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by John Preskill

It is dangerous to ask a scientist to
review a book on science that is intended
for a lay audience, particularly if the sub-
ject of the book is close to the reviewer’s
own specialty, as in this case. So I may
not be the best qualified to judge how
effectively this book reaches its intended
readers. Nevertheless, I can say with
confidence that Kip Thorne’s account of
the “outrageous” consequences of the
general theory of relativity is one of the
best popularizations of science that I
have read. It is surely the best by far of
the many popular books on relativity
theory.

An essential part of the appeal of the
book is its subject, for the general theory
of relativity is arguably the very greatest
triumph of the human intellect, and
nothing better illustrates the profound
beauty of the natural laws that govern
the universe. Thorne brings a unique set
of qualifications to the demanding task
of explaining relativity to the layperson.
First, few active researchers can match
his deep grasp of the relevant science.
Second, he is a gifted teacher whose
pedagogical skills have been well honed
by guiding a generation of Caltech stu-
dents through the subtleties of relativity.
Third, he writes prose that is lucid and
absorbing. Finally, he has an insider’s
view of the exciting developments,
stretching back to the early sixties, that
are the focus of most of the book.

Rarely has a world-class scientist
shown such devotion in the preparation
of a nontechnical book; Thorne worked
on the manuscript, on and off, for some
15 years. It traces the history of relativi-
ty theory from its origins in the early
20th century and documents the sub-
sequent struggle to understand the
theory and its implications. Though
Thorne is not a historian, he recounts
this history with meticulous attention to
detail. In particular, he conducted taped
interviews with 47 scientists who were
directly involved in the developments
that he describes. For the earlier history,
he relies more heavily on secondary
sources, but he has also studied many
of the original research articles. (In the
case of Einstein’s papers, it was necessary
for Thorne to read many of them in Rus-
sian, because he does not read German,
and they have never been translated into
English.) The sources are well docu-
mented in the notes at the back of the
book.

1 consider the book nontechnical in
the sense that it contains no equations
(aside from a few in the notes). This is
not to say that it is easy reading. A
reader unfamiliar with the material will
need to work hard to fully absorb the
nearly 600 pages. But that dedicated
reader will be amply rewarded. This
book contains the real stuff; Thorne has
resisted to a remarkable extent the temp-
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A wormbhole is a
“short circuit” in
space that connects
distantly separat-
ed points, and
enables someone
who travels
through it to
reach a vemote
location virtually
instantaneously.

Like his colleagne Kip Thorne, Jobn Preskill
is professor of theoretical physics at Caltech
and equally familiar with the “outrageons”
——bis current work concerns the quantum
mechanical properties of black holes. Preskil]
bolds an AB (1975) from Princeton and
PhD (1980) from Harvard, and bas been a
member of the Caltech faculty since 1983,
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tation to water down the scientific con-
tent for the sake of ease of presentation.
The reader who takes the trouble to mas-
ter this book will have achieved a grasp
of many subtle and elusive concepts.
Sadly, the same cannot be said of most
science writing, and certainly cannot be
said of most popular accounts of relativi-
ty theory. Considering Thorne’s high
standard of scientific accuracy, the book
is amazingly readable.

There is much more here than a
remarkably lucid description of the sci-
ence. A very important part of what
makes the book enjoyable are the por-
trayals of many fascinating personalities.
Perhaps the three most interesting are
John Wheeler, the American theoretical
physicist who was Thorne’s mentor and
who coined the term “black hole” in
1967, Stephen Hawking, the British
theorist whose brilliant contributions
to the theory of black holes in the early
seventies are vividly related here; and
Yakov Borisovich Zel'dovich, the Soviet
astrophysicist. I especially enjoyed the
account of the career of Zel'dovich, who
was a key figure in the design of the So-
viet hydrogen bomb, and who then
funneled his enormous energy and
intellect into astrophysics beginning in
the late fifties. By 1964, he had built
the strongest theoretical astrophysics
team in the world. Thorne’s many
contacts with Zel'dovich and other
Soviet physicists have enabled him to
offer intriguing insights into the con-
trast between the Soviet and American
styles of doing science.

While caprivating figures such as
Zel'dovich add spice to the book, the
real main character is the truly outra-
geous black hole, the central topic of 8

of the14 chapters (and also of a long
prologue). One of the most outrageous
features of a black hole is that it is the
only macroscopic object with so simple
a structure; a black hole is composed of
nothing but pure warped spacetime.
And a black hole surrounded by empty
space is an essentially unique object;
once its mass and rate of rotation are
known, its structure is completely
determined. (In John Wheeler’s apt
phrase, “A black hole has no hair.”)
Equally outrageous is a black hole’s
appetite for destruction: astronauts who
foolishly enter a black hole can never
escape; rather they will be inextricably
drawn to a “singularity,” where their
bodies will be torn apart by enormous
gravitational forces.

Thorne chronicles the evolution of the
concept of the black hole, from abstract
mathematical idealization to concrete
physical object. The astronomer Karl
Schwarzschild first discovered what we
now call a black hole as a mathematical
solution to Einstein’s gravitational field
equation (while he was serving in the
German army on the Russian front
during World War I). But for decades
most physicists stubbornly resisted the
preposterous implications of Schwarz-
schild’s solution. This included Einstein
himself, who wrote a regrettable (and
quite incorrect) paper in 1939 arguing
that black holes cannot exist. Not until



the 1960s did the black hole concept
firmly take hold in the community of
physicists and astronomers. Thorne
nostalgically recounts how the “golden
age” of black hole research opened up
around 1964 as the first hints emerged
that black holes have no hair. The
golden age lasted some 10 years. Dur-
ing this period came, among other
things, the discoveries that black holes
can spin and vibrate, and that they can
exchange energy with the matter that
surrounds them. (Many of Thorne’s own
students made fundamental contribu-
tions during this period.) These:nsights
ushered in a new discipline, relativistic
astrophysics, and led to the (presumed)
detection of black holes by astronomers
and experimental physicists as X-ray
emitting binary star systems, and as
quasars emitting extraordinarily pow-
erful radio signals.

Of particular interest to the Caltech
community is the chapter of the book
concerning gravitational-wave detection
and the LIGO project. Gravitational
waves are ripples in the geometry of
spacetime that are expected to be copi-
ously created in rare cataclysmic astro-
nomical events, such as a collision of two
black holes. These waves are exceeding-
ly difficult to detect because the events
that produce strong signals typically
occur only at great distances from us.
LIGO (for Laser Interferometer Gravita-

Kip Thorne crawis
through a hypothetical,
very short wormhole.
{Hlustration by Matthew
Zimet from Black Holes
and Time Warps.)

tional-Wave Observatory) is an ambi-
tious effort by a joint Calcech/MIT team
to construct a facilicy that, it is hoped,
will directly detect gravitational waves
for the very first time. The apparatus
must be extraordinarily sensitive, and
although construction of LIGO has now
begun, the success of the enterprise is
still far from assured.

It was Thorne himself who proposed
in 1976 that Caltech initiate a program
aimed at detection of gravitational
waves, and he recalls here his own strug-
gle ac that time to evaluate the risk and
potential payoff of such a program. He
also recounts the sometimes painful
evolution of the project from the free-
wheeling style of its early days to the
much more regimented style that be-
came necessary as it neared the construc-
tion stage. Thorne is at his best contem-
plating the scientific potential of LIGO;
his passion for the prospect of viewing
the universe in a whole new way shines
through in this chapter.

The most outrageous implications of
general relativity are the subject of the
final chapter of the book, which is called
“Wormbholes and Time Machines.” The
topic here is more speculative than in
the earlier chapters, and is described
more from Thorne's own personal per-
spective. I suspect that some readers
will also find it to be the most interest-
ing chapter, as it offers a glimpse of the
cutting edge of current research on an
intrinsically fascinating topic.

Thorne recalls how Carl Sagan pre-
vailed upon him to invent a system of
interstellar transport for Sagan’s novel,
Contact. Thorne suggested wormholes.
A wormbhole is a “short circuit” in space
that connects distantly separated points,

and enables someone who travels
through it to reach a remote location
virtually instantaneously. Sagan’s
request inspired Thorne and his scudents
to investigate whether an “arbitrarily
advanced civilization” could in principle
create such wormholes. (This remains
an open question.) Thinking about
wormbholes eventually led Thorne to

the startling insight that a wormhole
can be turned into a time machine by
moving one end of the wormhole in an
appropriate way. This subtle trick is
explained here in detail and with
exceptional clarity. There follows a
sober and careful discussion of the
implications. Thorne concludes that
whether time machines can exist is really
a question about the (still poorly under-
stood) laws that govern quantum
gravity. He reports that his own gut
feeling is that the laws of physics forbid
time machines—but we still don’t know
for sure.

During the 30 or so years of Kip
Thorne’s scientific career, the study of
gravitational physics has been radically
transformed. In the early sixties, general
relativity was widely perceived (with
some justification) as a beautiful but
highly abstract and complicated theory
that made very little contact with the
real world. Since then, advances in
technology and in theoretical under-
standing have changed that perception
forever. Today, observational astrono-
mers and experimental physicists rou-
tinely seek and find evidence for black
holes in binary star systems and at the
centers of galaxies. To a great extent,
this book is the story of how this
transformation took place, as seen by a
central participant. Above all, itisa
story of human reason at its best, fol-
lowing the tortuous path toward an
undertanding of the deepest truths.

I believe that many Caltech students,
faculty, and alumni will enjoy this book.
A dedicated reader will learn a great deal
of physics. But even if some readers
don't have the patience to absorb the
details of all of the arguments, they will
still delight in the insights into the
scientific process, the vivid anecdotes,
and the sense of adventure inherent in
the difficult struggle to grasp the funda-
mental laws of Nature. © |
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by Shirley Marneus

One sunny noontime a few years
back, I had a lunch I will never forget
with Dick Feynman. I think we both
had the soup du yesterday. We sat out-
doors on the west terrace of Chandler
Dining Hall and admired the spotted
bark peeling off the sycamore trees. The
Theater Arts Program was rehearsing a
trio of one-act plays written by a physics
graduate student, Greg Tomko-Pavia,
and Dick was playing The Professor
(who might also be The Devil) in one
of the scripts, entitled The Subduction.
Astrid Howard, a graduate student in
geology, was directing it. Dick really
enjoyed working with students in this
slightly unorthodox way. He knew that
his participation encouraged their crea-
tive efforts, and he also was aware that
his on-stage appearance would attract a
larger audience to support their work.

We had continued talking into the
midafternoon, roaming from the plays to
just about everything else, when Dick
said (and this is what makes the lunch
memorable), “Shirley, you're just like
me; you wanna know how everything
works!” Well, I was flattered (!1!), to
put it mildly. But, then, who am I to
argue with a bona fide genius, especially
one who was No Ordinary Genius?

Which just happens to be the title of
the book I have before me. As the sub-
title indicates, there are pictures—more
than a hundred. I would have liked

more—I would have liked one of every
person who contributed—and I would
have liked more candid snapshots of
Feynman himself. No Ordinary Genius is
a recent addition to the spate of publica-
tions about the Caltech legend, tireless
raconteur, enthusiastic teacher, spirited
drummer, amateur artist, and the only
Nobel Prize winner to appear regularly
in Caltech theater productions. He was
an adyenturer, a supportive and loving
parent, an unconventional humorist, a
good friend, and a “curious character”
(as he liked to style himself); he was a
serious man who loved to laugh, who
delighted in play but who worked with
uncompromising discipline, and who
had so much natural dignity that he did
not need to be, and indeed could not be,
further dignified by any title or honor.

Meanwhile, back on that autumn
afternoon at Chandler, he was, at least
in part, correct: I db like to know how
things work. So the way this book
works is this: On the cover is a color
photograph of Richard Feynman. He is
obviously engaged by what he is de-
scribing. Intelligence and humor glow
around his face; his hands, fine-boned
and elegant, are poised, apparently
arrested by the camera in the process
of creating a new sign language right
before your eyes. The appeal is instant
and irresistible.

You pick the book up, flip it open,
and start reading—there’s some pretty
interesting stuff here (stuff was one of
Feynman's favorite words). Before you
get very far, you discover that you aren’t
really reading so much as you are
listening. What's more, you arte listening
to the distinct voices of individual
people: Feynman’s sister, Joan, and his
children, Carl and Michelle; Al Hibbs



chimes in, as do Zorthian the artist, an
Air Force general, a musician, Feynman’s
favorite model; Hans Bethe, David
Goodstein, students, fellow adventuorers,
loyal partners, and even some colleagues
who express reservations and who qualify
their admiration. And all of these
people are talking. The aural illusion is
so strong that you almost turn your head
to Jook from speaker to speaker, to see
who has just walked into the room to
join the conversation.

The way this book works is very
much the way a conversation dogs—
give, take, toss in two cents’ worthe
thrust, parry, add on, toss out—=contra-
dict, reinforce, reiterate—all talk
pivoting around one particular person.
Then, into the arena walks the subject
himself and joins in. He tells about
what he feels, comments on the others’
comments, gives you his point of view,
answers, jokes, ignores. These observa-
tions accumulate, assume shape, acquire
depth; wonderful irregularities emerge
from the matrix, little quirks and con-
tradictions spurt out, and yet, all of it
is of a piece, of a person.

Aristotle told us centuries ago how,
on a stage, in a drama, we learn about a
character. We know a man, Aristotle
claimed, first by what he says about
himself, then by what others say about
him, and finally by what he does. All
three expository technicques are required
for a complete representation. This book
works, too, by Aristotelian devices of
character exposition. As a script, it’s
short on plot developments, but it’s very
long on compelling character.

On the title page Christopher Sykes
is not billed as “author,” but, rather, as
“editor.” Sykes is a documentary film-
maker, and his editorial technique is

cinematic. He has recorded interviews
and then arranged and rearranged ex-
cerpts into meaningful sections, estab-
lishing rhythms, accentuating affinities,
discerning order. He builds to revela-
tions, pulls back, then goes for a tight
close-up, and he has executed these
maneuvers with careful attention to
original meaning. Even removed from
context and intercur with other voices,
each speech retains its integricy.

Sykes has drawn his text from three
prograruos fearuring Feynman thar he
produced for the BBC: “The Pleasure of
Finding Things Out™ (1981), “The
Quest for Tannu Tuva” (1988), and “No
Ordinary Genius” (1993). He also pro-
duced a series of six short programs
called “Fun to Imagine” (1983), which
have not been incorporated into the
hook; nor, I believe; have they been
shown on television in the United States.
The three longer programs have all been
shown here on public broadcasting
channels. It’s important to note that
Sykes has not merely transcribed the
television program “No Ordinary
Genius” to create this book. He has
combined all three into a new, much
more complex (and satisfying) souvenir
of a life.

This is, I think, a real service to the
reading public. These words can now
be read and reread, looked up, quoted.
They need not be caught on the wing
between commercials. For the many
who have not seen, and probably will
not be able to see, these shows, the book
provides a wonderful opportunity to
encounter the remarkable Richard
Feynman. The conversational format
invites participatory reading (which is
the best sort, I think), as if the reader’s
ideas are somehow incorporated into it.
Sykes writes in his introduction: “I
remember Feynman as always smiling,
and he made me wish I had been a
scientist. I chink he should be a house-
hold name, and that is why I have
compiled the book.”

It seems like a good reason to me. L

Shirley Marnens has been divector of Caltech’s
Theater Avts Program (TACIT} singe

1970, She bad left bebind years of work in
theater and television in search of a new cast
of characters, which, clearly, she has found,
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