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§6 写像の微分（追加）

合成写像の微分，微分同相による次元の不変性

48. 9.6
M, N , Q Cr f : M → N , g : N → Q Cr (1 ≤ r ≤ ∞)

p ∈ M g ◦ f

(d(g ◦ f ))p : Tp(M) → Tg( f (p))(Q)

(dg) f (p) ◦ (df )p : Tp(M) → Tg( f (p))(Q)

48 M, N Cr f : M → N Cr

(1 ≤ r ≤ ∞) f Cr p ∈ M (df )p
dimM = dimN

Cr Cr

Cr M M Cr Cr

Cr M, N f : M → N
dimM = dimN

写像の微分

49. m, k m Sm ⊂ Rm+1 m + k Sm+k ⊂ Rm+k+1

23 f : Sm → Sm+k

f (x1, . . . , xm, xm+1) = (x1, . . . , xm, xm+1, 0, . . . , 0︸!!︷︷!!︸
k

).

p ∈ Sm (df )p : Tp(Sm) → Tf (p)(Sm+k) m
(df )p



50. Hopf
3 S3 = { (x, y, z, w) ∈ R4 | x2 + y2 + z2 + w2 = 1 } 2 S2 =

{ (x, y, z) ∈ R3 | x2 + y2 + z2 = 1 } f : S3 → S2

f (x, y, z, w) = (2(xz + yw), 2(xw − yz), z2 + w2 − x2 − y2).

(1) f S3 S2 f : S3 → S2 C∞

(2) p = (1, 0, 0, 0) ∈ S3 (df )p 2 (df )p

Hopf
p ∈ S3 (df )p 2


