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ABSTRACT. In t h i s paper ,The a u t h o r has d i s c u s s e d t h e c o u p l -
ing p r o c e s s e s between the m a g n e t i c f i e l d and t h e u n s t e a d y 
plasma mot ion ,and a n a l y s e d t h e f e a t u r e s o f t h e energy s t o -
r a g e and c o n v e r s i o n s in the a c t i v e r e g i o n . 

The m a g n e t i c c o n f i g u r a t i o n i s a l l the f o r c e - f r e e f i e l d in 
the a c t i v e r e g i o n . T h e f o r c e - f r e e c o n d i t i o n i s 

V X I = Ä ( t , r ) B , ( 1 ) 

where tf(t,r),the f o r c e - f r e e f a c t o r , d e p e n d s on both the t ime 
t and p l a c e c o o r d i n a t e s r . T h e i n d u c t i o n e q u a t i o n o f the 
m a g n e t i c f i e l d i s 

dB/dt = V X ( I X B ) . ( 2 ) 

The c o n d i t i o n of z e r o d i v e r g e n c e of m a g n e t i c f i e l d i s 

Vfi = 0 . ( 3 ) 

Now we s e t up a c y l i n d r i c a l c o o r d i n a t e system t o the a x i a l -
symmetric f o r c e - f r e e magne t i c f i e l d . A c c o r d i n g t o V*B=0 ,we 
may i n t r o d u c e the magnet i c p o t e n t i a l f u n c t i o n A a s 

B r = ( l / r ) O A / 9 z ) , B e = ( - l / r ) ( dk/dr). ( 4 ) 

Hence,we may r e d u c e E q s . ( l ) — ( 4 ) t o the f o l l o w i n g forms 

r B , = G ( A , t ) , « =-dG(A,t)/0A, ( 5 ) 

- ^ ( A ) = ( ^ * - + £a)A=-G(A,t)[3G(A,t)/5A] , ( 6 ) 

dA/at + u ( 2 A / 0 r ) + w(dA/?z ) = 0 , ( 7 ) 

d G ( A , t ) / d t + ( d u / a r - u / r + 2 w / > z ) G ( A , t ) 
187 
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= - ( a v / a s ) O A / a r ) + ( a v / a r - v / r ) ( d A / a z ) . ( 8 } 

B - [ a v / a t + ( l - V ) I + V5?/j>] = o f ( 9 ) 

where V = ( u , v , w ) , i s t h e v e l o c i t y f i e l d i n t he c y l i n d r i c a l 
c o o r d i n a t e s . T o s tudy the e v o l u t i o n o f k i n e m a t i c a l f o r c e -
f r e e f i e l d , t h a t i s whe the r t h e p r o c e s s e s might be d e s c r i b e d 
by t h e s o l u t i o n s o f E q s . ( 4 ) — ( 9 ; o r n o t . 

Some a u t h o r s , B a r n e s , C . W . ( 1 9 7 2 ) , M a , Y . ( ' 1 9 8 1 ) and S v e t s k ? . , 
2 . ( 1 9 7 7 ) have c a l c u l a t e d t he q u a n t i t a t i v e r e l a t i o n s h i p 
be tween t h e s t a t i c f o r c e - f r e e f i e l d c o n n e c t i n g t h e m a g n e t i c 
f i e l d and t h e t w i s t i n g p r o c e s s e s . T h e y p o i n t e d out t h a t t h e 
p o t e n t i a l m a g n e t i c f i e l d w i t h o u t t h e c u r r e n t may be t w i s t e d 
i n t o the f o r c e - f r e e f i e l d w i t h t h e enhanc ing c u r r e n t p r o -
duced by t h e plasma r o t a t i o n . T h e y though t t h a t i t may be a 
p r o c e s s o f t h e s t o r a g e energy i n t he a c t i v e r e g i o n . L a t t e r l y , 
L i , 2 . ( 1 9 8 2 , 1 9 8 4 ) and H u , W . R . ( 1 9 8 3 ) have p o i n t e d out t h a t t h e 

p r o c e s s e s should be u n s t e a d y , a n d e s s e n t i a l l y , i t should n o t 
be a s t a t i c p r o c e s s . T h e y have a l s o p o i n t e d out t h a t t h e d i s -
c u s s i o n abou t t h e ene rgy s t o r a g e by the pure a z i m u t h a l 
mot ion i n t h e s o l a r a c t i v e r e g i o n i s no t a p e r f e c t a p p r o a c h . 

3 v e t s k a , Z . ( 1 9 7 7 ) , A t h a y , S . ( 1 9 8 1 ) , H u ? W . R . ( 1 9 8 3 ) and L i , Z . 
( 1 9 8 5 ) have s u g g e s t e d t h a t t h e p o l o i d a l p lasma mot ion should 

p l a y an i m p o r t a n t r o l e b e s i d e s t h e p l a s n a r o t a t i o n . 
B o t h E q . ( 7 ) and E q . ( 8 ) show t h a t t he t o r o i d a l v e l o c i t y 

may magnify t h e t o r o i d a l m a g n e t i c f i e l d , a n d t h e p o l o i à a l 
v e l o c i t y mr.y change the p o l o i d a l m a g n e t i c f i e l d . T h e i r l i n e a r 
c o n d i t i o n i s 

G ( A , t ) [ » G ( A , t ) / 3 A ] = Ofi(t)A + 0 f x ( t ) / 2 . ( 10 ) 

I n t h i s c a s e , t h e f o r c e - f r e e f a c t o r may c o r r e s p o n d i n g l y be 
w r i t t e n a s 

G ( A , t ) = ± [ 0 i , ( t ) A a + tfA(t)A]y\ ( 11 ) 

α = + [ o f , ( t ) A + o r a ( t ) / 2 ] / [ f l f f ( t } i f + o r j [ t ) i j ? ( 1 2 ) 

S u b s t i t u t i n g ( 1 0 ) i n t o ( 6 ) , w e m.*=»y g e t t h e f o l l o w i n g f o r c e -
f r e e e q u a t i o n and boundary c o n d i t i o n s 

J \ J A ) + < X 2 ( t ) A = 0 , ( 13) 

A ( ' r , 0 , t ) = f , ( r , t ) , A ( r , L , t ) = f 2 ( r , t ) , ( 14 ) 

A ( 0 , z f t ) = 0 , A(o>,z, t) = 0 , ( 1 5 ) 

where "g" and f l A M a r e a l l t he f u n c t i o n s o f t ime t . 
Us ing Hankel t r a n s f o r m a t i o n , i t i s p o s s i b l e t h a t we t r y 

t o g e t t he s o l u t i o n s o f E q s . ( l 3 ) — ( 1 5 ) · I n Hankel t r a n s f o r m a -
t i o n , t h e t ime t w i l l be used a s a p a r a m e t e r . I n o r d e r t o 
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f i n a l i z e t o m a k e E q . ( l 3 ) i n t o B e s s e l E q u a t i o n , f i r s t we h a v e 
t o s u p p o s e 

A , ( r , z f t ) = A ( r , z , t ) / r , C 1 6 ) 

t h u s , ( 1 3 ) — ( 1 5 ) b e c o m e 
+ + & + C « 4 - ^ - 0 , ( 1 7 ) 

A , ( r , 0 , t ) = f t ( r , t ) / r , A , ( r , L , t ) = f 2 ( r , t ) / r , ( Î 8 ) 

A , ( 0 , z , t ) = 0 , Α - , ^ , ζ , ΐ ) = 0 . ( 1 9 ) 

Now we m a k e a H a n k e l t r a n s f o r m a t i o n . G i v e n : 

A ( z , t ) = J r A 1 ( r , z , t ) J t f ß , r ) d r , ( 2 0 ) 

t h e n , ( 1 7 ) — ( 1 9 ) may b e r e d u c e d t o 
( 9 Α / * ζ ' ) + [cl\t) f β 1 ] A = 0 , ( 2 1 ) 

A ( 0 , t ) = F i ( ß , t ) , A ( L,t) = P » ( ß , t ) , ( 2 2 ) 

w h e r e , · · 

F £ = f j ( r , t ) ^Cß.r) d r , 1 = 1 , 2 . ( 2 3 ) 
Jo 

I t i s n o t v e r y d i f f i c u l t t h i n g t o g e t t h e s o l u t i o n , o f ( 2 1 ) 
a n d ( 2 2 ) , w e c a n o b t a i n i t a n d i t i s 

A = c< . xp [ (« a + àfz] + c A e x p [-( of + β%] , ( 2 4 ) 

w h e r e % 

_ F , ( ß , t ) - F, ( ß, t ) e x p [ - ( « * + Qlf-l] , 2 è ) 

2 sh(V«f,+ ß 1 - L ) * V 

U s i n g t h e i n v e r s i o n o f H a n k e l t r a n s f o r m a t i o n , t h e f o l l o w i n g 
f o r m c a n , t h e r e f o r e , b e a r r i v e d a t : . 

A l ( r , z , t ) = f(F1(ß,t)-^(gEZ ,^-Z^ + F 2 ( ß , t ) X 
J . 1 sh(y«'+ β · Ι ) 

x s h ( V 7 T F - z ) | ß J ( ß r ) d ß ^ ( 2 7 ) 

sh(V** + ß'-L) J 

T h u s , t h e s o l u t i o n o f E q s . ( l 3 ) — ( 1 5 ) i s 

A ( r , z , t ) = r A , ( r , z , t ) . ( 2 8 ) 

S u b s t i t u t i n g ( 2 8 ) i n t o ( 1 1 ) , a n d a c c o r d i n g t o ( 5 ) , w e c a n g e t 
G ( r , z , t ) a n d B $ ( r , ζ , t ) ; t h u s , w o may d i s c u s s t h e e v o l u t i o n o f 
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the toroidal magnetic field with time t. For example,we 
analyse a brief condition in which (X2(t}=0. In this case, 
we may have ri*> 

Gr(r,z,t) = TL 

χ sh(y^w >z)_i β ( ß y r ) . d ß i # ( 2 9 ) 

sh(y«*+ßa -L) J J 
Then, the., density of the toroidal magnetic energy is 

Wo = B*/87t = ο 2(Α,ΐ ) / 8 τ τ Γ λ . ( 30) 

In terms of the discussion ,hence,we may obtain a kine-
matical form.Due to the poloidal plasma motion,the kinetic 
energy and the internal energy of the plasma under the lower 
levels may be transfered to the upper levels of the active 
region.The coupling process between the magnetic field and 
flow field will cause the enhancement of the force-free 
factor (X with time t.The enhancing (X will impel the increa-
se in the toroidal magnetic field.If the plasma rotation is 
also existing at the same time,the toroidal magnetic field 
can even more be increased.In this case, the energy may be 
stored up in the active region.Due to the ccntinued enhance-
ment of ,it will be able to become possible that the 
active region goes to the unstability and even eruption. 
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