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[γa(∂a − i q Aa + Γa) − µ]ψ = 0, H42I
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[K,H ] = 0. H48I
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[Jj k,H ] = 0, j, k �= 0, H57I
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[J±, H ] = [J3,H ] = 0. H58I
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[J3, J±] = ±J±,
[J+, J−] = 2J3 H59I
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[K,J3] = 0, H60I

[K, J±] = 0. H61I
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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
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 �� K � ��� �� 
#��& ( �&C �0��' ���� �� K �� 
#��& ( �� 4,# ���� )�d Y��� H��4����

�� &� ��4���� �� 4�
8( � $�a !�
�� K � J3 � �

�0# �� 
#���!��^�� ��!' �!lP �

�0# �& �
 �� J3 � K �& �
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K Yκ m = κYκ m, H64I

J3 Yκ m = mYκ m. H65I
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J · JYκ m = j(j + 1)Yκ m, H66I
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κ = ±
(
j +

1

2

)
. H67I
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(j −m) ∈ Z, j ≥ |m|, H68I
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Yκ m(θ, φ) = Θκ m(θ) exp(imφ). H69I
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J+ Yκ j = 0, H70I
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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
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 � �&��K�� Υj u 4'
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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

)]
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(
∂

∂θ
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1

2
cot θ − jΣ1

sin θ
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Θκ j = κΘκ j , H75I
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i βΣ3

(
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)(
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sin θ
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i β Σ3

(
cot θ − Σ1

sin θ

)
Ω(θ) Υj u = uΩ(θ) Υj u. H77I
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i[Ω(θ)]−1
(
cot θ +

Σ1

sin θ
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[Ω(θ)]−1 β Σ3 Υj u = uΥj u. H78I
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{[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
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Yκ j(θ, φ) = Nj exp(imφ) sinj θΩ(θ) Υu. H83I
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Yκ m(θ, φ) = Nj m (J−)j−m exp(imφ) sinj θΩ(θ) Υu, H84I
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[K,H − i(∂/∂t)] = [J3,H − i(∂/∂t)] = 0. H86I
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∑
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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
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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
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V − i

∂

∂t
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∂
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1

r
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− κ

r

−
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∂
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+

1

r

)
− κ

r
−µ+

(
V − i

∂

∂t

)
⎞
⎠
⎛
⎝ φκ m
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⎠ = 0. H90I
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V (r) = −k
r
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ϕκ m(t, r) =: f(r) exp(−iE t),
χκ m(t, r) =: g(r) exp(−iE t). H92I
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− E

d

dr
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r
− κ
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− d
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− 1
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−µ− k
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− E

⎞
⎠
⎛
⎝ f
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⎠ = 0. H93I
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C0W0 = 0, H104I
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ξ C = 0,

η C = −2E η, H110I
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ξ := ( v µ− E ) ,

η := ( v µ+ E ) . H111I

�& �
 4O��� �0��'�
 6!L H105I �� �C �� �� ξ
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F (r),G(r) ∼ exp(−2v r), r → ∞, H119I
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