Shapiro explains, the
structure of simple automated de-
duction systems prevents such blow-
ups automatically. These programs
never try to reason from items that
are not directly linked to one anoth-
er. Only the most sophisticated and
complete programs, after long and
arduous work by their authors, can
haul together completely unrelated
facts and explode when confronted
by a contradiction.
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tional logic, such as the PROLOG pro-
gramming language, typically forms a
belief only once, even if it is used as a
logical step in several different chains
of reasoning. Applying the same econo-
my measure to actions would lead you
to conclude, for example, that you had
no need to walk in order to get out your
front door in the morning, because you
had already walked when you went to
the bathroom to brush your teeth.

Logical representations capable of
dealing with both actions and beliefs
are essential to intelligent agents. Not
only will such machines be required to
reason about the consequences of their
own actions, Shapiro points out, they
also will have to represent and under-
stand the beliefs and actions of people
and other intelligent agents. For exam-
ple: “John believes that Mary believes
that the program is faulty, but John be-
lieves that the program is not faulty,
and yet Mary is right.”

Such logical regressions are reflected
in the work of Thomas Dean of Brown
University, among others. Dean’s sys-
tems not only plan out their actions,
they even plan how much planning to
do. Those who think about these “any-
time algorithms” are painfully aware
that computing resources are not infi-
nite—like people, machines can exer-
cise only what Herbert A. Simon calls
“bounded rationality.”

Chunks of Knowledge

Reasoning techniques that produce
exact answers eventually are no good to
machines that must operate in “real
time.” (The precise definition of real
time is also a matter of controversy, but
Mitchell offers the handy rule of thumb
that the time spent thinking generally
should not be longer than the action be-
ing thought about.) Indeed, reasoning
techniques that quickly produce ap-
proximate answers may not be any
good either if they cannot be interrupt-
ed partway through. As anyone knows
who has watched a treasured posses-
sion heading for the floor, virtually any
action may be better than inaction.

Advocates of such meta-planning
tend to use algorithms based on “itera-
tive refinement.” Run them once and
they produce an answer, again and they
produce a better answer, and so on.
Given information about how answers
improve with time and about the cost
of delay, a system can decide how long
it should think before acting. There is,
Dean admits, yet another level of re-
gression: optimizing the amount of
time to spend planning is itself an un-
solvable problem, so the meta-plan-
ner must either make approximations
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PROBLEM SOLVERS Allen Newell of Carnegie Mellon University (left) and John E.
Laird of the University of Michigan are two chief architects of SOAR, an integrated
reasoning system that is now nearing its 10th birthday. Variants of the system can

or else plan how much time to spend
planning how much time to spend
planning...ad infinitum.

Dean has proved mathematically that
the logical regression “eventually bot-
toms out,” but he acknowledges that
intelligent machines based on his algo-
rithms are still in their formative years,
“just at the stage where they’re robust
enough to walk down the hall without
leaving huge gouges in the plaster.” He
predicts that it will probably be the end
of the decade before most planning
and reactive systems stop using what
amounts to ad hoc methods to allocate
computational resources.

One such relatively simple logic
scheme is the brains of SOAR, a logic
system that Newell’s group has been
running in various incarnations for
nearly nine years. It is based on two
techniques: search and “chunking.”

When the system is confronted with
a problem, it checks whether any of the
rules in its knowledge base apply and
fires off a train of deductions until it
can go no further. If the problem is
solved, fine. If not, SOAR (which once
upon a time stood for State, Operator
And Result) sets up a “problem space”
to deal with the impasse. Within this
problem space, it searches for all pos-
sible solutions, using special-purpose
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techniques if they are available and
brute force if not. Once SOAR has found
an answer, it generalizes the technique
it used in the solution and compiles
the technique into a “chunk”—a rule
that will be activated the next time a
similar question comes up and so elim-
inate the burden of searching.

SOAR’s module for natural-language
understanding (NL-SOAR) is a perfect
example of this technique, Newell says.
It simply applies the operator “Under-
stand this word in context” to each new
word of input, rattling off deductions,
and chunking with abandon. According
to John E. Laird of the University of
Michigan, who developed SOAR along
with Newell and others, NL-SOAR starts
with about 900 rules and expands its
knowledge base to more than 1,500 af-
ter comprehending only a few hundred
words. Newell claims that the system
is, in principle, capable of learning new
words and rules indefinitely. He speaks
of running SOAR for a month straight,
continually “adding knowledge in inter-
esting ways.”

Then he backpedals. As the system
stands now, “that’s not to say that it
won't seize up in a couple of hours,” he
says. The flaw resides somewhere in
the initial rules that humans have
hand-coded into the system. Somehow



control mobile robots, understand plain
English and perform a variety of other
more or less practical tasks.

the structure of these chunks makes
for bad learning. Oddly enough, Newell
says, the fewer rules people put in and
the more SOAR has to learn by itself,
the better it works.

In addition to the natural-language
system, SOAR also runs a couple of
robotic applications: ROboSOAR, a robot
arm, and HeroSOAR, a mobile robot.
RoboSOAR, which depends on a sepa-
rate vision module to determine where
small objects reside in its work space,
can perform simple tasks such as pick-
ing up and stacking blocks. HeroSOAR
investigates its environment with ultra-
sonic sensors, paying special attention
to things that look like garbage cans.

Ultimately, Laird says, all the differ-
ent modules of SOAR will be incorpo-
rated into one. That will enable a robot
to accept plain English commands and
answer back in kind as it performs its
tasks. But first the researchers have to
solve some problems with the vision
system and other modules.

The vision software analyzes scenes
in a form that does not always match
the information that SOAR’s problem
solver might want. Furthermore, the
camera is mounted directly above the
robot’s work space so that RoboSOAR
can’t actually see what it is doing. The
system must analyze a scene, move its

gripper and attempt to pick up objects,
then move the gripper out of the way
and find out whether it has been suc-
cessful. It’s a little bit like a human be-
ing wearing heavy mittens trying to
play chess by taking a snapshot of the
board, deciding what move to make
and then, eyes closed, reaching out for
the piece.

Like SOAR, Mitchell’s THEO system
uses a conceptually similar “plan then
compile” architecture. Mitchell contends
that integration is not nearly enough;
organization is the key. Without some
way of focusing on the facts relevant to
the case at hand, a program will bog
down. “We quickly learned that if a sys-
tem has five rules it does okay, but
5,000 rules will slow it down hopeless-
ly,” he says. (Newell reports the same
experience with SOAR. Adding a single
“expensive chunk” to the knowledge
base can set off a logical chain reaction
that reduces the program'’s speed by a
factor of four.)

Besides cluttering up memory space,
much of what a system learns by look-
ing at examples, though true, may be
irrelevant or even misleading. Mitchell
likens the problem to an automated
version of the “cargo cults” that led Pa-
cific Islanders to build airstrips and
wooden aircraft to entice Western goods
and know-how from the sky.

Chunking, Mitchell explains, may
speed up the execution of plans, but it
doesn’t make them any more correct. If
the plan is based on an erroneous un-
derstanding of the world, it will some-
times fail. Ideally, an intelligent system
would learn from its failures, but get-
ting it to learn the right things is a
problem. “There is no perfect model
for the effects of some actions,” Mitch-
ell says, so the best course may in fact
be to let THEO fail every now and then
and try to recover from its failures,
rather than try to anticipate beforehand
everything that could go wrong.

Al Meets Virtual Reality

One requirement that Mitchell em-
phasizes when he talks of letting THEO
and other intelligent agents “experi-
ment” with the world around them is
that no harm must come to the robot
or its subjects. So a number of intelli-
gent-agent researchers have created
computer simulations to exercise the
programs that will be the brains of
their autonomous machines.

One of the simulacrum dwellers that
other researchers find most impressive
is Homer. Built by Steven A. Vere of
the Lockheed Artificial Intelligence Cen-
ter in Palo Alto, Calif., Homer is a virtu-
al submarine that lives in an aquatic
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world containing ships, fish, whales,
other submarines, mines, buoys, birds,
islands, docks and people.

Homer understands about 800 words
and can carry out multistep tasks—for
example, “Bring the red buoy to the
dock before noon and then meet Roger
at the breakwater tomorrow morning.”
It knows how to ask people for infor-
mation when it doesn’t know where
something is, and it continually tracks
events in its environment.

In fact, a printout of a session with
Homer bears a strong resemblance to a
transcript of a day spent with a preco-
cious three-year-old:

“I see a brown bird on the gray log.”

“There are two sailboats by the is-
land.”

“The Smirnov just passed me on the
right again.”

“I have reached the dry dock.”

“Homer, bring me Fred’s buoy.”

“Now I'm going to Fred.”

“Fred, where is your buoy?”

Vere admits that having a simulated
world to work in has simplified much
of his work, but he insists that most of
Homer’s capabilities could be trans-
ferred to a real minisub. In particular,
he says, Homer’s uncannily acute simu-
lated vision is not particularly far-
fetched. Because the marine environ-
ment contains a set of objects so small,
a fairly simple perception system would
be able to distinguish between fish,
whale, ship, sailboat, log, bird and land-
mass. Homer would be even more com-
petent if it were transplanted to a con-
ceptually similar (although geographi-
cally disparate) artificial environment
such as a space station, where every
object could be marked for unambigu-
ous identification.

At first glance, Homer appears to be
a success story for integrated intelli-
gent architectures. It can plan its ac-
tions, change plans in response to new
circumstances and interact with others.
Under the surface, though, the sailing
is not so smooth, Vere says. Homer is
slow, and its memory is inefficient. The
longer it lives, the slower it runs. Just
a few scenarios strung together will
bring the program to a near halt. “It’s
like a house of cards,” Vere laments.
“When you add a new capability, you
discover that old scenarios don’t work
any more. You have to go back and re-
tune it.”

Homer’s life is also threatened by
corporate budgetary woes and the grad-
ual extinction of its research team.
Vere’s colleague Timothy W. Bickmore
left Lockheed a year ago, and the com-
pany now permits Vere to spend only
half of his time on the project. Al-
though new computer hardware has
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helped improve Homer’s reaction time
from miserable to tolerable (30 sec-
onds to plan a simple course of action,
down from several minutes), the dream
of transplanting it to a real minisub is
on indefinite hold.

Just down the road from Vere, at the
National Aeronautics and Space Admin-
istration Ames Research Center, anoth-
er simulated agent has a somewhat
firmer footing. Mark E. Drummond’s En-
tropy Reduction Engine (ERE) is a con-
ceptual model for the kind of robot
that might one day help maintain struc-
tures in orbit or on the moon.

For now, ERE lives in Tile World, a
gridded Flatland that contains any num-
ber of polygonal tiles. Tile World is be-
set by winds that can move tiles from
their places, and the robot’s attempts
to move or clutch them in one or more
of its four grippers may fail. Such a
simple environment provides more than
enough diversity to work out most of
the important issues in planning and
control, Drummond says.

ERE consists of components that de-
compose problems into simpler form,
evaluate possible solutions and com-
pile rules that put those solutions into
effect. It is designed not only for

| Q@M

“achievement goals,” such as assem-
bling tiles into a particular configura-
tion, but also for what Drummond calls
behavioral constraints—for example,
making sure that a particular tile struc-
ture remains intact even under the in-
fluence of winds. (Eventually, of course,
Drummond would like to be able to
generalize such behavioral constraints
to build the kind of robot that could
be told: “Keep the space station in
working order. This is a list of what
can go wrong. Here are your tools and
supplies.”)

Drummond’s interest in Tile World,
however, goes beyond his own research.
He hopes to promote the simple simu-
lated environment as a standard within
which the designers of different intelli-
gent agents can compare their perfor-
mance on various standardized tasks
and thereby understand the strengths
and weaknesses of various architec-
tures. NASA Ames, along with Rosen-
schein’s Teleos, has won a research
contract from the Defense Advanced
Research Projects Agency to define a
set of benchmarks for integrated intel-
ligent systems.

At one end of the spectrum of intelli-
gence and action scuttle Brooks’s insec-

& BLACK BOAT

toid robots. In the middle are the doz-
ens of systems, such as those built by
Vere and Drummond, possessing vary-
ing levels of knowledge and capabili-
ty. At the other end majestically sits
Douglas B. Lenat’s Cyc, which knows al-
most everything—1.43 million inter-
connected facts at last count—but does
almost nothing at all. Indeed, many
would question Cyc’s inclusion in a list
of integrated intelligent systems be-
cause it is essentially an automated en-
cyclopedia (hence the name).

One problem with conceiving of Cyc
as an entity (even though, like SOAR, it
is nearing the end of its first decade on
this earth) is that Cyc has no real sense
of itself, says Patrick Hayes of Stan-
ford. Hayes, currently president of the
American Association for Artificial In-
telligence, was briefly head of Cyc’s
West Coast office until conceptual dif-
ferences with Lenat made him decide
to be a consultant to the project instead.
“Cyc knows that there is this thing
called Cyc and that Cyc is a computer
program,” Hayes says, “but it has no
idea that itis Cyc.”

Even so, the program is remarkable.
MCC, the consortium of 56 high-tech-
nology computer companies that em-

SMIRNOV

SIMULATED SEA WORLD is the domain of Homer, an intelli-
gent agent built by Steven Vere of the Lockheed Artificial In-
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telligence Center. Homer understands simple English com-
mands and can make plans to carry them out.
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WUNDERKIND Douglas B. Lenat of MCC is the instigator of Cyc, a decade-long proj-
ect for encoding common sense. At its birth seven years ago, Cyc was considered
near lunatic by many artificial intelligencers; now it is part of the mainstream.

ploys Lenat, has invested half a pro-
grammer-millennium of effortinto Cyc.
There is probably an equal amount of
work again remaining before—some-
time in 1994 or 1995 by Lenat’s hope-
ful reckoning—Cyc reaches the break-
even level of about 10 million facts. At
that point, it will be able to pick up
new knowledge more readily by read-
ing than by having knowledge engineers
spoon-feed it. A wider information base
may also save Cyc from such gaffes
as concluding (from everybody it knew
about) that all humans in the world are
friends of Doug Lenat.

No Royal Road

The program is designed to have the
kind of knowledge that an intelligent
agent might need to perform its tasks:
what people and trees and omnibuses
are and how they interact, how objects
fall and break, or how a light bulb
works. Lenat envisions a day when Cyc
will field requests for commonsense
knowledge from programs for natural-
language understanding, from expert
systems in search of sensible behavior
near the edges of their expertise. Cyc
might even help people decide what
kind of automobile to purchase. Al-
most anything might be relevant, he
notes, from changing gender roles in
the modern family to the relative traffic
citation rates of cars painted navy blue
or arrest-me red.

For all its size, Lenat says, Cyc is
“kitchen-sink engineering.” Everything

134

it knows is asserted in two different
forms: first in clean and elegant “epis-
temological language” and again at the
heuristic level in “a grab bag of differ-
ent representations” that are designed
to make inference faster for a particu-
lar class of facts. Thus far the system
contains 27 different special-purpose
inference engines, and Lenat intends to
add more as they are needed.

Cyc thus avoids the trade-off be-
tween expressiveness and efficiency,
Lenat contends. For example, by em-
ploying “a tool kit of partial solutions,”
Cyc has solved the problems of dealing
with time, space, causality, belief and
intention that frustrate other artificial
intelligences. “Most of the power—
positive or negative—of integrated in-
telligent architectures will come from
the content, not the architecture,”
Lenat asserts.

Moreover, Lenat believes the idea that
one particular structure of algorithms
will make intelligent behavior possible
is wishful thinking. “Intelligence is 10
million rules. If you have a halfway de-
cent knowledge representation and a
quarter-way decent architecture, they
won't get in the way,” he says. Re-
searchers who think that a single ele-
gant theory can solve all the problems
of knowledge representation and infer-
ence suffer from “physics envy,” Lenat
contends. “They want a theory that’s
small, elegant, powerful and correct,
and so they try one free-lunch tactic af-
ter another.”

All the philosophical debates and en-
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gineering talent may seem a little much
for picking polystyrene cups off the
laboratory floor—assuming, that is, the
containers are not glued down. When
will the life span of integrated intelligent
systems break the 24-hour barrier, and
how?

It is tempting to believe that the nat-
ural progress of semiconductor wiz-
ardry will let people solve problems of
perception and reasoning by brute
force. After all, as Newell says, “if not
for the fact that workstations have
doubled in power every year, we'd be
dead already.” Faster, cheaper chips
have already put mobile, camera-bear-
ing robots within reach of most re-
search groups.

In reality, however, Newell admits
that integrated-circuit advances have
at best kept big projects like SOAR a
few paces ahead of the knackers. He is
not happy thinking about the perfor-
mance of systems containing perhaps
200,000 rules instead of the paltry few
thousand that his machines run today.
Mitchell concurs: “We'd like to think
that silicon will save us, but it won’t.”

The answer instead may be nothing
more complex than time and hard work.
By their very nature, Newell points out,
integrated intelligent systems are jacks
of all trades—not on the forefront of
any particular field of artificial intelli-
gence. And now that planning, natural-
language understanding and other dis-
ciplines have matured, he says, “you
have to walk a long way to get to the
frontier.” But if artificial intelligencers
can muster the determination to con-
tinue long beyond the span of any sin-
gle graduate student or research grant,
their silicon babies may yet grow to in-
habit working bodies.
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CARE ofthe SURGICAL FALIEN T
from SCIENTIFIC AMERICAN Medicine

Because the quality of your care depends on the quality of your information.

Treating pre and postoperative patients poses a unique set
of challenges. Yet in one way it’s no different than any other
practice issue. Doing it well takes the right information.

That’s why SCIENTIFIC AMERICAN Medicine has published
CARE of the SURGICAL PATIENT.

The definitive resource on pre and
postoperative care.

CARE of the SURGICAL PATIENT gives you ready access
to the most authoritative and current information on pre and
postoperative standards available anywhere.
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And, CARE of the SURGICAL PATIENT is updated three
times a year, with each author reviewing his own specialty.
Updates include significant information on topics such as
infection control, the latest indications for nutritional
support and for administration of blood products, new
antibiotics regimens.
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plus current references. You choose the level of detail you
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covers topics in order of urgency, instead of by organ system.
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the real world treatment of the patient.
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you keep up better. And the better you keep up, the better
your care.
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Rethinking Research

Bell Labs seeks a new
model for industrial research

“The man who embraces a new
paradigm at an early stage must... have
faith that the new paradigm will
succeed....

“Something must make at least a few
scientists feel that the new proposal is
on the right track, and sometimes it is
only personal and inarticulate aesthetic
considerations that can do that.”

—THOMAS S. KUHN, The Structure
of Scientific Revolutions

Laboratories in Murray Hill, N.J.;

the offices are quiet. Henryk Temkin
walks a visitor down a long, concrete
corridor, one that dozens of Ameri-
ca’s greatest scientists have trodden in
years past, to a laboratory crammed
with equipment. There a metal-organ-
ic chemical vapor deposition machine
is coating a semiconductor wafer with
layers of other semiconductors, each
barely a few atoms thick.

Temkin has earned an enviable repu-
tation among the scientific elite for cre-
ating exotic structures with such tools.
But since November 1990, he has de-
voted his energies to a more humble al-
beit more pragmatic goal: improving
the process for manufacturing a partic-
ular type of solid state laser. Temkin
will not publish a paper or give an in-
vited lecture on this work. But in a
break with the past, one of AT&T’s de-
velopment groups is already putting
his ideas to work on a production line.

Even though the project has not yet
run its course, it has already aroused
both satisfaction and dismay among
Temkin’s colleagues for reasons that
have nothing to do with the quality of
the work. The project is a bellwether of
the changes resounding through the
heart of Bell Labs—the so-called area
11 research group that gave rise to the
transistor, the laser and other Nobel-
quality efforts. The very purpose of do-
ing research is changing at Bell Labs.

The task of reorganizing and rethink-
ing the role of research has fallen large-
ly to Arno A. Penzias, vice president of
research and a Nobel laureate honored
for his co-discovery of the cosmic back-
ground radiation. More than a year ago

It’s a summer evening at AT&T Bell
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ARNO A. PENZIAS, vice president of research at Bell Labs, must both preserve the
quality of research and make research pay its way. Photo: Louis Psihoyos/Matrix.

Penzias embarked on a sweeping reor-
ganization of the research divisions of
Bell Labs. The immediate aim was to re-
duce duplication of research efforts
and to tie scientists like Temkin more
closely to AT&T’s engineering and de-
velopment teams, called business units.
More fundamentally, however, the
changes have meant that Bell Labs, the
epitome of U.S. industrial research, is
abandoning the paradigm of research
that it had so zealously cultivated over
the past few decades. In the post-
World War 1II era, Bell Labs researchers
and the more corporate AT&T troops
led comfortably separate lives. AT&T
took parental pride in the research di-
vision, boasting about its scientific
prowess in advertisements and annual
reports. The research staff, in turn, be-
lieved its mission was to push back the
frontiers of science—possibly for the
benefit of the company but primarily
for the advancement of knowledge.
That model, of a pure research labo-
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ratory nestled inside a mammoth, prof-
itable company, no longer seems to
work. The reasons are as stark as the
headlines of any newspaper. U.S. tech-
nology companies—from IBM and
AT&T to more modest enterprises—are
in a state of crisis. Market shares are
falling prey to foreign competitors.
Costs for everything from capital equip-
ment to health care insurance for work-
ers are ballooning. Products are creep-
ing too slowly from the laboratories
into factories. As a result, change at
Bell Labs is overdue, Penzias declares.
Over the next five years, he says, “the
test is not going to be whether we do
good science or not. The test is: Is the
company going to be healthy or not?”
The hunt for a fresh paradigm, a new
way to structure and conduct research,
is still in its infancy. As a result, Pen-
zias and other company managers are
struggling to answer the questions that
defeated dozens of U.S. industrial re-
search groups during the past decade:
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What is the purpose of research at a
company? Why should a corporation
support any basic research outside of
its immediate interests? Can research
efforts both advance science and bolster
the corporation that sponsors them?

“I don’t know how to do it perfect-
ly, and I don’t know anyone else who
knows how to do it perfectly,” Penzias
candidly observes. “If I did, I would go
there and spy on them.” Penzias has
nonetheless charted a course. Projects
such as Temkin’s may help improve his
navigation and even provide anecdotal
evidence that the new model
works—or that it does not.

Meanwhile the process of
change has been wrenching
for many Bell Labs researchers
who do not yet have faith in
the new directions. Many won-
der whether the evolving struc-
ture will continue to foster fun-
damental research, particular-
ly in solid state physics and
materials. And where, they ask,
if not at Bell Labs, will such
research be carried out?

“I feel like an endangered
species,” laments Alan Huang,
a 10-year veteran of Bell Labs
and a leader in optical com-
puting. “As a stockholder of
AT&T, I can understand why
changes are taking place. As a
taxpayer of the U.S., I cannot
understand why,” he says.
“It's not just AT&T. America
is close to another intellectual
dark age, another technologi-
cal dark age.”

“The world,” Penzias con-
curs, “is simply not as com-
fortable a place as it used to
be.” Pointing to a nearby tape
recorder, he declares: “The big
problem is that it wasn’t made
in Cleveland. The research that
went into that device didn't
come from the United States.
So whose fault is that? You
could say part of it was my
fault because I've been a re-
search manager and in re-
search for the past 30 years.”

For Penzias, the challenge is finding
a way to spin research into products
faster and yet preserve the environment
that led to so many breakthroughs in
basic science, including his own Nobel
Prize. The structural changes that he
has undertaken are straightforward: he
slashed duplicate research efforts by
consolidating projects into 15 laborato-
ries divided among four divisions. Over
the past year he has also begun sliding
the balance of funding away from high-
cost and relatively low-payoff work,
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such as basic physics and materials sci-
ence, toward the more lucrative soft-
ware and information technologies.
Finally—and most important—Pen-
zias has been nudging almost half of
his 1,200-person research staff into sup-
porting business unit projects. AT&T
created business units about two years
ago by reshuffling its engineering and
marketing staff into specific applica-
tion areas, such as transmission sys-
tems and consumer communications
services. Penzias, in turn, has assigned
each of his 19 directors the task of

RESEARCHER HENRYK TEMKIN is now refining a process
for manufacturing specialty lasers. Photo: Jason Goltz.

working with one of the business units.
These research directors must then
encourage cooperative projects between
Bell Labs scientists and business unit
teams. “Years ago you'd hire people
here, give them an order pad and a lab,
and say, ‘Do whatever you want,’” Pen-
zias says. “Today we're using that same
tradition of freedom in a different way.
We're trusting our people in research
to form partnerships with development
organizations.” So far some 100 to 200
such partnerships have sprung up.
Those kinds of relationships mark a
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radical change from the days when re-
search remained aloof from develop-
ment. Paul A. Fleury, who directs the
physical research laboratory, character-
izes the past attitude as the “Field of
Dreams” syndrome: the belief that if
research invented it, applications would
naturally follow. “We felt our job was
done when the papers were written and
published,” Fleury notes. Now research
must carry the ideas much further.

Far more difficult than reorganizing
the structure, however, has been instill-
ing the new research religion into
the soul of Bell Labs—re-
molding the lab’s values, pri-
orities and rewards. Some of
the researchers having the
toughest time adapting are
those who have not found a
connection to a business unit.
They (and their managers)
must sort out which of their
research directions legitimate-
ly fall into the “knowledge
base” that AT&T might one
day need—and which do not.
For many of these research-
ers, trying to find the bound-
aries is like playing blind-
man’s bluff in a mine field.

For instance, for the past
six years or so, Huang had
relentlessly and energetically
pursued a single goal. He
aimed to build an all-optical
computer, one that ran on
light, or photons, rather than
on electrons. His approach
won him a mixture of admira-
tion and scorn from others in
the electro-optics community,
many of whom believe that a
more sensible strategy would
rely on a hybrid of optical and
electronic components.

Still, along the way to an
all-optical computer, Huang
and his team of a half-dozen
researchers scored some note-
worthy successes. They played
a key role in inventing a kind
of microlaser ensemble, called
surface-emitting lasers [see
“Microlasers,” by Jack L. Jewell, James
P. Harbison and Axel Scherer; SCIENTIF-
IC AMERICAN, November]. They helped
push the use of integrated-circuit tech-
nology to craft tiny arrays of optical
lenses and built some of the first all-
optical logic gates. “So, even though we
were directed to optical computing, a
handful of people have already pro-
duced other things that will be fields
unto themselves,” Huang declares.

Yet the reorganization cooled Bell
Labs’ enthusiasm for Huang’'s work.
“Having Alan Huang and his ideas is



just fine,” says William F. Brinkman, ex-
ecutive director of the physics division.
“But you don’t want to grow that to a
large effort because the business is
very uphill.”

Once Huang needed only to push the
boundaries of optical computing to win
support and kudos within Bell Labs;
now it is unclear how his group should
be contributing to the company. “The
messages are vague,” says M. Christina
Gabriel, one of Huang's staff. “If what’s
needed is for the company to start
leading us, then we should go in a cer-
tain direction. But we'’re just hearing
‘Go ahead—but do with less money.
And maybe you’ll get cut off,” she says.

The ambiguities and stresses of the
new environment are evident even in
Bell Labs’ showcase effort of teaming
of research and development, namely,
Temkin’s effort to develop better man-
ufacturing procedures for specialty la-
sers. The project began to take shape
when the AT&T microelectronics plant
in Reading, Pa., needed help in develop-
ing techniques for fabricating solid
state lasers that could operate in very
hot environments.

After much negotiation, Temkin and
his colleagues devised a two-part ap-
proach. In one room at Bell Labs, using
equipment they have worked with for
years, Temkin and his colleague Ralph
A. Logan whip up batches of minia-
ture laser wafers, testing dozens of
combinations of fabrication conditions.
Across the hallway is a new machine,
this one identical to the equipment
used by their Pennsylvania colleagues
to build much larger wafer arrays.

Once Temkin and Logan have reached
some conclusions based on their exper-
imental equipment, they walk across
the hall and try out the ideas on the
larger, production machine. Successful
procedures are then relayed to the Penn-
sylvania team.

Ironically, Temkin has found that
communicating progress to manage-
ment in the research division has
turned out to be tougher than sharing
details with his colleagues in produc-
tion. “We have a structure in which en-
gineering [as opposed to science] is not
understood, and yet it is supposed to
be the most important part of my job!”
he says. One manager asked him: “‘Are
you still doing this grungy stuff?’” At
least, Temkin says, “he recognized that
there is a period of grungy stuff that
has to be done.”

Temkin also wonders how he and his
colleagues in research will be rewarded
for their efforts. In the research divi-
sions, he points out, there is little tradi-
tion of celebrating advances in com-
mercial applications. “People here be-

lieved in the past that applied work
wasn’t well rewarded,” Temkin says. In-
stead bonuses and salaries—and the
psychological rewards of building a
reputation—were coupled to such
benchmarks as the number of papers
researchers published in respected
journals and the number of invitations
they received to speak at conferences.
“So the question is what to do with
someone who does an applied project
and doesn’t publish anything for a
year,” he points out.

Such questions only begin a list of

Over the next five years
the test is: Will AT&T
be healthy or not?

—Arno A. Penzias

confusing and vexing issues that Bell
Labs managers now face—issues that
little in their previous careers has pre-
pared them to tackle. Twenty years ago,
Fleury recalls, the primary criterion for
promotion into management was simply
scientific prowess. Management train-
ing consisted of “sitting through a few
days of management orientation and
learning to deal with people,” he recalls.
Now the job demands the equiva-
lent of night vision. Midlevel manager
jobs “are a nightmare,” Penzias concurs.
“The world that this manager inter-
faces with has changed enormously.
The rules have changed,” he says. Be-
fore the breakup of AT&T, there was
a five-tier hierarchical structure above
a young department head, and every
manager was a technical leader. “Now
the department heads are working for
business people,” Penzias states.
Managers now find they must contin-
ually be looking sideways to spot the
product possibilities for research ef-
forts. “It used to be, in the sequential
days, you built something, and then
someone else worried about it. You
mailed it away. Today people are beat-
ing on you constantly,” Penzias says.
These managers are also in the thick
of reshaping one of the most delicate
cultural issues at Bell Labs: the “star”
researcher versus the team player. For
decades, points out Paul S. Henry, di-
rector of the communications systems
research lab, Bell Labs fostered stars. It
hired the best and brightest young sci-
entists, creating a fiercely competitive
coterie of scientific Brahmans. That in-
tellectual arrogance often translated
into a fierce passion to prove a re-
sult—and so led to the classic Bell Labs
breakthroughs.
But carrying an idea through devel-
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opment requires a different sort of
temperament, “someone who under-
stands the universe is bigger than him-
self or herself,” Henry says. The trick
will be finding ways to blend different
types of people. “Every lab should have
one or two stars,” he maintains. “But I
think an important issue is: Will those
people want to work at Bell Labs? How
can I entice such a person to come to
Bell Labs?”

Current staff members, meanwhile,
are watching management for cues
about the sanctioned balance between
applied projects and their more free-
form research. “Are you going to be
punished [for doing applied projects]
or allowed to go back to research?”
Temkin asks.

Such ambiguities have gnawed at the
fragile bridge of trust between re-
searchers and managers. In years past,
the researcher-manager relationship
was relaxed, Fleury points out. Creative
researchers were sheltered from dis-
tractions; department heads translated
their work for the hierarchy above. “It’s
still true to a degree,” Fleury adds, “but
I don’t think people trust their man-
agers to represent them.”

Critical to restoring that confidence
will be convincing researchers not only
that the research is important to corpo-
rate AT&T but that superlative science
will remain a hallmark of Bell Labs. “We
remain thoroughly committed to re-
search into basic science as well as to
the potential applications that are of
benefit to humankind,” declares John S.
Mayo, who was appointed president of
Bell Labs this past summer.

Researchers are “more worried than
they need to be,” Fleury insists. “People
in research management are saying, ‘It’s
not such a big deal, you have to trust
us. We believe there’s commitment for
the long range.’ But I don’t believe that
message is being accepted all the way
down the line.” It will take more than
words to convey that message. Fleury
hopes that once Bell Labs has endured
a few budget cycles, researchers’ confi-
dence in their managers will grow.

The structural changes are complet-
ed, Penzias adds. As the dust settles,
he hopes researchers will begin to be-
lieve in the new approach. “To say that
we’ll ever be totally happy, that I'm go-
ing to bring the 1950s back—sorry, I
can’t,” Penzias says. Both he and Mayo
argue that realigning research to in-
clude a stronger focus on customers
will help spur more research of the
type that led to the transistor and the
laser. What remains to be seen is
whether Penzias has adopted the right
religion and whether he can convert the
rest of Bell Labs. —Elizabeth Corcoran
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Thinking of Machines

Hillis & Company race
toward a teraflops

n 1981 a graduate student in Mar-

vin L. Minsky’s Artificial Intelli-

gence Laboratory at the Massa-
chusetts Institute of Technology wrote
a curious memo. First he complained
that computers were too slow: try to in-
still even a twinkle of intelligence in
them, and they bog down even more,
he said. Then he proposed a solution:
a novel computer built by connecting
thousands of weak processors.

Ten years and 450 employees lat-
er W. Daniel Hillis and his Cambridge,
Mass., company, called Thinking Ma-
chines, plan to unveil his third com-
puter based on that concept. This
one, Hillis believes, may finally muster
enough speed and grace to let him
tackle artificial intelligence. According
to Hillis, the raw processing speed of
the largest version of this series of

COMPUTERS should not look like refrigerators, Danny Hillis declares. This version

Connection Machines, dubbed CM-5s,
could be as much as a trillion floating-
point operations per second (tera-
flops)—a trophy eagerly sought by
more than half a dozen of the world’s
leading supercomputer designers.

The models of the machine that
Hillis was slated to unveil in late Octo-
ber will not reach a teraflops. But based
on that design, Hillis says he can plug
together about 16,000 processor nodes
and “comfortably” calculate at the tera-
flops level. Thinking Machines has not
yet priced such a machine, which would
likely occupy an area as large as a ten-
nis court. Smaller CM-5s will range from
$1.5 million for a 32-processor-node
machine to $20 million for an 8,000-
node machine.

Like the first computer introduced
by Thinking Machines in 1987, the CM-
5 is a parallel processor—one that sets
many computing elements to work on
a problem simultaneously. The new de-
sign should further push so-called par-
allel computing into the mainstream,
partly with the assistance of IBM, which

of his new supercomputer uses 1,024 processor nodes. Photo: Steve Dunwell.
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recently gave a nod of approval to
Thinking Machines in the form of a co-
operative research agreement.

Yet whereas the early Connection
Machines relied on thousands of rela-
tively simple one-bit processing units,
the CM-5 could use as few as 32 pro-
cessing nodes. These nodes rely on a
package of four accelerator chips, along
with a sophisticated microprocessor,
called a RISC chip, which runs fast by
carrying out simplified instructions.

From a user’s point of view, the CM-5
may also help bridge the two divergent
schools of parallel programming that
have developed over the past few years.
The new architecture has been designed
to let users take advantage of both SIMD
(single instruction, multiple data) and
MIMD (multiple instruction, multiple
data) programming. Hillis had previous-
ly emphasized SIMD programming, in
which one instruction is broadcast to
all processors, which then carry out the
operation on their own datum. Other
designers have pursued MIMD, in which
more complex processors use differ-
ent instructions to manipulate different
data sets. Although MIMD architectures
can adapt more flexibly to a wider
range of problems than can SIMD de-
signs, they can be difficult to program.

During the past year or two, SIMD
machines, such as those built by Think-
ing Machines and MasPar Computer in
Santa Clara, Calif., have been gradually
edging closer to MIMD designs, points
out Jeffrey C. Kalb, president of Mas-
Par. In the CM-5, every node can oper-
ate either on its own independent set
of instructions (in an MIMD fashion) or
on instructions broadcast to all proces-
sors (SIMD). Independently operating
nodes are synchronized when neces-
sary. Depending on the work at hand,
processing nodes might undertake
10,000 operations without being syn-
chronized—or communicate with one
another at every step.

Physically connecting such process-
ing nodes, however, is no trivial task.
According to Hillis, researchers from
Thinking Machines and from M.LT.
have created a network in which the
amount of communication possible be-
tween processors increases at the same
rate as that at which more processors
are added. Hillis is still reluctant to
provide precise details of the network
that makes the machine so “scalable.”
Even though communication between
nodes physically adjacent to one an-
other will still be faster than between
distant nodes, Hillis says that the pre-
cise geometry of the processors is far
less important than it was in earlier
Connection Machines.

The communications scheme is also



key to two other important features
of the machine: its reliability and the
speed with which it fetches or sends
data to external memory banks (called
I/0, for input/output). Almost a third
of the circuits in the communica-
tions network are devoted to ensuring
the machine is functioning properly.
Should a processor fail, the machine
will automatically reroute tasks and
data, without significantly slowing down
its speed, Hillis says.

Shuttling data in and out of an exter-
nal memory is essentially an extension
of the communications network used
within the machine. As a result, multi-
ple I/O ports, each of which can oper-
ate at about 20 megabytes per second,
can be teamed to transfer data at hun-
dreds of megabytes or even tens of gi-
gabytes per second.

Hillis is betting that the SIMD/MIMD
duality of his machine will open up
new classes of problems that earlier
models of Connection Machines did
not handle well. By late November,
when the first four CM-5s were sched-
uled to be working at customers’ sites,
users will have had a chance to answer
that question for themselves. But first
they will have to resolve some software
problems. Because the architecture of
the Connection Machine has changed,
users of earlier models must recom-
pile, or rearrange, their programs be-
fore the software can run on the new
CM-5. “The single biggest problem the
industry faces is developing software,”
declares Kalb of MasPar.

Thinking Machines’ recently an-
nounced partnership with IBM might
help boost its software reach. IBM has
clients who need highly parallel ar-
chitectures, says Irving Wladawsky-Ber-
ger, an assistant general manager for
IBM’s enterprise systems division. At
the same time, “there is a class of cus-
tomers for whom having it in a blue
box with ‘IBM’ on the side is the solu-
tion. They need speed integrated to
IBM,” Hillis points out. Although the
two computer makers do not plan to
market their products jointly, they will
develop techniques for moving cus-
tomers’ programs from IBM’s 3090 se-
ries of mainframes to various Connec-
tion Machines.

Hillis is not planning to make any
major changes in future architectures.
“We’ve pretty much settled into the
right general trend for parallel ma-
chines for the next decade,” he says.
Hillis himself plans to spend his time
using the machine, particularly concen-
trating on artificial-intelligence applica-
tions. “Now,” he adds, “we can’t blame
the power of the tools for not having a
thinking machine.” —Elizabeth Corcoran

Beyond Sympathy

Growth factors may help
heal stubborn wounds

‘ ~ ] hat sounds like a line from a
country heartbreak song is in
fact a serious medical prob-

lem for many people: some hurts never
mend. Nonhealing wounds often afflict
diabetics, whose loss of sensation in
the limbs invites injuries the body can-
not rally itself to repair. People with
immune systems suppressed by toxic
therapies or AIDS may also suffer ul-
cerations that refuse to go away, as do
bedridden hospital patients.

For now, doctors have little save
sympathy to offer, but biotechnology
may soon provide something more tan-
gible and effective. Growth factors—
natural proteins found in high concen-
tration at sites where healing occurs
normally—show much promise for
wound healing.

A Who'’s Who of biotechnology com-
panies, including Genentech, Amgen,
Chiron, Synergen, California Biotech-
nology (Cal Bio) and ZymoGenetics, are
all developing various forms of these
substances. So, too, are such major
pharmaceutical firms as Merck, Ciba-
Geigy and Bristol-Meyers Squibb, alone
or as big brothers to smaller firms.

Growth factors are reinforcing scien-
tists’ understanding of healing as a se-
ries of steps because each appears to
work at a different point in the pro-
cess. A protein known as platelet-de-
rived growth factor (PDGF) seems to
kick off the healing cascade by recruit-
ing infection-fighting cells. Others, such
as fibroblast growth factor (FGF), pro-
mote growth of new blood vessels that
supply local cells with nutrients and
oxygen. Transforming growth factor-
beta (TGFb) appears to work later in
the cycle to spur deposition of a matrix
where cells may cluster.

The names of the factors reflect the
tissues from which they were first iso-
lated, although researchers now know
the proteins exist in small quantities in
just about any tissue and also perform
other functions. For instance, PDGF was
recently found in the brain, far from
platelets that course through the blood.
“The names tend to stick pretty strong-
ly, even if they’re no longer that appro-
priate,” observes Hugh D. Niall, vice
president of research discovery at Gen-
entech in South San Francisco, Calif.

Gauging which factor will be most
effective for treating a particular type
of wound “boils down to what you
think is going wrong in that particular
case of nonhealing,” explains Judith A.
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Abraham, a molecular biologist and
principal scientist at Cal Bio in Moun-
tain View, Calif. “Once you know that a
factor performs a particular function,
you say, ‘Okay, now let’s go find wounds
where that's a problem.’” Her firm is
testing FGF in the treatment of pres-
sure sores as well as diabetic and ve-
nous ulcers. All three are “microcircula-
tion” disorders at the capillary level.

“There is enormous expectation that
these factors are going to work, but
there are still substantial hurdles,”
states Mark J. Murray, director of new
business development at ZymoGenet-
ics, the Seattle subsidiary of Novo-
Nordisk. One will be proving to the sci-
entific community and later the U.S.
Food and Drug Administration that
growth factors actually convey a thera-
peutic advantage.

“Quantitatively measuring wound
healing is not a trivial matter,” Murray
says. He explains that nonhealing
wounds often respond simply to the
basic care of putting someone in a hos-
pital, cleaning the damaged area and
paying attention to it. Demonstrating
that growth factors accelerate this
regime’s rate of healing is hard to do.
Consequently, companies will not dis-
cuss publicly how much or how often
they are giving the drugs.

Researchers are still trying to figure
out the best way to deliver the proteins
to the site where they are needed and
keep them there long enough to be ef-
fective. “You need a formulation with
sufficient viscosity to hold the growth
factor in contact with the wound, but
you don’t want something that will bind
and inhibit release of the protein,” says
Alan F. Russell, vice president of scien-
tific affairs at Chiron in Emeryville, Calif.
Chiron initially delivered one of its
growth factors in a simple solution that
was easy to make and assay, but it now
uses a gel instead.

Companies are wishing for some-
thing that would bind and inhibit their
competitors—patents, for instance. Only
Synergen has been issued one so far,
for basic FGF. The Boulder, Colo., firm
is furthest along of any of the compa-
nies developing growth factors; it in-
tends to seek marketing approval for
FGF from the FDA in 1992.

As various growth factors become
available, some researchers anticipate
that they may be used in cocktails.
Such combinations might speed post-
surgical healing of immunosuppressed
or even basically healthy individuals
anxious to be released from hospitals.
Others dismiss such a give-it-all-you've-
got approach as overkill, an arrogant
affront to the body’s own miraculous
ability to heal itself.—Deborah Erickson
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Seeing Is Believing

‘A picture may be worth
a million-dollar settlement

ore often than not lately, a

| \/ I jury of one’s peers can reach

a verdict only by understand-

ing how things work: how pressure can

cause a valve to rupture, how an oil

tanker navigates by radio beacon or

how DNA fingerprinting can identify a
suspect.

Responding to the need for crash
courses in science, technology and med-
icine, trial lawyers have begun to give
the average juror something to relate to:
Television. Increasingly, the deftest at-
torneys in big-dollar cases are, through
the use of computer ani-
mations, adding time and
motion to legal exhibits
presented as evidence. In
an aviation case, for exam-
ple, the jury may watch a
precise computer-generated
replica of an airplane up to
the moment of impact.

“This is like a third- or
fourth-grade class when
the teacher says it's time
for a movie,” says David W.
Muir, senior vice presi-
dent of Forensic Technolo-
gies International (FTI), in
San Francisco. “These ani-
mations get the jury’s, the
judge’s and everybody’s
attention.”

In fact, computer graph-
ics often receive good rat-
ings in the jury room, even
for seemingly implausible
theories. Howard L. Na-
tions, a Houston trial attor-
ney, had to find a way to
convince a Texas jury in
1989 that the buffeting of a roller coast-
er had caused a 16-year-old boy to suf-
fer a torn artery and subsequent stroke,
which left him partially paralyzed.

Nations knew that he might have
a tough time. Nothing resembling the
facts of the case could be found any-
where in the legal literature. And his
opponent, the AstroWorld amusement
park, was sure to point out that a
stroke had never been experienced by
the eight million riders that had paid
their money to ride the Cyclone. (After
the incident, however, the park owners
changed the seat design.)

Nations took no chances. For
$18,550, he hired FTI to make a 15-
minute animation to back up the tes-
timony of his three expert witnesses.
The animation, which reenacted a por-
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tion of the ride, showed a faceless boy
whose head was tossed from side to
side by forces of gravity as the train
raced down and around the Cyclone’s
precipitous inclines and hairpin curves.
Arrows on a grid that was superim-
posed over the image of the roller
coaster moved along the axes to show
the magnitude of the g forces. Another
animation went on to reveal how a
blood clot from the boy’s broken artery
moved to the brain, where it caused a
blockage that led to a stroke.

The 12 jurors, who shared memories
of uneventful roller coaster rides, were
initially skeptical of the claim, according
to Howard H. Fields, a data-processing
manager who served on the jury. Even
so, they decided after two days of delib-
eration to award the boy $2.5 million.

G FORCES assaulting the head of a roller coaster rider are de-
picted by arrows in this courtroom computer animation.

The graphic imagery seemed to help
the jurors make up their minds. Fields
believes that without the animations
and an understanding that they provid-
ed of g forces and thrombosis, he
might have voted for dismissal. (Citing
a technical point of state law unrelated
to the graphics, the district court judge
in Houston later ruled that the boy was
not entitled to recover any money. Na-
tions and AstroWorld then settled the
case for an undisclosed sum, thereby
averting an appeal.)

Although animated graphics have
been used hundreds of times, they
have largely been confined to cases
where $1 million and often much more
is at stake. The painstaking process of
refining the graphics and animation
can take a year’s work and cost hun-
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dreds of thousands of dollars in fees.

One fear lawyers have is that a
$100,000 animation will be crafted by
a specialty graphics house only to be
thrown out by a judge who is suspi-
cious of computers and videos. An at-
torney must also expect the inevitable
objections from an opponent that an
animation distorts evidence.

Because of these caveats, most court-
room animations try to avoid visual
dazzle or any overt appeal to jurors’
sentiments by eschewing blood, corpses
and likenesses of victims’ faces. Ani-
mations are often introduced as de-
monstrative evidence, merely to illus-
trate the testimony of expert witnesses.

Graphics are ideally suited to avia-
tion litigation, both because of the size
of the claims involved and the availabil-
ity of cockpit voice and
data recorders. A graphic
model of the plane can fol-
low the exact flight path
using yaw, pitch, roll and
other data from the flight
data recorder while also
using the voice recorder
tape as a sound track.

To defend the Feder-
al Aviation Administration
and the National Weather
Service successfully against
a negligence claim by Del-
ta Airlines and others, the
U.S. Justice Department
turned to a computer-ani-
mated video, says Kath-
lynn G. Fadely, the lead
Justice Department coun-
sel in the case. The video
showed the last moments
of a Lockheed L-1011 air-
liner operated by Delta
Airlines that crashed be-
cause of wind shear at the
Dallas-Fort Worth Interna-
tional Airport in 1985.

Delta and its co-plaintiffs, which also
used a graphic animation, charged that
the pilots had not received warning of
the weather conditions. The government
video combined the black-box infor-
mation with meteorologic data to help
prove the pilots could see they were
headed directly into a lightning storm
and that the airplane’s radar could
have helped them avoid the foul weath-
er. “If  were in a case that justified the
cost, I certainly would use this tech-
nique,” says Thomas Gibbs Gee, one of
three federal judges (since retired) who
heard an appeal of the nonjury case.

Going to court may be more and
more like going to the movies. After an
18-month trial, what a juror or judge
remembers best may be 15 minutes of
cartoons. —Gary Stix



THE ANALYTICAL ECONOMIST

“All I Want for Christmas Is....”

y mid-autumn, Michael J. Boskin,
B who chairs the President’s Coun-

cil of Economic Advisers, had al-
ready made up his Christmas list. Pri-
vately and publicly he declared that he
had just one wish: that the Federal Re-
serve would increase the money supply.

But much like the child who longs for
a new pair of Nikes because he wants
to be the star center of the school bas-
ketball team, Boskin yearns for action
by the Fed to satisfy a subtler desire:
he wants a perkier economy. What is
unclear, economists say, is whether the
government has the means to make
that wish come true by Christmas—or
whether it should even try.

Traditionally, the government has
two instruments for influencing the be-
havior of the economy—fiscal policy
and monetary policy. The first involves
a decision either to spend money to en-
courage growth or to increase taxes to
rein it in. Monetary policy is largely in
the hands of the Federal Reserve, which
can expand or constrict the money sup-
ply by changing the interest rate it
charges banks that borrow money.

Trying to “fine-tune” the economy
with these tools has always been a bit
like trying to adjust a pocketwatch with
chisel and hammer. What is more, after
the government’s spendthrift habits of
the past few years, economists point
out, with a note of smugness, that fiscal
policy has become even more blunted
than usual.

Fiscal policy is and under the current
circumstances should be ineffective,
states Charles L. Schultze, who chaired
the Council of Economic Advisers in
the late 1970s and is now with the
Brookings Institution in Washington,
D.C. Because the government has al-
ready run up the largest deficit in U.S.
history—estimated to be almost $280
billion in 1991—it cannot spur growth
by forcing increased spending.

If it tried to do so, argues Frederick
C. Ribe of the Congressional Budget Of-
fice, the financial markets would likely
respond by pushing up interest rates;
such a reaction would effectively wash
out any stimulus provided by a federal
spending spree. “Spending more money
now would prove that the government
isn't serious about reducing the def-
icit,” he points out.

Monetary policy should still work,
economists say, but they debate pre-
cisely how effective it can be. Delos R.
Smith, a senior business analyst at the
Conference Board in New York City, ar-
gues that the atrophy of fiscal policy si-
multaneously weakened monetary poli-
cy. For instance, to increase the money
supply, the Fed must push down inter-
est rates. But lower interest rates may
also dampen investors’ eagerness to
buy interest-bearing Treasury bills,
which are needed to help finance the
U.S. economy.

Even though lower interest rates
should loosen up the flow of money
through the economy by encouraging
banks to lend and consumers to bor-
row (and to spend), both banks and
consumers seem to be guarding their
pocketbooks, Smith adds. Consumers
may be waiting until they are convinced
the recession is over and their jobs are
secure. Banks, singed by debt-laden

Do fiscal and monetary
policy have sufficient
pizzazz to perk up

the U.S. economy?

balance sheets, are scrutinizing loan
applications more carefully. “The most
optimistic outlook is that we’ll have
mediocre growth at best,” he predicts.

Schultze disagrees that monetary
policy would be ineffective. “Interest
rates, in real terms, are still very high
by historical standards,” he declares.
“The recovery is faltering, as it did in
1971, when we had a mild recession
and faltering recovery. But ultimately
monetary policy can get us out of it,”
he adds.

The Federal Reserve could easily
pump up the economy by increasing
the money supply if it wanted to do so,
concurs Herbert Stein of the American
Enterprise Institute in Washington, D.C.
Even fiscal policy is not choked by the
current deficit, he suggests. “Who’s to
say the proper size of the deficit in a
recession?” demands Stein, who chaired
the Council of Economic Advisers in
the early 1970s. Perhaps it should be
$350 billion “and not a penny more.”
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Then again, $400 billion might be palat-
able as well, he adds.

Nevertheless, for his part, Stein op-
poses efforts to stimulate the economy
by any policy at this point. “This reces-
sion is very mild,” he emphasizes, “just
on the path of the average postwar
recession. The economy doesn’t need
pumping.” Those who complain that
stimulation would be ineffective or even
detrimental, he contends, are just “us-
ing that argument against doing what
they don’t want to do anyway.”

Stein has unusual company support-
ing this view—namely, progressive econ-
omists. Samuel S. Bowles of the Univer-
sity of Massachusetts at Ambherst, for
instance, argues that blind reliance on
manipulating market forces, such as the
size of the money supply, has forced
the U.S. economy into its current straits.
Bowles calls for abandoning the “hid-
den hand” of the marketplace in favor
of a more visible “handshake” among
labor, management and capital.

Such cooperation, adds David M. Gor-
don of the New School for Social Re-
search in New York City, might enable
workers in the U.S. to spend more time
doing productive work and less time
simply supervising one another—a task
that occupies 12 percent of the non-
farm work force in the U.S. but only 4
percent in Japan and 3 percent in Ger-
many, Bowles observes.

What Boskin should want for Christ-
mas, Bowles says, is for “the business
community to give up its antiquated
love affair with unregulated markets,”
so the government can pursue policy
“unencumbered by archaic dogma.” Af-
ter all, he adds, not one of the U.S.’s in-
ternational competitors labors under
the illusion that economic growth re-
quires enterprise to be completely free
of governmental intervention.

Schultze offers a different Christmas
wish: that Boskin will “tell his boss to
stop yakking about capital gains.” Echo-
ing Stein’s view that there is no cause
for panic, he believes a gentle push
from the Fed might now be in order.
Should the Fed not act, the government
might overreact and try to jump-start
the economy through “an unholy al-
liance on the Hill—more spending, tax
cuts for the middle class, capital gains
tax.” And that, Schultze avers, will be
the economic equivalent of putting
Pandora’s box under the tree.
—Elizabeth Corcoran and Paul Wallich
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MATHEMATICAL RECREATIONS

by Ian Stewart

A Short Trek to Infinity

aptain’s log, stardate 2529.2:
‘ “The five-year mission of the

Starship Overambitious is to in-
vade strange, new worlds, to wreak
havoc in new civilizations and to boldly
go where Starfleet tells us. But mostly
we run into space-dwelling zombies
who think they can pulverize a star-
ship. Just yesterday a cosmic caterpil-
lar encased us in a gigantic cocoon.
The critter was no match for our mat-
ter-antimatter loom, and we wove the
cocoon into enough silk for the entire
crew. We have set a course for—"

Red alert, red alert, whoop, whoop.

Startled, Captain Jonah T. Kink near-
ly fell out of his command chair.

“Good grief, what is it, Mr. Pock?”

First Officer Pock jumped to his con-
sole. “Captain, we seem to have en-
countered a strange, glowing region of
space,” he said, raising an eyebrow and
wiggling his shaggy ears. “I am 99.357
percent sure that we have entered an
Ideal Newtonian Field.”

“What in blazes is an Ideal Newtoni-
an Field?” Dr. Annoy exclaimed from
across the room.

“Quiet, Annoy, or I'll send you back
to suture the cosmic caterpillar!” Kink
barked. “Go on, Mr. Pock.”

Pock was born and raised on the
planet Vulgaria. His mother was a Vul-
garian, and his father was a Warthog.
So Pock was half-Vulgar; some said
more. “Captain, the red alert began as

.

(4

PLANET

SLINGSHOT EFFECT speeds up a planet when it approaches
a star in a direction opposite to the motion of the star (a).
When a planet approaches in the same direction as the star is
traveling (b), the planet will slow down, and the star will ac-
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we approached a planet inhabited by
extraordinarily intelligent aliens known
as the Weelers. Their technology is so
advanced that they can create entire
universes, very different from our own.
The Weelers seem to have captured us
in a universe governed by the laws of
Newtonian physics. The Overambitious
is now traveling through an infinite,
three-dimensional universe in which
both space and time are absolute.”

“You mean there’s no relativity. Ein-
stein would be horrified.”

“A logical deduction, Captain. But the
implications are much more alarming.
In an Ideal Newtonian Field, a massive
body may be nothing more than a
point in space, and—excuse me, Cap-
tain. Sensors indicate a projectile head-
ing in our direction.”

“Put it on the screen, Mr. Pock. Eva-
sive maneuvers, Mr. Flakeoff.”

The projectile was picking up speed,
faster and faster.

Whoosh!

Kink and his crew shook like com-
muters on a subway. “Lieutenant Ya-
hoota, did you get a fix on the trajecto-
ry of the projectile?”

“The projectile was bearing 12 point
53 point 30, but then it suddenly left
the universe.”

“You mean it vanished?”

“Not exactly, sir. It reached infinity. It
got there exactly 17.23 seconds after we
detected it.”
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“Astonishing,” Pock declared. “A phe-
nomenon completely unknown to Hu-
mans or Vulgarians.”

“The projectile consisted of a num-
ber of point masses,” Yahoota added.

“Mr. Dott, what’s your analysis?” The
chief engineer, a Scotsman, studied his
instruments. “Newtonian point masses,
ah’d hazard a wee guess. Verra tiny par-
ticles, sur. Either Newtrons or Newtri-
nos, ah’'m not sure which.”

“Any evidence of unusual forces?”

“No, sur. Just the usual inverse square
law of gravity.”

Mr. Pock punched a few keys on his
computer. “Captain, the projectile flew
away to infinity in a finite period of
time, unaided by any technology, except
for the Newtonian Idealization Field.”

“But—that’s impossible,” Kink ex-
claimed. “A system of gravitating point
masses can't just whiz off to infinity. It
would violate the law of conservation
of energy.”

“Captain, that is unclear,” Pock ex-
plained. “Any gain of kinetic energy
might be compensated by a loss of po-
tential energy. The masses can go
faster provided they travel through an
ever weakening gravitational field. Such
a situation can arise if the masses con-
tinue to spread farther apart. Yahoota,
did all the masses depart toward infin-
ity in the same direction?”

“No, Mr. Pock, the masses essentially
exploded in all directions,” she said.

Kink persisted. “Well, in any case, the
masses still can’t get to infinity. That
defies logic.”

celerate. Because of the slingshot effect, the celestial bodies in
the configuration at the right (c) will accelerate in various di-
rections. The system will expand to infinity in a universe
where the laws of relativity play no role.



Pock’s ears pricked up at the sound
of one of his favorite words. “Logically,
Captain, that is correct. But in a certain
sense, one can show that a particle will
get to infinity if one deduces that the
particle will pass beyond a sphere of
any fixed size after an appropriate pe-
riod of time.” Kink looked perplexed.

“Captain,” Pock continued, “think of
a single particle traveling in a straight
line at a constant speed. After infinite
time, it will have removed itself from
the interior of any finite sphere, effec-
tively falling off the edge of the uni-
verse. Except, of course,” he added
hastily, “that one can'’t fall off the edge
of an infinite universe.”

“Naturally, Mr. Pock, I meant that the
masses cannot escape to infinity in a
finite period of time.”

Pock waggled his ears, thinking
deeply. “You are probably right, Cap-
tain. But a mechanism of sorts does
suggest itself to me.”

Mr. Dott snorted loudly. “Kindly en-
lighten us, Mr. Pock.”

“If a particle accelerates rapidly
enough, then it can travel an infinite
distance in a finite time. Imagine that
for the first second a particle moves at
a speed of one meter per second. In the
first second, it travels one meter. Now
accelerate it so that for the next half-
second, it moves at two meters per sec-
ond, traveling a meter farther. Then
continue in the same way, halving the
time interval and doubling the speed,
like this.” With his Starfleet stylus, Pock
drew up a table:

Speed Distance| Total

(m/sec)| (m) |distance
Fistsecond | 1 | 1 | 1
Next half second| 2 1 2
Nextquarter | 4 | 1 | 3
Next eighth 8 1 4
Next 16th IS ‘ 5
Next 32nd 32 1 | 6

“After two seconds, the particle will
have traveled an infinite distance—
provided the velocity increases at a
rate greater than that at which the in-
tervals of time decrease. In other words,
any particle will reach infinity if its
speed increases geometrically over in-
tervals that decrease geometrically. I
call this Pock’s Principle of Geometric
Growth. The time required to reach
infinity depends on the growth rates,
but it will always be finite.”

“But, Mr. Pock,” Dott chirped, “that
means the little devil must be able to
travel faster than light.”

“Yes,” Pock said, “but I need not re-
mind you that in an Ideal Newtonian
Field, an object can achieve a velocity
greater than light.”
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ANY NUMBER of planets and stars can escape to infinity if they orbit in such pat-
terns as the one above. The pattern is based on a regular polygon, here an octagon.
For each side of the polygon, there are two stars and a planet. Pairs of stars orbit
around each vertex of the polygon. The planets travel from pair to pair.

Kink drummed his fingers on his
chair. “Dotty, can we defend the ship
against Newtonian point masses?”

“Newtron bombs would do the trick,
sur. But our supplies o’ those are verra
limited. Just help me with one ques-
tion, Yahoota. How many of those
pointlike monsters passed us by?”

“Not sure, sir. Not very many. The
events happened so fast, the instru-
ments could not get a precise count.”

“It cannot be just one body,” the Vul-
garian grunted. “Under Newtonian grav-
ity, a single body—not influenced by
any other forces—moves at a constant
velocity in a straight line.”

“So perhaps there were two bodies,”
Kink asserted.

“No, Captain,” Pock said. “With two
particles, the orbits would be either el-
lipses, hyperbolas or parabolas. Planets
travel in elliptical orbits; comets from
deep space move in parabolic or hyper-
bolic orbits. Planets in elliptical orbits
cannot reach infinity at all—they re-
main bound to their suns. Comets can
reach infinity, but they take an infinite
amount of time to get there. Comets
slow down as they get farther away.”

“So how many of these blasted bod-
ies are there?”

“Captain, we can rest assured,” Pock
stated, “that the Weelers would use the
smallest possible number of masses.
Their extreme efficiency is legendary.
I'll call up the information on the ship’s
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computer.” Pock turned more knobs.
“Interesting. It appears that the prob-
lem was first posed in stardate 1895 by
the mathematician Paul Painlevé—"

“No need to read to us, Pock. Turn
on the computer’s speech synthesizer.”

The computer spoke in a voice that
sounded like Daffy Duck talking
through a tin can. “Painlevé studied
singularities: situations in which the
laws of Newtonian physics break down.
More specifically, a system can have a
singularity at some instant of time if
the solutions to its dynamic equations
cannot be continued past that instant.
The simplest singularity for a system
of gravitating point masses occurs
when two masses collide and occupy
the same point in space. Besides colli-
sion, singularities occur when a mass
reaches infinity in a finite amount of
time. Such situations are known as
hypersingularities.”

“As I already explained,” Pock added,
“one or two bodies cannot possibly
produce hypersingularities.”

“Why, Mr. Pock,” the computer cried,
“you are so intelligent I would kiss you
if I could.” The Vulgarian blushed.

“Computer!” Kink barked. “Quit flirt-
ing with Mr. Pock and get on with it.”

“Painlevé proved that three bodies
cannot generate a hypersingularity, but
he could not extend his result to four
or more bodies. Painlevé recognized
two varieties of hypersingularities. One
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kind occurs when a body flies off to
infinity along a simple trajectory. The
other kind involves a body that starts
to oscillate ever more wildly as time
approaches some particular value. In
the 20th century Hugo von Zeipel of
Uppsala University in Sweden, Richard
P. McGehee of the University of Min-
nesota, Donald G. Saari of Northwest-
ern University and Hans Sperling, then
at Boeing Aircraft in Huntsville, Ala.,
proved that any system that generates
one type of hypersingularity must also
produce the other kind. In other words,
some bodies must travel to infinity and
oscillate wildly.”

“Tell me more about these hyper-
whizzes and wobbles,” Kink demanded.

“Saari demonstrated that a hypersin-
gularity can arise from four bodies. But
if the speed, position and mass of those
bodies are chosen at random, then the
chance of a hypersingularity is nearly
zero. John N. Mather of Princeton Uni-
versity and McGehee did discover a hy-
persingularity in a system of four bod-
ies confined to a line—but only after an
infinite number of collisions, assumed
to be followed by elastic bounces.
Then, in stardate 1984, Joseph L. Ger-
ver of Rutgers University came up with
a scenario that allows five bodies to es-
cape to infinity. Let me show you what
Gerver discovered.”

The computer began projecting im-
ages on the main screen. It showed
three stars, one bigger than the others.
They were arranged in a triangle, with
an obtuse angle at the heaviest star [see
illustration on page 144]. “Remember,
the mass of these bodies is confined to
a point. Their size on the screen repre-
sents just their relative mass.”

An asteroid appeared in an orbit
around the outside of all three stars,
approaching them very closely. Each
time the asteroid passed the most mas-
sive star, it picked up speed by the so-
called slingshot effect. The asteroid
gained gravitational energy from the
star, whereas the star’s energy de-
creased by the same amount. On sub-
sequent encounters with the other two
stars, the asteroid transferred energy
to them by a reverse slingshot. As a re-
sult, the speeds of the asteroid and the
two less massive stars were increased.

“In this system the law of conserva-
tion of energy prevents the heaviest
star from speeding up, too. As a conse-
quence, none of the objects escapes to
infinity after a finite period of time. But
Gerver found a legal loophole.”

The computer displayed a fifth body,
a planet that orbited the most massive
star. Now as the asteroid whipped past
both planet and star, the planet began
to lose energy—so much that the mas-
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sive star began to gain some. On each
circuit of the asteroid, the stars and as-
teroid sped up, and the planet slowed
down, spiraling in closer to the star.
The energies balanced, and the triangle
began growing geometrically fast. In a
finite period of time, all three stars es-
caped to infinity, taking the asteroid
and the planet with them!

The computer continued: “Gerver ob-
served that although this scenario is
plausible, the calculations needed to
prove that it really works become so
messy that the proof cannot be
brought to a conclusion. Then, in star-
date 1989, Gerver used an idea sug-
gested by Scott W. Brown, now at Indi-
ana University, to prove that a number
of bodies, n, can escape to infinity if n
is large enough. The configuration used
is a more symmetric version of the tri-
angle of stars and consists of any num-
ber of pairs of binary stars, all having
the same mass.”

The computer displayed eight pairs
of stars, each pair making a circular or-
bit around its center of mass [see illus-
tration on preceding page). The centers
occupied the vertices of a regular poly-
gon with eight sides. The same number
of planets were moving approximately
along the edges of the polygon. The
planets all had the same mass but were
much smaller than the mass of the
stars. Each time a planet approached a
binary star, it gained kinetic energy via
the slingshot effect. The binary star
compensated by losing kinetic energy
and moving to a tighter orbit. The plan-
et also transferred momentum to the
binary star, causing it to move out-
ward, away from the center of the poly-
gon. Because of symmetry, all eight
pairs of binary stars were affected in
exactly the same manner at exactly the
same time.

The computer began to animate the
celestial bodies. At each stage, the poly-
gon grew; the planets moved faster,
and the binary stars closed up into
tighter orbits.

Mr. Pock grabbed the controls of the
computer like a Vulgarian child. “Wow!
Let me try!” He leaped up and down in
his seat until he saw the captain’s
stony glare. With effort, he controlled
his enthusiasm.

“Captain, the entire system does ap-
pear to escape to infinity after infinite-
ly many slingshots, which occur ever
more rapidly during a finite time,” Pock
said. “A computer simulation is not a
logical proof, however. It is necessary
to demonstrate that suitable initial con-
ditions will indeed produce the correct
sequence of events.” He thought for a
moment. “Symmetry should play a role
in the proof. It effectively reduces the



problem from 3n bodies to 3. Once you
have determined the positions and ve-
locities of one binary star and one
planet, symmetry determines those of
the remaining bodies. In other words,
the problem reduces to one about
three disconnected ‘bodies’—each a
regular polygon of point masses—
moving under a very complicated set
of forces. But it still looks like a rather
intractable problem to me,” Pock said.

“A proof that would satisfy the most
hairsplitting brand of logic can be
found for large enough n,” the comput-
er remarked, “because the forces sim-
plify in that case.”

“Blazing galaxies, all I want to know
is, how large must n be?” Kink asked.

“Gerver did not determine the pre-
cise value,” Pock answered.

“Confound it!” yelled the captain of
the Starfleet cruiser. “Can’t anyone give
me a simple answer?”

“In stardate 1988 Zhihong (Jeff) Xia,
then at Northwestern, proved that
there is a way to make five bodies es-
cape to infinity in finite time. His sce-
nario is different from Gerver’s, but it
also involves symmetry.”

“At last,” Kink sighed. “So five point
masses are enough.”

“And four almost certainly are not,”
Pock said. “Because the Weelers always
use the optimal means to achieve their
ends, the projectile must have consist-
ed of precisely five bodies.”

“Good. We certainly have five New-
tron bombs lying around. Now all I
need to figure out is what the Weelers
are up to. Why have they captured us
in an Ideal Newtonian Field?”

“Captain!” Yahoota glanced worriedly
over her shoulder, while her fingers
continued to rap a keyboard. “The
Overambitious is being pulled by the
gravitational field of a complex system
of nearby stars. Our speed is warp 1
and growing. Captain, it’s increasing
geometrically over geometrically de-
creasing intervals of time. Warp
2!...4!...8!...16!"

Kink turned to his helmsman. “Mr.
Flakeoff, fire the Newtron bombs be-
fore we all disappear into infin—"
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BOOK REVIEWS by Philip and Phylis Morrison

Science Books for Young People

THE SALAMANDER ROOM, by Anne Maz-
er. Illustrated by Steve Johnson. Alfred
A. Knopf, 1991 ($13.95).

rian is a little boy who came on
B an orange salamander crawling

through dried leaves in the
woods. He carefully carried the small
creature home to his own room.

We do not see Brian’s mother, but we
hear her serious questions. “Where will
he sleep? Where will he play?... He
will miss his friends.... How will you
feed them?... Soon there will be bugs...
everywhere.... Where will the birds and
bullfrogs live?” and after many answers,
“Where will you sleep?”

Brian considered each question
thoughtfully and gave his answer. He
imagined one by one every need of a
little orange animal. By the end, Brian
had turned his bedroom into the forest
itself so that the salamander might be
really at home. “I will sleep on a bed
under the stars, with the moon shining
through...the trees; owls will hoot and
crickets will sing; and next to me, on
the boulder...resting on soft moss, the
salamander will sleep.”

The strength of its web of inferences
and the tenderness of its simple words
and effective paintings elevate this qui-
et book to poetic stature. Most of the

20 pages present only a few lines of
text within the glow of woodlands col-
or. Any boy or girl old enough to imag-
ine bringing a salamander home can
enjoy and learn from this book, either
by reading it or being read to, most
likely many times over.

EXPLORABOOK: A KIDS’ SCIENCE MUSE-
UM IN A BOOK, by John Cassidy and
the Exploratorium. Palo Alto, Calif,
Klutz Press, 1991 ($16.95).

I : ids don’t have to open this
chunky book to see how differ-
ent it is. A magnet encased in

clear plasticis tied on, and on the front
cover is a spinner with a moiré pattern.
You can turn it slowly through daz-
zling gyrations of shifting color, easily
understood after one careful look.
That look is encouraged and explained
inside on page 84. “Please do not sim-
ply read this book....Itis a tool.” Itis a
book for people who tend to sit at the
back in science lectures, and it puts the
experience where it belongs, in your
own hands, along with the words that
help tease experience apart.

Seven sections go with the stuff you
need, right on hand in the book. Lively
pages tell of 50 cool and funny things
to do with it all. We mentioned the
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magnet, which can also be a compass
and the main part of an antigravity ma-
chine. Next comes a plastic sheet made
into a magnifier good enough to read
the dozen comic pages of Batman and
Robin reduced to one single book page.
Then come a couple of packets of agar,
enough to plant sugary microgardens
to host living bacteria and fungi.
“Ready for your guests. But where are
they?... The question should be,
‘Where aren’t they?’ Take your mouth,
for example. It’s disgusting. A teeming,
rich bacterial breeding ground...you
can see for yourself,” and do it safely.

A plastic grating for making rain-
bows follows, and then a flexible sil-
very mirror. A section on homemade
science lets you improvise experiments
with flowing air from your own hair
dryer. The pages are full of photo-
graphs and cartoons that explain the
experiments clearly. One of many opti-
cal illusions shows Elvis looking much
more natural upside down than right
side up (why?); another is a hard-to-be-
lieve perspective illusion about the short
and the tall. The final exam is a photo-
graph of a Russian cosmonaut. He is
suited up and out in space. “I'm lying
somewhere in this caption. Where?”
the author admits. It all looks okay, but
the daring cosmonaut in that bulky
suit is named Svetlana Savitskaya, and
“she is a mother of three.”

John Cassidy is the author of 20
Klutz guides on juggling, bicycles and
plenty of other kinds of “flying appara-
tus,” all in his easy, flip and candid
style. Now he has linked up with the
savvy staff of the Exploratorium, that
wonderful museum of science, art and
perception in San Francisco. But near
or far from the Golden Gate, this ac-
tive, “ouchless” book is a find for boys
and girls as well as their parents.




FLY THE HOT ONES, by Steven Lind-
blom. Houghton Mifflin Company,
1991 ($16.95). BALLOONING: THE COM-
PLETE GUIDE TO RIDING THE WINDS, by
Dick Wirth and Jerry Young. Random
House, 1991 ($22.50).

talented writer in love with flying,

Lindblom takes the reader up

with him in seven different air-

craft he actually flew (he describes one

more, carrier-borne). The smallest of

them was a Quicksilver Sport Ultralight,

all alurninum tubing and gleaming fit-

tings, a dozen indispensable flying wires

tensed under its high red sail-wing like
some “weird mechanical insect.”

Its snowmobile engine lifts you and
your five gallons of fuel to 2,000 feet,
where you can fly “around the patch”
at 60 m.p.h. You can’t help laughing:
you see no part of the airplane below
you or in front of you, “nothing but air.”
(Judge final height for touchdown from
the texture of the grass you glimpse be-
tween your feet.) You land thirsty, dried
out by the steady blast of summer air.
Next day you recall the magical hour a
little dreamily; were you borne aloft in
an enchanted lawn chair?

The upper edge of this pilot’s enve-
lope is the warlike Fighting Falcon, F-
16, a single-seat dogfighter, hot rod of
the missile-carrying world. You don’t
hop in with street clothes; even flying
boots and fireproof coveralls are not
enough. You need the G suit with the in-
flating air pouches that keep your blood
and stomach from “running down into
your legs,” a torso harness, helmet and
oxygen. (Ambient pressure falls and g’s
pile up quickly in an F-16.) This plane
is dynamically unstable for maneuver-
ability, life and death for a fighter plane,
but its fly-by-wire computer frees the

pilot from details and will override any
stupid move. Its joystick movements
so small you forget you make them, an
F-16 “challenges its pilots to fly...at
their limits—and a little beyond.” After-
burner full on, this torch will stand on
its tail, rising without winglift for a few
seconds, “gone ballistic!”

Takeoff in a Piper Cub allows an in-
troduction to the basics of piloting.
Square loops and chandelles are ex-
plained around a little red-striped aero-
batic Pitts biplane. “The most surpris-
ing thing is not how different they all
are, but how much alike.” Learn to fly
whatever you can, but don’t start flying
too late, the author sings in siren song.

The second book is focused on the
modern hot-air balloon, kept aloft by
propane burners whose thermal pow-
er output compares with a jet engine’s.
These big pages are extravagant with
colorful images of graceful balloons
floating in air. Text and graphics con-
vey a wealth of varied information. The
history and prehistory of ballooning,
the records of the balloonists, their
finances and organizations, and a read-
able summary of present technology
and how it grew are related by these
two British participants. The growing
point is now in Britain; even in the U.S.
British balloon makers are very active.

The present era of the hot-air balloon
opened with its first man-carrying free
flight over Nebraska in 1960. Ed Yost
came to the design obliquely, via his
experience with unmanned helium-
filled polyethylene balloons sent afloat
over the Iron Curtain in the 1950s for
high-altitude photography. His proto-
type burner, fitted with a preheated coil
for evaporating propane fast enough
without freezing the fluid, anticipated
what is now standard in many sizes. A
typical balloon to lift three or four peo-
ple has the volume of a good-sized
house, a 40-foot cube. In 1990 balloon
and basket cost $15,000 new and $35
for each hour in the air (mostly for
propane, if you can persuade friends to
fill the chase crew).

Fabric is the second key technology
here. The yarn is nylon or dacron, the
weaving and pieced-together fabrication
old and well-developed arts. A poly-
urethane sealant is essential, although
its additives and layers are a matter
of design choice. Color is now found
everywhere.

The many-sided nature of this play-
ful technology is well shown: balloons
alone and in gaudy flocks, along the
Rio Grande or over the Serengeti, adver-
tising blue jeans and ice cream cones,
skimming streams. Young readers are
at real risk of seeking balloon passage,
and a few of them will become pilots.
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The dream of floating around the world
is still unfulfilled.

AS THE CROW FLIES: A FIRST BOOK OF
MAPS, by Gail Hartman. Illustrated
by Harvey Stevenson. Bradbury Press,
1991 ($1295).

etter than its promise, this is

in fact a first book on mapping,

on purpose and process, not on
product. We travel, a line of text to the
page, from mountain slopes where the
eagle soars to the garden where the
rabbit hops. We visit the window boxes
of the city, where the clever crow stops,
and trace the path of the policeman’s
horse not far from the merry carousel.
At last we follow a gull as it flies over
the harbor and out to the lighthouse.
The illustrations are broad and clear.
None of them has map symbols, but in-
stead they draw all that is named. Once
we realize that the moon shines on all
these places together, the entire route
is assembled into one. It is not to scale,
not done in plan, but interpretable as a
big, easy pictorial map, the topology of
a trip that the youngest readers and
even those read-to will puzzle out
delightedly.

CREEPY CRAWLIES: LADYBUGS, LOB-
STERS & OTHER AMAZING ARTHRO-
PODS, compiled under the direction of
the British Museum (Natural History).
Sterling Publishing Company, 1991
($14.95).

r I Yhe crawlies were the topic of a
special exhibition, intended for
schoolchildren, at the British Nat-

ural History Museum. The exhibit and
the book alike were produced “with the
help of many people.” The book opens
rather stiffly with a definition or two.
Quickly a few colorful pages show us
an album of animals, and a double
spread presents a big crab in its suit of
armor. If you lived inside a suit of ar-
mor, how would you grow? A dazzling
page then displays no less than eight
similarly shaped, successively larger
skin molts of a crab. Other routes of
development are summarized visually
as well.

We admire colors and their origins,
most unexpectedly the beautiful blue
glow of New Zealand fungus gnat lar-
vae. They shine to draw their prey to-
ward sticky flytrap threads that they
string from the roof of a dark cave.
Naturally, some big, gross photographs
are here, too, an anopheline mosquito
attacking a hairy forearm, a feisty city
cockroach, a busy covey of “biscuit
beetles” (who prefer dry crispy treats
to chocolate-covered ones). We miss an
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aerial photograph of a big locust swarm,
although good close-ups are here.

The book closes with an account of
ancient arthropods, an unusual over-
view of the fossil record of the crea-
tures. Trilobite models are compared
with a modern pillbug, and we view ele-
gant insects in amber and a painting of
the greatest of fossil insects, a forest
dragonfly with a 32-inch wingspread.

A couple of hundred choice color
photographs sample this ark pretty well,
but the final page is a clinching state-
ment of biodiversity and its scholars: an
entomologist is seen at his microscope
in the Natural History Museum. He is
backed by a high wall of narrow draw-
ers, all labeled, and the giant tabletop
is utterly covered by a hundred large
paper trays filled with neatly pinned
specimens to the edge of our view.

ALL ABOUT WHERE, by Tana Hoban.
Greenwillow Books, 1991 ($13.95).

wo dozen color photographs,
T mainly scenes in and around

Paris, form this book. Text is to
be found on none of them, but the
pages are so cut that no matter which
page you have opened to, you can read
the same list of words at the margin of
the photograph. They are 15 preposi-
tions right out of the grammar books,
above, on, behind, under, out...below,
over, around. Each of the scenes, all of
them interesting to children, has been
subtly chosen to evoke thought about
spatial structure: a cat beyond a red bi-
cycle in the grass, a tourist boat and its
reflection passing under a bridge over
the Seine, a rope lashing around a pile,
a toy boat in a bottle, a small dog car-
ried in a jacket pocket. The point is not
simple exemplification of any straight-
ahead definition, but a many-sided vi-
sual stimulation of the uses and plea-
sures of thinking about this space we
all inhabit. The book is probably addic-
tive for many a young person now grow-
ing toward reading and richer speech.

AN OWL IN THE HOUSE: A NATURAL-
IST’S DIARY, by Bernd Heinrich. Adapt-
ed by Alice Calaprice. lllustrated by the
author. Little, Brown and Company,
1990 ($14.95). BATMAN: EXPLORING
THE WORLD OF BATS, by Laurence Prin-
gle. Color photographs by Merlin D.
Tuttle. Charles Scribner’s Sons, 1991
($13.95).

few years ago I did something I
probably shouldn’t have done,”
naturalist Heinrich begins. He
adopted a fledgling baby great horned
owl that he found in the spring snows.

This expressive diary of what hap-
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pened then to owl Bubo and to the zo-
ologist is deftly adapted for budding
naturalists.

A great horned owl is a fierce preda-
tor, with wings that spread close to five
feet when mature. But it begins as a
helpless woolly owlet. Little Bubo grew
very fast indeed on meat fragments fed
by an admiring host. Heinrich never
hardened his heart, as the old falconers
could, to keep avid Bubo hungry enough
to learn to hunt for himself. Bubo de-
veloped a genuine fear of the family cat
but would attack people, or at least
their shoes. He lived for a time in the
house, then he was boarded out in a
center for injured birds (where incor-
rigibly dependent Bubo could win no
black belt for hunting). Finally, he moved
to a big outdoor flight cage, from which
he was at last freed to fly the Maine
woods, still boarding with the Hein-
richs (he posed very stylishly on their
Beware of Owl sign!).

In his second autumn, Bubo left for
good, at last his own bird. It may be that
he is the fierce-looking great horned owl
that tamely posed for a photograph on
a porch railing three years later, else-
where in Maine. The book is a model
of sensitive observation enchantingly
conveyed.

The second book, much less inti-
mate, tells the tale of another natural-
ist, Merlin Tuttle (no connection with
the Batman of DC Comics). Young Tut-
tle at 10 learned “with a passion” all he
could about the mammals of Califor-
nia, where his father taught biology.
The mammal buff promptly failed fifth
grade! But his wise teachers let him go
on anyway. In high school he proved by
banding that the gray cave bats near
his home were migratory. Past a Ph.D.
in zoology and many research papers
on bats, he finally decided that his ca-
reer must be to change people’s un-
thinking antagonism to bats. This atti-
tude presents a growing threat to our
fascinating and beneficial little cousins,
with us the mammalian masters of the
air as dolphins are of the sea.

In Dr. Tuttle’s wonderful photographs
we see bats worldwide, one at a time
close up or flying in massive swarms,
fishing and frogging and catching scor-
pions, even pollinating the blossoms of
the giant saguaro cactus. A new bridge
in downtown Austin, Tex, became
summer home to a million free-tailed
bats, the largest urban bat population
in the world. They eat 15 tons of in-
sects each night, a contribution to hu-
man health and the quality of Austin
life that far outweighs the overstated
danger from rabid bats. Tuttle helped
found Bat Conservation International
about 10 years ago; his work, and read-
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ers’ pleasure, continues. The book’s au-
thor, Laurence Pringle, is an old hand
at first-rate books like this one for
young readers.

CRYSTAL AND GEM, written by R. F.
Symes and R. R. Harding. Special pho-
tography by Colin Keates. Eyewitness
Books, Alfred A. Knopf, 1991 ($15).

r I Yhe insipid tan of the instruct-
ive boulder is only skin-deep; a
window let into it by a grinding

wheel discloses a pearly lavender

touched by green, the inner beauty of a

fine specimen of Myanmar jadeite.

Around it the page spread glows with

carved jades and with lapis lazuli,

turquoise and malachite, all microcrys-
talline rocks or minerals long dear to
lapidary and connoisseur. Minerals are
celebrated in their own right. One sam-
ple of magnificent columns and points,

tourmaline and quartz growing on a

single matrix, opens the book, and in-

triguing multicolored tourmalines have




a page of their own as well. The book
does not forget homelier crystals, ice
and aspirin, silicon chip and diamond
saw blade, although gemstones and mu-
seum specimens clearly steal the viv-
id show.

Atomic order is lightly discussed,
without using mathematics and based
largely on the phenomena—models of
form, angles between real faces and
cleavage. Growth, both natural and syn-
thetic, is treated quite fully. Alchemy,
birthstones and other lore are present-
ed well, although the healer in Taos,
who cures by the laying on of stones,
seems marginally acceptable placed be-
side piezoelectric oscillators. The crystal
balls shown later would have been a
more apposite context.

This is one excellent member of a
long stream of one-design books, each
leading a young reader to follow its
broad theme through a surrogate mu-
seum. Spread after spread bears a mon-
tage of related images, in sharp color
on a white ground with a concise text
for each picture, like the labels in a mu-
seum case. It is the Museum of Natural
History in London that holds most of
the real three-dimensional objects we
see here in the flat.

HIDDEN INSIDE, by Kim Taylor. Dela-
corte Press, 1990 ($9.95).

ooking inside is a mainspring
Lshared by science and children.
Kim Taylor is a photographer of
prime curiosity, most adept with eye
and lens. Among the dozen intimate
close-ups within nature he has given us
are the inside of a mussel, containing a
few pearls and a rosy pea crab, and a
minute young froghopper within the
froth it has blown for shelter and de-
fense out of a buttercup stem. A tree
cricket is pictured out of focus, where-
as a tiny if upside-down view of the
same cricket is imaged sharply by a
single polished raindrop that hangs
from a rosethorn in the foreground.
The last picture shows a fat, furry cat
backlighted; superimposed is an excit-
ing X-ray image of her unborn kittens
hidden inside. Can the young reader
count them?

ANDY GOLDSWORTHY: A COLLABORA-
TION WITH NATURE, by Andy Golds-
worthy, with 120 color photographs by
the author. Harry N. Abrams, 1990 ($45).

ower birds do all they can. Play-
B ful children arrange the materials
they find in impromptu ways.
But this artist, who comes to woodland,

mountain meadow or snow crust with-
out tools or materials, transcends with

hand and mind the bluest of bowers
and the happiest of accidental art.

A golden ring, dandelion blossoms
pinned with thorns to willow stalks,
floats on forked sticks above a patch of
bluebells in a Yorkshire park. Pebbles
around a hole are subtly graded in col-
or from white hole edge to gray rim,
the central shadowed hole itself black-
er than any pigment. Three big hollow
snowballs open their interiors to us:
sky-blue. Five outlines of the artist are
clear, made by lying down in rain or
snow to wait until the ground was “wet
or covered before getting up.” A strange
ideograph drawn in green iris blades
pinned together by thorns floats on the
pond, enclosing five red rafts of rowan
berries: “difficult to keep all the berries
in, nibbled at by ducks.”

A British artist, Goldsworthy has
worked since his student days with
whatever materials nature provides to
create a transient order we can share
through his direct, admirable photog-
raphy. No primitive, he makes tools
part of his life and work; he relies on
the camera, but it was the freedom of
using “hands and ‘found’ tools” that
caught him. He has newly entered the
more social domain of excavated earth-
works at larger scale. This volume is a
treasury of surprises; in no way aimed
at children, it will reach them all.

Puss IN BOOTS, by Charles Perrault. II-
lustrated by Fred Marcellino. Translat-
ed by Malcolm Arthur. Farrar Straus
Giroux, 1990 ($14.95).

r I Yhe front of the dust cover of this
large, thin book bears no text at
all, neither title nor author. The

illustrator did not suffer his rich paint-

ing to be defaced; we cannot blame
him, for the face of sly, bold Puss is
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striking, crafty green eyes atilt as his
plumed hat, white whiskers picking up
the lacy ruff of his collar. On the final
page hangs a full-length portrait of
Puss in Boots, the great lord pictured in
heavy gold frame on the brocaded wall
to astonish the little liege mice. The
frontispiece within is a masterful view
of the mill where it all started around
1700, lantern pinion driven by the great
wooden cogwheel on its heavy wooden
shaft, shaft tip and main bearing plate
in hard stone. It is like a plate from
Diderot’s encyclopedia done in color.

Puss began clothed only in cat’s fur,
a mill mouser of no social standing. We
watch his insolent rise through the
confidence games he plays on a few
dull peasants, on the fatuous monarch
and on the richest of titled ogres (who
dines, it seems, on a mess of serpents
in a covered silver dish). Puss deceives
them all, to match the lovely princess
to the miller’s youngest son (the man
who first bought Puss the indispens-
able boots). Perrault’s famous gloss on
an old popular tale is told as a splen-
did, funny, cynical parable of the way
the wicked world wags, possibly not
only during the Old Regime. The trans-
lator has played his part well, too; the
very first task Puss undertook in Boots
was to entrap a young rabbit “who
hadn’t caught on to the ruses of this
world.” This book wins any good read-
er by its flawless artistry.

THE RIDDLE OF THE ROSETTA STONE:
KEY TO ANCIENT EGYPT, by James
Cross Giblin. Thomas Y. Crowell, 1990
($13.95). THE ROSETTA STONE: FACSIM-
ILE DRAWING WITH AN INTRODUCTION
AND TRANSLATIONS, by Stephen Quirke
and Carol Andrews. Harry N. Abrams,
1989 (§14.95).

r I Yhe most important code-cracking
occurred during the century it
took to learn how to read Egyp-

tian hieroglyphics. The century opened

in 1798, when the Army of Napoleon

won Egypt for a short time. About a

year later soldiers of the French army,

digging in an old fort at the mouth of
the Nile near a town called Rosetta,
came on a black slab of rock the size of

a small tabletop. When they sent it to

Cairo, where the scholars who had been

brought along in the invasion worked,

“the experts became tremendously ex-

cited.” The stone bore three inscrip-

tions: one in the sacred hieroglyphics

no one had been able to read for 1,500

years; one in a later simplified form of

that sacred writing; and the third, with

the same message, in Greek, dated 196

B.C. and easy for the scholars to read.

The Rosetta Stone indeed became the

151



Authors...

LOOKING
FOR A
PUBLISHER?

Learn how to have
your book published.

You are invited to send for a free illus-
trated guidebook which explains how
your book can be published, promoted
and marketed.
Whether your
subject is fic-
tion, non-fiction

author or poetry, sci-
s entific, scholar-
in search ly, specialized,
(even contro-

Ofa versial) this

publisher

o

handsome 32-
page brochure
will show you
how to arrange
for prompt sub-
sidy publication.
Unpublished authors, especially, will
find this booklet valuable and inform-
ative. For your free copy, write to:
VANTAGE PRESS, Inc. Dept. F-53
516 W. 34 St., New York, N.Y. 10001

Bright
yellow
ironstone

”Uurmgeousj{ Funny...
Masters of Radie Comedy..
Their humor is Cerebral
and Imaginative"

DR. SCIENCE
GIFT PACK

Big Book of Science, ‘,;? h};
Sampler Cassette,

Masters Degree, Button&a
Cotton Tee or 50/50 Sweat (S/M/L/XL)
w/Tee $29.95, w/Sweat $36.95

DR. SCIENCE SMUG MU__G__

Every page a smirk
DR. SCIENCE from the radio series

BIG BOOK thehl\IJY TIMlE.g calls
OF SCIENCE "hilariously bogus

bbled K"
(SIMPLIFIED) [RSRTpessas
Order direct from public DUCK'S

radio's leading funny guys'
P.0.BOX 22513-Z BREATH

SAN FRANCISCO CA 94122
Charge by phone 800/989-DUCK
Call or write for free newsletter!
All prices postpaid. Orders rec'd
by 12/19 shipped for Xmas!

152

key to ancient Egypt, but it was not an
easy key to turn.

James Giblin briefly recounts the
opening of the decipherment, with ex-
amples and good humor, in language
well suited to readers and code writers
in the middle grades. The Quirke and
Andrews work is a tougher challenge,
for serious code breakers in high school
and up. Those authors have prepared a
careful, full-sized drawing of the Roset-
ta Stone just as it is now in the British
Museum. (The stone went off to Lon-
don, not to Paris, when the tide of war
turned against Napoleon.) That draw-
ing accompanies the book as a poster
more than three feet square, splendid
for the wall. A brochure includes a full
modern translation of each of the texts
and a concise scholarly summary of
the long history of the decoding.

Can you find the clues Thomas
Young saw in 1814 that begin the story?
The deeper ones Jean-Francois Cham-
pollion used to read out the old text
are here, too, but the task is far from
simple, even with hints.

THE RESTLESS EARTH: THE SECRETS OF
EARTHQUAKES, VOLCANOES, AND CON-
TINENTAL DRIFT IN THREE-DIMENSION-
AL MOVING PICTURES, by Francois Mi-
chel and Yves Larvor. Viking Penguin,
1989 ($15.95).

ava pours from a whole molten
Llake, the city of Anchorage trem-
bles scarily as seismic shocks
pass, and the San Andreas fault slips
northwest until Los Angeles is offshore
from Mount St. Helens. Each world-
shaking event requires only pulling a
small tab to move the clever paper cuts
and folds held between doubled pages.
Of course, this is all down at map scale,
where harmless change is very fast in-
deed. The simple and colorful map-
lands will show middle graders the
main movements of seismology and
plate tectonics. The novel sight of real
motions within a map does make its
point strongly. You can reverse plate
drift, too, even the grand collision that
raised the high Himalayas when India
went crashing up into Asia at the break-
neck speed of inches per year.

THE GREAT DINOSAUR MURAL AT YALE:
THE AGE OF REPTILES, by Vincent Scul-
ly, Rudolph E. Zallinger, Leo J. Hickey
and John H. Ostrom. Foldout in color.
Harry N. Abrams, 1990 ($19.95).

body Museum of Natural History at
Yale looked to the museum direc-
tor like a “dismal, barren cavern.” Its
flat plaster walls boxed the wonderful

In 1942 the Great Hall of the Pea-
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skeletons of dinosaurs, small and large,
without color or excitement. So in that
wartime year the director engaged a
young Yale painting student, Rudolph
Zallinger, to undertake an ambitious
mural, a huge illustration of the great
creatures as they might have been in
life, set amid the plant and animal com-
munities of their long reign. The scene
opens with the first of all trees. Liz-
ard centered for 300 million years, the
cast of players then changed with a
bang, after a reptilian run twice as long
as the entire history of our mammali-
an kind.

A dozen full-page panels in excellent
color reproduction fold out of this
small book to display the famous mu-
ral. In life it covers a wall 110 feet long,
in a band 16 feet high, setting it among
the largest paintings in the world. The
mural was carried out in a painstaking
layered and overpainted technique on
dry plaster—fresco seco in Italian—apt
for intricate detail and wide range of
enduring pigments, once chosen for
like reasons to emblazon the Sistine
ceiling itself.

Any zealous young dinosaur admirer
will enjoy the five-foot foldout, begin-
ning readers the more because along
the margin are identified some 75 fos-
sil forms: reptile, fish, bird, plant, even
one little mammal covert beneath a
bush, waiting without realizing it for
the crash of the comet. Any enthusiast
who draws or paints such creatures of
the past will read with empathy the
recollections of the artist himself, who
looks back to the happy and urgent
years of his long, hard work. Those
who can read very well will find much
interesting information about the re-
construction of past life, written by two
Yale paleontologists. A new recognition
of flowering plants has changed our
view of the Cretaceous since the 1940s;
more perhaps than even the new evi-
dence for hungry, gregarious, warm-
blooded dinos.

Mature readers will be drawn to Pro-
fessor Scully’s brilliant account of the
origin of this mural style and its tech-
nique, which were set forth in a treatise
written around A.D. 1400 by the Tuscan
painter Cennino Cennini. Scully’s sur-
prising case is solidly documented: by
the 1930s that very book “in a develop-
ment hard to credit...had become the
bible of the Yale School of the Fine
Arts.” A reader is inclined to accept his
judgment that by its mode of growth
the mural appears as “slow and solemn”
in movement as the dinosaurs were
then thought to be. For old Cennini, too,
“theory is the most worthy,” for the
artist must present “to plain sight what
does not actually exist.”
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erhaps we should hesitate be-
P fore consigning Marx to the dust-

bin of history. Recent events in
the Soviet Union are being interpreted
as evidence of the final breakdown of
Marxism, but one might question such a
reading. What is, instead, absolutely ev-
ident is that centrally directed econo-
mies have proved incapable of deliver-
ing high standards of material well-be-
ing to the socialist masses.

Marx’s writings essentially analyze
the historical process by which capital-
ist societies grow and become trans-
formed. Marx needs to be disengaged
from the disastrous 20th-century eco-
nomic experiments with socialism be-
cause in his view of history socialism
would emerge only out of advanced cap-
italist societies. Socialism would arise af-
ter capitalist societies became wracked
by their “internal contradictions.” Social-
ist societies were destined, according to
Marx, not only to resolve the internal
contradictions of capitalism but to in-
herit the immense productive apparatus
that mature capitalist societies were in-
capable of utilizing. When socialism fi-
nally appeared on the world stage, it
would immediately take possession of a
highly productive industrial technology,
and it would administer that technolo-
gy far more capably than the social sys-
tem that had generated the technology.

Thus, in at least one limited but es-
sential respect, the collapse of socialist
economies serves to prove that Marx
was right, not that he was wrong. Marx
never argued that socialism, whatever
the exact form it might take, would pro-
vide the institutions and the incentives
needed to generate rapid technological
change. Indeed, his point was precisely
that when socialism emerged in the his-
torical sequence that he predicted, those
institutions and incentives would no
longer be necessary. Socialism would
succeed as a form of economic organi-
zation precisely because the problem of
scarcity would already have been solved
by the capitalist society that preceded it.

Marx was also right in his analysis
of capitalism as a unique system that
provided powerful impulses for initiat-
ing technological change. With the easy
wisdom of retrospect, it is now appar-
ent how difficult it is to provide effec-
tive substitutes for the technological
dynamism generated by capitalist insti-
tutions. It has been 20th-century Marx-
ists—not Marx—who developed the op-
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portunist argument that it is possible
to bypass the stage of capitalism and
still develop a socialist society that has
the productive capability to bring high
standards of material well-being to the
downtrodden proletariat. In this inter-
pretation Gorbachev’s program of pere-
stroika is an explicit admission of the
error in these drastically revisionist
views. (As the cruel joke in the Soviet
Union goes: “What is Communism?” An-
swer: “The most painful of all possible
roads from capitalism to capitalism.”)

For Marx, the historical accomplish-
ments of capitalism resulted from its
unique ability to generate and utilize
technological change. As Marx and En-
gels point out in the Communist Man-
ifesto: “The bourgeoisie has...been the
first to show what man’s activity can
bring about. It has accomplished won-
ders far surpassing Egyptian pyra-
mids, Roman aqueducts and Gothic
cathedrals.... The bourgeoisie cannot
exist without constantly revolutioniz-
ing the instruments of production.”

r I Yhe competitive process also cre-
ates high rates of investment that
lead to the rapid diffusion of new

technologies. Marx understood clearly

that growth in productivity is achieved
not by mere inventiveness but by pres-
sures to maintain the high rates of in-
vestment that lead to the rapid diffusion
of technologies. Thus, companies as
well as economies that are very innova-
tive but incapable of achieving high in-
vestment levels are destined to lose out.

Of course, Marx argues that competi-
tive capitalism inevitably gives way to
the dominance of large-scale enterprise
and, eventually, to monopolistic power.
Perhaps he did not sufficiently appreci-
ate the extent to which the search for
new technologies is pervaded by ex-
treme uncertainties that play a major
role in determining the specific forms of
institutional development in a maturing
capitalist society.

Marx recognized these uncertainties,
although only begrudgingly in the third
volume of Das Kapital, published after
his death and long after the immensely
influential first volume. In the third vol-
ume Marx called attention to “the far
greater cost of operating an establish-
ment based on a new invention as com-
pared to later establishments arising ex
suis ossibus. This is so very true that the
trail-blazers generally go bankrupt, and
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only those who later buy the buildings,
machinery, etc., at a cheaper price, make
money out of it.”

This passage reveals that Marx explic-
itly recognized the extreme vulnerabili-
ty of capitalists in their social role as
carriers of technological innovation, the
main source of capitalist dynamics. Had
he paid more attention to this vulnera-
bility in his earlier work, it would have
been necessary to portray capitalists
in a distinctly different light. It would
also have been necessary to face up
more candidly to the painful trade-offs
that all societies must confront be-
tween greater equity and greater effi-
ciency. But such an examination would
have highlighted the weakness of capi-
talists, whereas Marx was intent on por-
traying their social power and their ca-
pacity for exploiting others. Marx may
be said to have finessed the “equity ver-
sus efficiency” trade-off by assigning to
capitalism the historical role of provid-
ing efficiency and to a later socialism
the role of delivering equity.

Another powerful element of Marx’s
analysis continues to merit serious at-
tention. Marx argued that science it-
self was an activity arising out of the
needs of the productive process. Where-
as economists before and since Marx
have been inclined to treat science as
an activity with economic consequences
but not explicit economic antecedents
or determinants, Marx’s view was very
different. He saw modern science as
something that arose out of the in-
centive structure of capitalism. And,
perhaps equally important, it was the
special incentives of the capitalist mar-
ketplace that led to the large-scale appli-
cation of scientific knowledge to indus-
try. This last point is one that has been
neglected at a very high cost by 20th-
century socialist societies. The U.S.S.R.,
in particular, has first-rate scientific
research in many disciplines but has
been notoriously unsuccessful in link-
ing these capabilities to the needs of
industry and, especially, of agriculture.

Much in Marx on the subjects of
science and technology can still be read
with great benefit, and perhaps even
profit. It would be unfortunate if the
Marxist baby were to be thrown out
with the socialist bathwater.

NATHAN ROSENBERG is a professor of
economics at Stanford University.



Our special meals are remarkable not for
what we leave out, but for what we put in.

With some airlines, their vegetarian meal seems
to be their regular meal without the meat. But at
Lufthansa, our chefs put as much care into our
vegetarian offerings as they do our regular menu.
Which means everything they use is of the high-
est quality, and is fresh, not frozen. In fact, they
wouldnt serve a meal, whether it be vegetarian,
low fat, low salt, Hindu,kosher or any of our 15
other special meals, they wouldnt love them-
selves. And just to make sure they stick to each
diet, we have a nutrition specialist work with them.
Its details like these that are the ingredients of
our passion. One that ensures you a most de-
licious flying experience, anywhere in the world.

A passion for perfection.®” @ LUfthansa

Lufthansa is a participant in the mileage programs of United, Deita,
USAIr and Continental. See your Travel Agent for details.
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of nurses who counsel

expectant mothers in

our prenatal program
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to help them have

healthier babies.

Healthy Beginnings is a group plan that
teams our nurses with expectant mothers.
They work together during pregnancy to
make sure the mother receives proper pre-
natal care, such as regular doctor visits
and advice on lifestyle and nutrition. Help-
ing a baby be strong and healthy can save
on medical costs. It’s also a nicer way for a
child to come into the world. To learn more
about Healthy Beginnings, please fEtl'la
call us collect at (203) 636-7199.

Aetna. A policy to do more.
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