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ABSTRACT 

Numerical r e s u l t s are o b t a i n e d for non-p lane MHD responses to a 
sudden energy r e l e a s e in a s t r a t i f i e d model atmosphere. In agreement 
w i t h o b s e r v a t i o n s , i t i s shown that a f t e r the energy r e l e a s e , the 
magnet ic f i e l d a f f e c t e d by the energy r e l e a s e r e l a x e s toward the 
p o t e n t i a l c o n f i g u r a t i o n w h i l e the ou ter atmospheric f i e l d s i n c r e a s e 
i t s s h e a r . A d d i t i o n a l r e s u l t s s u g g e s t a new way of i n t e r p r e t i n g the 
energy s t o r a g e and r e l e a s e in repeated f l a r e s . 

INTRODUCTION 

I t was shown (Nakagawa e t a l . , 1978a; Wu e t a l . , 1978) that some 
observed c h a r a c t e r i s t i c s of the coronal t r a n s i e n t s (Hi ldner e t a l . , 
1975) can be reproduced by two d imens iona l p lane MHD mode l s . However, 
the p lane a n a l y s e s ( c o n f i n e d w i t h i n a m e r i d i o n a l p l a n e ) were l i m i t e d 
to the i n i t i a l c o n f i g u r a t i o n s of magnet ic f i e l d to be p o t e n t i a l , a l s o 
to the e x c l u s i o n of t r a n s v e r s e waves ( o f t e n c a l l e d the Al fven w a v e s ) . 

In the p r e s e n t n o n - p l a n e a n a l y s e s , t r a n s v e r s e waves are inc luded 
t o g e t h e r w i t h the o u t - o f - m e r i d i o n a l component of magnet i c f i e l d . The 
i n i t i a l magnet ic f i e l d i s r e p r e s e n t e d by a g l o b a l c o n s t a n t a f o r c e -
f r e e f i e l d (Nakagawa e t a l . , 1978b) , and numerica l computat ions a r e 
i n i t i a t e d w i t h an i n t r o d u c t i o n of a s h o r t temperature p u l s e s i m u l a t i n g 
the energy r e l e a s e by a f l a r e . 

RESULTS AND DISCUSSION 

Two d i s t i n c t i n i t i a l magnet ic c o n f i g u r a t i o n s (shown i n F igures l a 
and 2a) are c o n s i d e r e d . These c o n f i g u r a t i o n s correspond to the open 
and c l o s e d c o n f i g u r a t i o n s of the p r e v i o u s s tudy (Nakagawa e t a l . , 
1978a ) . 
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Figure 2 . (a) The i n i t i a l ( s o l i d ) and d i s t u r b e d (dashed) magnet ic 
f i e l d s . 

(b) The schemat ic changes of 8-<f> p r o j e c t i o n of f i e l d 
c o n f i g u r a t i o n a f t e r energy r e l e a s e . 
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In the open c o n f i g u r a t i o n , w i t h a smal l v a l u e of 3 = 0 .089 
(where 3 i s the r a t i o of the gas p r e s s u r e t o the magnet ic p r e s s u r e ) , 
i t i s found t h a t the t y p i c a l coronal re sponse i s a s p i r a l l i n g up or down 
motion conf ined around the a x i s as shown i n F igure l b : such s p i r a l l i n g 
motions are known w i t h f l a r e sprays (Tandberg-Hanssen e t a l . , 1980) . 

With the v a l u e s of g s i m i l a r to t h o s e in p r e v i o u s s t u d i e s 
(Nakagawa e t a l . , 1978a; Wu e t a l . , 1 9 7 8 ) , the g e n e r a l r e s p o n s e s appear 
almost i d e n t i c a l i n the m e r i d i o n a l p lane p r o j e c t i o n . However, the 
v e l o c i t i e s of expans ion are reduced r e f l e c t i n g the f a c t that the p r e s 
ence of an a d d i t i o n a l degree of freedom, namely, the p r e s e n c e of 
t r a n s v e r s e waves which carry away some of the energy r e l e a s e d . 

The most s t r i k i n g r e s u l t s are the d i f f e r e n c e i n the re sponses of 
magnet ic f i e l d i n the c l o s e d c o n f i g u r a t i o n shown i n Figure 2b. In the 
0-<|> p r o j e c t i o n (where 6 i s the c o - l a t i t u d e and (J) the l o n g i t u d e ) , the 
i n i t i a l f i e l d l i n e s are s t r a i g h t l i n e s , a n d t h e f o o t - p o i n t s of d i f f e r e n t 
f i e l d l i n e s are l o c a t e d a long t h i s l i n e a t d i f f e r e n t d i s t a n c e s from the 
c e n t e r of symmetry (Nakagawa e t a l . , 1978b) . With the energy r e l e a s e , 
the f i e l d l i n e s expand away from the p o i n t of energy r e l e a s e . P h y s i c a l l y 
t h i s expans ion corresponds to the r e d u c t i o n of l o c a l s h e a r , i . e . , e l e c 
t r i c c u r r e n t s . Thus, t h e i n i t i a l c o n f i g u r a t i o n r e l a x e s toward t h e 
p o t e n t i a l c o n f i g u r a t i o n . In o ther words, a f t e r the energy r e l e a s e , 
the i n i t i a l l y sheared magnet ic f i e l d appears to r e l a x toward the 
p o t e n t i a l c o n f i g u r a t i o n a s shown by Tanaka and Nakagawa ( 1 9 7 3 ) . 

In a d d i t i o n , the expanding f i e l d l i n e s , p a r t i c u l a r l y i n the 
r a d i a l l y outward d i r e c t i o n , i n c r e a s e the s h e a r . This sheared f i e l d 
l e a d s to the appearance of f l a t - t o p topo logy as shown w i t h l a r g e r 
v a l u e s of a by Nakagawa e t a l . (1978b) i n i n t e r p r e t i n g the observed 
c h a r a c t e r i s t i c s of corona l t r a n s i e n t by Hi ldner e t a l . ( 1 9 7 5 ) . 

F i n a l l y , by pursuing the computation long a f t e r the energy r e l e a s e , 
i t i s found t h a t the heated atmosphere ( i n a form of a bubble) 
g r a d u a l l y moves out of the domain of computation y i e l d i n g the f i e l d 
l i n e s to r e t u r n toward the i n i t i a l c o n f i g u r a t i o n . This r e s u l t i m p l i e s 
t h a t repeated f l a r e s are p o s s i b l e i n a sheared magnet ic f i e l d w i thout 
apparent shear ing mot ions a t the p h o t o s p h e r i c l e v e l a f t e r the f i r s t 
f l a r e . Further d e t a i l s of the a n a l y s e s w i l l be p u b l i s h e d e l s e w h e r e . 
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DISCUSSION 

Stix: What i s the reason f o r the h e l i c a l motion i n t h e open f i e l d 
case? 

Nakagawa: The h e l i c a l motion i s the consequence of i n c l u s i o n of the 
t r a n s v e r s e waves i n t h i s non-p lane s t u d y , which has never been t r e a t e d 
p r e v i o u s l y i n o n e - or two-d imens iona l p lanar s t u d i e s . 

Kuperus: Why do you put your d i s t u r b a n c e a t some a l t i t u d e above 
t h e boundary i n s t e a d of p e r t u r b i n g the f i e l d a t the boundary? 

Nakagawa: To i n t r o d u c e d i s t u r b a n c e on the boundary l e a d s t o the MHD 
i n i t i a l - b o u n d a r y v a l u e problem. Such a formula t ion i s a v a i l a b l e now, 
however, we have not t r i e d i t i n t h i s paper . 
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