
























































Cosmic Heist

HE LARGE, METAL BUILDING might be expected

to house tractors, considering that it sits
up a forest road amidst the fields of rural east
Texas. However, its three-story steel doors
open to reveal, not farm machinery, but
several strange white agglomerations of boxes
and cylinders, each suspended from the ceil-
ing by heavy cables.

Scattered among these large, awkward-
looking shapes is an assortment of computers,
terminals, tools, spare parts, and work-
benches. The afternoon of May 12, 1984,
sees a half-dozen scientists, engineers, and
technicians at work checking out one of these
packages, an ungainly six-foot-high cylinder
festooned with assorted boxes and wires. The
only bits of color on it are four small, orange
Caltech pennants on its steel cable harness.

If all goes well on May 12, these pennants
will soon wave in the thin, cold air more than
20 miles above the earth; the 2,600- pound
instrument called HEIST will be borne aloft
by an immense 17-million-cubic-foot balloon
from the National Scientific Balloon Facility
near Palestine, Texas. HEIST’s mission: to
intercept high-energy particles that have
ricocheted throughout the galaxy for millions
of years.

These particles may be the ashes of long-
dead stars, expelled in the convulsive explo-
sions called supernovae that marked their
end. Or else, the particles may be cold space
dust caught up in the shock wave from a
supernova as it sweeps through space. This
high-energy stardust — more commonly
known as cosmic rays — consists of the
atomic nuclei of elements from hydrogen
through uranium, accelerated to velocities
ranging from a few percent to more than 99
A 60-ton crane called Tiny Tim prepares to hoist HEIST for the first percent of the speed of light.
leg of its journey to intercept cosmic rays in the troposphere. HEIST, for High Energy Isotope Spec-
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trometer Telescope, represents a brand new
approach to detecting and sorting out the fine
differences among heavier, high-energy parti-
cles — ranging between neon and iron, at
energies up to a few billion electron volts. So
far, May 12 looks like an excellent day for the
first test.

The Balloon Facility meteorologists have
declared that the low-level evening winds may
be just right for the balloon launch; and that
the upper-level winds are unlikely to carry the
balloon too far in its planned two-day mis-
sion — either south toward the Gulf of Mex-
ico or to the east or west. Indeed, certain
periods of the spring and fall are called turn-
around periods, when the high-altitude winds
are more likely to dither back and forth with
relatively little net movement to blow a bal-
loon too far from its launch point.

A forklift eases into the hangar, and its
operator gingerly maneuvers the machine’s
prongs beneath HEIST’s harness. The prongs
rise, lifting the package so that it can be
detached from the suspending cables. As the
forklift retreats slowly out the door with its
cargo, the Caltech scientists and engineers
carefully shepherd it along. Perched atop the
ponderous instrument are the project leader,
Senior Scientist Stephen Schindler, and Marty
Gould of Caltech’s Central Engineering Ser-
vices, which was responsible for most of the
mechanical work of building HEIST, Also
manning the launch are William Althouse,
technical manager of Caltech’s Space Radia-
tion Laboratory (SRL); Senior Research Asso-
ciate Richard Mewaldt; HEIST technician
Wallace Campbell; and Caltech graduate stu-
dents Koon Lau, Eric Christian, and Eric
Grove.

The forklift stops and waits. A sultry
breeze offers a worrisome rebuttal to the

meteorologists’ prediction of calm. After a
few minutes the roar of a large engine is
heard through the trees, and into view comes
what looks like a giant child’s Erector set toy.
Rolling smoothly toward the hangar is an
odd- looking, 60-ton crane called Tiny Tim,
from which HEIST will be launched. Tiny
Tim rolls up to the forklift, and lowers a pair
of red steel jaws into place above the instru-
ment. The jaws are clamped shut on a
crossbar at the top of HEIST’s harness, and,
revving its engine, Tiny Tim lifts HEIST
easily off the forklift.

Another small forklift approaches, carry-
ing the only means HEIST will have of con-
trolling its flight — two 500-pound boxes of
fine steel shot to be used as ballast. Dribbled
out the bottom of the boxes via radio-
controlled valves, the shot will lighten the
payload to maintain altitude during crucial
nighttime flight, when cooler air reduces the
balloon’s bucyancy.

The ballast attached beneath it, HEIST
begins its journey toward the launching pad.
The Caltech scientists grin as they walk beside
Tiny Tim, steadying its load. After all, this is
the culmination of some five years of pains-
taking work. The procession, consisting of
the gangling Tiny Tim holding HEIST, the
excited scientists, and various cars and trucks
reaches the launch pad, a 2,000-foot-diameter
paved circle carved from the forest.

The scientists begin to check out HEIST
and its telemetry systiem. A hundred feet
above them floats a small test balloon teth-
ered near the launch pad. Its string slants
downward at a 45- degree angle to the
ground, telling of a steady breeze aloft. The
balloon technicians attach the parachute,
which will lower HEIST safely to earth, to the
top of the payload harness. They also care-
fully lay out a ground cloth from Tiny Tim
to the edge of the launch pad and sweep it;
even a stray twig could ruin the whole
launch, should it pierce the balloon.

Checkout is nearly complete, and the time
has come to make the irrevocable decision to
deploy the balloon. Once pulled from its
large crate, the balloon cannot be repacked
without increasing the danger that its delicate
skin may be inadvertently pierced. A car
makes its way across the pad with two bal-
loon facility staff members. They bring bad
news. Their instruments say winds near the
ground are too high; the launch is scratched
for that day.

The news is particularly vexing because
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the weather is becoming increasingly
unstable, and if HEIST does not fly during
the next few days, it may miss the optimum
turnaround season and perhaps be postponed
until the fall. The workmen fold the ground
cloth away, and trundle HEIST back to its
hangar, leaving it hanging overnight from
Tiny Tim’s jaws in hopes of another chance;
Schindler and his colleagues can only hope
tomorrow’s weather will be calmer.

They take the anncuncement in their
stride, however; such problems are typical of
any radical new instrument, and they have
met many since the project was begun in
1979. It was then that the scientists, working
at SRL with Professor of Physics Edward
Stone, began casting about for a new
approach to capturing cosmic rays. They
were particularly interested in sorting out the
fine differences in isotopes of heavy, high-
energy cosmic rays. Isotopes are the nuclei of
those elements that possess identical chemical
properties, but which differ in their masses
because of differing numbers of neutrons in
their nuclei. The group, working with Stone
and Rochus Vogt, now Caltech provost, had
already developed the first low-energy isotope
spectrometer, which was launched on NASA’s
ISEE-3 spacecraft in 1978.

The isotopes of heavier particles, in partic-
ular, possess unique information about the
history of cosmic rays. For instance, the
abundance of certain radioactive isotopes of
cobalt, nickel, and iron can give scientists a
measure of the time between their birth in the
furnaces of stars and their acceleration. This
is because these isotopes decay only as atoms
with orbital electrons, and not as stripped
nuclei traveling at high speeds. Still other
radioactive isotopes of aluminum. chlorine,
calcium, manganese, or iron can function as
cosmic ray “clocks” to measure how long the
cosmic rays had been rattling about the
galaxy after being blasted to high energies by
exploding stars.

To distinguish among these isotopes, the
instrument had to resolve extraordinarily fine
differences in mass, as little as a few tenths of
a percent. The scientists also wanted a detec-
tor that had enough mass to slow the high-
energy particles that range up to about 2.5
billion electron volts. At these high energies,
they could be sure of a clearer picture of the
cosmic rays streaming through the galaxy;
high-energy particles are less likely to be
affected on their voyage into the solar sysiem
by the solar wind — the low-energy stream of
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particles constantly billowing out from the sun.

And finally, the new instrument had to
operate reliably while being lofted into the
harsh reaches of the upper atmosphere
beneath a balloon, and to survive being para-
chuted back to earth. The instrument was to
be balloon-borne, because even in the rocket
age balloons remain the ideal way to test large
experiments in the upper atmosphere — at a
small fraction of the cost of a rocket launch.
The balloons can float for days in the upper
atmosphere, acting as stable platforms for
instrument packages that can be easily
recovered near the launch point. So the
Texas Balloon Facility is in considerable
demand, sending some 60 flights aloft each
year, carrying a wide variety of instruments
for cosmic ray studies; gamma and X-ray
studies; optical, ultraviolet, and infrared
astronomy; atmospheric research; studies of
the earth’s magnetosphere; and attempts to
capture micrometeorites.

It was Senior Research Associate Andrew
Buffington who made the calculations that
showed the way for Caltech’s balloon experi-
ment. His studies showed that a stack of
sodium iodide disks — long used as the basis
of gamma ray cameras in the medical imag-
ing technique of positron emission tomogra-
phy — could provide enough mass to slow
the high-energy particles. At the same time,
the number of fragmenting particles would be
kept to a reasonable level in such an instru-
ment. Thus, large sodium iodide crystals
could serve as the basis for a scintillation
counter, which, combined with other detec-
tors, could resolve the isotopes.

Scintillation counters consist of materials
whose molecules are excited by the impact of
high-energy particles. After the particle has
passed, these excitations relax, producing
faint flashes of light that can be detected by
photomultiplier tubes surrounding the
material. The scientists and engineers
designed HEIST as a stack of 12 circular
plates of sodium iodide, each {J.5 meters in
diameter and two centimeters thick. Sur-
rounding each of these highly polished disks
would be six photomultiplier tubes. each
sending its signals to an onboard computer.

But HEIST needed to do much more than
simply sense when a cosmic ray particle
plowed through it. In order to resolve the
minute mass differences among isotopes, it
had to tell the researchers precisely at what
angle and position the particle traveled. so
that they could correct for the variations in



thickness of material seen by the particle.

HEIST’s design allowed for this fine mea-
surement. By comparing the respective
strength of signals from different photomulti-
pliers aimed at a given disk, the scientists
could tell just where a cosmic ray passed
through the disk. By comparing signals from
several disks, the scientists could trace the
particle’s path precisely.

New high-precision electronic circuits had
to be developed by Caltech engineers William
Althouse and John South to measure accu-
rately the 108 different signals generated in
the detectors. To function properly, the cir-
cuits had to be small in size, draw little power
to minimize consumption of onboard battery
power, and be inexpensive enough to produce
in large quantities. The final result fitted on a
thin printed circuit board less than two inches
square and used less than one watt of power.

To calculate the particles’ energies, the
scientists had to know how fast they streamed
through the instrument, a capability supplied
by Danish space scientist Ib Rasmussen.
Working with the Caltech scientists, he
developed a pair of Cerenkov radiation detec-
tors to be installed above and below the
sodium iodide crystals, like the bread of a
sandwich.

Cerenkov radiation is the tiny flash of
light produced when a charged particle
plunges through a material at greater than the

speed of light in that material. The radiation
is a sort of electromagnetic shock wave gen-
erated along the particle’s wake. (Of course,
nothing can exceed the speed of light in a
vacuum, but light travels more slowly
through matter. For example, particles can
travel up to 1'2 times faster through glass
than can light.)

HEIST’s Cerenkov detectors consisted of
three kinds of material — above the sodium
iodide was a slab of light, foamed glass called
an “aerogel” and below, a layer of Teflon and
one of plastic. A particle from space would
pass at higher speed through the aerogel, then
would be slowed by the sodium iodide, and
finally would plow through the Teflon and
plastic. By comparing the intensity of flashes
produced in the two Cerenkov detectors, the
scientists could figure out the extent of the
particle’s slowing, and by combining this with
the energy loss measurement in the sodium
iodide, could determine the particle’s mass
and the energy it began with.

To insure that no data would be lost,
HEIST would record all its data onboard, as
well as transmit it via radio to the ground.
The two onboard recorders would be nothing
more elaborate than commercial videocassette
recorders, each of which has about 10 times
the storage capacity of commonly used mag-
netic tapes. And overseeing the flight would
be a microprocessor similar to those found in

Technicians lay out a
clean ground cloth from
Tiny Tim to the edge of
the launch pad for the
empty balloon to lie on.
Even a twig could pierce
the balloon’s delicate skin.
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The unwieldy, giant bal-
loon is hauled out of its
crate and laid along the
ground cloth (left); then the
filling begins and the bal-
loon swells into shape.

home computers. The microprocessor and its
associated circuitry was developed specifically
for use on HEIST by Steen Laursen of the
Danish Space Research Institute.

To Harshaw Chemical Co. of Solon, Ohio,
went the job of fashioning the sodium iodide
plates. It was a challenge for the company;
the crystals had to be polished to optical qual-
ity, much higher than had ever been
attempted. Rasmussen made the aerogel
Cerenkov detector. The major task of build-
ing the mechanical portion of HEIST fell to
Caltech’s Central Engineering Services. CES
engineers were already well known for their
ability to build instruments to the exacting
demands of science, and within its no-frills
budgets. HEIST would prove to be one more
feather in their cap.

HEIST’s birth was accompanied by its
share of challenges and adventures. In trying
to polish the disks, Harshaw fractured two of
the crystals as they learned the new tech-
niques necessary. Once the crystals were
finished, the concept of HEIST was tested by
bombarding them with precise particle beams
at UC Berkeley’s Bevalac accelerator. The
tests provided confidence that HEIST would
be able to resolve the isotopes, and the Cal-
tech scientists and engineers began to build
the full instrument. As the CES engineers
had long known, scientific instruments often
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present unique engineering problems, which
demand unique solutions.

At one point in. HEIST’s gestation, CES
manager Norm Keidel found himself manag-
ing a rather peculiar fishing expedition with
Schindler. Buffington and Schindler had
developed a cooling system for HEIST that
relied on water boiling off into space to carry
heat away from the instruments. To test the
cooling system chamber under extreme condi-
tions of pressure, the engineers had to lower
the system into at least 35 feet of water.
Keidel and Schindler ended up bobbing about
in a borrowed rowboat off a San Pedro pier,
monitoring the unit below. They successfully
made the critical tests, development forged
ahead, and by early 1984 HEIST was ready.

On May 13, 1984, Tiny Tim again sits on
the launching pad holding HEIST aloft as the
Caltech scientists and engineers run their final
checks. Again the parachute is attached;
again a mild, muggy breeze jeopardizes the
launch. But the breeze dies, and the weather
turns perfect. HEIST’s instruments function
perfectly too, but when the balloon techni-
cians run their tests of the ballast system, they
discover a new surprise. One of the hoppers
has to be soundly thumped before it will
release a smooth flow of steel shot, perhaps
because the shot has become packed too
tightly. Since nobody will be available to



thump the hopper at 20 miles above the
earth, the technicians decide it best to replace
the hopper. It isn’t the first time a hopper
has ever proven balky, but the Caltech scien-
tists hope it’s the last for this mission.

At 6:00 pm, Schindler gives his go-ahead,
and so do the meteorologists. Above, the
NASA chase plane circles, ready to control
the ballast and eventually, to trigger the
release of the payload to parachute to earth.
A small truck carrying a large wooden crate
makes its way toward Tiny Tim, and the bal-
loon, now a huge wad of silvery plastic, is
payed out of the crate along the ground cloth.
The balloon is attached to the top of HEIST’s
parachute. Soon a large truck fitted with
huge red cylinders arrives with the helium.
The workers thread two large filler nozzles
into the plastic ducts in the body of the bal-
loon. They hold the nozzles aloft; the bal-
loon is ready to be inflated. The valves on
the truck are opened.

With a powerful hiss, the filling begins.
The balloon begins to take shape, as the flow
of helium creates a swelling, silvery bulb.
The growing balloon is held down at one end
by a roller attached to a truck, which inches
toward Tiny Tim as the balloon swells and
rises higher. After 30 minutes, the hissing
suddenly stops. The balloon has been filled
with about $10,000 worth of helium, but it

remains only partially expanded. Not until it
reaches the upper reaches of the atmosphere
will the near vacuum allow it to blossom to
its full 300-foot diameter.

Abruptly, the roller flips back, and like a
gigantic shimmering jellyfish, the balloon
undulates violently upward to its full 500-foot
height, towering over Tiny Tim. The crane
starts forward, and with a loud click opens its
jaws and scoots away. Without hesitation,
the balloon vaults into the cloudless, blue sky,
bearing its 3,600-1b. payload smoothly
upward at 600 to 700 feet per minute. It is
7:18 p.m., Central Daylight Time on May 13.
Schindler crouches at the edge of the launch-
ing pad, coolly watching the balloon rise, his
ear to a walkie-talkie. HEIST has survived
the launch beautifully. After brief congratula-
tions, the scientists return to the hangar to
begin the constant two-day vigil over the
instruments.

Watching the monitors and printouts, they

Only partially inflated, the
balloon is ready for

launch.
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The balloon sails upward
at 600 to 700 feet per
minute, bearing HEIST
into the troposphere.

follow HEIST’s progress as it rises through
the critical region of the troposphere, where
-70° centigrade cold slows its ascent. The
instrument is turned on about one hour into
the flight, and a tuning up process is begun.
After about two hours, however, the balloon
breaks through into the warmer -20° strato-
sphere, and rises quickly to its maximum alti-
tude of 120,500 feet.

The third hour into the flight, as HEIST
drifts northwest toward Fort Worth, the scien-
tists complete the tuneup and continue
recording data, which stream in at a high
rate. During the entire flight, the instrument
will gather some 450,000 impacts from
cosmic rays. In fact, so heavy is the data flow
that the scientists issue a series of radio com-
mands to HEIST to raise the threshhold at
which it triggers, in order to catch only the
most interesting particles — the heavier ones.
They fear that the high data rate may exhaust
the capacity of the onboard tape recorders,
and if the balloon drifts out of telemetry
range, useful data may be lost.

After meandering over Fort Worth for
several hours, HEIST drifts south by
southwest over central Texas. Eventually, a
line of thunderstorms approaches from the
south, threatening the landing. So, at 12:04
p.m. on May 15, after 38 hours at its operat-
ing altitude, the chase plane triggers the
balloon’s release, and HEIST parachutes to
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earth. The landing — on the treeless, wide-
open spaces belonging to a cooperative farmer
— 1is as successful as the flight. The instru-
ments and even the fragile sodium iodide
plates are undamaged.

The scientists have now begun analyzing
the data, which at first look appear excellent.
Next summer, at an International Cosmic
Ray Conference, they will report on this first
successful test flight.

The story of HEIST, however, has only
just begun. Next year, the instrument will be
recalibrated at the Bevalac accelerator and
possibly fitted with another more sensitive
Cerenkov counter that will allow HEIST to
measure the isotopes of lighter elements,
including beryllium, carbon, and oxygen. If
all goes as planned, 1986 may see an
enhanced HEIST again rise into the
stratosphere.

Ultimately, the Caltech researchers hope
that the new technology of HEIST will lead
to a version to be launched aboard the Space
Shuttle or on a space platform. There the
much longer exposure times would allow the
gathering of data that would add a useful
volume to the exotic chronicle of cosmic ray
physics.

But whatever future success this remark-
able device experiences will be traced back to
that first triumphant flight high over Texas in
the spring of 1984.0
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T.S. Eliot
A Study in Character and Style

by Ronald Bush
Oxford University Press .. ... $25.00

ITERARY BIOGRAPHY has held an

accepted, if not always prominent,
place in professional literary studies
ever since Samuel Johnson combined
biographical and aesthetic considera-
tions to compose his model of the
genre, Lives of the Poets. But even for
some humanists whose credo would
include an article on the reciprocal
influence of a writer’s life and art, an
inquiry into this relationship in the
case of T.S. Eliot may still seem some-
what incongruous. A powerful force
in the development of both modern
poetry and modern literary criticism,
Eliot has often been understood as cal-
ling for a strict separation between the
personality of the author, with his or
her unique qualities and concerns, and
any of the voices that may inhabit the
poetry. It is no surprise that the work
of a writer who could define great art
as impersonal art should seem to
require exceptional treatment.

The latest book by Ronald Bush,
associate professor of literature at Cal-
tech, shows, however, how our under-
standing of poetry can be broadened
by just such an account of the poet’s
career. The study moves efforilessly
through a wide range of material,
much of it unpublished, to demon-
strate that the poet’s genius carried out
what his character demanded. Famil-
iar with such diverse poets as Danie
and the 19th-century French Symbol-
istes whose figures hover around
Eliot’s poetry, with Eliot’s own literary
criticism, lectures, and early drafts of
his poems, as well as with a wealth of
biographical documents, Bush uses his
scholarship to persuade us that, in the

words of on¢ of Eliot’s poems dream-
ing of life’s harmony, the end is in the
beginning. For Bush, the poetry Eliot
wrote throughout his life, despite its
variety and conflict, essentially
develops a potential present from the
outset in the tensions in his personality
— tensions that have to do with
exactly the degree to which feeling and
form, personal or impersonal con-
siderations, would predominate in
Eliot’s life and art. Bush conceives of
the poetry as progressing from a pre-
carious balance in Eliot’s early period
between romantic honesty and classi-
cal order, between internal monologue
and an encompassing mythology, to a
tilt in favor of impersonal form, after
1922 and Eliot’s breakdown and
conversion 10 Anglicanism. But long
before the poet began to think of this
struggle as presenting a stylistic choice
between self-dramatization in the lyri-
cal monologue and self- effacement
through the music and incantation of
highly structured verse, the man had
already endured this strife within
himself.

Bush’s account of Eliot’s life, nar-
rated as counterpoint to the poems
throughout the chronological study,
may fairly be called a ghost story, a
story of the demons haunting Eliot’s
psyche and shaping the emotional logic
of his poetry. It begins with the fateful
effects on the young Eliot of the ances-
tral spirit presiding over his New Eng-
land Unitarian family: his paternal
grandfather, a minister of Puritan de-
scent whose devotion to duty, self-
denial, and self-improvement and
whose distrust of emotional expression
and the value of the self were held up
by the family as exemplary and were
unavoidably internalized by Eliot. The
spirit of the Eliot family nourished his
ambition but deprived him of the
satisfaction of success. The source of a
continual oscillation between a rebel-

lious exploration of the emotional life
and a recoil from such indulgence, this
demon left Eliot in a state of despon-
dency which could only lead, Bush
contends, to despair or to God. The
despair, deepened by his unhappy mar-
riage to Vivien Haigh-Wood, another
ghost in Eliot’s life, would lead to his
breakdown and to his poetic monu-
ment to desolation, The Waste Land.
The stillness and peace of the contem-
plative, religious life would require a
disciplining and suppression of
insistent personality in the musical
structure of Four Quartets, when a
middle-aged Eliot would include in his
meditations the ghost of his past self
among the shades crowding around
him.

Although Eliot’s personal struggles
provide Bush with his framework for
interpreting the poetry, the biographi-
cal plot is not deterministic in any
simple sense. Bush is 100 skillful a
literary critic, too sensitive to the
linguistic intricacies of the poems, to
allow them to become merely cor-
roborating biographical documents.

Whether a poem dramatizes the
mind’s remarkably agile feints, its
approaches and evasions of uncon-
scious fears or desires, or presents a
controlled vision of spiritual
fulfillment, Bush remains primarily
concerned with how the diction, syn-
tax, prosody, rhetoric, and network of
literary allusions and ancient myths
interact to create perhaps the finest
specimens of modern poetry.

T.S. Eliot once said that no biogra-
phy, however full and intimate, could
rival the ability of poetry to render the
undertones of personal emotion, the
personal drama and struggle. While
this may be true, Bush’s literary biog-
raphy goes a long way toward deepen-
ing our understanding of the poetry
and its emotional power. 0 — Neil
Saccamano
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Research in Progress

Nuclear Bumps

HEN TWO LARGE NUCLEI (heavy

ions), each carrying its collection
of nucleons (neutrons and protons)
collide in a particle accelerator, classi-
cal and quantum mechanics also meet.
The motion of the nucleons within
each nucleus is governed by quantum
mechanical nuclear forces, but the tra-
jectories of the nuclei, whether head-on
or just grazing, can be viewed as
governed by classical physics. Steven
Koonin, professor of theoretical phy-
sics, studies what happens at this inter-
face of physical laws in low-energy,
heavy ion collisions, calculating
models of the “semi-classical”
phenomena that result.

These collisions, and how the
resulting system shares its excitation
energy and reaches equilibrium, can be
investigated in the laboratory under
various conditions involving nuclei of
different sizes bombarding each other
at various speeds and colliding at
different angles. When the nuclei col-
lide more or less head-on, they fuse
briefly, for about 10" seconds, form-
ing a single “compound” nucleus
before decaying, often into two large
pieces. (This is not the same as ther-
monuclear fusion of light nuclei.)
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When the nuclei merely sideswipe
each other, however, instead of meet-
ing in a direct hit, an entirely different
set of phenomena results. In these
events, called deep-inelastic collisions,
the combined nucleus appears to lose
most of its energy but still retains a
memory of its original components,
breaking up into two fragments closely
resembling them, give or take a few
nucleons. Because of these interesting,
contradictory phenomena (the energy
loss is indicative of a violent collision
while the memory suggests the oppo-
site), deep-inelastic collisions are of
particular interest to Koonin and his
colleagues.

Koonin performed the massive cal-
culations modeling these collisions on
a Cray-1 computer. The model is
derived from the independent particle
model (also called the shell model) of
the nucleus, which holds that, under
weakly excited conditions, all the
nucleons move in orbits affected by
the average force generated by other
particles. In other words, the interior
of the nucleus can be considered
roughly homogeneous, with the
nucleons moving freely about and not
hitting each other. This theoretical

picture correlates closely with experi-
mental observations. The computer
calculations can follow the develop-
ment of the wave function (or, essen-
tially, the motion) of each nucleon
from the beginning of the collision to
its final state and so can predict the
average properties of the products of
the collision — numbers of neutrons
and protons, spin, and degree of
excitation.

Since the mechanisms that change
these different properties operate at
different rates, Koonin applied a time-
dependent generalization of the shell
model (time-dependent Hartree-Fock
method) to track the average proper-
ties experienced by each nucleon as the
system moves toward a new equilib-
rium. The project has been under way
for six years and is now largely
finished. Koonin’s models describe
heavy ion collisions with surprising
accuracy and have become a standard
tool in the field; researchers can apply
a computer program to predict what
will result from a particular collision
reaction. He and his colleagues have
also made heavy ion collisions visible
by converting their theoretical models
into computer-animated “movies,”



which show the nuclei merging on
contact, bobbling around in a single
distorting shape, and, depending on
the original angle of impact, oozing
apart like a droplet of honey into
separate fragments.

Now, says Koonin, he and his stu-
dents are “cleaning up the corners”
and pursuing various sidelines. One of
the clean-up operations is to extend
the calculations to account for fluctua-

Hispanic Politics

v oFFICIAL couNnT California’s

Hispanic community currently
represents 19.2 percent of the state
population and is probably larger.
This percentage has been increasing
and will likely continue to do so — a
demographic shift that will have long-
term effects on the politics and policies
of the state. To try to define and anti-
cipate some of these effects, a group of
faculty and students in political science
are undertaking a comparative study
of the Hispanic and other minority
populations in California.

Bruce Cain, associate professor of
political science, is principal investiga-
tor on the two-year project. He and
his team will be collecting both pub-
lished statistics and survey data on
community leaders (in businesses and
unions as well as in politics) and will
conduct an extensive poll of the larger
public. They will try to determine
from what kinds of backgrounds these
leaders emerge, what their attitudes are
about specific issues, and how they
may differ from other minority leaders
and within the Latino national groups.
They will look into voting patterns —
who sponsored and who lobbied for
what bills. And they’re interested in

tions; the models agree with the aver-
age properties of the fragments but not
with the observed fluctuations. J.
Bradley Marston, BS '84, elaborated
these calculations in his senior thesis
and is continuing work on the
problem.

Another direction of extension is
to develop a description of collisions at
higher energies. The independent par-
ticle model holds only for weakly and

how representative the political elites
are of the attitudes of their consti-
tuents — for example, whether politi-
cal leaders feel the same way about bi-
lingualism as the Hispanic community
at large.

On the economic side they want to
know what areas of business Latinos
have entered, how active they are in
unions, and how the business com-
munity has adapted to the growth of
the Latino population. Questions on
the surveys of business and political
leaders will be coordinated with ques-
tions on the statewide attitude survey
of the larger Latino public.

Associate Professor Rod Kiewiet
and Douglas Rivers, assistant professor
of political science, will design and
supervise the statewide poll — an
extremely ambitious attempt to exam-
ine minority attitudes on a broad
range of issues. Unique and difficult
sampling procedures will be necessary
to capture the characteristics of urban
and rural populations, as well as
regional, national, and generational
variations.

In additional to learning about
what Latinos think about particular
issues, the Caltech group wants to

moderately excited conditions. Under
more highly excited conditions colli-
sions between the nucleons inside the
nucleus become more important and
must be considered in the model. This
creates a much more complicated
problem — but an interesting one, as
new accelerators capable of higher
energies make experimental observa-
tions of such nuclear collisions
possible. 0 — JD

These frames from a computer-graphic
movie show a peripheral collision
between two heavy nuclei, “Kr and
*La, at a total energy of 505 MeV.
In the first frame they are moving
toward each other. They fuse tem-
porarily into a single, rapidly rotating
system and then break apart again
almost immediately.

know how they participate in and
influence the political process; for
example, what issues they organize
around (such as the Simpson-Mazzoli
bill, bilingualism, agricultural labor,
social services), what kind of political
action committees and grass roots
organizations arise, and where political
funds come from.

While the study concentrates on
Hispanics, it will also be a comparative
study of California’s other large ethnic
groups — Asians and blacks. Other
studies have concentrated on a single
group and have been conducted from
“inside.” Cain believes his compara-
tive approach from a disinterested per-
spective will make a significant contri-
bution to understanding the political
dynamics of California’s minorities —
not only how they differ or are similar
to each other, but also what their atti-
tudes are toward each other and what
the possibilities of tension and coali-
tion are.

For example, Cain expects to find
that the Asian community is less con-
cerned than Hispanics about mass
public issues, such as social services,
and more likely to organize around
local problems, such as zoning, local
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Senior Michael Chwe (right, foreground) presents his report taken from census

data on Asian Americans to a meeting of the political science group involved in
the comparative study of Hispanic and other minority populations in California.
Associate Professors Bruce Cain (left), principal investigator on the project, and

Rod Kiewiet sit across the table.

Give It a Whirl

HE CIVIL ENGINEERING profession as a

whole is paying increasing atten-
tion to the use of centrifuges for
modeling studies. At Caltech, for
example, Ronald F. Scott, professor of
civil engineering, has been operating
an unusual and versatile centrifuge for
soil studies for a number of years. It is
one of the first in the United States to
be used for geotechnical research.

Because of the size of full-scale
civil engineering structures, it is almost
impossible to conduct full-size tests.
The available alternatives are theoreti-
cally based computer solutions and the
centrifuge, which affords the opportun-
ity of checking computer calculations.
The Caltech machine has an accelera-
tion range of from 1 to 175g at the
40-inch radius of the basket, with a
payload capacity of 10,000g per
pound. A variety of computer-driven
accessories supply engineering informa-
tion and store it in a digital data
acquisition system.

Examination of the qualities and
behavior of the surface soils of the
moon and Mars between 1960 and

28  ENGINEERING & SCIENCE / SEPTEMBER 1984

1980 prompted Scott’s proposal to the
National Science Foundation in 1974
to obtain a centrifuge for scientific
experimentation. He wanted to study
granular materials at increased gravita-
tional acceleration under a variety of
conditions, and with a range of tools.
Since it was obtained and installed,
the centrifuge has had diverse uses,
most of which have been aimed at
establishing model-to-prototype rela-
tionships in engineering research and
design. One of the important
engineering problems, particularly for
offshore structures, concerns the load-
bearing and deflection performance of
piles. Exact correspondence of model
with prototype is difficult, however,
because of the size of the prototype
projects involved, the inability to
obtain the exact soil profile in the field,
and possible scaling inconsistencies.
Nevertheless, model pile studies are
beginning to bridge the computational
gap in studies of offshore structures.
Though early testing was done by
static loading of the pile, research at
Caltech, funded by the American

taxes, and education. Asian political
candidates also often do not come
from specifically Asian communities,
while Hispanic politicians almost
invariably represent Hispanic areas.
The researchers hope to be able to
explain some of these differences.
They also want to compare the
strength of ethnic identification and
the perception of discrimination
among California’s major ethnic
groups.

Cain has already begun interview-
ing Latino leaders. Students will con-
duct interviews for the mass survey in
September; the researchers intend to
avoid the national election with their
poll so as not to get caught up in
polarized or uncharacteristic results.
Students working under the grant for
the study (from the Seaver Institute)
and on SURF (Summer Undergradu-
ate Research Fellowships) have spent
the past summer compiling statistics
and will also eventually be involved in
coding and computer processing all the
data. Cain, Kiewiet, and Rivers plan
to hold a conference at the conclusion
of the study and invite national leaders
to react to the position papers that
emerge from the research.0 --JD

Petroleum Institute, initiated the first
dynamic studies — application of an
electromagnetic shaking device to a
pile. Subsequent tests employed a
variety of apparatus designed to shake
different models.

Other tests made use of a special
bucket constructed and donated by
Chevron Oil Field Company for
mounting on the arm of the centrifuge
in order to model a prototype of up to
175 feet in length and 50 inches in
diameter. In 1977-78, Scott conducted
large-scale pile tests using the Chevron
bucket in the centrifuge to study pile
behavior in a fine-grained silt soil from
an offshore location. The results were
interesting enough to prompt further
study — this time on a model of a
large offshore concrete platform — in
the same clayey silt. The model plat-
form (10 cm in diameter, representing
a 10-meter diameter prototype) was
subjected to vertical and inclined con-
centric and eccentric cyclic loads.
These experiments were accompanied
by a computational study using the
finite element method, which trans-



forms the governing differential equa-
tions to a matrix equation that is
solved on the computer.

Then, in 1981 a consulting firm,
Earth Technology, Inc., of Long
Beach, John Ting (now of the Univer-
sity of Toronto), and Scott, with NSF
funding, cooperated on the most
extensive pile study to date. Full-scale
piles were driven and tested at Seal
Beach, California, with Caltech struc-
tural shaking machines. Model pile
tests were performed on the same soil
in the centrifuge. The researchers
achieved good correspondence between
the two tests.

The variety of uses of the Caltech
centrifuge is underlined by a review of
some of the experiments conducted.
In 1975, K. Tagaya of Mitsubishi used
it to begin the first systematic study of
anchors embedded in sand or clay at .
various depths and in different
configurations. These anchors were to
be applied as possible support systems
for offshore guyed oil towers.

In 1976 Hsi-ping Liu, a postdoc-
toral fellow in the Division of Geologi-
cal and Planetary Sciences, became
interested in the use of the centrifuge
for geophysical modeling. He experi-
mented in the centrifuge by fracturing
a simulated rock block at high
acceleration and recorded the vibra-
tions, later continuing the work on the
Boeing Company centrifuge in Seattle
with an artificial block of sandstone.
This block was tested at 400g until a

precut plane displaced, simulating a
geological fault rupture that produces
an earthquake. Small transducers
recorded the seismic waves the rupture
generated. A little later, in 1979, the
Southern California Gas Company
became interested in a site for liquefied
natural gas tanks and wanted to exam-
ine the mechanism of fault rupture in
soil overlying a fault in bedrock. After
a soil layer was placed in the Caltech
centrifuge, a fault was generated by a
hydraulic mechanism with the centri-
fuge in flight and a high-speed movie
camera recording the motion of
marked layers of soil. At the same
time accelerometers recorded accelera-
tions in the container and soil. This
testing was done with a variety of soils,
thicknesses, and speeds of fault initia-
tion. The work was done in coopera-
tion with Dames and Moore, a
geotechnical consulting firm.

Another application of the centri-
fuge in engineering studies has in-
volved dynamic earth pressures on
retaining walls during seismic shaking
through a study completed in 1982 by
Alexander Ortiz. The focus was on
reinforced cantilever concrete walls
like those along freeway construction.
By simulating a Richter magnitude 5.5
earthquake through a hydraulically
operated apparatus, a corresponding
prototype earthquake of several sec-
onds duration and 0.5g peak accel-
eration was developed.

Behnam Hushmand (PhD 1983)

Ronald Scott adjusts the earthquake basket of the centrifuge. A model of, say, a
dam, set into the basket, can be shaken like a model earthquake (compressed into
.2 seconds), reflected in the mirror angled above the basket, and filmed by a
high-speed movie camera that uses 100 feet of film in 3 to 4 seconds.

made studies of the behavior of foot-
ings and foundations under seismic
and other dynamic loading. Model
footings and rigid structures on soil
were rotated in the centrifuge at
elevated g’s. Impulsive loading was
accomplished by means of small explo-
sions generated by toy pistol caps
exploded electrically. In addition, an
air-driven shaking machine using two
counter-rotating unbalanced disks,
which generated a vibrating force at
speeds to 40,000 rpm, was applied to
the model structures.

A last example of recent centrifuge
application is in the developing area of
plate tectonics. H. Nataf, a visiting
associate in geophysics, undertook geo-
physical research in the Caltech centri-
fuge on the motions of the hot viscous
mantle underlying the crustal plates.
This study of the stability of convec-
tion patterns used a custom-built, ther-
mally controlled, fluid-filled cell, in
which the illumination of the convect-
ing unstable fluid by a split beam of
light reveals the patterns of fluid
motion. By filming these occurrences
at elevated g’s in the centrifuge, Nataf
has been able to note convection pat-
terns, material property interactions,
temperature gradients, and associated
shear stresses.

A key element in all the research
conducted since 1977 has been John
R. Lee, research engineer with the cen-
trifuge. He makes the equipment,
keeps the electronics working, and

assists the students in running the
machine.

The future holds many challenges
for new applications of the centrifuge.
Likewise, the addition of more centri-
fuges in this country and throughout
the world may result in the formation
of an international body specializing in
the compilation of centrifuge studies.
Such an organization could serve as
the focal point for worldwide informa-
tion on progress in the field. A journal
published by such a group could give
scientists access to the information on
the subject more directly.

Government funding has proved
invaluable in centrifuge studies, as has
industry support. Future cooperation
with a given industry, such as the oil
industry, or by joint government/
industry studies, will promote the solu-
tion of engineering problems common
to an increasingly industrialized world.
O --Sylvia McBride
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Retirements — 1984

Herschel K. Mitchell

ERSCHEL MITCHELL came to Caltech

as a senior research fellow in 1946
along with George Beadle. His
research at that time concerned
biochemical genetics, as did Beadle’s,
specifically the relationship between
genes and enzymes. Working with the
bread mold Neurospora, he investi-
gated the biochemical pathways of
genetic mutations and is co-author of
the first textbook on gene-enzyme
relations.

Mitchell had previously been a
research associate at the University of
Texas from 1941 to 1943, where his
research involved the isolation and
synthesis of B vitamins (he produced
the first synthesis of the B vitamin,
pantothenic acid), and a research fel-
low at Stanford for three years before
Caltech. He was made associate pro-
fessor in 1949 and full professor in
1953. In June 1984 he became profes-
sor of biology, emeritus.

In the late 1950s Mitchell turned
his attention to developmental biology,
making use of the fruit fly Drosophila
melanogaster. His major work in
recent years involved the discovery
that a heat shock on living cells tem-
porarily turns off the expression of
most genes, but at the same time it
turns on the expression of a small
number of specific genes. The latter
produce proteins that are conserved
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among many species and apparently
have roles in protection against
environmental stress. His heat-shock
research with fruit flies is providing
insights into the mechanisms that
cause birth defects and control cancer
cells.

Mitchell has taught the biochemis-
try laboratory at Caltech for many
years. His AB is from Pomona Col-
lege (1936); he received his MS in
1939 from Oregon State College and
PhD in 1941 from the University of
Texas.

He’s also known around campus
for his talents as a glassblower and for
his enthusiastic participation in sports.
He expanded a chemists’ baseball team
in the Pasadena Recreation Depart-
ment league into a campus-wide pro-
gram including basketball and volley-
ball as well, which thrived for 25 years
before being taken over by the gradu-
ate student organization. Also among
the regular players was Roger Sperry.

Roger W. Sperry

OBEL LAUREATE Roger Sperry, who

became Board of Trustees Profes-
sor of Psychobiology, Emeritus, in
1984, was captain of the basketball
team during his undergraduate years at
Oberlin College, and also played var-
sity baseball, football, and track. After
his AB in English in 1935 and AM in
psychology in 1937 (also from Ober-
lin), he earned his PhD in zoology
from the University of Chicago in
1941.

Sperry joined the Caltech faculty in
1954 as Hixon Professor of Pyscho-
biology. He had been on the Chicago
faculty since 1946, with a joint
appointment at the National Institutes
of Health from 1952, and was previ-
ously at Harvard and the Yerkes
Laboratories of Primate Biology. In
his earlier work with visual perception
Sperry demonstrated that the circuits
of the brain are largely hard wired,
that basic patterns are fixed in early
development and cannot be modified
by subsequent experience. This basic
determinism of the brain discovered by
Sperry is “loaded with meanings at

many levels and raises many fascinat-
ing and still unsolved questions,” said
Norman Horowitz, professor of biol-
ogy, emeritus, at the May faculty
dinner. “It would be nice if, in his
next incarnation, Roger returns as a
molecular neurobiologist and solves
some of these problems.”

Sperry won the Nobel Prize in
Physiology or Medicine in 1981 for his
work on the functional specialization
of the hemispheres of the brain. The
two halves, normally connected by a
large band of fibers (corpus callosum),
transfer information between them
and are usually in agreement. By
means of ingenious tests with subjects
whose corpus callosi had been severed,
Sperry and his students demonstrated
that each hemisphere is a conscious
system with its own character and
function, the left half dominant in
language, mathematics, and analytic
and sequential reasoning, and the right
one superior in spatial, conceptual,
and creative tasks. Sperry’s most
recent work on a changed theory of
the relationship between mind and
brain and its value implications helped
spark the “consciousness revolution”
of the 1970s in behavioral science,
bringing a turnabout in the scientific
status and treatment of consciousness.

Charles H. Wilts

HARLES WILTs is described in The
Climber’s Guide to Caltech as
“ probably more knowledgeable about
every toehold, finger space, and ledge
on campus than any other man at the
Institute.” Known as a “master



climber on the techniques and team-
work of the sport,” Wilts has also
taught a popular PE course in rock
climbing and lists among his publica-
tions the Climber’s Guide to Tahquitz
Rock.

Wilts has spent his entire career at
Caltech — long enough to learn every
toehold and ledge on the older build-
ings; the modern ones, he claims, don’t
offer many realistic climbing routes.
He earned all of his degrees here — BS
(1940), MS (1941), and PhD (1948),
all in electrical engineering — and
became a member of the faculty
immediately thereafter. Promoted to
associate professor in 1952 and profes-
sor in 1957, he was named profesor of
electrical engineering and applied phys-
ics in 1974. In 1984 he became pro-
fessor of electrical engineering and
applied physics, emeritus. Wilts has
also served as chairman of the electri-
cal engineering graduate studies com-
mittee (1967-70), vice chairman of the
faculty (1970-71), and executive officer
for electrical engineering (1972-75).

Initially Wilts worked on the
development and application of large-
scale analog computers. His research
since 1960 has primarily concerned
ferromagnetism in metals and alloys
with an emphasis on thin films as a
research medium, most recently con-
centrating on ferromagnetic resonance
as applied to single crystals. He
developed a mathematical model of
spin waves in materials with depth-
dependent magnetic properties. His
technique can be applied to measure
these properties — for example, in gar-
nets, which are used in bubble
memories, and in other magnetic
materials used in recording technology.

be in the physical sciences, engi-
neering, mathematics, computer
science, operations research , eco-
nomics, human factors, interna-
tional affairs, or the life sciences.
You can expect a competitive
salary, excellent benefits, and a
superior professional environment
You can expect to contribute sub-
stantively to the solution of urgent

What is the best way to meet
tomorrow’s defense requirements,
given the inevitable constraints of
time, technology, and cost? In
various forms, this is the question
examined each day by the research
staff of the Institute for Defense
Analyses. IDA, a Federal Contract
Research Center serving the Office
of the Secretary of Defense, the
Joint Chiefs of Staff, and Defense
Agencies, brings analytic objectivity
and understanding to the most
complex issues and questions of
national security.

Would you like to play a role in
this important work? IDA seeks
perceptive technical professionals
who can help us support our spon-
sors in their efforts to:

e Formulate R&D programs

® Make system acquisition
decisions

o Define test and evaluation
programs and exercises (and
evaluate their results)

¢ Project force requirements
and evaluate tactics and
strategies for using forces

e Allocate resources to produce
and sustain effective military
forces

e Undertake arms control and
other international activities

We offer career opportunities at
many levels of experience. You
may be a recent graduate at the
PhD level. . . an MS graduate with 5
Or MOore years experience . . . or
a highly experienced individual able
to lead IDA projects and programs.
Your educational background may

and critical problems facing our
nation. If this kind of future appeals
to you, we urge you to investigate
a career with IDA. Please forward
your resume to:

Mr. Thomas J. Shirhall

Manager of Professional Staffing
INSTITUTE FOR DEFENSE
ANALYSES

1801 N. Beauregard Street
Alexandria, Virginia 22311

An equal opportunity employer,
m/f.

U.S. citizenship required.

Areas of Technical Concern and
Career Opportunity at IDA

e Strategic offense and defense

e Tactical air, land, and naval
warfare

e Command, control, communi-
cations

e Surveillance, reconnaissance,
target acquisition. weapon
guidance

» Missile, aircraft, and space
system design

e Computer and software
engineering

s Aspects of the defense tech-
nology base in physical
sciences, engineering and life
sciences

» Economics and international
affairs

» Cost analysis
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Opinion

In his concluding remarks at the 90th annual
commencement, Caltech President Marvin L.
Goldberger issued a timely, and serious, mes-
sage for this election year.

HERE IS MUCH 10 be serious about, as you

well know. Students used to be insulated
from most of the problems in the world out-
side the campus, but that hasn’t been the case
for many years now. I shall spare you the list
of problems that fill the popular journals and
the radio and television news programs — an
unending series that seems to be without any
reasonable solutions. In this election year we
get an added dose of unreality in the postur-
ing and sloganeering that unconvincingly
promise so much. Unlikely though it seems,
November 6, 1984, is almost upon us. I can
promise you that all the current problems will
still be there for you to solve.

How can you contribute to the solutions
that are so desperately needed? For some of
you the answer will be to join industrial firms
(or become entrepreneurs and start them
yourselves) and bring your various specialties
to bear on making new products, improving
old ones, and increasing the efficiency of pro-
duction — making vast amounts of money.
all of which you’ll give to Caltech. For others
the answer is to continue in universities, gen-
erating knowledge and reproducing yourselves
in your students. Those are the two paths
that Caltech students have followed histori-
cally, and for good reason. Both these kinds
of careers offer not only personal rewards but
genuine opportunities to contribute to the
solution of difficult and important problems.
However, on this occasion [ want to urge you
to think about another course, one that
departs from the traditional careers for
women and men with scientific, technical
training.

Think about becoming involved in politics
— in one or another aspect of the political
process. Not a single one of the problems we
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have been talking about is missing a strong
technical component. Start with the local
scene. There are the problems of smog, local
and freeway traffic, fires and floods in the
hills. At the regional level there are the prob-
lems of earthquakes, water resources and
environmental pollution. At the state level
we face the collection of problems associated
with large-scale agriculture and industrial
employment. And so on, right up to the
problems of national defense and arms con-
trol. It is a tragedy that we do not have
engineers and scientists making decisions at
all levels from local neighborhoods, through
city and state government, to the federal
government and beyond, in international
relations.

Caltech alumni, faculty, and administra-
tors have taken important appointments in
government — I'm thinking of people like Si
Ramo, Dick DeLauer, Eb Rechtin, Lee
DuBridge, Harold Brown. The advice of Cal-
tech research specialists is often sought by
government agencies, and some of you may
have taken part in research that was carried
out for that purpose. But we have never to
my knowledge had a governor from Caltech
and only a couple of congressmen. There has
been one senator — Harrison H. Schmitt.
who received a Caltech BS in geology in 1957
and, after a slight detour to the moon,
became a United States Senator; still, one out
of 16,000 plus Caltech graduates is not nearly
enough. And they are needed, not only by us
here but by the country and the world.

But why am [ setting my sights so low?
I'd like to see a Caltech graduate as president
— one of you, say, in 2004, So go for it, and
I promise to do everything in my power to be
there for the inauguration.1 .
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Create computers that
capture the mysteries
of common sense.

The brain does it naturally. It
wonders. It thinks with spon-
taneity—advantages we haven't
been able to give computers.
We've made them “smart, able
to make sophisticated calcula-
tions at very fast speeds. But we
have yet to get them to act with
insight, instinct, and intuition

But what if we could devise
ways to prabe into the inner na-
ture of human thought? So com-
puters could follow the same
rationale and reach the same
conclusions a persen would.

What if we could actually design
computers to capture the myster-
ies of common sense?

At GE, we've already begun to
implement advances in knowl-
edge engineering. We are cod-
ifying the knowledge, intuition
and experience of expert engi-
neers and technicians into com-
puter algorithms for diagnostic
troubleshooting. At present, we
are applying this breakthrough to
diesel electric locomotive sys-
tems to reduce the number of
engine teardowns for factory
repair as well as adapting this
technology to affect savings in
other areas of manufacturing

We are also looking at parallel
processing, a method that
divides problems into parts
and attacks them simultaneously,
rather than sequentially, the way

the human brain might.

While extending technology
and application of computer
systems is important, the real
excitement and the challenge of
knowledge engineering is its
conception. At the heart of all
expert systems are master engi-
neers and technicians, preseryv-
ing their knowledge and
experience, questioning their
logic and dissecting their
dreams. As one young employee
said, "At GE, we're not just shap-
ing machines and technology.
We're shaping opportunity.”

Thinking about the possibili-
ties is the first step to making
things happen. And it all starts
with an eagerness to dream,

a willingness to dare and the
determination to make visions,
reality.

An equal opportunity employer

. If you can dream it
youcandoit.
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