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1. �ò)��3�K�þ§ÁòÚ�K��¿þ�¶

2. ÁK¥§R3�Óuî¼�mE3¶

1. [20©] � r : (0, ℓ) → R3 ��^l�ëê��K­�"P κ, τ : (0, ℓ) → R ©O�Ù­
ÇÚLÇ§Ù¥ κ > 0 . P

e1(s), e2(s), e3(s), s ∈ (0, ℓ)

�ÙFrenetIe"

(i) [5©] �ÑÙFrenetIe�$Ä�§"

(ii) [5©] y²T­��Ì{I� s 7→ e2(s) ,s ∈ (0, ℓ)´�^�K­�"

(iii) [10©] ¦T­��Ì{I���ü ¥¡£�Ùþü {�þ�	{�¤þ­�
�ÿ/­Ç"

2. [20©] � r : D → R3 ���K­¡"P n �Ùü {�þ§ {ru, rv, n} �Ùg,I
e"P E,F,G,L,M,N �Ù1�!1�Ä�/ª�Xê¼ê§ K �Ùpd­Ç¼
ê"

(i) [8©] y²

K |ru ∧ rv|Rπ
2
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LN −M2

EG− F 2
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Ù¥ Rπ
2
(ru) �ò ru _��^=

π
2 ¤��þ§�=

Rπ
2
(ru) = |ru|

r⊥v
|r⊥v |

, r⊥v := rv −
〈
rv,

ru
|ru|

〉
ru
|ru|

.

(ii) [4©] �ÑWeigartenC� W 3Ä {ru, rv} e�Ý
L«"
(iii) [8©] y²

D

dv

D

du
ru − D

du

D

dv
ru = K |ru ∧ rv|Rπ

2
(ru),

Ù¥ D
du ,

D
dv ��C�ê"

1



3. [20 ©] � S2 �n�î¼�m¥�ü ¥¡£��n�î¼�m¥��N­¡¤"½Â
8Ü P2 := {{p,−p} : p ∈ S2}"½ÂN�

f : S2 → P2 : p 7→ {p,−p}.

½Â P2 �f8 U �m8��=� f−1(U) � S2 �m8"´� P2 ��Ä�ÿÀ­
¡"

(i) [8©] `²XÛÀ� P2 �1w(�§¦Ù¤���Ä�1w­¡§�N� f ¤�
1wN�"

(ii) [5©] O�þã1wN� f ��"

(iii) [7©] P g0 � S2 �IOÝþ§=dn�î¼�mÝþp��Ýþ"�E P2 þ�
iùÝþ¦Ùäk~pd­Ç 1 "

4. [16 ©] � S2 �n�î¼�m¥�ü ¥¡£��n�î¼�m¥��N­¡§�¥%
��:¤"

(i) [8©] �ä S2 þ´Ä�3??�"�1w��þ|ºXk��E§Xvk�`²
nd"

(ii) [8©] �ä S2 \ {(0, 0, 1)} þ´Ä�3÷Ùþ?Û1w­�þ²1��"1w��
þ|ºXk��E§Xvk�`²nd"

5. [24 ©] � D ⊂ R2 ��î¼«�§ ϕ : D → (0, π2 ) ��1w¼ê"½Â

I = cos2 ϕdu⊗ du+ sin2 ϕdv ⊗ dv,

II = sinϕ cosϕ(du⊗ du− dv ⊗ dv).

(i) [4©] �e�3�K­¡¡r : D → R3 ± I, II �Ù1�!1�Ä�/ª§y²

e1 :=
ru

cosϕ
, e2 :=

rv
sinϕ

�Ù��¹ÄIe"

(ii) [10©] �e�3�K­¡¡r : D → R3 ± I, II �Ù1�!1�Ä�/ª§¦Ù
3(i)¥��¹ÄIee�Ê��© 1 /ªµ

w1, w2, w2
1, w

3
1, w

3
2.

(iii) [10©]�Ñ�3�K­¡¡r : D → R3 ± I, II�Ù1�!1�Ä�/ª�£ ϕA
÷v�¤¿�^�"
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