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[γa(∂a + Γa) − µ]ψ = 0. H1I

�� #S�!(
 # γa ���� H��= ��d� ���K
' � �&
�� &@ � S8>I ��= � )!R µ � ��a� 3!t�� � �&��K�� ψ
Y����+�
 !� �� �e� �!Dx�E'~ � !-R �� 4l��� � ��� �
�n% � ��� � !��!� � � ����( 4' ���� ��[

{γa, γb} = ηa b. H2I

Y��� ���� � y7 � η � S�!(
 � ����� d� � y7 � η � S�!(


ηa b ηb c = δa
c , H3I

{ea | a} � �� 4�� ��� ���� {,
 �� n% � �O�#���� �� 4�� 1� �� 1�!�
 �� #4DE_
 # ηa b �
�$�(!( ��� 4� �0�#��
 �"�

ηa b = ea · eb,

{ηa b} = diag(−1, 1, 1, 1). H4I

� q # (−1) � ����( ����� (q + p) � �
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�0�!��
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ea(eb) = δa
b . H5I

4' 0�!�?�
 ��C �� Γa
b � Q����!D�� �� #)!%1(

dea + Γa
b ∧ eb = 0, H6I

�

Γa b + Γb a = 0. H7I

0���� H��%� �2� 	G .
 �� �& �
 �� #���I

Γa =
1

2
Γb

a
c σc b, H8I

4'

Γb
c =: Γb

a c e
a, H9I

Y��� #�&��K�� �� �!� �b� S��!Fx � Q��-( �� #�F&
 σa b �� #S�!(
 �

σa b := −1

4
[γa, γb]. H10I

�b� S��!� Fx � Q��-( 1� � S�!(
 Λ !?� 4' ����� �� �?�^�� ��� # σa b ��%� �3� 	G .
 �� �& �
 �� ���
�

Λ = exp(Ξ) H11I

4' �� �

Ξa b + Ξb a = 0, H12I

�

S(Λ) := exp
(

1

2
Ξa b σb a

)
, H13I

��?�+

γa [S(Λ)] = [S(Λ)] γb Λa
b. H14I
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[γa(∂a′ + Γ′
a′) − µ]ψ′ = 0, H15I

4'

ψ′ := [S−1(Λ)]ψ. H16I

A�!�( {e′a | a} � �O�#���� �� 4�� � 4' ��� �� ��&��K�������0# � ��&� � h�"
 Γ′
a′ � ∂a′ �
Y��& �


e′a =: Λb
a eb, H17I

�

Γ′
a′ =

1

2
Γ′b′

a′ c′ σc b, H18I

0���� �H1I � H15I �� ����0# � ;-[� �� �!�

[S(Λ)] γa (∂a′ + Γ′
a′) [S−1(Λ)] = (Λ−1)a

b γ
b [S(Λ)] (∂a′ + Γ′

a′) [S−1(Λ)],

= γb [S(Λ)] (∂b + Γ′
b) [S−1(Λ)]. H19I

0����

Λa
c (Λ−1)d

b Γ′c′
d′ + Λa

c d(Λ−1)c
b = Γa

b. H20I

YΓ′ �� �!� b�t 4���
 � H6I �� 	G .
 �& �
 �� ���

dea′
+ Γ′a′

b′ ∧ eb′ = 0, H21I

�H14I � H10I �� ��D��� � ����+ ��� 4� H17I )O��!� � �Γ′ �� �!� b�t 4���
 � H7I 2�� �

σa b [S(Λ)] = [S(Λ)] σc d Λa
c Λb

d. H22I

�& �
 4O��� �H20I � 4l��� ��� ��

[S(Λ)] Γ′ [S−1(Λ)] +
1

2
Λd

e d(Λ−1)e c σc d = Γ. H23I
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Λa
b Λc b = δa

c . H24I

�)O��!�

[S(Λ)] d[S−1(Λ)] =
1

2
Λd

e d(Λ−1)e c σc d. H25I
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[S(Λ)] [S(Λ′)] = S(Λ Λ′), H26I

�& �
 4O��� H25I � H23I �� �0�!-� �' 4� ��

[S(Λ)](d + Γ′)[S−1(Λ)] = d + Γ, H27I

���� ���0# H1I � H15I �#��
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���# �% �()��	*�� 3

�� 4�� � !:��
 ��!' � �&��K�� ���!�*� !\� �� �� ���� H1 + 3I �� �f� �8�&~ 8x ��
 �� n% 1�
Y{ea | a}

e0 := t̂, e1 := r̂, e2 := θ̂θθ , e3 :=φ̂φφ H28I

0���� ���� n% �� ��!' � ;J��
 (r, θ, φ) � ��
� �� 4J��
 t �0�#��
 ��,� ψ � ��

∂0 =
∂

∂t
, ∂1 =

∂

∂r
, ∂2 =

1

r

∂

∂θ
, ∂3 =

1

r sin θ

∂

∂φ
H29I

Y{ea | a} �& �
 {ea | a} � �?�� �� 4��

e0 := dt, e1 := dr, e2 := r dθ, e3 := r sin θ dφ. H30I

�& �
 4O��� �H7I � H6I �� ��D��� �

Γ2 1 = −Γ1 2 =
1

r
e2,

��



Γ3 1 = −Γ1 3 =
1

r
e3,

Γ3 2 = −Γ2 3 =
cot θ

r
e3, H31I

�R��� �� ���� !D` #����0# �� 4�/� �

γa(∂a + Γa) = γ0 ∂

∂t
+ γ1 ∂

∂r
+ γ2

(
1

r

∂

∂θ
+

1

r
σ1 2

)

+γ3

(
1

r sin θ

∂

∂φ
+

1

r
σ1 3 +

cot θ

r
σ2 3

)
,

= γ0 ∂

∂t
+ γ1

(
∂

∂r
+

1

r

)
+ γ2

(
1

r

∂

∂θ
+

cot θ

2r

)
+ γ3 1

r sin θ

∂

∂φ
. H32I

�� {e′a | a} �� 4�� ���� H16I �� 4F��
 ψ′ �� �(!'t�� � �&��K�� � ψ �� ��!' � �&��K�� �� 4l���
�

e′0 := t̂, e′1 := x̂, e′2 := ŷ, e′3 := ẑ H33I

0���� ���� n% �� �(!'t�� � ;J��
 (x, y, z) 4' �0�!�?�


e′0 = e0,

e′1 = e1 sin θ cos φ+ e2 cos θ cosφ− e3 sinφ,

e′2 = e1 sin θ sinφ+ e2 cos θ sinφ+ e3 cosφ,

e′3 = e1 cos θ − e2 sin θ, H34I

�& �
 4O��� �+ �� 4'

Λa
b =

⎛
⎜⎜⎝

1 0 0 0

0 sin θ cosφ sin θ sinφ cos θ

0 cos θ cosφ cos θ sinφ − sin θ

0 − sinφ cosφ 0

⎞
⎟⎟⎠

a

b

,

= [exp(Ξ3) exp(Ξ2) exp(Ξ1)]
a

b, H35I

4'

��



(Ξ1)
3
2 = −(Ξ1)

2
3 =

π

2
,

(Ξ2)
1
3 = −(Ξ2)

3
1 = φ,

(Ξ3)
2
1 = −(Ξ1)

1
2 =

π

2
− θ, H36I

� A�!�( � ���� !D` # Ξi �� #4DE_
 �� 4�/� �

Σ1 := 2i σ2 3,

Σ2 := 2i σ3 1,

Σ3 := 2i σ1 2, H37I

0����

S(Λ) = exp

[
− i

(
π

4
− θ

2

)
Σ3

]
exp

[
− i

(
φ

2

)
Σ2

]
exp

[
− i

(
π

4

)
Σ1

]
. H38I

� Q8 4� φ → (φ + 2π) � Q��-( � �N( � ����� n% �� ���/
1( � g�( S �& �
 ���� 4E,R ��
�&C ��& �
 �&> S → (−S)

(Σ2)
2 = 1 ⇒ exp

[
− i

(
φ+ 2π

2

)
Σ2

]
= − exp

[
− i

(
φ

2

)
Σ2

]
. H39I

��?�+ H�& �
 �!% ���C 4'I � � ���/
1( �(!'t�� � �&��K�� !?� ���� ���

φ→ (φ+ 2π) ⇒ ψ → (−ψ). H40I
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[γa(∂a + i δ0a V + Γa) − µ]ψ = 0, H41I
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 �� 4F��
I ���� �R�7 � Q����� �� �e!�� V 4'
�& �
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[γa(∂a − i q Aa + Γa) − µ]ψ = 0, H42I

H���� ���@�v
�!�8F� � Q����� A � ��= � �� q 4'
�� &� Q8 ��� 4� �& �
 �� H41I

i ∂0ψ = H ψ, H43I

4'

H := V + µβ +
∑
j �=0

αj [−i(∂j + Γj)], H44I

�

β := i γ0,

αj := γ0 γ
j = −i β γj . H45I

�f� �8�&~ 8x ��
 � �
�n% �� �!� �4E,R �� ���� !D` Γ0 4' �� 4� &� � �Fa �� �!� H44I �� 4l���
0���� ��!' � ;J��
 �

H = V + µβ − i

[
α1
(
∂

∂r
+

1

r

)
+ α2

(
1

r

∂

∂θ
+

cot θ

2r

)
+ α3 1

r sin θ

∂

∂φ

]
,

= V + µβ − i α1
(
∂

∂r
+

1

r
+
β K

r

)
, H46I

4'

K := β

[
α1 α2

(
∂

∂θ
+

1

2
cot θ
)

+
α1 α3

sin θ

∂

∂φ

]
,

= i β

[
Σ3

(
∂

∂θ
+

1

2
cot θ
)
− Σ2

sin θ

∂

∂φ

]
,

= i β Σ3

(
∂

∂θ
+

1

2
cot θ +

iΣ1

sin θ

∂

∂φ

)
. H47I
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[K,H ] = 0. H48I

Q' �� ��4���� �� 4�8( �� #4DE_
 � ���� ��!' � ��/( 0���� �� � �2'!
 �R�7 � ����
 !?�
�� 4�8( �� #4DE_
 � ����+���4� �I ��� � ���� �� ��� � ��� 1� ���& �
 R4�R HHI ���E�,# �
�(!'t�� �� #�&��K�� � !:��
 �� ���E�,# �0��' q�! �(!'t�� �� #�&��K�� � 4' ��� ��� �H��4����

�& �


H ′ = V + µβ − i

(
α1 ∂

∂x
+ α2 ∂

∂y
+ α3 ∂

∂z

)
. H49I

H ′ � H �� 4l���

H = S H ′ S−1, H50I

�� � �2'!
 �R�7 � ����
 !?� �& �
 ���� �?���4� ���� H38I �� S(λ) �,# S 4' ����

[J ′
j k,H

′] = 0, j, k �= 0, H51I

4'

J ′
j k = −i(x′

j ∂k′ − x′
k ∂j′) + i σj k. H52I

�� 4�8( ���� � o!@ � )�� �� 4E,R � �����
 �� ��4���� �� 4�8 ( ���� � o!@ � ��� �� 4E,R
��& �
 ��!' � ;J��
 � $�a !� ���4���� �� 4�8( �� #4DE_
 ���� H��K��I �(�= �� ��4����

J ′
± = exp(±i φ)

(
± ∂

∂θ
+ i cot θ

∂

∂φ

)
+

1

2
(Σ1 ± iΣ2),

J ′
3 = −i ∂

∂φ
+

1

2
Σ3, H53I

4'

J ′
± := J ′

2 3 ± i J ′
3 1,

J ′
3 := J ′

1 2. H54I

� A�!�( ��

��



Jj k := S J ′
j k S

−1, H55I

�& �
 4O���

J± = exp(±i φ)

(
± ∂

∂θ
+ i cot θ

∂

∂φ
+

Σ1

2 sin θ

)
,

J3 = −i ∂
∂φ
. H56I

�?�+ �� � �2'!
 �R�7 � ����
 !?� �& �
 )&E�
 �0�/��
 �� 4-�N
 � � H51I ��

[Jj k,H ] = 0, j, k �= 0, H57I

�

[J±, H ] = [J3,H ] = 0. H58I
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� K �� � �2'!
 �R�7 � ����
 !?� S� ���� ��!P!� H58I � H48I �� � �2'!
 �R�7 � ����
 !?�
�� 4�%�b!��? � !-R #��� � �� 4�7� � !-R 4� ���� 0���� � ��/( ��4���� �� 4�8( �� #4DE_


�� � + � !-R ��4���� �� 4�8( �� #4DE_
 �& �
 ���� �?���4� �0��&?�
 �����

[J3, J±] = ±J±,
[J+, J−] = 2J3 H59I

�� #��,' 4' �%!? 4O��� R��� �� � ��!' h�/N( 0�/��
 �� 4-�N
 � �& �
 �� ��� �����+�
 !� ��
�& �
 ���� ���C0# �����+�
 !� �� � 4�"
 �� #4l��� !:��
 � ���0�!�

[K,J3] = 0, H60I

[K, J±] = 0. H61I

��



� A�!�( �

J · J := (J1 2)
2 + (J2 3)

2 + (J3 1)
2,

= (J3)
2 +

1

2
(J+ J− + J− J+),

= −
(
∂2

∂θ2
+ cot θ

∂

∂θ
+

1

sin2 θ

∂2

∂φ2

)
+
i cos θ

sin2 θ
Σ1

∂

∂φ
+

1

4 sin2 θ
, H62I

�& �
 )&E�


K2 = J · J +
1

4
. H63I

�� 4�8( p/% �� �� 4�7� � !-RI ����� � !-R �� ! (M�2� � 3��� ������ �� 4�% � b!��? � !-R
�& �
 �� K � ��� �� #��& ( �&C �0��' ���� �� K �� #��& ( �� 4,# ���� )�d Y��� H��4����

�� &� ��4���� �� 4�8( � $�a !�
�� K � J3 � �
�0# �� #���!��^�� ��!' �!lP �
�0# �& �
 �� J3 � K �& �
 4O��� H60I ��

Y0�#��
 �"� Yκ m �

K Yκ m = κYκ m, H64I

J3 Yκ m = mYκ m. H65I

�& �
 4O��� H63I ��

J · JYκ m = j(j + 1)Yκ m, H66I

4'

κ = ±
(
j +

1

2

)
. H67I

�& �
 4O��� H66I � H65I ��

(j −m) ∈ Z, j ≥ |m|, H68I

���� ��N` �� #��> �� 4>&,O
 Z 4'
�& �
 H65I � 6�&R

�	



Yκ m(θ, φ) = Θκ m(θ) exp(imφ). H69I

� ��> 1� � AJ� j �& �
 4O��� ��� �� �I ��� �!% � ��> 1� � AJ� m �& �
 4O��� H40I ��
0���� �0��'�
 6�a �� Θκ j ����� �# Θ � ����+���4� �� �!� �H��� �-.
 � �!%

J+ Yκ j = 0, H70I

�& �
 4O��� �+ �� 4'
(
∂

∂θ
− j cot θ +

Σ1

2 sin θ

)
Θκ j = 0 H71I

�& �
 b t 6�&R 4' ���� ��� ��R � Q����!D�� �� 4F��
 1� ���

Θκ j(θ) = exp
[
j ln(sin θ) +

Σ1

4
ln
(

1 + cos θ

1 − cos θ

)]
Υj u,

= sinj θΩ(θ) Υj u, H72I

���� θ �� Q/��
 � �&��K�� Υj u 4'

u :=
κ

|κ| , H73I

�

Ω(θ) := exp
[
Σ1

4
ln
(

1 + cos θ

1 − cos θ

)]
,

=
1√
sin θ

[
cos
(
π

4
− θ

2

)
+ Σ1 sin

(
π

4
− θ

2

)]
. H74I

�& �
 H64I �)O��!�

i β Σ3

(
∂

∂θ
+

1

2
cot θ − jΣ1

sin θ

)
Θκ j = κΘκ j , H75I

�H71I �� ��D��� � �

i βΣ3

(
j +

1

2

)(
cot θ − Σ1

sin θ

)
Θκ j = κΘκ j . H76I

�H73I � �H72I �H67I �� ��D��� �

��



i β Σ3

(
cot θ − Σ1

sin θ

)
Ω(θ) Υj u = uΩ(θ) Υj u. H77I

�& �
 H77I ��& �
 R4�R�� Σ1 � β Σ3 4' ��� �� ��D��� �

i[Ω(θ)]−1
(
cot θ +

Σ1

sin θ

)
[Ω(θ)]−1 β Σ3 Υj u = uΥj u. H78I

0����

{[Ω(θ)]−1}2 = exp
[
−Σ1

2
ln
(

1 + cos θ

1 − cos θ

)]
,

=
1

sin θ
− Σ1 cot θ. H79I

�& �
 H78I R��� ��

iΣ1 β Σ3 Υj u = uΥj u, H80I

�

β Σ2 Υj u = uΥj u. H81I

�& �
 S� ������ �?4��� j 4� ����+�
 !� �� �+ Υj u 4' �� ����/
�^�� �� 4F��
 �& �
 ����
� &�

Υj u =: Nj Υu H82I

�$�(!( ��� 4� ���� b�O�9� � $�!L 1� Nj � ���[ � �&��K�� Υu 4'

Yκ j(θ, φ) = Nj exp(imφ) sinj θΩ(θ) Υu. H83I

� �& �
 4O��� H61I �� �0�#��
 ![� Yκ j �� �� �� J− �# Yκ m �� 4�/� � ����+���4� �� �!�
�R��� �� ��& �,� �&> K � ���/
�^�� �' ���

Yκ m(θ, φ) = Nj m (J−)j−m exp(imφ) sinj θΩ(θ) Υu, H84I

�� � !��!� Yκ � �&@ � Yκ m � �&@ 0�#�&�� !?� ���� !*�� � b�O�9� � ��[ 1� Nj m �+ �� 4'

Nj m = Nj

√
(j +m)!

(2j)! (j −m)!
. H85I

��



 ;�!< �% �8��!� 6

�R�7 � ����
 0��'�
 �!% � �0�!�?�
 !\� �� �� H46I � Q8 4� �� ���E�,# � H43I �� 4F��

�& �
 ���� ���� �2'!


[K,H − i(∂/∂t)] = [J3,H − i(∂/∂t)] = 0. H86I

Y0�#��
 p�� J3 � K � �
�0# �� #���!��^�� � $�a !� �� ψ

ψ(t, r, θ, φ) =
∑
κ,m

Rκ m(t, r)Yκ m(θ, φ). H87I

�R��� �� ���& �
 R4�R ��4���� �� 4�8( �� #4DE_
 � K � 4' ��� �� #S�!(
 Rκ m

[
µβ + V − i

∂

∂t
− i α1

(
∂

∂r
+

1

r
+
κβ

r

)]
Rκ m(t, r) = 0. H88I

0��'�
 A�!�(

ϕκ m(t, r) :=
1 + β

2
Rκ m(t, r),

χκ m(t, r) := −i α1 1 − β

2
Rκ m(t, r). H89I

Y0��'�
 6!L H88I �� �C �� �� [−i α1 (1 − β)/2] � [(1 + β)/2]

⎛
⎝ µ+

(
V − i

∂

∂t

) (
∂

∂r
+

1

r

)
− κ

r

−
(
∂

∂r
+

1

r

)
− κ

r
−µ+

(
V − i

∂

∂t

)
⎞
⎠
⎛
⎝ φκ m

χκ m

⎞
⎠ = 0. H90I

��� 4 � � � 
� � �> � �� �?4 �� � �� �! � 4 F� � 
 � � ,# 0# � (! 't�� �� 4 F� � 
 �� �����R ��
��1� ��+�


��



�% �� 
 +� �� ,-�)� 	( �% �(,� � �% �-� �� �% �()��.��= �� 7

�	.� �% �(�8�>
0���Z?�
 H90I �� 4F��
 ��

V (r) = −k
r
, H91I

0��'�
 A�!�( ����C0# ���� �-.
 � ��[ k 4'

ϕκ m(t, r) =: f(r) exp(−iE t),
χκ m(t, r) =: g(r) exp(−iE t). H92I

�& �
 H90I �� 4F��
⎛
⎝ µ− k

r
− E

d

dr
+

1

r
− κ

r

− d

dr
− 1

r
− κ

r
−µ− k

r
− E

⎞
⎠
⎛
⎝ f

g

⎞
⎠ = 0. H93I

�& �
 4F��
 ��� �M�2� �� # r ��⎛
⎝µ− E

d

dr

− d

dr
−µ− E

⎞
⎠
⎛
⎝ f

g

⎞
⎠ ∼ 0. H94I

4F��
 ��� � 6�&R 1�(
f

g

)
=

(
F

G

)
exp(v r) H95I

�& �
 H94I ;�&` ��� �� ���� !��v(��' �� #g�( G � F � ��� ��[ v 4' ����(
µ− E v

−v −µ− E

)(
F

G

)
∼ 0, H96I

�#��
 4O��� 4'

− µ2 + E2 + v2 = 0. H97I

�� #�Fa �� �!� ���� ��/
� �� #�Fa � !:��
 ��� 4' ��& �
 �
&#&
 v �?�+ �|E| > µ !?�
�� � ��%�b&7 r → ∞ �� 4' � 6�&R �� �!� �;�&` ��� �� �|E| < µ ���/


v = −
√
µ2 −E2. H98I

Y0���Z?�
 H93I �� �� H95I �� ��9�

��



⎛
⎝ µ− k

r
− E

d

dr
+

1 − κ

r
+ v

− d

dr
− 1 + κ

r
− v −µ− k

r
− E

⎞
⎠
⎛
⎝F

G

⎞
⎠ = 0. H99I

Y0�!�?�
 ���&( �� �!� 1� � Q8 4� �� ��9� �4F��
 ��� � 6�&R �� �!�(
F (r)

G(r)

)
=

∞∑
p=0

Wp r
s+p. H100I

�R��� ��
∞∑

p=0

CWp r
s+p −

∞∑
p=0

Cp Wp r
s+p−1 = 0, H101I

�4'

C :=

(
µ− E v

−v −µ− E

)
H102I

�

Cp :=

(
k −s− p− 1 + κ

s+ p+ 1 + κ k

)
. H103I

� ��� � ��0# H101I �� 4F��


C0W0 = 0, H104I

�

CWp−1 − Cp Wp = 0, p > 0. H105I

�& �
 4O��� H104I ��

k2 − κ2 + (s+ 1)2 = 0. H106I

4' ��� �+ � � ��%�b&7 r → 0 �� �&
 � g�( 4' ��� � �! 

Re(s) > −1. H107I

�& �
 4O��� R��� ��

s = −1 +
√
κ2 − k2, H108I

�

��



|κ| > k. H109I

� ���
 � �a �� ��� ��/
 �� #�Fa �� ��4���� �� 4�8( �?�+ �k > 1 !?� ��&?�
 !�7� � �! I
H�� � !(���

Y���� �C � ���!��^�� �� C � S�!(


ξ C = 0,

η C = −2E η, H110I

4'

ξ := ( v µ− E ) ,

η := ( v µ+ E ) . H111I

�& �
 4O��� �0��'�
 6!L H105I �� �C �� �� ξ

ξ Cp Wp = 0, H112I

�

Wp = wp ζp, H113I

4' ��� ��C ζp � ��� ��> wp 4'

ξ Cp ζp = 0. H114I

�R��� ��

ζp :=

(
(s+ p+ 1 − κ)v − k(µ−E)

k v + (s+ p+ 1 + κ)(µ− E)

)
. H115I

�& �
 4O��� �0��'�
 6!L H105I �� �C �� �� η

− 2E η ζp−1 wp−1 = η Cp ζp wp, H116I

�

wp =
2[k E + (s+ p)v]

κ2 − k2 − (s+ p+ 1)2
wp−1. H117I

��



�?�+ ���&"� !D` ��� 4� �� R �� # wp !?�

lim
p→∞

pwp

wp−1
= −2v, H118I

�#��
 4O��� 4'

F (r),G(r) ∼ exp(−2v r), r → ∞, H119I

�

f(r), g(r) ∼ exp(−v r), r → ∞, H120I

n′ ���'�!% ���& !D` ��� 4� �� R �� ��� # wp S� ���� �D�
 v �&C ����� �&-PQ� �P 4'
4' � � �� �D�
� � ��N` � ��>

wn′ �= 0, wn′+1 = 0. H121I

�& �
 4O��� H117I �� ;�&` ��� ��

k E + (s+ n′ + 1)v = 0. H122I

�H108I � H98I �� s � v �� ���Z?R � ���� �-.
 E �& �
 4O��� 4l��� ��� ��

E =
µ√

1 +
k2

(n′ +
√
κ2 − k2)2

. H123I

Y0��'�
 ���� 0# �� c � � � 0���&��
 Z �� �,(� � ��> � 4�&?�e����# � �&� 1� �� �!� �� 4l��� ���

En j = µ c2

{
1 + (Z α)2

[
n+

√(
j +

1

2

)2

− (Z α)2 −
(
j +

1

2

)2

]−2}−1/2

. H124I

Y��� H�E`� �� �,���&' � ��>I �-.
 � ��N` � ��> 1� n � �2� ����7� � ��[ α

n := n′ + j +
1

2
. H125I

��%� �1� 	G .
 �� �& �
 �� H124I �� 4l���

��
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