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Foreword

THIS ISN’T A math book. Instead, it’s a book @bout math—
about the possible end of a 350-year-long search and the start of
a new one. Written for the non-mathematician, this book at-
tempts to show the “‘queen of sciences’ in a new way—as a sci-
ence and as an art. You’ll probably learn things about
mathematics that you didn’t know before—about its triumphs
and failings, about its human aspects, and about its limits. Re-
gardless of whether the new proof of Fermat’s last theorem holds
up under scrutiny, you’ll learn how mathematics has thrown off
the yoke of Euclid’s legacy and ventured into the deepest waters
of the imagination, whether for better or for worse. And you’ll
find it understandable to read, regardless of the extent of your
mathematical education.

Karl Rubin of Ohio State University, who received his Ph.D.
from Harvard University under the supervision of Andrew Wiles,
and who was in attendance at the meeting where Wiles presented
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his proof of Fermat’s last theorem, has generously allowed us to
reprint his brief sketch of the highlights. (Rubin is best known
for his work on elliptic curves, a special class of equations that
play a fundamental role in the proof; he received the Cole Prize
in Number Theory in 1992.) The sketch was sent through elec-
tronic mail to his math newsgroup following the last lecture, and
we’ve left it intact in the appendix with all of its ““you are there”
charm, including the e-mail salutation and the translation idio-
syncrasies, such as " instead of superscript. You’ll find a not-very-
plain-English version of the proof in the text.
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[1]

One of the Hottest Stories in the
History of Math

[ Archimedes Thinking in the Barhtub ]

‘“EUREKA[IHAVE FOUNDIT!] Thenagain, maybe I haven’t.”
It’s no wonder that Archimedes didn’t say that second sentence
while sinking down into a warm bath. In the legendary story from
the third century B.C., the Greek tyrant Hiero II asked the re-
nowed mathematician and physicist to find a method for deter-
mining whether a crown was made of pure gold or alloyed with
silver instead. Considering Hiero’s notoriously unpleasant tem-
perament, Archimedes was lucky to realize, as he stepped into
the tub, that a given weight of gold would displace less water than
an equal weight of silver. (Gold is denser than silver, so a gold
coin would be smaller than a silver coin that weighed the same.)
In the throes of mathematical ecstasy over this momentous dis-
covery, he is supposed to have run home stark naked, shouting
“Eureka! Eureka!” [““I have found it! I have found it!”’].
Archimedes was also lucky to be given a task that would yield
to instant insight. (It’s a good thing that showers—that ‘“‘colonial
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abomination’ —weren’t popular then; mathematical progress
might have been considerably slowed.) Proving Fermat’s last the-
orem undoubtedly would have taken him considerably longer.
But as of June of 1933, that puzzle has at last been solved. Well,
maybe.

[ Pierre de Fermar Writing in the Margin ]

More than 350 years ago, a French mathematician and physi-
cist named Pierre de Fermat wrote down an apparently simple
little theorem in the margins of a mathematical book he was
reading. The theorem was about what solutions are not pos-
sible for certain elementary equations. Fermat added that he
had discovered a remarkable proof for his statement, but that
there was no room in the margin to include it. He died with-
out ever presenting the proof to substantiate this tantalizing
claim. The best of mathematicians have been trying to do so
ever since.

As Nigel Hawkes, Science Editor for Tke Times of London,
put it on June 24, 1993, “Since Fermat wrote down the theo-
rem, it has become the mathematical equivalent of Schubert’s
Unfinished Symphony.” Two days later, the same newspaper la-
beled a proof of the theorem ‘‘the mathematical result of the
century,” calling it “‘as spectacular in its field as the discovery
of Shakespeare’s alleged Love'’s Labour’s Found or the authen-
tication of a lost Botticelli.”

It’s not as if no progress has been made at all. Since the
arrival of computers, the theorem clearly has been shown to
hold true for extremely high numbers. In 1992, an enormous
computer effort verified Fermat’s last theorem for exponents
up to four million.

That might seem proof enough for the general public, but
for mathematicians, it’s no proof at all. Many of them were
coming to the reluctant conclusion that Fermat’s reach may
have exceeded his grasp at last. ““It has always been my belief
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that Fermat made a mistake,”” said Dr. Harold Edwards, a pro-
fessor of mathematics at the Courant Institute of Mathemati-
cal Sciences at New York University and author of Fermat’s Last
Theorem, the definitive book on the subject, as quoted in T%e
Chronicle of Higher Education. Still, mathematicians kept
searching for the elusive proof.

Then, on July 2, 1993, came the news that sent shock waves
through the mathematical community around the world. After
dozens of claims of success made too early, hundreds made
too unwisely, and thousands made too amateurishly, many
mathematicians are cautiously heralding the work of a publi-
cally obscure, though highly respected colleague. They be-
lieve he may have at long last conquered what is perhaps the
most intimidating test of strength and endurance and proba-
bly the most famous of unsolved problems in their corner of
the intellectual landscape. (Mathematical details of Fermat’s
last theorem and an overview of Andrew Wiles’s proposed
proof can be found in Chapter Two. An abbreviated sketch of
the proof itself can be found in the Appendix to this book.)

[ Andrew Wiles Lecturing ar Cambridge
University ]

Dr. Andrew Wiles is a reserved, bespectacled 40-year-old En-
glish mathematician at Princeton University. (It goes without
saying that he’s also very intelligent; there are no mathemati-
cians who aren’t.) Wiles became the subject of intense interest
when he made a modest announcement to about seventy-five
mathematicians at the end of a three-day lecture series at the
newly opened Isaac Newton Institute for Mathematical Sci-
ences at Cambridge University, in England, where he had
done his doctoral studies.

This is how Science magazine decribed the atmosphere as
the lectures were about to begin: “He was equally quiet when
he arrived at the Newton Institute . . . but rumors of a break-
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through were starting to fly among the other participants—in
part because Wiles, who normally doesn’t ask to give lectures,
had asked to give not just one, but three hour-long talks. John
Coates of Cambridge University, who was Wiles’s thesis ad-
viser at Cambridge in the mid-1970s, scheduled him on Mon-
day, Tuesday, and Wednesday, June 21-23.”

Time magazine reported on the growing excitement in the
hall: “By the end of the first hour . . . , they knew something
was up. Recalls Nigel Boston, a visiting mathematician
[there]: ‘“We realized where he could be heading. People were
giving each other wide-eyed looks.’ By the end of the third
hour, the room was packed with excited number theorists.
Wiles finished up his talk and wrote a simple equation on the
blackboard, a mathematical afterthought that logically fol-
lowed from all that he had been saying.”

According to T#%e Associated Press report on the following day,
“Dr. Peter Goddard, the institute’s deputy director, said . . .
that nobody knew [Wiles] had come up with a solution until
the very end of a lecture in which he had written down many
mathematical results. ‘He wrote down the last line, and the
last line was a corollary to his last result, and it was Fermat’s
last theorem,’ Goddard said. ‘Then, he turned to the audi-
ence and smiled and said something like, ‘I better stop
there.” ”

Reuter’s reported, ‘“There was a moment of stunned silence
followed by rapturous applause as the enormity [sic] of the
event sank in.”” Telephones began to ring, faxes churned out
copy, electronic mail zapped into computers all over the
world, and the communications satellites went into overdrive.

Could it really be true? Mathematicians were first startled,
then excited, and ultimately—well, the emotions are mixed.
One day after the event, Tke New York Times quoted Dr. Leon-
ard Adelman of the University of Southern California as say-
ing, “It’s the most exciting thing that’s happened in—geez—
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maybe ever, in mathematics.”” But on June 29, 1993, the paper
ran a more reflective response from Wiles himself.

There is a certain sadness in solving the last theorem. All
number theorists, deep down, feel that. For many of us,
his problem drew us in, and we always considered it some-
thing you dream about, but never actually do. There is a
sense of loss, actually.

[ The Five-Point Test |

Surely, a great many mathematicians must share Wiles’s sense
of loss. But, just as surely, many may lack his concurrent ela-
tion. For them —and also for Wiles, of course —there are sev-
eral further observations that merit consideration. The
following is my own general guide to the analysis and ultimate
evaluation of a proof. I call it the “Five-Point Test.”

[ 1] Might there be a subtle error in the proof?
Yes. The two-hundred-page proof is unpublished as yet.
Until it appears in mathematical journals, which could take
months, and until it is thoroughly checked and rechecked
and double-checked, there remains the possibility that it
contains a significant error. (There are also likely to be a
few minor errors that can be corrected without damaging
the overall proof. This is called “polishing” the proof.)
[ 2] Does the proof rest on numerous other proofs (especially recent,
arcane, obscure, or delicate ones)?
Yes. In 1954, the late Japanese mathematician Dr. Yu-
taka Taniyama made a conjecture about elliptic curves (a
particular class of cubic equations). Taniyama’s conjecture
(known also as Taniyama-Weil for broader attribution) was
further clarified by Dr. Goro Shimura of Princeton Univer-
sity. (The conjecture now can be known as Shimura-Tani-
yama-Weil, but for simplicity’s sake, further references



