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IS THERE MORE TO JAVA THAN COFFEE JOKES?

Two years ago, the introduction of Java" software created a whirlwind of
excitement and an explosion of coffee-oriented puns. Was it all hype?
At IBM, we think Java is worthy of the stir it created. An idea that brings two

benefits to businesses wishing to become e-businesses: one is the promise of standards




and open connectivity, the other is substantially faster application development.

Perhaps the most profound change that the Web has brought to the I/T world
is a culture of standards. It’s this capability that permits universal connectivity and
has allowed 80-million-plus people to access the Web. Java is the first language that
allows a single application to run on any platform (write once, run anywhere").

This can speed the application development process — since you don't have
to create a different version of your software for every client, every server and every
browser. And since most business environments contain a wide variety of computing
platforms, Java is just common sense.

So is the idea of 100% Pure Java”- a Java that is not corrupted by offshoots
and OS dependencies. (We support Sun” on this issue.)

Is Java perfect? No. Not yet. Like any new technology, it needs refinement.
But it’s maturing faster than any other language in history and IBM is working to make
it real. Recently, we've established Java Solution Studios to work with developers to
ensure that the 100% Pure Java applications they create will deliver high performance
across a wide variety of operating systems, browsers, tools and applications.

Currently, we have more people working with developers on Java than any
other company - creating real-world applications in finance, manufacturing and dis-
tribution (to name a few). And we’re putting Java to work to solve real business problems.

We're also creating award-winning tools like VisualAge” software and Lotus
Bean Machine” These are powerful programming tools that make it easier for
independent and in-house developers to build customized e-business solutions
(everything from interactive customer service Web sites to collaborative intranets).

To learn more, we invite you to check out the latest IBM developer tools

for Java (as well as one or two bad coffee puns) at www.ibm.com/java
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For over 15 years, IAI Ventures has worked in partnership
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most successful growth companies. Our track record of superi-
or performance is among the best in the venture industry.
Today, we have nearly half a billion dollars under management
and are actively seeking new investment opportunities in the
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TAI Ventures goes far beyond the all-important financing of
the growth of your business. We provide many of the tools nec-

essary to build successful enterprises in those areas where you

1Al

VENTURES,

may lack the experience, contacts or time. And with venture
capital offices in Europe and the Far East, an affiliation with
Lloyds TSB Group plc, and a relationship network spanning
the globe, we believe our ability to assist you in the interna-
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eIl From the Editor in Chief

MAGAZINE’S COVER STORY IS TYPICALLY NOT ONLY THE MOST COMPELLING ARTICLE

in the issue but also the piece that best represents what the magazine is about.

And our cover story in this issue—on the hunt for the human embryonic stem

(ES) cell—offers a fine example of what the new Technology Review is all about. It

combines cutting-edge research, a huge potential commercial payoff, important policy
and ethical issues, and heated controversy.

Writer Antonio Regalado provides excellent reporting on an important area of bio-
technology that has been given scant coverage by the major media. The cloning of Dolly
the sheep last year elicited a tidal wave of attention; the announcement by John Gearhart
of Johns Hopkins University that he had isolated human ES cells raised hardly a ripple.
That’s surprising, because the identification of human ES cells may have more impact on
our species than Dolly ever will.

These remarkable cells are a tabula rasa for the human organism. Found in early-
stage embryos, they are capable of differentiating into any other
kind of human cell or tissue. If medical researchers could iden-
tify and reliably manipulate ES cells, it might open the door to
being able to grow any kind of human replacement tissue—per-
haps even whole organs such as new human hearts or livers.

But there are huge obstacles to that dramatic payoff. In addi-

tion to overcoming severe technical problems, researchers must

negotiate thorny political and ethical dilemmas. That’s because
the biologists hunting for human ES cells use as starting material either fertilized human
embryos left over from fertility clinics or human fetuses culled from abortions. These
sources of tissue have led to threats against the researchers from some extreme members
of the pro-life movement. The controversy has frightened away many researchers and
most biotech companies.

Part of the problem is that the National Institutes of Health (NIH), which funds most
basic biomedical research in the United States, has been prevented from getting involved
in this area by a ban on federal funding for research involving human embryos. As a result,
the only funding comes from the few biotech firms willing to take the risk. And when the
only funding is private, researchers have a reduced incentive to publish their work (prefer-
ring instead to submit it directly to the Patent Office). What is more, their research doesn’t
get discussed at major scientific meetings; nor does it get the kind of ethical review that
is given to publicly funded efforts such as the Human Genome Project.

The hunt for human ES cells must come out into the light. The ethical questions are
too large for it to stay closeted and the potential payoff is too significant for the field to
remain tiny and secretive. But bringing it out will require political courage from the
White House, Congress and the NIH. The ban on research involving human embryos
needs to be overturned, bringing federal funding to this area, along with the concomitant
oversight. The stakes are too high for the hunt for human embryonic stem cells to remain

behind closed doors. —John Benditt
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Our cover story is the second feature by one of the new members of the TR staff. In “The

Troubled Hunt for the Ultimate Cell,” Associate Editor Antonio Regalado uses his insid-
er’s view of biotechnology to get to the heart of a field that could alter the face of med-
icine. The band of researchers that he’s profiled—who are hunting for something called
“the human embryonic stem cell”—are buffeted by threats of violence, political con-
troversy and funding bans. | This month, we continue our
series of profiles of great labs at big companies with a look at
IBM’s Almaden Research Center. Claire Tristram explains how
Almaden’s research scientists have kept themselves relevant in
the era of corporate cutbacks by repeatedly breaking the stor-

age density barrier for magnetic disk drives. Tristram is no

underachiever herself. She’s a book author, a black belt who
R?%TRAM ¢ speaks Japanese and a motorcycle enthusiast. After a career in
technology marketing, Tristram turned to freelance journalism in 1995, quickly build-
ing a mountain of bylines at magazines such as Fast Company and Wired. | Bringing us
a tale of innovation from Down Under is Dan Drollette, an ‘
American exploring Australia on a Fulbright traveling fellow-
ship. In “Solar Sailor” he describes a sun-worshipping water-
bug he discovered at the Second International Advanced Tech-
nology Boat Race in Canberra. Drollette has also written on the
aerodynamics of aboriginal boomerangs and about snorkeling
with 15-meter-long whale sharks for publications such as The
Sciences and Australian Geographic. I Mining asteroids for min-
erals? It sounds like science fiction, but seasoned reporter David Graham tracked down
an entrepreneur setting out to commercialize space with low-budget rocketcraft. Gra-
; ham, a graduate of MIT’s Knight Science Journalism program
and a frequent contributor to TR, covers science at the San Diego
Union-Tribune. If this first venture into the void succeeds, Gra-
ham thinks that big aerospace firms could be next. lTrekking
down to Johns Hopkins was a break from the routine for author
Amy Salzhauer, who is earning a PhD in Technology Policy at
MIT. But the tale she tells of two materials scientists struggling

to commercialize a thin, lightweight plastic battery is right in
her home court. The story calls on her understanding (she holds an MBA and an advanced
degree in biology) of how new technology wends its way into the private sector. I In this
issue’s “Viewpoint,” MIT Assistant Professor of Design and Computation John Maeda
presents a critique of computer art. Thanks to training in both computer science and clas-
sical Japanese design, his images are graphic proof that the union
of art and engineering can produce remarkable work that is
beyond the reach of either discipline individually. l We Must
Have Heard Voices: In our excitement at getting out the first
issue of the “new” TR, we managed to misstate the title of Con-
tributing Writer Robert Buderi’s book on radar. Bob’s book is The
Invention that Changed the World, published by Simon &

Schuster.
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We help turn innovation
into successful business.

At Brobeck, we work with leading entrepreneurs

to transform ideas into business opportunities.

| rom business planning and raising capital, to protecting
intellectual property assets and negotiating partnering
deals, our attorneys provide the expertise and the experience

needed to support the growth of your company.

Andrew Busey, Founder, Chairman &
Chief Technology Officer. ichat, Inc.,
is ahead of the game. Four years ago
and fresh out of Duke
University, Andrew had

the idea of creating
technology which would make real-time
communications on the Internet as user friendly as

a chat room on AOL.

Today, ichat’s client-server technology is changing

the way businesses and consumers communicate
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and collaborate. ichat’s software allows users of the World
Wide Web and corporate Intranets to chat, send instant
messages, post bulletins, and conduct serious on-line confer-

ences.

“I was 22 when I first pitched my idea to the venture capital
community. At that time, there wasn't really a tradition of
young Internet entrepreneurs being successful, as the market
was very young. Brobeck’s track record in
working with entrepreneurs is exceptional.
- Brobeck provided us with introductions to the
VC community and helped me secure the

funding to get ichat started, ” says Andrew.

Visit our website at

ATTORNEYS AT LAW

www.brobeck.com
NEW YORK COLORADO LONDON
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130,000 MILES WITHOUT STOPPING
10 CHANGE YOUR COOLANT
ANGTHER FAR-REACHING 0EA FROM TEXACD.

Until very recently, if you wanted the
convenience of traveling great distances
without changing your coolant, your
vehicle would have to be the camel—a
choice which would be quite impractical,
say, for a commute on the freeway.

But thanks to the inspired thinking of
scientists at Texaco, there’s now a 150,000-
mile coolant for cars. It’s miles ahead
of most conventional coolants because it
lasts five times longer. In fact, it could
very well last for the life of your car.

Our thirst for innovation doesn’t stop
there. We've also developed a system of
coolants for trucks that’s good for
600,000 miles, and we’re working on
fuels for the future that will help save
energy and the environment by letting
drivers travel unprecedented distances
on a single tank of gasoline.

Although the noble camel has been
around for centuries, we think it's got a lot
of catching up to do. To find out more,
stop by www.texaco.com. And see how
our relentless pursuit of energy will keep
the world running, in this century and
centuries yet to come.
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EE E D B ALK Letters from Our Readers

€¢I regard Wired and Fast Company as the best
technology magazines, and now Technology
Review is on a par with them.??

Readers Review the New TR
CONGRATULATIONS ON THE NEW INCAR-
nation of Technology Review! I had
become bored with the magazine, and had
been thinking of letting my subscription
lapse. Your makeover has revitalized the
publication and recaptured
my interest. I like what
you've done across the
board—the new orienta-
tion of the articles, the new
layout and typography—
even the new paper. I regard
Wired and Fast Company
as the best technology mag-
azines, and now Technolo-
gy Review is on par with
them.

DEREx ScHULTZ
President, Media Design Associates
Randolph, NJ

BY CHANGING TECHNOLOGY REVIEW FROM
a highly respected source of broad tech-
nical opinion to a high-tech business jour-
nal, you have made it easier for this old cur-
mudgeon to winnow his awesome stack of
reading material, a continuing task in this
age of informational glut. What was for-
merly a “must read” has become a “glance
and discard.”
Wirriam E. MooRre Il
Charleston, WV

I’VE JUST FINISHED BROWSING WHAT I
understand is your first issue of the new
Technology Review and I wanted to let
you know that it is fantastic. Being an avid
reader of both Fortune and Scientific
American, I feel that you have managed to
capture the essence of both in what is
promising to be an interesting, informa-
tive and insightful business-technology
journal.
Ippo GILON
Cambridge, MA

PLEASE DON'T TURN TR INTO A COMPANY
claque. Corporations praise themselves,
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regularly and without embarrassment; you
needn’t do it for them. It is the ideas “left
standing” that interest most of us—not the
wit and wisdom of top management.
E. CoHEN
Chicago, IL

~ IT 1S GREAT! THE LAYOUT IS

Y easy and the content appears

_ to be expanded. The lead on

companies that have survived

is one of the best I've read. I

was very satisfied with the old

version, but the new is even
better.

PETER D. NUGENT

Via the Internet

I HOPE WHAT | RECEIVED
today represents phase one of a “new Coke”
gambit—the substitution of a new and
inferior product for one that had com-
manded strong, but unexpressed, loyalty.
With that strategy, outcries and widely
publicized protestations of love for the
original product will be followed by its
reintroduction to an energized market.
Please don’t delay in bringing us Classic
Technology Review.

WiLLiAM A. SELKE
Stockbridge, MA

I yUST RECEIVED MY MAY-JUNE COPY OF
Technology Review. It is great. The maga-
zine is filled with more articles and overall
looks better than in the past. Now hopefully
the magazine will come monthly instead of
bimonthly, even if you have to raise the sub-
scription price.
Birr Knott
Via the Internet

We welcome letters to the editor.

Write: Technology Review, MIT Building W59,
Cambridge, MA 02139. Fax: (617)258-8778.

E-mail: technology-review-letters@mit.edu.
Please include your address, telephone number,
and e-mail address.

Letters may be edited for clarity and length.

I coMmMEND THE “NEw” TECHNOLOGY
Review. The departments, features, “back of
the book,” and columnists come through as
Editor in Chief John Benditt confidently
projects in the Leading Edge. I stopped to
read rather than skim TR.
EUGENE N. BILENKER
Elizabeth, NJ

YOUR CRASS ENTREPRENEURIAL CHEER-
leading leaves me cold. It is becoming
ubiquitous nationally as our economy
becomes more steeply and structurally
stratified, with a concurrent loss of polit-
ical and economic influence by those class-
es of people unable to hop on the high-
stakes, high-tech bus.

You have abandoned Technology
Review’s commitment to the advancement
of technology for the betterment of
mankind as a whole. While your narrow-
er focus on the business implications of
technology may make it easier to sell
advertising space, it abandons even a pre-
tense of the objectivity and moral high
ground that were the trademarks of the
earlier Technology Review.

DoN COOLIDGE
Belmont, CA

I HAD ALWAYS LOOKED AT TR AS A BIT
stodgy, with maybe one or two interesting
articles per issue. I am impressed by the
new focus and format, and am especially
encouraged by the increased coverage of
biotechnology so evident in the May/June
issue. I found virtually all the articles of
great interest. ’'m proud of my alma mater’s
continuing ability to innovate.
JoHN GREENE
Gaithersburg, MD

I'M NEVER VERY PLEASED WITH CHANGE,
and had grown pretty used to the non-com-
mercial and pretty low-key approach of the
old TR. My enthusiasm was high for the
“niche” magazine,and I'm not at all sure I'll
stay on with the much more mainstream
product it’s just become. But my subscrip-
tion has a couple of years to run, and I'm
open to the possibility that the new publi-
cation will grow on me.
EpwaRD RICE
Vienna, VA

SORRY, BUT | THINK YOU OVERDID THE
innovation angle in your new format. How-
ever, on the positive side, as one of the myr-
iad of engineers and technicians who



installed the high-speed data lines between

universities in the 1960s, I did enjoy the
Vint Cerf interview.

BiLL BURESCH

Via the Internet

JUST A QUICK NOTE TO COMPLIMENT YOU

and your staff for a great “new” Technolo-

gy Review. One of the first things I'll look

to in future issues is Trailing Edge—that’s
a cool page.

Tom HuLrL

Myrtle Creek, OR

BEST WISHES ON REVAMPING TECHNOLO-
gy Review. As president of a small tech-
nology-based company, I have always felt
I should be a subscriber. In fact, I have sub-
scribed three times over a period of 15
years. Each time I have either cancelled or
tossed them in the trash because reading
them always made me angry. The primary
reason was that I resented a scientific pub-
lication from a prestigious institution being
subverted to a political end. Scientists have
amoral obligation to address issues of pub-
lic well-being and information. They also

have an obligation not to promote a polit-

ical agenda under the mantle of being a

scientist or an affiliation with a scientific
institution.

JaMmEs P. LEwIs

Spring, TX

THE OoLD TECHNOLOGY REVIEW PLAYED AN
important role for many of us who, while
not ready to buy Ted Kaczynski’s mani-
festo, still regard the impact of technolo-
gy with a jaundiced eye. The old magazine
was one of the few places where I could
find a literate, informed and balanced cri-
tique of untrammeled enthusiasm for tech-
nology as the solution to all our problems.
And there were special gems, like the arti-
cle from the July 1989 issue on James Love-
lock’s “Gaia Hypothesis.”

In the May/June issue, on the other
hand, I read enthusiastic praises of the
“Winning Combination” of combinator-
ial chemistry, the “real payoff” from the
next genome project, and how MIT’s guru
of productivity calls for a “New Economic
Citizenship...based on how America’s
most successful corporations navigate tur-

bulent economic conditions.”
RusseLL BRADNER NORRIS, JR.
New Rochelle, NY

LAsT THURSDAY, | RETURNED FROM SEVER-
al weeks traveling and discovered the new
Technology Review in my mail. For the first
time in many years, I plan to read the entire
issue. Congratulations. Excellent content,
well-written and exciting graphics. Well
done.
FRANK ZENIE
Via the Internet

I HAVE BEEN A SUBSCRIBER TO TECHNOLO-
gy Reviewfor perhaps 15 years. While I have
enjoyed it, I do believe the time was right
for a reorientation of TR and what it could
accomplish. I am not an engineer or in a
technical field. However, I am in the group
among which I believe you want to expand
readership: sophisticated lay people who
know they must stay apprised of technolo-
gy and innovation issues. I will wait for a
few issues before commenting on the con-
tent, but I do want to communicate my
reaction to the “new look.” In general it is a

You can have a web site. Or you can have THE web site. A web site has a customer service phone number. THE web

site has an automated customer service system. A web site says you have products. THE web site has a multimedia pur-
chasing system containing all your products and services. A web site lists your business hours. THE web site has no
business hours. A web site lists your address for transacting business. THE web site is your address for transacting busi-
ness. Your competitor has a web site. You have THE web site. If you were your clients, where would you go?

Tech Development and Consulting, Inc. can provide your company with Internet, Intranet and Client/Server software
development and consulting services to put you on top. Let us...

Make The Web Work For You

Tech Development and Consulting, Inc.

http://www.techdevelopment.com
1-888-391-6360
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NATURALLY,
WE HAVE HOSPITALITY
AND COMFORT DOWN

TO A SCIENCE.

The proof lies in University
y Park Hotel at MIT, opening in
the summer of 1998 and certain

to be one of the area’s most

exclusive hotels. Here you will
find luxurious guest rooms with state-of-the-art amenities, such as
dual telephone lines and data ports. Fine American cuisine and
seasonal specialties at the avant-garde Sidney’s Grille. Twenty-four
hour room service. And an idyllic outdoor roof garden. Located in
the heart of MIT, the hotel is also conveniently close to both Boston
and Harvard Square. We invite you to put our hospitality to the
test. For more information or to make a reservation please call

617.577.0200 or fax 617.494.8366.

university

|
ParkHotel
In A Class Of Its Own
20 Sidney Street, Cambridge, MA 02139
e-mail:welcome@univparkhotel.com website:www.univparkhotel.com
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much more updated look, good font choic-

es, good graphics. What I don’t understand

is the excessive, distracting underlining of
headlines, featured comments, etc.

Monica MANNING

St. Paul, MN

YOUR NEW FORMAT IS A DISASTER. THE TYPE
face is too small, and the sidebars printed
on a colored background are illegible. No,
I am not turning senile or going blind. Iam
still working under contract with a major
national laboratory doing technical editing
(including formatting).
MARGARET DIENES
Las Vegas, NV

I WANT YOU TO KNOW HOW IMPRESSED [ am
with Technology Review’s new look. It is
clean and modern and easy to read. I began
my subscription about a year and a half ago
and have enjoyed the content tremendous-
ly. The new look (and new paper) adds an
extra bonus. Congratulations!
KaTHY WILLIAMS
Via the Internet

YOUR EXPERIMENT WITH INNOVATION IS
commendable. It is obvious a lot of work
has gone into the new format. Unfortu-
nately, the innovation went in the wrong
direction. The cover is no longer
unique—I could not pick it out in my
unisex barbershop from US, People,
Teens and all the other splashy magazines.
Inside the magazine, it looks like a
novice just bought a desktop publishing
program. It’s difficult to tell the articles
from the advertising.
Jack L. SHELTON
Littleton, CO

‘Wow! WHAT A GREAT NEW LOOK FOR YOUR
magazine. It’s bright and engaging. The
photos are much more dramatic and
compelling than they used to be. The color
and type says you're wired into the present.
I'love it.
LEe GIGUERE
Willington, CT

Pore Pioneers
YOUR REPORT ON A NEW TECHNIQUE FOR
DNA sequencing (“Hole in Wall Offers
Cheaper Sequencing,” TR May/June 1998,
page 26) did not properly assign credit for
this landmark work. In particular, the arti-



cle ignores the contribution of the Nation-
al Institute of Standards and Technology
(NIST), which did the pioneering work
showing that individual polynucleotides
can traverse a single nanometer-scale
pore. The work described in your article is
a collaborative effort between John
Kasianowicz of NIST, Daniel Branton of
Harvard and David Deamer and Mark
Akeson of the University of California at
Santa Cruz. Moreover, the article says that
research results provide proof of concept
that this method will be successful for
sequencing individual nucleotides. NIST
researchers feel it is premature to draw this
conclusion.
LiNnDpA JOY
Public Affairs Specialist, NIST
Gaithersburg, MD

Science Journalism Defended
I CAN’T AGREE WITH GARY TAUBES NOTION
that science and daily journalism are so
“fundamentally at odds” in purpose that
they cannot find common ground
(“Telling Time by the Second Hand,” TR
May/June 1998, page 76). He notes that
scientific knowledge progresses by “fits and
starts.” Why isn’t this equally acceptable in
the news?

He suggests that journalists should be
wary even of published findings and rely
more on “real experts” to assess any sci-
entific claim. But who will select these
experts? If scientific peer review is inade-
quate protection against false or hyped
claims, why expect journalists to construct
a better filter?

Like science, daily science reporting
proceeds haltingly, struggling toward a
more accurate picture with every new story
and new piece of information. If we truly
want the public to understand science, we
need to report it not as a finished product
but as a work in progress.

Tom PauLsoN
Seattle Post-Intelligencer
Seattle, WA

CORRECTION

John Kasianowicz of the National Institute
of Standards and Technology should have
been credited as the source for the DNA
sequencing illustration on page 26 of the
May/June issue.
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A Flip of the Wrist

Whether you push a broom or type on a keyboard, you're at risk
for carpal tunnel syndrome (CTS). But, unless you’re a neuro-
logical specialist, this damage to nerves in the wrist is tough to
diagnose. “Lots of things look like CTS, including arthritis, wrist
sprains and hypochondria,” says bioengineer Shai Gozani.
Gozani’s company, NeuroMetrix of Cambridge, Mass., has
designed a flexible Mylar strip embedded with electrical sen-
sors, circuits and a tiny processor that should enable the fam-
ily physician to identify CTS. Positioned at the heel of the wrist,
it shoots a current through the nerve, causing thumb muscles
to contract and produce impulses of their own. The sensors
pick these up, allowing the processor to calculate the speed of

Innovations from Every Area of Technology

Lab-on-a-Tip
Afiber-optic cable is a bun-
dle of thousands of light-
carrying glass threads. A
|, start-up called lllumina in
San Diego plans to put a
test tube on the tip of each.
Born in the Tufts labora-
_tory of chemist David Walt,
the scheme uses hydrofluo-
ric acid to etch a dimple at
the end of each fiber. The
_teensy wells—each holds

VITO ALUIA

the nerve signals. Normal nerves carry signals at about 60
meters per second, but damage by CTS can slow that by half. ~ Sensors check for damaged nerves.

just a billionth of a micro-
liter—can be filled with
reagent-bearing beads or
Bo n e P h one cells. Expose the bundle end
Most devices designed to help the
hard-of-hearing simply amplify

to a patient’s blood or to a

test chemical that induces a
light-generating reaction
and each test tube sends in
a report via its fiber. lllumina
is betting that the lab-on-a-
tip will speed diagnostic
tests, chemical sensing and
genome experiments.

sound.This approach doesn’t work
well for people with severe defects

in the outer or middle ear. Daewoo
Technologies of Lyndhurst, N.J. has
developed a telephone that takes a
different approach: sending vibra-

. tions directly to the inner ear through
the bones in the head.
We hear mostly by “air conduction,” with sounds traveling

DAEWOO TECHNOLOGIES

through the ear canal and middle ear to the inner ear, where they
are translated into nerve impulses that go to the brain.But we also
hear via“bone conduction,” and Daewoo’s phone exploits this effect.
A knob in the center of the earpiece is pressed to a bony part of the
head and transmits vibrations directly to the inner ear. The
phone’s makers say the instrument could also be useful for people
with normal hearing who work in noisy environments such as con-
struction sites.

Laser Linen Tag

Add up all the restaurant tablecloths, hospital bedsheets and work
uniforms that people use every day, and you get a linen indus-
try that has to track billions of items. New materials developed
by Brown University physicist Nabil Lawandy may stream-
line this task.

The materials return specific frequencies of light when struck
by alaser beam. Putting an array of threads spun from this mate-
rial into the border of a tablecloth or the label of a garment results
in a “smart textile” that identifies itself optically under laser illu-
mination. The threads are faster to read and more durable than
the bar codes and radio chips now used for identification. Spec-
tra Science of Providence, R.1., has formed a textile-manufac-
turing division called Millennium Textiles to commercialize the
new material.

New thread makes smarter fabric.
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Dog meat. Lying on the bed, he thinks about his day. His flight was delayed two hours. He
went into the club lounge and connected to 1 % the company intranet to review shipping status
on pending inventory} via the Web. He 2§e-mailed§: his customers to inform them their
deliveries would arrive early. He lugged his carry-on to the gate. He wedged himself into
a coach seat. He arrived at his sales call just in time, only to find his client was running an hour
late. He tweaked his presentation, checking his competitors’ Web sites, and 3%"iincorporated key
points into his pitchij;é. He made the presentation. He went to the hotel and the smiling clerk
gave him a smoking room with twin beds instead of the non-smoking king he had reserved.
He turned on a rerun of Love, American Style. He connected to the 4§contact management

system%, updated his customer file and sent a call report to the global sales team. He con-

e

nected to the company benefits intranet and 5§calculated the balance in his 401k plan}. It

=

was up 4.5%. He falls asleep and sleeps soundly until his next wake-up call. At 5:30 a.m.

THE 6 (BEST PARTS) OF HIS DAY WERE MADE POSSIBLE BY LOTUS.

ILotus Domino™ Web Application Server with IBM DB2° UDB back-end. 2iotus Notes® mobile messaging. 3Notes replication. 4Domino-based Contact
Management application developed by Lotus Business Partner. 51otus eSuite™ spreadsheet applet. 6www.Iotus.com/worktheweh.

An IBM Company
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The People’s Computer

Time for Fresh Air!

N THE DIM PAST, IF YOU WANTED TO PLACE A
long-distance phone call, you booked ahead of
time and the connection was made by an

operator, but if you wanted to make a local call,

you dialed direct. These different ways to reach

your party sound crazy today. Yet that’s exactly what we do
with computers: We use an operating system like Microsoft

Windows to work with local information in our own

machines while relying on a different system—a browser

like Netscape Communicator—to deal with long-distance
information in other machines around the world. There’s no
reason for this craziness, other than the historic emergence

of browsers 40 years after operating systems. It’s time for a

change!

By now, developers have realized this and have begun
combining operating system software and browser software,
mostly by adding the features of one to the features of the
other. This will result in a tangle of commands and conven-

Stale browsers and operating systems must be replaced with

it as a program to other information, and perceive it with
their eyeballs and ears. And they want the assurance that
their information will not be used by others without permis-
sion. Interestingly, what people do with information closer to
their specialties is not very different from these more ele-
mentary operations. Doctors navigate through patient
records, build on the information there, transfer it to insur-
ers and specialists, supply it to charting and analysis pro-
grams and display it or print it for their use. The right new
metaphor should carry through, all the way up to applica-
tions.

To many technologists, the metaphor I am calling for is
viewed as lower-priority “user interface” stuff. Underneath
such “niceties” for the user, they see big differences between
computers on which operating systems act and the networks
on which browsers act, with different techniques needed for
these two environments. These differences in mechanism are
indeed there, as they are in today’s telephone

22

a new system that allows users to work uniformly
with data in their own computers—or around the world.

tions, covered by a thin cosmetic user interface veneer...to
make us feel good. No such veneer, however, can hide the
underlying differences of dealing with information: For
example, in a browser, clicking on an icon opens a distant
home page, but in an operating system clicking on an icon
selects it for further action. Retaining both capabilities is as
sound as turning the steering wheel to steer the car when
driving in your neighborhood streets and turning the steer-
ing wheel in the same direction to apply the brakes when
driving in the country! Besides, there are some actions you
can do with an operating system on local information that
you cannot do on distant information with a browser—and
vice versa. Yet system developers are accumulating the fea-
tures of browsers and operating systems to conserve finan-
cial and emotional investments in both breeds of software.
The result is still unfit for human use.

The time has come for a new metaphor, as fresh as the
air we breathe, that will replace stale operating sys-
tems, browsers and awkward combinations of the two.
Much like today’s direct-dial telephone, a single new system
would let us deal more economically, more naturally and
more uniformly with information, wherever it may reside.

Whether they use operating systems or browsers, people
want to do the same relatively few things with information—
navigate through it to find what they seek, transfer it to or
from other places, build on it with new information they
acquire or generate themselves, feed it to a program or apply

TECHNOLOGY REVIEW July/August 1998

systems: Copper twisted wires link your house and office to
the local phone exchange while glass fibers link exchanges
together across long distances, with different mechanisms
used for routing and amplifying voice signals in the local and
remote telephone networks. But users of the telephone are
oblivious to these differences. To them, the telephone system
helps them reach people uniformly. Period! It’s high time we
technologists learn this lesson and shed our system-centric
preoccupation that has governed our designs for decades:
Let’s stop throwing our system and subsystem intricacies on
users. Let’s, instead, use our ample technological arsenal and
creativity to give users the simplest, most useful people-ori-
ented systems we can create that address their needs.
Coming up with a new fresh-air metaphor for dealing
uniformly with local and distant information, instead of a
bloated conglomeration of current operating system and
browser commands, would be a very big step in this direc-
tion. It would also be as historically significant as the 20-year
transition from a DOS-like world where the computer drove
humans with multiple choice questions, to the desktop world
of WIMP (Windows, Icons, Menus, Pointing) pioneered by
Xerox PARC, then Apple and Microsoft. The benefits to
people would be the ease of use we keep harping on, the
human power to do more useful things by blending distant
and local information, and the emergence of faster systems,
freed at last from layers and layers of stale software. Let’s
open the windows and allow the fresh air in! 0
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* since our inception in 1979, we have chosen
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The Statue of Liberty has always
been a symbol of freedom. She’s
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earn, build, own and cherish.
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INFOTECH

A more discerning way to find information

WEB SEARCHES OFTEN EVOKE A TWO-
part reaction. First: Wow, that was
fast! Followed sadly by: But none of this
is what I want. Lightning-quick online
searches typically lead Web users into
piles of documents that are, to be kind,
of dubious reliability. Unlike the carefully
catalogued stacks in a library, the Web
often appears to be untouched by human
judgment.

This chaos has been the price Web
users pay for an open system to which
anyone can contribute. But it is an
unnecessary price, says Jon M. Kleinberg,
a professor of computer science at Cor-
nell University. Kleinberg has devised an
approach for sifting the contents of the
Web that could go a long way toward
solving what he calls the Web’s “abun-
dance problem.”

Kleinberg’s technique relies on the
premise that despite the jumbled appear-
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ance of the Web, critical
thinking is in fact woven
throughout it. Every time
a page’s creator includes
a link to another site, that
is a vote of confidence in
the linked-to page. Thus
a rough measure of a
site’s value can be derived
by counting how many
other sites are linked to it.
“The Web is explicitly annotated with
precisely the type of human judgment
that we need in order to formulate a
notion of authority,” says Kleinberg.
But this measure needs to be refined,
because if it were used alone, the Yahoo
search directory and the Netscape home-
page would come out near the top every
time. “We need a way to throw those
pages out,” Kleinberg explains. The solu-
tion? Kleinberg applies a second level of

filtering that assigns higher value to pages
that include lots of links to other sites that
are themselves relevant to the search.

By viewing the Web through its link-
ages and not merely by key words,
Kleinberg’s search algorithm solves
another common search problem. A
conventional Web search on the word
“jaguar,” for example, generates an
unsorted roster of sites—most related to
the sports car or to an obsolete comput-
er with the same name. Information on
the jungle cat that inspired these brands,
however, is harder to come by. Kleinberg’s
system automatically groups hit lists into
“communities” of sites that reference one
another, in this case providing a list sub-
divided by those related to cars, com-
puters and cats.

Kleinberg developed the algorithm
while at IBM’s Almaden Research Center
in San Jose, Calif., which still owns it. For
now, the enhanced searching tool remains
experimental, but IBM researchers are
shopping it around to companies that
run online search services, including Alta
Vista operator Digital Equipment Corp.
Widespread availability is “inevitable,”
says Prabhakar Raghavah, manager of
computer science principles at IBM
Almaden. “This is a great idea whose time
will surely come.”

— Herb Brody

STEPHEN WEBSTER
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Structural insights could expand uses

NIMALS ARE CUT FROM A
Acloth woven largely of col-
lagen. This rope-like protein is
the most abundant in the
body, giving structure to tissues
such as skin and cartilage, but
to date chemists haven’t fully
understood the source of col-
lagen’s strength. A prevailing
theory dictated that the mole-
cule—a tightly wound triple
helix—was braced by a scaf-
folding of water molecules. But
research from the University of
Wisconsin-Madison points to
a different answer, one that not
only helps explain collagen’s
properties, but also might
eventually expand the pro-
tein’s utility in cosmetic
surgery, wound healing and

Avoiding the
Rough Spots

perhaps even arthritis diag-
nosis and treatment.

Wisconsin biochemist
Ronald Raines and his co-
workers modified collagen so
that it was incapable of form-
ing the “water bridge” bonds
previously thought to help
hold the molecule together.
The new form is able to endure
temperatures more than 22 C
higher than a model of natur-
al collagen, probably because
added fluorine atoms push
the chains into a sturdy con-
figuration, the researchers
explain in the April issue of
Nature.

Natural collagen is already
a useful biomaterial, most
famous for its starring role in

Ithough today’s commercial aircraft are

more than tough enough to withstand

being bounced about by air pockets, some-

times passengers aren't: Turbulence in

otherwise calm stretches of air is the lead-

7

ing cause of in-flight injuries. Seeing tur-

the full lips and wrinkle-free
faces of movie stars and mod-
els. But the protein tends to
unravel in the body, so collagen
injection must be repeated
every few months. Raines
believes that a more stable
artificial collagen could be an
advantage not only in plastic
surgery but also in artificial tis-
sues, organs and perhaps even
in a protein “solder” that could
be melted into wounds for
sutureless healing.

MIT polymer engineer
Ioannis Yannas says that the
Wisconsin work is an impor-
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tant advance in understanding
the structure of collagen. He
cautions, however, that the
findings don’t guarantee prac-
tical uses for artificial collagen.
For one thing, the molecule
must prove to be nontoxic.
And there is a “big gap,” Yannas
says, between knowing the
chemical structure and devel-
oping a new biomaterial.
Brian Butcher—rvice presi-
dent for research at the Arthri-
tis Foundation, which helped
fund Raines’ research—says
that the new insight into col-
lagen “could have very impor-
tant repercussions” for arthri-
tis. The joint ailment is often
the result of collagen-rich car-
tilage breaking down; Butcher
sees the potential to develop
better tools for detecting the
destruction. In time, Butcher
says, researchers might even
learn how to replace or
strengthen collagen structures
in arthritic joints, reweaving
the worn tissues with stronger
stuff. —Rebecca Zacks

SOURCE: NASA

bulence ahead of time could save airlines millions of dollars a year,
by averting in-flight injuries and also by saving fuel wasted in churn-
ing through bumpy air. The National Aeronautics and Space Admin-
istration (NASA) is testing a sensor device that could do just that.
The device, designed and built for NASA by Coherent

Technologies of Lafayette, Colo., uses LIDAR technology. LiDAR is
the optical analog of radar: Instead of radio waves, pulses of
infrared light are transmitted, some of which bounce off particles
and back to a sensor. NASA's sensor detects the changing veloci-

ties of tiny particles in turbulent air, creating a picture of the

rough air ahead.

The sensor now only “sees” straight ahead. But the goal is to
be able to scan horizontally and vertically to get a three-dimen-
sional picture of the turbulence. At this point, the laser-based
sensor can see approximately four miles ahead, which for a com-
mercial jet translates to a warning time of 10 to 30 seconds.

“They’d like five minutes,” says Rod Bogue, project manager at
NASA’s Dryden Flight Research Center in Edwards, Calif.“But 10 to
30 seconds is better than nothing.” Just ask anybody who's been

through turbulence lately. —Deborah Kreuze

BETSY HAYES
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insect-resistant,
‘ transgenic corn.

Gene hunters test their skills on crops

H IGH-TECH INVESTORS HAVE LONG CON-
sidered agriculture to be a losing
proposition, scorning it as a backwater in
favor of fast-growing biotech sectors
focused on human health. But the budding
success of the first generation of genetically
engineered crops—and projections that
growth will skyrocket over the next sever-
al years—is rapidly catching the attention
of entrepreneurs and venture capitalists.

In the latest example, Burrill & Co., a
San Francisco investment house, is raising
a $100 million war chest earmarked for new
agriculture startups. “This is a huge amount
of money for ag biotech. There hasn’t been
much money going into this sector at all,”
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says Roger Wyse, the former dean of the
University of Wisconsin’s College of Agri-
culture and Life Sciences, who is directing
Burrill’s investments. Backed by such cor-
porate giants as Bayer and Hoechst, the
managers of the fund see plenty of oppor-
tunity in this underfunded field.

The reason for all the interest is clear.
Big agricultural chemical producers like
Monsanto and DuPont and seed suppli-
ers like Pioneer Hi-Bred International have
looked into their farmers’ almanacs and
concluded that biotech is the future. The
ag giants are already selling seeds for her-
bicide-resistant soybeans and insect-
fighting corn. First commercialized several

Research Triangle Park,NC

PIONEER HI-BRED INTERNATIONAL

years ago, these genetically engineered
crops are proving to be blockbusters. And
the projected growth numbers are stag-
gering. Analysts predict that biotech
crops will be worth $7 billion by 2005.

Companies are now looking for the
next batch of genes to further engineer
crops. Research groups are busily devel-
oping biotech plants that will be designed
with “output” traits to, say, pack in more
protein or more starch. A third wave of
biotech crops is on the drawing board that
will be engineered to produce nutrition-
al supplements or raw materials for
industrial processes.

But fulfilling such dreams is going to
take extensive knowledge of plant genes.
Which is where the startups hope to come
in. The sudden influx of venture capital
and the promise of more to come is fuel-
ing a slew of new plant biotech companies
(see table).

A number of the startups are borrow-
ing well-tested genomics techniques
(methods for identifying genes and their
functions) from the pharmaceutical indus-
try. Indeed, several established biotech
players from the health care arena are
already leveraging their know-how into
plant biotech. Paris-based gene mapping
firm Genset has sold rights to its tech-
nology for agricultural applications to a
Los Angeles startup called Ceres. San Fran-
cisco’s AxyS Pharmaceuticals, a gene and
drug specialist, says it could be next.

“I think that you're going to see a huge
number of startups, probably 20 to 30 new
companies,” says John Ryals, founder
and CEO of Paradigm Genetics, a new
plant biotech firm based in Research Tri-
angle Park, N.C. “It’s a wide-open oppor-
tunity right now.” —Antonio Regalado

Founded by ex-executives of Novartis Crop Protection. Raised $6
million in venture capital.




THOMAS RAUCHFUSS
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Molecular
Tinkertoys
Yield a Box

magine building a house out of rope. It

wouldnt be easy. Neither is building
individual molecules into rigid, hollow
shapes.n fact, one of the most simple of
molecular geometries—a stand-alone
cube—has so far eluded scientists.

Now, Thomas Rauchfuss, a chemist at
the University of lllinois at Urbana-
Champaign, and his co-workers have
constructed a molecular box that mea-

sures 5 angstroms on a side and 132
cubic angstroms in volume. Big enough
to hold single atoms inside.The ability
to trap atoms could one day enable the
molecular box to function as a highly
sensitive sensor.

The key to molecular box-building
is a Tinkertoy strategy alternating two
types of corners, explains Rauchfuss.
One type of corner is a cobalt atom
studded with carbon arms; the other
type is a rhodium atom with nitrogen
appendages. The carbon and nitrogen
groups connect to form a stable cube.
What'’s more, says Rauchfuss, the boxes
are constructed in a way that allows
them to exist as separate molecules.

The box joins a growing list of molec-
ular shapes made by chemists in recent
years. Examples include fullerenes—60
carbon atoms arranged like a geodesic
sphere—and pipette-like carbon
nanotubes. And there’s no reason to stop
at a box, says Rauchfuss.”We might make
a bowl or maybe a giant tetrahedron
next.” —Antonio Regalado

What two things do mapping the genome
and solving IP legal problems require?

= Brains 2
= Brains

McCutchen’s bioscience attorneys* are
also cross trained in strategic planning,
patent prosecution and enforcement,
licensing, and litigation.

For more information contact:

Dr. Michael Shuster
San Francisco
415-393-2651

Bill Thomson
Los Angeles
213-680-6646

Lynn Pasahow
Palo Alto
650-849-4844

MCCUTCHEN

McCUTCHEN, DOYLE, BROWN & ENERSEN, LLP

Attorneys at law

*Several are Ph.D.’s www.mccutchen.com
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B E NG H M AR K S

iRON IS A JUNKYARD DOG AMONG MET-
als—scrappy and hard working. But
when it comes to the delicate task of act-
ing as a catalyst in joining together the
molecular pieces that make up plastics,
chemists have long favored purebreds:
exotic metals, such as zirconium. Now, two
separate teams of chemists, one at Impe-
rial College and BP Chemicals in London,
and the other at the University of North
Carolina (UNC) and DuPont, have made
iron-based catalysts that excel at making
plastics, particularly polyethylene.

The advance could mean a simpler and
cheaper way to make common plastics.
“They’re really good catalysts in making
polyethylene very rapidly,” says Richard
Schrock, a catalyst chemist at MIT. What’s
more, says Schrock, the catalysts are
intriguing because it remains a mystery
precisely how and why the iron works.

The chemists transformed iron into a
catalyst by attaching to it nitrogen-con-
taining groups. These groups wrap around
the iron, but at the same time leave part of
the iron exposed; this vacant spot allows
monomers (the building blocks of poly-
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BP’'s polyethylene
plantin Indonesia.

mers) access to the iron. When they made
the structure, the researchers found to
their surprise that the iron has a talent for
stitching together the monomers.
Vernon Gibson, a chemist who head-
ed the effort at Imperial College, says
when he began the research “we didn’t
necessarily expect it to work.” Gibson says

acteria are often pictured as lone cells
moving randomly about. In fact, millions
of bacteria frequently stick together in well-
organized colonies. This is slime—or, as
microbiologists prefer to call it, “biofilm.” A
research team at the Center for Biofilm Engi-
neering at Montana State University (MSU)
in Bozeman has now identified the chemical
signal secreted by bacteria that tells the
microbes when to form—and when to
desert—these bacterial structures.
The discovery could provide clues on ways

BP CHEMICALS

that chemists often have slighted iron
when looking for new polymer catalysts.
“It was thought that there was no point in

looking at iron. This opens up a new part
of the periodic table.”

To plastic makers, that new terrain
looks a lot like a gold mine. Producing
polyethylene is a multibillion-dollar busi-
ness and being able to make it for even a
few cents per pound cheaper can be a
tremendous advantage. What’s more, says
Bill Tallis, director of technology at BP
Chemicals, the iron catalysts could make
plastics with improved properties. “We’ve
seen enough to be very encouraged,” he
says. Encouraged enough that BP expects
to test large-scale production of polyeth-
ylene using the iron catalysts later this year.

The current work is part of a large-
scale effort to find more efficient and ver-
satile catalysts for making plastics. A first
generation of new catalysts began hitting
the market in the mid-1990s. A second
generation includes nickel and palladium
catalysts discovered by UNC and patent-
ed by DuPont.

Will the iron catalysts emerge as yet
another commercial breakthrough? It’s too
early to tell. Indeed, it’s still unclear who
has rights to the technology. The catalysts
developed by the two groups are virtual-
ly identical, so it could come down to who
first claimed them. “It will be very close,”
says BP’s Tallis.

—David Rotman

to shut down

the formation
of biofilms. And
that could mean a
potful of applications—including controlling
bacterial infections in hospitals and con-
trolling contamination of water supplies. As
a result of these implications, the findings
“are of considerable significance,” says mol-
ecular geneticist John Geiger, group leader
for biotechnology at Olin,a Cheshire, Conn.-
based producer of industrial biocides.

GINEERING

CENTER FOR BIOFILM



The MSU group, headed by microbiolo-
gist David Davies, found that a common
bacterium, Pseudomonas aeruginosa,
secretes a chemical called homoserine lac-
tone (HSL) that controls the development of
biofilms.They suspect that biofilms created
by other types of bacteria also depend on
the chemical signal.

Based on the insight, the MSU group is
already synthesizing and testing chemicals
that disrupt the natural messenger system.
And while the work is still in the early
stages, the possibilities are almost endless.
Biofilms grow anywhere there’s water and a
hard surface, forming mushroom-shaped
pillars with protective slimy coatings.

Biofilms create countless medical prob-
lems, contaminating contact lenses,
catheters and artificial implants. Biofilms of
P.aeruginosa pose particular concerns—they
are the chief cause of hospital-acquired
infections; they also clog the lungs of cystic
fibrosis patients. Another biofilm, dental
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Marked for life: Pipe in MSU’s lab shows damag-
ing effects of biofilm growth.

plague, corrodes teeth and is an obvious tar-
get. A chemical based on HSL “could be
added to toothpaste or mouthwash,” says
microbiologist Bill Costerton, director of the
Center for Biofilm Engineering.

Industrial water systems, a haven for
biofilms, could also be made slime-free by
pouring in compounds that block bacterial
congregation. Likewise, the MSU results
could lead to safer chemicals to prevent bio-
fouling on boats, replacing biocide paints that
contain toxic heavy metals.

The long-held trend to kill problematic
bacteria using antibiotics and biocides “has
caused all kinds of problems like bacterial
resistance.Now we can't even kill them,” says
Costerton. “Perhaps we can coexist with
bacteria and manipulate their bothersome
ways.” Learning how to prevent them from
forming their bacterial cities may be a first

step in that direction. —Carol Potera

Nothing Ordinary Here.
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By viewing your product from a technology and competitive point-of-view, we offer
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G. PASCAL ZACHARY

Inside Innovatio

n

The Rage for Global Teams

N TECHNOLOGY, TEAMS ARE TOPS. AND FOR THE
most innovative companies, U.S.-only teams
are old hat. Global teams are the rage. Consider
the following:
m In Penang, Intel taps the talents of top
Malaysian engineers, not only by hiring them as employees but
also by helping them launch their own businesses—and then
hiring the new firms as contractors who at times work along-
side Intel's own employees.

m Engineers from Colorado, Australia, Germany, India
and Japan converge on a hotel in trendy Los Gatos, Calif. This
isn't a vacation but a rare face-off between members of a
Hewlett-Packard software team.

m In Gemenos, France, a half-dozen French engineers at
Gemplus, a leading supplier of smart cards, are managed by
an American who speaks only enough French to converse
with a waiter. His counterpart at Gemplus' research lab in
Redwood City, Calif., is a Frenchman who manages a group

In spite of some significant cultural and logistic obstacles

diverse global teams are the future of innovation.

of Americans.

The spread of global teams is probably inevitable, given
the ease and inexpensiveness of communications. It also helps
that engineers and scientists around the world share the same
basic education. Many multinationals, meanwhile, run world-
wide training programs that further the trend toward a shared
mentality among the world’s technical elite.

To be sure, there are plenty of barriers to global teamwork.
Look at the life of Radha Basu, who manages Hewlett-Packard
software teams that stretch across six countries and 15 time
zones. Just communicating is a challenge. She tries to visit each
piece of every team four times a year, flying more than 100,000
miles. She’s on the road so much that she frequently sends a
single five-minute-long voice mail to hundreds of people.

Though all her business is conducted in English, this com-
mon language can obscure cultural differences. When talking
to an engineer in Brazil about deadlines, she must realize that
a due date of Monday may mean that code will arrive any time
that week. “By contrast, when one of my engineers in Germany
commits to a day; she says, “he usually gives me a time of the
day he'll deliver”

Jealousies across cultures can also undermine teamwork.
In developing countries, engineers at some multinationals
may resent their much-better-paid teammates in the United
States and Europe. At one big disk-drive company, engineers
in Thailand and Malaysia provide crucial process innova-
tions that make mass production of new drives possible. Yet
they fume privately that their American teammates consider

them less creative and resist giving them more demanding
assignments.

Not surprisingly, some companies eschew global teams
altogether. Microsoft, for instance, keeps all its teams within its
sprawling campus in Redmond, Wash. It only recently
announced plans to open its first non-U.S. facility—and this
will be a laboratory in “exotic” Cambridge, England.

Despite the inherent risks and difficulties of global teams,
they are increasingly popular. The reason is simple: With
demand red-hot for skilled engineers, companies have more
incentive than ever to build their ranks abroad. After all,
there are only so many code writers and hardware jocks that
can be brought legally into the United States. Besides, it’s
expensive to import foreign talent, and engineers in their
native lands are usually a bargain (the exceptions: those in
Western Europe and Japan). From Seoul to Singapore, engi-
neers earn roughly one-third to one-half of their American
counterparts. Indian or Russian engineers, "

meanwhile, are happy with a paycheck that is
one-tenth of what a Yank gets.

“Discount” foreign engineers often are assigned to banal
tasks such as teasing another model out of an aging hardware
line or writing ancient COBOL code for so-called “legacy”
software. But companies are increasingly making foreign engi-
neers, even those from developing countries, equal members
of far-flung technical teams.

While multinational companies say they can’t offer equal
pay to top team members in the developing world, they can
shower them with perks. In another unit of Hewlett-Packard,
for instance, a star Malaysian engineer in Penang lives as if he
were in Silicon Valley. He has a posh pad, a new car and
trendy holidays such as a weekend of rock climbing. He also
gets bonuses, stock options, special equipment at work and a
high-powered ISDN line and a computer at home. The com-
pany even periodically flies him to see teammates in
California. All this effort is expended simply to keep him
happy on his own turf.

When global teams work, the results are impressive. Product
cycles are cut in half; Ms. Basu says her teams either write code
or test it an average of 22 hours a day. Different parts of the
world, meanwhile, specialize in different techniques. They can
also cater to the needs of customers in the region.

Such global teamwork isn't going to win Ms. Basu a
Nobel Peace Prize, but it is good business. Despite the inevi-
table headaches, bringing diverse people together is the
future of innovation. 0
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If this elusive creature is found, it could revolutionize medicine.
But to reap the rewards, biotech firms and researchers must brave

a firestorm of controversy. BY ANToNIO REGALADO

The Troubled Hunt

ohn Gearhart’s lab is closed to outsiders.
Rather than happening there, an interview brokered by a university public affairs
officer takes place in a windowless lecture room in the bowels of the Johns Hopkins Uni-

versity School of Medicine. Outside, seedy east Baltimore vibrates with the energy of a

bright spring day. Gearhart appears and takes a seat under the fluorescent lights. Time is

short, and no tape recorders, please.

With reddish blond hair and a direct gaze, Gearhart speaks with excitement about
the vast medical potential of the research going on in his lab. He describes the early
stages of human life and an elusive cell found only in embryos. But there’s much about
this conversation that’s fleeting, incomplete and evasive. Suddenly his voice turns defi-
ant and he’s scowling deeply. He relates how he and his family have received threats, how
other scientists have criticized his failure to publish and his close ties with industry. And
then he is gone, sprung by the clock-conscious PR man.

If awards were given for the most intriguing, controversial, underfunded and hush-
hush of scientific pursuits, the search for the human embryonic stem (ES) cell would
likely sweep the categories. It’s a hunt for the tabula rasa of human cells—a cell that has
the potential to give rise to any of the myriad of cell types found in the body. If this mys-
terious creature could be captured and grown in the lab, it might change the face of
medicine, promising, among other remarkable options, the ability to grow replacement
human tissue at will. The ES cell could, scientists hope, be a factory-in-a-dish that turns
out cardiac muscles to patch heart attack victims, neurons to mend paralysis or pancre-
atic cells to battle diabetes. “It’s a treasure house of opportunity for developing funda-

mental knowledge and medical applications,” says Michael McClure, chief of the Nation-
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Intent on progress: Stém
cell hunter John

Gearhart pushes ahead,
despite the risks.

al Institute of Child Health and Human Development’s Repro-
ductive Sciences Branch in Bethesda, Md.

That all sounds so promising. Why, then, is John Gearhart
besieged? The answer is that these cells are found only in
embryos or very immature fetuses, and pro-life forces have tar-
geted the researchers who are hunting for ES cells, hoping to stop
their science cold. In addition, the federal government has barred
federal dollars for human embryo research, pushing it out of the
mainstream of developmental biology. To make matters worse,
human ES cells could conceivably provide a vehicle for the genet-
ic engineering of people, and the ethical dilemmas surrounding
human cloning threaten to spill over onto this field. Deprived of
the federal funds that power most basic biomedical research and
surrounded by fierce controversy, the hunt for the ES cell is being
undertaken only “by a few brave souls,” says Colin Stewart, a col-
league of McClure’s at the National Institutes of Health (NIH).

Extensive reporting by TR suggests that in the United States,
those brave souls are drawn from fewer than a half-dozen research
groups. There are also a few others in the United Kingdom, Aus-
tralia and Singapore. Even this intensive survey may have missed
some researchers, since some probably prefer to do their work in
silence. “We're constantly wondering what our competitors are
doing, and even who they are,” says Gearhart, director of research at
the Johns Hopkins department of gynecology and obstetrics.

Taming the human ES cell wouldn’t just be a huge scientific
coup—it would also be a potential gold mine for the biotech firm
that took out an enforceable patent on the tabula rasa cell. But the
same secrecy and controversy that dogs the researchers has also
limited the open involvement of industry. Just one company is
openly chasing the human ES cell—Geron of Menlo Park, Calif.
This young Silicon Valley firm has aggressively signed collabora-
tions with leading ES researchers, including Gearhart and Roger
Pedersen, a reproductive biologist at the University of California,
San Francisco (UCSF). A search of the U.S. patent filings also
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shows that a small startup in White Plains, N. Y., called
Plurion, is building up intellectual property around the
ES cell. But Plurion executive Mark Germain declines to
comment further.

“It’s a taboo area,” says Doros Platika, CEO of the
Cambridge, Mass.-based startup Ontogeny, a rising star
in the developmental biology business. “Big pharmaceu-
tical companies are afraid to touch it. And the field needs
to sort itself out before we’'d get into it.”

In spite of all these difficulties, there is a healthy sci-
entific competition to catch the human ES cell—driven
both by the desire for scientific glory and by the riches
that might come with controlling the fabled stem cell
itself. “It’s a race. I lose sleep,” Gearhart says. And despite
many technical difficulties, several labs—including
Gearhart's—believe they may already have captured the
ES cell and are working to characterize and control the
cells, furiously filing patent applications as they go.

Furious scientific competition, threats of violence,
huge medical potential, fear and secrecy. Welcome,
behind closed doors, to the topsy-turvy world of the
human embryonic stem cell.

PETER HOWARD

A BREAKTHROUGH

The prize in this hunt is an invisibly small translucent dot
found on the inside of an early stage of the human embryo,
known as the blastocyst. Several days following fertilization, the
blastocyst, a hollow ball of about 140 cells, rolls out of the fallop-
ian tube and into the uterus, to be implanted there. Clinging to
the inside of this rolling sphere are a group of identical cells—the
ES cells—which are the starting point of the fetus. Soon they will
divide rapidly and their descendants will take on increasingly
specialized roles, emerging as heart, muscle, blood, bone, hair,
nerves and all the rest of the human apparatus. For now, though,
they are pure potential: holding the capacity to become any part
of the body. And therein lies their mystery and their biomedical
significance.

Biologists, understandably, are fascinated. But before they
can study this primordial cell, they need to capture it—and con-
trol its growth—in the laboratory, something that hasn’t proved
easy to do. Like physicists studying particles present at the birth
of the universe by recreating its initial conditions in high-energy
colliders, biologists are attempting to isolate the ES cell with a
concoction of powerful biological substances that mimic those
present in the first days of life.

The science behind ES cells began in earnest in 1981, when
researchers in Great Britain and California independently suc-
ceeded in isolating a curious kind of cell from the interior of the
mouse blastocyst. These embryonic cells were identical but each
had the potential to give rise to an enormous range of different
cell types—a defining mark of a stem cell.

Researchers learned how to tame the mouse ES cell in its pris-
tine, undifferentiated state by growing it in a bed of special cells
bathed in blood serum from a calf; added to the stew is a selection
of proteins called growth factors. In the potion is a signal telling
the ES cells not to differentiate—since their capacity to remain
undifferentiated is the key to exploiting their practical potential.

Seeing the success in rodents, researchers soon began search-
ing for ES cells in other animals, such as cows and pigs. But that



Thousands of transplant patients now die waiting for a donor match.

Human embryonic stem cells might save many of their lives.

turned out to be a difficult task, because the stem cells don’t hang Like everyone in this field, Pedersen isn’t voluble about his
around for long. “It’s in their very nature to want to become  work; he refuses to talk specifics about his progress. But he does
something else quickly, and it’s very difficult to hold them back,”  note that he needs to make progress quickly, since his grant from
says James Thomson, a biologist at the Wisconsin Regional Pri-  Geron is for only two years. That kind of time frame is “quite a
mate Research Center at the University of Wisconsin. demanding hoop to jump through with any new technology;” says

For more than a decade, the mouse
ES cell stood alone. But patient, painstak-
ing work in a number of labs slowly led to
success, and reports of ES cells in other
species began trickling in (see page 40).

However, by the early 1990s, no pri-
mate ES cells had been isolated. Then, in
1994, came a breakthrough. Thomson suc-
ceeded in isolating ES cells from the Rhe-
sus macaque monkey. The discovery was a
provocative hint that it might be possible
to find the ES cell of another—even more
interesting—primate. The race was on.

UCSF’s Pedersen decided to go after
the human ES cell in 1994 after becoming
intrigued by his colleagues’ success in
growing specialized tissue, including neu-
rons, from mouse ES cells in the laborato-
ry. “I got fascinated with the potential” for
growing transplantable human tissues, says
Pedersen. He also points to a more person-
al motivation. When his daughter was 4
years old, a playmate of hers named
Michelle Platt-Ross died of SCID—a cata-
strophic developmental failure of the
immune system treatable only with a
transplant of perfectly matched bone mar-
row. Like thousands of other transplant
patients, Michelle had died waiting for a
donor. The ES cell looked like a possible
solution to those heartbreaking cases
because it could—at least in theory—pro-
vide a nearly universal source of transplant
tissue. “It was clear to me that if there was
any way I could help a girl like Michelle,
I would grab it”

Pedersen started a low-key quest to
isolate ES cells using funds from his
department and studying embryos
donated from UCSF’s in vitro fertiliza-
tion (IVF) clinic, where he serves as direc-
tor of research. But soon Pedersen was
looking to step up the effort. Deprived of
federal funding, he accepted research
backing from Geron, which had already
jumped into the race by licensing rights to
Thomson’s Rhesus cells, and received his
first check from the biotech company in
early 1997.
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In addition to its remarkable medical potential, the embryonic stem cell would open

an invaluable window onto the basic biology of human development.

Pedersen. The first obstacle was simply learning how to grow the 4-
to-8 cell embryos that the group gets from the IVF lab to the blas-
tocyst stage, where ES cells should be found. “This is how basic the
problems are,” Pedersen explains. “It’s not like shooting fish in a
barrel”

But skill in trapping the ES cells in the lab is likely to be only
one factor in deciding who wins the race. Perhaps the most crit-
ical resource (and the one that effectively prevents some labs
from joining this race) is access to human embryos. “There is a
paucity of material available for research,” explains Mark Perloe,
director of Reproductive Endocrinology and Fertility at the
Georgia Baptist Medical Center. “When someone is laying out

Out of the shadows?
Roger Pedersenis a
leading stem cell

researcher; the field is

characterized by

secrecy.

$8,000 to $10,000 for IVE it’s unlikely they’ll donate extra
embryos to research” Instead, he says, patients generally have the
extra embryos frozen for later use, or simply destroyed. “They
don’t want anyone else making money off their babies, and that’s
how they look at them—as their babies and not as a cell.”

Indeed, some believe that access to healthy embryos may
determine who finds the ES cell. “I would guess whoever has good
stem cell experience and happens to land next to a good IVF lab
will be successful first,” says Thomson. And even for those who
have access, not all access is equally valuable. Thomson is hoping
to repeat his Rhesus success in humans but says that his collabo-
ration with the IVF lab at the University of Wisconsin in Madison .
hasn’t put him at the front of the pack.
“Madison is a small community, and the
number of embryos donated is minus-
cule”

Potentially, embryos could be pro-
duced and grown in the lab by simply fer-
tilizing unwanted eggs. Although the Fed-
eral government won’t fund such prac-
tices, in most states there is no law against
doing it with private money. But Peder-
sen, for one, has ethical qualms about fer-
tilizing eggs just for research purposes. “It
might come to the time when we do it
that way, but it pushes some of our own
ethical buttons,” he says. “We haven’t
wanted to cross that line yet. It’s a very
gray area.”

INTO THE FIRE

Back in Baltimore, Gearhart had adopted
a radically different strategy—and one
that appears to have propelled him to the
front of the pack. He decided to sidestep
the use of blastocyst-stage embryos alto-
gether as a source of ES cells. The decid-
ing factors were both political and scien-
tific. The government’s funding ban,
combined with the poor quality of avail-
able embryos “turned me away from that
approach,” he says.

Instead, Gearhart picked up on a tech-
nique devised by cell biologist Brigid
Hogan at Vanderbilt University Medical
School. In 1992, Hogan showed that so-
called primordial germ cells from the gen-
ital ridge (terrain destined to develop into
the testes or the ovaries) of a mouse fetus
could be grown in culture and acted much
like ES cells. She hypothesized that the
same approach might work in humans.
Using aborted fetuses donated by patients,
Hogan managed to isolate some interest-



ing cells but wasn’t able to establish permanent cell lineages grow-
ing in culture—a key aim of ES research.

This alternative approach circumvented some of the funding
and scientific difficulties of working with embryos. Yet in some
ways it was a case of jumping out of the frying pan into the fire,
since researchers using aborted fetuses are exposed to the same
risk of violence from anti-abortion activists that abortion clinics
face. “The threat to people working with
fetal material is very real,” says Hogan.

Nevertheless, Gearhart took this
strategy and ran with it—possibly all the
way to the finish line. In July 1997, at the
13th International Congress of Develop-
mental Biology in Snowbird, Utah, which
was still abuzz from Ian Wilmut’s
announcement that February that he had
cloned a sheep named Dolly, Gearhart
told a special ethics forum that he and
postdoc Michael Shamblott had been
growing “ES-like cells” in their lab for the
preceding six months.

The connection between the ES cells
and Dolly was more than just a coinci-

Blastocyst

dence of timing: Human ES cells could, in
principle, be the vehicle for creating new
breeds of human beings, as the mouse ES
cells have already been used for mice.

BETSY HAYES

Gearhart, however, assured some atten-
dees that neither he nor his colleagues had
any intention of producing genetically
altered people. His focus, he said, is strict-
ly on the cells’ potential for saving lives by
growing replacement tissues and organs
and by providing important tissues for medical research. Yet even
Gearhart’s colleagues understand where the fear of this new tech-
nology comes from. “It’s so easy to imagine the bad applications,
since the misuse of technology, the Frankenstein myth, is already
part of the vernacular,” says Pedersen, who chaired the ethics ses-
sion at Snowbird.

Is Gearhart the winner in the race for the human ES cell?
That’s not an easy question to answer. He and his collaborators
say they have succeeded in growing “ES-like cells” from 5-to-9-
week-old fetuses and are sustaining them in cell culture. But, in
keeping with the field’s atmosphere of secrecy, Gearhart’s lab has-
n't yet published its results. The difference between these fetal
germ cells and ES cells may well turn out to be a bone of con-
tention among labs in the race. Gearhart, for his part, remains
confident. “For all practical purposes,” he believes, these cells and
ES cells will turn out to be “equivalent.”

Whether Gearhart has already won the race behind closed
doors or not, the benefits for medicine of having a winner will be
very large, with the largest payoff probably coming in the area of
growing replacement tissues and cells.

Thomas Okarma, director of Geron’s cell therapy programs,
says replacement tissues for transplant will likely be the “big hit”
for human ES cells. The first type of transplantable cell Geron
hopes to make are heart cells. Okarma imagines inserting a “cas-
sette” of genetic instructions into an ES cell that would direct it
to turn down the differentiation path to heart tissue. “The cells

could be injected directly into the failing part of the heart,”
Okarma says. The result could shore up failing heart tissue, nurs-
ing heart-attack victims back to health or providing a stop-gap
for patients waiting for the right heart for a transplant.
Although Okarma envisions “a fermenter full of cells”
derived from ES cells that someday will pump out new heart tis-
sue, he stresses that the research is at an extremely early stage. To

N\
Pancreas

Intestines

Epidermis, Hair

Nervous System

Facial Bones

Picking from the tree of life: Adult organs and tissues are descendants of embryonic stem (ES)
cells found in the early embryo, or blastocyst. Embryonic germ (EG) cells found in fetuses may
share the properties of ES cells—Geron is studying both types. As indicated, other biotech
companies are working to identify intermediate stem cells responsible for repairing wear and tear
on specific body parts, such as lungs, livers and bone.

give some sense of how early, he tells TR that he hopes that with-
in three years Geron will be testing the heart-tissue approach,
using ES cells from Rhesus monkeys transplanted into other
monkeys.

But the benefits of identifying and cultivating the ES cells are
not only practical; there will be substantial rewards for science as
well. “In theory,” says Okarma, “we should be able to generate an
infinite and stable supply of [normal] human cells.” In addition
to their clear medical uses, these cells, which could be turned into
particular types of tissues at will in the laboratory, would be
hugely useful in research. Liver cells might be used to study drug
metabolism and toxicity, while other cell types might be used to
test the efficacy of drug candidates. A combination of ES cell and
genetic engineering techniques could also generate many inter-
esting cell lines. Just one example: brain neurons that quickly
develop the type of amyloid plaque associated with Alzheimer’s
disease, providing an invaluable system for testing potential
drugs to treat the ailment.

The ES cell could also open an invaluable window on human
development, partly because developmental biologists would like
to know which genes tell an ES cell to differentiate into more spe-
cialized cells. The proteins coded for by such genes could turn
out to be new targets for drugs, or in fact be used as drugs them-
selves to spur, say, the regeneration of worn-out cartilage, or even
to grow back receding hair.

Although the scientists at Geron are optimistic that they will
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be able to deliver on these promises, not everyone shares that
upbeat state of mind. In spite of the apparent recent progress,
some researchers who have worked with embryonic human cells
doubt biologists will learn to control their growth anytime soon.
H. Ralph Snodgrass, former chief scientific officer at Geron’s
Menlo Park neighbor Progenitor, says, “It’s one thing to say the
cells have the capacity to differentiate into all these cell types; it’s
quite another to exploit that. There are some significant hurdles.”

Snodgrass is in a position to understand the practical diffi-
culties. In the early 1990s, Progenitor, a biotech firm that also
specializes in developmental biology, worked with human blasto-
cysts, hot on the trail of the ES cell’s close cousin—an undiffer-

)

entiated version of the hematopoietic stem cell (which gives rise
to the full complement of cells in human blood). But Snodgrass
recalls that Progenitor’s scientists couldn’t control the embryon-
ic cell on anything other than an experimental scale—developing
an actual therapy that could withstand the scrutiny of the Food
and Drug Administration seemed out of the question. Progenitor
has largely dropped that effort, and now focuses on better under-
standing the genes that control the development process in
mouse embryos.

Even those who aren’t quite as skeptical as Snodgrass point
out that there may be an easier route to finding a cell that could
be useful as a source of replacement tissue. The shortcut involves
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Risky Business. Geron’s CEO Ronald Eastman (left) and Vice President of Cell Therapies Thomas Okarma (right) lead the company’s bid to capture and

commercialize the embryonic stem cell. The company has formed collaborations with leading researchers in the field. Geron has previously bet heavily on

speculative novel treatments for diseases of old age, such as Alzheimer's—they're used to taking risks on new science.

stem cells that have already changed into a cell family, say bone or
nerve, but have not yet given rise to a specific type of cell. These
stem cells are a step further down the differentiation tree from
the embryonic stem cell. And many scientists believe they could
be far easier to isolate (partly because they are still present in
adults) and nearly as useful as a source of tissue for therapies
involving replacement tissues.

With so many uncertainties and questions remaining, no one
is ready to declare the race for the human ES cell over or predict
the winner. And it could take years to sort out the competition.
Proving one has the ES cell, or even an “ES-like” cell, is no easy
task since no one is exactly sure what it should look like.

According to James Robl, a biologist at the University of
Massachusetts who recently saw presentations from several ES
research groups at a meeting in Australia, “The cells that I have
seen don’t look pretty, and they don’t look like ES cells. But we’ll
just have to wait and see.” Gearhart, for one, says that he’s hard at
work amassing publishable and patentable proof of his cell’s
powers. He is pushing to show that the cells can form most or all
human tissues. The first test, says Gearhart, is to grow the cells in
a dish and see what they make. ES cells from mice readily form
blood and even beating heart cells. Gearhart says he’s seen simi-
lar tissues from his human cultures.

But the ultimate test of an ES cell’s power, says Gearhart,
“won’t be done” As in mice, that ultimate proof involves
implanting human ES cells in a developing embryo, producing a
germ-line chimera: a person that could pass the traits of the
implanted ES cell to its own offspring. Deprived of this ultimate
assay, which lies far outside the bounds of what’s ethical or even
feasible, it will be impossible to meet the strictest definition of an

ES cell. But, when Gearhart looks at the composite picture pro-
vided by the other tests, he says, “We’re convinced.”

But convincing the establishment of mainstream develop-
mental biologists will take some doing. Indeed, even getting
other top scientists to publically consider the evidence may be
difficult. In a glaring example of the silence enforced on
researchers like Gearhart, the world’s leading ES cell researchers
descended this May on the University of Wisconsin for an NIH-
sponsored workshop. The first of its kind, the conference fea-
tured ES specialists working on the whole animal kingdom—
from monkeys to cows. But the human ES cell was just too hot to
handle: No presentations on human ES cells were allowed.

Speaking from Scotland days before the start of the confer-
ence, Austin Smith, an ES cell hunter at the Centre for Genome
Research at the University of Edinburgh, said, “I understood it
was to be a meeting about the human ES cells and prospects
thereof.” That’s why Smith agreed to deliver the keynote address,
and why he recommended that Gearhart and other human ES
cell researchers be asked to speak. “Then they [the NIH] called
me to say they couldn’t invite these people. So it’s officially not
about human ES cells.”

But Smith predicted that human ES cells would be a subject
of intense—if unsanctioned—discussion. In restaurants, bars,
and in hallways...everywhere but in the official sessions them-
selves. And that is just where the field of human embryonic stem
cells stands: largely excluded from public view, but in private, a
subject that is hot and getting hotter. It’s only a matter of time
before it bursts out from behind closed doors and begins to
transform the public debate over biomedical ethics and, perhaps,
much of medicine as well. im
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You may be surprised to learn that
EMC is as much a software company
as a hardware company. In fact, soft-
ware is what drives EMC Enterprise
Storage™ beyond the realm of boxes

that hold data and into the vast

Its power comes from

and promising wcrld of informa-
tion management, sharing and
protection. In short, our software
solutions make EMC Enterprise
Storage a key strategic pillar of the
IT infrastructure, allowing compa-

nies to provide information to

some of the world’s most

all who need it, when they need it,
regardless of the computer systems
they use. Our commitment to soft-
ware 1is evident 1in our technology
investment. This year alone we will
invest over a quarter of a billion

dolliars in engineering, with more

sophisticated software. Ours.

than 80% of that earmarked for
software development. EMC Enterprise
Storage software. Affecting your
ability to see storage in a whole
new light. Call 1-800-424-EMC2,

ext . 305. Or visit us at www.EMC.com.
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=Big, Bad

Blt Stuffers of

that had once looked like I B M

an expensive mistake. BY CLAIRE TRISTRAM

Phenomenal improvements
in disk-drive capacity have
brought glory to a cCOrpo-

BoB FONTANA, RESEARCH MEMBER AT IBM’s ALMADEN RESEARCH CENTER IN SAN JOSE, CALIF., IS ONLY half
joking when he says Silicon Valley should have been called Iron Oxide Valley. Or even Rust Valley. Because
for Fontana, it’s iron oxide—the original material used to coat the disk drives that store magnetic bits of
information—that fueled the growth of Silicon Valley.

Of course, he may be a little biased. IBM invented the disk drive in San Jose in 1956, when this part of the
world was better known for cherry orchards than industrial parks. Since then, Almaden researchers have
repeatedly smashed the record for how much data can be stored on a disk. They were up to their old tricks
again last December, when Fontana and his colleagues squeezed more than 11 billion bits (gigabits) onto a
single square inch of magnetic material. That more than doubled the previous record of 5 billion bits per square
inch, set in the same lab only a year earlier. How much is 11 billion bits? It's roughly equivalent to 725,000 pages
of double-spaced text, which would stack up higher than an 18-story building. By any measure, this was a great

PHOTOGRAPHS BY ANNE HAMERSKY scientific achievement.
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Although Almaden's researchers have pushed disk-drive technology forward on a number of
fronts, the lab’s most dramatic breakthroughs have been in design of the reading and record-
ing head.

As the bit density increases, the bits get smaller and the stored fields become more likely to
influence the polarity of neighboring bit fields. To get around this problem, the fields must be
very weak; the more closely packed the data, the weaker these fields must be. Advances in head
technology have allowed disk heads to read ever-weaker, ever-smaller bit fields accurately.

The earliest drives used ferrite heads, essentially U-shaped magnets with north and south
ends—impossibly bulky by today’s standards. IBM first big breakthrough was the thin-film
inductive head. Thin-film heads are manufactured using a process similar to semiconductor
manufacture. A substrate is
coated with a thin alloy to pro-
duce a head that is much small-
er than the ferrite head, able to
read and write to a smaller area
of the disk and to fly more rap-
idly over the disk surface.
Changes in materials and coat-
ing techniques have allowed
thin-film heads to remain in

Read Current

Write Current

use, particularly because their
manufacturing processes are
cheaper than the head designs
that followed.

IBM's development of the
magnetoresistive (MR) head in
1989 was another major step.
Unlike earlier designs, the MR
head was composed of two
separate technologies: a thin-
film inductive write element,
essentially unchanged from the
previous generation, and a
magnetoresistive read element,
which operated independently
of the write head. By having
separate heads for what are very different and often conflicting operations, it is possible to
optimize reading and writing operations independently.

The MR read sensor works by a different principle than earlier disk-drive head designs. In
an inductive head, the magnetic fields on the disk must induce a current in the same coil of
wire that is used for writing. By contrast, an MR head's separate sensor is made of a conductive
material that changes its resistance in response to the magnetic field from the bits on the disk.
A current flowing through the sensor produces a voltage that changes with the resistance.
Because the MR sensor is more sensitive to magnetic fields than an inductive sensor, MR heads
can read smaller bits that are written more closely together.

In 1988, researchers in France and Germany—for once not IBM employees—discovered
independently that certain combinations of layers of magnetic and nonmagnetic materials
exhibited much larger magnetoresistance than predicted. These “giant” magnetoresistive
(GMR) properties were observed only at very low temperatures and when subjected to high
magnetic fields. But Almaden researchers understood the significance immediately, and began
working to turn the discovery into the next generation disk drive. Ten years after the first obser-
vation of giant magnetoresistance, IBM shipped a drive using GMR materials in the read head.
Other vendors aren't saying when they'll follow suit.

Recording Medium

Magnetization

BETSY HAYES

Super sensor: A magnetoresistive head changes electri-
cal resistance in response to a disk’s magnetic field. MR
devices are much more sensitive than earlier read heads.

46 TECHNOLOGY REVIEW July/August 1998

This leapfrogging has had a dramatic
effect on what personal computers can do.
It is these huge capacity hard drives that
have made it practical for computer users to
keep large amounts of extremely sophisti-
cated software on their machines, for
example. Vast hard disks have also fostered
the transformation of computing from a
textual activity to one filled with pictures
and sounds. What's more, the way the disk-
drive project is managed highlights an effort
by IBM to recouple basic research to prod-
uct development in the service of innova-
tion.

Almaden’s accomplishments are by now
so well accepted in the world of computing
that the announcement in December of yet
another new record didn’t make big head-
lines. Even competitors shrugged. “Every-
one in the audience was saying, sure, that’s
what we've been waiting to hear,” says Gor-
don Knight, chief technical officer for Ter-
aStor, a Silicon Valley startup that is cham-
pioning a different kind of storage
technology than IBM’s. But beneath this
calm surface of expectations fulfilled lies a
surprising story.

Filling a Hall of Fame

The world wasn’t always so nonchalant
about IBM’s breakthroughs. After all, mag-
netic storage was supposed to be dead by
now, replaced by optical storage devices or
some other technology. Even IBM thought
so: In 1970, an IBM research scientist pub-
lished a paper “proving” that the technology
would never go beyond 200 megabits per
square inch.

But instead of believing the company’s
own experts, the team at Almaden topped
one predicted limit for magnetic storage
after another. They discovered engineering
work-arounds for what were once thought
to be hard physical limits. By 1989, the
Almaden lab was packing 1 gigabit per
square inch. In the following years, Almaden
has upped the ante, demonstrating densities
of 3, 5 and now 11.6 gigabits per square
inch. The market has begun to take for
granted that magnetic storage capacities will
double every 18 months, following roughly
the same feverish pace set by the semicon-
ductor industry. The big news will be when
IBM slows down.

Talk to Currie Munce, director of stor-
age systems and technology at Almaden,
and he'll complain that magnetic storage
scientists are the unsung heroes of the infor-
mation age. Like everyone else at Almaden,



Evangelistiin chief:
Currie Munce,
Almaden’s head of
storage systems and
technology, says

storage scientists are %

the unsung heroes of
the information age.
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Munce likes to evangelize about storage:
“We're trying to move things mechanically
over millimeter distance in milliseconds and
to get them to settle within tenths of
microns on track,” he says. “It’s great sci-
ence”

A visit to one particular room at
Almaden shows how far IBM has run with
the technology. Hanging on one wall is a
single rusty platter from the original 1956
drive—proudly displayed as a rock star
might show off a platinum record. Back in
1956, IBM’s disk drives were refrigerator-
sized boxes that held a mere 5 megabytes,
on 24 platters, each 2 feet across. Today the
company ships a standard PC drive that
holds more than 16 gigabytes, some 3,000
times the capacity of its original product.
Put the 1956 drive and the 1998 drive side
by side, though, and they look the same
except for scale. Dave Thompson, director
of Almadens Advanced Magnetic Storage
Recording Laboratory, says the inventors of
the original disk drive could walk into his
lab today and know exactly what was going
on.

Storage density depends on the size of
the magnetic bit: that portion of disk real
estate that is given a particular magnetic
orientation—north or south—to represent
a binary one or zero. At the most elemen-
tary level, the goal is simple: Shrink the bits
and you expand the storage capacity. But
smaller bits emanate smaller magnetic
fields, which in turn requires positioning
the reading head—the device that senses
these fields and converts them to electrical
signals—closer to the spinning disk sur-
face.

Over and over again, shrinking the
technology has forced disk-drive developers
to confront physical limits that first appeared
to be insurmountable. For example, the
head rides on a cushion of air created by the
spinning disk. Conventional wisdom held
that bringing the head too close to the sur-
face would squeeze the air molecules into a
space so small the supporting cushion
would disappear. “There was a lot of math
to back those conclusions up,” says Barry
Schechtman, executive director for the
National Storage Industry Consortium
(NSIC), an intercompany consortium of
storage manufacturers that funds basic
research at several universities. The happy
reality, however, was that this theory was not
true. “Nature turned out to be smarter than
our equations, which needed to be modi-
fied,” says Schechtman.
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Rethinking Research

Almaden’s dramatic progress in magnetic
recording is all the more remarkable when
you consider its institutional history. In the
early 1980s, IBM’s research division had a
reputation for performing brilliant work
that had little relevance to the company’s

components—including disk drives—made
by other companies.

The Almaden building itself is a throw-
back to the great research labs of the past,
surrounded by hundreds of millions of dol-
lars worth of empty real estate, where the
only sound is the wind sweeping over the

The 1-gigabit chaIIenge was the catalyst
for deep Cha NgeES that brought the
researchers out of their IVOry tower.

business. And even when the labs did pro-
duce findings that had commercial implica-
tions, the handoff to product groups was
often fumbled, allowing other companies to
capitalize on IBM’s research breakthroughs
before IBM did. By 1981 IBM had fallen so
out of touch with the market that Big Blue
had to cobble together its first PCs out of

Santa Teresa foothills. Conceived in the late
1970s when IBM had money to burn,
Almaden was to be a showcase institution
for pure research on a par with AT&T’s Bell
Labs, Xerox’s Palo Alto Research Center,
and IBM’s own research facility in Yorktown
Heights, N.Y. By the time the building was
completed in 1985, though, the climate for



corporate R&D had changed. New CEO
John Akers—a man who liked to use words
like “cost containment” and “streamlining”
when describing IBM’s mission—toyed with
the idea of dismantling the research division
altogether and dispersing its employees into
various product groups.

It didn’t happen. Heiner Sussner, who
was then director of storage systems and
technology at Almaden, knew that if the lab
were to survive, something had to change.
He threw down the gauntlet to his people:
What would it take to prove our relevance
to IBM? What would it take, say, to reach a
storage density of 1 gigabit per square inch
using magnetic storage media?

“It was a visionary thing,” recalls the
NSIC’s Schechtman, who worked for Suss-
ner at the time. “We didn’t know if we could
do it. We first tackled it as an intellectual
challenge, but by 1986 wed signed up to a
schedule to pull it off”

For the first time, IBM’s magnetic stor-
age researchers consciously tried to solve

problems faced by an existing product
group. Previously, IBM’s research teams had
been working on esoteric storage tech-

niques, such as magnetic bubbles, while
other disk-drive manufacturers were focus-
ing their research efforts squarely on the
bottom line. The result? IBM stumbled
badly, as more aggressive companies used
their own research dollars for projects that
went straight to improving their position in
the market.

Just four years after Sussner had first
put out the challenge to his people, they met
it. In 1989, IBM broke through the 1-giga-
bit-per-square-inch barrier. The key was a
technology called magnetoresistive record-
ing (see page 46).

Sussner’s challenge had accelerated the
development of the magnetoresistive (MR)
head. And for the first time in the history of
IBM-Almaden, all storage system research-
ers—those working on head design, disk
materials, electronics, software and mechan-
ics—had reason to pull together toward a

Magnetic mission: Bob Fon-
tana (far left) led the team that
crammed eleven billion bits
per square inch on a disk. Dave
Thompson (near left), director
of the Advanced Magnetic
Storage Recording Lab, peers
at a tiny GMR disk head. Elec-
tron micrographs reveal the
structure of a GMR reading
head (below).

common goal. “We proved to the world that
we had at least 10 years left of magnetic stor-
age development,” Schechtman says today,
pride still ringing in his voice. “And we
gained the confidence of the rest of the
company to keep investing in us”

Out of the Ivory Tower

The 1-gigabit challenge was the catalyst for
other deep changes that brought the research
scientists at Almaden out of their ivory
tower and into the real world of profits and
losses. Almaden began to do regular joint
development work with IBM’s Storage Sys-
tems Division, the product group down the
hill. Soon, one-third of Almaden’ research
budget was coming from the product divi-
sion. Munce feels that the ratio of funding
gives the research group clarity without
compromising independence.

The change in funding has also created
a new kind of thinking about innovation,
Munce says. “Ten years ago the attitude here
was: if I didn’t invent it, I don’t want to work
on it, because I won't get credit for it,” he
explains. “Today we're trying to say: If you
invent it in the lab, or if you're the first one
to grab it out of someone else’s lab and make
it relevant, we don't care”

Munce holds a joint managerial posi-
tion that reports to both the research and
the product divisions. It was a position cre-
ated in the early 1990s to make the ties
between the two groups even closer. He sits
in on the meetings of the product divisions
and then tries to figure what research is
needed to serve their missions. Putting on
his research hat, his job is to influence IBM’s
product divisions to move in directions that
take advantage of the work coming out of
the labs. “My job really is to manage innova-
tion,” he says. “We need to be separate so we
can innovate, create and motivate people to
do good research. But we need to be con-
nected to get technology to market”

A graphic example of how far the
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£What Limit?

How long can this go on?

For the past seven years, disk drives have been upping their storage density—the num-
ber of bits per unit of disk surface area—at 60 percent a year. But every new breakthrough
pushes the magnetic storage industry toward a physical limitation that no lab in the world
knows how to get around. At some point, the magnetic zones representing individual ones
and zeroes will become so small that they will be unstable; the slightest change in tempera-
ture could flip these bits from north to south unpredictably, turning data into mush.

Today’s thinking puts this “superparamagnetic limit”at a density between 20 and 40
gigabits per square inch. At current rates of progress, that gives storage scientists only a few
years of open-field running before they hit the wall.

Breaking through that limit, many experts feel, will require a fundamental shift in disk-
drive technology. Market leader Seagate, for example, recently bought Quinta Corp., a San
Jose, Calif., startup that is working on a combined optical and magnetic recording tech-
nique. Quinta doesn't have a product, or

Density, Mbits/in2
100,000

even a working prototype—but the
mere promise of a barrier-breaking tech-
nology convinced Seagate to pay $375

10,000 Magnetic
storage density

million for the company.

N Quinta’s proposed disk is composed
1,000 of amorphous rare-earth transition met-
als, which exhibit stable magnetism at
room temperature—even at bit sizes
much smaller than those allowed by the
predicted superparamagnetic limit. To

Semiconductor
storage density
write data, tightly focused laser pulses
1230 200 2010 heat spots on the disk to a temperature
at which the magnetism can be changed
easily without affecting neighboring
bits. To read the data, a lower power
laser beam illuminates the disk; light
bouncing off the disk will have different

polarization depending on the disk’s

Source: IBM Advanced Technology
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Pack it in: Advances in disk capacity outpace
those in semiconductor memories, thanks to
technologies developed at IBM’s Almaden Labs.

magnetic field. No one knows if it will work; even Quinta’s own press releases are sprinkled
with disclaimers.

Seagate competitor Quantum Corp. is investing in a different San Jose-based startup
that is also pursuing a magnetic-optical solution. Quantum is sponsoring research at Tera-
Stor and has an exclusive licensing agreement with the company. TeraStor’s key idea is to
put the read/write head much closer to the disk surface than conventional drives do. The
TeraStor drives will include a “solid immersion lens," a technology developed at Stanford
University for which TeraStor holds exclusive patent rights. Such lenses focus laser light so
tightly that the company’s products, if successful, will be able to read bits four to five orders
of magnitude smaller than is possible with conventional magnetic technology.

The specter of barriers to further progress is fostering an unprecedented spirit of coop-
eration among leading disk-drive makers. Seagate, for example, will contribute to TeraStor’s
research in head design. And Seagate, Quantum, IBM and eight other companies are fund-
ing a joint project to reach a storage density of 100 gigabits per square inch, using tradition-
al magnetic media. This effort is being coordinated by the National Storage Industry Con-
sortium, which is based at San Diego State University.

According to the principle of the superparamagnetic limit, that project is doomed to fail-
ure. But that detail doesn’t appear to worry the folks at IBM’s Almaden Research Center. The
Almaden crew views the superparamagnetic limit as just another supposed barrier that is
waiting to be broken. “We prefer the term superparamagnetic effect to superparamagnetic
limit," says Currie Munce, director of storage systems and technology at Almaden: “We have
40 years of history in this business of getting around these things.”
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research team has evolved from the original
vision for Almaden is the Advanced Mag-
netic Recording Laboratory itself. The lab,
designed by research staff member Fon-
tana, is jointly staffed by research and
product groups. Two years after Almaden
first opened its doors, Fontana convinced
his managers to rip the guts out of one
wing on the first floor. This renovation
gave him a 5,000-square-foot lab to do
prototyping work—the kind of work that
used to be done by IBM’s product engi-
neers instead of its research staff. This lab
provides facilities for building components
quickly, allowing the researchers upstairs—
specialists in read heads, write heads,
materials science and other areas critical
to disk-drive technology—to test whether
their innovations would work together.

Although Almaden has focused more
on profits than on patents for several
years now, these efforts have only just
begun to pay off in the market. Change
takes time, particularly when you’re try-
ing to alter an organization whose proj-
ects take a dozen years or more to com-
plete. “It’s only in the last couple of years
that they’ve arrested that market share
erosion,” says Chris Bajorek, a former
R&D executive at IBM and now chief
technical officer at Komag, a leading
manufacturer of thin-film disks. “Many
of the products you see coming out of
IBM today have had a gestation period
of 10 or 20 years. They were initiated by
visionaries, many of whom have since
retired from the business.”

Today IBM has 40 percent of the
portable storage market for laptops, the
fruit of 15 years of hard labor in research
groups both at Almaden and at the com-
pany’s Tokyo labs. Other magnetic stor-
age projects at Almaden have had simi-
larly long incubation periods. The MR
head took 10 years from conception to
product rollout in 1991. The new “giant
magnetoresistive” (GMR) head, which
was used in the 11.6-gigabit-per-square-
inch demonstration, was a relatively
minor tweak in the technology. Yet 10
years elapsed between the first labora-
tory observation of GMR in 1988 and the
introduction by IBM earlier this year of
the first commercial GMR disk drives.
Few other companies, of course, can
afford a decade-long lag between research
investment and commercial payback.

Almaden has become more custom-
er-focused, yes. More applied, yes. In



these ways the company has learned
hard lessons from its competitors, none
of whom has ever funded a separate
research division. But IBM is still IBM,
a $76 billion company with the cash to
fund decades-long projects. Thus
Almaden has retained technical leader-
ship, a complicated balancing act that no
other company has the resources to
attempt.

IBM has long been the world leader
in storage R&D. Now the company has
“closed the loop between research and
product development,” says Jim Porter,
president of Disk/Trend Inc., a Moun-

though, it’s clear that IBM will never
dominate the disk-drive industry as it
did in the 1950s, when it had 100 per-
cent of the market. The long divorce
between the company’s research spend-

For YE€ars, magnetic storage capacities
have doubled every 18 months. The big
news will be when 1BM slows down.

tain View, Calif.,-based market-research
firm that follows the magnetic storage
industry. Thanks to the targeted work at
Almaden, IBM is “six to twelve months
ahead of any other company” in shipping
drives with the latest advances in record-
ing technology, says Porter.

No matter how much Almaden evolves,

ing and its product development still has
it playing catch-up, with the company
running second to Seagate. And as the
physics of how to cram still more data
into smaller areas gets more and more
complicated, it’s also becoming less
likely that one company will dominate
magnetic storage innovations the way

Heads together: Specialists in various disk-
drive elements collaborate at Almaden to

make sure new technologies work together.

that IBM has in the past. Other compa-
nies are pushing competing technologies
to challenge IBM’s technology leadership
(see page 50).

And IBM knows it. As the company
has shifted its emphasis from pure to
applied research, its commitment to
funding pure research in joint programs
with other vendors has grown. While
IBM competes fiercely to achieve an
advantage in the next generation, the
company is cooperating with other disk-
drive makers to an unprecedented degree
in the fundamental science that will
allow for breakthroughs three, four or
more product generations from now.

“In 1982 if you looked at the research
dollars going into magnetic recording,
IBM dominated,” says storage technol-
ogy director Munce. “Today, we don’t
dominate. There’s a lot of great work out
there, and it would be very arrogant to
think we could invent everything our-
selves”

Munce pauses. You can almost hear
him thinking: Wait a minute, we have
invented everything ourselves. 0
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Winging it: Grame “Butch” 3 : 1

Johnson (left) and Bruce e A S b : This strange new boat sails on gusts of
Heggie (right) sail a prototype i y d

solar craft on Sydney Harbor.
On the next page is the boat’s

wind, rays of light and the passion of a

inventor, Robert Dan

novice inventor from Down Under.

KIMMING ACROSS A MAN-MADE
lake 300 kilometers southwest of
Sydney, the twin-hulled Marjorie
K looked like an exotic, over-
grown waterbug. The resemblance grew as
her crew manipulated the 7-meter boat’s
“wings”—long, broad, lightweight modules
covered with waterproofed solar cells. Each
cell generated electricity just as a solar cell
in an everyday pocket calculator does; by
adjusting the wings’ angle to the sun, the
crew gathered more energy for their crafts

electric motor.
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But these wings weren't just solar col-
lectors. Raised perpendicular to the water,
they caught the breeze like a sail, allowing
the catamaran to use the combined power

of sun and wind to leave competitors
behind at the 1997 Second International
Solar and Advanced Technology Boat Race
in Canberra, Australia’s capital. As the boat’s
lead widened, however, the wind died down
and the Marjorie K was forced to rely
solely on its solar cells and batteries. The
boat’s support team was nervous—it was
the first trial under race conditions. But to
spectators on the shore, the Marjorie K
appeared to pick up the pace.

A couple of human, rather than tech-
nological, errors earned the Marjorie K an
extra lap and cost her first place at the finish
line. (The captain was penalized for tacking
too close to a race buoy and banging into
another boat.) But despite these glitches,
the Marjorie K—one of more than 40 par-
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ticipants in the all-solar regatta—won the
$10,000 prize for Most Innovative Vessel
(currently worth about $6,300 US). David
Gaul, one of the races judges, was impressed
with the boats unusual combination of
wind and solar power. “The movable wing
design allows you to do two things simul-
taneously: take advantage of the wind, and
get the absolute best alignment of the pan-
els to the sun. Just look at her,” he adds.
“She’s easily the most innovative boat. You
don’t see too many Marjorie Ks running
around the world”

If this unusual vessel’s inventor has his
way, however, that will soon change. The
Marjorie K is the contrivance, passion and
obsession of Australian physician Robert
Dane—she is also the prototype for a fleet
of “Solar Sailors” Dane hopes to build. He
envisions a number of incarnations of the
environmentally friendly vessel: ferries and
sightseeing boats for busy urban rivers and

Pulley Power: A simple lever-and-pulley system allows each of

the Marjorie K's wings to move independently. Her team of
sponsors, on the other hand, always pulls together.

harbors, pleasure cruisers for ecologically
fragile reefs and bays. By combining new
designs, off-the-shelf technologies and
cutting-edge research from labs Down
Under, Dane hopes to have his first com-
mercial Solar Sailor afloat in Sydney Harbor
in time to ferry tourists during the 2000
Olympics.

Sun Worship

NLIKE MOST OLYMPIC ASPIRANTS,

Dane hasn’t been training all his life

for his moment of glory in Sydney.
Far from it. At 39, he has no formal educa-
tion in engineering or boat design, and
until a couple of years ago he was the local
doctor in the coastal village of Ulladulla,
230 kilometers south of Sydney. But Dane’s
imagination has been captivated since
childhood by the idea of siphoning electric-
ity from the sun’s rays. He first glimpsed a



solar cell in a magazine article about the
National Aeronautics and Space Adminis-
tration’s space satellites. “I was fascinated,”
he recalls. “The idea of solar panels was
absolutely miraculous. I became obsessed.”
Today, almost all conversations with him
inevitably double back to the subject of
solar power.

Dane has even found inspiration in his
biomedical training and practice. He based
his design for the hinge-and-pivot mecha-
nism of the boats wings, for example, on
his observations of the human shoulder.
The idea of solar-paneled wings hatched
when Dane learned the evolutionary theo-
ry that insects’ wings evolved from solar
collectors. And his years in medical school
at Sydney University primed him to see the
advantage of coupling wind and solar
energy. A longtime sailor and windsurfer,
Dane knew that even a small increase in
wind speed can dramatically increase a
boat’s energy. Like a car speeding down the
interstate, a boat creates its own breeze.
Proper positioning of the sails can add this
so-called “relative wind” to the true wind
and boost the sailing speed. Growing weary
of the late hours of a country doctor, Dane
began to dream of building a sailboat
equipped with a solar-powered electric
motor that would create more relative wind.
“From med school, I knew that anytime you
see that kind of positive feedback loop in
nature, you should take advantage of it,” he
explains.

The idea is an old one. Early steam-
boats operated under a combination of two
power sources—wind and steam—but both
were seldom operated at the same time.
“People do motor sail,;” Dane notes, “but
sailboat owners generally don't like the
smell, noise or pollution caused by a fossil
fuel engine. They call them ‘stinkboats” A
sailboat with an electric engine, he rea-
soned, would provide the best of both
worlds.

His interest spurred along by watching
the first International Solar and Advanced
Technology Boat Race in 1996, Dane
sketched out a design for a wing that would
serve both as solar collector and sail. He
built a model of the key joint mechanism
from pipe cleaners and his child’s Lego
blocks, then showed it to some boat build-
ers at Jain Murray & Associates, a leading
Sydney-based competitive yacht design
firm. As he recalls with studied casualness,
“I went down there with beer in hand and
said, ‘What do you think?”

The designers’ response was cautiously
positive. They made some calculations and
said the idea was feasible, so Dane wrote up
a 35-page prospectus and started to raise
money for the project. Ulladulla local Mar-
jorie Kendall, a farmer and fellow solar
enthusiast, was so impressed that she
invested half of the $130,000 cost of a pro-
totype boat. With the money from Kendall
in hand, Dane quit his medical practice and
enlisted a diverse crew of friends and neigh-
bors that included a surfboard maker, a
model-train hobbyist and a champion sail-
boat captain. Together, they built the Mar-
jorie K in only 82 days.

The EV of the Sea

HE MARJORIE K’S DRAMATIC APPEAR-

ance last April at the Sec-

ond International Solar
and Advanced Technology Boat
Race fit well with the race orga-
nizers intention to raise the
profile of solar power. Solar-
powered boats in particular tend
to be ignored, says race adviser
Hans Tholstrup. When people
think of vehicles powered by
solar, or photovoltaic (PV) cells,
they focus on cars, Tholstrup
says. “The reason is that we see
cars as a necessity in life;” he
explains. “We use them to get to
work or to the shop. We're a car
culture” Tholstrup, a self-
described “futurist and adven-
turer” cheerfully admits to this
bias himself; a former race-car
driver, he drove the first solar-
powered car across Australia in
1982. But propelling a boat with
solar energy is in many ways
easier than using solar energy to
power a car, he says. Boats don’t
have to deal with hills, the ener-
gy-draining stops and starts of
traffic, or the shade cast by trees
and buildings. “In addition,” he
notes, “a pleasure boat lies idle
all week long, when it could be
absorbing power. You would
have well and truly fully charged
batteries.”

Others also believe PV cells
to be well-suited to use on boats.
David Roche, special projects
manager at the University of New
South Wales’ Photovoltaics Special

=
=
=
=
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@

Research Centre (PSRC), points out that
boats operate at lower speeds than cars and,
when outfitted with properly designed
hulls, consume little energy. “You can do a
lot with just eight square meters of solar
panel, which you can easily get with most
small craft) Roche remarks. But that doesn't
mean there aren’t significant engineering
challenges left. “The biggest obstacles are
developing an efficient, cost-competitive
cell and storing what you've generated” in
batteries, he says. Roche notes that though
the price of PV cells has dropped from
thousands of dollars per watt a few decades
ago to $4 per watt today, they still cannot
compete with conventional electrical power,
which costs one-quarter to one-half that
much. He expects the PV industry needs at
least another decade to compete with tra-

Range of Motion: The solar wings go up for sailing
(top), down for motoring (bottom) and in between for a
bit of both—Dane calls it “flying” (center).
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ditional power sources.

On this subject, Dane is optimistic.
“The silicon wafers used now in photovol-
taics are in the same position that silicon
chips were for computers 20 years ago,” he
says. “The price is coming down, and the
power is going up.” What’s more, Dane says,
the enormous load of batteries required by
an electric vehicle—the greatest drawback
to a solar-powered car—can be a bonus for
an electric boat. “You need tons of lead in
the keel anyhow, so just put batteries in
there instead,” he suggests. “What’s a bur-
den for a car is ballast for a boat”

Setting Course
for Sydney

ith the Marjorie K as dramatic

proof of solar sailing’s principles,

Dane is gearing up for the first
commercial application of his inventive
designs at the Sydney Olympics. Sydney, he
explains, won the chance to host the Olym-
pics largely because the city promised to
stage an environmentally friendly event, the
“Green Games” Dane can picture no more
fitting emblem of the Green Games theme
than a full-scale Solar Sailor plying Sydney
Harbor.

If everything works out as Dane plans,
millions of tourists will capture a strange
sight in their snapshots of the Green Games:
a 35-meter catamaran ferry riding low in the
water with two rows of solar-cell-encrusted
wings spreading out above the deck. Many
of those sightseers will also have shots from
the boat itself; the ferry will carry 220 people
at a time on the half-hour voyage from the

Ferry Wings: This
full-scale commercial
version of Dane’s
boat will sport two
rows of solar sails.

far ends of the harbor to the Opera House.

To recruit a designer for the Sydney
Solar Sailor, Dane brought a video of the
Marjorie K in action to Grahame Parker, a
prominent boat builder with experience
designing ferries for the harbor. Parker was
excited by Danes unconventional ideas.
“Part of the attraction is that no one’s quite
done this before,” he explains. Parker thinks
that a larger commercial version of the Mar-
jorie K prototype will need long, thin, sharp-
ended hulls to slice through the water with
minimal resistance, much as rowing sculls
do. He also plans to lighten the full-scale
version's weight by building it with carbon/
epoxy or Kevlar fibers. “Even so,” he adds,
“the hulls are not that radical, the power
source is” To hedge their bets, Dane and
Parker will equip the ferry with a backup
power system that runs on a fuel such as
natural gas or liquid propane.

Dane predicts that building a Sydney

BETSY HAYES

Solar Sailor will cost $1.5 million, about the
same price as a traditional ferry of equivalent
size that currently serves Sydney Harbor. But
operating the Solar Sailor will cost only 20
percent of what it costs to run a comparable
fossil-fuel-powered ferry, Parker estimates.
Dane is looking to cut a deal with an Aus-
tralian cruise company that would buy the
ferry and operate it at the Olympics.

As he looks forward to what he hopes
will be his boats big moment in Sydney,
Dane continues to seek out other opportuni-
ties to spread the Solar Sailor vision. “It’s not
about me,” he says. “T just want to make
incredible boats. It’s a passion, a point of no
return” Dane wants to license his patents on
the Solar Sailor wings to boat builders over-
seas, who would, in turn, stock the world’s
waterways with a strange new species of
aquatic Australian insect. 0

L s et i) lal G -l s

ith a design in place and a deal in the works, Robert Dane
figures he is close to making the Solar Sailor viable. But what
he'd really like is to get his hands on the latest PV cells coming out
of the lab at the PSRC. Australia has long been a leader in the devel-
opment of solar energy, motivated in part by the huge expense of
stringing long-distance power lines across a sparsely-settled, vast
continent. For the past 15 years, the PSRC has developed cells with
some of the highest efficiencies in the world.
PV cells consist of two very thin layers of light-sensitive material.
The lower layer easily loses electrons while the upper layer easily
gains them. When a photon of light strikes this sandwich, it dislodg-
es electrons from the lower layer and into the upper, creating an
electric potential between the two. This potential provides the elec-
tric current through the rest of the circuit.
To conduct the current, most cells have fingers of metal on the
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surface. But these fingers block some photons out of the light-sensi-
tive areas. So PSRC researchers recently created a cell with electrical

contacts in the middle, instead of on the surface.“The advantage of

this is that you get 25 percent more power for the same cost of pro-

duction,’ says the project’s manager, Christiana Honsberg.

Researchers at PSRC are also working on a “bifacial cell” that
absorbs light from both the top and the underside of the cell. (Tradi-
tional PV cells have a light-absorbing layer just on one side.) With a
bifacial cell, light that is currently lost—such as that reflected off the
earth or water—could be absorbed as well.

The PSRC has been a resource for Dane, advising him on tech-
niques for wiring PV cells together and keeping them glued to his
boat. The center will give Dane first crack at the latest generation of
highly efficient PV cells as soon as they come to market, probably
some time in 1999.
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It's a once-in-a-lifetime invention—a light,

flexible battery. Now comes the hard part.

ANY PEOPLE CHECK THEIR FAX MACHINES EVERY MORNING, BUT

these days Theodore Poehler and Peter Searson are taking a par-

ticular interest in what appears on theirs. This pair of Johns
Hopkins University scientists believe they are achingly close to a deal that could turn their research
brainchild—an all-plastic battery—into a commercial reality. Each day they expect to see the final
outcome of more than a year of negotiations, hoping for a decision from several large battery
companies or word from private investors who have expressed a willingness to put up tens of mil-
lions of dollars.

An agreement with the right battery company or group of backers could transform their
invention from a laboratory curiosity into a rising star in the huge battery market. The prototype
is remarkable—small, light and rechargeable. Even more intriguing, it comes in thin, bendable
sheets that can be formed into a shape resembling a business card. Poehler and Searson think the
novel battery could play a leading role in a new generation of electric vehicles, satellites and light-

weight electronic devices—even as a replacement for standard AA-size batteries.

PHOTOGRAPHS BY CHRIS HARTLOWVE




That’s the dream. Making it a reality,
though, takes money—lots of money. It

also takes business savvy. And Poehler and
Searson know theres no guarantee of suc-
cess. “We are both very guarded,” Peohler
explains. “If it happens, it happens—if it doesn’t, well, we are trying
to just think about doing the research to make the technology bet-
ter”
Their story is a tale of how basic researchers working on the
cutting edge can find themselves in the world of entrepreneurship,
venture capital and big business. And how, once they get there, the
issues may be just as complex—and far less familiar—than those
they face at the lab bench.
Poehler, a professor of electrical and computer engineering
and the university’s vice provost for research, and Searson, a pro-
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Charging it up: Johns Hopkins scientists (from
left to right) Jennifer Giaccai, Peter Searson,
Jeffrey Killian and Theodore Poehler are still
working to optimize the plastic battery.

fessor of materials sciences and engineer-
ing, never set out to be entrepreneurs.
When they began their search six years
ago for an all-plastic battery, they just
wanted to do good science, testing the
limits of a material and a system. The professors headed a team of
researchers at Johns Hopkins that included Jeffrey Killian, Josef
Gofer and Haripada Sarker; graduate student Jennifer Giaccai
subsequently joined the group. Progress came slowly, but by 1996
they had a workable prototype. Then, early last year, a Johns Hop-
kins University press release touting the development of the novel
plastic battery triggered a media frenzy.

The plastic battery was named “Invention of the Year” by
Popular Science. TV crews arrived from as far away as Sweden,
Tokyo and Brazil and roamed the lab. The researchers appeared on



CNN and in USA Today. Graduate students in the group became
local media stars. Hundreds of companies and investors inquired
about the new technology, trying to turn its electrical potential
into earnings potential. Wall Street analysts called to get the scoop
on any deals that might be signed to produce the battery commer-
cially.

These days, more than a year later, the lab is just about back to
normal. A recent visit by TR found the usual hush of a university
lab, the researchers going about the business of doing science. The
TV crews are gone. The steady stream of visitors thinned.

Out of the glare of the media, the
Johns Hopkins team, like other academic
researchers who have developed a hot
new materials technology, is navigating
the world of business and finance.

Make no mistake—the stakes are
high. Successful commercialization of a
plastic battery could mean big bucks for its
academic inventors and their university. The U.S. market alone
for batteries is $5.8 billion a year and is poised for rapid growth
as a new generation of electric vehicles and smaller electronic
devices drives a need for more efficient, lighter rechargeable bat-
teries. Corporate and academic labs around the world are racing
to find the solution, with many efforts focusing on lithium-based
batteries (see page 65).

A plastic battery could carve out a lucrative niche. Most bat-
teries today are made of toxic and environmentally damaging
heavy metals such as lead and cadmium. Plastic batteries, however,
contain no metals and are easily recycled. They must be sealed so
that moisture doesn’t dampen their charge, but the polymers
inside are a far cry from lithium, which can explode when
exposed to water.

What's more, the all-plastic battery is made of thin, foil-like
sheets—a critical advantage for someone designing a product who
needs to figure out where to squeeze in a battery. Imagine casings
for laptop computers lined with thin sheets of the battery or car
structural parts that are lined with the power sources, even satel-
lites where the plastic battery is crammed into any available space.
“You can make it into just about whatever configuration you want,”
says Searson.

Despite those payoffs, plastic batter-
ies have never made it to the market-
place. Plastics are cheap and easy to use,
but normally they are insulators—the
opposite of the conducting materials
required for batteries. Plastics are good
for wrapping wires, but few thought of
them as the stuff of batteries.

Then, in the late 1970s, a chemist at
the University of Pennsylvania made a
startling discovery that jump-started
the whole field. Alan MacDiarmid
found that he could make the polymer
polyacetylene into an electrical conduc-
tor by “doping” it with the right set of
ingredients. The discovery completely
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the materials. MacDiarmid himself tinkered with making plastic
batteries in the lab. But the devices remained a laboratory curios-
ity.

A laboratory oddity, perhaps, but an intriguing one. Battery
labs around the world began exploring conducting polymers. Yet
when they did, they ran into the same obstacle. While it was rela-
tively easy to find a polymer that could act as a cathode (the posi-
tive terminal of a battery), it proved difficult to make a polymer
serve as an anode (the negative terminal). Most labs effectively
gave up on the all-plastics idea, compromising on batteries with a

polymer cathode but a metal anode, using, say, lithium.

Then, six years ago, scientists at the U.S. Air Force’s Rome
Laboratory asked the Johns Hopkins group whether it could make
an all-polymer battery for defense and aerospace applications. A
plastic battery, the reasoning went, would be invisible to the detec-
tion devices that easily pick up metal-based batteries. Searson and
Poehler had no idea whether the concept would work. “We were
wondering whether you could make a reasonable polymer battery
at all,” remembers Poehler. “It was a big question, and it was not
obvious whether the answer was yes”

Although the execution was complex, the concept behind the
plastic battery idea is simple. “All batteries use the same basic
components—an anode, a cathode and an electrolyte—to convert
chemical energy to electrical energy;,” explains Poehler. The two
electrodes, the anode and the cathode, act as surfaces where elec-
trons can be exchanged. The anode is made of a substance that
readily gives up electrons—usually a metal like lead or lithium.
The cathode, in turn, must be able to accept electrons. The idea of
a plastic battery is to simply replace the metals with electrically
conducting polymers.

The trick is finding a polymer anode suitable for a workable
battery. When used in a battery, certain polymers can act as great
cathodes, readily accepting electrons
coming from the anode through an
external circuit. On the other hand, for
a conducting polymer to act as an
anode, it must be doped so that an
extra electron is forced into the poly-
mer backbone, giving it a negative
charge. Unlike doped cathodes, howev-
er, doped anodes are unstable and vul-
nerable to moisture.

Despite the challenge, the Johns
Hopkins team charged ahead. Eventu-
ally they found that by entrapping a
lithium ion in the polymer chain they
could make a type of plastic called
polypyrrole behave as an anode. After

~

BETSY HAYES

changed how chemists thought about
plastics. Suddenly the whole world of
electricity was a possible new terrain for

Plastic sandwich: The battery uses two types
of polymers, one as the cathode and one as
the anode. A plastic gel is the electrolyte.

three years of effort, Poehler felt that
this system “started to look decent” By
the summer of 1995, the lab produced a
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working battery. But the battery produced only about one volt per
cell—far too low for many applications—and it still required lithi-
um as a dopant.

The team went back to the drawing board. This time they
made a significant breakthrough in a little more than six months.
The Johns Hopkins team turned to a family of polymers called
fluorophenylthiophenes to form the electrodes; one member of
the family, 3,4,5 TFPT, acts as the anode, while another, 3,5 DEPT,
as the cathode. The polymers were then sandwiched around a bat-
tery electrolyte made from a thin polyacylonitrile gel. The battery
could produce three volts of electricity per cell and be recharged
hundreds of times.

It was a remarkable breakthrough. The batteries are as flexible

Manipulating polymers: Giaccai (top and left) fine-tunes the battery, which is enclosed in a glove

box to protect it from moisture. The polymer 3,4,5 TFPT proves itself as an anode (right).
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as plastic wrap—so they can be rolled into the cylindrical shape of
a conventional flashlight battery, or used as credit-card-thin
sheets. Unlike conventional batteries, which often do not work at
temperatures much below freezing, they are capable of working at
temperatures as low as -40 degrees C. As an extra bonus, the bat-
teries change colors when they discharge, making it easy to tell
when a recharge is needed.

Now the lab had a workable prototype, but it was only the
starting point on the hard road to commercialization. Poehler,
who has seen lots of technology transfer deals in his capacity as
vice provost, took the lead in the team’s business effort. “The first
challenge is to determine if the technology is competitive,” he
explains. By late 1996, when the story broke in the media, the
Johns Hopkins researchers were confident
that their battery had reached that stage.
They sorted through the deluge of requests
and met with more than 40 potential
research partners or funders, going on vis-
its or being visited by companies or
research groups almost every week for
more than a year.

“We did not look at most of the meet-
ings as opportunities to do business deals,
but as chances to exchange information,”
Poehler says. Yet the overarching goal was
to make a major deal that would bring the
battery to the market, not just bring in
money to do further research. “We are still
working on this, and are always struggling
to get to the point where the technology
sells itself,” he says.

Getting to that point, however, isn't
easy. In fact, it means negotiating a complex
world of venture capital and corporate
financing. Poehler and Searson each have
impressive academic reputations, but, like
most scientists, neither has much experi-
ence in business wheeling and dealing and
the world of high finance.

“It requires a different skill set than sci-
ence, says Lita Nelsen, director of MIT’s
Technology Licensing Office. “There are a
few people who have both skill sets, but not
many. The increasing supply of venture
capital dollars and corporate investors
looking for hot technologies means growing
business opportunities for university scien-
tists. Nelsen says, however, that scientists
frequently focus exclusively on the financial
aspects of a deal when “they actually should
be looking for more than money. Money is
available. They should be looking for wis-
dom that goes along with it—wisdom to
know what to do in judgment situations like
when the chief executive isn't working out,
or when someone is infringing on their pat-
ent”

Academic researchers face a number
of difficult decisions, as they try to guide



he plastic battery invented at

Johns Hopkins University has

L some impressive credentials. But,

as it attempts to graduate from the lab and

to the marketplace, it’s going to find that

it's just one more player in the highly com-

petitive scramble to commercialize the next
generation of battery technology.

A major prize is the anticipated boom
in battery-powered electric vehicles. And
it's a race that's drawing some of the
world’s largest—and most technologically
savvy—corporations. “Everyone wants to
be in the electric vehicle business because
it's so huge,” says Christina Lampe-Onner-
ud, a battery scientist at New Jersey-
based Bellcore.

Those in the battery business may be
salivating at the opportunities, but pick-
ing the right technologies from the mix of
high-tech and low-tech options is tricky.
Battery plants require tremendous capital
investment, so manufacturers naturally
want to feel confident before they bet on
a particular technology. At the same time,
there’s pressure to get into the market
quickly. “The real pay-off [for any battery
technology] is in being first to the market,”
explains one Wall Street technology ana-
lyst. These countervailing pressures have
researchers and battery makers thinking
long and hard about the new technolo-
gies that are in the pipeline and compar-
ing them with the available low-tech solu-
tions.

One possibility comes from the elec-
tronics industry: lithium-ion batteries.
Although these newcomers are set to rev-
olutionize some aspects of consumer
electronics, many observers doubt that
the batteries will ever make it into cars.
The automotive industry is fanatical
about safety, and lithium is highly reactive
and can ignite stubborn fires. In addition,

Electric pickup: Ford’s 1998 Ranger uses a
2000-pound lead-acid battery for power.

the current generation of lithium-based
batteries usually uses cobalt, a relatively
expensive metal.

Market pressures, however, have led
to some innovations in the lithium-based
approach that might overcome these
problems. Bellcore has begun prototype
production of a lithium-ion polymer bat-
tery that is lightweight and flexible; most
important, it’s engineered to be safer than
the earlier generation of lithium-ion bat-
teries. “When we designed it, we aimed to
find the technology that could store the
most energy in the smallest space with
the least weight and at the lowest cost—
but we insisted that safety should over-
rule everything,” says Lampe-Onnerud.

Another of the current leaders in the
race is a lithium-polymer product that is
being commercialized jointly by 3M and
Hydro-Quebec. These partners say that
theirs is the first solid-state battery for
electric vehicles. Unlike the lithium-ion
batteries, which have a liquid electrolyte,
the 3M-Hydro-Quebec battery is dry; a
thin sheet of conducting plastic serves as
an electrolyte. The group says the use of a
polymer electrolyte allows for safer use
of lithium.

The winning battery technology,
however, might not be any of these com-
mercial contenders but one that’s still on

FORD MOTOR CO.

the lab bench. One candidate is a lithium-
polymer battery created at MIT by a team
of materials scientists including Donald
Sadoway, Yet-Ming Chiang, Gerbrand
Ceder and Anne M. Mayes. They designed
a battery that replaces most of the cobalt
with a far lighter and cheaper metal, alu-
minum. In addition, the MIT scientists use
a novel block copolymer (a combination
of two different polymers bonded togeth-
er) to act as the electrolyte.

Their prototype is light, powerful and
flexible. And while it will probably find its
initial uses in electronic devices, Sadoway
says the ultimate goal is clear. “If this thing
works, it could be the link that could her-
ald the dawn of an electric vehicle age.”

But those who are actually going to
be picking the winners may take some
convincing. Take John Wallace, director of
the Alternative Fuel Vehicles Program at
the Ford Motor Co. The car maker has
spent hundreds of millions of dollars on
R&D for batteries for electrical vehicles,
and Wallace will help to select the tech-
nology Ford uses. While he acknowledges
that there are lots of interesting technolo-
gies out there, he says the clear favorite is
a relatively low-tech player—nickel-metal
hydride batteries.

“The labs pooh-pooh it, but for elec-
tric vehicles it will be nickel-metal
hydride batteries,” says Wallace. Even
though they may need to be recharged
more frequently than lithium batteries
and require expensive materials? Even
though in many applications they have
been losing market share to lighter lithi-
um-ion batteries? Yes, says Wallace. He
points out that nickel-metal hydride bat-
teries “are durable, reliable, tolerate
abuse,"and, he adds, what's even more
important for the average driver: “The
damn things don't break.”

their technologies out of the lab into the business world. They
could, for example, simply license their patent and move on with
their research. Alternatively, they could enter into a collaboration
with a company that could provide the marketing and manufac-
turing experience the scientists lack. Finally, they could try and
find funding for a startup company of their own.

Each option has pros and cons. Whatever their decision, Poe-
hler and Searson say they plan to stay at their academic jobs and
let businessmen run any company. Licensing the technology to an

established battery company is a safe bet financially but usually
means giving up total control. Taking venture capital funding also
might mean that the researchers would give up more control of a
battery spinoff than they would have to with other private sources
of capital.

At stake in the decision is whether the plastic battery ever sees
its way out of the lab and emerges as a practical device. Commer-
cializing new types of batteries is a notoriously expensive process,
requiring new manufacturing plants and a long-term commitment
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to a particular type of technology. Once a
corporation licenses a technology, they
largely gain control over its fate—including
the choice to kill its development. Choose
the wrong partner and the battery—once
the darling of 30-second TV sound bites—can be quickly relegated
to a corporation’s pile of “better batteries” that never panned out.
On the other hand, the right business maneuvering could pro-
vide a lucrative payday to Searson and Poehler, as well as to a hand-
ful of their lab co-workers. Like most researchers who discover

something with commercial potential, Searson, Poehler and their
colleagues were careful to file a patent before they publicly released
any of the findings. The university owns the patent, but profits or
license fees are split so that one-third goes to the university, one-
third to the researchers and one-third to the lab for its future
research. If the numbers involved become very large, the research-
ers’ personal share declines to roughly 15 percent.

For the moment, however, the Johns Hopkins plastic battery
seems to be hung up on a Catch-22 that frequently plagues labs
looking to market technology in early development; the project
needs more funding to reach the next stage of development but the
financial backers want to see more highly developed technology
before they will loosen the purse strings.

What’s more, while the venture capital market continues to
boom and is a ready source of dollars for startups in information
technology and biotech, venture investment in new materials
remains a sluggish—often neglected—sector. “Wall Street doesn't
like materials stories,” says Joe Lovett, a general partner of Medical
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Still at the lab bench: While the spotlight is
off Giaccai and the other lab workers (left),
Searson, Poehler and Killian (right) wait for the
deal that could make the battery commercial.

Science Partners, a venture capital firm in
Wellesley, Mass., which finances both bio-
tech and materials science startups.

Josh Lerner, an associate professor at
Harvard Business School and expert on
venture capital, says, “Materials science had a brief surge of popu-
larity in the late 1980s with high-temperature superconductivity.
But people seem to have become disillusioned with the area”
Lerner says that even with the boom in venture investment, “there
is still a very narrow band of technologies that are funded; 80 to 85

percent of the companies are in informa-
i tion technology and the life sciences”

Beyond such funding obstacles, the
plastic battery faces tough competition
from several other promising types of
batteries, including zinc-air batteries and
lithium batteries. Each of those technolo-
gies has hundreds of millions of dollars of
investment and a critical headstart. Some
have already been manufactured on a large scale. Like the plastic
battery, they’re efficient, lightweight and compact. Lithium-poly-
mer batteries, for one, can be molded into almost any shape, even
cut into pieces without losing their charge.

So what are the odds that one day we'll find ourselves riding
in cars with parts lined with plastic batteries, talking on cell
phones powered by the stuff? It is still too early to tell. If Poehler
had his choice, “one of the world’s biggest battery companies
would say, ‘We're going to take this and make it and give you a
great deal, and you can still do your own work to improve the
technology,” or a financial backer would come and give them “a
whole lot of money to start up a company”

But the Johns Hopkins scientists know it’s not that easy. So
every morning Poehler and Searson continue to look for the
signed agreement that might bring us closer to a plastic battery
reality. Despite all of the research breakthroughs, the media hype
and promising meetings, it’s still a dream trying to make the big
leap into the commercial world. 0
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Cosmic prospector: His
feet firmly planted in
the desert soil, Jim
Benson looks to the
stars—and asteroids.

adown-to-earth entrepreneur with an out-of-this-
world plan, Jim Benson hopes his company is the
first step toward the private exploration of SPaACe.

BY DAVID E. GRAHAM

SIPPING A SOFT DRINK OUTSIDE A SAN DIEGO COFFEE SHOP, JIM BEN-
SON puts a black chunk of iron on the white table in front of him. The
rock is a piece of an asteroid, a talisman Benson carries as a reminder
of the mineral riches that await in outer space. And this isn’t an abstract
interest: Benson intends his young company, Space Development Co.,
or SpaceDev, to be “the first publicly traded company in the business of

exploring space.”

If SpaceDev succeeds, Benson says, it might be quite profitable. But

in his view, there’s more to the venture than boosting his stockholders’
profits. Indeed, he says, SpaceDev could usher in a new sector of the
economy—private space ventures—that might one day have the energy
and growth potential of the early software industry. SpaceDev, he

believes, could hasten the economic development of the high frontier.
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To profitably go where only large gov-
ernment agencies have gone before might
sound like a pipe dream, but the 53-year-
old Colorado businessman is a relentless
pragmatist who has a track record of suc-
cess as an entrepreneur. At 50, Benson
retired a millionaire after owning and
operating two software companies. He
sold both and set out to travel but quickly
grew bored with terrestrial tourism. It was
then that Benson asked himself two
important questions: What do I enjoy, and
what am I good at? The answers led him
back to his childhood passions for science
and outer space. As a youth, Benson
recalls, he signed up for a science fiction
book club. A benefit of enrollment was
having his name placed on a list of people
who wanted to go to outer space when
travel became routine. He still has the
enrollment card in his wallet. “Forty-two
years later I'm still waiting,” he says, “so

maybe I can do it myself”

After consulting planetary scientists
and reading up about space, Benson
founded SpaceDev to aim for asteroids—
little-examined and, he believes, achiev-
able targets for exploration and eventually
mining. He moved swiftly to put in place
a business plan that many in the science
and business community say just might
work.

Teamed with researchers from the
University of California (UC), Benson last
September announced plans to launch
bare-bones missions to rendezvous with
near-Earth asteroids and inventory their
mineral contents. But the craft will also
have cargo space for other experiments,
making it a sort of deep space truck. Plan-
ning to launch within two years, Benson
wants to meet what his advisers believe is
a pent-up demand in the scientific com-
munity to get experiments to space. He

Destination: 1996 XB27

Measured against elaborate space ventures like Mars Pathfinder, SpaceDev’s first mission
plan is rather simple stuff. Over the course of eight months, a small hexagonal spacecraft
will travel more than 150 million kilometers—approximately the Earth-sun distance—to
reach its target. (The cube-shaped craft above is an earlier version.) The tentative destina-
tion is an asteroid named 1996 XB27; one called Nereus is a backup target.

The NEAP craft will bear three instruments: a camera for viewing and guidance, a
neutron spectrometer to detect hydrogen (for potential use in the extraterrestrial manu-
facture of water or fuel) and a small lander. The craft will also have room for up to three
additional onboard instruments or experiments, and three additional deployable canis-
ters—those spaces are all for sale.

SpaceDev’s own soda-can-sized lander will leave the mother ship and drift gently to
the asteroid, carrying a proton X-ray spectrometer to analyze the asteroid's composition.
In one scenario, the lander would be outfitted with a spring mechanism that would allow
it to hop over the terrain and take multiple readings. SpaceDev has not settled on a
launch vehicle, but a leading possibility is a Russian rocket—Ilargely because it might be
the least expensive.
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hopes this long-haul service will bring
profits in the short term, before any min-
ing program is up and running.

INITIAL PLANS FOR BENSON'S NEAR EARTH
Asteroid Project, or NEAP, call for a hex-
agonal craft 1 meter tall and 1.8 meters
across to rendezvous with one of the 450
asteroids known to pass near Earth. It will
deposit an instrument to analyze the min-
eral content for possible future mining—
perhaps of metals for construction of
research facilities or power stations near
the asteroid, or hydrogen and oxygen to
make fuel or water. Even ordinary earth
elements become exorbitantly expensive if
they have to be launched from Earth, so
space mining of otherwise mundane mate-
rials could be profitable—if outer-space
construction were ever to become rou-
tine.

Other entrepreneurs have talked
about private space missions. But most of
them have foundered on the shoals of very
high initial investments. The key to
SpaceDev’s chances of success is Benson’s
intention to build, launch and operate the
first mission on a budget of under $50
million—less than one-tenth of what the
National Aeronautics and Space Adminis-
tration (NASA) frequently spent on a sin-
gle craft, until recent budget cuts trimmed
their sails. To achieve these economies,
the NEAP craft will use what Benson
proudly calls “trailing-edge technology™
prefabricated solar arrays, electronics,
cameras and so forth. “We’re proud of the
fact we're not doing anything new, Ben-
son says. “That all increases the chances of
success.” And with a price list of cargo
space and scientific data that totals $120
million, Benson sees the potential to turn
a profit beginning with the very first mis-
sion.

Not surprisingly for such a cutting-
edge venture, no contracts have yet been
signed. But already, SpaceDev announced
in May, seven researchers have filed notic-
es of intent that make them eligible to
apply to NASA for funding to buy a ride
on the NEAP craft. For each notice that
results in a NASA-approved proposal,
SpaceDev would earn $10 million to $12
million in revenue.

Although skeptics might question
whether a software entrepreneur has the
expertise to get into space, Benson has



managed to convince a number of peo-
ple well qualified in space science. He
first enlisted James Arnold, director of
UC’s California Space Institute. Arnold,
a senior science adviser on the Apollo
missions, met Benson at a conference on
potential uses of the moon in December
1996. Initially skeptical, Arnold was
soon impressed by Benson’s knowledge,
energy and business acumen. “It turned

outright, or try to barter for it with data
from radio science experiments using
the craft.

“I think Jim has put together a very
credible approach to what would be the
first private exploratory mission,” says
Carl Pilcher, a NASA assistant associate
administrator for space science. “If he
can pull it off, it will be an interesting
precedent for a new way to acquire sci-

“If we are to get the true economic benefits of
space, the private sector has to get involved...

It's going to happen SOONEY or later.”—Aw M. Laowis, NASA

out to be a good fit, Arnold remarks,
“and we have passed one milestone after
another” Since the spring of 1997, a
handful of scientists and students at UC
San Diego have also been working to
develop plans for the mission.

Scientific expertise, though crucial,
won't be enough to get this mission off
the ground; managerial know-how will
also be required in spades. To fill that
gap, SpaceDev acquired a small San
Diego aerospace firm called Integrated
Space Systems (ISS) in a stock trade
this February to manage the mis-
sion development schedule and
integrate the NEAP craft into a
rocket. ISS’s business, though mod-
est, is already profitable. Even so,
the months ahead are critical to
SpaceDev’s success, as it must meet
deadlines for fabricating the craft
and hiring a seasoned mission man-
ager, all the while courting prospec-
tive buyers of cargo space in the
vehicle.

IN ADDITION TO SHORING UP HIS
logistical base and forming alliances
among researchers, Benson has
already impressed another critical §
constituency: NASA. The agency

has discussed the possibility of help-
ing SpaceDev by allowing the com-
pany to use NASA’s network of deep
space tracking stations for sending
and receiving radio communica-
tions with the robotic spacecraft.
SpaceDev might pay for the time

entific data” Pilcher praised the abilities
of the scientists involved and their plan,
saying he believes they “are capable of
delivering on what they promise.”
Benson believes that if he can get
one craft into space, other opportunities
will follow. Perhaps SpaceDev would
help NASA in its plan to explore Mars
by providing some services faster and at
a lower cost than NASA can, he says.
Possibilities include ferrying a commu-
nications relay satellite into orbit around

the planet, or depositing equipment on
Mars that would mix hydrogen and oxy-
gen to produce fuel. NASA’s Pilcher says
the agency would listen to arguments
for such deeper private participation.

NASA’s ASSOCIATE ADMINISTRATOR FOR
policy and plans, Alan M. Ladwig, shares
Benson’s belief that the time is right for
private ventures into space. “If we are to
get the true economic benefits of space,
the private sector has to get involved, so
we encourage that) Ladwig says. “It’s
going to happen sooner or later” But
Ladwig cautions that SpaceDev will have
to find markets beyond NASA.

Finding a suitable market has been a
challenge for Benson’s competitors in
the business of launching private space
missions. Michael Simon, the president
of San Diego-based International Space
Enterprises, has firsthand experience
with the problem. Simon wanted to
launch payloads to the moon on Russian
rockets. But finding it expensive and
having few takers, his company is now
designing hybrid-power road vehicles.
Though Simon praises Benson for
shrewd organization and for keeping
startup costs low, he adds that “for
Benson it comes down to the same
question that haunts all of us in the
industry: ‘Is there a market?” And if
there is, yes, he can pull it off”

For his part, Benson remains a
believer. A veteran of the computer
revolution, he believes the private
space economy—using the energy of
the private sector and building on
the contributions of the government
agencies that pioneered the field—
might develop rapidly and surprise
people, as the computer industry did
two decades ago. In this scenario, he
believes, SpaceDev could be midwife
to a broader human presence in
space, an era in which people not
only explore but also build, work and
perhaps even live beyond the con-
| fines of Earth.

Benson wears a wrist-watch that
is already counting down the sec-
\ onds until SpaceDev’s first liftoff,
\ tentatively scheduled for October 3,
| 2000. “This could be a wake-up call,”
he says, “that the time has come to
commercialize space” 0
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Q & A

The hard part is not predicting technology—

its predicting how people will use it, says Robert W.

Lucky, telecommunications wizard of Bellcore

A Lucky Hit

The world was simpler back when young electrical engineer Bob Lucky

started work at Bell Labs. Telephones were sturdy black appliances with

dials. Fibers were something clothes were made of, and webs were for

spiders and ducK’s feet. Computers were huge, expensive and scarce.

Fast-forward to 1998, and Lucky still
exudes awe at all that has come to pass in
the intervening years. But his awe is not
that of the ingenuous outsider, since Lucky
had no small hand in this rapid progress.
He is credited with inventing the adaptive
equalizer—a technique for correcting dis-
tortion in telephone signals that is still
used in virtually all high-speed data trans-
mission. He literally wrote the book on
data communications, writing a text that
was for years the bible of the industry. But
outside the community of communica-
tions engineers, Lucky is best known as a
sharp and witty commentator on the ways
technology infiltrates our lives. He radi-
ates enthusiasm for technologies that he
likes (such as e-mail) and disdain for those
he doesn’t (such as voice mail).

Since leaving Bell Labs in 1992, Lucky
has been corporate vice president for
applied research at Bell Communications
Research, or Bellcore. As the research arm
of the telephone companies, Bellcore is on
the front lines of the telecommunications
revolution. Lucky spoke with Technology

Review senior editor Herb Brody in his
office in Red Bank, N.J.

TR: What do you think makes an organi-
zation innovative, and how has that
changed over the time you’ve been
involved with R&D?

LUCKY: Innovation is a difficult thing. I
have lost some of my faith through the
years in all of the systems that we know
about. I worked a long time at the old Bell
Labs, where youd hire the best people,
youd give them money and let them do
their thing. We sponsored a lot of intel-
lectual quests that way. There used to be
a plaque over the entrance to the Murray
Hill Lab of Bell Labs with a quote from
Alexander Graham Bell. It said some-
thing like: leave the path and dive into the
woods, and you’ll be surprised at what
you find. The idea was to go out there
and explore, and to build the best tele-
phone network there is. We had no con-
ception of making money. It was almost a
religious thing. There was an honest
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respect for science and technology and
the days would go by with arguments
over scientific points. It was the way life
should be.

TR: Of course, this system produced some
dead ends as well as some fabulous tech-
nology.

LUCKY: It certainly did. With R&D decou-
pled from the market, a lot of ideas fell on
barren earth and never grew up. And
ideas by themselves are pretty worthless—
somebody’s got to take them and make it
happen. Over the years, I have gained a lot
more respect for the people who turn
ideas into realities. Now were in a world
where ideas are judged only by market
utility. And in the market world, you don't
allow people to wander in the woods. I
regret this, but I can’t afford to have peo-
ple who are just crashing around looking
at crazy things. Even though, historically,
these are the kinds of people who make
the biggest breakthroughs.

TR: What’s an example of the old system
of innovation going astray?

LUCKY: Picturephone is a classic case. It
was decided that this was the way that
communication would go. The funds
were immediately made available—
armies of scientists and engineers were
mobilized, the technology breakthroughs
were scheduled and made. The service
was offered. Then nobody wanted the
thing. But that was OK according to our
mindset at the time. If picturephone was
what was right, we could do it, because we
had total control over it.

TR: Conventional wisdom these days is
that the market has to play a much
stronger role in driving technology and in
setting research directions—that this is
how to make innovation productive.
LUCKY: That is the theory, and it’s gener-
ally true that the market stimulates inno-
vation. It’s hard to know where the truth
lies because were not running a con-
trolled experiment. But I do worry that
the pure market focus will lead us to
ignore some research of great value. I also
think that in places like Silicon Valley, the
pressures to make money have become
too strong.

TR: Isn’t that what business is about?
LUCKY: Primarily, but not entirely. A lot of
the innovators that I've known have been

74 TECHNOLOGY REVIEW July/August 1998

driven by the desire to produce some-
thing that helped people in their lives or
work. Financial reward was important
to them, but not their overwhelmingly
dominant incentive. Now I get a sense
that the whole object is to start a company
and take it public and make a lot of
money. This really discourages me.

TR: In telecommunications, the field you
know best, is industry dropping the ball
anywhere?

LUCKY: One of the things that everybody
wants is broadband access to the home.
And if you were running the world, youd
say, hey, let’s just put fiber out there in the
homes, we'll have all the bandwidth we
want. But that’s not happening because of
the risk of stranded investment. You dig
up the streets, you put the fiber in and a
guy comes along with a wireless solution
and you've dug up the streets, the money
is gone. The risk of investment here stops
this from happening. So there’s a case of
the market prohibiting a development
that everybody agrees is needed. Also, 'm
bothered that senior management is still
essentially clueless about the Internet.
According to a recent poll, more than 60
percent of executives think the Internet is
owned by a corporation; 23 percent think
it's part of Microsoft. The good news is
that 98 percent of sixth-graders polled
knew that nobody owns the Net.

The Net from Nowhere

TR: For most people, the Internet arrived
on the scene a few years ago with little
advance warning. What does this tell us
about the emergence of world-changing
technologies?

LUCKY: The Web is an astounding example
of lack of foresight. Nobody foresaw this—
in industry, or anywhere else. In retrospect,
the Web is the most obvious thing you ever
heard of, and it is such a world-class idea.

TR: But the telecommunications industry
was looking the other way, basically.

LUCKY: Yes, the phone companies were fix-
ated on centralized systems. We had a
number of home information system trials,
with video-on-demand as the main attrac-
tion. Nobody thought, hey, why don't we
just create an infrastructure and let the
users supply the informational content—
which of course is what has happened.
Industry really didn’t have a lot to do with
it. Also, one big reason the Web took off

the way it did was that Mosaic—the first
graphical Web browser—was developed at
the University of Illinois and was made
available for free. This turned out to be key,
because nobody is going to buy browser
software when there’s nothing to browse.
That set a model that Netscape and then
Microsoft got locked into, where browsers
were free and users generated information.
I suppose you could have made picture-
phone ubiquitous too, if you mailed a free
one to everybody overnight. But what
business would ever come up with a model
that revolved around giving away your
product?

TR: This kind of thing reinforces how dif-
ficult technology forecasting is.

LUCKY: Yes, and I have stopped conscious-
ly trying to predict the future. ’'m out of
that game. 'm a member of an industry
that has been driven by several compelling
visions over the last decades. One was pic-
turephone. Another was home informa-
tion services—mainly video-on-demand.
Finally, there is ISDN [integrated services
data network]. These are visions that mes-
merized the telecommunications and com-
puter industries, and they ended up being
just plain wrong. The hardest part is not so
much predicting what technologies will
come about but in foreseeing how people
will use them. That's where we have been
wrong all the time.

TR: A lot of industry pundits still can’t
resist crystal ball gazing, though.

LUCKY: I know. I was at a meeting a few
years ago at Microsoft where Bill Gates
gave us his vision of the way things were
going. I wrote it all down. I think it has all
turned out to be wrong. My old boss,
George Heilmeier, tells about being in a
bookstore last year and seeing this giant
stack of Gates’ book—The Road Ahead—
by the checkout counter. On each book
was a sticker saying that it was “recently
updated to include the Internet” I mean, if
you can't see the Web coming, what good
are you?

TR: Kind of makes you wonder what else is
going to blindside us.

LUCKY: Yes. But you know, there hasnt
been anything else of that magnitude for a
while. Maybe the Web is it for a while.
Maybe it’s like that punctuated equilibrium
theory of evolution, where you have long
periods of stability interspersed with occa-



sional epochs of intense changes. Maybe
weTe in an equilibrium state, and nobody
has a vision beyond the Web right now.
Maybe the Web will turn into a broadcast
medium and take over from radio and
television—who knows? I don't, and I don’t
believe anybody who says they do.

logical Ambi

TR: Do you égre with many pundits that
the next computer revolution will come

from speech-recognition technology?
LUCKY: That’s a vision that people have
had for a long time. But were not even
close to having a Hal-like machine that
can converse with us intelligently. And
frankly, ’'m not even sure I want to talk to
my computer. This might be another
example of an equilibrium state; maybe
the mouse-icons-windows interface is
going to be around for a very long time.
Nothing better has come along.

TR: Another proposal to broaden com-
puter use is to market inexpensive “net-
work computers” that derive their power
from the Net.

LUCKY: I think this is a dumb idea. When
I give talks, I often ask the audience, how
many of you would like one of these?
Nobody raises their hand. It’s basically a

control issue. Corporate CIOs would like
to control the information infrastruc-
ture.

TR: Do you have any regrets about where
technology has brought us?

LUCKY: Well, we benefit from the con-
nectedness of the Web and e-mail and
pagers and cell phones and everything.
But I resent that these information ten-
tacles are reaching out for you all the
time, sucking you in and pulling you
down. I find this a bigger
and bigger personal burden.
I just can’t seem to have it
both ways. I thought early in
my career that the goal of
telephony was to have the
Dick Tracy wristwatch
phone—until the day I real-
ized that when I have one,
the world can call me at any
time. I don’t want that—the
world’s a big place.

TR: Is this part of the fash-
ionable griping about “infor-
mation overload?”

LUCKY: Its not quite that
simple. With e-mail, for
instance, it's annoying to
have to deal with too many
messages—100, say, is too
many. But if there are too

few, then the world has forgotten about
you, and that’s scary. If I come in in the
morning and there are only 10 e-mails, I
get really nervous. The ideal number is
somewhere in between—probably around
25,

TR: A similar tradeoff applies when you’re
doing searches on the Web, doesn't it?

LUCKY: Yes—I either get 10,000 hits or
zero, and I never seem to find what I'm
looking for. One expert told me that the
search engine wasn’t failing—I was just
incompetent. I didn’t know how to craft
my queries. She may be right, but I said,
look, that’s your problem. Youre giving
me this complex query language stuff and
expecting me to be able to master it.
Youre just not meeting the market
demand for a really easy, powerful search

tool. And this is important—search
engines are the key to the universe right
Now.

TR: Do you look at the Web as a giant
library?

LUCKY: I think it can be a lot better than
that. It’s really a library filled with people.
If you tap into the wisdom of the people
in the library, together with the books,
then that's what will make a real differ-
ence. Often in life when you want to find
out something, you ask friends and you
ask experts in that field, and they point
you to stuff that they think is good. But
the search engines on the Net are sort of
disembodied right now—they have none
of that wisdom in them about what might
be really good out there.

TR: What do you fear is being lost in the
digital age?

LUCKY: We're not producing artifacts of
our work in progress anymore. Go to the
British Museum and look at their manu-
script section. They have handwritten
things from Mozart and Shakespeare.
When you see the Bach manuscripts and
you see that he scratched out that note
and changed it to the one that you now
know—that’s awesome. And when you
write on a computer, that kind of docu-
ment doesn’t exist.

TR: How is the world different than you
imagined it would be when you were
young?

LUCKY: When I got out of school, I some-
how pictured a static world. Now, I have
this concept that it's all shifting sands
under our feet. Everything’s changing all
the time. Complexity is accumulating all
around us. In the old days, the Bell Sys-
tem had monopoly control of the phone
network. That was one extreme. Now,
things have swung way the other way, and
nobody has any control anymore of what’s
going to happen. We're just being tossed
in this angry sea. On the other hand,
developments like the Internet are fantas-
tic. 'm just so happy that my career has
spanned this development, so that I can
see what the telephone was really meant

to do. ¢
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VIEWPOINT

‘ By JoHN MAEDA

The South Face of the Mountain

N JAPAN, A MIYADAIKU (A CARPENTER TRAINED IN THE

ancient art of Japanese temple carpentry) attains special

status from the Emperor if the temple he builds stands for

more than a thousand years. “Such temples,” said one of the

last miyadaiku, the late Tsunekazu Nishioka, “stand not
because of the magnificence of their design, but because the
miyadaiku goes to the mountain, and selects trees from the
south face of the mountain to be used for the south face of the
temple, trees from the west face of the mountain for the west
face of the temple, and so on for the other two sides” Because
the building materials are carefully selected in order to respect
the laws of nature, the temple can coexist in harmony with
nature. Both the extrinsic and intrinsic qualities of the temple
radiate its overall strength and beauty.

Whether we accept the specifics of the miyadaiku’s explana-
tion or not, the metaphor of harmony between the materials
and the work of art is a powerful one. Indeed, although this
story might seem quaint and old-fashioned, we can use it to
explain the situation in the most high-tech of contemporary
fields: computer art.

lies in re-engineering our teaching so that the same person can
be a fully formed computer artist—both conceptualizer and
engineer in one person. Not that I think this will be an easy
process. Actually, today it is still a very difficult process, and one
that can only be accomplished after significant trial and error,
as my own career demonstrates.

Being proficient at both art and mathematics, I found it
difficult to choose a major when I arrived as an undergraduate
at MIT in 1984. However, as the dutiful son of a practical-
minded father, who told me I would never make a living draw-
ing “pretty pictures,” I naturally chose the very practical and
employable discipline of electrical engineering and computer
science. I continued to pursue design as a hobby, and I would
often venture into the various technology/art venues on campus
seeking an undergraduate research fellowship that would com-
bine my interests. However, the majority offered not an oppor-
tunity to achieve mastery in the arts, but instead a chance to fill
the need of many artists for fluent technologists who would help
develop incremental improvements in their efforts. My true
salvation was the Rotch Library on campus, which houses a rich

My father startled me by declaring that I was now a man
T . i figtely laft for 7
l_ hi i 1] litional

With a very few exceptions, all of todays computer art
represents a collaboration between an artist and an engineer.
The artist has the conception, but it is the engineer who under-
stands the materials—the hardware and software—needed to
realize this conception. This is very far from the harmony envi-
sioned by the miyadaiku between conception and realization,
materials and design. In fact, in today’s computer art, the artist
assumes the role of the creative genius while the engineer settles
for the subordinate role of manual laborer. Although such col-
laborations can produce respectable artwork, they rarely lead to
works of real power and inspiration. What is more, the situation
is getting worse because relentless progress in information tech-
nology has widened the gap between artist and engineer: The
artist has little understanding of the computer as a medium, and
the engineer (who has no artistic training) is not allowed to
unlock his creative potential in using the medium he has mas-
tered.

How can we heal this split and unleash the deep creative
power that is inherent in the new medium? I think the answer
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collection of examples of graphic arts, where I could delve into
generations of “real” artists and see a depth to their craft that I
could not find on campus.

I persevered in my “practical” study of engineering until I
had earned my master’s degree. At that point, my father startled
me by declaring that I was now a man and was free to pursue
my own interests. Liberated by his permission, I immediately
left for Japan to study graphic arts in the traditional way.

In 1990 I entered the Institute of Art and Design at Tsukuba
University. Tsukuba was a Bauhaus-influenced arts and design
school with very few computers (there was only one Macintosh
on hand), and I was suddenly free from the daily e-mail grind.
The absence of high technology was very calming, as was the
traditional atmosphere. I experienced a sense of gratitude for
being able to think with my hands in harmony with my mind. I
had been taught to honor tradition from an early age, and so the
didactic ways of art school suited me very well; I was pleased to
steep myself in the graphic traditions of the Japanese masters in
such arts as typography, fine printing and sculpture.
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ROUND THE TIME | WAS COMPLETING MY STUDIES

at Tsukuba, however, I got a surprise not unlike the

one I had received from my father on getting my

master’s degree. My very traditional-minded

instructor in typography, Professor Kiyoshi

Nishikawa, pulled me aside and advised me to stop
studying the classics. “Do something young,” he said. “The
classics will never change; they will be there to honor when
you are old.” The time to make a significant contribution to
the design of our times is now, he told me.

Liberated again, I returned to the computer, and, after
the traditional discipline I had experienced for four years at
Tsukuba, I was amazed by the feats I was capable of. I could
make lines that move, change color and stretch in all direc-
tions; I could make a million lines, duplicate them twicefold
and delete all of them in a single command stroke. When I
was at MIT, this was all a very natural thing to do at the com-
puter; however, having been away from computers in a very
different environment, I had become so accustomed to a rule
and pen that I was bewildered by the possibilities posed by

<« . »
/

to nurturing a generation of people with this same potential
as both engineers and artists.

In my own creative work, I pursue this art form both in
print and in the digital displays on the computer screen. In
print, I search for the simplest means for realizing visual
complexities that carry an orderly theme; in digital, I spin
complex weaves of temporal graphics that appear simple
because all of the details have been hidden along the axis of
time. Five years ago, I began to create a mixture of print/
digital work that emerged as a popular series called “Reactive
Books?” In this endeavor, I focused on developing not just
“interactive” media, but “reactive” media, where the interac-
tion hits at a more sensorial level (opposite page).

When I showed this work to the late designer Paul Rand
(a master best known for designing the IBM logo), his wise
response was: “This is all quite beautiful work...but how are
you ever going to make any money doing this?” I found this
odd coming from a designer. In fact, I felt I was back to
square one—my father’s earliest advice. But Rand wasn't
referring to an artistic career in general but specifically to the

<«

IE . E .E . . l . l

the computer. I had a new sense of respect for the potential
of the medium and set out to explore the expressive gamut,
creating a series of images for my first exhibition “Design
Machines” (page 77). The images exercised the computer’s
ability to create complex imagery.

In the development of my key image, I was interested in
enscribing an image of “infinity” as a series of loops that
never terminate, and created a self-terminating shape of
linked splines. Reviewing my work, Dr. Edward David (for-
mer science advisor to President Richard Nixon and a person
with close ties to MIT) referred me to work created in a
similar spirit during the 1960s at Bell Laboratories, the birth-
place of computer art. I discovered that many of my tech-
niques, such as making pictures out of small pictures, endless
textures of lines and noise-based images, had already been
used by the pioneers at Bell Labs.

At first I was discouraged and considered early retire-
ment from the field, returning to studying the classics.
However, after many hours of staring at work by my prede-
cessors, I realized that although the concepts employed were
similar in spirit, there was considerable room for improve-
ment. It was as if a visual sleight of hand had been performed,
but the trick had not been perfected. The computer had
simply been used as a substitute for paint brush and paper,
rather than being explored as a medium in its own right. As
a result, there had been no opportunity for technologists to
develop into true digital artists. With this conclusion, I set
out to develop myself as a true artist-engineer, with the
computer as my medium. And I also have dedicated myself
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fact that there was no market for the kind of work I was
doing. Nobody was about to buy a floppy or CD-ROM to
look at one of my dynamic pieces because it was simply too
inconvenient and expensive. The answer to this dilemma
came with the birth of the World Wide Web and the emer-
gence of the JAVA programming language. With those two
developments, possessing a mixture of graphics and compu-
tational skills began to achieve commercial relevance. One
client stepped forward before all others, an art director at
Shiseido Cosmetics, Michio Iwaki. In the 1960s, Mr. Iwaki
had experimented with computer art while he was in design
school, but his fellow students made fun of him for “not being
able to use a regular pen” He gave up mixing design and
computation, but swore to support the effort one day. Still
images from my series of JAVA calendars for Shiseido is
shown in (page 80).

This developing combination of graphic arts and engi-
neering skills, along with my gratitude to teachers at MIT,
brought me back to Cambridge two years ago to help instill
these principles in a generation of young digital artists. I had
been recruited to resurrect the Media Lab’s waning presence
in computationally motivated graphic design, which only
several years before achieved international recognition for
ideas and practices initiated over decades at the lab’s Visible
Language Workshop (VLW) by the late Professor Muriel
Cooper. Today at the Media Lab, my research group is called
the “Aesthetics and Computation Group,” and we are devot-
ed to combining analytic and expressive skills in singular
expressions of will and technology.



“The Reactive Square” was a
reactive book—published as
both a floppy disk and as a more
conventional-looking book.

Its theme: a simple black square
as a starting point for design.

“12 o’clocks,” a reactive book whose pages
were created by the same software that runs
the clocks contained in the floppy disk.

“Flying Letters,” a reactive book that unfolds like an accordion,
was the last reactive book to include a floppy disk.
Its subject is typographic design.

TECHNOLOGY REVIEW July/August 1998 T Q



80

Still images from a
series of calendars
done by Maeda

for Shiseido, the
Japanese cosmetics
firm. The calendars
were written in

the JAVA programming
language for the

World Wide Web.

SHISEIDO

I very much enjoy what I am doing with my group of
young artist-engineers. But I believe that these same prin-
ciples must be applied much more widely, throughout MIT
and indeed throughout our university system in general.
At least at MIT, there has been for many years an awareness
of the need for combining the humanities and sciences at
the curriculum level. Despite the best of intentions, how-
ever, the model of training is this area remains some form

of the humanities wrapped around technology, or vice-
versa. But we must go far beyond this initial model. It is
not enough for us simply to produce a technologist who is
aware of the cultural context of technology or a humanities
major who can talk fluently about technology. No. What
is needed is a true melding of the artistic sensibility with
that of the engineer in a single person.

Although this task will not be easy, I have an idea of
how it could be done. What is needed is an initiative at
MIT—and at other universities—that combines the skills
imparted in basic engineering courses with those found in
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humanities classes. For example, here at MIT one of the
largest undergraduate courses is the introduction to com-
puter programming (known as 6.001, because it is the first
step in “Course VI,” which is the electrical engineering and
computer science major). The spirit of 6.001 needs to be
combined with some of the basic humanities courses, such
as art history or beginning photography. In this context,
the prejudices of both sides—engineering and humani-

ties—could be relaxed, and students would be able to begin
to combine the core principles of both disciplines. This
may seem like an abstract, even quixotic idea, but at the
Media Laboratory, I have begun to teach courses in this
manner—and it works. In these courses, gifted young
engineers and scientists are beginning to stir their creative
talents as the designers and artists of the next century. But
we will see this next generation of art and artists only by
gaining a deeper understanding of, and appreciation for,
the medium of computing as a means of serving human
expression. 0
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Biology Inc.

Blue-Collar Cell Therapy

MONG HIGH-CONCEPT FORMS OF MEDICINE, FEW

approaches have as much intuitive appeal as cel-

lular therapy. The idea is disarmingly simple—

remove homegrown cells from the patient’s body,

grow them to vast numbers in the lab and then give

them back as medicine. It has already been attempted in a few

instances against cancer. Remember the TIL cell—“tumor infil-
trating lymphocytes”—craze of the 1980s?

But perhaps the most interesting cellular therapy to date,
and the only one to receive the blessings of the Food and Drug
Administration as a bona fide biologic intervention, involves not
one of the body’s vaunted cellular paladins, such as lymphocytes
or neurons, but rather a blue-collar cell known as the chondro-
cyte. These cells provide the cushion known as cartilage between
joints, and for the past three years, orthopedic surgeons in this
country and Europe have been using them to rebuild knee joints
denuded of cartilage by acute or repetitive trauma.

Like many new technologies, this one had a fitful and peri-

ing th 's own cell

huge potential. A new method for replacing knee

m

cally. This biopsy sample—about the size of a thumbnail clipping,
according to Ross Tubo of Genzyme Tissue Repair, a subsidiary
of Genzyme—is then sent to a cell culture laboratory. This bit of
tissue, a mere 100 to 200 milligrams, is roughly 99 percent car-
tilage and 1 percent chondrocytes, the cells that actually make
cartilage. So the sample must be digested to separate the cells
from the matrix before the cells can be cultured.

After some three or four weeks, there are enough cells for
an implant—roughly 30 million cells per milliliter of fluid. They
are sent back in vials to the orthopedic surgeon, who performs
traditional methods of knee surgery to insert the cells (research-
ers are also working on ways to deliver the cells by arthro-
scope).

Genzyme Tissue Repair began to market the cell-culturing
service, which they call Carticel, in 1995. Since that time, more
than 1,000 patients have been treated with a joint-restoring
medicine that in a sense is of their own making. The procedure is
not cheap: Genzyme estimates that the average

icine i n with

cartilage is the first to put the idea to commercial test.

patetic evolution. The initial idea was explored in the early 1980s
by a group of surgeons at the Hospital for Joint Disease in New
York, including Mark Pitman and a visiting surgical colleague,
Lars Peterson. They reported preliminary results in 1984 of
cartilage implants in rabbits.

Peterson returned to the University of Goteborg in his native
Sweden, where he hooked up—at the suggestion of a tennis
partner—with Anders Lindahl, an expert in cell culture. The
team ultimately developed a method for culturing cartilage cells
and implanting them in humans and received approval to per-
form the first human implant in 1987, using a technique that is
now being taught to more than 2,000 orthopedic surgeons in
this country. (The Cambridge, Mass.-based Genzyme Corp.
became involved in 1995 when it acquired another company;,
BioSurface Technology, which was also working on the technol-
ogy.) The Food and Drug Administration approved the treat-
ment method in August 1997.

At the present time, regulatory approval is limited to proce-
dures that treat the part of the femur (the long bone of the thigh)
that meets the knee. When the knee joint is damaged, either in
an acute injury such as a skiing accident or by more gradual wear
and tear, the cartilage lining the thigh bone where it joins the
knee often becomes damaged. This tissue rarely regenerates, and
the erosion announces itself with locking, catching, swelling and
pain.

According to the procedure developed by Peterson, sur-
geons harvest a tiny snippet of healthy cartilage arthroscopi-
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cost is about $26,000. But the company has mounted a vigorous
effort to get insurance companies and health maintenance orga-
nizations to reimburse the operation.

Sometimes the transplanted cells work too well. The most
frequent side effect appears to be what is known as tissue
hypertrophy—an excessive growth of cartilage. In one follow-
up study, 43 percent of the patients had some degree of excess
tissue growth in the implanted joint. On the other hand, early
data suggest that the technique is in many cases quite success-
ful for the optimal patient population—those between 15 and
50 years of age.

And the treatment appears to be durable. In a recent pre-
sentation to the American Academy of Orthopedic Surgeons,
Lars Peterson reported that in a group of 38 patients who
received a cartilage-cell transplant more than five years ago,
31 patients were judged to have had a good-to-excellent result
two years after the procedure, and of those, 30 continued to
show good-to-excellent results five years after.

Peterson has already applied the basic technique to
patients with ankle and shoulder injuries in Sweden, and
perhaps it’s only a matter of time before the phrase “autologous
cultured chondrocytes” will trip mellifluously off the tongue
of ESPN anchormen as they describe the cellular rescue of one
more superstar fetlock. “I don’t know of any professional ath-
lete that has used the procedure;” says Tubo, “but it certainly
would be applicable to a career-threatening injury where you
have a pothole in the middle of your cartilage” 0
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Zen of the Net:
Devour Yourself

STABLISHED BUSINESSES HAVE
always had to worry about the
power of technological change to

generate fresh competition. But the ques-

tion managers will have to ask themselves
if they want to survive the current explo-
sion in digital commerce is more gut-
wrenching than ever before, warn technol-
ogy consultants Larry Downes and

Chunka Mui. What if a company sud-

denly appeared that could offer the same

products or services as yours, at lower
prices, in a way that’s more convenient
for customers—and at far less cost to

S The best new books on innovation

WADE ROUSH

business environment,” they write.
Shifting to bits and inventing your
own killer apps—in essence, devouring
your own business model before you get
devoured—won’t be easy, and at many
points Downes and Mui imply that if you
haven’t yet started, it may be too late. But
the doomsaying, in the end, gives way to
the radical yet well-reasoned counsel that
makes the book truly eye-opening.

Score One
for Hope

AW GENIUS IS OFTEN REQUIRED TO
intuit the hidden connections
between an established mathemat-
ical truth and an unsuspected result, and

itself? In other words, what
if the new “killer app” came

N arrogant self-confidence to
undertake the formal proof.

along and you were the
prey?

That’s the power the
Internet and related tech-
nologies are giving to new
businesses, Downes and Mui
assert. As one example they
cite Barnes & Noble book-

forevard by
NICHOLas
NeGROPONLe
unleashing
Kille

digital
strategies
for market
dominance

LaRRY DOWNeES
CHUNka mui1

But the disturbing implica-
tion of A Beautiful Mind, a
masterful biography of the
Nobel Prize-winning math-
ematician John Nash, is that
these same qualities may
leave their holders unusually
im“] prone to mental illness—

stores, which have classically
profited by providing a vast

UNLEASHING THE

especially the mysterious
disorder known as paranoid

selection and volume dis- ., ILLER AR schizophrenia. Unchecked
. . Digital Strategies for Market L .
counts. This service Dominance insight detects hidden con-
requires that acres of books by Larry Downes and nections everywhere, Nash's
Chunka Mui

be stocked at each store. But
a Web-based bookseller
such as Amazon.com,
because it deals in “bits” rather than
“atoms,” can offer an even greater selection
without having to build a single store or
stock a single book. The Web, in this sense,
is one vast killer app that threatens to do
away with traditional retailing.

Hence one of the dozen provocatively
counterintuitive principles of digital
strategy that Downes and Mui offer to
managers: Treat your perceived current
assets as liabilities. “It’s important to shift
your investment to bits, because those new
competitors that have none of your fixed
assets—no real estate, no manufacturing
equipment, no distribution network—will
suddenly look competitive in the new
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Harvard Business School Press
243 pp. $24.95

case  suggests, and
unchecked egotism spawns
grandiose delusions.

Nash was a mathematical prodigy who
earned his Ph.D. from Princeton in 1950,

at the age of 21. His thesis on

have both common and conflicting inter-
ests, it is always possible to predict each
player’s most rational strategy.

By the time Nash was 31, his ingenuity
and persistence in the face of daunting
problems, as well as his air of superiority
and his frequently adolescent behavior, had
already made him a legend in the mathe-
matical community. But that was when
Nash lost his own grip on rationality.
According to this vivid, unsparing account
by Sylvia Nasar, an economics correspon-
dent for The New York Times, Nash ceased
doing mathematics and fixated on the idea
that he should form a world government.
He delved deeply into numerology, finding
messages meant for him in other people’s
names and in newspaper articles, and
turned against his wife and family. “Where
once he had ordered his thoughts and
modulated them,” Nasar writes, “he was
now subject to their peremptory and insis-
tent commands”—a good pocket definition
of schizophrenia.

Nash’s sudden descent—and the three
decades he subsequently spent as a patient
in mental hospitals, a world traveler on a
bizarre quest for political asylum and a
wraith haunting the halls of Princeton—
both horrified and fascinated his colleagues.
“All you have is your brain,” one former
Princeton economics professor told Nasar.
“The idea that anything could go wrong
with it...[is] threatening for everybody, of
course, but for academics that’s all of it”

Yet Nasar doesn’t let the lurid spec-
tacle of Nash’s mental disintegration
eclipse the larger themes in his life that
may have prepared the way for his illness:
loneliness and fear of intimacy, disdain for
social and scholarly conventions, propen-
sity to live in a world inside his own head,
repressed homosexuality. And she doesn’t
neglect the story’s remarkable dénoue-
ment: Nashs gradual recovery from
schizophrenia in the 1980s, and his selec-

game theory transformed

tion, along with two other

the field from an academic
curiosity into one of the
foundations of modern eco-
nomics, sociobiology and
business strategy. He proved
that not only for noncoop-
erative zero-sum games,

where players’ interests
always conflict, but also for
the far more common class
of cooperative, non-zero-

sum games, where players

A BEAUTIFUL MIND
by Sylvia Nasar
Simon & Schuster 464 pp. $24.50

pioneers in game theory, as
a winner of the 1994 Nobel
Prize in economics. This
happy conclusion to Nash’s
wasted years, so different
from the endings of other
troubled geniuses such as
British mathematician Alan
Turing, scores one for hope
over despair, and elevates
Nasar’s well-told story to the
level of high drama.




question, Graham has a disturbing answer.
“The Soviet Union politically repressed
science atrociously while simultaneously
supporting it financially more fulsomely,
relative to its resources, than any other

IT PROFESSOR LOREN
Graham, the United

States’ foremost his- it
Have We Learned
About Science

torian of Russian and Soviet
science, doesn’t publish fat
tomes every decade or so as
many of his peers do; he
writes topical, digestible
books that invite his audi-
ences along on his scholarly
travels. His last short book,
The Ghost of the Executed
Engineer, came out in 1993
and told the appalling
story of Petr Palchinskii, a
Russian engineer repressed
and ultimately executed
for his humanitarian scru-
ples. Graham’s latest book is broader in
scope but still manages to weigh in at less
than 200 pages. To use his own phrase, it
is another “small book about big ques-
tions”

The first question Graham takes up
is fascinating, but it may be “big” only to
those familiar with the ongoing debate in
academe over the epistemological nature
of science. Does it refer to an objective
reality, or is it a social construction, inex-
tricable in style and content from the
culture and the times that produce it?
Graham, an exceptionally clear-headed
thinker in a field rife with sophistry, uses
the Soviet example to show that it is both.
Lysenkoism, a disastrous agricultural
policy built on the Lamarckian idea that
acquired characteristics can be inherited,
enjoyed a 30-year reign in the Soviet
Union because it accorded so well with
Marxist principles, Graham explains.
But facts, not philosophy, proved
Lysenkoism’s undoing in the 1960s, as
Western farmers outperformed their
Soviet counterparts and Western biolo-
gists gathered irrefutable evidence on the
existence and nature of genes.

Graham addresses several other, more
pressing questions equally astutely. Are
science and technology Westernizing
influences? How willing are scientists to
reform their own institutions? Who should
control technology? And which is more
important for science’s survival: political
freedom or financial support? To this last

WHAT HAVE WE LEARNED
ABOUT SCIENCE AND
TECHNOLOGY FROM THE
RuUssiAN EXPERIENCE?
by Loren Graham
Stanford University Press 177 pp.
$39.50 cloth, $14.95 paperback

country in history,” he
writes. Sometimes, the
investment paid off in the
form of successes such as
Sputnik. “The sobering
conclusion that we must
draw, in terms of scientific
results, is that the support
counted for more than the
repression.”
Graham’s premise
throughout is that science
and technology are trans-
national pursuits, and that
if we hope to distinguish
their essence from their
variations, we had better
ask how they performed so
well in the Soviet Union,
under social conditions so strikingly dif-
ferent from those in the West. “If we
answer this question, we shall learn as
much about ourselves as we shall about the

Soviet Union,” he writes. And that would
be no small achievement.

The Long
Shadow

of the Bomb

HE SECOND WORLD WAR WAS THE
Good War from the Allied perspec-
tive, but no nation escaped the vicious
conflict with its standards of moral conduct
unaltered. The biggest change was probably
the breakdown of the prewar consensus

Many contemporary critics, however,
blanched at the new level of horror the
atomic bombs visited on noncombatants,
including Time magazine founder Henry
Luce, the Federal Council of Churches,
Albert Einstein—even Dwight D. Eisen-
hower. Why, then, did the draft script for
the 1995 Enola Gay exhibit at the Smith-
sonian Institution’s National Air and
Space Museum, which presented the full
historical debate over Truman’s decision,
provoke a firestorm of indignation hot
enough to cause the original exhibits
cancellation?

Hiroshima’s Shadow offers a wealth of
explanations and rejoinders for what its
editors call this “denial of history” The
exhibit’s foremost fault may have been
foolish timing. Veterans and other Amer-
icans celebrating the 50th anniversary of
V-J Day were in no mood to dissect the
moral and political complexities of the
war’s endgame. But more to the point,
much of the public apparently remains
satisfied with Truman’s postwar justifica-
tion that using the bombs was the only
alternative to expending the lives of up to
1 million American soldiers in the planned
invasion of the Japanese home islands.

In more than 60 archival documents
and new essays by prominent historians
such as Gar Alperovitz, Barton Bernstein
and John Dower, the book lays this notion
securely to rest. Military and political
leaders knew in the summer of 1945 that
Japan was on the brink of surrender, and
that the invasion, even if it were necessary,
would cost fewer than 50,000 American
lives. This somber, impressive volume also
offers inescapable evidence, much of it
gathered from recently declassified mate-
rials, that U.S. decision-makers had a
range of other concerns, among them a
wish to gain the upper hand in postwar

that cities and civilians are
not legitimate military tar-
gets. Germany’s destruction
of Rotterdam and Japan’s
violation of Nanking were
repaid by the Allied fire-
bombings of Hamburg, Dres-
den and Tokyo. And after
these eradications, it must
have seemed a small step to
President Harry Truman and
his advisers to use atomic
firestarters over Hiroshima
and Nagasaki, killing some
200,000 Japanese civilians.

SHADOW

HIROSHIMA’S SHADOW
Edited by Kai Bird and Lawrence
Lifschultz
The Pamphleteer’s Press
584 pp. $39.95

Asia by forcing Japanese
capitulation before the Sovi-
et Union’s planned declara-

~N

tion of war and fear of con-
gressional investigations
should the war end before
the costly Manhattan Proj-
ect produced demonstrable
results. Immediate pressures
like these, Hiroshima’s Shad-
" | ow reminds us, can all too
easily obscure moral com-
promises—until long after
the events in question are
irrevocable. 0
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So the board was
wondering why you chose a T1 line
for our Internet service

“ ..when we could have gone
with a DSL line, that’s just as
fast and reliahle , ,

..just as safe and secure

@ and at half the cost. J9

This should be interesting.

For the ultimate Internet service connection for business, there’s only one way to go DSL.
And there’s only one place to get it — HarvardNet, New England’s leading provider of Infernet Harvard [\fet

access, and the first and only DSL provider in Massachusetts, Maine and Southern New Hampshire.

Order now and pay no start-up charges for a one-year contract on a leased line of 768Kbit or greater.
Call 1 800 772-6771, ext. 123 today.
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TR Navigates the Internet

Looking for money and ideas in all the right places.

HE INTERNET, THE STORY GOES, SPRANG
from the labs of government and mil-
itary scientists who wanted a nuclear-
bomb-proof communications network.
The World Wide Web came from a software
engineer at a quasi-governmental European
physics lab. The first Web browser, Mosaic,
was invented at the University of Illinois and
distributed free. In short, nothing about the
Web’s origins would seem to make its emer-
gence as a business medium inevitable.
Boy, did that not last long. The cor-
poratization of the Web has proceeded
rapidly, as companies set out to find gold
in them thar modems—or at least to por-
tray themselves as cutting-edge organiza-
tions. At the same time, the Web has
become a meeting ground for those who
want to start their own companies. A few
dozen clicks through this mercantile
milieu can trigger thoughts of capitalism
even in the crunchy granola set.
Would-be entrepreneurs will find the
Web a friendly place. First stop is the Ven-
ture Capital Resource Library (www.vfi-
nance.com), a comprehensive and easy-to-
navigate site that provides well-organized
lists of venture capital firms, investment
banks and accountants. You can also
download a massive (5,000-word) template
for a business plan. The section titled
“Innovation” begins: “[I/we] have a histo-
ry of innovative ideas. [List your most
meaningful ideas
and any new ideas
you have for the
future.]” Fill in the
blanks, send it along
and you can receive a
critique from the
organization’s staff.
Using Alta Vista’s
“subject search” and
zeroing in on venture
capital yields dozens of sites,
some for individual firms,
others that link to lists of
their own. (Hitting pay dirt
on the Web is getting to be

By Herb Brody

alonger and longer process, with the accu-
mulation of sites that are nothing but lists
of lists.) A hopeful entrepreneur will take
heart at first—the mere length of the ros-
ter seems to shout, “Money here! Come and
get it!” But clicking your way inside a site
might cool the ardor a bit. One site
issues the following discouraging
message: “We receive a large num-
ber of proposals and are looking to
make only a few investments.
After reviewing our investment
criteria, you can contact us by e-
mail with your business plan or
executive summary.”
Some startups, of
course, do make it to
the first rung of the
ladder of success: an
initial public offering, or
IPO. You can tour the
successes at IPO Central
(www.ipocentral.com).
Browse IPOs alphabeti-
cally or by industry cate-
gory, or search for a particular company.
Selecting the “online services” category
brings up capsule descriptions of some two
dozen companies. Paying subscribers to
Hoover’s Online (which runs the site) can
get real-time status of the stock; the rest of
us have to make do with 24-hour-delayed
information.
Entrepreneurship is all
about matchmaking, and the
Web site of the quarterly Amer-
ican Venture magazine pro-
vides an online yenta service
(www.avce.com). The site lists
“ventures seeking capital,”
divided by industry, region
and amount of capi-
tal sought. Judging
by this and other sim-
ilar sites, there are a lot

more ideas looking for
funding than there
are dollars looking for
ideas.

The fertilizer of money works, how-
ever, only if a seed of an idea is in place. Get
in the inventive frame of mind at “The
Inventure Place” (www.invent.org), which
bills itself as a “laboratory where you can
explore your curiosity and creativity” The
site includes the full text of a book called
The National Inventors Hall of Fame. Scan
through the volume’s entries—from air
conditioning to optical fiber to zeolite cat-
alysts—to pay the tribute of attention to
the men and women who have conceived
the high-tech world we live in.

Take a swig of Tang and check out
the National Aeronautics and Space
Administration’s TechTracS$ site (www.ntas.
techtracs.org/), which provides

links to an array
of the space
agency’s techno-
logies that are ripe
for spinoff. Dining
on government
leftovers may not
seem very '90s, but
the site offers an
impressive set of
stories chronicling busi-
nesses that have taken
NASA technologies and
run with them. One com-
i pany, for instance, makes a

meat tenderness gauge
with technology from the
Surveyor lunar lander.

The mother of all invention sites,
naturally, is the one operated by the
U.S. Patent and Trademark Office
(www.uspto.gov). The site’s search page, at
patents.uspto.gov/access/search-adv.html,
lets you hunt for patents by key word. It’s
not a comprehensive search—for that, you
have to pay a patent attorney—but it gives
a quick picture of how original your idea
is. Spending much of my working life on
the Web, I type “web and search and algo-
rithm” to see what brilliant ideas have been
patented for improving this task. To my
surprise (and dismay), only one patent
appears. The word “mousetrap,” still an
emblem of ingenuity, turns up five entries.
Navigate your way to the patent office’s
weekly Official Gazette at www.uspto.gov/
web/offices/com/sol/og/, and browse
through recent issues for listing of “Patents
Available for License or Sale.” Anyone out
there need a “bubble popping device™?
There’s a man in Wheatley Heights, N.Y.,
you should call. TR
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Nancy Hopkins trolls for the secrets of development

N A BALMY DAY THE
O thermostat in Nancy
Hopkins’ lab in the Cen-
ter for Cancer Research on the
MIT campus is set to a tem-
perature that is uncomfortably
warm—for humans, anyway.
It’s fine for the other occupants:
minnow-sized striped zebra
fish that populate the plastic
tanks stacked against one wall.
Around here, what the fish
need, the fish get. Hopkins is
fervent about the fish because
she believes that they will repay
her with something of immea-
surable value: a fundamental
understanding of life and dis-
ease.

Hopkins is one of a grow-
ing number of researchers who
have begun using the zebra fish
as a tool for studying the devel-
opmental biology of verte-
brates. It is, in some ways, a
departure from her scientific roots. Hop-
kins grew up professionally along with the
field of molecular biology, eventually
learning the ways of viruses in an effort to
uncover the genetic underpinnings of
cancer. Now she has traded in viruses for
fish—an exchange that reflects her enthu-
siasm for genetics and for being part of the
early stages of a new discipline.

While most zebra-fish researchers are
searching for a handful of genes important
to particular organs or systems, Hopkins’
team plans to pinpoint 2,400 of them—
enough to build an entire animal. The
project is ambitious, but Hopkins is no
stranger to daring science. Her first men-
tor was the audacious co-discoverer of the
structure of DNA, James Watson. Since her
days as an undergraduate in Watson’s
classroom and as a researcher in his labs,
Hopkins has kept what she calls “impec-
cable scientific company;” working side by
side with some of biology’s most influen-
tial players. Hopkins reminisced about the
early days of DNA with TR Associate Edi-
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Hook, line and sinker: Hopkins and the fish she has fallen for.

tor Rebecca Zacks, and looked ahead to an
extraordinary fishing expedition.

You were involved with molecular biology
at its very early stages—was that more
accident or design?

More age, I think. I was old enough to
be there at the right time. I came in in
1963, 10 years after the structure of DNA
was determined, and the genetic code was
still being cracked. People were still trying
to figure out what DNA triplet coded for
which amino acid, and Jim Watson would
come rushing into class waving triplets. At
that time, we couldn’t imagine the answers
to questions like what type of gene would
the first cancer gene or oncogene be. Now
we know some dozens of genes that can be
cancer genes, but the very first time you
find one out, your whole brain somehow
changes, your world changes, the way you
view nature changes.

I'd seen those changes come in the
early days of molecular biology every
couple of years. Generally the day some-

body told you their experimental result,
you knew that person would win the
Nobel Prize. And they did, they always
did. You could tell they would because
your whole way of thinking was changed
by that one instant. Now the discoveries
fall more into a framework that’s famil-
iar: Somebody gets another gene for
another disease; it’s always fantastic and
sometimes it’s very surpris-
ing, but it’s another one, not
the first one.

Why did you make the transi-
tion from viruses to zebra- fish
research?

I had the feeling that the
field I was in had finished this
first phase that had been super
exciting, and the second phase
didn’t fit as well in my lab. The
possibility of applying genet-
ics in the zebra-fish system—
actually finding the genes that
were responsible for develop-
mental processes and for
behaviors in a vertebrate ani-
mal—was something people
hadn't imagined you might
really be able to do. I thought
it would be fun to see whether
one could make that possible,
I was drawn to that.

LANE TURNER

What is your lab’s goal with the fish?

We have a very sharp focus, and its
very big but very simple, very clear: We just
want to understand how you start with a
single cell and make an animal, that’s all.
And we know that it is done by genes.

If you think about early development,
you're really talking about two processes:
one cell becoming many (cell division),
and how those cells organize themselves in
three-dimensional space to make such an
incredibly complex thing as a hand, a face,
a brain, a pancreas. When the process of
cell division goes out of control it becomes
the process of cancer, and when the process
of cellular organization goes awry you end
up with birth defects. So if you could
understand how genes allow development
to occur normally and abnormally, you
would understand life and illness.

We know that there are about 2,400
genes that are essential to make a normal
zebra-fish embryo. If we have enough
resources and enough energy, wed love to
get them all. 0
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10+ years’ experience. To include DoD, high performance
computing systems, radar/sonar/IP

¥ : Computer Systems, Inc.
Competitive Analyst Engineer :-[ /
BSEE; 5-10 years’ experience in DSP industry, E R RY

application/technical sales support

The Ultimate Performance Machine

WWwWw.moac.com

No M"at;ter What Shoes You're In.
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The Massachusetts Institute of Technology Sloan School of Management,
Instituto Tecnolégico de Estudios Superiores de Monterrey (ITESM),
Universidad Catolica de Chile, Pontificia Universidad Catdlica de Argentina,
and Universidade de Sao Paolo, are pleased to announce:

THE EXECUTIVIE
PROGRAM FOR THIE
AMERICAS

October 18-30, 1998 in Boston, Massachusetts

This 12-day intensive program, held at MIT, is designed to meet the needs of
senior line managers and executives for an up-to-date understanding of global
management trends and practices and their successful application in a Latin
America context.

For Further Information:

MIT Sloan School of Management
Ms. Lisa Kaminski

50 Memorial Drive, E52-110
Cambridge, MA 02142

Voice: 617 253-7166 Fax: 617 252-1200
sloanexeced@mit.edu

Pontificia Universidad Catdélica de Chile
Patricio del Sol

Departamento de Ingenieria Industrial y de
Sistemas

Pontificia Universidad Catoélica de Chile
Vicufia Mackenna 4860

Santiago, Chile

Voice: 562 686-4272 Fax: 562 552-1608
pdelsol@ing.puc.lc

Pontificia Universidad Catélica de Argentina
Carlos G. Garaventa

Director Departmento de Postgrado

Facultad de Ciencias Sociales y

Econémicas

Av. Alicia Moreau de Justo 1400

Complejo Puerto Madero

1107-Buenos Aires-Argentina

Voice/Fax: 54-1-349-0429

poseco@uca.edu.ar

Instituto Tecnolégico y de Estudios
Superiores de Monterrey

Nicolas J. Hendrichs

Escuela de Graduados en Administracién y
Direccion de Empresas

ITESM

Ave. E. Garza Sada No. 2501 Sur

Col. Tecnolégico

64849 Monterrey, N.L. México

Voice: 528 328-4283 Fax: 528 328-4265

nhendric@campus.mty.itesm.mx

Universidade de Sio Paulo
James T.C. Wright
International Executive MBA-
Future Studies Program
Avenida Prof. Luciano Gualberto, 908
Sala: G 106-Cidad Universitararia
CEP 05508-900
Sao Paulo-SP-Brasil
Voice: 55-11-818-5848 Fax: 55-11-814-0439
jtwright@usp.br
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The hippest software professionals
are becoming investment specialists.

More than 4,000 institutions and organizations have licensed it. A vigorous
alliance of software, marketing and technology professionals bring it to market.
Vision, reliability and power drive it. What is it?

Advent Software. That's what. We provide solutions that automate and integrate
mission-critical functions of investment management organizations. What's
after is what comes next in software products, services and data integration.
Located in the heart of San Francisco’s happening South of Market area, this
is what the union of high-technology, high-finance and high energy looks like
today. Not just skill sets, we're looking for relentless big-thinkers.

We have no dress down Fridays, every day is casual. Advent offers an excellent
benefits package and a work environment that is fun and full of laugher.
Join the team. Submit resume and salary history to: Advent Software,
Human Resources, 301 Brannan Street, San Francisco, CA 94107 or FAX:
(415) 512-9839. www.advent.com No Agency, part-time or Contractors. EOE.
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HIGH SCHOOL CHEMISTRY LED HER TO A LIFE OF CRIME.

As Director of the Delaware State Police Crime Lab, forensic microscopist Julie Willey
catches murderers, rapists and thieves by analyzing hair and fiber specimens. IUs a job she
has today because. in high school, she didn't think it was uncool to take chemistry.

There’s a whole world of interesting jobs in science out there. Find out how you can turn
your daughter on to them.

Call 1-800-WCC-4-GIRLS. Or visit us on the Internet at http:/www.academic.org.

THATS WHAT YOU'LL GET.

A
d
@ ‘Women's College Coalition
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SENIOR LECTURER AND
DIRECTOR OF LEADERSHIP

The MIT Sloan School seeks a Director of Leadership,

a new full-time position to coordinate all of the leadership
activities within the School, promoting integration and seek-
ing benefit from the synergies. The Director of Leadership
will hold a Senior Lecturer (non-tenure track) faculty
appointment and contribute to the educational and intellec-
tual mission of the School. This will be a three-year term
appointment effective July 1, 1998, or as soon thereafter
as possible, which may be renewable.

We seek an individual with strong academic credibility and
achievement in significant leadership positions as well as
an interest in teaching courses on leadership theory and
practice. The individual must have demonstrated through
practice and experience their leadership credentials and _:
passion for leadership. We will give priority to applican
with a Ph.D. although we will consider other applica

with outstanding academic credibility and leaders
experiences.

The Director of Leadership will engage th
relative to leadership aspects in the desi
courses and will importantly ensure th
component is clearly recognized b
integral element in the MBA, Lead
(LFM) and Executive Educati

The Director will serve as a vi
champion; design the leader
programs; serve as a leadersh
with industry partners in develop:
practices; and help make leadership
the student internships.

The Director of Leadership will also seek
across other schools of the institute as well
Education and the MIT Entrepreneurship Centet.

The MIT Sloan School has a very broad view of wh
meant by “leadership”. We desire to make all of o

ates more effective in the organizations they are pla
particularly in the context of a rapidly changing global et
omy where innovation and technological change are key *
agents of success. We view leadership as the ability to
create purpose, to organize and mobilize others, and to
achieve valued performance in a context of technological
and social change.

The intellectual environment within the MIT Sloan School
is extremely stimulating and offers new faculty members
numerous possibilities for-productive interaction with
distinguished scholars among many academic areas and
an outstanding student body.

Resumes may be sent to the attention of Lawrence S.
Abeln, Director of the MBA Program, MIT Sloan School
of Management, 50 Memorial Drive, E52-101,
Cambridge, MA 02142. Candidates are encouraged to
submit resumes by June 1, 1998.

I MASSACHUSETTS INSTITUTE OF TECHNOLOGY

An Equal Opportunity/Affirmative Action Employer
Non-Smoking Environment




Information

Technology &

Management
Consulting

We are a fast-growing firm that combines IT
and Management Consulting. If you...

® Understand the power of IT, and want to
apply it to business problem solving

¢ Have graduated from a top academic
program (Masters or PhD preferred)

¢ Can visualize complex systems

* Have 3+ years of experience in project
management

* Arelooking for a fresh, fast-moving
company with exceptional opportunities

We invite you to find out more about us:

PRINCETON CONSULTANTS
WWW.princeton.com

Philips Electronics
is a diverse,
global company
with annual sales
exceeding $40
billion. By making
high technology
and consumer
electronics,
media and
lighting products
better, our more
than 30,000
North American
employees
enhance the lives
of millions of
people.

- CAREERS

Your Future Starts Here.

Philips Electronics is admired world-wide for its cutting-edge engineer-
ing. And we have the awards to prove it. We recently won our second
Engineering Emmy Award for developing the Ground Alliance Digital TV
Standard. It’s an example of how our research and advanced development
can result in benefits for everyone. And indicates the kind of cutting
edge projects you could be part of, doing research on technologies as
diverse as power IC’s and electronic ballast, embedded software develop-
ment, and digital television. It’s the kind of highly stimulating environ-
ment that leading scientists need to thrive.

Philips continues to develop a range of product-related technologies such as:
- Advance Television Systems . Multimedia Networks
- Display Systems - Software and Services
- Lighting Electronics - Digital Video Communications
« Electronic Power Systems - Image Processing

Some of the most impressive electronic innovations we produce at
Philips get their start here in the New York area.

If you are an engineering or sciences graduate (M.S. or Ph.D.) with
excellent academic credentials, you should consider bringing your
career to a place where it can grow. Please send your resume to:
Human Resources, College Recruitment, Philips Research,
345 Scarborough Road, Briarcliff Manor, New York 10510;
Fax: (914) 945-6400. Or e-mail: sacs@philabs.philips.com

We are an equal opportunity employer m/f/d/v-minorities and women are encouraged to respond.

PHILIPS

ADVANCE YOUR KNOWLEDGE
AND YOUR CAREER at MIT's Advanced Study Program

Enroll in a single course or pursue a planned program of study designed to

catalyze your professional growth.

Participate on-campus or interact as a group from your location through the
newest Distance Learning Technologies.

Earn MIT credit and a Certificate of Completion from the Advanced Study Program.

Join working professionals from around the world to advance your knowledge and
your career at MIT's Advanced Study Program.

For Information Contact; Diane Molino-Fox =

Massachusetts Institute of Technology, 77 Mass. Avenue, Room 9-335, Cambridge, MA 02139-4307 " oamerm e o1 06"
Center for Advanced Educational Services http://www-caes.mit.edu

Telephone: 617-253-6128 Fax: 617-258-8831 E-mail: CAES-ASP@mit.edu

CENTER FOR ADVANCED EDUCATIONAL SERVICES
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Lessons from Innovations Past

The telegraphone sparked our magnetic memory

HIS YEAR MARKS THE CENTENNIAL OF THE INVENTION THAT

brought down Richard Nixon and caused complications

for Bill Clinton: magnetic recording. It was 100 years ago that

Valdemar Poulsen, an engineer with the Copenhagen Telephone

Company, applied for a patent on his “telegraphone,” a device that
recorded the human voice magnetically on a steel piano wire.

Using the 1898 model of the Poulsen telegraphone (shown
above), one could capture a 45-second message on a 100-meter
wire wound on a rotating cylinder; the playback sound was free
from the characteristic scratching of the phonograph. Poulsen’s
invention earned a grand prize at the Paris Exhibition of 1900, but
a half-century would pass before magnetic recording found wide-
spread application.

There were several technical and business reasons for this
delay, but foremost among them was Poulsen’s choice of record-
ing material: solid steel. In early recorders, an electromagnetic head
translated the electrical signal from a microphone into a magnetic
signal—a steel wire or tape passing by the head picked up a mag-
netic history of the sound. But steel has poor magnetic proper-
ties, so the recorders had to move several feet of

of a paper tape coated with powdered steel particles. This soon
evolved into a plastic tape coated with particles of iron oxide and
became the recording medium for AEG’s “magnetophon,” a supe-
rior German machine brought to the United States as booty by
soldiers returning from World War II.

In 1947, the Bing Crosby radio show was recorded on a cap-
tured magnetophon, and magnetic sound recording quickly
became a staple of the radio, music and motion picture industries.
Magnetic data recording was an important part of the earliest elec-
tronic computers, and magnetic video recording, introduced in
1956, rapidly became important to the television industry. In its
second half-century, magnetic recording in various forms, now
including even ATM cards and hotel room keys, has grown to be
ubiquitous in modern society.

Poulsen had originally intended his telegraphone to be used
as a telephone answering machine, but for years AT&T executives
opposed this application, fearing that many people would not use
telephones if they thought their conversations might be record-
ed. Perhaps they had a point—just ask Monica Lewinsky. im

steel tape or wire per second, a cumbersome and
sometimes dangerous proposition. A crucial step
in the evolution of magnetic recording was Ger-
man chemist Fritz Pfleumer’s 1927 development
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Technology Review welcomes suggestions from readers for Trailing Edge. If yours is selected, you
will win a year’s subscription to TR. This month’s winner is MIT senior lecturer James D. Livingston,
author of Driving Force: The Natural Magic of Magnets. Send your suggestions to: Trailing Edge,
Technology Review, MIT Building W59, Cambridge, MA 02139 or e-mail TR-trailingedge@mit.edu.



ber and profoundly
The Acura RL Special Edition

BAACURA

™
.

in num

ted

1mi

The True Definition of Luxury. Yours

©1998 Acura Division of American Honda Motor Co., Inc. Acura and RL are trademarks of Honda Motor Co., Ltd. Make an intelligent decision. Buckle up. 1-800-TO-ACURA/www.acura.com
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Introducing The Document Exchange.
The best of UPS by an entirely new route.

Now there’s a revolutionary way to send documents and files quickly and securely over the Internet. Welcome to
The UPS Document Exchange” At exchange.ups.com you can access free software that lets you address any digital file,
choose the level of security you need, and send from your desktop. You get tracking and delivery confirmation. Your recipient
gets a universally readable file. And neither one of you has to wait for a delivery, stand by the fax machine, or strﬁggle
with e-mail attachments. It’s fast. It’s easy. And it’s exactly the kind of innovation you'd expect from UPS. %

MOVING at the SPEED of BUSINESS.

© 1998 United Parcel Service of America, Inc. : . WWW.eXxc hange 2t DS.Com




