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3.2 ggg,,,IIIeeeeee���$$$ÄÄÄ���§§§

3ëê­¡r = r(u, v)þz�:r(u, v)®²Ú?
n�Ø�¡�¥þ
ru, rv,n, =kg,Ie{r; ru, rv,n}. Uþ�!£±�¹ÄIe{�g�,

·�I�ég,Ie?1�û. �´, du¥þru, rv ��Ø´ü ¥þ, �
ØR�, �du��ØUé�ëêu, v �­�l�@�äkÊH�ØC¿Â,

XJ·�E,÷^Gauss�PÒ, ¤���úª´'�E,
J±$^�.

�d·�Ú?ÜþPÒ.

GaussPÒ ÜþPÒ

r = r(u, v), r = r(u1, u2)

n = n(u, v), n = n(u1, u2)

ru, rv; ruu, ruv, rvv ri(i = 1, 2); rij(1 ≤ i, j ≤ 2)

nu,nv, ni(i = 1, 2)

E,F,G; L,M,N, g11, g12, g22; b11, b12, b22

EG − F 2, g11g22 − g2
12 ≡ g

LN − M2, b11b22 − b2
12 ≡ b

dr = rudu + rvdv, dr =
2∑

i=1

ridui

n =
ru × rv

|ru × rv|
, n =

r1 × r2√
g

I = (dr)2 = Edu2 + 2Fdudv + Gdv2, I = (dr)2 =
2∑

i,j=1

gijduiduj

II = Ldu2 + 2Mdudv + Ndv2, II =
2∑

i,j=1

bijduiduj

�
Ö��B, ·�òæ^Einstein¦Ú�½: 3��ü�ª¥, e�
��Ii1(± i, j, · · · ½α, β, · · · L«)��þIÚeI�Ñy�g, KTª
ÒL«éù��Ii1l1�2�¦Úª, 
þe�Iõé­EÑyÒL«
Tª´õ­¦Úª, ù�·�ò�Ñ¦ÚÒ

∑
. I�5¿�´, ØÓ�¦Ú

�^ØÓ�­Eþe�Ii1.
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y3·��±��-
rij =

2∑
k=1

Γk
ijrk + λijn, i, j = 1, 2

ni =
2∑

j=1
µj

irj , i = 1, 2
(2.1)

Ù¥Γk
ij , λij , µj

i Ñ´�½Xê.

• (½λij (2.1)�c�ªü>�n�SÈ, =�λij = bij(1�Ä�
/ªXê).

• (½Γk
ij

gij = ri · rj ⇒ ∂gij

∂ul
= ril · rj + ri · rjl, l = 1, 2

gil = ri · rl ⇒ ∂gil

∂uj
= rij · rl + ri · rlj , l = 1, 2

gjl = rj · rl ⇒
∂gjl

∂ui
= rji · rl + rj · rli, l = 1, 2

5¿�rij = rji, ¤±

1
2

(
∂gil

∂uj
+

∂gjl

∂ui
− ∂gij

∂ul

)
= rij · rl =

2∑
k=1

Γk
ijgkl,

· (gij)´ (gij)�_Ý
, =
2∑

k=1

gikgkl = δi
l =

1, i = l

0, i 6= l
, K

Γk
ij =

2∑
l=1

1
2
gkl

(
∂gil

∂uj
+

∂gjl

∂ui
− ∂gij

∂ul

)
, i, j, k = 1, 2 (2.2)

Γk
ij ¡�ChristoffelPÒ, {¡�¼PÒ. d (2.2)ªØJuyΓk

ij = Γk
ji, �d

­¡�1�aÄ�þ��(½.

• (½µj
i ò(2.1)���ªü>�rk �SÈ, ��

µj
i = −

2∑
k=1

gjkbik.
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�d·���
­¡g,Ie{r; r1, r2,n}�$Ä�§:

ri = ∂r
∂ui ,

rij =
2∑

k=1

Γk
ijrk + bijn, (Gauss formula)

ni = −
2∑

k,j=1

gjkbkirj , (Weingarten formula)

(2.3)

Ù¥�5|Ü�Xêd­¡�1�aÄ�þ(9Ù�� �ê)Ú1�aÄ�
þ��(½.

£�Gauss�PÒ, lChristoffelÎÒΓk
ij �L�ª�±¦Ñ

Γ1
11 =

1
EG − F 2

(
G

2
∂E

∂u
+

F

2
∂E

∂v
− F

∂F

∂u

)
,

Γ2
11 =

1
EG − F 2

(
−F

2
∂E

∂u
− E

2
∂E

∂v
− E

∂F

∂u

)
,

Γ1
11 = Γ1

21 =
1

EG − F 2

(
G

2
∂E

∂v
− F

2
∂G

∂u

)
,

Γ2
11 = Γ2

21 =
1

EG − F 2

(
−F

2
∂E

∂v
+

E

2
∂G

∂u

)
,

Γ1
22 =

1
EG − F 2

(
G

∂F

∂v
− G

2
∂G

∂u
− F

2
∂G

∂v

)
,

Γ2
22 =

1
EG − F 2

(
−F

∂F

∂v
+

F

2
∂G

∂u
+

E

2
∂G

∂v

)
.

(2.4)

AO, � (u, v)´­¡���ëê�, ·�kF ≡ 0, þã�ª�{z�

Γ1
11 =

1
2

∂ lnE

∂u
, Γ2

11 = − 1
2G

∂E

∂v
,

Γ1
12 = Γ1

21 =
1
2

∂ lnE

∂v
, Γ2

12 = Γ2
21 =

1
2

∂ lnG

∂u
,

Γ1
22 = − 1

2E

∂G

∂u
, Γ2

22 =
1
2

∂ lnG

∂v
.

SK3–2

1. ²¡þ�4�IX�, 1�Ä�/ª�ds2 = dρ2 + ρ2 dθ2. ÁO�Γk
ij .

2. �y­¡�²þ­ÇH = 1
2bijg

ij .

3. �yRl
ijk = −K(δl

jgik − δl
kgij), Ù¥K ´­¡�Gauss­Ç.
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