
� % 25 . � % 4 ? a � � � [ � � � D Vol.25, � No.4 �

� � 2007 ( 12 0 PROGRESS IN ASTRONOMY Dec., 2007 � �

A M  - � 1000-8349(2007)04-0296-09

> H " 8 & % ( * # J G . F 4 3 L

S U O

1;2
� P V R

1
� T Q �

2

(1. o � : \ + � B p : \ � � � b $ o J B p b N \ � g t ( � j & �, � 100080 � 2. o � : \ + � �

g b � N �, � 100012)

K I � P l { [ � ~ V 
 � " # K F l � � o 
 { [ � { I 7 : + 	 � � o m > " A o m > U � 1

; ) � / � l 6 � B n � � � � # P l I 7 � 11 ( v ? � M 22 ( { v ? � : ~ > � o m > • �

� ] � � ] > � � � � P l 	 M n F N � v D � 	 � * N  w � t r � � o � * N � o 
 � k 1 �

� � H � O D P � �  w ; � P l { [ � � � Y � r � : 1 b P l { [ H & � 	 R X P � s ' u 1

b D g m > P l { [ � A o _ F � g < � � � b � P l { I 7 ) ; i ` � � � � � P l { [ � ]

v * N X T � g � U u b � v I a # � X 8 �

, 1 ' � ` ^ � P Z � P l � P Z � P l ; 
 { [ � P l N , R

N ? ) 6 - � P182.2+ 2 � � � A C ! < 7 � A

1 � � � � d

9 Y ~ ^ { O k 5 � " | ) � O k � { ] @ o h � O k H 6 ( : � � ]

[1]

 O M : � u

8 W E e � - L � � 2 J 0 3 " a < � � W M q + z � V 	 g � � 0 M : � 9 ' J ; � � n !

@ n ~ O k : � q ( � x q g 6 
 N C g 6 h e � O k H 6 � s ' 	 � q � � n � ! CME( n

	 � j 0 � ) � � 1 u l 1 
 O k H 6 " O k� O ` " � r & � � c O � x M O k H 6 � u M

Q i ! ^ E f ; " ` " O k z Z � � p � � � R � K ` " O k z Z t N C 4 E O k H 6 � �

Q h _ � � ~ N R % q 
 
 � | ~ 4 M ) M � z H 6 ( : Y A � z Z . � � � O � $ 


j M l � O k H 6 " � ' 	 4 � � 
 ' 	 : S a O k � W : � � ' J P z Z \ � � N 	 ]

! | , - z W , J � � ' 	 0 � L p � E k , � . � i = � } i � = g 0 � � L � = }  �

` = 4 � 
 q � " � - f � O k H 6 ) M O � � " � W ~ W ' J � L m z % k e � � � $ Z

� � � � { p : ( 9 G � T � � + z g � @ P � V 	 k ] ! x q U B @ I 
 � J ^ q � M 


9 ' 	 o � � H 6 \ " � � A � H 6 \ v � F A @ _ � � S 
 n � & " 9 y W } * � (H� !

Ca II K = , ) m G 5 � � � � n � 2 ) � @ � k G � � � � 7 n � m I � � A 9 � W : � �

� � = + ; : � 2006-08-14 � E / ; : � 2006-12-29

0 2 D 9 � � g � f : \ P � � ~ 4 � (40336053 	 40374056 	 40536029 	 40604019)



� 4 ? > � > � � � P l ; 
 { [ � _ F � g < a # � C 297�

j � : ( � � � � " � _ � & � � � � ~ � ^ e � � c 
 � ' 7 z l ~ 5 � c u ! v 9 z m R ,

~ � BL = 0 � { � � S . R V R � u z Z \ t 4 
 n � 0 
 z Z � � = � 0:5� 10� 3 � 1:0� 10� 3

T 
 � O ) M � n � � M � 2 u � ^ = " K{S � M ! K{R � M � O M l � [ d r W � " � �

z W , 7 # x ^ � G � 7 ~ � z W , K W � 0 M? l � " z W , K W � x ^ Z =

[2;3]

 CME

: � n � ~ � T � � � j ! z Z , n 	 g 6 � 2 � J k e a v � 0 � ( : 
 1993 ' Gosling [4]

M : | � � q � � ? � J l � " CME J C " q � 9 G � P " z ( � Q L b U B L O k V 	 �

v m G / 2 � 
 
 ) M � CME & � � � ' � 3 ^ ] � � � [ O A � @ ] ! ` � 
 CME 9 O

k e m � w A ^ : ( � z 2 L 3 k � S 
 Q L b | 9 ^ / j � N 0 ~ { � K � a CME � O k

� " W � ` i � Q � c

[5]

 ;  � " � O j � m e � O c Q \ � CME 1 " � p M � i 


m 1 � * N � P l { I 7 ) ;

(a) R n ) � ( � 
 ) � (b) p � (304 �A � o p � ? $ _ 9 d # Y 
 ? ) � (c) s  (195 �A) �

(d) � d (H � ) � (e) p � � l 2 � (Fe XIV 5303 �A)

2 � Q m | \ I ' Z C S ^

� � Hale [6]
M ( O k ' 	 
 � * P � z Z � * • • � O k H 6 � z Z 0 j | K � z Z N

u � @ 9 * I O k H 6 � � $ � M m : G � � ^ r p � | y 
 1 s = � � � � _ � n � � F �

q � ! � � CME � : " z Z f ; L z % $ Z � � �

[7]

 � O < 7 l � � O k : � z Z { p

% � P s Q T � � U M M + Q � 


[8]

 N q M + Q Q i � ( a : � z Z @ 7 ^ ] � V 7 ^ ]

] n C D . 7 � ; � ^ @

[9]

 M + Q O t % � } � " � $ y s 11 a O k H 6 u � Sp•orer 2



� 298 � � � � � � � ` � � � Z � � � C � �� � � � � 25 . �

o ( � 0 ' 	 d 9 n � � j ( � h D O k H 6 u 4 ; � W S ) � Hale-Nicholson V R R � 2 o

! Maunder 4 - l ( u l 2 � a | � n � , x � ' 	 d q ( � 7 0 � = � � x � q � Z V I

u O k H 6 u � ' 	 d 9 n � � ^ E l o � � D = u c c B o \ � � 4 - J � � ) � u ! d �

Q ( : 
 1 " � M + Q O t � B 
 � V O u 
 * [10] 


m 2 � P l ( 
 Maunder 5 . m ( % 11{23 P l I 7 v )

( � http://solarscience.msfc.nasa.gov/images/b
y.gif

D � O k z Z � Q ^ 5 p � [ q � 9 ) � O k \ � � M ( x e � U I = l = z  ( s l 3

G � ) 
 N C D D V V � G & V R � = l = z  X m ^ E 9 ` � V 2 � ~ � O g G 
 � { z z

Z 
 9 ` � V  % " J A � 9 � N x � | � u � z Z � e � { z " z Z 
 � 
 � Q : � � O k

z k 
  � � u W S l = � � O R j { M 
 k 4 � � { z " z Z { " � O � Q � � � = l = �

O k z � �

[11]

 { z z Z � { z " z Z � W S z e ] � = ^ = � 2� 1010

� 6� 108 Wb [12]
�

O M { p � H 6 \ z Z u � O g � 0 M { p � { z z Z " J D Q " j ( q K 


m 3 1992 ( 6 0 4 o � � 	 S 6 P l ` � M 	 R � P l * � ] ( 8 | { { [ � �

< � 6 8 � 2� 104 T 	 B p a 6 q � � 100
�� z < � Y W 	 ) z < � n W � n 6 Y 	 � � , $  � 5 � �

1897 ' v | M ( � � z Z m � " 	 M � = , � 9 ^ e ( : � 6 U h = � " 	 h v h z Z W

7 z ( � J � K � 6 6 p g X 1 �~ [ v | @ � 
 � � y M � , L y � ) , C f � O k f L  

] = , " O k � L � j C D � ) g � � C D M q g � � � � � T y U . � � g � � y W i ( [ 4

u : s < : O 2 ) M % Z � z Z 
 1908 ' Hale [6]
$ u • � Q � a ' 	 z Z � v | @ � 
 � ^



� 4 ? > � > � � � P l ; 
 { [ � _ F � g < a # � C 299�

� 1953 ' Babcock M S 
 v | @ � � 4 Q W S M � a ; | Q ] O k : � } u z Z � z K

[13]



1964 ' Severny [14]
e � Q ] , v | @ � � 2 � = , � , 4 Q � # 4 Q K � 2 q a O k z Z �

` J 3 u ^ ] ( O [ q W O � � " 2 q O k z Z � ' 7 ^ ] ) 
 2006 ' 9 / 23 n M � � Solar-B

� L ~ 7 � � SOT(Solar Optical Telescope) 	 . { " � O � b @ n ^ 5 p � q ( � � 0.200) J

R " * • @ n Q ] O k : � w � z Z � } * � 
 � " ~ � � � " Q ] a � W T � z Z K � � J

E � � W T ] ~ � y W T ! n 	 T � � �  z Z P = !  � � G �  M � } p � > � � @ � 2

� f � O � Q � c Q ] � g � O k � O � � u � ! \ 
 n 	 T ; Q � = , � v | ^ e { p + i 9

H 6 \ ~ @ g � � B _ } _ � / v B C � 1 s Lin � j

[15;16]
N 
 / v B C Fe XIII 10747 �A =

, Q � a , N n � , 0.1 u O k $  � P = � (1� 3)� 10� 3 T � z Z K � 
 9 Q ] O k q T � L

� z Z m � s N 
 v | @ � v � Hanle @ � t " u q C � � W > � 0 M 9 Q ] 10� 7� 10� 2 T T

� � u z Z m | ' � ! � � E z K 4 Q � p = � p Z | q 
 Raoua� � j

[17;18]
	 } Hanle @

� � $ a SOHO/SUMER E n 	 T * � v B C O VI 1032�A = , � , 4 Q � Q ] � � � � � V

\ 	 9 � z Z � = , � 3 � 10� 4 T 


3 � Q m | \ � ` G � h =

l � � l = O k z Z � ^ E � f ; ^ 	 } � ` n � ' 7 z l 
 l 4 y q a O k 9 H 6 �

' > n � ` n � z l 
 l m � � ; 5 l q H � ! % � - V z H 6 \ � � + $ W [ H 6 � �-

� z Z | Y { z z Z 
 s � � 2 ~ � H j ( \ � A X m [ V z  h ( � � � 4 � � 7 / d �

2 / 0 H H 6 \ z x u � O g M = 4 � 2 ~ � N x � � � S % H 6 \ 
 K 0 � g % H 6 \ �

" = z  9 D Q � � V ! ` � V 4 6 � • f � 
 # � u H ^ x � } } 9 y e ` � V 2 � � g

30 000 km l = � { z z Z  % 
 � 
 l 4 � @ n ^ 5 p � f � 2 000 km � J � g { z � �

m 4 � � � � f P l ` � M O X d 	 R I SOLIS a m � a o 
 � X ( 8 { [ _ F

� z < � Y 9 b w � Y W } ] � ) z < � Y 9 b $ � n W } ] � n 6 Y 	 � � , $  � 5 � �



� 300 � � � � � � � ` � � � Z � � � C � �� � � � � 25 . �

� < U z  � W S l = � 100 km � � 9  � = � � ) � \ A " ; | 5 U t { z z Z � N 0 s

I 
 j v � 6 n � O k � � u > 1 H 6 \ + � B � � a % � f � R 	 O k - � � z Z K � � j

� S 
 U I Z V � ` n � ' 7 z l L s 5 � g e 
 3 g H � 8 ! � � & z l 
 O k � & z l

� c � O { p � 3 q � ^ = K � � � • K _ { _ 
 L � � � � e O k _ 
 L N W c � Q H !

SOHO/MDI � Q � � = x • � 36� 30 � 360� 180 ! 3 600� 1 080 5 @ { r / ` n � 


N 
 W F � 2 � 0 O k � W z Z � ^ E � f ; t U " � O � I � � � e � W >

[19;20]

 & 5

Z � S " 	 � 2 S X 2 � W i u o � E O k M + Q W i � 0 S � 2 � W F � 2 B 4 ; | 8 2 W

u ! h � C f • Q � 
 W F � 2 ! 2 Cm
l m ] 	 ; ! 2 l ! m ^ = : � E � Q 6 � � � = 
 ( �

: O k : � � , 2 � ) ! � � 
 ( � : � 7 ~ � 8 o r ( 2 ) 
 Sten
o � j

[19� 21]
q & v O a �

� • K _ { _ 
 L Babcock � & z l ! � � � e O k _ 
 L N W c � & z l � M ( x E e ( L

m = 0) � Q 6 � : ( q � ' � E - (l ) W > R 
 R E e R ( . E O k n � ) � ] 
 � ' | � 22 a

F 6 � A } p = � = � 1 11 a u > c  10% � E e R � ] ? • � 22 a u > � J " q ( I u �

u � 2 a F 6 
 X " R E e R � E 2 � � E e R � - 2 � . 7 / h = g a O k � W z Z � � +

$ W � � o � C E e R ( :

[22]

 l 5 y q a 2 M � ] x � / h � 1 " l o 
 [ x E e (m 6= 0)

� ] 22 a Q 6 R J } 11 a Q 6 k q U I � � A E - � ] R j � x E e � ] . f 


m 5 � X T � 0 i A � m

(a) l � F 4 � I � S G f Y U � 1 j B � n � (b) l � . 4 � I � G f Y U � 1 j B � n �

� ` - � I 9 4 ` � � w > � Fourier T a & _ � ?

[21]

� M + Q Z � � � q 	 
z Z 9 E k T P � � z j W � 
 # C D � q � W : �

[23]
� O

g l = C u � z k 
 
 � & z l ~ ' � � _ + � � H 6 \ (Active Region, AR) � � a � a

� l = � H z j ( J ^ 
 A � u M B + � � f o . � - V Z R j � m l = H 6 \ �e � 7 (

\ ( q e ER) [24� 26]

 � # & " O � [ � � | = l = � G & V R � { z " z Z ( q e IN) 


1987 ' Zirin [27]
� ] � B a N 3 M ) M l = z k 
 � j ( A p � K � ^ = � 1012

� 1014
!

1016 Wb/d 
 ; u AR:ER:IN � 1 T � 1:100:10 000� � " K � � l = 1 T b � � 25:5:1 � G

| 9 � W : � � = G { � � A � " � C ^ / 3 r � V = ! V C � 2 � { z " z  
 e 
 m e



� 4 ? > � > � � � P l ; 
 { [ � _ F � g < a # � C 301�

• � ; 7 Z ) Z � = l = z  � j ( � i t 
 � { � l = z � � u o � h _ W S � s H 6 �

= � Hale V R 2 o ! ! h � - V x T E � 
 f � t • � Z ) ' � A ^ E � o � u 2 " y ` D

Q � 
 6 n � = l = z  V q � j ( A p � Sten
o [28]
l � � 2 � � l = z � � � ^ � ; %

" � U I [ D Q ^ E � = l = z  C D X 
 � � � � 6 S � i � g � 


C f l = z � � � � ! � E k � o k � � ! � P s Q T M + Q � ^ E � M + Q ( � e :

� M + Q ) � � ! � � � O : � � * � � V � 
 T s 9 ) � O k \ % � M ( U I = l = � O

k H 6 � 5 � B ` & � �q � � = l = 3 k � � � c ) M � � * ! D � K � " � l = O k H 6

� E = � M A " � A � 0 j \ =

[7]

 A < � % ] E � l = H 6 J c " � C � � � � � & M 


6 • J c b � * * q � 0 M 
 ) C y ` h _ � 9 ` n � T � A � n M 
 � � � c ) M • 2 C

# � 5 000 • 
 G | � j l � y W � n 	 h i ; % � N C = l = O k H 6 ( : � �

[29;30]



O k H 6 � h _ W S f o % � R 	 z Z � ^ E � f ; K � 
 N R � � { p � 3 W � � |

Y 0 � H 6 � k 5 R � H 6 � � 7 ^ E � } \ � � � H 6 � u > R 
 O k H 6 � k 5 R f ; ^

^ # D � 6 Q � � T � � z j (

[31;32]
� N u � i e ^ E j V 10 u 3 g H u | ~ � { p : (

9 � W : � H 6 \ 2 ] @ I �l = @ � | Y z Z � t ; � � | h [ � k 5 
 u ! A M B A p

} F � � � c _ 0 E � j 2� 3 u 3 g H u � > n E ) M U I � � . � � q � � CME � v �

e 0 B } 5 r � � 3� 4 u 3 g H u 0 � � T � � z � � 4 � � � q ; @ z x f ; g 4 Z Z �

� p O g � � S � 	 9 � �

[31� 34]



H 6 � = ( : " a 9 n � � c � 2 � � = � � : ( � P f � O k H 6 � � 8 e ^ _ �

20� 40 u 3 g H u � A X 
 Q i t U f M + Q z Z � [ x E e ^ ] � � 
 s 1968 ' Dodson

! Hedeman[35]
S 
 15 a � ; u � � � c * • M ( [ c � 2 E e � H 6 � = � ( ^ = � � 60�

! 240� ) � N � m = 1 � [ x E e M + Q � [ ~ a T Z 
 H 6 � = � � G = u ! � 20� � 40�
�

2002 ' Benevolenskaya[36]
M ( H 6 � = % � y O k � L = � K ' | � 2 
 } \ � � ? { p

" a O k � + $ W - � z Z � u q ^ E W S � � � S � 
 V z Z \ � 9 [ $ W N 0 h ( E e

^ E � � + $ W C f V R � } \ ^ � , \ 2 9 f u c � , ~

[37]



� � O k H 6 � u > R ` " * I � N R � � � x d 2 u ) M � u > ^ = � q 
 � 
 � 


1)Rieger � j

[38]
M ( � 154 d u > � Rieger u > " c 11 a O k H 6 u ! 27 a O k � � u 0 �

� j • � � H u >

[39]
� K \ 2 � 9 � O k � x q H 6 � 4 ; ( : m 
 Carbonell ! Ballester [40]

A N o 9 l 154 d u > � � N " O k H 6 � 0 j W S 
 
 Bai ! Sturrock [41]
t l � � � 154 d u >

u 2 � : a O k � � u N 0 . R 
 
 � ~ � U I j { N u u > f � W T u > R � z j ( � X G

K

[40;42� 44]

 2) O k ' 	 . E 2 � ' | � 22 a u > ( u l 6) � � � K { / � V � � O k � �

z Z � 9 � Z )

[47]

 Levy ! Boyer [48;49]

A9 20 � d 80 ' � p > t Z a � � � g � T � O

k � � z Z f P s Q T � M + Q z Z � 9 u u � � W � | � � E k T � z e ] E @ h U I �

� J ; % � f ' 	 @ I � � � # u u O k H 6 u � � � M + Q z Z W 7 R � (Hale-Nicholson

V R 2 o ) � E k T � z e ] � E � � O k � � z Z � � 9 J t � U I � � ~ C S � ' 	 X 
 


4 � V v # E ~

O k z Z " u Q O k H 6 � - + � l � A ^ E � f ; � o � I r ~ • 
 $ u � � } � y U



� 302 � � � � � � � ` � � � Z � � � C � �� � � � � 25 . �

& O � M + Q � M � M + Q O t � z 0 k � & " D � O k z Z " s % X 
 � f ; � � � h _

� � M ( O k z Z � 9 � a [ V y 6 � 	 � @ k � � ~ 9 y U � M � � � & E 9 A = Z ~ @

h ~ 3 � $ L � � } � m _ > � O k H 6 � ' � k s � � { � \ � � W : � � T � � z j ( �

9 3 ' � u > | Y j ( � ^ E � � � J R t � f a � { p H 6 \ � + � ! f ; � i � � ~ �

� & % � 1 } � c " � _ � K O k : � { p H 6 \ � + ] � h � $ w � � } � O � � N 	 ]

� O � O k � � � [ ~ a u u _ e � N 	 ] � i % � C e � � C % D ~ P C � � " G � Q � �

x q b Q � 5 � z H 6 ( : A � @ m { y � � � U I J � � ; 6 


m 6 � P l ( 
 / F 3 � 22 ( v ?

(a) Hoyt ) � 0 G 4 1 2 ` � $ Y Y s $ � J 8 w 3 � 	 Maunder $ Dalton W ? @ � (b) : 8 8 2 1 � � R n w 8 2

) � 0 G 4 I GO � � J Y E < � � F 4 � R n w � IGO ` � B J $ _ < � � . 4 � R n w � I GO ` � (c) \ 0 i R

n w � I GO W ` � D 
 g 6 8 8 � R n ) � � ; w w � � � 3 R i � 22 a w @

[45 ;46]

� ] � O k z Z � ^ E � f ; " u * r p � ? \ � A " r � Y � O k � O � W W � � 


� � l � � = O � O k z Z � G % Y A � o R � f ; Q i � � z � ! " y U u u & 2 � Q h

_ � M + Q � M 
 A r p � W 7 � 5 u � 1) � c 9 � g � T O k � � z Z E E k T M + Q �

� 2 � D � ' 	 �� c � O k H 6 � 22 ' u > � 2) T F [ x E e � M + Q � � � $ O k z

Z ^ E � � 7 C E e R � 3) � & � W T ! E k T � l = A = Z ^ E � O � ' J M + Q � h _

W S � T s � � ~ O k H 6 � " � + $ W G � � @ � � $ W G �

[22]
� 4) ` " V 7 Z ! @ 7

Z � � C � ! � C e � � � q O M � 9 � ~ • ; % | h N 0

[50]
� � @ 7 Z " ! s % 4 D V

7 Z � O k H 6 c ' > n q � � 
 V 	 � k t U " � * � l _ � . k � 5) P � � M + Q � C

� c 8 ( O k z Z � z H 6 � O k u Q � � A � & H x q ` _ u > 4 ; ! m B u > 4 ; � s

Maunder � Dalton V = ' � 150 d u > ( : � 
 G � W 7 : * ! � � & G K 6 n ? { | ! �

� � � m K e � ` � � O k � O Y e � C G � , W � D � x q � Q 	 . ! h _ W O � n � %

� ; � 9 � K � 2 � ' " u 2 % { O k � O q 7 u u H � q c 




� 4 ? > � > � � � P l ; 
 { [ � _ F � g < a # � C 303�

$ 5 @ B �

[1] h ! J � R n � Q � w �, � � : \ r " � � 2000: 7

[2] Kippenhahn R, Schl•uter A. Zeitschrift f•ur Astrophysi k, 1957, 43: 36

[3] Kuperus M, Raadu M A. A&A, 1974, 31: 189

[4] Gosling J T. JGR, 1993, 98: 18937

[5] Manoharan P K, Ananthakrishnan S, Dryer M, et al. Solar Ph ysics, 1995, 156: 377

[6] Hale G E. ApJ, 1908, 28: 315

[7] Wang J X. Fundamentals of Cosmic Physics, 1999, 20: 251

[8] Babcock H W. ApJ, 1961, 133: 572

[9] Parker E N. Chinese Journal of Astronomy & Astrophysics, 2001, 1: 99

[10] z � � z � � � b � \ � F � 2005, 23: 121

[11] Solanki S K. International Astronomical Union. Sympos ium, 1996, 176: 201

[12] Wang J X, Wang H M, Tang F, et al. Solar Physics, 1995, 160: 277

[13] Babcock H W. ApJ, 1953, 118: 387

[14] Severny A. Space Science Reviews, 1964, 3: 451

[15] Lin H, Penn M J, Tomczyk S. ApJ, 2000, 541: L83

[16] Lin H, Kuhn J R, Coulter R. ApJ, 2004, 613: L177

[17] Raoua� N, Sahal-Br�echot S, Lemailre P, et al. A&A, 2002 , 390: 691

[18] Raoua� N, Sahal-Br�echot S, Lemailre P. A&A, 2002, 396: 1019

[19] Sten
o J O, Vogel M. Nature, 1986, 319: 285

[20] Sten
o J O, G•udel M. A&A, 1988, 191: 137

[21] Sten
o J O. Astrophysics and Space Science, 1988, 144: 3 21

[22] Song W B, Wang J X, Ma X. Chinese Astronomy and Astrophysi cs, 2005, 29: 274

[23] Parker E N. ApJ, 1955, 122: 293

[24] Harvey K L, Martin S F. Solar Physics, 1973, 32: 389

[25] Harvey K L, Harvey J W, Martin S F. Solar Physics, 1975, 40 : 87

[26] Martin S F, Harvey K L. Solar Physics, 1979, 64: 93

[27] Zirin H. Solar Physics, 1987, 110: 101

[28] Sten
o J O. Proceedings of the National Solar Observato ry/Sacramento Peak 12th Summer Workshop, ASP

Conference Series (ASP: San Francisco), Harvey K L ed. 1992, 27: 83

[29] Pres P, Phillips K, Falewicz R. Advances in Space Resear ch, 2002, 30: 647

[30] Prest E R. Astrophysics and Space Science, 1999, 264: 77

[31] Bumba V, Howard R. ApJ, 1965, 141: 1492

[32] Bumba V, Howard R. ApJ, 1965, 142: 1502

[33] Bumba V, Garcia A, Jordan S. A&A, 1998, 329: 1138

[34] Bumba V, Klva�na M, Garcia A. Proceedings of the 1st Sola r and Space Weather Euroconference, 25{29

September 2000, Santa Cruz de Tenerife, Tenerife, Spain. Ne therlands: ESA Publications Division, 2000,

643: 289
[35] Dodson H W, Hedeman E R. Symposium no. 35 held in Budapest , Hungary, 4-8 September 1967. Kiepen-

heuer K O Ed. International Astronomical Union Symposium, 1 968, 35: 56

[36] Benevolenskaya E E. Advances in Space Research, 2002, 29: 1941

[37] Svalgaard L, Wilcox J M. Solar Physics, 1975, 41: 461

[38] Rieger E, Kanbach G, Reppin C, et al. Nature, 1984, 312: 6 23

[39] ? � ? � z � � � b � \ � F � 2003, 21: 289

[40] Carbonell M, Ballester J L. A&A, 1992, 255: 350

[41] Bai T, Sturrock P A. Nature, 1991, 350: 141

[42] Carbonell M, Ballester J L. A&A, 1990, 238: 377



� 304 � � � � � � � ` � � � Z � � � C � �� � � � � 25 . �

[43] Oliver R, Ballester J L, Baudin F. Nature, 1998, 394: 552

[44] Ballester J L, Oliver R, Baudin F. ApJ, 1999, 522: L153

[45] Mursula K, Usoskin I G, Kovaltsov G A. Proceedings of the 1st Solar and Space Weather Euroconference,

25{29 September 2000, Santa Cruz de Tenerife, Spain. Wilson A Ed. Netherlands: ESA Publications

Division, 2000, 463: 387

[46] Mursula K, Usoskin I G, Kovaltsov G A. Solar Physics, 200 1, 198: 51

[47] ? � ? � z � � � b � \ � F � 2005, 23: 205

[48] Levy E H, Boyer D W. ApJ, 1982, 254: L19

[49] Boyer D W, Levy E H. ApJ, 1984, 277: 848

[50] Song W B, Wang J X. ApJ, 2006, 643: L69

Progress in the Studies on Distribution and Evolution of

Solar Surface Magnetic Fields
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Abstract: The Sun's magnetic �elds, di�erential rotation and plasma c onvection give rise to

complexity in the magnetic structure and activity over a lar ge range in both spatial and temporal

scales. The most notable among these is the solar activity cycle of 11 years, or magnetic cycle of

22 years. On small time scales of a few seconds to several hours, spectacular explosive events occur

in the solar atmosphere, such as solar 
ares, prominence eruptions and coronal mass ejections.

These forms of activity are all closely related to solar magnetic �elds (SMF). This paper focuses

on the introduction of SMFs' origin, the related observational technique, SMFs' distribution and

evolution, and several associated typical characteristics, such as the complexities, active longitudes

and active holes, the periodicities, and so on. The detailedcontent is organized as follows. In

section 1, four typical forms of solar magnetic activity (sunspot, 
are, �lament, and coronal mass

ejection) and their corresponding theoretical models are described brie
y. Section 2 is devoted

to solar dynamos responsible for explaining where SMF comesfrom and the course of instrument

development built for observing it at higher and higher temporal and spatial resolutions. Section

3 summarizes the laws of SMFs' distribution and evolution ondi�erent spatial scales, including

magnetic �elds associated to active regions, quiet sun, andnetwork, intra-network magnetic

�elds, obtained by using magnetograms and solar activity catalogues. Finally, some associated

unresolved problems and highlights are discussed in the last section.

Key words: astrophysics; solar physics; solar surface magnetic �elds; solar dynamo


