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._~ While the engineering and architec-
1-:------1 tural disciplines have always prized

the elegant solution, there
are times when brute
strength is imperative.

_ Introducing the Apple"zz:..........l;;;;;-;...Z ......Ie-Macintosh" Quadra"'700 and
m power In so itt adra

space. The QufJdra 900 Qu 900 computers.
isjusl 18.6" high and fits Awesomely powerful.
comfortably next10your . f .
desk. TheQuadra 700fits Ierociouslyfast. But eachIS
comfortably on lop of it. still very much a Macintosh.

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

More important than merely technical mea-
surements, the Macintosh Quadra computers
are totally harmonized systems. The hardware
architecture, operating system, interface, periph-
erals, and networking were all designed from
the start to optimize the 0405 power and work
together smoothly as a single integrated system.

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

Popular software packages like Infilli-D,
MicroStation Mac, and
Virtus WalkThrough per-
form more nimbly and
Bigjust got bigger. The new
Macintosh21" Color Display gives ~_.
you more drawing board to UJork .-.:.
on. Colorsare vh>id,focusis crisp, -. . . .~~
brightness and contrast are bigb.

.Macintosh
Quadra900



responsively than they ever did before.
And because you do more than design and

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

I

In addition, RAMis expandable up to 20MB.
The Quadra 900 is a standing tower ofim-

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

Becauseit's a Macintosh, extremely sophisticated programs for interior spatial emulation,
3-D modeling, and GW/C4M areeaJ)'to use. Because it's a Macintosh Quadra, they've got the musde to run nimb{y

and qUickly. Pictured in action, Virtus WalkThrough and Infini-D.

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

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

The Macintosh Quadra 700 is the same com-
pact size as the popular Macintosh lIci.

It also comes with a Superlirfve" disk drive,
two NuBus~slots, and a hard drive of up to 400MB.

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

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

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

They'll be pleased to demonstrate a '-
power that has vaulted onceagain to
new heights. The power to be yourbest'

Introducing Macintosh Quadra.
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If it had less legroom, alesserwarran~
and costthousands more, it could be a Cadillac.
Logic would seem to dictate that when you pay thousands of dollars more for a car, you should get

a lot more car. Apparently, in the case of the Cadillac Sedan DeVille versus the

Chrysler Fifth Avenue, logic does not apply. Both cars provide ample room for

six, air-conditioning, automatic transmission, automatic load leveling, stereo

sound system, fully reclining seats, all as standard equipment. Both offer safety and

performance. A driver's air bag is standard on the Chrysler Fifth Avenue, as is a powerful fuel-

injected, 3.3-liter V-6. Anti-lock brakes are also available. Here, however, is where logic totally

falls apart. The restyled Chrysler Fifth

Avenue costs thousands less, yet

it has more rear legroom than

the largest CadillaC. And it offers

a better warranty: bumper-to-bumper

protection for 5 years or 50,000 milesl So if you're looking for a great luxury car, defy logic. Pay

les , get more. Chrysler Fifth Avenue. For more information, call1-800-4A-CHRYSLER.

ADVANTAGE:CHRYSLER



AFrenCh industry scientist was
recently telling me how Euro-
pean companies acquire prestige
and commercial advantage by

supporting research at U.S. universities.
"And at our firm," she added, "we espe-
cially like to support meat!"

"Meat?" I asked, not certain whether
my ears, after a week of trying to process
French, were a bit worn out or whether
this administrator knew American slang
and was referring to substance.

"Yes," she said, "we fund projects at
'meat'-you know, MIT-and other
leading academic institutions in your
country."

Despite the universities' well-earned
reputations, people at home and abroad
may lately have started wondering
just how meaty they may now be.
Researchers in the ivory tower-once
regarded as saintly,thrifty to a fault with
the public dollar, and, most awesome of
all, steeped in nature's secrets and skilled
in tapping them for humanity's bene-
fit-have lately come down to earth.

University scientists work with com-
panies seeking to commercially apply
(that is, derive financial gain from) their
academic research. Hardly the
exploitable absent-minded-professor
type, they often help found the compa-
nies themselves. Whole universities,
once deemed oblivious, even disdainful,
of the profit motive, now wheel and deal
with the best of them. Meanwhile, aca-
demic researchers demand more money
than ever from public coffers, predicting
widespread disaffection in the R&D
community and eventual economic
calamity for the nation should they not
receive it.

Add to the newly mercenary percep-
tion of academia a straight-out series of
black eyes-misuse of federal funds
(university yachts and presidents' home
furnishings charged to the taxpayer),
allegations of price fixing in awarding
scholarships, and cases of misjudgment,
fraud, and plagiarism-and it's safeto
say the public has been rudely awak-

A Splash of ColdWater

First line

ened. Re earcher turn outto be ju t
plain folks. Like everyone else, they look
out for them elves, they sometimes
make mistakes, and they bruise when
they fall.

With the meaty image now eemingly
tarnished, people may well ask 'Where's
the beef?" 0 longer regarded a
demigods, some academics worry that
funds will dry up if disappointed and
overreacting patrons begin to que tion
the value of the present research enter-
prise altogether.

But it may well be the researchers
themselves who are overreacting in their

The recently
sullied imageofacademic
research could, ironica/Jy,

help make scientists
more effective

than ever.

-
assessment of the damage. Scientist '
remarkable record of achievement has
made research universities a unique
resource, and the American people
know they can expect that quarter to
continue improving their lives and their
country's standing. Yet as the world
changes, so too must the relationships
between researcher and tho e who sup-
port their work. And the greatest attitu-
dinal change must be in how the
research community regards the public,
not vice versa.

When I was an engineering graduate
student in the late 1960s, colleagues
would joke about how research propos-
als inevitably boasted that the work
would use a "high-speed electronic digi-
tal computer." Such terminology-for-
bidding to outsiders at the time-was
often meant to wow potential funders.It
was a reminder that a great divide
existed between them and us and that
close scrutiny would be practically
impossible. Nonresearchers, it was
assumed, were simply too ignorant to

understand our methods, much less
make useful suggestions.

But along with the public' growing
ophistication in matter cienrific and

technological-ordinary people now
routinely use high-tech tools far more
powerful than the machines we invoked
for smoke creen value-has come the
realization that researcher' work not
only is understandableto, but i the bu i-
ne of, everyone else. Thi doe n't
diminish the value of the academic enter-
prise; it simply means that R&D is a
human endeavor like any other and that
its practitioners should not expect to be
exempt from the usual rules.

Thus the deflation of the superhuman
academic scientist is actually a good
thing and long overdue. Why, after all,
hould the desire to make money, or the

ca pacity to make mistake ,be so hock-
ing? Researchersshould seek to apply
their work to the benefit of their institu-
tion, their country, and themselves. Such
strivings are a basic human trait. So, too,
of cour e, are frailties and exce e,
though ways of minimizing their adverse
effects can also be evolved-as long as
the environment is one of tolerance and
mutual re pect. Having discovered our
partner 'shortcoming doesn't mean we
should quit working with them; on the
contrary, it lets us collaborate more
effectively.

In that spirit, even the recent lapses
and scandals can be regarded a poten-
tially beneficial to the long-term health
of the research enterpri e. They under-
score the need for public accountability
public communication, and even public
oversight, which should not be viewed
as intru ions but as opportunities for
interacting more fruitfully with the re t
of the world. Instead of regarding the
recent affronts to the academic image as
a signal to defensively circle the wagons,
re earchers should see them as little
more than a wake-up call. The appropri-
ate response maybe, like that of the guy
who got slapped with after-shavein the
television commercial, "Thanks, I
needed that!"

STEVEN J. MARcus

TECHNOLOGY REVIEW 5



TechnologyReview
PubllSber

WIUJAM j. HECHT

Editor
STEVEN). lARCUS

Ma1/11gingEditor
SANDRA HtaMAN

Senior Editors
HERB BRODl, SANDRA KNIGHT,

SUSAN LEWIS, ~1ARCS. MIllER. L\URA VA DAM

sssoaateEdilors
DAVID BRITTAN, BF.11l HORNI G, FAI11I HRUBY,

SUSANNE FAIRCLOUGH

Assis!aJllto lbe Editors
SHERRIE SAINT JOHN

l¥Jia Alarwger
ALExANDRA RIIINElANDER

Design Direaor
KA11ILEE SAYRE

Senlor Designer
'CY L. CAHNERS

AssisJll/Il Designer
LORI NOULT

Design/Productloll Assis!ar,ls
SCOTT GLAZIER. VALERIE KIVIAT

Colu1l/nists
JOHN DEIJI'CH. SAMUEL FLORMAN.

BENNETT IlARRISON. L\NGOON WI 'NER

Contributing Writers
ANN ~lARIE cu NINGIIAM, TOM KIELY,

STEVE NAoIS. WADE ROUSH, SE11I SHULMAN.
STEPHEN STRAUSS

Associnle Publisher
PETER D. GELLATLY

Circulati01l tnreaor
BE11IIlAROVlCK

Ass/sIa/lllo tbeCirculation.Direc/Qr
jAMF.5 WOLKEN

Subscriplum Senuce Alarwger
IJNl». MANION

Accounting
LETITIA A. TRECARTIN

7licbllology Review Board

EJ:WARI) T. THOMPSON
Chair

tt KENT 8ln'EN
Dtpo1/mtl'l of MaI.,.,ts S<ItIIU and 8"8i'''''''''8. Mrr

DENNIS flANAGAN
saence ~JerQnd Farmer M,lor. :kle1llijcA"'!'T;um

PETER O. GE1LIlty
Bus/" ... Manager. Tt<bmJlog,lin'"""

IW«lARA GOUlOfTAS
Herrard U"itmU)'

WIllIAM J. HECIIT
PubllSber. 7ktl1lologylIn"w

HUBERT E. KNIPMEYER
Du Ibn/Co.

ROBERT W. MAlIN
Dtpor/lIltll/ of Mt<bonkiJl E"fiinmmg. Mrr

STEVEN J. MAROJS
Editor, 7klmology M!l1.eur

VleroR K. MCELHENY
KJI/gbt jt'l/11UJlism Fellou.mps. MIT

ROBERT A. MUH
Financial Sn'l.ias l"tUlla/IOMf, Inc.

EvELYN MURPHY
BrolC1l,RllI/lIld. Freed (; "SIller

Pl:J'ER M. S\lIIT GERMAIN
MDrgo" S/"'tltr (; Co.

ROBERT H. SMALLMAN
Adt/i.m,,· ley Publishing Co.

Editor Bmeritus
jOHNI.MAmU

6 'OVEMBERIDECE.\I8ER 1991

Letters

AUTONOMOUS WEAPONS
In an otherwise well-informed article
("Behind Desert Storm: The New Mili-
tary Paradigm," TR May/June 1991),
Michael Klare succumbs to a common
misconception. Specifically, he states
that some of the weapons used in the
gulf conflict employed "sensors and
microcomputers to locate, track, and
strike targets."

In fact, "autonomous" location and
tracking, as it is known to weapon
designers, is an extremely demanding
problem that has not been solved. Of
the weapons Klare discusses, only the
troubled Tacit Rainbow anti-radar
drone, which probably will never be
deployed, isdesigned for such a mission.
And if it can complete that mission, it
will be only because targets cooperate
by emitting their distinctivesignals. The
Tomahawk, Paveway, SLAM, and
HARM missiles also mentioned in the
article rely on human beings-either
mission planners or pilots-to pick out
targets and assign weapons to them. In-
terestingly, fewer than 83 targets were
found in all of Iraq and Kuwait for the
Tomahawk, which can be thought of as
an ancestor of future autonomous mis-
siles because of its long range.

The misguided notion that the age of
autonomous weapons is at hand is im-
portant to correct for at least three rea-
sons. First, it may foster overconfidence
in political leaders and the public that
mid-intensity conflicts can be "dis-
criminate" or "surgical."Second, it helps
promoters of new systems to secure
funding from members of Congress
who are not always able to distinguish
legitimate descriptions of a system's
capabilities from spurious claims. Dis-
credited cruise missile designs are al-
ready being dusted off in hopes that they
might benefit from the postwar waveof
enthusiasm for the Tomahawk.

And third, implicit in the belief that
cruise missiles can find and attack
camouflaged targets on their own is the
argument that the B-2 bomber-which
would carry better sensors, more elec-
tronics, and two human brains-can
succeed in its primary mission of search-

ing for and destroying mobile strategic
missiles. This conclusion, though fal e,
might have serious implications for
federal spending priorities if widely
accepted.

ERIC H. ARNETT
American Association for the

Advancement of Science
Washington, D.C.

REGULATION IN BIOTECH
Thank you for your fine and well- •
balanced article on bovine growth hor-
mone("Who Decides About Biotech?"
by Wade Roush,TRJuly 1991).Thanks,
too, for your sympathetic treatment of
citizen input in scientificdebates. Those
who question the value or relevance of
such input often assume that "the mar-
ket" and existing regulatory agencies
will protect us. Or they feel that even if
citizen input were appropriate, our
scientifically illiterate populace could
scarcely be trusted to make sound judg-
ments. Both of these assessments are
misguided.

The framework for regulating genet-
ically engineered organisms patches
together several existing mechanisms,
and the problem with this is that the
challenges of biotechnology are un-
precedented. As many regulators will
themselves admit, biotechnologies tend
to fall through the cracks of definitions
that were developed for other purposes.

Even more worrisome, the Bush ad-
ministration has attempted to block de-
velopment of a regulatory apparatus
that would deal specifically with en-
vironmental releases of genetically en-
gineered organisms. The administration
has stated that before oversight can be
exercised, an organism must be proven
to pose significant risks. Without this
proof, oversight is actually prohibited.
In other words, we must prove that
something is harmful before we may
study whether it is harmful.

Regarding the value of the market in
weeding out bad products and en-
couraging useful ones, true consumer
choice rests on adequate information,
and a great deal of information about



An Open Invitation to
Enterprising Individuals

The 1993 Rolex Awards for Enterprise
If there is a dream, a plan, or a project that has captured your imagination, we invite

you to capture ours-by submitting your application for the 1993 Rolex Awards for Enterprise.
Since their inception in 1976, the Rolex Awards for Enterprise have attracted thousands

of applicants from all around the world.
Now, once again, we are issuing this worldwide call for entries from people who

demonstrate the true spirit of enterprise-the courage, energy, and initiative to undertake bold
new ventures for the common good.

An Award of 50,000 Swiss Francs
and an Engraved Rolex Timepiece

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

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

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

Book To Be Published
When the results are announced in 1993, a hardback book will be published contain-

ing details of many of the best entries. The publicity given to projects by previous editions has
often led to the entrants receiving additional support from a wide range of sources.

How To Apply
To obtain an official application form, together with the rules and conditions for entry,

write to: The Secretariat, The Rolex Awards for Enterprise, P.o. Box 178, 1211 Geneva 26,
Switzerland. The awards will be presented in Geneva at the end of April, 1993.

"\\11,
The 1993 Selection Committee:Chairman: Mr. Andrej. Heiniger(Switzerland). Chief ~
Executive Officer andManagingDirector of Montres Rolex S.A., Geneva. Members: Mr. Charles
F. Brush (United States), Anthropologist. Director of the Explorers Club-Mr. Nils Dahlbeck R0 LEX
(Sweden), Ecologist. Member of Honour of the IntemationalUnionfor Conservation of ature-
Mr. joel de Rosnay (France), Scientist. Director of Development and International Relations,iiiiiiiiiliiiiiiii~~~mmtjj
Cite des Sciences et de l'/ndustrie - Dr. Santiago Dexeus (Spain), Gynecologist.
President of the European Society of Gynaecological Oncology -Sir Edmund Hillary
(New Zealand), Mountaineer. One-time New Zealand High- Commissionerto India,
Nepal, and &ngladesh - Professor Heisuke Hironako Uapan), Mathematician.
Chairman of Boord of Directors, japan Association for Mathematical .....t.Iiii~:!!!I!I
Sciences- Mr. Brian Redhead (GreatBritain), Broadcaster. Presenter
of BBC radio and television programs- Mrs. RuthSeering(Germany),
Author. journalist and photographer - Mr. Ragnar Thorseth
(Norway), Seaman. President of Ragnar Thorseth Adventures-
Professor Umberto Veronesi (Italy), Surgeon. Director-General
of the Italian National Cancer Institute .

.. 1991 RQIt'.x Wdl(:h USA. Inc



I'm Riva Poor
and your success
is my business.

I've helped
thousands of suc-
cessful people
achieve the
Results they
want in life. And
I can helpyou.

I'm a professional problem-
solver who can help you solve
your problems. I can help you
identify THE REAL YOU,
WHAT YOU REALLY WANT
and HOW TO GET IT. I can
provide you with new ways of
looking at yourself, your busi-
ness, your personal relationships
or whatever is important to you.
Ican rid you of any negative atti-
tudes keeping you from attaining
your goals. I can catalyse your
best thinking.

You will get clarity, reassur-
ance, direction, self-confidence.
Results! More money, power,
achievement, productivity, leis-
ure time, better family relations,
whatever is important to you.

My clients are the proof. And
they'll be pleased to talk with you.

Challenge me now. Call me to
explore what I can do for you.
No charge to explore and;10
obligation.

Your success is my business.
Why Wait? Call me. Right now.

~~~
MIT. SM in Management

"The Dr. Spock of the business world" - National
Observer... MotMr of the 4-day week" - NewJwHk.
Originator of Dial-A-Decision8 to give you
immediate Results regardless of distance.

Call ~ now.

617-868-4447
Riva Poor, Management Consultant
73 Kirkland sr., Cambridge, MA 02138
617-868-4447 Dept.TH-J

c 1980 RI"''',I Poor
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most biotechnologies simply does not
exist yet. As long as it does not, the
choice that prevail in the market will
not be informed choices, and thus may
not reflect underlying consumer prefer-
ences. Furthermore, if industry has its
way, the labels of genetically engineered
products won't even provide what infor-
mation does exist.

It's also worth noting that many of
the products consumers would like will
never be avail able because they offer in-
adequate opportunity for profit. For ex-
ample, farmers would like high-quality
non-hybrid seed so that they could har-
vest their own seed and use it the next
year. But seed companies do not find
this attractive, since it would cut into
their market, so they have focused on
developing hybrid seeds that must be
purchased every year.

Finally, it is unfortunately true that
many of us are scientifically illiterate.
However, an extensive study by the Pub-
lic Agenda Foundation shows that there
is cause for hope. This study assembled
a series of citizen review panels, gave
them a pre-test questionnaire about a
problem, and then showed them a
IS-minute video that presented a varie-
ty of possible solutions and explained
the points of agreement and disagree-
ment among experts. Afterward, par-
ticipants in the study discussed the
problem in groups and filled out post-
test questionnaires.

Interestingly, the conclusions of the
participants generally agreed with those
of leading scientists. And in many cases
where they disagreed, the reason was
not a lack of scientific understanding.
Rather, the citizens used different criter-
ia in making their policy decisions-
such as distrust of government and in-
dustry or a desireto avoid paying more
taxes. In short, ordinary citizens, given
balanced information and an honest
view of disagreements among scientists,
can make reasonable decisions-
scientific and non-scientific.

KATHERINE GRIFFITH
Biotechnology Project Coordinator

Wisconsin Rural Development Center
Mount Horeb, Wis.

LETTERS

Editor's note: An article on the Public
Agenda Foundation's study. is scheduled
to appear in the next issuea/Technol-
ogy Review.

SANITIZED WAR
In "Engineers and the Nintendo War"
(TR July 1991), Samuel Florman claims
that Operation Desert Storm demon-
strated "a heightened concern for in-
dividual human lives."

He describes an "unprecedented ef-#

fort to minimize casualties-at least
among the allies-but also a studied de-
termination to avoid discussing them."
It is unfathomable to me how Florman
can view these actions as evidence of "an
amazing step forward on the road to
civilization." Quite the opposite is the
case.

The silence on casualties and the
sanitized views of Nintendo-like des-
truction have made it easier for us to for-
get that there were real people being
injured and killed. Many credible ac-
counts suggest that over 100,000 Iraqi
troops were killed in the war. That this
slaughter was barely mentioned in the
media amidst the heroic chest-
thumping shows how little value we
place on human lives.

JOEL WEISBERG
Eagan, Minn.

CORRECTION
In "The Invention That Got
Away" by Richard Florida and
David Browdy (TR August/
September 1991), former MIT
president Jerome Wiesner was in-
correctly cited as the chair of an
advisory board for the Boston in-
vestment firm approached by T.
Peter Brody to fund development
of active-matrix displays. Jerome
Wiesner was instead one of several
informal advisers to the group as
well as an individual investor in
Brody's work.


