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"The idea of computers in
the fact~ryused to

scare thedaylightsout of me.
Now I run one."

"Ifigured III get burned either way-comput-
ers show up and I getfired, or computersdontshow
up and the plant closes down.

''But what happened is, they retooled the
plant and while that was going on they sent me to
school, to an IBM-sponsored course at the commu-
nity college.

''Here are two things I learned. I learned a
new job that~ better than my old one. And I learned
that our plant won't be boarded up any time soon:'

Yes, you can teach old factories new tricks,
and OM (Computer Integrated Manufacturing) is
one of them. CIM coordinates the manufacturing
process, from design to distribution, as a single
system. Needless to say, it can make our economy
more competitive.

And yes, we'll have to teach people some new
tricks, too. That's why IBM sponsors CIM education
for students and workers at over 70 colleges and
universities across America.

To learn more about CIM and IBM's commit-

ment to CIM education, write ==-::. '.::®- - ---to us at IBM, r.o. Box 3974, = = ===- - - ---Dept. 972, Peoria, IL 61614. ==-= ':'=



35 TRACKING MEDICAL WASTE
BY ALLEN HERSHKOWITZ
Syringes washing up on beaches belie the real health problem with
medical waste: unregulated incinerators run by individual hospi-
tals. The United Statescan look to European countries for more ef-
fective ways of handling medical refuse.

42 THE NEURAL COMPUTER
BY HERB BRODY

Computers that learn from experience are beginning to tackle
jobs that ordinary computers, including expert systems, handle
poorly or not at all. Picking chills and detecting bombs are two
possibilities.

50 MINING WITH MICROBES
BY KEITH H. DEBUS

For thousands of years, miners have moved mountains to ex-
tract metals from the earth. Now they are using microorgan-
isms to do the job-saving energy, cutting pollution, and
reducing waste in the process.

58 RADICALLY RECYCLED CAMERAS
42

AN INTERVIEW WITH JNO COOK

An engineer-turned-artist takes technology into his own hands
to create cameras from materials commonly known as junk.
Cook relates the experiences that led him to develop his unique
aesthetic perspective.
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How Star Wars Helped

A couPle of years ago, the
Strategic Defense Initiative
(SDI), President Reagan's call
to render nuclear weapons "im-

potent and obsolete" by building a
shield against missiles, was the central
arms-control issue. Now Presidents
Gorbachev and Bush have agreed to
proceed with START, seeking signifi-
cant reductions of strategic weapons
while leaving missile defense as a foot-
note to be dealt with later. Yet the
meteoric career of Star Wars, as it carne
to be known, produced a legacy worth
remembering. By at once promising
protection from the terrors of the arms
race and seeking to extend that raceto

the ultimate frontier, Star Wars helped
illuminate the insane trap we were in.

Looking back, it is hard to tell when
Star Wars was really finished. Was it
only recently, when Edward Teller, the
physicist who gained Reagan's ear with
visions of an x-ray laser that could des-
troy 100,000 targets in one blast, lost
confidence in that technology? Was it
last year, when Gorbachev realized he
could proceed with START because
Congress itself would prevent serious
SDI testing? Was it when Reagan left
office, or when Gen. James A. Ab-
rahamson, the visionary leader of SOl,
was replaced by a bureaucrat? Was it in
1987, when the American Physical So-
ciety declared it would be at least a de-
cade before scientists could determine
if directed-energy weapons were practi-
cal? Was it the day after Reagan's Star
Wars speech, when Deputy Secretary of
Defense Paul Thayer gathered Pentagon
officials and said, ''What are we going
to do with this mess?"

Dating Star Wars' demise is
problematic because it was always the
engineering equivalent of a perpetual
motion machine. Critics emphasized
this from the start. Any shield to protect
the public against nuclear weapons
must be "leakproof': one explosion
could kill a million people. But as
Gerold Yonas, the chief scientist of the

'FirstLine

SOl program, admittedto Los Angeles
Times reporter Robert Sheer in 1985,
"Nobody believes in 100 percent leak-
proof defense. Nobody believes in 100
percent anything that's ever worked on
military systems." Engineers could be
reasonably confident of overcoming
gravity to reach the moon but could
never be certain of outwitting an intel-
ligent human adversary.

If this was obvious, why was the Star
Wars debate so protracted? Reporters
have no litmus test for truth but do have
generally agreed lists of authoritative
sources, and one of these isthe president
of the United States.Ifhe saysperpetual

playing exclamation marks all over the
screen and destroying a document.

But as a fairy tale, SDI did yield a
valuable insight. Before 1983 the
arms-control community had come to
accept deterrence-the notion of
preventing nuclear war by threatening
a retaliation that would destroy civiliza-
tion. This frightful logic had produced
its own chain of absurdities, such as the
notion that the United States needs to
continually improve technologies of
nuclear destruction to deter the Soviets
"at every level of conflict." The entire
arms-control community agreed on the
need to strengthen "communication,
command, and control;' or"Cecubed,"
systems to manage nuclear war. But
managing nuclear war is nonsensical.

With the same naivete that allowed
him to embrace the engineering equiva-
lent of perpetual motion, Reagan
challenged the morality of deterrence.
When he and Gorbachev outlined
sweeping reductions of nuclear
weapons in Reykjavik, the arms-
controllers shuddered for the stability of
deterrence and made it clear that the
doctrine requires a minimum of thou-
sands of nuclear warheads. The two
heads of state had to pull back, but the
arms race never looked quite so sensi-
ble again.

Ultimately, Star Wars illuminated the
essential illogicof that race. When Presi-
dent Truman and other U.S. leaders
knew they had the atomic bomb in
1945, they apparently saw it as a
guarantor of peace. With American in-
nocence in control of the ultimate
technology-we have long thought of
ourselves as untainted by the evil and
intrigue of foreign peoples-the world
could rest at ease. Of course, events did
not and could not work out that way.
In the 1980s Star Wars revivedthe vision
of an all-powerful America as global
benefactor. This time critics were more
swift and merciless about the contradic-
tions of the vision, and that contribut-
ed to a somewhat safer world .•

Inpromising
to stop the arms race

by extending it to space)
Star Wars illuminated

the insane trap
we were in.

-
motion is possible, reporters may quote
members of the American Physical So-
ciety who disagree, but cannot ignore
the statement. In fact, the statement is
so controversial that it will repeatedly
make the front page.

Moreover, though the essential
problems with Star Wars were simple,
the debate grew complex. There was a
kind of inevitable logicto this develop-
ment. In a familiar form of mathemati-
cal proof, you posit a statement, use it
to deduce something absurd, and thus
provethe original statement false. In this
case, the assumption that engineers can
defend the nation against nuclear
weapons led to numerous, intricate con-
tradictions. One was that programmers
can be sure that the most complex soft-
ware ever written will work the first
time. (There can be no test of thousands
of nuclear warheads streaming toward
the U.S.) Even new versions of word-
processing programs have bugs that
make them "crash;' for example, dis- JONATHAN SCHLEFER

4 AUGUSTISEPTEMBER 1990



What ifthere
were

an aerospace
all-starteam?



There is - the engineers and scientists just named Technical Fellows of The Boeing Company. They are......"""-'.~
individuals who have earned reputations for exceptional judgment and competence in their disciplines"
and for practical, yet innovative reasoning. (Front Row, L-R)Richard B. Hall-precision measure-
ments and laser applications, Boeing Aerospace& Electronics, Seattle;Wayne E. Woodmansee-

nondestructive testing, Boeing Commercial Airplanes, Seattle;Cae E. Wescott-electronic design,
Boeing Military Airplanes, Seattle;Nicholas Albion - flight control systems, Boeing Helicopters, Philadelphia;



BackRow)Weightstill William Woods - sensors, Boeing Aerospace& Electronics, Seattle;Mervin C. Vincent-
ow observables, Boeing Military Airplanes, Seattle;Frank C. Fickeisen - flight controls and systems engineering,
~oeing Commercial Airplanes, Seattle;Albert M. Erisman - scientific computing and numerical analysis, Boeing
.omputer Services, Seattle;Paul E. Rubbert-aerodynamics and computational fluid dynamics, Boeing Com-
~erical Airplanes, Seattle;Ulf Goranson - structures engineering, Boeing Commercial Airplanes, Seattle;
oaeorgeT. Campbell- communications and systems engineering, Boeing Aerospace& Electronics, Seattle.



Associate Technical Fellows of The BoeingCompany

Ivan G. Barker
Flight controls, Boeing
Commercial Airplanes

Lawrence A. Blakely
Airframe structures design,

Boeing Commercial Airplanes

Per A. Bolang
Flight controls and hydraulics,
Boeing Commercial Airplanes

Kalman G. Brauner
CAD/CAM,

Boeing Commercial Airplanes

Harry H. Burlingame
Laboratory instrumentation,

Boeing Commercial Airplanes

Glenn A. Geithman
Non-destructive testing,

Boeing Commercial Airplanes

Hans K. Herzog
Electronic systems design,

Boeing Commercial Airplanes

Richard D. Hessler
Manufacturing computer

systems development,
Boeing Aerospace & Electronics

Garth J. Houlihan
Airframe structures

engineering,
Boeing Commercial Airplanes

Arthur Dean Jacot
Control technology,

Boeing Aerospace & Electronics

ForresterT. Johnson
Aerodynamics, computational

fluid dynamics,
Boeing Commercial Airplanes

Robert E. Jones
Structural mechanics,

Boeing Aerospace & Electronics

Bernard J. Lamberty
Antennas and electromagnetics,
Boeing Aerospace & Electronics

John G. Lewis
Scientific computing and

numerical analysis,
Boeing Computer Services

C. David Lunden
Antennas and radomes,

Boeing Aerospace& Electronics

Melville D. Mcintyre
Avionics and flight systems,

Boeing Commercial Airplanes

Bruce L. McManus
Flight control systems,

Boeing Helicopters

Glen E. Miller
Fiber-optic sensors, sensor

systems, and telemetry,
Boeing Aerospace & Electronics

Gerald N. Ostrom
Structure design,

Boeing Military Airplanes

Gerald C. Paynter
Propulsion,

Boeing Military Airplanes

James M. Peterson
Materials and process technology,

aircraft fire safety,
Boeing Commercial Airplanes

Robert L. Pinckney
Composite structures,

Boeing Helicopters

Bernard F. Ray
Aeronautical engineering,
Boeing Military Airplanes

. Andrej Martin Savol
Machine vision,

Boeing Commercial Airplanes

Kurt Schuppisser
Engine technology and

propulsion systems,
Boeing Commercial Airplanes

Harold A. Scott
Computer simulation

and modeling,
Boeing Aerospace& Electronics

Frederick H. Simpson
Ceramic engineering,

Boeing Aerospace & Electronics

Jerome Sugamele
Structural dynamics and

vibrations,
Boeing Commercial Airplanes

Edward N. Tinoco
Aerodynamics, computational

fluid dynamics,
Boeing Commercial Airplanes

Johannes H. van derVelden
Hydraulics and fluid systems,
Boeing Commercial Airplanes

Mark A. Wilhelm
Advanced composites,

Boeing Commercial Airplanes

Donald E. Young
Electromagnetic scattering,
Boeing Military Airplanes

The Boeing Fellows joined by Associate Technical Fellows.
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