
� 2 23 ,�2 3 . E�j�8���� Vol.23, � No.3 ��� 2005 � 9 � PROGRESS IN ASTRONOMY Sep., 2005 ��*:{��1000-8349(2005)03-0205-10%4 6��1��9?A=��>�
(E�69���jFk2�*� 100012)85�4Hxv��:+ot4HR4'�J39�uW�4Hkq)�O&���
mt4H�Ox7�q+_�7*_%�1xv�%g�Gz�R#X&j>
4Hxv�&��G��	�4HL�&4PGMl/���a�)GMl/�L��FxL�;�-`F�C+ Maunder [�.*�E�L t5jYVV7U)&/7IxRg�-{4H:��&eJxD?
��Y��+Ht)U^�*�Z4Hxv�&? o�^t#����r�:tZ�PM"P&^�
Æ � ��DBtH7�xv��m��4H�:���V7U;(����P182.7 ��� *,|!��A

1 �a��Bi� Hale [1] U�3G0fho3:%�b��	~�3GK?%�b,CWB��b"O^$Æ3O3GK?%���(DD�oydGK%{h	-`�%���g%\y�<%L�*�%\�sC&p (Coronal Mass Ejection, CME) )�D
�bC>P!���`�n% [2] 	�8�iO?Z℄�3G9��bQKB�s:s<\ (tachocline \�sLk\wjp\2n3$%O\�Mo6!5�z0=��Lk\) %iXU%�bU6Txi [3] 	"FiXUU6TTB}�Y3G9��b%B�dWwZ�dW2nFJ�;Z>%<B	U6TGs��}#0��O` 11 yr 3GK?J�Spöror =o (��0fTÆ\�%n��*3GK?J4>%<*) � Hale-Nicholson Z.=o (���Z0fT8�0fw7*0fÆ}	3GK?J��-nZ.DUvZZ%��) * Maunder:;Q (9W{n℄ xM�0fTz�%(._E℄ y Mxz%R5Oz3GK?J%0fTÆ\�%dIQJ�^:"O<<�wr%:;Q"�) )O{^�X�� [4] 	�*b�X�I%FK�L*�X\%\[VC�X�U�3G�K?~Yk�3)�o.%<*V�D�Æ�B�O%o�^$wFS=^$�"QK9�Æ3GK?%}F�� "���2004-11-22 � 0����2004-12-20 � &7��.���jkV69S�eV�� (10233050) ��jH4S��!eV�� (G2000078404)



� 206 �������D�i�7����������� 23 ,�FLk.��D�-`�(FLk.w>xFLk. (9}F3GK?��Æ� C (P> C) *( C (Px C) z�)o��N�o%FLkA*) �K?�EwK?: (9Æ3gOI{n��Keo ��O�����E�*�=H{nz�+`%3G�K?) �,_E�BW℄ Maunder Z�- (9Æ 17 �g7 N3GK?Ze.%s5,�) )�"���D
�8U6TGs�W��%	s
�X�1�QXÆ3Gjp(�N7�D�ÆbOz[d%�b�1f�YU6T%.e
x��nY2OZe��	0}��Æ 1945 ��
Cowling [5] #V�>z�Æ3Gwu�b (Relic Magnetic Field, RMF) %7��<F�0�%?F
℄Y��3GK?%Ze���Q
℄Y���{�X�%3G9��b	
2 RMF '?{

20 �gDN�X�L3G9��b%Y�R,Bis��ZT=j�X� Hale ℄0M��%�x	�{3G9��b%�XGs℄�Iydo	��X��%X℄^$<<	���i<1!3G9��b%MM3GiZM��Æ 6◦ %>{�0�b:E�uÆ 25 Gwq�Q=*b*F�C9�%wE�k7�J3<�t�d	�Æ5&C>℄��ls~Z�LsV�"��\%���(ZdGsw(b�MGsn��X�L3G%*n�qob�B��y%Z��s
F�Km�3G�b��SB��{6X�>zY}F}J%7��(�-`�oXZ℄�3G9��b7�
3G�N2O�6NfiZav%��"FGs|�"5 Brunt %T;�ÆÆ<��� 10−15 %3G9��b�MoXZ℄�Æ3Gfq��7��ÆbOzl3G9��bXU%6k�"z6kZ�B0jb3G9��b��"O�X3<+ Cowling i-Y�Gl
"FsGTBL0jW,z3G9��b�,#"oi�	 1945 � Cowling [5] >z3G9��b7��Æ3G�bQ3&�I28#*nY�ls3G�N6�p<<w�^�0$fydFy�O5%i��C	��o%�S3G9��bl/�QB2� Cowling >z% RMF Gsis��3G9��b%av
F.S%��LLk\W�%jp\[UoGK%T3m6	�}k�_�Æ�C�X�L3Gjp(�N%z%Y�M<
JiÆGs���I	O�Z℄�jp\%6�p<<��jp\�%sCR,k�sOF|o�L
?%l=\6�"TzHwLs���b%W,%iZ℄oM	`�3G#%Æ0C>�Iz�bCO��N%A��{� Cowling %'�3G���b%$f�e τ = 4πR2β−1
≈ 1010 yr �0D R ℄3G �� β = 2 × 105 cm2/s ℄OR'M�GE"%�Æ{� (�vh� [5]) 	7v���b%$f�eM3G�C%}f�eÆ�W`k
��%	^�� RMF ÆGsk
o7��Æ%	��Q%
�X��8DoXS<1!3G
i#%��CO��b?Æ0�N%�b	��6��%��B2�`�KCO�b�3GÆ0*n�I=nKz0�NNdsCG"&zBO	�Ro7��OV.5:`%Lk*s<)xi*n%�b	

3 �Iuy�Zk�g 80 ��WB�Æs RMF %>�}O��DF'3n�	"QK
^℄1VÆ3



� 3 . #i>*�4Hxv�? �� 207�G�N�R,|o5�%�X/'	X�Æ�� RMF Gs�({�MDO-q�>���-`lr RMF ℄#Zb�lr RMF ℄ Zb�Z℄ RMF %MM3GiZM[o> �P�,|o> )	Æ�Xs/℄��X�R,v<"JOF����l=�F.C% RMF �U7K���0LU6T�b (Dynamo Magnetic Field, DMF) %f��|AÆ�XkzJ�n�����rXMi#}%�X\�--L��D��F/ RMF �Æ*pF�(%�%	
3.1 �$3�	� 22 yr <��8�ÆpF RMF 
i�Æ%-o3GK?��D�3G0fdr'i"sOMs5(Y	 Levy * BoyerÆk�g 80 ��y-s/Y� RMF M DMF �ÆOz#%℄{{�Lk\n�KWJ�k2O��Q7��?0f�O�Q)��Oz3GK?J{^℄ DMF ℄�ZZY (Hale-Nicholson Z.=o) �Lk\n�KWrJ^℄ RMF %�Ætn2O��QFMs0fav [6,7] 	̂ ��0�Z℄0fO% 22 yrJ-7Wn℄ RMF �Æ%/'2O	

1982 �* 1983 � Sonett [8,9] U��Æ~}3�	3GK?J% Wolf 0f�L�3^k�Ozp%&7�Æi 22 yr * 90 yr TzJ-℄0!'#�}#0�/�L 150 O�B%
Wolf 0f�L�3^	0Z℄"JOz}�%p%&37�M RMF oÆ	�
�hXUQ%
��0�/ 18�g� 19�gDN)��{6% Wolf 0f�L�{�-i%"zqk%&1�4m&Y�"�"028%��W℄0Æs RMF %sK4"o��W�%	7B�
Mursula )X [10,11] ���0D%m�7���℄ 19 �gDN8% Wolf 0f�L�,s%Nu_}�	

2000 �� Mursula )X [10,11] Mi� Hoyt )XG",G7%0f�L��U�Y	�%
22 yrJ-�?=9z 22 yrJ-��Y,z Hoyt0f�L�%em{I (� 1610∼1995�)�0lE�℄(.0fK?�(% 10%	)A��`Q 1-�	ÆQ 1(b)D�3GK?J%J(.0f�L�K?97 IGO(k) =

1

132

∑J(k+1)−1
j=J(k) Rg(j) �0D k 9�3GK?J%0&� J(k)9�}z3GK?J%5��g�Rg(j)9� Hoyt0f�L�%�.6�132z�v#�9Y

11 yr3GK?J%gE	� IGO J
7W2z�~Y Maunder* Dalton T	Z�-WV�3�	3GK?J%(.0f�L�K?�(DKrws8℄#�	3GK?J%(.0f�L�K?�(�*n-e% Genevyshev-Ohl (G-O) �� [13] �"xd�	YÆ~T	Z�-V%"�{I��Æ�T% 22 yr J-	Q 1(c) DT� D(k) = IGO(k + 1) − IGO(k) �9�*n
G-O��%T�b3GK?J% IGO _6	�QD7W2z D(k) J
�?�(��	1n
9�℄Ozl=%e� (
s 10∼202n) �0DD#A Maunder Z�-8%OzJ,3	n�Z℄�D(k)%l=.F��	YÆ G-O��DVoOzl=% 22 yrJ- (0lE�℄(.0fK?�(% 10%) �Q=D|�b"zJ-37�M�F=e%sG^$�Q{�-`
RMF 	℄Y�OL�	 22 yr J-MJÆ Maunder * Dalton T	Z�--n�Æ�Mursula)XrL Hoyt0f�L�%�.63^xY`�7^>�G	��usk�g 80 �� Sonett%�x�Mi(<℄X=~0f�L�3^D�Æ% 30 yr J-4> (30 yr J-
 90 yr J-%e	!'�Mursula )XZ℄3GK?Z�-7�
l- 22 yr J-�g%00J-B?`5%) �h�HT� Ug(i) = Rg(i)−

1

361

∑180
j=−180 Rg(i + j) �0D i 9)A%�g� 361 9 361z��.#Ld 30 yr {ngE�l� Ug 9�=~Y 30 yr J-4>7%0f�L�3^	
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1

132

[

∑65
j=−65 Ug(i + j) +

1

2
Ug(i ± 66)

] ���`Q 1(d) -�	7W2z IR ÆNN{n[\�D�Æb	�% 22 yr J-B?	

R 1 �4HL�& 22 yr K. [10]

(a) Hoyt 5I2hÆN�	/8 (}�) -j�^YGE(Pf9Q�( (�) ���_y�8
[5IMAL1'�Maunder \�/ (MM) - Dalton \�/ (DM) � (b) 5IMALL)/(2hÆN�MA;8 IGO �~$_;;�~4�
5IMAL( IGO 8�9$�M;�~$�
5IMAL( IGO 8� (c) ,p/f G-O N(VÆ5IMAL( IGO `8� (d) �8`��J8(L)/(2hÆN�MA;8 IR ���4^bjk� [12] (���;��
Maunder \�//o2hÆN�|�u�(|odA�

2002 � Usoskin )X [14] 	UOzho 22 yr J-% DMF �Oz5=% RMF *Oz*T4>%[d�b�n�0��Y� 400 yr % Hoyt 0f�L�3^�0D#A Maunder* Dalton T	Z�-	Q 2 ��Y0�Nd����	�}f�X*Gs��%THJ
L-D7W2z�os
0f�L�BhwB�z�%{n3�D
}z3GK?J0fK?�(%�L:d�D9�z�T%O?.�-WR,kM{F/Y0fK?% 22 yr J-* RMF %�Æ	gV�_�Æ3GK?k0[d% Maunder Z�-���%0f�L�)U3���RU
�Æb%�""[s RMF %f�	
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R 2 Hoyt .#&4H1gM�4_ [14]

(a) $~(2hÆN�	/8� (b) Æ�(2hÆN�	/8�
2003 � Temmer )X [15] K�NU��}3�	3GK?J-nL�K?Æ{n�knK	�x7s0fK?�QÆ}#�	3GK?J-nR|oU�Y.D"%�o�""9Mn��	Y3G�K?% 22 yr J-* RMF %�Æ	

3.2 �$3�	�~
�/�8�X�L)oFLk.%}D3GK?%���Æ2O+\	-`�o%Z℄7�w3G�N%���oÆ [16] �o%Z℄w3GLkH}"oÆ [17,18] )	U�OzFLk<*%�bU6TGs7�
�7"℄�>�%G3 [19] �Q RMF %�Æ.#℄"FU6T�(%��>�#}R'���QK��X℄�n� RMF 
`.`U"�3GK?FLk^$%	
1988 �� Stenflo [20] Mi 1959 �WBZT=j�X�* 1976 �WBR<h�X�%3Gl/�Q\�>�Y,z3G9��b_EdI (}ll/�Q%�E℄ 36×30 �_z,z\�Æ�E℄�k)dn 36 g�_E℄�k�.�6)dn 30 g��( C} 15g�z-o�Q�{n�3R�5BrnO�"%g�Q3^��-}_iZs.�℄L9�Ek%dI<*Æ�E℄�kxY 16 z3GiZJ%(<) %C><*�?Si 14 zMLk (m = 0) %C!!�%<k*����Y�tE�b��%_EdI℄C>QJ	��`Q 3 -�	Q 3(a) 
��% 7 z l 6℄3�%<*��;<k%A*�7W2z1�D
Æs3Gv!ZLk%�?=:�bo	�%�v!*TZT?%G	�Q 3(b) 
��%

7 z l 6℄#�%<*��;<k%A*�7W2z1�D
Æs3Gv!Lk%� StenfloQX"�Lk�W%5�37�M RMF oÆ	Oz[d%Lk�bdW (�N���℄ZLkdW% 1/10∼1/5)k��OzZLk%U6T�bdW2k�#�nY)oNYZ%�(FLk.���`h� [21∼23] )	
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R 3 �4H�uF���&`FeJ [20]

(a) l = 1, 3, . . . , 13 � (b) l = 2, 4, . . . , 14 �

R 4 �4H1g�℄�eJ&�FGMl/ [25]

(a) ^�2hfK(�GHNm0|� S � (b) 5I2ho�W� (c) Wolf 2hÆN��
1995 � Bravo * Stewart [24] Æ>�YR5az3GK?JZ��-n\��7D�(TZH�b_℄%R�k�TX7��ÆOz�Ls3GiZM> � 0.07◦ %#Z.C%

RMF �0���℄3GK?Z��-n DMF #ZdW��% 1/7 	
2002�Mursula)X [25]NY3G0fÆ\�dI%�EFLk. (Longitudinal Asym-

metry, LA) 	0���=ZOz�W>%0f�VT� Sik �0D i = 1, 2 9�0fs3G� CP!( C� k = 1, 2, 3, . . . , 27 9� Bartels 3GiZJLd%C�3& (3GiZ
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Sik %��K i � k -Ld\�H{�3G0f%n�V�MiT� S =

∑

i,k Sik B)AEW(.}z3GiZJ\�-o0fdI% LA qE	'��`Q 4 -�	 Mursula )XU��\�0f% LA Æ}z3GK?J%Z�6}M-0fn�VW℄ Wolf 0f�L�%Z�6�R,%sOz5=%e��Qw}z3GK?J%}f0fK?�(oÆ�l�QX"FFLk.7�
3G�NhoOz5=% RMF %VÆA�	
2004 � Mordvinov * Kitchatinov [26] >�YN\��b℄0U+��Æ�EkdI%C>�o�U��1 21 �1 233GK?J3G%�tE�b��7�lJ-.%U6T�

(Æs3Gv!ZLk�iZMMLk�=}J9�o	�Z.ZH%:�bNd) *5=%
RMF (aMLk%d�bNd�
��Fh� 8 µT) �;<kav	"��x"9M8�
o% Stenflo [20] �x;D	
3.3 �$3�����2

R 5 �℄&d℄ [27]

(a) � (b) ^ α2 |� (α |��^'�[Ezffj�Q�^ α1∼α6) � (c) � (d) ^ α4 |��SE9$�4;� 1986  ^'�[8�nN/p)AÆfX n (�Xh�) -~Æ 10 | l (|Xh�) /Ne( α �8F)/$ �2v`!^�[v`�~�-1�S�(4f=;�Jvlj RMF (B0 = 30 MG) C�dfX-\�dfXd($ (Æe α 8� β ;��dz5I;�k[N4o(h|�
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OF�5�o�08X3G�N%z%℄X	wMi0%B�A<*>�0C�N%zOJ�\%6QKK��X3G(?<*BTX3G�N���
?*�b)sGTW	ls RMF tVÆ3G�N�"F>��ILs�7 RMF %�XF/7�YZydt�	 1992 � Goode * Thompson [27] >�YOzD"s Zb% RMF L3G(?'p%f�	�\%\ (`Q 5 -�) 0�U��`� RMF Æs3GiZMMLk%A�0��Fdhz 30 MG �-�n%3G*\%2pd�?℄ (5∼10)×10−6 (Æ�8�Xu_[\2��-WDoXpF) �`� RMF M�L3GiZM
> %A��{0���7Whz 30 MG �-`5%3G*\%2pMJ*24�	gO℄����B Sofia � Li * Lydon )XL3G�N�b%*\����tE*4>pw3GN$T� (#A3G ���E�0f�L��o�gE* p �%?'p)) %4>2n%Æ{ob{N%>� [28∼30] 	Mi"�Æ{��/}{�Xem7ZTz3G�N%�b%z�"w\%6>�Æ��k
�M%	>�9	�OztVÆLk\.NW�%:�bdW (� 106 G) L"�N$T�%f�
F7PP%	�U�Do002Ow RMF�Æ%Gs�X>��"LFOO^&Y	
4 �;u,�X

Cowling �	>z RMF %u!
Æ 20 �g 40 ����{X�.�ÆVZ8,3G9��b5�%�I	0}��{6V�z�YIO7Bk2℄iXU�bU6TGs%}*� Cowling % RMF Gs"9�s�h8ÆQ|o`5q�%GÆ	#�{A=B��3G9��b%�X�Im3d�0�N�b%�X��kF<}f� Cowling % RMF Gs|o7pF%R��0	L5&�b%>�Rvv5L��<�>�5&*n�qD%���bY	*b3G9��bU6TGs%n��3G9��bw�K?%}F.C*�oMPy+~�zB�Q RMF R,k[�Æ+SY%{x	5� 19 �g 80 ���X�U�Y2OU6TGsoX��%���Do3GD[f>+m�)�F"FG"3nVGn�%U6TGs*3GR,�(	s
�3O6!1�3n*�QI�3G
i#%�ÆP!���Æ RMF "zm���Q�L3G RMF %>�lE�yyp�NW	gVOzÆ�^$�7�
�Æ5&�b%>�f{���iR,�ZD3G5&%jp(��Æ RMF 0}
OF3,6%�� [31] 	�8�ÆGs℄��X�O℄�ZO8, RMF %avTB*��Oz!*%�����O�X�}%"U6T�(�gO℄��K���*ZC℄Xz RMF w�7�O%7�X%3GK?��W℄4>9�ÆQ5B�℄�XF/8=R�	-}5(%�X/'o3GK?4>% 22 yr J-.��(FLk.*3G�E4>)	Æ�X℄��X�O℄�dw*>K3GK?%}FFLk.-℄ (_%~�NU6TTB��%Nd) �?Mi"�-℄ZTz RMF %�Æ.C�gO℄��
�/Gsdw�\DG"Ca RMF %�Æ/'	h� [20] *h� [27] 3
`�	9 1 q�w^YNdh�-TX"�% RMF %azR,.C��D7W2zX�L RMF %G�
�Æ+\%�-`1%��*℄��#ZbD
 Zb�W℄�.
�J�Pjp\�bLk\%	
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1/10 DMF 2h 22 yr L/ [10,11]

1/10∼1/5 DMF 0◦ NNm�!\^S �daGfKE� [20]

1/7 DMF 0.07◦ $\ ^�\I�d [24]

< 8 µT (�D;�) bNNm �d�GfKE� [26]pp/8 !\d ^'9[ [27]

106 G (Nl℄/) 5I�G+O%UX [28,29,32]Y�;E?|�-,℄�/ÆNk[N�Æs RMF %Gs3O��`�PW�X℄�%oM0s�1�D
FS=%	\%6%U�℄ RMF Æ�Xk%s/>�Y7��M2ÆF"%zB�K��Xho�� l ({Wf�) 6%(?� ("F(?����P�3G�t%�N) #%7WY��jp\%#}�b%z	rU�Mi3GN$TW%4><*BTC3G�N�b%z%℄XM
6"ÆX%	U�Ozn�%� RMF f�%FLk�bU6TGsYZydt��1F�℄.SG�3GK?%FLk.��>�6T�Q=Ls3GK?|'MobGK%T3m6	O� RMF Lsjp\wLk\FM&piZn%z/ydGK [6,7] �0	� RMF ,sM23d��
K�Lk\�kA
?%`�xi [33,34] ���_b��bU6TLO�?:BU6T�b%av*C>��Q�B7�X�%�d	OzW,%3G�K?Gsdrl/3n3Gk}\%�;f�	�%K�L3Gjp(� RMF %>��X���G�2OFLk%3G�K?�~�2Ob1%3G�K?%�Æ�o	��)+�
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Progress in the Studies on a Relic Solar Magnetic Field

SONG Wen-bin, WANG Jing-xiu

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: It is really possible that the Sun possesses a relic magnetic field of the pre-main

sequence epoch in its radiative core. Due to a stably stratified fluid and an extremely high

electrical conductivity in the solar interior, a relic solar magnetic field can survive for a very

long time. A relic field can help us to explain many asymmetries in solar activities, such as the

north-south asymmetries of solar magnetic activities, active longitudes and holes, low-latitude

coronal holes, Maunder minimum, etc. In addition it can affect the distribution and evolution of

solar surface magnetic field by changing the boundary conditions of solar dynamo. This paper

focuses on the introduction of recent progress and issues in observations and theories of relic solar

magnetic field. Some unresolved problems and highlights are also discussed.

Key words: astrophysics; relic solar magnetic field; review; Sun; surface magnetic field; dynamo


