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( )
0 0sin

0 0

0

( ) d ,
D

L z
θ

= ε ρ ρ∫ 			�

3�6

( )
0 0sin

1 1

0

1
( ), d ,

2

D

L r t
θ

= ε ρ ρ∫
�

-�&	 �
�&-
�
�'�
�&	 '&�&���	 '���:	 
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� %&
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L
F

t

∂= −
λ ∂

3�6
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�
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sin cos ,xk k= θ ϕ 								 sin sinyk k= − θ ϕ 			�

cos .zk k= − θ

4
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�
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&�&��&���	 ���	 ,L∇
��8
�	 ��.����:\

sin cos ,
L

x

∂ = θ ϕ
∂

										 sin sin
L

y

∂ = − θ ϕ
∂

			�

cos .
L

z

∂ = − θ
∂

W�&�:	�	���&&	'�&	.
���'��
1&	'1,����/���

'	��,�&	 0.D 	<�-��	���	 -��'	.
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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 = −

 ∂ ∂  +   ∂ ∂   

5�0���	��	 3�6�	��8
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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 
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&'���
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��6�	 0 0
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∂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
1.
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D

∂
θ ∂ϕ
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∂∆θ ≈ ∂ ∂θθ
∂θ
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∂ϕ ≈ −
θ ∂ϕ
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( ) ( )
0 0sin

1

0

1
( ) ( ), d ,

2

D

L z r t
θ

= Φ ρ ν ρ ρ∫
�

�	 ( )( ),r tν ρ�
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( ) ( )( ), d d ( , ) .i t i rr t e S e
∞ ∞

− Ω κ ρ
ν

−∞ −∞

ν ρ = Ω κ Ω κ∫ ∫
��� ��

�
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�
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( )1
1

d d ,
2

i tL e S
∞ ∞

− Ω
ν

−∞ −∞

= Ω κ Ω κ ×∫ ∫
� �
�

( )
0 0( ) sin

( )

0

d ( ) .
D

i rz e
θ θ

κ ρ× ρΦ ρ∫
��
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9+��
�,��	 �
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( )0 0, , ,Q κ θ ϕ�

�

( )
0 0( ) sin

( )
0 0

0

( , , ) d ( )
D

i rQ z e
θ θ

κ ρκ θ ϕ = ρΦ ρ =∫
���

�

( ) { }0 0
0 0 0 0

( ) sin
sin cos sin sin ( )

0

d ( ) .x y z

D
i z

z e
θ θ

κ ρ θ ϕ +κ ρ θ ϕ +κ ρ= ρΦ ρ∫
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0 0 0 0 0 0Re ( , , ) ( , , )cos ( , , ),Q G⊥ ⊥ ⊥κ θ ϕ = κ θ ϕ Ψ κ θ ϕ� � �
�

3��6

0 0 0 0 0 0Im ( , , ) ( , , )sin ( , , ),Q G⊥ ⊥ ⊥κ θ ϕ = κ θ ϕ Ψ κ θ ϕ� � �
�

-�&	 ⊥κ
�

	 X	 -�
���
���:
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�&�7��	 '��
��
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�	45�	�	���.�
&
����	 xκ 	�	 ,yκ

( ) ( )
0

0

0

0

( )1

2 sin

0 0
( )1

2 sin

, , d ( )

D

D

G z

θ
θ

⊥
θ−
θ

κ θ ϕ = ρΦ ρ ×∫
�

0 0 0 0cos ( sin cos sin sin ) ,x y × ρ κ θ ϕ + κ θ ϕ  3��6

0 0 0 0 0
1

( , , ) ( )( cos sin ).
2 x yD⊥Ψ κ θ ϕ = θ κ ϕ + κ ϕ�
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1
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2

i tL e S
∞ ∞

− Ω
⊥ ν ⊥

−∞ −∞

= Ω κ Ω κ ×∫ ∫
� �

�
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1&	 '1
�8&�


��	���	'
&�&

10	�.&��
�'	�� �� �7�2

���&
�&�10	 .�
��&�
�'�	 ����
1&	 '	 .��

��

�2	 ����&�&	 ���
��
��	 ( cos ,xκ = κ γ
sin )yκ = κ γ 	��&/�	'��\

2

00 0

( ) d d ( , , )S A S
∞ π

θ θ ν
∂Ω = κ γ Ω γ κ ×
∂θ∫ ∫� �

{ }0 0 0 0Re ( , , , ) Im ( , , , ) ,Q i Q× κ γ θ ϕ + κ γ θ ϕ� �

2

00 0

( ) d d ( , , )S A S
∞ π

ϕ ϕ ν
∂Ω = − κ γ Ω γ κ ×
∂ϕ∫ ∫� �

{ }0 0 0 0Re ( , , , ) Im ( , , , ) ,Q i Q× κ γ θ ϕ + κ γ θ ϕ� �

3��6

2

0 0

( ) d d ( , , )F FS iA S
∞ π

νΩ = κ γ Ω γ κ ×∫ ∫� �

{ }0 0 0 0Re ( , , , ) Im ( , , , ) ,Q i Q× κ γ θ ϕ + κ γ θ ϕ� �

-�&	

1

0
0 0 0

1
2 cos , , .

2 sin 2F

D
A A A

D

−

θ ϕ
 ∂ Ω= θ = = ∂θ θ λ 
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0 0( , , , )Q κ γ θ ϕ� 	.
����	���	 ) :Q�

2( )S Aθθ θΩ = ×

2 22
2

0 00 0

Re Im
d d ( , , ) ,

Q Q
S

∞ π

ν

    ∂ ∂ × κ γ Ω γ κ +   ∂θ ∂θ     
∫ ∫

� �

2( )S Aϕϕ ϕΩ = ×

2 22
2

0 00 0

Re Im
d d ( , , ) ,

Q Q
S

∞ π

ν

    ∂ ∂ × κ γ Ω γ κ +   ∂ϕ ∂ϕ     
∫ ∫

� �

( ) ( )
2

2 22 2

0 0

( ) d d ( , , ) Re Im ,FF FS A S Q Q
∞ π

ν
 Ω = κ γ Ω γ κ +  ∫ ∫ � �

2
2

0 0

Re ( ) d d ( , , )S A A S
∞ π

θϕ θ ϕ νΩ = − κ γ Ω γ κ ×∫ ∫
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0 0 0 0

Re Re Im Im
,

Q Q Q Q ∂ ∂ ∂ ∂× + ∂θ ∂ϕ ∂θ ∂ϕ 

� � � �

2
2

0 0

Im ( ) d d ( , , )S A A S
∞ π

θϕ θ ϕ νΩ = κ γ Ω γ κ ×∫ ∫

0 0 0 0

Re Im Im Re
,

Q Q Q Q ∂ ∂ ∂ ∂× − ∂θ ∂ϕ ∂θ ∂ϕ 

� � � �

3�[6

2
2

0 0

Re ( ) d d ( , , )F FS A A S
∞ π

θ θ νΩ = κ γ Ω γ κ ×∫ ∫

0 0

Im Re
Re Im ,

Q Q
Q Q

 ∂ ∂× − ∂θ ∂θ 
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2
2

0 0

Im ( ) d d ( , , )F FS A A S
∞ π

θ θ νΩ = − κ γ Ω γ κ ×∫ ∫
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Re Im
Re Im ,

Q Q
Q Q

 ∂ ∂× + ∂θ ∂θ 
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2
2

0 0

Re ( ) d d ( , , )F FS A A S
∞ π

ϕ ϕ νΩ = − κ γ Ω γ κ ×∫ ∫

0 0

Im Re
Re Im ,

Q Q
Q Q

 ∂ ∂× − ∂ϕ ∂ϕ 
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2
2

0 0

Im ( ) d d ( , , )F FS A A S
∞ π

ϕ ϕ νΩ = κ γ Ω γ κ ×∫ ∫

0 0

Re Im
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Q Q
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���������K��������� ����>	� 	� ���>��	:� �����@��������� 	��������� �	��������� snX

λ�	�� �� �� ��

1ε ��� 6.5 1.6i− 46.5 18.0i−

1,λ 	�� ���� ��E� ����

snR ����� ����� �����

.�	�� 12.5(0.25 )λ 11.0( 0.25 )≅ λ 11.1( 0.75 )≅ λ

2 2L = λ IB�����@B�����J IB�����@B�����J IB���(@B���(J

2 4L = λ I�����@�����J IB�����@B�����J IB�����@B�����J

2 2L = λ I����E@B�����J IB�����@B�����J IB�����@B���((J

2 4L = λ I�����@�����J IB���E(@B�����J IB�����@B�����J
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!1�)�;"=1�	."&.�!12%)8;"%$	"=�&12�	�$'	";	4�$	91	1<<14;" 1)#	%>1!�;1'	<!%=	)"&.;	:1"&.;	�"!4!�<;2�

B.1	 2#2;1=	 91$1<";2	 1221$;"�))#	 <!%=	 ;.1	 "$;!%'84;"%$	 %<	 �	 $% 1)	 �)&%!";.=	 %<	 �	 !1�)�;"=1
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;1=2	 �!1	  1!#	=84.	 $11'1'�	 <%!	 1?�=>)1�	 ;%

=%$";%!	'"2�2;1!	�!1�2�	I%:1 1!�	8$;")	!141$;�
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