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UNFETTERED
MIND

Stephen Hawking encounters the
dark edges of the universe.

by John Boslough

Photographs by Homer Sykes
Woodfin Camp

he Department of Ap-

plied Mathematics and

Theoretcal Physics, where

Stephen Hawking works,
i on a narrow back street in the
medieval market town of Cam-
bridge. The dark brick Victorian
butlding resembles an abandoned
factory. Hawking greets visitors
with an impish grin, blue eyes
twinkling behind heavy glasses; be
looks more like a university student
than a distinguished member of
the faculty. His brown hair is early
Beatles, and he 1s dressed in scien-
tist’s garb: baggy trousers, garish
tie mismatched with broad-st riped
shirt, plaid coat. scruffy academic
soft soles,

Hawking holds the Lucasuan pro-
fessorship of mathematics at Eng-
land’s Cambridge University, the
UNIVETSITY's most prestigious scien-
tific post. His office is filled with
physics texts, papers on cosmology,
a blackboard with scribbled cqui-
tons, a computer terminal, a tidy
paper-laden desk, and pictures of
three handsome children, From
this orderly room, some scientisis
believe, may emerge the single
theory that will unite the two
branches of physics that have been
at oxdds with one another for half a
century:  quantum  mechanics,
which describes the behavior of
matter at the atomic level, and gen-
eral relativity, which explains the
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workings of the universe as a whole

“My goal is simple,” Hawking
says. "It is complete understanding
of the universe, why it is as it is and
why it exists at all” A presumptu-
ous staternent, But Hawking, 39,
has the credentials to make 1. He
has established himself as one of
the premier scientific theorists of
the century with three major break-
throughs to his credit, each of
which has changed the course of
physics.

Hawking's arena is the physics of
black holes, those theoretical re-
gions of space so dense and so dis-
torted by Einsteinian gravitational
effects that nothing, not even hgh,
can escape from them. Ar least that
is what evervone !hnught until
Hawking in a«bold theoretical
gambit mn 197F%howed that timy
black holes cotald emir radiation
and evenually explode, It was a
starthng proposition. It convinced
Hawking and others that the long-
sought, single unifying theory—
the so-called Holy Grail of physics
—that would explain all the inter
actions of matter and all the forces
that control them lay within the
black hole,

Ideas such as this one have drawn
an outstanding group of theoreti-
cal physicists 1o Cambridge from
both sides of the Atlantic. Most
days at lunch and again at tea time
they assemble, Some scrawl nota-
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Hawking’s feats of memory
are said to be akin to Mozart’s composing
an entire symphony in his head.

tions while others debate. The talk
15 Last, often punctuated with put-
downs and one-liners, and Hawk-
ing. no slouch himself with rapid
repartec, lights up at a good line,

I'his is all the more remarkable
because since 1962 Hawking has
suffered friom Lou Gehrig's dis-
casc, 4 progressive and degenera-
tive illness that lays waste the
nerves and muscles, He speaks in a
labored croak that only 2 few inti-
mates can understand. He has been
confined 1o a wheelchair for a dec
ade. He cannot write, and he talks
0 visitors through an interpreter,
usually his assistant, Judy Fella.
Hawking has an electronic page
turner and a specially equipped
telephone so he can talk to those
who can understand him. Most of
the time he sits huddled in his
wheelchalr and thinks.

How he thinks. Blessed with a
prodigious memory, Hawking is
able 1o work out and retain page
after page of complex equations,
twirling, spinning, and weaving
them wgether and apart as an or-
dinary person might rearrange the
words in a sentence. The Univer-
sity of Alberta’s Werner Israel, a
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theoretical physicist and Hawking's
coauthor on the book General Rela-
frvaty, says his feats of memory are
akin o Mozart composing an entire
symphony in his head.

Theoretical physicists strive 1o
uncover the master plan, il one
exists, that unites the interactions
of the clementary particles with
the life and death of the stars and
galaxies. Black holes—“the grear-
est crisis ever faced by physics.” ac-
cording to John Wheeler, the Uni-
versity of Texas physicist who
coined the term-—may point the
way to that master plan. It is not
surprising, therefore, that Stephen
Hawking was drawn to these theo-
retical gashes in the fabric of space
and ume.

A black hole lives most of its life
as an ordinary star, withstanding a
tug-ot-war between the powertul
outward force of its heat and radia-
rion and the strong inward thrust
of gravity. But when the star’s nu-
clear fuel is spent, it dies, collapsing
under its own weight 10 a point
where gravity is so strong that not
even light can escape. It is there in
the black hole, which defies all the
laws of physics, that Hawking

hopes to unify the twin pill;
20th-century physics: Einst
theory of general relativity g
Max Planck’s quantum (lx-o'r;‘
far the two theorics have been
incompatible as fire and water.
one, not even Einstein, hag be
able to unify them. '

Einstein’s great achievement,,
general theory of relativity, o
that gravity, which affects the B
havior of the universe, its pls

erty of “curved” spacc—a kind
tension in the interstellar void, ¥
agine a cannonball and a tennis
lying on a trampoline. You wo;
expect the lighter tennis ball to
toward the heavier cannonbafl
the heavier the cannonball, g
steeper the curve of the trampg
and the faster the roll of the
ball. Relativity says that obje
space should behave i much ¢
same way, and they do.

Quantum theory, on the oth
hand, describes the behavior
atoms and thewr subnuclear par
cles. At the heart of quanium m
chanics is the uncertainty prin
ple, which states that certain pa
of quantities, such as the posi
and momentum of a particle, ca
not be measured simultaneow
This means that the electron,
example, 1s not only a particle,
classical physicists had envision
it, but a wave that would have 1o
smeared out around the nucleus
the atom,

Thus the paradox: General re
tivity says that large objects—rog
footballs, planets, stars—behay
a predictable manner, while g
tum theory maintains that at

“Empty” space contains many part
antiparticle pairs that are born sim
neously, move apart, then rejoin and
nikilate cach other. But if this proc
takes place near a black hole, one of
particles can become trapped in the ko
intense gravitational field and dis
pear, leaving the other particle to ese
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The evolution of a black hole begins when a star 10 times more
masstoe than our sun fuses most of its hydrogen into heltum;
helium in turn fuses into carbon, I. Late in the star’s life, 2,
successive fusions produce layers of silicon, oxygen, neon,
carbon, heliwm, and hydrogen. As gravitational compression

atomic level, matter behaves ran.
domly. Clearly there cannot be sep-
arate rules for differemt parts of
the universe. Einstem spent the last
30 years of his life trying to resolve
the problem. “God does not play
dice with the universe” he said.
rebelling against the randomness
of quantum mechanics.

Unifying quantum theory and
gene: al relativity would remove
the last barrier to understanding
why the universe is the way it is, and
that is the goal toward which Ste-
phen Hawkimg i1s working

The Royal Sociery of London,
the most cminent scientific body in
England, helps set the tone of sci-
ence worldwide. Irs membership
rolls List 22 Nobel laureates. In 1974
Stephen Hawking was inducted, at
32 one of the voungest members. It
is customary for newly elected fel-
lows to walk to the podium o shake
the president’s hand and sign the
roll of honor. At Hawking's investi-
ture, Sir Alan Hodgkin, Nobel
winning biologist and society pres-
ident, brought the membership
book into the audience. There was
a long silence as the newest fellow
labored 10 place his name on the
list. Thunderous applause broke
out when he finished.

Hawking was born in Oxford in
1942, the eldest of four children of
an intellectual university family.
His father was a researc h‘hinlngiu
in tropical discases. At the age of
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11, Stephen had already decided to
become & scientist. "I was very
good at 1aking things apart.” he
says, “But I wasn't very good with
my hands, and often things dudn
go back wgether very well”

He deaided not to follow his fa-
ther into biology. “Too vague, 100
undefined.” he says. Things could
have been different, he concedes,
had the more exacting field of mo
lecular biology existed in the 1950s.
Like many brilliant indviduals—
Emnstemn comes 10 mmmd—Hawking
had difficulues with grammar
school routine, so much so that hs
family worried he might not pass
the entrance exams for Oxford.

Despate their fears, Hawking was
accepted at Umiversity College, Ox-
ford. He admits he didn't work
hard there. He rarely took notes
and occasionally skipped tutorials.
Later, though, as a graduate siu
dent at Cambridge, Hawking he-
gan to show signs of becoming an
excellent theoretical physwist. His
Iriend Roger Penrose, then a re
search associate at King’s College,
London, and now professor of
mathematics at Oxford, recalls,
“He used to ask the most awkward
questions, questions that were very
difficult 0 answer. He would am
right at the weakest part of your ar-
gument.” says Penrese. “But it was
not easy then 1o rell how original he
was going to become.”

It was also at Cambridge that two

events (N('lll'l'(‘f‘ (hilt woere to

raises the temperature of the iron core, howewer, it be
unstable and collapses, creating a shock wave that
off the outer shell in a tremendous explosion called a 5
nova, 3. The remnants of the star are flung into space,
while the core collapses to form the center of a black

change the course of Hawking
hfe. The first happencd during hig
freshman vear. After returning
from a trip 1o the Middle Eagt
Hawking began stumbling and
slurring his speech. His condition
was diagnosed as amyotrophic
eral sclerosis, Lou Gehrig's dises
named after the Yankee first bases
man. The disease destroys the vol-
untary nerves and muscles, and i
Hawking's case, it progressed rag
wdly in the early stages. “I was ve
depressed at the tume” Hawking
says, “I thought I had only a »
few years 1o ive”

At about the same time he me
Jane Wilde, an attractive, auburns
haired student of languages. Jane
liked Stephen and encouraged the
courtship. The couple was married
in 1965. “The turning point w.
my marriage.” he says. “It made mej
determined o live, and it was abou
that time that I began making pro
fessional progress.”

At Cambridge Hawking collabo
rated with Penrose in what Hawls
ing calls his “first big piece of res
search.” Using a new mathematica
system they had devised, they de
veloped 2 number of theors
about singularities, those cosmi
specks of mfinite density and zen
volume in the middle of blag
holes. They were able 1o show with
mtricate mathematics that the uns
verse as a whole was a singularity
when the Big Bang occurred 16 &
17 billion years ago. “In othe

SCIENCES



rds, time has beginning” savs
awking with delight.

By the carly 1970, Hawking was
nfined o a wheelchair. But his
nd was soaring. He postulated
it a black hole need not be born
ly during the death throes of 2
r. Hawking reasoned. again
thematically, that millions of mi-
scule black holes the size of the
Mons mn the nucleus of an atom
1ld be squeezed into existence by
- cataclysmic force of the Big
ng. He calculated that these
ni-holes were created within the
t 10 seconds after the Big
%% That's a decimal point fol-

ing and students discuss mathematical concepts at Cambridge's department of Applied Mathematics and Theoretical Physics.
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lowed by 19 zeros and a one, which
exXpresses a vanishingly small frag
ment of rime. Haw kings mim
black holes explained so many pre-
viously unexplained phenomen:

~supplving the so-called missing
mass, for instance, needed 10 close
the universe—that the ides quickly
won wide acceptance.

Today Hawking’s illness has sta-
bilized, and he leads a busy Carmly
and social life Jane and Stephen
have three children. Roberr, 12,
likes 10 program calculators and
PLty chess and seems destined 1o
follow his farher in SCICTNCe carcer,
Lucy, nine, 1s learning to plav the
prano and ccllo, 1 imothy  jusi
turned 1wo. Then parents fre
quently go 1o the theater and 10
concerts.  Hawking  has  cam
pagned for betier public facilities
for the disabled—wheelchairs at
Covent Garden, for example, and
lowered curbs on the route he takes
n his clectric-powered wheelchai

from the first floor of his Victortan
house to his speaially equipped of-
fice. Jane recently completed her
thesis in medieval poctry. “One of
my greatest regrets is that, not
bemng a mathematician. 1 can un-
derstand Stephen’s work only in
prture terms,” she says. “He has to
Lm.'p everything down 1o Earth 1o
explain it 1o me. It’s good disc ipline
for him.”

In his book The Structure of Scien-
tfu Revolutions, Thomas Kuhn, the
emment Harvard historian of sci-
cnce, argues that a real break-
through is rarely accepted right
away. he mventor is likely ro be ig-
nored or ostracized as were Coper-
nicus and Galilco. It happened to
Stephen Hawking

In 1973 he began o spend alotof
tune thinking about the behavior
of matter that happened 10 be in
the periphery of black holes. As he
twirled and juggled the mathemar.

J
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mathematical hieroglyphics in his head, Hawking
formed a preposterous hypothesis.

ical hicroglyphics in his head,
Hawking formed a hypothesis so
preposterous he was convinced he
had made a serious mistake, “The
discovery was actually embarrass-
ing, even to mysell” says Hawking,

What Hawking proposcd was

that black holes, i defiance of

every known principle, emit a
steady stream of particles. Hawk-
ing spent weeks trying 1o make
black hole emission go away. at one

(————eg.

As he twirled the

pomt even locking himself in a
bathroom to work out the problem.
“But it wouldn’t vanish, and I fi-
nally accepred ™

What had convinced him that
black holes, a creation of general
relativity, could emit particles un-
der the right conditions was the ap-
plication of quantum theory to the
problem. He reasoned that the un-
certamty principle, the backbone
of quantum mechanics, declares

Is the end in sight for theoretical physics?

It is possible that in the next

| 20 years or $0, we may discover a

| complete unified theory that de-

| scribes not only the physical laws

i but also the initial conditions of
the universe, One has to be

| rather cautious about making

such a prediction because we

have thought that we were on

the brink of finding such a

| theory at least twice before in

| this century. The theory would
have to unify the four kinds of
interaction known to physics. In
order of strength they are the
strong nuclear force, which
works only at the atomic level;
clectromagnetism; the weak nu-
clear force, which controls radio-

- active decay; and finally, the
weakest by far, gravity, which in-
teracts with everything.

Abdus Salam, Stephen Wein-
berg, and Sheldon Glashow won
the Nobel Prize for Physics in
1977 for unifying two of the
four fundamental forces—elec-
tromagnetisim and the weak
force. This led to the search for
a similar theory that would unify
the strong interaction with the
other two, We are making some
progress on that front, but so far
we bave had no luck including
gravity in the scheme. What we
lack is a proper quantum theory
of gravity. Although progress is
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very slow, we already know some
of the features the theory
should have.

One of these is connected with
the fact that gravity affects the
causal structure of space-time,
that is, gravity determines which
events can be causally related o
each other. An example of this
in the classical theory of general
relativity is provided by a black
hole, which 1s a region of space-
time in which the gravitational
field is so strong that any light or
other signal is dragged back into
the region and cannot escape to
the outside world. The intense
gravitational field near the black
hole causes the creation of pairs
of particles and antiparticles,
one of which falls into the black
hole and the other of which es-
capes to infinity. The particle
that escapes appears to have
been emitted by the black hole.
An observer at a distance from
the black hole can measure only
the outgoing particles, and he
cannot correlate them with those
that fell into the hole because he
cannot observe them. This
means that the outgoing parti-
cles have an extra degree of ran-
domness or unpredictability
over and above that which s
usually associated with the un-
certainty principle.

that space is active and cluny
Pairs of elementary particles hke
electrons and their antimatgey
posites,  positrons, Spontancously
come mnto being and exist for a
fraction of a second before uniting
and cancelling each other .
Hawking argued that the energy
for this mstantaneous creation and
annihilation could come from
gravitatonal ficld nearby.

H such an event were carned ¢

In normal situations the un-
certainty principle implies tha
one can predict either the posi
tion or the velocity of a p
or a combination of po: )
velocity. Thus, roughly speak
one’s ability to make definge
in the case of particles
from a black hole,

locities of the e :
All one can give are p
that particles will be
certain modes.
It seems, therefore,
if we find a unified
may be able to make
have to abandon
there is a unique.
we observe. Instcad we wou
havemadop(l' <
there was an ensemble
sible universes wi
amy dist . X

number of Micros
rations and hence

.

probability. To ps
taire’s phi{npha‘.. ;

live in the most probak

possible worlds.”
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at the edge of the black hole—at the
event horizon, as it is called—one
of the particles might wander
down into the black hole never to
be seen again. But the other parti-
cle theoretically could escape. To
an observer, it would appear as if
the particle had been ejected by the
black hole.

Still aghast at his own findings,
Hawking demonstrated that black
holes evaporate over a long period

the ;omen;.du: only candi-

. , 1s during the next
~ ‘”" .
end on a i
, they not have
dﬁeﬂ:nnzhat_ At

Stephen Hauvln'ng and kis sons,

of time because these “virtual™
particles that Hawking envisions
need energy 1o escape.

T'his was Hawking’s first step to-
ward merging general relativity
with quantum theory. But evapo-
rating and exploding black holes
were so out of sync with conven-
tional wisdom that Hawking, usu-
ally sure of his intellectual crea-
tions, doubted his own results. He
sat on his findings for weeks, going
over and over the calculations in
his head. Finally his former Oxford
tutor, Dennis Sciama, persuaded
him o announce them.

In February 1974 Hawking pre-
sented a paper called “Black Hole
Explosions?” The question mark
underlined his doubts. The paper
stunned and confused his col-
leagues, and the conference mod-
erator, John Taylor, called it rub-
bish, But physicists today view the
paper differently: It’s one of the
“most beautiful in the history of
Physics.” savs Sciama.

Hawking radiation, as black hole
emission is called, demonstrates
that the holes are not cut off from
the rest of the universe as scientists
used to think but are part of the
continuum of space and time. In a
quiet rejoinder 1o Einstein, Hawk-
ing says: “God not only plays dice
[with the universe]. but also some-
times throws them where they can-
not be seen.”

To first encounter Stephen
Hawking is shocking. His condition
seems far worse than one ex pected,

Tim and Robert, play with a model of a black hole.

But after a short time with this gen-
tle, witty man, one forgets the ill-
ness. Judy Fella says he 15 amazing,
“Stephen’s really stubborn, noth-
ing stops him. 1 take more days off
than he does. He comes in when
he's sick with the flu or with a cold.
He travels a lot, and if he's got the
worst jet lag, he's in the office the
next day”

[t is a spring afternoon in Cam-
bridge. Judy is fussing on the
phone with the supplier of wheel-
chair batteries who has failed to de-
liver a new batch. Sunshine streams
through the window. Hawking is
musing about the future of theo-
retical physics. 1 think we'll come
o the unifying theory within the
next two decades, probably in small
Steps. . .. But you know” he says,
“once we find it, it will rather take
the fun out of theoretical physics”

Hawking reflects about scientists

who have changed the course of

history. “I've rather a soft spot for
Galileo,” he says. “He was the first
man to start using his eyes, borh
physically and figuratively, to good
effect. And he knew how to draw
the right deductions from what he
saw.” Scientists today need those
same qualities, Hawking thinks
“You've got 1o be prepared 10 step
outside the currently accepted
ideas, out of the mainstream.” But,
he adds with a grin, “You've got to
know which way 1o step.” 8
Jokn Boslough'’s forthcoming book on
the lwes of conlemporary scientists will
be published in the fall of 1982,
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