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( )0 0 0 ,D E i H= εε + ε µ χ + κ
� � �

D�E

( )0 0 0 ,B i E H= ε µ χ − κ +µµ
� � �
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0 0 0 ( ) ,E ik H k i E∇× = η µ + κ + χ
� � �

D�E
1

0 0 0 ( ) ,H ik E k i H−∇× = − η ε + κ − χ
� � �

,�'	 0 0 0 ,k = ω ε µ 	 0 0 0 .η = µ ε 	8��*71��	H
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1 1 i i
E E E

k

κ + χ κ − χ∇× ∇× −∇× − ∇× +
µ µ µ

� � �

2 2

0 0.k E
 κ + χ+ −ε = µ 
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0 02

dd
2 ( )

dd
yx

x

EE
k k E

zz
− κ − κ + χ − εµ −

0
d( )

0,
d y

i
k E

z

κ+ χ− =

D�E

2

0 02

d d d( )
2

d dd
y x

x

E E i
k k E

z zz

κ + χ+ κ + −

2 2 2
0 ( ) 0,yk E− κ + χ −εµ =

0.zE =
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2
2 2 2

2

d d
2 ( ) ( ) 0,

dd

E E
i n i i E± ±

± ′ ′± κ + −κ −χ ± κ + χ = 
��

D�E

,�'	 0 ,k z=� ,n = εµ 	 d( ) d .i i′ ′κ + χ = κ + χ �
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( ) ( ),E e± ±= �
� ��

D$E

( )( ) exp ( )d ,e i= κ∫�
�� � �
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�6�&	 ( )± ��
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2 2
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2 2 21 1
( ) ( ) (1 ) (1 )th ,

2 2
n n n= ε = + + − τ�� � �

1
( ) (1 th ),

2
χ = χ − τ�� � 			

1
( ) (1 th ),

2
κ = κ − τ�� � D�E

1,µ = 			 ( )0, ,n kχ ≤ τ = τ�
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2 2

2
2 22

( ) 1 4 ,
1 1

e e
n N M

e e

− τ − τ

± ±− τ − τ
= − −
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� �
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2 21 ,N n= − + χ 					 4 ( 2 ).M ± = −χ χ ± τ�
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1 2 2 ( 1) 2( ) ( ) (1 ) ( ),u− γ α+β−γ+
± ′= ζ ζ −ζ ζ�� D��E

,�'	 exp( 2 ),ζ = − − τ�� 	�	�0
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)''	
'/'
�'	,�+'
,'��'�
�1'���,�	0
�3
'�


��	G�0���F

[ ]
2

2

d d
(1 ) ( 1) 0.

dd

u u
uζ − ζ − α +β+ ζ − γ −αβ =

ζζ
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( )21 1
1 4 1 1 ,

2 2 2

i
M N−

± ±α = + − τ + − −
τ

�
�

( )21 1
1 4 1 1 ,

2 2 2
i

M N−
± ±β = + − τ + + −

τ
�

�

�*��	+��*'	+�����
�3��	9	�	 ,M ±

( )2 21
1 1 ,

2
i n±

 α = + ±χ+ − −χ  τ�

( )2 21
1 1 ,

2
i n±

 β = + ±χ+ + −χ  τ� D��E

1 .iγ = + τ�
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1
3 ( ) ( , 1, 1; ),u F−α −= −ζ α α − γ + α −β+ ζ

D��E

1
4 ( ) ( , 1, 1; ),u F−β −= −ζ β β− γ + β−α + ζ

,�'	 ,ie π−ζ = ζ 	 2 1( , , ; ) ( , , ; )F Fα β γ ζ ≡ α β γ ζ 	'��2

,�+'
,'��'�
�1'���&	
��	<��=�

����+������	+
�	 →−∞� 	�0
�6�&	D��E�

����3'���307)�-	 
'/'
���	 D��E�	 ��7���

3 
�5'
����F

( )(3) ( ) ,e ± ±α −β τ
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�� 					 ( )(4) ( ) .e ± ±β −α τ
± ≈ ��
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( )( 1) 2(3) (1 ) 2
3( ) 1 ( ),e e u

± ±α +β −γ+−γ τ − τ
± = + ζ� �� �

��
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�'	����
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3 1
(1 ) ( 1 )

(1 ) ( 1 )
u u± ±

± ±

Γ − γ Γ α + −β= −
Γ −β Γ α + − γ

5
( ) (1 ) ( 1 )

,
(2 ) ( ) ( )

u± ±

± ±

Γ γ Γ − γ Γ α + −β−
Γ − γ Γ γ −β Γ α

D��E

,�'

1 ( , , ; ),u F= α β γ ζ
1

5 ( 1, 1,2 ; ),u F−γ= ζ α − γ + β− γ + − γ ζ

( )xΓ 	9	,������0
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(1) (1 )( ) ,ie e−γ τ −
± ≈ =�� �

��

D��E

(5) (1 ) 2 1 1 (1 )( ) ( ) ( 1)e e e−γ τ − τ −γ −γ − −γ τ
± ≈ − = − =� � �� � �

��

1( 1) ,ie−γ= − �

��	'�	 (1)
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(3) (1)(1 ) ( 1 )
( ) ( )

(1 ) ( 1 )
± ±

± ±
± ±

Γ −β Γ α + − γ = −
Γ − γ Γ α + −β

� �� �

1 (5)( ) (1 ) ( 1 )
( 1) ( ).

(2 ) ( ) ( )
γ−± ±

±
± ±

Γ γ Γ −β Γ α + − γ− −
Γ − γ Γ γ −β Γ α

��

D�$E
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�	 1 (5)( 1) ( )γ−
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(1 ) ( 1 )

(1 ) ( 1 )
T ± ±
±

± ±

Γ −β Γ α + − γ=
Γ − γ Γ α + −β
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( 1) (1 ) ( 1 )
.

(1 ) ( ) ( )
R ± ±
±

± ±

Γ γ − Γ −β Γ α + − γ=
Γ − γ Γ γ −β Γ α
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