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(Euclid)

(quipe)






(number)
digits = 10 = {0,1,2,3,4,5,6,7,8,9}

M = 232582657_1
0"=1,0"=1"=2,2"=3,3 =4, ...
<0> =+, <I>)= X<, <2>)=" ...

a<0>0 =a
a<0>b”= (a<0>b)"
a<0>0=0
a<c™>0=0'=1
a<c>b"= a<c>(a<c™>h)

2<4>4
10

4<2>3 = 64, 2<4>3 = 2"° = 65536, 3<3>3 = 3" = 7625597484987
(+ - x, =) 0
(field, Korper, corps)
1. (axiom system)
atbh = b+a ab = ba
at(b+c)= (atb)+c a(bc)=(ab)c
a(b+c)= ab+ac

at0 = a al=a
a+(-a)=0 a0 - aa' =1
) 432/1001 ( , rational number)Q
\}@ (algebtraic _number) A, wm = 3.141592654 ...
(real number) R i=v- C={athi:ab R}

(complex number)C
P=j=K=-1ij=-ji=k jk=-kj =i ki=-ik=]

H = {a+bi+cj+dk} (quaternion)H
ij = -ji = k ab = ba O = {p+tql :p.g H}
(Cayley) (octanion)O ...
O H g = atbi+cj+dk (conjugate) a = a-bi-cj-dk

(p+al) (r+sl)= (pr -sq)+(ps+qn)|
pg H B ~
p(a= (pa)!, (Pha = (pa)!, (pl)(al)=-(ap)




IGj)= Tk = KI, (1D = -CiDj = (DI =k

a(bc)=(ab)c 0
(division algebra, skew field)
O
(finite field) p’

2,3,4=2",56=223,7,8=2°9=3,10=2 5,11, 12 = 2* 3, 13, ...

{2,3,4,5,7,8,9, 11, 13, 16, 17, 19, 25, 29, 31, ...}

p=2
+ 10 <01
0|1 010
1)1 11011
p=3
+ (012 < | 0|[1]2
0|0 1] 2 0]0|0]0O0
111120 110112
212101 21021
n=4=2
F. = 2 = {01} (irreducible)2 XP+x+1 {0,1,xx+1} 2
+ (02123 x| 0123
ojlo0|1]2]3 0]0]0]|0]0O0
1{1(0(|3]|2 1102123
2121301 21012 ]13|1
31312110 3103 1]2
3=x+1 3x3 = (x+1) (x+1)= X +2x+1 = X+1+(X+x+1)=x = 2

X+1 X+x+l = ) X x=2



=2

2,3x4 =12

=7 =

3+4

p=7

=4

2, 3x6 = 18

=0 =

3+6

Xo+x+1

8 =90,1,2,3,4,5,6,7} = {0, 1, X, x+1, X’, X’+1, X’+X, X' +x+1}

(irreducible)3

= {01}

=2

F

=6

(D) +(C+1)= X+x+2 = X+X

(+1) (x'+1)

3+5

= 2C+XCH2x+2 = X = 4

XC+XHX+1+(C+Hx+1)

3x5

Xy



a(bc)=(ab)c, ae=ea=a aa =aa=¢e
ab = ba (commutaive(= abelian)group)

X(X-1)+y(y-1)= (x+y) (C-yx+y*-1)= 0
2x(X-D)+y(y-1)=0

3
C: 2x(X-1)+y(y-1)=0
9
(1-1), (1,0), (1.1), (0,-1), (0,0), (0,1),(-1-1), (-1,0), (-1,1)
o(-1D) +
C P 0 C P,Q PQ
PQ O(PQ)
P Q P+Q
P+Q = O(PQ)
3 c O Poincaré-Mordell
P(-1,0), Q(0,0), R(0,-1)
(P+Q)*R = PH(Q*R)
PQ y=0 PQ = (1,0) O(-1,1)
1-2y 2x(x*-1)+y(y*-1)= -3y(y-1) (5y-3) 0,1
=3/5, x =-1/5 P+Q = (-1/5,3/5) R(P+Q)
(0,-1) (-1/5,3/5) y+8x+1 =0 y = -8x-1

2x(X*-1)+y(y*-1)= 6x(5x+1) (17x+3)



x = -3/17, y = 7/17 R(P+Q)= (-3/17, 7/17)
-Ty-5x+2 =0 X = -7/5 y+2/5
2x(x*-1)+y(y-1)= -3/125 (y-1) (17y-7)(11ly+4)
=-4/11, x = 10/11
R+(P+Q)= (10/11, -4/11)
QR = (01)
X =2y-1
2x(X-1)+y(y*-1)= y(y-1) (17y-7)

Q+R = (1.1)

P(QtR) x-2y+1=0

y =7/17, x = -3/17
P(Q+R)= (P+Q)R = (-3/17, 7/17)

P+(Q+R)= (P+Q)+R = (10/11, -4/11)

(-1,1) (-3/17, 7/17)

2 2
X-2y+1 =0 x=0 X+2y-1=0 line
Q+R(1,1) QR(0,1) 0 =(-11) y=1
P(-1,0) Q(0,0) PQ(1,0) y=0
P(Q+R),(P+Q)R| R(0,-1) [P+Q(-1/53/5) | y+8x+1=0
3 A B A B

X(x-2y+1) (x+2y-1)= 0
y(y-1) (y+8x+1)=0

C: 2x(xX*-1D+y(y*-1)=0

O, P, Q, R, PQ, QR, Q+R, P+Q, P(Q+R)=(P+Q)R
3
3 2:1
2x(C-1)+y (y-1)= 2x(x-2y+1) (x+2y-1)+y(y-1) (y+8x+1)
3
y* = X’+ax+b
(Weierstrass normal form)

2x(X*-1)+y(y-1)=0
s = 1/2 (4x-y-1)/(2x+1+y), t = -3/4 (4x+3y*+2y-1)/(2x+1+y)’

t = s°-3/4 s+5/16



( top, toupie)
(solid body)
xy 3 = )
(J. F. Lagrange, 1736-1813)
5 f(x)
y = 1f(x)
(hyper-elliptic curve) (Sof'ya,
V. Kovalevskaya, 1850-91) (Kovalevskaya gyroscope)

o o N

o N O

= O o
-/

(Riemann's  {-function)

C(a/2+it) t=-5~40 ( ) critical-line

C(1/2+it): t=-5~ 40

1
violin

(Riemann's hypothesis, RH)



0 1/2+it
t = 14.134725 ...

RH
(counter example)
(self-conjugate  operator)
(unitary operator)

(quest)
C(1/2+it)t = -5 ~ 40

1~ A
1 \in

h\'/' af \/ |ag V"

(congruence {)

y* = x*+5x+5 = f(X)

fi(u)= F(X)® x+u, f2(u,v)=F(X)® X*+ux+v,
=2« o(hOAP), b =3 xv o(i(Xy)/P)
‘/-pz plot
X +ax +hx+pax+p’ = 0
p = 3 ~ 24097

sin’@ + sin’20

-sin’@ (Sato-Tait sin’-conjecture)



sin’o -

C: y’=x+ax+b
(order)
a(2)= 7" Ppa(¥2 )

(cyclic involution)

2 -1 68 -4 6 3 6 6 2
-1 68 -4 2 36 626
6 8 -4 2 -1 6 6 2 6 3
8 -4 2 -16 6 26 36
-4 2 -1 6 8 2 6 3 6 -6

11° = 1+2°+4°+8°+6° = 2°+3"+6°+6"+6°
0

2 (-1)+(-1) 6+6 8+8 (-4)+(-4) 2 =-2-6+48-32-8 = 0
(identity) E A
A°=E



p =47 =23 2+1 ar(x)= x"(18x>-11x*+5x-11) 5
an(X)= > p.1a12(5")x” x*2-1
[-3, 5, -9, -15, -14, -14, 17, 2, 6, 3, -8, 15, 4, -13, 9, 2, -7, -18, 7, -8, -2, -9, 3]

3
X*+y*+10xy+1 = 0

107

F: =3={0,1, 2} 2 x*+1
Fo= {0, 1, 2, X, Xx+1, Xx+2, 2X, 2x+1, 2x+2}

445 = (X+1)+(X+2)=2x+3 =2Xx =6
4x5 = (x+1) (x+2)= X’+3x+2-(xX’+1)=3x+1 =1



M wbdh e

+(0(1]|2|3|4|5[6]|7 <|0(1(2(3|4|5|6|7|8
0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
3289
208g
190g
138g
7.13 7.31 7.87 8.96 10.5 13.56 19.32
( )




