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x Wilcox �$� 1975 1U 2010 1ZZ�_C2ur�}+��_8zC2��_CgKL1KBe=Zne3=Q�'3l�_C26u{ 9 d � 13.5 d �
27 d O}Z3=���_CgKLe=� 27 d O}3=M�38�t��_CgKBe=M38Z3=� 13.5 d O} (1984∼1986 1ZZ�_CgKBe==�). �G'y&�_ZCgK��CgKL1KBe=u{&3'�Z})�it℄ ���pb�����[X��gyk� P182; ��V�|� A

1 �� ��^B1m(|(��^ H�YH0V"^-.YB1�XÆ�^QR 1 ~7Ms�.�!Æ�\�HYHB1 (gS\m!Æ�HY7yB1), ��v4}��^F=�?7yB1YJP?vb�: [1]. �^B1J�2<P�:��Wmi5F>_�,TY 11 yr Y2<��^mv�_HLgY7M�bB�_H\YS��?�-J�!D��^Bfq_Hz�sKu<�s�^Y5rBf4��W�^4E�d��VT\j&arB1$4�rE�^B1Y2<P�:[mtz1bop�	"m�^B1md (P�TP�) 2<Y[m�n����A�A8�v#�_�\
�1bF?�q��^B1Ymd2<Y[m�BSQ�K��R���^�YRw/��^B1 �*!ÆOMS�Y�N7OMSB1�	wOMSB1JP ((?E���^) Y�,b&� Svalgaard \ [2] �.T��^4EBf` 16 T 20 2*�^B1tz 27.0 dY2<� Neugebauer \ [3] hw6( 3 Æ�^Bf2Y�^�NOMSB1l?|�tq�XT�^?3F=2<� 27.03 d. }9� Henney \ [4] �-:�^Bf!-|(��$q HB1R� :|*�v4 27.03 d Y2<K-�
��!� 18◦YBfJ�E��	w 1968∼2001 0Y�^7yB1tq� Haneychuk \ [5] X:�^B19WV=Y5?32<� 26.929 d.
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1 > h .℄��`DhLM2LC>�`D34>�;\n 29<� 27 d N|Y�^B12<�� 13.5 d N|Y2<e�r[m��;�Donnelly\ [6] |*� 1979∼1984 0YYC�8�^��tq�X: 13.5 d Y2<K-�,
��^\il9/K�� 180◦YÆÆBfJ�� Pap \ [7] e��^H�^�0Bf4EP�u#Itq.v4z4�:Y 13.5 d 2<K-�fi*#g� Donnelly \ [6] Yb&� Bobova \ [8] [m�^B10_B1Y 7∼50 d Y2<�:dv4 13.5 d Y2<�9WJ�527���eT� 13.5 d Y2<
��^BfJY�Y|( [8]. Mursula \Sq` 20 � 21 � 22 �^Bf2.Y�^YH�g_�^��OMSB1N_BBfY 13.5 d 2<fO�;.|*9(:
��^YH-.� 13.5 d 2<
��^il9/�� 180◦YÆÆBfJ�s��^�0_BBf.� 13.5 d 2<
���ÆF=2<*:4YÆ�{�E� [9]. Das \S℄�^7yB1��^BfJA0��^BfJK0��^BfJA0B9��^BfJK0B9|"fO�|*���z[mYdo.yv4z 13.5 d Y2<K-J� [10]. Boberg \ [11] 	wA%�=|*yw�q WSO 0
SOHO/MDO Y�^7yB1�,tq|"fO�|*��ÆKtq.jF>_�.T� 13.5 d Y2<K-�

Bobova \ [8] nN Prabhakaran \ [12] �[m.<v4� 9 d Y�^Bf2<�
Temmer \ [13] �[m�"i#I��^�0_B Dst (t9(:� 9 d Y2<�,�
�il9/ 120◦Y 3 Æ"i�&o� Lei \ [14] fi*#g�\sb��H%���^B1�mv4 9 d � 13.5 d � 27 d N|\md2<�:�P�^BfJK0JA<Y�^B12<Pq�|*'B<℄\�W�s�0q�|*q`k�^B1b�0�d�^Bfz1bop��E�#	w 1975 0T 2010 0Y�^7yB1tq�|"q�^BfJK0JA<Y�^B12<fO|*0q�[m�<�Z�T�^BfJK0JA<�^B12<PY/q�
2 �wm�wZzed�^7yB1 (Solar Mean Magnetic Field, SMMF) mÆ�^Q7 1 ~7M�,XY�\�^�H*V#��A3s7YB1� Wilcox �#�� 1975 0|i�z��KX*��rFwB>l�,�℄�XYtqMVN7y�XT�^7yB1�,�)/A�
0.05 G[15]. &�oM!�� Wilcox �#�,�Y 19750 5 �T 2010 0 1 �� 417 Æ�Y�^7yB1tq (tq�
��� http://wso.stanford.edu/, 1 d iÆtq'). W� 1�k��^7yB1}dYz%2Y 11 yr �:2<� SMMF t'��^Bfw�d<K���^Bf7kd<A�gS\ SMMF t'�n5,_xv�^YBfG���#�,YF`	PR,�tq�d�\44m&yÆ|($E�)�K�Y}H�a [16]. q��ad�\&yÆ+aYtqhwA�Y��g�=wfO2<|*?0bSXK-� Lomb[17] 0 Scargle[18] v�0�ZY Lomb-Scargle ��g�=wnw�d�&yÆT�K-Y2<
M� Lomb-Scargle��g�w|*2<YQ|�j�#6
[19] .z;.$s�y Lomb-Scargle��g�=wXTY"i:��:�nOedYT�K-.Y2<
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� 1 �`9{D3~f[�;
Fig. 1 Variation of SMMF with timeK-�<,�:�Æ2<K-YSj
� [16]. Pq� 1 Æ6�� ω0 Y�g2<K-�tqYz75l�tq|(Y&!�P� :I�0H%\?R,��:�<��6�

ω0 �%�<�?�6��:4�'��FF��,tz27�l�3p 1 Ætz27�lYF�m�m�gY2<K-Y 1 ÆzEywm
0H�tqT�.(�6�� ω0Y2<K-��1JQ|��:�X(�9�F�UQJ����F���g2<K-�W&��:�.�)rÆ2<�Eyw�1�hw��9#Y2<|*.�&�	wEywOetq.Y�g2<K-�2<K-6�Y&OeP��( Kovacs R:Y6��?5/�jIX [16,20]:

δω =
3πσN

2
√

N0LtA
,?. A mi"1/3XTYK-�l� σ2

N mK-(�9�aYy/� N0 mtqbt'� Lt mtqYH5l� δω mHyÆ|(YT�.�Rs��PUnw�zyÆ|(YT� [21].

3 �wh	ujm�{��|*[m�^BfJK0JAd<�^B12<PY/"�&�q0℄�^BfJK0JA<YY SMMF tqÆW:��y��^Bf�:w����htqR,|%�^Bf>���#J�Y�Q��&���Æ�^BfJKd<0JAd<W� 3

yr YUtqQ[m�W� 1980∼1982, 1989∼1991, 2000∼2002 0� 3 Æ�^BfJK<� 1975∼1977, 1984∼1986, 1995∼1997, 2007∼20090� 4 Æ�^BfJA<�
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3.1 ��oar^}` SMMF �}f�
3Æ�^BfJK< SMMF Y Lomb-Scargle��g�="i:��:W� 2�k�

� 2 3 ��`DhLM>[ SMMF #j;��;	I (a) + (c) kG 
1980∼1982 2� 1989∼1991 2� 2000∼2002 2

Fig. 2 Normalized power spectrum of SMMF in each solar maximum.

(a) 1980∼1982, (b) 1989∼1991, (c) 2000∼2002y��\� 3 Æ�^BfJK<Y SMMF jJ� 27 d � 13.5 d 0 9 d N|Y2<� 3 Æ�^BfJK<L27Y2<|"m (26.77 ± 0.02) d � (27.02 ± 0.01) d 0
(26.40± 0.01) d, 9tYSj
�yA� 10−13; � 13.5 d �gY2<|"� (14.13± 0.01)

d�(13.69±0.01) d�(14.02±0.01) d, 9tYSj
��A� 10−13, A� 10−13, 5×10−10;� 9 d �gY2<|"� (9.24± 0.01) d � (9.15± 0.01) d � (8.96± 0.01) d, 9tYSj
�|"� 2 × 10−4 � 4 × 10−12 � 4 × 10−12.℄BfJK<Y SMMF dYT�tq|"�d�\s2<*�$fO7yQ| [22],XT��^BfJK< SMMF 9 d � 13.5 d 0 27 d 2<K-�iÆ2<*Y�:W� 3�k��.Ytqb!k SMMF � 1Æ2<.Y7y�:�L8!ki"1/3XTYb&�/3*t� p0 sin(2πϕ + p1) + p2. �q�./3L8XT� 1980∼19820 9.24 d �
14.13 d �26.77 d2<K-Y7yLK�:�l|"� 10.3 �24.60 40.8 µT; 1989∼19910 9.15 d � 13.69 d, 27.02 d Y� 17.3 � 25.3 0 57.9 µT; 2000∼20020 8.96 d � 14.02 d,

26.40 d Y� 15.4 � 13.5 0 36.8 µT.
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� 3 �`DhLM> 9 d � 13.5 d � 27 d P~4>L.�j�4>+[9{�;	6S  1 �4>+[:"�IS  SMMF/µT. I (a) + (c) kG 
1980∼1982 2� 1989∼1991 2� 2000∼2002 2

Fig. 3 Mean variation of 9d, 13.5d, 27d periodical signal in one period in each solar maximum. The X-axis

represents the phase in a period. The Y -axis represents SMMF/µT.

(a) 1980∼1982, (b) 1989∼1991, (c) 2000∼2002

3.2 ��oar�}` SMMF �}f�� 4 �:� 4 Æ�^BfJA< SMMF Y Lomb-Scargle ��g�="i:��:��.2k��ÆBfJA< SMMF ejz 9 d, 13.5 d 0 27 d N|Y2<J��
1975∼1977 0 SMMF (9.32 ± 0.01) d, (13.51 ± 0.01) d, (27.55 ± 0.02) d 2<YSj
�|"� 3 × 10−3, A� 10−13, A� 10−13; 1984∼1986 0 (8.95 ± 0.01) d, (13.72 ± 0.01) d,

(27.19±0.02) d2<YSj
�yA� 10−13. 1995∼19970 (8.93±0.01) d, (13.51±0.01)

d, (27.38 ± 0.04) d 2<YSj
�|"� 2 × 10−4, A� 10−13, 2 × 10−8; 2007∼20090
(8.96 ± 0.01) d, (13.43 ± 0.01) d, (27.08 ± 0.01) d 2<YSj
�|"� 6 × 10−13, A�
10−13, A� 10−13. 'X;oYm� 1975∼1977 0� 1995∼1997 0� 2007∼2009 0 3 Æ�^BfJA<.���:LK�'j:4� 13.5 d �g�)m 1984∼19860YYBfJA<<��W� 5 �k� 1975∼19770 SMMF � 9.32 d � 13.51 d � 27.55 d 2<.Y7y�:�l|"� 2.5 � 11.0 0 9.4 µT; 1984∼19860� 8.95 d � 13.72 d � 27.19 d 2<.



1 > h .℄��`DhLM2LC>�`D34>�;\n 33Y� 7.1 � 8.1 0 19.5 µT; 1995∼19970� 8.93 d � 13.51 d � 27.38 d 2<.Y� 2.9 �
7.9 0 4.8 µT; 2007∼2009 0� 8.96 d � 13.43 d � 27.08 d 2<.Y� 2.8 � 8.2 0 6.8

µT. �_\sLK�:�l�n}:�< 1984∼1986 0 SMMF n 27 d 2<�5���?��^BfJA<� SMMF yn 13.5 d 2<�5�

� 4 ��`DhLC>[ SMMF #j;��;I (a) + (d) ~# 1975∼1977 2� 1984∼1986 2�
1995∼1997 2� 2007∼2009 2

Fig. 4 Normalized power spectrum of SMMF in each solar minimum, (a) 1975∼1977; (b) 1984∼1986; (c)

1995∼1997; (d) 2007∼2009

4 �u��{	w Wilcox �#� 19750T 20100YY SMMF tq�|*� SMMF ��^BfJK0�^BfJA<Y2<P�H\s|*.&�XT���z�^BfJKd<0JAd< SMMF j��z

��^F=Y 27 d2<
��^\il9/�� 180◦YÆÆBfJ�Y 13.5 d 2< [6]; 
�il9/ 120 lY 3 Æ"iY 9 d 2< [13]. �F2<tzW/	 
`i���^BfJK< SMMF �2<�'���^BfJA<K�O2<K-�C�`u���^BfJK< 27 d Y2<L27���^BfJA< 13.5

d Y2<L27 (1984∼1986 0<�). �aY2<	 x%
�^il9/�� 180◦YÆÆBfJ��^BfJA<!4�:�s�BfJK<�&z4%2��xv��^
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��^B1YMSB1Y[Nb�	 �
SMMF � 1984∼19860Y�?� 3 Æ�^BfJA<Y2<	 z%2/"�? 9

d � 27 d 2<Y�:�le%2K�?��^BfJA<d SMMF 9t2<Y�:�l�s��F4�Y�r<zOfi*D.[m�

� 5 ��`DhLC> 9 d � 13.5 d � 27 d P~4>L.�j�4>+[9{�;	I (a) + (d)  
1975∼1977 2� 1984∼1986 2� 1995∼1997 2� 2007-2009 2

Fig. 5 Mean variation of 9 d, 13.5 d, 27 d periodical signal in one period in each solar minimum. (a)

1975∼1977; (b) 1984∼1986; (c) 1995∼1997; (d) 2007∼2009�Æ E[mhw�Wilcox �#�Y�,tq�Wilcox �#�yz��KX���y�$$T+�+�p (NASA) A9� W x � 
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[13] Temmer M, Vršnak B, Veronig A M. SoPh, 2007, 241: 371

[14] Lei J, Thayer J P, Forbes J M, et al. GeoRL, 2008, 35: L10109

[15] Scherrer P H, Wilcox J M, Svalgaard L, et al. SoPh, 1977, 54: 353

[16] Horne J H, Baliunas S L. ApJ, 1986, 302: 757

[17] Lomb N R. Ap&SS, 1976, 39: 447

[18] Scargle J D. ApJ, 1982, 263: 835

[19] Press W H, Rybicki G B. ApJ, 1989, 338: 277

[20] Kovacs G. Ap&SS, 1981, 78: 175

[21] Baliunas S L, Horne J H, Porter A, et al. ApJ, 1985, 294: 310

[22] W>���we	�-'��/'�� 2001, 25: 277

Periodicity Analysis of SMMF in Solar Maximum and
Minimum

YE Ni ZHU Feng-rong ZHOU Xue-mei JIA Huan-yu
(Institute of Modern Physics, Southwest Jiaotong University, Chengdu 610031)

ABSTRACT Using the data observed by Wilcox Solar Observatory from 1975 to 2010, the

short periodicity of the solar mean magnetic field (SMMF)in solar maximum and minimum

is analyzed. The result shows that SMMF has main periods about 9 days, 13.5 days, and 27

days. During the solar maximum, the SMMF has the most dominant period near 27 days.

However, in solar minimum, the 13.5-day periodicity is most significant except in 1984-1986.

These results show that the solar active region distribution in the solar maximum is quite

different from that in solar minimum.

Key words sun: activity, sun: magnetic field


