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to the Queen. But such distinctions don't set
anyone apart at the daily four-o'clock tea,
where the dress is casual  to the point  of
scruft, the language is a mixture of English
and mathematics, and equations are scrib-
bled on the surfaces of the low tables. "When

we want to save something, w€ xerox the
table," quips Hawking. Conversations range
across the span and history of the universe.
When it is Hawking who is conversing, the
discussion moves slowly, with long pauses
whi le he composes his sentences using a
computer speech program.

Prisoner in His Own BodY
In the winter of 1963, Hawking was a

first-year graduate student at Cambridge. He
had received his undergraduate degree from
Oxford the spring before. Soon after his 21st
bir thday, he was diagnosed with
amyotrophic lateral sclerosis (better known
in the United States as Lou Gehrig's disease),
an incurable affliction that causes gradual
disintegration of the nerve cells regulating
voluntary muscle activity. As nerve cells
dis integrate,  the muscles they control
atrophy. Eventually this happens to every
muscle of the body. The brain, meanwhile,
remains completely lucid. Hawking's doctors
initially told him he had two to three years to
live. That was 35 years ago. In the course of
those years,  the disease has gradual ly
deprived Hawking of the ability to walk, talk,
feed himsel f ,  or  ra ise his head i f  i t  t ips
forward. Since the mid-1980s, he has
required round-the-clock nursing. But none
of this has robbed Hawking of his ebullient
spir i t  or  prevented him from leading an
active and productive life.

Hawking hears and sees as well as anyone.
But when he communicates his thoughts to
someone else, his computer is his only link.
As words scroll bv on the screen, he chooses
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Iseec Aslvrov oNCE wRorE THAT "oF ALL
the stereotypes that have plagued men and
women of science, surely one above all has
wrought harm. Scientists can be pictured as
'evi l , ' 'madr ' 'coldr ' 'sel f -centered, ' 'absent-
minded,' even'square'and yet survive easily.
Unfortunately, they are usually pictured as
'right' and that can distort the picture of
science past redemption."

If our picture of a scientist is "someone
who is right," stephen Hawking shatters this
stereotype. Not only does he flatly refuse to
discuss whether his theories represent reality,
but on his search for " the t ruth behind
everythin g" -  something he says he's
wanted to know ever since he was a child
growing up in Highgate and St.  Albans,
England - he dares to make startling about-
faces, or at least what seem so if we don't
comprehend the subtle connections between
his discoveries.

It was Hawking's paradoxical view of real-
i ty that  he and I  d iscussed on a spr ing
afternoon in 1996, when I visited him for tea
in the Department of Applied Maths and
Theoretical Physics at Cambridge University.
His latest popular book, Black Holes and
Baby (Jniverses, had annoyed some critics,
because he had wri t ten that a theory in
physics is just a mathematical model and
that i t  makes no sense to ask whether i t
corresponds to reality. You can only ask
whether its predictions agree with observa-
tion. Regardless of how curious the rest of us
may be, Hawking finds it meaningless to
discuss questions such as whether worm-
holes really do exist.

We had our tea in the dePartment
common room amid a noisy assembly of
students and physicists. Hawking holds the
title of Lucasian Professor of Mathematics at
Cambridge (the same chair once held by
Isaac Newton) and is Companion of Honor
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He has

mastered the art

of saying

precisely what he

means in the

fewest possible

words.
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Stephen Hawking graduated from 0xford University at age
20 in 1962, a full year before the onset of his illness.
Stephen Hawking

those he wants, one by one, with a slight pressure
of his hand on a computer mouselike device -
almost the only mot ion he is st i l l  capable of
making. Completed sentences take shape at the
bottom of the screen and, finally, a synthetic voice
(in an American accent, to his chagrin) enunciates
what he has composed. The process requires
patience from Hawking and those around him.

Because of Hawking's lack of body language
and vocal nuance, ambiguities sometimes hamper
understanding. The synthesized voice conveys
only one mood: inf in i te,  thoughtful  pat ience,
which lends an oracular air to his statements and
means that Hawking's humor comes across as dry
wit whether he intends it that way or not. In spite
of the difficulties, colleagues, students, and friends
f ind what Hawking says worth wai t ing for .
Though he doesn't resort to shortcuts such as
leaving out "the" and "a," he has mastered the art
of saying precisely what he means in the fewest
possible words.

Our conversation about reality had to be cut
short because Hawking was scheduled to give a
public lecture. The tickets, distributed through the

university, had all been snatched up weeks before.
His graduate and post-graduate students, how-
ever,  were to be admit ted wi thout t ickets.
Someone suggested I  might come along with
them, and Hawking agreed. I tried to do my best
to look as young and disheveled as they.

The lecture was a media event wi th sound
trucks outside and cables snaking in, stage and
audience spotlighted for cameras. The hall was
large and modern, an amphitheater seating about
500 people on long, curved, desklike benches,
with more crowded into the balconies above.
There was a sudden hush as the motorized wheel-
chair rolled slowly onto the platform. Hawking
had pre-programmed the text into his computer
so that the lecture could progress without any
lengthy pauses. An assistant worked a slide projec-
tor. Even when the lecture and slides skated off
into formulas and diagrams that few could under-
stand, Hawking commanded the rapt attention of
his audience.

Later, with the printed lecture notes before me,
it was easier to decipher what he'd talked about. It
had to do with a major thrust of his current work
- information lost in black holes and what that
loss implies for our abil ity to understand the
universe and predict what happens in it. (The
lecture appears in his book The Nature of Space
and Time, co-authored by Roger Penrose of
Oxford.) Once again, Hawking was pulling the
rug out from under his own previous conclusions.

Master of  Contradict ions
He has a history of such rug-pull ing. In his

doctoral dissertation in the late 1960s he found
that if general relativity holds true, the universe
must have begun as a singularity, with everything
compressed to a point of infinite density. In the
early'80s, however, he and American physicist |im
Hart le took another look at  the or ig in of  the
universe and developed their  "no boun dary
model" in which, in "imaginary time" (a mathe-
matical device that allows the time dimension to
become a fourth spat ia l  d imension, so that
chronological time no longer exists) the universe
has no beginning at all.

Now he was altering course again. In 1990 he'd
given a lecture ent i t led " Is Everything Deter-
mined?", concluding that everything that happens,
has happened, or ever will happen, has been deter-
mined either by God or a Theory of Everything.
In the lecture I attended, part of a debate between
Hawking and Penrose, Hawking announced that
the universe is not so deterministic after all.

Hawking is endlessly fascinated by the history
of science, and he traces the present discussion to
Pierre Simon de Laplace in the early 19th century.
He teased his audience by first quoting Laplace in
French and telling them that since they were a
Cambridge audience he would not insult their
intell igence by offering a translation. Laplace
(paraphrased, nevertheless,  in Engl ish on the
screen) proposed that if at any one time we knew



the positions and velocities of all the particles in
the universe, and also the laws of the universe, we
could calculate the positions and velocities of all
particles at any other time in the past or future.
Scientific determinism to the hilt! Though no one
denied the stupefring practical difficulties of such
knowledge and calculation, scientific determinism
remained dogma throughout the lgth and early
20th centuries.

Enter quantum mechanics - the science of the
very small: molecules, atoms, and elementary
particles. It took 26 years (from 1900 to 1926) for
anyone to realize how much our growing knowl-
edge of the quantum level of the univerie might
undermine the dogma of scientific determinism.
German physicist Werner Heisenberg pointed out
the difficulty in his famous "uncertainty princi-
ple":  The more accurately you measure the
position of a particle, the less accurately you can
measure how it's moving, and vice versa. There is
no-possibility of precisely pinning down a parti-
cle's position and momentum simultatr"o.rsly. So
much for Laplace's version of determinism, which
required knowing the positions and momenta of
all particles at one instant of time.

Albert Einstein was offended by the idea of
such randomness in nature. "God does not play
dice," he insisted, to which the great Danish pliysi-
cist Niels Bohr retorted, "Albert, don't tell God
what He can do!"

Quantum theory is highly successful and serves
us magnificently on both the practical and the
theoretical levels. The same is true of Einstein's
general theory of relativity, which deals with the
way space and time are curved or warped by
matter and energy. Nevertheless, there are prob-
lems in trying to make these two theories work
together. Hawking once commented that if both
theories are correct, the universe either should
have curled up into a small ball or expanded in
such a way that galaxies couldn't form. A hasty
glance around tells us neither has happened.

The problem of resolving this inconsistency
arrd combining these two theories - quantum
theory and general relativity - has been bf major
interest to Hawking for more than 20 years and
continues to preoccupy him. The goat to produce
a theory of "quantum gravity."

Hawking described part of this scientific quest
in the bestseller A Brief History of Time.I was
thrown for a loop when he wrote in pages 100 to
102 that a black hole's event horizon (the outer
border) can never grow smaller - and then on
page 107 he declared that it can grow smaller.

Hawking has yet to win the Nobel prize, but he is seen here
in 1988 receiving the Wolf Foundation prize, Israel's equiv-
alent to the Nobel Prize. Israeli President Chaim Herzog
(right) and Education Minister Yitzhak Navon (center)
congratulate Hawking. Reurers/Corbis-Batrmann
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Indeed, the black hole can lose mass, shrink, and
eventually evaporate entirely. But how could that
be so when he'd defined "black hole" in the glos-
sary as "a region of  space-t ime from which
nothing, not even light, can escape"? How could it
lose anything? Hawking was troubled by his own
discovery. He struggled with it before announcing
it to a resistant scientific community.

As I read Brief History in the late 1980s, it
seemed to me that Hawking contradicted himself
all over the place. It took the best efforts of one of
his post-graduate assistants to show me how in
"classical" theory a black hole can never lose mass
or shrink, but when you bring in quantum theory,
all sorts of things can happen. Hawking had made
the f i rst  successful  at tempt to have the two
theor ies -  general  re lat iv i ty and quantum
mechanics - work together.

He had taken note of the scientific tenet that
there's no such thing as empty space. Instead there
are "quantum fluctuations" at all times and every-
where, and it 's easiest to think of them as the
appearance and disappearance of pairs of parti-
cles. Two members of a pair separate and then
rejoin after an unimaginably small fraction of a
second, annihilating each other. Hawking asks us
to think about two of these particles exchanging

Despite his affliction, Hawking leads an active life. He and
his wife recently visited President Clinton. rhewhite House

energy per i lously near a black hole 's event
horizon, one ending up with negative energy, the
other with positive energy. If the negative energy
particle falls below the event horizon, that allows
the positive energy particle to speed away from the
black hole,  never to rejoin i ts partner.  As the
negative energy particle falls in, it subtracts energy
from the black hole.

Because Einstein's equation E = mc2 showed us
that energy and mass are really two forms of the
same thing, a black hole losing energy is a black
hole losing mass, and that means i t 's  get t ing
smaller. This sleight of hand goes on at the border
of every black hole in the universe, but the effect is
particularly noticeable around tiny ones the size of
an atomic nucleus and smaller. Black holes even-
tual ly evaporate completely.  And that,  says
Hawking, turns out to have ramifications for how
predictable the universe actually is.

Destroyer of  Determinism
Although quantum mechanics, as we've seen,

leads to uncertainty if you try to predict both the
posi t ion and mot ion of  a part ic le,  there is a
remnant of predictability left because it is possible
to predict with certainty a combination of position
and momentum. Or so scientists have been think-
ing. Hawking has his doubts.

When part ic les or unfortunate astronauts
tumble into black holes, not only do they never

H
j t



c.ome out again, but the information they carry _
the sort necessary for Laplace-style prediction or
even something less ambitious - is lost, at least
from our region of the universe. Now if black
holes go on existing forever, then so does the
"lost" information. It's inaccessible, but it,s still
there. But what if Hawking is right about black
holes eventually evaporating? ihe .,escaping',

particle doesn't come from inside the blackhoL,
but from just outside, and it carries with it no
news whatsoever about whether the black hole is
full of astronauts or unmatched socks. Eventually,
as the radiation continues, there is no black hoie
left. Where did the information go? Is every black
hole in the universe thumbing iti nose at Laplace
and even less optimistic semi-determinists?

The bottom line, says Hawking, is that infor_
mation will be truly lost when black holes form
and then evaporate,  and this means we can
predict even less than we thought on the basis of
quantum theory. Whatever we can measure about
the esca-ping particle, we can measure nothing
about the particle that fell in, and a definit l
prediction about either one of them would have
to involve both members of the pair. .,Not 

only
does God definitely play dice," q.rips Hawking,
"but He sometimes confuses us by throwing theil
where they cannot be seen."

Many scientists assume the Einstein role in a
new version of the old debate: Surely information
tj trgt really lost down black holes. The problem is
finding a mechanism to return the information.
Hawking thinks there is none.

Does it matter? So what if determinism breaks
down around black holes? you and I and Stephen
Hawking don't live near one. But Hawkingsays
that there's another implication of Heis.rr6.rg,,
unce-r ta in ly pr inciple:  Every region of  space
should be fuIl of tiny black holes that appeai and
disappear as rapidly as the particle puii, we,ve
been talking about. Don't these little guys gobble
up particles and information too? Surelf they
must, thinks Hawking, although they are too smail
- a hundred trillion times smaller than an atomic
nucleus - to eat much. Nibble perhaps, but not
gobble. That's why, says Hawking, the laws of
science ap?ear deterministic for most everyday
intents and purposes.

But in extreme circumstances, in the early
universe or in high energy particle collisions, there
could be significant loss of information, resulting
in unpredictability when it comes to our knowin!
how the universe has evolved and where it wiil gJ
from here. "The future of the universe is n6t
completely determined by the laws of science and
its present state as_ Laplace thought," Hawking
ended his lecture. "God still has 

" 
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His sleeve." The last slide was a drawing of an
elderly, bearded, smiling figure slipping flaying
cards into the sleeve of his robe.

And the future for Stephen Hawking? Thirty_
five years after receiving a death senteni, here he
is, hard at work in his office for many hours each

Stephen Hawking ponders the question of whether the
disappearance of information into black holes signals the
death knell Of determinisllt. rrancis Giacobettl

day at one of the world's premier universities;
surrounded at teatime by students, colleagues, and
visitors who pay close attention to his iarefullv
chosen words and enjoy his wry humor; authoring
books and articles; hosting popular televisioi
specials; traveling the world to attend meetings
and conferences and give public lectures to solJ-
out audiences. His academic colleagues think of
him as treading the frontiers of theii field, some_
times a little too daringly. The public has made
him a celebrity on a par with rock stars.

. .Hawking is 56 years old now, has two grown
children and a,younger son attending a unirlersity,
and has recently married for the second time. He
proclaims himself "in no hurry to die," and his
present doctors say his condition has stabilized.
No wheelchair, nurses, or synthetic speech can
disguise the fact that this is an exubeiant man,
intensely al ive intel lectual ly,  "having i t  a l l
together" more than most of the rest of 

-us, 
and

extraordinarily well-pleased with life. E

\:tty-Ferguson is author of the bestseller Stephen
Hawking: Quest for a Theory of Everything. She
has also written Prisons of Light: Black Holis and
Fire in the Equations: Science, Religion, and the
Search for God. Her new book, Miasuring the
Universe, will appear in the spring.
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