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1. h M y n z Ck(k ≥ 2) x'M��$ x ∈ M , 9 TxM y M � x ���ZF;. L
TM = {(x, ν) : x ∈ M, v ∈ TxM} y M �Z��\�T M �x'>- b��� TM � Ck−1x'>-.

2. h M y/3M��X ∈ X(M), y/3Z�I. "	V� iX : Ar(M) → Ar−1(M)�7$
∀ω ∈ Ar(M), v1, · · · , vr−1 ∈ X(M)�Æ (iXω)(v1, · · · , vr−1) := ω(X, v1, · · · , vr−1). �T�

(1) $ ∀ω ∈ A′(M), X, V ∈ X(M) Æ
[(iX ◦ d+ d ◦ iX)ω](V ) = X(ω(V ))− ω([X,V ]).

(2) h (U, xi) y M �!�C�ω ∈ A2(M) � (U, xi) 	ky
ω =

1

2

∑

i1,i2

ωi1,i2dx
i1 ∧ dxi2 , X ∈ X(M) 	ky : X |U =

∑
xi ∂

∂xi\8p�iXω �A�	�j�
3. h f : D → R3 "	y�f(u, v) = (u, v, u2 + v2 + 1), Y� D = [0, 1] × [0, 1]. h ω =

ydy ∧ dz + xzdx ∧ dz. ℄�∫
D
f∗ω.

4. � R
2n �
�!� p1, · · · , pn; q1, · · · , qn, DO�j

ω =

n∑

j=1

dpi ∧ dqi,$ R
2n f�� C∞ 1n H , � R

2n f"	�I XH d|
ω(XH , ν) = dH(ν), $ ∀ν y R2n f� C∞ Z�I.
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(a) m��� XH �Rt5'^~f�H yÆn.

(b) � H 2r�X�n	� XH �`Z	�j�
5. h M y n z C∞ x'M��f ∈ C∞(M), p ∈ M , � X1, ..., Xn y M f/3�Ii�

{X1(p), · · · , Xn(p)} ~�{.. h Hessf(ρ) y n× n B�, r�� i �2� j J�oy Xi(Xjf)(p).h df(p) = 0. m�
(a) Hessf(ρ) y$�&�.

(b) 9 Ind(f(p)) y Hessf(ρ) �)s���+n. � Indf(p) � X1, X2, · · · , Xn ��_{..

(c) h M : {(x, y, z) ∈ R
3 : x2 + y2 + z2 = 1}, f : M → R  f(x, y, z) = xy + z "	�h

p = (0, 0, 1) ∈ M . m��df(p) = 0, 
℄� Indf(p).
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1. 9%z�W D2 ��?y S1. �Te f, g : S1 → X lwP�:�H��g��� f �� g<�W D2 u*� X fq��F;lwP�:���7 X ∪f D2 ≃ X ∪g D
2.

2. h X l R
n � m t�w�0���~�
�℄ X �4�a�6,=w a.

3. �Te X l�+�NHv�A��NHv�F;�[ π1(X) yÆ}a�UQR+� X �
S1 �H��g#yKP��7wP�:��+�����g.�EG�(!F; R → S1.�

4. �TR+�E"�^SÆ�+E"��%�(!F;.
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