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MATHEMATICS

Introduction
Takeshi Saito

The histery of Termal's Last Theorem began when Pierre e Fermat,
a LFth-century Trench matheratician, wrobe e following Lantakiz-
ingz sentences in Lalin in the maggin nf a maihemabics book he wis
reacding! “IE is mnposginle for o cube b b the s of baeo cubes, o
fourth poweer to be 1he sum ol eee fourth poters, be i general for
any numiber that is 2 power groater than the seoond Lo be Lhe sum uf
two Like powens. L have discovered a truly mamvelous demonstra
tivar of 1his proposition that this margin is & natrow o contain.®

Termat 15 asserling that the equation x4 7 — 20 has o nontrivial,
e ays = 0, inkegral solubon i & 5= % But he doesn't hurve ensnagl
space in the margin, he says, towrire dowelhe marvelots proof he
huie found. This assertion wis 1o challewege any number of groad
athermaticians in Lhe cemburics that follusweed, 10 isknowras bermat’s
Lasl ‘I'hecrem becatse it was lhe bast one o be proved among the
several mathematical statements bermat made withoul providing
proool

Mare than tlree hundred vears after Termat made is uaproven
asserlion, two young [apancese mathemadicians, Youtaka lanivomi
ang Goro Shimura of the University of Tekwo, fund a crucial due
o ilg solution, o clue that was lied o Teomat's Last Thearem by a
corection thit wag quite undaoeen at the tme The clue was thu
todally unexpected and surpeising link belwesen teo ol rhe Tl
subjects of mudlermatios: cliplic curves and modular Lorms. While
the study of clliptic curves has a long history dating back 1o ancicrt
Ursece, with Tepmar himscll playing o prroaminent rale in s revival,
the stndy of moedular furms is a relatively new field, dating back
caly to the 15th century. As Lhese origing supgest. thee o wen
considered to have besn vory different subjects, anwl eatablishing
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FermatMEZC A (16404EHE ?)

It is impossible for a cube to be the sum of
two cubes, a fourth power to be the sum of
two fourth powers, or in general for any
number greater than the second to be the
some of two like powers. | have discovered a
truly marvelous demonstration of this
proposition that this margin is too narrow to
contain.
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Cubum autem in duos cubos, aut
quadratoquadratum in duos
quadratoquadratos, et generaliter nullam
in infinitum ultra quadratum potestatem in
duos ejusdem nominis fas est dividere:
cujui rei demonstrationem mirabilem sane
detexi. Hanc, marginis exiguitas non
caperet.
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Fermat is asserting that the equation
x1 + yn = 7
has no nontrivial, i.e. xyz = 0, integral solution
if n= 3.
But he doesn’t have enough space in the margin,

he says, to write down the truly marvelous
proof he has found.
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yL b XM+ yt=2z"
S50 A X,V, Z=@, b, ¢
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Modular elliptic curves and
Fermat’s Last Theorem
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2,3,5,7,11,13,17, 23, 29, 31, 37, 41,
43,47,53,59,61,67/,71,73,79, 83, 8/,
389,97,101, 103, 10/, 109, 113,127, 131,
137,143,149, ====-=-
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2-3-7 + 1 =43,
2-3:7-43+1=13-139
2:3:7-43-13 + 1 = 53-443
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2,3,5,7,11,13,17/, 23, 29, 31, 37/, 41,
43,47,53,59,61, 67,71, 73,79, 83, ...
5=1+4, 13 =449, 17=1+16, 29 =4+25,

37 =1+36, 41 =16+25, 53 =4+49, 61 = 25+36,
73=9+64, ...
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In January of 1954 a talented young
mathematician at the University of Tokyo paid
a routine visit to his departmental library. Goro
Shimura was in search of a copy of
Mathematische Annalen, Vol. 24. In particular
he was after by Deuring on his algebraic theory
of complex multiplication, which he needed in
order to help him with a particulary awkward
and esoteric calculation.

Ta n Iya m a To his surprise and dismay, the volume was

already out. The borrower was Yutaka

a n d Taniyama, a vague acquaintance of Shimura
who lived on the other side of the campus.

. Shimura wrote to Taniyama explaining that he

S h I m u ra urgently needed the journal to complete the

nasty calculation, and politely asked when it
would be returned. A few days later, a postcard
landed on Shimura’s desk. Taniyama had
replied, saying that he too was working on the
exact same calculation and was stuck at the
same point in the logic. He suggested that they
share their ideas and perhaps collaborate on the
problem.

HEKXZHME [ OnCampus Il p.36 &KW
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In September 1955 an international symposium was held in Tokyo. It was a unique
opportunity for the many young Japanese researchers to show off to the rest of the world
what they had learned. They handed around a collection of thirty-six problems related to
their work, accompanied by a humble introduction — Some unsolved problems in
mathematics.: no mature preparation has been made, so there may be some trivial or
already solved ones among these. The participants are requested to give comments on
any of these problems.

Four of the questions were from Taniyama, and these hinted at a curious relationship
between modular forms and elliptic equations. These innocent questions would ultimately
lead to a revolution in number theory. All of the questions handed out by Taniyama at the
symposium were related to his hypothesis that each modular form is really an elliptic
equation in disguise. The idea that every elliptic equation was related to a modular form
was so extraordinary that those who glanced at Taniyama’s questions treated them as
nothing more than curious observation. Taniyama’s only ally was Shimura, who believed in
the power and depth of his friend’s idea. Following the symposium, he worked with
Taniyama in an attempt to develop the hypothesis to a level where the rest of the world
could no longer ignore their work. Shimura wanted to find more evidence to back up the
relationship between the modular and elliptic worlds.

HEKXZHMRE [ OnCampus ]l p.40, 42 &Y
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