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§5 接ベクトル空間，写像の微分

接ベクトル空間に関する基本事項

41. 8.3
M Cr p ∈ M Tp(M) v

Cr (−ε, ε) → M c(0) = p,
dc
dt

!!!!
t=0
= v

89 90

42. 86
M C∞ p ∈ M Tp(M) p

D∞
p (M)

球面 Sm の接ベクトル空間

43. m Sm ⊂ Rm+1 15 C∞

{ (U, φ), (V, ψ) } (U, φ) U = Sm \ { p+1 } (y1, . . . , ym)
* (V, ψ) V = Sm \ { p−1 } ( ỹ1, . . . , ỹm)

U ∩ V Sm \ { p+1, p−1 } p p Tp(Sm)
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)
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∂ ỹ2
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p
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∂ ỹm
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〉

Tp(Sm)
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∂yi

)
p

(
∂

∂ ỹ1

)
p
,
(
∂

∂ ỹ2

)
p
, . . . ,

(
∂

∂ ỹm

)
p

p ỹ1, ỹ2, . . . , ỹm ỹ1, ỹ2, . . . , ỹm

44. 8.2
2 S2 = { x ∈ R3 | ∥x∥ = 1 } S2 c : R→ S2

c(t) =
(
1
√
2
cos t,

1
√
2
sin t,

1
√
2

)
∈ R3

S2 C∞ { (U, φ), (V, ψ) }
(U, φ) U = S2 \ { (0, 0, 1) } (y1, y2) c (0, 0, 1)

c c(R) U
(1) c(t) (y1, y2)
(2)

dc
dt

t
(
∂

∂y1

)
c(t)

,
(
∂

∂y2

)
c(t)

* φ 1 m U y1 , . . . , ym



45. Mercator
2 S2 = { x ∈ R3 | ∥x∥ = 1 } C∞ { (U, φ), (V, ψ) }

W = { x ∈ S2 | x1 > 0 } χ : W → (−π/2, π/2) × R

χ(x1, x2, x3) =
(
tan−1

x2
x1
, tanh−1 x3

)

tan−1 tan : (−π/2, π/2) → R tanh−1

tanh : R→ (−1, 1), tanh(s) = (es − e−s)/(es + e−s)
(1) (W, χ) S2 C∞ 54

{ (U, φ), (V, ψ), (W, χ) } S2 C∞

(2) (U, φ) U = S2 \ { (0, 0, 1) } (y1, y2) (W, χ)
W (z1, z2) U ∩W (= W ) p p S2(

∂

∂z1

)
p
,
(
∂

∂z2

)
p

(
∂

∂y1

)
p
,
(
∂

∂y2

)
p

p y1, y2
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写像の微分

46. 9.1
f : C→ C f (z) = z(z + 1)

(1) z = x +
√
−1 y C (x, y) f

(2) z f Jacobi (J f )z Tz(C)
〈(
∂

∂x

)
z
,

(
∂

∂y

)
z

〉

(3) (df )z : Tz(C) → Tf (z)(C) z

47. f : C→ C
Riemann Ĉ 49 5 *

Ĉ S2 U = S2 \ { (0, 0, 1) } Cz V = S2 \ { (0, 0,−1) } Cw

Cz , Cw C U
Ĉ ∞

(1) f Cz Cz f f̃ : Ĉ→ Ĉ
f̃ (∞) = ∞ f̃ C∞

(2) (d f̃ )∞ : T∞(Ĉ) → T∞(Ĉ)
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