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X � � � # , 
 ^ # j 8 = • s , P s X } � � n 0 R q C � � % � ] 
 2 
 � � C A 7 x

5 ' �  � Q � 
 > � : % 	 ! q 
 5 � 8 t z J S | G � q C % � 2 � � � C % X o O =

$ n R 0 B x + O � (9) % q R �5 { 
� n ' s % � � C � O = b # O = b d o % � � C

) ( � � > ~ X � 5 � � ? � B � < u O = b # O = b d o � � q C % w � G j q 
 W E

� V � d o 2 � � q C % | D j � T ) � X o � � C > � h � � u , A 7 % 
 W x � � 
 �

� C , | � j ^ o � l  d M � � O = b � � C � � � b � m g 
 x , g # � | O ^ ` % �

e � { ~ 
 � � C � L } b # � ^ Z - P 8 | 
 � � ^ [ $ G b 
 � : � w � 8 v  R N f

G o 
 ^ � $ n q H � | � X v t % k � � b [ : � } h q % J = $ n 
 � � C � o x , 6

8 % � W � k � � Berger [6] (1984) d v 
 S q $ ? % { � } � L ) % a � � > � ~ P ) o

, % b [ : ) Z � h q 
 � � C % * � e 5  ) Z � % � ) o � ) o % * � � [ A 9 � Q �

' = � Q � 
 � Q f ' % ! [ $ n % � @ . E  � � C * � � @ (� d = L 2=� = L 2�� 
 L  

v ! � d � 1012 s
 � � � � � d D B & � Q � � � � � � . 5 � � ) � 
 � � � C + , 6 8 % �

Hornig . Rastaetter [22] (1997) � | O h v � � v g v 0 � 
 � � � C x , � I 6 8 % 
 k

, v g v = s � � C > � } � d o % � d ; � �

O n 0 � J % � � C A 7 ^ n % � > L 	 � e 
 � V > � � C f ' z ' q k , | � 5 �

m g % ^ @ � P 
 _ @ o } } % L K � X 
 X o ! [ _ z ' % | � I _ @ 3 ! f ' E e ||

� w . ) v 
 # l � _ > } x I : � z X o � % O = # � u . ^ ! [ F � . ) v � N R f ' 


J m g � n , � B n � % � f ' � � C 8 | � 8 v A 7 � e 
 8 n ) L X o � O % � � G o Z

� 
 � u ) v % ; 0 �• S . � < d 
 J % 0 < T n v �

2.4 � O : o 3 e ; � 9 d e ; 8 { R A / � * n C J ? �

� � � � C > X o � O q 8 | � 8 v A 7 � e � 5 ) % f ' S  
 � " S H � � 5 ) %

� X a 1 b p W X f ' � 7 Z . 
 + � t ] % O = b � � C d M f ' . � C ' ^ 3 \ T k �

t d % � X s d � # b p � q ! _ V > W | z ' ! s 5 O � 	 v � % � X . d $ 	 ! � + �

% ` � ~ t � q 5 } � C 
 � x j | s � � C % ( y ( m V � f � � 5 V % g ' ) �

X o � 5 O c \ � � @ � > ' ^ d M % L L j T � 5 { 
 4 � ' � . � % \ � ^ @

[23]
�

O = b 5 } � C % d M � 1 ! � n % � @ � w � G % S R Z S Q � � 
 9 / & v & / ' ^ %

� + T d M c \ 
G Y L ~ T  X o O = y % = C

[24]
� Pevtsov ) r

[25] (1995) # Bao .

Zhang [26] (1998) d D ! s � � C . 5 } � C % ' ^ d M s d � Pevtsov ) r � d M v % 5 T

� e c # � X  % 6 c ! + 3 
 L � | � O = b ` v | � � � C % � � 
 	 , > 5 T � e c
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k : + 
 Q � L r O = b % W � � � C � T o L � C % d M > | : n C � + � B s X o � �

C [ 5 } � C % ' ^ d M � Pevtsov ) r % � # / & �/ ' ^ � � C 76% 	 s 
 & ' ^ 69%

	 _ � P Bao . Zhang , - z O = b � � ? K 2 % 5 } � C � C d 8 L g ` . 
 ! 	 u b �

| C g = 
 n : ` v u O = b % 5 } � C � C z d o Q L � % � | C T o � k ( W � T o > 5

T � e c k : + x B � B � � C l + ) � g # | d % , � Pevtsov ) r # Bao . Zhang % f

' @ / & s X o O = b 5 } � C % ' ^ � + d M 
 P : V % 5 � � s 4 (422 � O = b ) s d

	 ! ( u v 1 
 v q | � 2 � B | � O = b ) 
 # # W u l + X D % � >  � n � ( / ' ^ 5

} � C 84% 	 s 
 & ' ^ 81% 	 _ ) �

w 1 � 6 ~ 	 D & 
 D e N

[26]

Wang . Abramenko [27] (2000) x G f ' $ � n 0 b % � c ` q T 
 S � � 4 u L r %

^ X 
 ^ � V A 9 X � q o A 9 X � ^ @ ~ + 3 X � d o + 3 X d M s O = b � � S m u ^ X

#  O = b % A 9 � � : m u ^ X , z � c 	 : � n v % 5 T � e c ~ z G # � X 6 c �

R � � C + 3 
 � # ~ z c # � f c � � � � Wang . Abramenko L | � n 0 O = b NOAA

7321 ! d $ : # v � � � q o # � 5 } r O F h 
 Y l 5 T � ' 
 � F h � � ' L  _ s b

' L | s � > � q o n 0 % 3 d q 
 u O = b % � = C 7 � E 
 S 4 , p > 6� 10� 8 m� 1
A

A � � Tian ) r

[28] (2001) L O = b % Z ~ ( _ � s X i v q M # s ! % g ~ ) . A 9 5 }

� C ( A R d o % O = b A 9 ) � R f ' S 0 
 m � ' ^ 60% % 6 X O = b q 
 Z ~ % _ �

s g # A 9 5 } � C g % l + 7 Z � � 1/3 % 6 X O = b m V 	 r + ( S � j d 	 2 � � Z

g 3 \ T � % Z g O = b ) � > W � X o O = y ( / 22 y ) _ 
 62 � M _ � � % X � 5

v ! q 
 8 � P d @ B 0 v O = � C � % a + 
 W G v ! O = b � g l 0 � Z g 3 \ T � �

Pevtsov ) r � Bao . Zhang � Wang . Abramenko � Tian ) r � Leka ) r

[29] (1996) %

� � q � | � � � , ( > | m % � � } � > � n d S + , � ` q % � Leka ) r � 4 � ^ �

^ Q \ � � R 9 = � 5 } � [ 5 } # � q o % F h � ' 
 R l : 4 � n 0 b 5 } # � q o
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% � ' � S � % � � B � 
L X t � � ^ B � % } c 9 = R s X � c 
 � e 5 x L | : t

3 � 2 % 9 = Q ` d 
 5 } � � ) x L 8 t � � ^ % } c q Q # � � } � > n 0 v � ^ d

S + , ` q % � b + %

[30]
� H � 5 } . ) o % � � q o n 0 . � ^ 5 } % v 0 � 0 ! r |

$ n � > � : W G _ V % 	 ! q 
 Tian ) r d  % O = � C � � e 5 g # v 0 � S � % f

' / & 
 O = � C � % K C H B ) 2 �  | c \ C = ( 0 30� ) % 2 = � { # W G � # ) �

| O � � X s d � : T . : o l : + R 
 $ � z M X � . � � X o S 5 U % f ' 
 � [ r

� L X o � O = % u � �

� : 
 � � h v % , 
 " S % f ' H � ) • j l : 5 } � C # � � C d o % 7 > � ' �

X o O = m C $ n q 
 � � C � I 6 8 
 P 5 } � C k L , | � 6 8 o � � , S  " S % | G

u � 
 x L ) u 	 V � d o � � p � % ] D � | ^ � 
 � � C B � • j � � c | D T ~ C h �

: � { | ^ � 
 5 } % � > � � 
 � � c X @ L j [ T v 0 � Q � 
 � � x B � 5 } % | D T

~ C ( U b T ) h Z � � � C 
 ^ 5 } � C � 5 } � C , > � � q C � h 0 � c % | D T � >

g � � e c \ Q + 
 5 } � C . � � C k 7 ] � 2
� B u 
 m V % � ' � d � X � � | O % d

$ u 4 � / 4 � �

3 � � 
 E % L U Z q � g ' i )

3.1 � 3 e ; L u � + > 
 s U 8 a �

v ! � � n - S � CME , X o � g u % 3 u - S ) v 
 L V � % f ' x B � � � � C ^

� � R

[31]
� Harvey . Harvey [32] (1976) S 0 
 > w � : - 
 { L Y Z @ 9 = % O E U L C c

c \ � � % v 0 � �  v ! S � � o � Herdiwijaya ) r

[33] (1997) = \ s 276 � 4 � % � R

9 = 
 h v 70% % 4 � J L ? • 9 = . v ! % S � 7 � � Liu . Zhang [34;35] (2002, 2001)f

' • � % O = b NOAA 9077 : # v � � 4 � q m � Z X T 4 � d o % J L 7 L s X 9 = 
 L

 u ) v q � v ! (3B/X5.7) % • S � � n W O � 7 � CME ) v � v t 
 2 � 4 � m % 9 =

^ @ . � n K : � W O % G o � n � 5 ) % L � � ' � Moon ) r

[31] (2002) � X S 0 
 � v

! (M � X _ ) ) v q 
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 ^ GOES � N � X ) � � n - S � D � CME • S � D @ # � � C 8 L = C o % X

� � D � 5 V % L � � ' � H� v ! % F r b . � c A A 9 = % L C - > G o � n � � X 7

� � Pevtsov ) r
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 W > | : n C � B � u 	 
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 � � � C 8 9 % � 2 R < 
 X o { Z � O % | G - S T ) v . , Z � ^ � c % = C

B ) � > V % = e _ ' 3 � { ~ 
 B � � � � C L � c ' s } ) % 3 o ! � R d $ X o - S
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j� H j � 8�
q

�� (E 2
i � E 2
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w 3 � � d & ~ * $ K 	 D 8 ? � ( ' � w
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�
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 ' s � { ) � . � , ) � P d � { 
 m � ) � % ) o d ] || �
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 $ � ^ � ' s % � � C B � � � y 
 ' s % � , ) � z |  + c t � 
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 � �

� C 6 8 % n v + ' s v n B � � � O % � � ) / a

[21]
� W | � 2 #  s L 	 � X b p �

Wang ) r

[30] (1996) d v � v ! O = % ) o B ) R � J n 0 % � H � 5 } % � � (magnetic

loop) # � � � > % � � e � \ % � � d o % 7 > ! � � X o O = # O = b % b + T � 5 � �
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 b + T � E # � c Q : & % � ) V � � X 7 � � Bao ) r

[36] (1999) % f ' x B � 
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 Kusano [37] (2003) % = g � + f ' � # / & 
 X o v ! % S � # L r l + % � �
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q % � � C l + . X @ � c ^ @ @ , > ] 3 = C % �
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� X ^ � 
 Leka . Barnes [38] (2003) % s d ^ X B � � t 
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 Y �
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/ 
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� n ' s 2 � 3 \ T 5 B + 	 X o ! [ _ h Q S 0 � Martin [39] (1998) L a � � � n !
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 2 � 3 \ T %

� n ' s c \ B 0 	 � � n q ! t � % . � � e � � n % � 
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� c b g ' X o 
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(! F � ) L � � C d M % � ; # � X  % & / ' ^ % � � C d M | m 
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% � C q N v t ! � � � � C # X o S 5 U � ' B � T < Ruzmaikin [44] (1999) . Kleeorin
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[43] (2003) % � P � L } b - P � � Z # S 5 U % 9 * ( y B � T < Gilman [45] (2000)

% � : � P � � } � � n # � : T B � T < Longcope ) r
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3.4 � u � E 2 7 m � 8 3 e ; L 	 � S 3 e ;

o � � N (YOHKOH 
 1991 , 8 3 l 2001 , 12 3 _ g 	 ! ) % w � X � 5 � � ? �
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Progress in the Magnetic Helicity Studies in Solar Physics

WANG Xiao-fan, ZHANG Hong-qi

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

Abstract: This paper reviews the history of magnetic helicity studiesand its concepts introduced

into solar physics. With the physical discussions on a new measurable quantity (relative magnetic

helicity), some problems in both theory and observations are pointed out. The balance of magnetic

helicity attracts much attention during recent helicity re search, which is discussed in detail in

Section 2. Both the relationship between magnetic and current helicity, and research progress in

helicity's hemispheric chirality are brie
y discussed. This paper summarizes the role of helicity in

some solar activities, keeping an eye on the restrictive e�ect of helicity in solar explosive events.

Some unresolved problems and highlights are also drawn.
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