


You'vesot a lot to do - even thouSh you may not know what'll be next. So we createda computer that can switch sears

as quickly asyou need to: the LTE 5000~It's a Pentium" powered notebook with interchatiqeable devicesthatfit into the notebook

as well as the expansion base. Now you can chooseJrom additional hard drives (up to1.35sisabytes), CD-ROM drives, extra

batteries, andj10ppy drives. And the umque iront-loadinp MultiBay can handleall rifthem-ultimately allowinq you to create the

notebook that's rishtJor the task at hand. OJ course an expansion baseleaturinq two MultiBays doesn't hurt either. Afier all, you've

sot a lot to do - so set to work. Interested? CalJ us at 1-800-345-1518 (select Paqhis) or visit our Web site atwww.compaq.com.

THE COMPAQ LTE 5000. THE ULTIMATE

expansion basecd-rom drive

c \995 Compaq Computer Ccrporancn All nghl." reserved Compaq, l TE 50Cl0 Rcgincr('1'1 U S. 1);llcot andTrad<,rmrk office. PennumL' a registered rradcmerkof Intel Corporation in the Ll.S. and other l,"t'lunln":I.

Adobe Photcsbopl! a registered trademark or Adobe S)'.$1etn$Incorporated.

http://www.compaq.com.


EBOOK FOR WHOEVER You HAPPEN To BE.

You get the job no one else

wants. And turn them into the

jobs everyone else wants.

For those days when you're

actually in the office - you need

a computer thatwill keep up with

the nonstop pace of your life.

COMPAQ
It Changed Your Life Yet?



54 COVER: PAUll\ LERNER

37

TECHNOLOGY REvIEw
NOVEMBERIDECEMBER 1995

Contents
fEATUREs

22 MAINTAINING DIVERSIlY
IN THE ELECTRONIC REpUBLIC
BY LAWRENCE K GROSSMAN

Interactive telecommunications could give citizens more influence on public
policy, but as media come under the control of mega-companies preoccupied with
entertainment and sports, options could shrink. The nation needs a public-interest
organization, with teeth, to assure access to diverse information and ideas.

28 PATENT MEDICINE
BY SETH SHUlMAN

Companies in emerging fields often receive patents that are so broad as to hinder
competition. The aging U.S. Patent Office ought now to swallow some bitter pills
-like better training for examiners and a weakening of the protection it grants.

37 THE TRULY ENDLESS FRONTIER
BY HARVEY M. SAPOLSKY

To thrive, academic science needs a persuasive political rationale to replace
defense. The new basis for R&D should be health. Public and congressional
interest is strong, personal, and bipartisan; and it is a quest that never ends.

SCIENTISTS AND ENGINEERS ASPOLITICAL ADVOCATES
BY REP. GEORGE E. BROWNJR.

The research community should not only link its work to a set of concrete national
goals but must actively engagein the political process, competing effectivelywith
rivals for funding from the federal government's discretionary pot of programs.

44 AVERTING A GLOBAL FOOD CRISIS
BY LESTER BROWN

A major side effect of China's headlong dash toward industrialization is a decline
in its ability to grow enough grain to feed itself; factories, roads, and parking lots
are devouring precious farmland. Worse, because of the hungry giant's sheer size,
as well as similar development patterns elsewhere and limits on the output of grain-
exporting nations, China's food shortage could become everyone's food shortage.

54 WHEN THE UNIVERSE BEGAN, WHAT TIME WAS IT?
BY MARCIA R.4RTUSIAK

It's morning in the cosmos. All matter is squeezed into a point the size of a
subatomic particle. There are no clocks, no vibrating atoms, no other references
for tracking the order of events. So how do you figure out what happens next?
To answer this question, theorists are busily rewriting the laws of physics.



Technology Review (ISSN0040-1692), Reg. U.S. Patent Office, is published eight times each year Oanuary, FebruaryfMarch, April, May/june,july, Augusl!September, October. and November/December)
by the Msociation of Alumniand Alumnae of the Massachusetts Institute of Technology. Entire contents© 1995. The editors seek diverseviews, and authors' opinions do not represent the official policies of
their institutions or those of MIT.Wewelcome leiters10 the editor. Please address them10 Letters Editor,do address below or by e-mail10: <teehnology-review-Ielters@mit.edu>.

Editorial, circulation, and advertising offices:TechllOlogyReview,Building W59, MIT, Camhridge, MA02139, (617) 253-8250; FAX(617) 258-7264. Printed by Lane Press, S. Burliugton,vr.
Second-class postage paid at Boston, MAand additional mailing offices. Posttnaster. sendaddress changes toTechnology Renew,MIT, Building W59, Cambridge, MA02139, or e-mail to <traddress@mit.edu>.

Subscriptions: $30 per year. Canada add $6, other foreign countries add $12. ContactTedmdogy R/!!Mu', P.O. Bo<489, Mount Morris, IL61054, (BOO)877-5230 or (815) 734-1116; FAX(81S) 73 112,
ore-mail 10 <trsubscriplions@mil.edu>.
Advertising representatives. William R. Cook, National Accounts Manager, P.O. Box 973, Duxbury, MA02331, (617) 934-9714;The Leadership Nelwork:Kiki Paris, 200 Madison Ave, NewYnrk,NY10016,
(212) 686-1734.Technology Revieul.se-mailaddress: <tradvertising@mil.edu>.

World Wide Web: VISitour server at <http://web.mil.edulteehreviewlwww/>.

II

TECHNOLOGY REVIEW

VOL. 981No.8

DEPARTMENTS

5 FIRsT LINE

6 LETTERS

11 MIT REpORTER
Recognizing Stars in an Age of Teamwork; The Little Enzyme That Could

14 TRENDS
Electronic Support Groups; New Eyes in Space;
The Perfect Sweetener?; Making the Sound Barrier

26 FORUM
EVAN 1. SCHWARTZ
Today's feeble experiments in "interactive television" are built on dubious
assumptions about consumers' needs. The road to success? Emulate the Internet.

64 THE NATIONAL INTEREST
ROBERT M. WHITE
The U.S. system of graduate education needs reshaping to retain its luster, respond
to altered patterns of support, and better reflect the changing roles of PhDs.

66 THE CUIJURE OF TECHNOLOGY
lANGDON WINNER
Looking for quality on the World Wide Web: with all this horse manure,
there's just got to be a pony in there somewhere. What would Aristotle think?

67 REVIEWS
Kathleen Courrier onAMoment on the Earth: The Coming Age of
Environmental Optimism,by Gregg Easterbrook
Robert]. Crawford onTheQuark and theJaguar: Adventures in the Simple
and the Complex,by Murray Gell-Mann

72 PHENOMENA
Mr, Mens, Meet Mr. Manus

Printed in[I,SA



,

mars eco
• we are a strategy consultingfirm serving

top management of leading corporations;

• since our inception in1979,we have chosen
to work for a limited number of leading
international firms with whom we build
long-term relationships;

• we apply fact-based, quantitative analysis to
competitive problems and get involved in the
implementation of our recommendations;

• we develop consultants with cross-industry
and cross-functional experience; .

• we promote from within;

• we are looking for well-balanced recent
graduates with exceptional and demonstrable
quantitative abilities and language skills
tojoin at an entry level;

• if you wish tojoin our team, please send
your resume to francine even at "mars plaza ",
124 mason street, greenwich, connecticut 06830 .

..........-------rJjJaris - london - new york - san francisco ------."



Scientist,
Explain Thyself

A
N advertisement a few years ago
for New York's Plaza Hotel fea-
tured a shot of Walter Matthau
and his family enjoying breakfast

there. The caption boldly declared:
"Nothing unimportant ever happens at
the Plaza."

Now Mr. Matthau is one of my
favorite movie stars and I'd bet his fam-
ily is a lovely bunch, but why was their

, morning meal such an important event?
Don't we all eat breakfast, more or less
every day, maybe even occasionally in
fancy places?

Thus it seemed to me that the ad back-
fired: if the hotel's management deemed
a routine breakfast significant, one might
wonder whether anything important
ever actually happens at the Plaza. Simi-
larly, consider the packages most offices
regularly receive from Federal Express
and other overnight-mail services that
identify the contents, however ordinary,
as "Extremely Urgent." If everything is
labeled extremely urgent, and nothing is
ever unimportant, the audience grows
skeptical and may ignore the arrival of
something truly critical.

The erosion of trust that results from
grandiose claims is not peculiar to com-
mercial enterprises. Our own science and
technology community, where research
is invariably "of fundamental impor-
tance" to the welfare of the nation, is also
at fault. Many such claims turn out to
be true, but unless they are convincing
to the public and its political repre enra-
tives-s-unless scientists and technologists
patiently explain in some detail why their
work is so critical-the researchers will
be perceived as just another self-serving
interest group wrapping itself in glam-
orous but deceptive packaging, and con-
sequently deprived of funding.

I fear that we're currently witnessing
such a phenomenon-ironically, in
response to something that truly is
"nothing unimportant." Initiatives led
by Republicans in the House of Repre-

First line

sentatives-in the spirit of balancing the
federal budget, cutting unnecessary gov-
ernmental costs, and furthering the ide-
ology that the marketplace knows best-
would steadily and significantly reduce
federal support of science and technol-
ogy over the next seven years. By FY
2002, total funding for nondefense
R&D, under current House proposals,
would be some 33 percent lower than in
FY 1995, with agencies such as NASA,
the National Science Foundation, and
the Department of Energy taking major

Researchers need a better

strategyfor fighting threats

tofederal funding.

-
hits in both their structure and the work
they support.

If all this comes to pass, numerous
projects will be cut back or eliminated,
and the impact on many scientists' and
technologists' careers will be profound.
In lots of cases, the ultimate effects on
society could also be profound. But the
R&D community has been responding
to this crisis mostly with blunt instru-
ments, rarely venturing beyond the
vague generalization. We hear warnings
that the House proposals will have "seri-
ous ramifications for the entire nation,"
but we do not hear case-by-case argu-
ments for reinstating each funding cut
deemed misguided.

Problem is,all the cuts are apparently
deemed misguided by spokespersons for
the R&D community. But when research
is represented in monolithic terms, as if
every contribution were of equal merit,
it becomes impossible for legislators to
weigh the value of each potential invest-
ment, and a major opportunity to reach
them is lost.

Granted, it's not easy to be specific
about the long-term benefits of individ-
ual R&D project. But surely researchers
in each case have some initial ideas-
however fuzzy, limited in scope, or ulti-

mately incorrect--on where their work
may lead, and can offer them in candor
as a starting point. This would be a lot
better than the verbose attempts to
brand the entire science and technology
enterprise extremely urgent, which
amounts to saying nothing.

Luckily, the scientists who would have
the hardest time predicting the outcomes
of their work are off the hook: Republi-
can budget-cutters generally have no
problem with basic research, which they
view, at least in principle, as legitimate
for public funding. They need to be con-
vinced, however, about applied research.
But this is by definition a lot easier for
researchers to match with intended pay-
offs: in the applied arena, they usually
know what practical ends they seek, and
why public funding in many cases might
make more sense than private. Thus the
R&D community has little excuse for
not being more articulate about the
anticipated benefits of most of the pro-
jects now actually slated for cuts.

Because it would acknowledge the
practical needs of legislators, such speci-
ficity would be part of the "long-
neglected dialogue with the political sys-
tem" that Rep. George E. Brown, Jr.
(D-Calif.), writing in this issue ofTech-
nology Review ("Scientists and Engi-
neers as Political Advocates," page 40),
urges researchers to cultivate. "The
research community," he advises, "must
stress pragmatic and short-term returns
on our R&D investment rather than the
loftier goals of expanding human under-
standing."

Neal Lane, director of the National
Science Foundation, sounded a similar
theme in a symposium last summer con-
vened by the American Association for
the Advancement of Science. Along with
the privilege of receiving taxpayer sup-
port, he said, researchers have "the re-
sponsibility to explain to the American
public the contributions that science and
technology make in meeting the goals of
the nation and its citizenry. It is only then
that we can expect society to truly under-
stand and value those contributions."

-STEVE J. MARcus

TECHNOLOGY RIMEW ;
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Letters

RECALLING TIlE DAYS
THEy DROPPED TIlE BOMB
I disagreewith author John W. Dower's
assertion in "Hiroshima, Nagasaki, and
the Politics of Memory" (TR August/
September1995) that the scaled-back
Enola Gay exhibit at the National Air
and Space Museum denied the Ameri-
can public "a rare opportunity to use the
fiftieth anniversary of Hiroshima and
Nagasaki to reflect more deeply about
these world-changing developments."
The public was spared the original, seri-
ously flawed exhibit that, through omis-
sion and selectiveediting, painted a dis-
torted picture of the Japanese in World
War II as the victimsand the Americans
as the racist aggressors. Far
from thoughtful, it did little to
capture the many nuances and
complexities surrounding the
decisionto drop the bomb.

Out of the original exhib-
it's 302 pages of text, only
three referred to the Japanese
atrocities before or during
World War II while 99 pages .
covered the devastation in Hiroshima
and Nagasaki, the Japanese casualties,
and the suffering and damage from ear-
lier B-29 firebombings. Likewise, there
were 49 photos of Japanese casualties
and only three of American casualties.
Ten months and four text revisions
later, there were improvements in bal-
ance and context. But by then, the issue
had become a political hot potato and
the ideological content of the exhibit
was dropped.

Brief wall labels; photographs, and
artifacts are not the easiest medium for
conveying complicated issues. The
introduction of ideology makes the
task impossible. The exhibit that finally
opened contains none of the original
distortions. Along with a very focused
technological display of the Enola Gay,
there are explanations of the B-29's
technical achievements, details of the
509th Composite Group's mission, a
video of the crew's recollections, and
an outstanding collage of newspapers
from August 7, 1945, the day after
Hiroshima was bombed. Those who

take the time to read the articles will
find in them many of the issues that are
still being debated today.

STEPHEN P.AUBIN

Director of Communications
Air Force Association

Arlington, Va.

John W. Dower writes that"In the end,
one of the great legacies of World War
II was the redefinition of the legitimate
targets of war to include noncombat-
ant women, children, and men." To the
contrary, this has been a policy of U.S.
warfare since our earliest days when
pox-ridden blankets were distributed
to native tribes with the intention of

wiping them out. During
the Civil War, the Union
Army destroyed crops in
the Shenandoah Valley
to deny them to the Con-
federates and burned
houses and barns there
in retaliation for the
deaths of Union officers.
At the turn of the twenti-

eth century, U.S. troops carried out
wholesale slaughter in our new colony,
the Philippines, to pacify the inhabi-
tants, who mistakenly had assumed
that our defeat of the Spanish meant
independence for them.

The episode in the Philippines also
contradicts a point made elsewhere in
the same issue, by RobertJ. Lifton and
Greg Mitchell in "The Age of Numb-
ing," that "Hiroshima was the mother
of all cover-ups: it spawned patterns of
distortion, manipulation, and conceal-
ment that have contaminated Ameri-
can life ever since."If anything, the
cover-up by the U.S. press of the atroc-
ities in the Philippines was more effec-
tive because the protests of the leading
citizens of the time, including author
Mark Twain, were simply smothered.
Can any American now recall this dis-
graceful incident?

Dower, Lifton, and Mitchell are naive
in fancying that Americans were "nice
guys" until only recently. Sad to say,
we've had our little lapses throughout
our history. Like Hiroshima, said lapses



did serve their purposes at the times they
happened, and, of course, the winners
wrote the history books-which appar-
ently, these authors read.

G. RAY FUNKHOUSER
Fort Washington, Pa.

John W. Dower speculates that the
Japanese would have surrendered "prob-
ably by November I-without the atomic
bombs, without the Soviet entry, and
without an invasion." With the Japanese
military firmly in control and the populace
prepared to fight to the death of the last
citizen, Dower's estimate isn't even slightly
reasonable.

JAMES F. HIELD
Lake Ozark, Miss.

A NEEDLING OBSERVATION
Since sewing needles sold in the United
States have been made and packaged in
Japan for years, your illustration on
page 63 of the August/September 1995
issue-showing U.S. ambivalence about
the atomic era by way of a needle
packet-reveals even more ambivalence
than you realized.

MARGARET P. HOLTON
Seattle, Wash.

THANK TIlE HAWKS
Prompted by the 50th anniversary of the
end of World War IT,the media in gen-
eral-and Technology Review (August/
September 1995) in particular-were
rife with commentaries on the use of the
atomic bomb. Included in these collec-
tions were the discourses of "revision-
ists" who claim that the bombings of
Hiroshima and Nagasaki were inhu-
mane and even unnecessary to save lives
and shorten the war. We strenuously
disagree.

Only something on the unprecedented
scale of these atomic bombs could have
quickly ended the war, thereby sparing
the millions of individuals on both sides
who would have been killed or seriously
injured in land invasions of Japan. And
we are sure that there was no alternative
to such invasions because the firebomb-
ings (with conventional weapons) of
Tokyo, Yokohama, Kobe, and other

LETTERS

industrial centers, which were actually
more destructive than the two bombs of
August 6 and 9, did not force the
Japanese to surrender. They respected the
power of the atomic bombs, however.
Postwar interviews revealed that Japan
was working on its own version, and
would have used it on usif it were ready.

EDWIN G. Roos, New York, .Y.
FRANK CHIN, Brookline, Mass.

LoUIS R. DEMARKLES,Hyannis, Mass.

A BALANCED SERIES
Congratulations on your magnificent
special issue, "The Atomic Age at 50"
(TR August/September 1995). When to-
day's instant experts pass judgment on
issues that they know nothing about, it
is refreshing to read an authoritative and
well-balanced set of essays on many
facets of this awesome subject.

From a pragmatic viewpoint, two
indisputable facts emerge: World War
II stopped shortly after "the bomb"
and no major wars occurred in the
ensuing half-century. From a specu-
lative viewpoint, your writers could
have projected a scenario in which
Japan was the ultimate victor. Hard
to believe, but possible. I would have
dropped not two but ten bombs to
guard against that eventuality.

ITALO S. SERVI
Winchester, Mass.

Congratulations on your August/Sept-
ember issue. I thought you did a superb
job of presenting various viewpoints on
the bombings of Hiroshima and Nagasaki.

As one of those who was saved from
an invasion of Japan by the use of the
bomb and an observer of two blasts at
Bikini in 1946, I have my own opinion.
It is summed up in the following 14 Lines
of iambic pentameter:

The Road Not Taken

We travel down this road of life, and rest
At forks where one must pause to pick and choose.
A choice is made for what we hope is best
Or oft, perhap , on what we fear to10 e.
At times these forks are een both clear and bright;
They stretch across a flat and level plain.
Then others wind down valleys without light.
We know not where they end, in joy or pain.

So Hiroshima came, and we could peer,
But where it led was not for us to see.
One path was picked, its end is still not clear,
But knowledge of the other path will never be.
So fret not for these woes we see so clear.
The other's woes, perchance, were twice as dear.

JACK C. PAGE
Dallas, Tex.

GENERAL CONVERSION
As a World War II veteran, I was ap-
palled at the ignorance of history that
editor Steven J. Marcus displayed in
"Transforming a Superpower" (First
Line, TR May/June 1995). He should
also apologize for extolling
a "Saturday Night Live"
skit about the Nazis.

The editor's asser-
tion that Germany
and Japan "ultimately
won World War IT"
denies history. Japan
and Germany moved swift-
ly into civilian pursuits because the United
States provided them with long-termmil-
itary protection in lieu of their ownmili-
tary power. U.S. generals, who quickly
convened to peace (as did the rest of us),
were excellent postwar statesmen. Gens.
Lucius Clay and Dwight D. Eisenhower
prevented France, the Soviet Union, and
England from turning Germany into an
agrarian nation. Gen. Douglas Mac-
Arthur guided Japan along the track to
democracy and prosperity. Europe's
progress since the end of World War IT
depended heavily on the (Gen. George)
Marshall Plan.

If the editor had acknowledged
the U.S. military's contribution after
World War II, he would not have sug-
gested that gender influences problem
solving. A solution can simultaneously
employ "competitiveness, battle, domi-
nance, and well-defined movement
toward singular solutions" and "col-
laboration, emphasis on process and
growth, and a gentle, patient and flexi-
ble approach." Forget Superman
Superwoman, and "Saturday ight
Live". They carry images important
only for the TV generation.

PAULM. ERLA!'.TJ)SON,SR.
Stamford, Conn.
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These squishy foam puzzles will test your mettle and creative energy
with dozens of complex shapes to build and rebuild. Six different levels
to master, from easy to brain buster!

Ages8 and up, Packageof 6, $7.95

. My FirstScience Book

by Angela Wilkes

Kids can learn abour the
weather by making a rain
gauge, barometer, and wind
vane, or test acidity and
alkalinity with their own lit-
mus test. Includes instruc-
tions with color photo-
graphs, and clear explana-
tions of why things happen.
Over a dozen experiments.

Ages 6-10, Hardcover,48pages, S15.00

200 Gooey, Slippery,
Slimy Experiments

by Janice VanCleave

Zany, wacky, entertaining,
this book engages chil-
dren's imaginations while
answering their favorite
questions about the envi-
ronment. Your kidswill
have so much fun conduct-
ing these 100% fool-proof
experiments they'll forget
they're learning.

Ages 8-12, Paperback,113pages, $12.00

The Complete Handbook
of Science FairProjects .

by Julianne Blair Bochinski

The only book you'll need
for selecring, preparing, and
presenting award-winning
science fair project . Writ-
ten by a verera n con testa nr
and judge, this step-by-step
guide describes 50 projects
in derail and suggests 500
other topics suitable for
grades 7 and up.

Ages 12and up, Paperback, 206 pages, $14.95

The Children's
Step-by-Step Cookbook

by Angela Wilkes

The Sneaky Square&
113 Other Math Activities

by Dr. Richard M. Sharp&
Dr. Seymour Metzner

An ideal way for teachers
and parents to spark the
mathematical curiosity of
students who try to avoid
the "third R." Illustrated
games and puzzles build the
capacity for critical think-
ing' problem solving, and
accurate estimation.

Ages 8-13, Paperback,134 pages, $10.95

\

Showy Science

Here are more than 175
science demonstrations
that work using nothing
more than ordinary house-
hold objects. No special
equipmenr needed, yet the
results are dramatic and
the learning is fun! Chil-
dren will explore water,
air, animals, plants,
microbes, gravity and
motion, earth, and light as
they "show off"
scientific principles for classmates and friends.

x

Football Math

Learn important math kills
as you follow your favorite
professional, college, or high
school football team! Here
you can tackle math prob-
lems based on football statis-
tics, stories, historical and
real-life situations. You can
figure the cost of tickets on
the 50-yearline, salaries for
an average number of offen-
sive plays
per game, and much more.

The World Record
Paper Airplane Book .

Combining the fun of ThE WORLD RECORD

making a piece of paper fly
with the science of aero-
nautical engineering, here
is an all-you-need book for
beginners and experienced
flyers alike. Written with
soaring enthusiasm by the
world-record holder Ken
Blackburn, it includes: 16
different de igns, 100 full-
color ready to fold airplanes, plus a tear-out run-
way
and custom flight log.

------------------------------------------------------------'

The first cooking course
for aspiring young cooks,
with page after page of
mouth
watering dishes. More than
50 easy-to-follow recipes
that are fun to make and
delicious to eat! Clear step-
by-step photographs show
each stage of the recipe. Beautiful photographic
cooking lessons.

Math for Every Kid

by Janice VanCleave

Easy aerivities that make
learning math fun! Packed
with illustrations, Math for
Every Kid use simple
problems and activities to
teach kids about measure-
menrs, fractions, graphs,
geometry figures, problem
solving and more!

Ages 8-12, Paperback,215pages, $10.95

Bill Nye The Science
Guy's Big Blast of Science

by Bill ye

A highly cool handbook for
the laws of nature from
molecules to the Milky
Way. With science projects
and awesome fun for every-
one. Bill Nye the ience
Guy knows how cool sci-
ence can be! After all, every-
thing in the universe
involves science. You already think scienrifically
every day, even if you don't know it!
Ages 10-14, Paperback,171pages, $12.95


