
� �� �� � � � �� � � � �� �� 	
 �� �� � � � � � � 
 � � � � � � �

��� 
 � � � �

�� �� � �� �� � �� � �� �� � �� � � � �� � �! � �� " � � # �$

% & ' ')( * + ,)-. /0 12 ( / +3 . /0 1 %3 - 4. 45 4( & ' 4 + ( 6 5 - - . 0 3 7 /0 8 (9 , & ';: /. ( 3 / ( -

: 0 . 3 4)< * ( 4(= -> 5= ?@ 6 5 - - . 0



�� � �� � ��� �

	 
 �� � � �  �� �� �� � ��� � � �� � �  � � � 
� ��� � �� � � � � � � �� � �


 � � � �  � �� � � 
 �  
 � � � � �� � � � � � � � � � � � �� � �� � � � ��� � �  � �� � � � �

� �� �� � �  � � � 
� � � � ��� � � � � � � � �� � � � � � � � � � �� � � � � � � � !

� 
 � " �� � � 
 � � � �  � �� � � 
 � � � 
 � � � � � � � � � �� � � � 
 � � � 
 �� � � � � � � � � �

� � �� �� � ! # �� � � � 45◦ $&% ' � � � � 
 � � � �� � �  
 �� � � � � � � � � � 
 � � �

 � 
 � � � � � � 
 �� � � 
� � � � � � � 
 � � � � 
 � � � �  � �� � � 
 � % ( � ��

� � � �  � �� � � � � � � �� � � � � � � �  � � � 
 � � � �  � �� � � 
 �  
� � � � � � �

� � � �� �� � ! )� � � � 
 �� � � � �� � � � � ��� � � %



� ��� � �� � � � �
	 � � � 

~Ω

~m
χ

��� ��� �� �� ���� � � � �� �� �� � � � � � � �!� "�#$ � �� � � � � � %� & ' $ � � $ � �� �� $( ~m) $ � ��#

� � ' �� � � � ��* � � � � � � � �� �* �� � ��* � � � ��� ~Ω) �* � � $�+ �  � ��� � � $ � � % � ��� � �� � � � � �,-� � � ~m� ~Ω � �� � � � � � �� �. ' � �* ' � �* � / �, �,� ���� � � � � �� � �� �. + 01 �� $ � �2 � � � �� � ��+� �� � �� � � �� 3 � � � �� � � �� � � ��+  � � � � �+ ��#� � " � $�� �� . �� ��� � � � �� � $ � � � . � $ � �� �� $

~m ~Ω [~Ω × ~m]

 � �� � . �� � � �� �� � � � � "� $ � �� $  � 3 �� � $ �2 � "�� �,

4 3 �� � ��� � � � �!� � �� � � �. +  � ���� � � � �� � � � � �� � � � �� �� " �� �� � ��  � 

~K = KΩ
~Ω +Km ~m+K⊥[~Ω × ~m]



��* ' � � � � $ � � �� � $ � � % � ��� � � � �� 3 ��  � � �� � � � �!� 3 ��+ � �+ � �� � ��+ " $ � " ' .

I
d~Ω

dt
= ~K

� �� ��� � � � $� '

I
dΩ

dt
=

(

~K,
~Ω

Ω

)

= KΩΩ +Kmm cosχ

IΩ
d cosχ

dt
= K

m
m sin2 χ

* ' � χ) �* � � � �� ' � $ � �� �� � ' �� � �� ��* � � � � � � � � ~m� �* � � $�+ �  � �� � �� & $ � � % � ��� ~Ω

� �� � �� � �� 	 � 
� � � �  	 	 ��� � � χ � � � � � � �� �� ��

� � �� � � � � � � �� Km



 �� � � ��� � � � �	 � � �� � ��  � � �� � � ��� � �� �	

4 � � 2 � � �
 ��� � /�� �� � 0 2 . � � � �+ ' � ��� � � � �� � �* �� � �� �� � � � $�  � �* $ � � % � & % �* � � � � �� $� '� % �* �� � � �

� ��� ��� � �� � �� ! ! "# � � �%$  �� & ' (� ) �* + � � ��, % � - � ( % �.� � � � � " �� � � " �� � � � � . � ��+ � � 2 � � .� "/ * � � 0 ' # 1 �� � * ! � � �2 3 � (54 � , % �� � ��6 - �

� �� � � � � � � � �
� �� � � �� � ! � � � � �� � �� � � � � � � 
�  � �� � � 
 �

7 �� � �� � � 1 3 �� $� � � ' � � � Ωa
c

� 1 �� �� � "� % �+ � �+ � �� � � � & " $ � " ' �� � � � � �� � � � � $ � �

~Kdip =
2

3

Ω2

c3

[

~m × [~m × ~Ω]
]

+
1

ac2
(~m, ~Ω)[~Ω × ~m]

" ' �� � a) � � ' � �� � �+ � �� � ��+ " $ � " ' .� �� � �� � � $ �� �� � �� � � � " �� � � � �� �� �� �� � �� �� � ��� ��* � � �* �� � ��* � ' �� � ��

~Kdip =
2

3

Ω2

c3

~Ω sin2 χ



4 � �2 � � �
 �� � � 1 �� � � � � �� /�� �	 
 0� � � '� � � �* � � �� � 1 3 �� $ � � � �!� � � � �� � ��+ " $ � " ' . � �* �� � �� �� � � �� $ �� � �� �� ' �� �� ' �. � , -� � � � �� 3� � � �� 1 3 �� $ � � � �� " $ � " ' . � � �� �� � � �� � ' �� � � � �� �� �* �� � �� �� � � � 1 �� � ��

Ωa
c

� 1 ' �+ � � $ � % �+ � � � �+ � �� � � � & " $ � " ' �� � � � � �� � � � � $ � � � � � � � � /� 
 
 
 0

~Kdip =
2

3

Ω2

c3

[

~m × [~m × ~Ω]
]

+
3

5

1

ac2
(~m, ~Ω)[~Ω × ~m]

�� � � � �� 3 � . + � �� 3 � � / ��� � $� �!� 2 � �� � �� � $ �  � �� ��+ � �* �� ��� � � � . 0 2 . � � �� � " $ � ' � � � � � � � � /� 
 
 
 0

KΩΩ = −
2

3

Ω3

c3
m2F (x0) Kmm =

2

3

Ω3

c3
m2F (x0) cos χ

K⊥Ωm =
2

3

Ω3

c3
m2G(x0) cos χ sin χ

* ' �

F (x0) =
3

5

x4
0

x6
0
− 3x4

0
+ 36

+
1

x2
0

+ 1

G(x0) =
9

5

1

x0

x2
0 + 6

x6
0
− 3x4

0
+ 36

+
1

5

1

x0

3 − 2x2
0

x2
0

+ 1

� x0 = Ωa
c



� � �	 �� 

� , � 2 , � . � � � " � $� ' �� 1 3 ��
Kmm =

2

3

Ω3

c3
m2 cos χ � 0  
� 0 ≤ χ ≤

π

2

Kmm =
2

3

Ω3

c3
m2 cos χ � 0  
�

π

2
≤ χ ≤ π

� � �  � � � �*  � " �� � � � �� 1 3 �� $. � � � �� � �� � � � � � ��� � �� �

cos χ

P
= const

� � � � ' � $ � � � � � �� 1 $� �� �� � � � �!. $. � �� ' � �. " � $ � �� � � � �� '  � $ � �� � �� �� �� � � � ��� � ���� � � � �� � � ��� � �� � . � �

� � � � � �� � � ��� � �� � � � � � � � � � �� � � 	



� �� �	

� � � �  � �� � � 
� 
 �  � � ! � � �  
 �� � � � � � � � � 
� � � �� � �� � � � �

�� � � � /�� � 	 � 01 � � �� �� /� 
 
 � 0

�  � �� � � 
� 
 �  � � ! � � � � � � � � ! � � � �� � � � �� � � �  � 
� � � � � �

�, �, � �� � 3 � �� � � � � ' . � � � �� � � � � � % �� � � �� � � �� � . � � � � � � �� /� 
 
 � 0

� � �� � 
 �� � � � � � �� � � � � �� � � � �� � � � � � � � � �� � � � � � � 
� � �� � � �

4� �� � � � � 3 � � 1  �  � �  � " � � ' �� �� �� �� � � � �!� 3 �� * � � � � 3 �� �� � �� � �� � / � �	 
 0 $� "� �� � �� � � 2 � � � " � � �� �* � � χ� "# " �� � � � �� � � � � � � $ � � % � ��� � ���� � � � �, 4 � � 2 � � � � � � � � � � /�� � �	 01/� 
 
 
 0 2 . � � � �  � " � �� 1 3 �� $ � ��� �� �� � � � �!� 3 �� � � � � 3 � � ��� � � � � � 2 � & ' � � �� � � �� ' � � �� � � � � . + �� � � �� � , �* � � χ� �� ��� � �� � � � � � � � � � � $�  � �* � � � ' � �* � " � � 3 � ��� ,

�  � �� � � 
� � � � � " � � � � � 
 � � � � � � � � �� � � � � � � �  � �� � � � � � � �� � � � � �

4 � �2 � � � � � �� �� /�� �	 
 0 2 . � � � �  � " � �� 1 3 �� $� � ' � � � 2 �� � � � � $�+ � �* �� ��� � � � . � �!�� �� � �� � $� � ��  � $� ���� � � � ��+ � � �!2  � � � ��* � � � �� � . + � �� � � � � � � �� �� � "� �� � , � � � � . +

� � " ���� � � � 2 . � � � ' � $ � �� ' � � � � �  � � /�� � � � 0,



� � �� �� � ��  � � �� � � ��� � �� �	

4 �� �� � � � �� � � �� ��� �� � � � � ' � � � �� � � � � �� � � �� � � � � ��+ � � �!2  � 1  �  � �!� �� �� � 3� � � �� 1 � � 3 � �� � � � �!� 3 ��  �+ ��  , � �� ��* � 1 3 �� 2 . � �+ � �� � � �� " $ � " ' � � � 2 . � �� � �� �� " � �� � � � ��+ 1 � 2 . 3 ��� � � '� � � �* � � �� � 1 3 �� $ � " � � � � � � $2 � � "� * � � �� � . � ���� � � � ��+ � � �!2  � � � 3 � � $ � 2 � � � �� � � �� � � $ � � �� �� �  �+ � �� � � � �!� 3 ��  �+ ��  , � � � ' $ � ��  � " �� .  � & �� � � � � �+ � �� � ��+ " $ � " ' � $ �  � �� � ��� �� �� � �� � ��+� ��  � ,� �� 2 . � � �� ��  �� " ��  � � �� � � �� � �!� �� ' � �� � / �� �� 2 . 3 �� �� � � � � 0 � � 3� � � � � � � �* �� � ��* �� � �� , 4 � � " �� � � � � � �  � �� � �� � �� �� � �� � ��+ � ��  � � �  � � � � �+ � �� � ��+ " $ � " ' . ' �+ � � $ � � � 1� � ��� ' � � � ��� � �� � ��  �� � 1� � � �� � � � � � � ~F = 1
c
[~j × ~B]� � $� " � � � . + � � � &� � � � � �� � � ,

4 � � 2 � � � �� � � � /�� � 	 � 0 2 . � � � � � � 3 � �� $. � �� � �� � ' �� � ��* � � � � � � � �� � �

~Kc = −
2

3

Ω3

c3
m2α

~m

m
cos χ

* ' �� � � �� � � � α � � � �  � � �� " � � � $ � � � 3� � �� � � � �!� 3 ��  �* � ��  � � � � % �* � 3 � � � "� ���� � � � � � & � � �!2  �,

α = � 3

4

j

jGJ

(

Rt(η)

R0(η)

)4

� � � jGJ =
ΩB

2π
cos χ

" ' �� � j) � � � � ��� �� � � � � �� 3 ��  � * � ��  � $� ���� � � � ��+ � � �!2  � 1 jGJ

) �� ' � �+ �# �� �� � � �� $�  �+ ��  1 B)$ � � � 3� � � ' �� � � � ��* � � �* �� � �� * � � � �� � �� �* �� � �� � � � � &� � � �+ � �� � ��+ " $ � " ' . 1 Rt(η)) � � ' � ��

� �� � � � � ��+ � � �!2  � � � $. � � � � η1 R0(η) = a
q

Ωa
c

η3/2,

� �� � � � � � � � � 2� � � �� � � � �� � 2� �� � � � �� � � $� 1 3 �� $ �� �� �� � �� � � ���� � � � � � � ' � � 3� � . $ � �� $ � � ' � 2 � � �� �� � � � � � . � � � �!2 �  ,



� � � �* �� ��# ' �� � � � � . �� � � � �� 1 � � � ��  � $. �� � � �� � � �� � �� � � �� ��� �+ /�� 0 " � ' � 3� �  §	 � � � � ' � � 1� � �� � � �, � ,� � � � . + � � � � � �� � � 1 ' �+ � � $ � & % �+ � � $ � � % � & % � &� � � �+ � �� � � � & " $ � " ' � 1 � � � � ' � �� �� . +� � � $ � � � � $�  �� � � � "� �� � � �� �� � � ��� 1 � � $ � �

~K =
r3

4π

∫

(

[~n × ~E](~n ~E) + [~n × ~H](~n ~H)
)

dΩ ��� �

* ' � ~n = ~r
r1 ~E� ~H) � � � � �!� 3 ��  � � � � �* �� � �� �� � � � $2 � � "� $ � � % � & % �+ � � � �+ � �� � ��+ " $ � " ' . 1 r)

� �� � ��� �� � � � � � � � � � " $ � " ' . 1 a) �� � � ' � �� 1 a < r < c
Ω

,

� � � � ��� �� � � � � �� 3 ��  �* � ��  � $ �  � � � �� �� # � �� � � � �!� 3 ��+ � ���� � � � ��+ � � �!2  � � � $ � �

~j = −A(ξ)jGJ

~B

B

2 � " � � "� � � � �� � � � �� � � � �� ξ1 0 ≤ ξ ≤ 11 � � �� . $ � � �� � � � � � �� � �� 3  � $ � � � �� � � �!2  � 1 ξ = 0)� � � � $ � �� $ � � � � � � � � � � � �!2  � 1 ξ = 1) 2 �  � $�+ � � $ � � � ��� � � ,4� � � 3 � � 3�� �� ' �� � �� ��* � � �* �� � ��* � � � ��
~B =

1

r3
(3~n(~n~m) − ~m)

$ � �� �� �� $� 2 � ' �� * � �� � � 3 � ��� " � �� ' � $� � � $ � � � ��� � �  �� � � � � � � � � A � � $ � � � � � � �� � � 1 � � � 	 � � /�� � � � 0

A = 1 − κ

* ' � κ ≈ 0.15� � �� . $ � � �� � � � � � $ � � 3 � ��� � � � � � � � �� �. �� �� � �� � �� 3 � � �,



� � � '� � � �* � � �� � 1 3 �� � 2 � � � � . + ��  � � � � � � $ �� �  � � � � � �� � 2 �  � $�+ � � $ � � � ��� � � � � �!2  � � �  � . � . �

� � � � $. � � � ��+ � �* �� � ��* � � � �� , � � �  �� � � �!2  �� ��  � � $� � � �� 3 ��  �+ � �� � �� �� �� � �� �  � � � ' � � � ���� � & Oz1 � �� � � $ � � � ��+ � � � �* �� � �� � �� � � & 1 � � �� . $ � � �� � � � � $ � � ��� � �

θ(η) = θ0

√
η � � � θ0 =

√

Ωa

c
� 1

. " � � � $ � � ��+ � � � $ � � � �
rot ~H =

4π

c
~j � div ~H = 0

� � � �� � �� � � ��  � �� � � ' � � � $. � �� � �� � ' ��  � � � � � � � � . � �* �� � ��* � � � �� Hφ

Hφ =
2π

c
jaθ(η)ηξ = −

ΩB0a

c
ξ
cos χ

η3
θ0η

3
2 A ��� �

* ' � aθ(η)η = aθ0η3/2) � � ' � �� � � �!2  � � � � �� � ��� �� � r� � � � � � � � " $ � " ' . 1 B0 = 2m
a3

) $ � � � 3� � �

� �* �� � ��* � � � �� � �� �* �� � �� � � � � &� � � �+ � �� � ��+ " $ � " ' . ,
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� � �!2  � 01� � � � 3 � �� $. � �� � �� � ' �� ��  � $�* � � � � � � � �� � � /� ��� � � � � � 2 � 3� � . $ � � � ' $ �� � � &� � 0

~Kc = 2
r3

4π

∫

Hφ[~n × ~eφ]dΩ ��� �

� 3� � . $ �� 1 3 ��

dΩ = sin θdθdφ ≈ θdθdφ �

[~n × ~eφ] = −~eθ �

θ(η) = θ0

√
ηξ ��� � �� dΩ = θ2

0ηξdξdφ�

� � '� � � $ �� � $ /�� 0 $. � �� � �� � /� 0 � � � � �* �!� � �� � � φ� ξ� � � � 3�� $. � �� � �� � ' �� $ � �� � � ~Kc(

~Kc = −2
~m

m

B2
0a3
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Ωa
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)

θ4

0A cos χ ��� �
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Kmm = −
2

3

Ω3

c3
m2α cos χ � 0  
� 0 ≤ χ ≤

π

2

Kmm = −
2

3

Ω3

c3
m2α cos χ � 0  
�

π

2
≤ χ ≤ π

� � �  � � � �*  � " �� � � � �� 1 3 �� $. � � � �� � �� � � � � � ��� � �� �

sin χ
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= const
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 �� �� ��� � �� ��� ��� � �� �� � �  � �� �! �" � #$ � �% &� �  � % � � �(' �! �") � " �* � � � " " � * +% � +  � ��' �, " ) � �-  ) � ��. " �, �) � � & �% �, � ' �/ � ") +' �% ' � ! " �0 &� �  �% � �. 1

Kmm =
2

3

Ω3

c3
m2 (1 − α) cos χ

IΩ
dχ

dt
= −Kmm sin χ

2 � 03  � 0 � � + 4% )  " � # $ � � � � % " �% �0 " � �0 �0 � �5 " ) �� 4�. 0 � � � # �� � ) $ " � � �� 0 � 4$ � �% χ = 0◦) χ = 90◦ #% � +' � ! " � � ��. & � � �) α = 1 16 �) $ �' # �0 � ) α(χ) = const # � �7 � � � � % " �% �0 ) � 4  �� " � 40 � � * $ ) % � ' 1

8:9 ;< = ; >? < = > ? = ? @ =A < B > ; =C D =E < = @ =F GH = I 8 B α = 1

>? F B α(χ) = const J @ =K @ = 8:9 ;< = ; >? B >ML < > N ? @ =O P B ; = >Q

R = ? @ NF 9 @

S H F 9 TVU @ = H = ;U W B D 9 X< B @ =ZY T B I =F G < U W I = @ > 8 G ; @ = 8 D =E > < B >

< >O @ 8 = < < =O C ; >C T U D =E < = ? H F 9 TVU ;9 @ G
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 �0 ) / � � � ' � � � �  � �� � , � � ) #$ � � � � 4 &� � � & � � � � / 0 ) � �% � / � ) " ) * �0 �0 ) ' ' �� �) $ " � 5 # � 1 � 1 �� 0 �$ �") �%�0 " �% � " ) ) � & � 4, 1  � �  �* 0 � % ) � ��. " � � � &  � 5 0 � 4$ � 5 cos χ = 1 # � 1 � 1 & �,  � % � &� � � ~Ω" � � � � % � �" � � ~m 1
 � 5 � � �) +% ��. " �, � cos χ0 �$ �" ) � � � 4 &) 0 � �3 �) % � �� 0 5 % � � �0 & �0 � ) % � &� � � �% ~Ω) ~m # � 1 � 1% 7 � � '

" � � �� % � �" ) ) � � +' � �� 4�. 0 � � " � * � � 4 &) 4' �". � � �� 0 5 0 θ0aη3/2  � θ1aη3/2 1
 �� �� ��� � � � ��� � �� � �� � " � *  �" � +� % ) 0 ) ' �0 �. � � �(' � � 4�. 0 � � " � * � � 4 &) � � 4, � � χ 1

sin θ1 = sin θ0g(χ)

g(χ) =

(

(1 − µ)3

1 + 3µ

)1/4

X T > cos χ =
1 − 3µ
√

1 + 3µ

6 �) ) +' �" � ") ) χ � � 0  � 90◦ µ' �" 5 �� 0 5 �� 0  � 1
3 # χ = 90◦0 � �� % �� 0 � % 4 �� µ = 1

3

g(
π

2
) =

(

4

27

)
1
4

≈ 0.620


 &" ) , �� � � �% � � �  ) �� 4�. 0 � � �� � �) % �  �" " � � �)  �$ " � �% � � � ! �" ) �  � 5 +� % ) 0 ) ' �0 � ) ��  ) 40 � � � 4 &) ��

4, � � χ 1 
 $ � 0 � " �0 � ) 4 " �, � θ1 = 0.54θ0� �) χ = 90◦ 1
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 � � + 4�. � � � � # � � & �% � � � �� � �)" � $ ) " �3 � +� % ) 0 ��. �� 4, � � χ 1

� � �0 & ��. & 4 0 �$ �") � � 4�. 0 � �-" � * � � 4 &) 0 � � " �% ) � 0 5 � � / �! �*" � 7 � � ) � 0 # �  " � ) +� �� 4 �0 �* & �-� � �, � 0 % � �*  � ) " � " � ' �" 5 �� #� � % � �� ! � ") �  � 5 � � & �% � / � �-� � �. ' �! " � +� � ) 0 � �. % % )  �

α(χ) = �

3

4
Ag(χ)2

I NF G? 9 8 < 9 W = T B @ ? A ; N ? @ =O P B ; = D 8:9 ;< = ; >? < = D ? = ? @ = A < B B

χ ≈ 48◦
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� � �) 0 4 " & �� � &� +� " � " � �3  � �' � � � � 0 � � �  �� �" ) �� 4�. 0 � � �% � � 4, � 4 χ) +� � � �% � � �  ) �� 4�. 0 � � �� 1
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� � 0 0 ' �� �) ' � � � � �0 0 ) 3 4, � �% � * 0 & � � �0 � ) % �� � �" ) 5 % 0 � 4$ � �0 � � �) $ �0 &) 0 ) ' ' �� �) $ " � * " �* � � � " " � *+% � +  � 1 � � � �� % ) ' �0 . Oz%  ��. % � &� � � � ' � , " ) � " �, � ' � ' � " � � ~m 1

I

K0

dΩ

dt
= −(sin2 χ + α cos2 χ)

I

K0

d cos χ

dt
= (1 − α) sin2 χ cos χ

I

K0

Ω
dφ

dt
= −

9

10

c

Ωa
cosχ

+  �0 . φ � � +) ' 4� � �. " � * 4, �� % � &� � � � ~Ω = (sin χ cos φ , sin χ sin φ , cos χ) # I � ' � ' �" � ) " � � �) )

" �* � � � " " � * +% � +  � ) K0 = 2
3

Ω3m2

c3

1

2 � 03  � 0 � � + 4% )  " � # $ � � � � �) �  � � � � �0 0 ) ) �� % � "
Tp =

2π

Ωp

� ��� Ωp = −
3

5
Ω

m2

ac2I
cos χ

� " ' " �, � ' �". � �% � + � � 0 � � � 4�. 0 � �� τ) / � �� &� � � " � / % � �' �" ) +' �" �" ) 5 % �� ) $ ) " Ω) χ

Tp

τ
=

40π

9

„

Ωa

c

«

sin2 χ + α cos2 χ

cos χ
� 1 � �� τ =

P

2Ṗ
= −

Ω

2Ω̇
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I

K0

<
dΩ

dt
>= −(sin2 χ+ < α > cos2 χ)

I

K0

<
d cos χ

dt
>= (1− < α >) sin2 χ cos χ

+  �0 . < α > � 40 � �  " �" " � �� �� � �) �  4� � � � �0 0 ) ) +" � $ �" ) �� � �� ' �� �� α 12 � 03  � 0 � � + 4% )  " � # $ � �

8 9 ;< = ; >? < = > C < 9 P > < B > N XF 9 χ T = ? @ B X9 > @ ? A >? F B

? 8 > T < > > C 9 I > 8 B = T I 8 > � >? B B < α(χ) > 8 9 ;< = 1

8:9 ;< = ; >? < = > ? = ? @ =A < B > N ? @ =O P B ; = J

>? F B ? 8 > T < > > C 9 I > 8 B = T < α(χ) > N�� U ;9 > @ ? 8 = ? @ = D χ
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�� � & $ � �� �� � " � �� ' �, " ) � " � ' � ��3 0 � �� % " � B0 = 2m/a3 � 1

� � �� 0 0 � �5 " ) ) a ∆ � ∆ < 1 � � � � �% � �(/ " �0 � ) �% , � 4 . +% � +  � �% � � � 0 � ) � ��3 0 � " � * � � � " " � * +% � +  � �� 0 � �� � , � �� 0 5  �� �� ") -

� ��. " � * ' �, ") � " � *  ) � ��. 0 ' � , ") � " � ' ' � ' �" � � ' ~m1 1 
 � &� � �

~m1� � �� � "  ) & 4� 5 � � " % � &� � � 4 ~m # 4, �� ' �!  4 ~m1) � � �0 & �0 �. 3

(~Ω, ~m) �� % �" γ 1 6 � �� ' �� � ∆% 0 3  4 %  � �. " �* � �' � �� �, � �� -

0 5 � � % " � ' 0.1 #$ � �� �) ' � � " �0 � �� % �� 0 � % 4 �� � �� �) " � & � � � " �* -

� � � " " � * +% � +  � #) &� &� � �  � �� � , � �� 0 5 # " �� �) % �  ) � & �0 � � � ' 4� � 0 � �  4  �� �� " ) � ��. " �, �  ) � �� 5 ~m1 1


% �  �' 0 � � �) $ �0 & 43 0 ) 0 � �' 4 & � � �  ) " � � (η = r/a, θ, φ) 16 �) 7 � � ' " � � �� % ) ' �0 . z � %  ��. % � &� � � � ~m #� �0 . x� %  ��. % � &� � �� ~m1 1 � �,  � ) 0 � ��. + 45 ' � � � 4, � �% � �� �)  � ) ! �" ) � θ � 1% � � � ! �" ) �  � 50 4' ' � � " �, � ' � , " ) � " �, �� �� 5 ~B = ~B0 + ~B1 +� � ) 0 �% � �� 0 5 % 0 � �  43 � �' % )  ��

Br =
B0

η3
, Bθ =

B0

η3

(

θ

2
+ λ cos φ

)

, Bφ = −
B0

η3
λ sin φ

,  �

ν =
B1

B0

λ = ν

(

∆η

η − 1 + ∆

)3

η =
r
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 ! 4� ) � " �% 0 &� 5 � � �� " �0 �. ρGJ� �0 � �5 " " � � �0 �$ �" ) 3 � � 4 &) ) ' �" 5 �� 0 5 � ��. & � 0 % �0 � � � * η 1 � � � +" � $ � �� % $ � 0 � " �0 � ) # $ � � ' � � � �" � � �, � �' � � � " 0 - � � �� �' � " �% 0 &) ' $ � � " � ' % ρGJ 1

ρGJ =
ΩB(η)

2πc
cos χf(η)

,  �

f(η) =
1

√
1 + λ2

((

1 −
κ

η3

)

+ λ(η)

(

1 +
1

2

κ

η3

)

tgχ cos γ
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j = jGJf(η0)



� � 	 � �� � �� � � � �� 	 � � �� � �� � �� �


 7 � � ' 0 � 4$ � �7 � � &� � �0 � � � ) $ �0 &) * � � � �" �) � � Φ �� % �"

Φ =
ΩF

2πc
(f(η) − f(η0)) (1 − ξ2) cos χ I 8 B η0 ≤ η ≤ ηc
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F = π (θsa)
2
B
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