
1911 10 28 2004 12

3



1911 10 28 2004 12

3

1922

1926 1930

2 2



1930 1934

1930

1932

1934

1934 1936

1934 9

1936 2



1936

1936 1937

1936 9

1937 1943

1937

1938 1



1937

1939 1940

1946

1978

1943 1945

1942



· · · · · ·

1946 1948

1946

12

1948 12 31

1949 1960

1949



1960

1946 1949

1954

1949 1954

1960 1979

31

1979



1984

1981

1981

1946

1948 1981 1984

1984

1946

1984

1966 1976

1972

1985



1950

1958 1970

1982

1961

1975 1983

1978

2



1



Rn 1 GL(n, R)

G 2 Rn n θ1 · · · θn

Rn

{θi} {θ∗i } Rn ϕ Rn

G (aij)

ϕ∗(θ∗i ) =
∑
i

aijθj

1 2 G

O(n) ds2 n θi

d2s =
∑
i

θ2i

G

G

G



· · ·

· · ·

n M

G M GL(n, R) G

G π P → M P

θ = (θ1, · · · , θn) P n

ωi ωi|θ = π∗(θi) V dπ V

TP ωi V G

P θ

Vθ G L(G) G

P G TP V

G H H TP

V P L(G)

ω Rg g ∈ G P

H G ω

R∗g(ω) = (g−1) · ω G L(G)

ω L(G) L(GL(n, R)) ω

n × n i j ωij P



σ [0, 1]→M M p q σ̃θ

P θ σ πσ

Pp Pq πσ(θ) = σ̃θ(1) πσ

σ σ

ω σ ω

ω H ω

dωij =
∑
k

ωki ∧ ωkj Ω

ω dω = ω ∧ ω − Ω ω

Ω Ω

dΩ = Ω ∧ ω − ω ∧ Ω P θ U → P

θ̂ P U

g U → G θ̂(x) = Rg(x)θ(x)

ϕ = θ∗(ω) ϕ̂ = θ̂∗(ω) Ψ = θ∗(Ω) Ψ̂ = θ̂∗(Ω)

ϕ̂ = dg · g−1 + g · ϕ · g−1

Ψ̂ = g ·Ψ · g−1

G G {e} e

G

M G

{e} G

P P

G

ϕ

(M, g) (M, g∗) {ei}

P p∗ = ϕ(p) e∗i = dϕ(ei)

xk M ei g g∗



g

P

N(G) G ∝ Rn G

G P

N(G) N(P ) 1 43

N(P ) N(G)

N(G) Ω L(N(G))

L(N · (G)) = Rn + L(G) Ω Ω

Rn τ

τ N(G)

τ = 0 N(O(n)) 1

43 L(G) C

N(G) G

L(G) C

G G (π P → M)

P M

G

P

G n = 2m

G = GL(m, C) G

1 6 1

13 G

R2 G

1 10 1 11 n

1 23 Rn k

(k + 1) (n − k) 1 20 1 21



Rn (n − 1) 1 105

1 107 Cn

Rn G

S

· · · S G/H

G S

1 84 C

∫
n(l ∩ C)dl = 2L(C)

n(l ∩ C) l C dl

L(C) C

C

1 18

G

G/H, G/K aH ∈ G/H bK ∈ G/K

aH ∩ bK 6= φ aH bK

1 48 1 84 Rn



Tρ Rn k X ρ

V (Tρ) =
∑
0≤i≤k

i

ciµi(X)ρm+i

ci m = n − k i µi(X) =
∫
M
Ii(Ω) Ii

i
2

O(n) Ω

X

∫
µe(M1 ∩ gM2)dg =

∑
0≤i≤e

i

ciµi(M1)µe−i(M2)

M1 M2 Rn p q e 0 ≤

e ≤ p+ q − n, ci n p q e

· · ·

1 18

∇v

Rn

M



M v(M) u p

v v(u) = 〈 (u), v〉 M

u v σ p

s ∇v(s) ds v(M)

v = 〈 , v〉 v v

Av M v

1

Rn

( ) = 0 Rn M Gr(2, n)

Rn Rn

M G M Gr(2, n)

x ∈ M M x G(x) Gr(2, n) (n − 1)

CP n−1 z21 + · · · + z2n = 0

Rn V e1 + ie2

(e1, e2) V Gr(2, n)

Rn

1 79 Rn

G

n = 4

R3 R2 z = f(x, y)

R3



1 79

Rn

1 86

1 96

m m

M c

K K = 2c
[m(m+ 1)]

2

1929 α(s) R3

s k(s)

∫
|k(s)|ds ≥ 2π

α

α

4π

1 62 1 66

Rn f M → Rn m M

Rn v1(M) M dv v1(M)

N v1(M) → Sn−1 x ∈ M

v N(v) da

Sn−1 G N∗(da) = Gdv

G(v) M v Av



f τ(M, f) N

τ(M, f) =
1

cn−1

∫
v1(M)

| (Av)|dv

cn−1 Sn−1

1 62 τ(M, f) ≥ 2

M Rn (m + 1)

1 66 M

τ(M, f)

τ(M) M

f M → Rn τ(M, f) = τ(M) f

M γ M

τ(M) = γ M Rn

γ

Rn M

γ

Rn M ε Mε

M Sn

Sn M

Mε Sn

Sn

1 143



· · · · · ·

M

χ(M)

K χ(M) = 1
2π

∫
M
KdA

n

n = 2 M

SO(n) L(SO(n))

n SO(n)



F (M) n (ωi)

(ωij) (ωij = −ωji) dωi =
∑

ωij ∧ ωj

(ωi) Rijkl

Ωij =
1

2

∑
Rijklωk ∧ ωl

n = 2 L(SO(2)) ω11 = ω22 = 0 ω12 =

−ω21 dω12 = −Ω12 = −R1212ω1 ∧ ω2

π−1(x) R1212 M

K(x) (θ1, θ2) M M

dA = −θ1 ∧ θ2

π∗(KdA) = dω12 (∗)

1 136 (∗)

(∗)

n

π F (M) M

KdA (∗)

F (M) (∗)

M M

M p M ′

e1 p χ(M)

e2 M ′ e1 (e1, e2) M

θ π · θ M

d(θ∗(ω12)) = θ∗(dω12) = KdA∫
M

KdA =

∫
M ′

KdA =

∫
M ′

d(θ∗(ω12))



Mε M p ε S =

∂Mε∫
M ′

d(θ∗(ω12)) =
ε−0

∫
Mε

d(θ∗(ω12)) =
ε−0

∫
sε

θ∗(ω12)

xk M p (ê1, ê2)
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