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( )
0 0sin

0 0

0

( ) d ,
D

L z
θ

= ε ρ ρ∫ 			�
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0 0sin

1 1

0

1
( ), d ,

2

D

L r t
θ

= ε ρ ρ∫
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∂= −
λ ∂
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sin cos ,xk k= θ ϕ 								 sin sinyk k= − θ ϕ 			�

cos .zk k= − θ
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sin cos ,
L

x

∂ = θ ϕ
∂

										 sin sin
L

y

∂ = − θ ϕ
∂

			�

cos .
L

z

∂ = − θ
∂
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22

sin
L L

x y

 ∂ ∂ θ = +   ∂ ∂   
3[6

1

tg
L L

y x

−∂ ∂ ϕ = −  ∂ ∂ 
			���

3]6

22
sin .

L

y

L L

x y

∂
∂ϕ = −

 ∂ ∂  +   ∂ ∂   
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( ) 0 1 0 1 0
0 1

0 0

L L L L
L L

x x x x x

∂ ∂ ∂ ∂ ∂θ ∂ ∂ϕ= + = + +
∂ ∂ ∂ ∂θ ∂ ∂ϕ ∂

		�

( ) 0 1 0 1 0
0 1

0 0

.
L L L L

L L
y y y y y

∂ ∂ ∂ ∂ ∂θ ∂ ∂ϕ= + = + +
∂ ∂ ∂ ∂θ ∂ ∂ϕ ∂

4�����:� 	

1

0 0 0
0

0

d
sin , 0,

d

L D

x x x

−
 ∂ ∂ϕ ∂θ= θ = =  ∂ ∂ ∂ θ 

3��&�:	 0θ 	����'&���' &�	 -� 	'10���	
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��6�	 0 0
y

∂θ =
∂
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0

1
,

y D

∂ϕ =
∂
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1

1
0

0 0

sin ,
L L D

x

−
 ∂ ∂ ∂= θ +  ∂ ∂θ ∂θ 

							
1

0 0

1
.

L L

y D

∂ ∂=
∂ ∂ϕ
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2 2

1
0 0

0 0

sin sin 1 sin
L D

−    ∂ ∂θ = θ + θ +    ∂θ ∂θ   

1 21 2

1 1
0

0 0 0 0 0

1
2 sin .

sin

L D L

D

−     ∂ ∂ ∂ + θ +     ∂θ ∂θ θ ∂ϕ     

Y �&�	�,����:�	,��	

1

1
0

0 0

sin 1
L D

−
  ∂ ∂θ  ∂θ ∂θ  
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0 0 0

1
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sin
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∂
θ ∂ϕ
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cos

L
D

∂∆θ ≈ ∂ ∂θθ
∂θ
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sin
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∂ϕ ≈ −
θ ∂ϕ
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i	 �ML�RLJlo�OJK�OJGRQOM	 HIRJKFJG	 NLlk�

JF�RL	FH	HRGGLHNLK	�IM	KFOGJIHNFlH	I�	NMOnLQFJG

FIJIHkjLMFl	KFHNRMPOJlLH	3hpC6	POHLK	IJ	gLO�

HRMLgLJNH	I�	OMMFnOQ	OJGQLH	OJK	CIjjQLM	 �ML�

�RLJlo	 HkF�N	 nOMFONFIJH	 I�	 rw	 MOKFI	 HFGJOQH

ML�QLlNLK	�MIg	NkL	FIJIHjkLML�	hkL	MLHjLlNFnL

FJnLMHL	jMIPQLg	�OH	HIQnLK	�IM	O	hpC	gIKLQ

FJ	NkL	�IMg	I�	�C	LQLlNMIJ	KLJHFNo	�OnLH	jMIj�

OGONFJG	 FJ	 O	 MLOQ	 FIJIHjkLMFl	 QOoLM�	 hkL	 KL�

nLQIjLK	 KFOGJIHNFl	 OQGIMFNkgH	 �LML	 NLHNLK

NkMIRGk	 lIgjRNLM	 HFgRQONFIJ	 �kIHL	 MLHRQNH

KLgIJHNMONL	 O	 kFGk	 L��FlFLJlo	 I�	 NkL	 NLlk�

JIQIGo	 HRGGLHNLK�


