
EVOLUTION OF CORONAL MAGNETIC STRUCTURES 

R. S. S t e i n o l f s o n and S. T. Wu 
The U n i v e r s i t y of Alabama i n H u n t s v i l l e 
H u n t s v i l l e , Alabama 35805, U.S.A. 

INTRODUCTION 

Severa l c l a s s e s or types of corona l t r a n s i e n t s are b e l i e v e d to 
o r i g i n a t e near t h e s o l a r s u r f a c e a t the base o f p r e - e x i s t i n g coronal 
magnet ic l o o p s . These l o o p s o f t e n l i e beneath an o v e r l y i n g o p e n - f i e l d 
r e g i o n i n a t y p i c a l c o r o n a l - or h e l m e t - s t r e a m e r c o n f i g u r a t i o n . Recent 
exper imenta l r e s u l t s i n d i c a t e t h a t t h e s e p r e - e x i s t i n g magnetic l o o p s 
may be torn open by the e x p l o s i v e f o r c e of the s o l a r phenomena 
r e s p o n s i b l e for the t r a n s i e n t . Numerical s o l u t i o n s of t h e t i m e -
dependent , t w o - d i m e n s i o n a l , d i s s i p a t i o n l e s s , MHD e q u a t i o n s of motion 
( the e q u a t i o n s are d i s c u s s e d by S t e i n o l f s o n e t a l • (1978)) are used to 
examine the format ion of a corona l s treamer magnet ic s t r u c t u r e and the 
e v o l u t i o n of the s treamer f o l l o w i n g an e x p l o s i v e s o l a r event i n the 
c l o s e d - f i e l d r e g i o n . 

CORONAL STREAMER 

The c o r o n a l - s t r e a m e r c o n f i g u r a t i o n i s o b t a i n e d by s t a r t i n g the 
c a l c u l a t i o n w i t h an i n i t i a l s t a t e c o n s i s t i n g of a c l o s e d d i p o l e magnet ic 
f i e l d superimposed on a r a d i a l , hydrodynamic s o l u t i o n f o r the thermo
dynamic v a r i a b l e s and v e l o c i t y . This i n i t i a l s t a t e , of c o u r s e , does not 
r e p r e s e n t a s t e a d y - s t a t e s o l u t i o n to the complete two-d imens iona l 
e q u a t i o n s , so the t ime-dependent s o l u t i o n w i l l e v o l v e u n t i l i t r e l a x e s 
t o or approaches a s t e a d y - s t a t e s o l u t i o n ( t h e c o r o n a l s t r e a m e r ) . 
Coronal -s treamer c o n f i g u r a t i o n s have been o b t a i n e d p r e v i o u s l y by 
Pneumann and Kopp ( 1 9 7 1 ) , who used a t ime- independent a n a l y s i s , and by 
Endler (1971) and Weber ( 1 9 7 8 ) . In a l l of t h e s e p r e v i o u s s t u d i e s , the 
temperature was assumed to be c o n s t a n t ; t h a t assumpt ion i s not made i n 
the p r e s e n t work. The i n i t i a l v a l u e s used i n the s i m u l a t i o n are as 
f o l l o w s : The temperature and d e n s i t y a t 1 R ( s o l a r r a d i i ) are taken 
to be 1 .8 x 1 0 6 K and 2 .25 x 10® cm~3, r e s p e c t i v e l y , and the magnet ic 
f i e l d i s 2 . 3 5 G a t the s o l a r s u r f a c e a t the equator which y i e l d s a 
v a l u e for the plasma b e t a of 0 . 5 . The p o l y t r o p i c i n d e x i s 1 . 0 5 . The 
i n i t i a l magnet ic f i e l d l i n e s are shown in F igure 1 ( a ) . The v e r t i c a l 
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a x i s r e p r e s e n t s the e q u a t o r , the h o r i z o n t a l a x i s i s the p o l e , and the 
r e g i o n shown i s from the s o l a r s u r f a c e to 5 R 0 . The s o l u t i o n i s 
symmetric about the e q u a t o r . The dashed curves r e p r e s e n t the r a d i i a t 
which the sound speed Mach number ( l o n g e r dashes ) and the Al fven speed Mach 
number are equal t o o n e . The i n i t i a l s t a t e r e l a x e s t o approximate ly a 
s t e a d y s t a t e a f t e r 16 hours and the r e s u l t i n g magnet ic f i e l d l i n e s are 
shown in Figure 1 ( b ) . The r e l a x e d c o n f i g u r a t i o n i s t h a t of a coronal 
s treamer w i t h open f i e l d l i n e s o v e r l y i n g and a d j a c e n t to the c l o s e d - f i e l d 
r e g i o n . The v e l o c i t y i s approximate ly zero i n the c l o s e d - f i e l d r e g i o n as 
shown i n Figure 2 ( a ) . The v e l o c i t y a t 5 R 0 a t the equator i s very n e a r l y 

F igure 2 . V e l o c i t y v e c t o r s i n (a) the corona l s treamer and (b) the 
coronal t r a n s i e n t where the time i s now referenced to the i n t r o 
duc t ion of the p e r t u r b a t i o n which s i m u l a t e s the s o l a r e v e n t . 
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equal to the i n i t i a l v e l o c i t y t h e r e of 185 km s " 1 w h i l e the v e l o c i t y 
a t the p o l e a t 5 R@ i s i n c r e a s e d to 417 km s " l . The p r e s s u r e and d e n s i t y 
i n the c l o s e d - f i e l d r e g i o n are i n c r e a s e d over t h e i r i n i t i a l v a l u e s i n 
t h i s r e g i o n , w i t h the maximum i n c r e a s e a t 1 R© be ing by f a c t o r s of 4 . 8 
and 4 . 2 , r e s p e c t i v e l y . 

CORONAL TRANSIENT 

A s i m u l a t e d c o r o n a l t r a n s i e n t i s c r e a t e d by i n s t a n t a n e o u s l y i n 
c r e a s i n g the p r e s s u r e a t 1 R@ i n the c l o s e d - f i e l d r e g i o n by a f a c t o r of 
10 over the i n i t i a l v a l u e . The p r e s s u r e i s mainta ined at t h i s v a l u e 
for the d u r a t i o n of the c a l c u l a t i o n . The v e l o c i t y v e c t o r s and magnet ic 
f i e l d l i n e s i n the r e s u l t i n g t r a n s i e n t a f t e r 80 minutes are i l l u s t r a t e d 
in F i g u r e s 2 (b ) and 3 ( a ) . The i n i t i a l l y c l o s e d f i e l d l i n e s are pushed 
outward both r a d i a l l y and a z i m u t h a l l y . An MHD shock i s formed ahead 
of the t r a n s i e n t a t about 4 . 5 R@. At l a t e r t i m e s the f i e l d becomes 
e s s e n t i a l l y open i n s i d e 5 R Q a s s een a f t e r 180 minutes i n Figure 3 ( b ) . 

Figure 3 . Magnetic f i e l d l i n e s i n the corona l t r a n s i e n t where the time 
i s as f o r F igure 2 ( b ) . 
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DISCUSSION 

Levine: I am i n t e r e s t e d i n the p o r t i o n of your model which 
r e p r e s e n t s the s t eady s t a t e ( i . e . , a f t e r your model s treamer was found): 
1 . Can you d e s c r i b e t h e r e s u l t i n g temperature d i s t r i b u t i o n , e s p e c i a l l y 
on open v s . c l o s e d f i e l d l i n e s ? 
2 . Can your numerica l t e c h n i q u e handle o ther i n i t i a l magnet ic g e o m e t r i e s , 
as a d i p o l e has the wrong s t r e n g t h d i s t r i b u t i o n a t the s u r f a c e for a 
r e a l i s t i c s o l a r t e s t case? 
3 . Would you p l e a s e d e s c r i b e the energy e q u a t i o n you used i n more 
d e t a i l ? 

Steinolfson: 1 . The temperature a t the equator d e c r e a s e s in the 

c l o s e d - f i e l d r e g i o n from 1 .89 x 10 6 K a t 1 R to 1 .8 x 10 6 K at 2 .5 R , 
® ®6 

and i n the o v e r l y i n g o p e n - f i e l d r e g i o n f u r t h e r d e c r e a s e s to 1 .6 x 10 K 
a t 5 R . The temperature a t the p o l e i n c r e a s e s from 1 .8 x 10^K a t 

® 6 
1R t o 2 . 8 2 x 10 K a t 5 R . © © 

2 . The d i p o l e f i e l d was s e l e c t e d s i n c e i t r e p r e s e n t s a s o l u t i o n to 
the e q u a t i o n s for the absence of magnet ic p o l e s and zero Lorentz f o r c e . 
The numerica l t echn ique can handle any r e a s o n a b l e i n i t i a l magnet ic 
g e o m e t r i e s such as a h igher m u l t i - p o l e s o l u t i o n t o t h e s e e q u a t i o n s ( e . g . , 
a quadrapole) or an a r b i t r a r y c o n f i g u r a t i o n - p o s s i b l y one more c l o s e l y 
re sembl ing a streamer than a d i p o l e . 

3 . The energy e q u a t i o n does not c o n t a i n any d i s s i p a t i v e terms and i n 
i t s s i m p l e s t form can be w r i t t e n as 

£ # - o. 
where p i s the p r e s s u r e , p the d e n s i t y and y t h e p o l y t r o p i c i n d e x . The 
d e r i v a t i v e i s the t o t a l or E u l e r i a n d e r i v a t i v e , and the e q u a t i o n s imply 
s t a t e s t h a t the r a t e of change of the entropy of a f l u i d p a r t i c l e i s 
z e r o , or e q u i v a l e n t l y , t h a t the changes o f s t a t e of the f l u i d p a r t i c l e 
are i s e n t r o p i c . 
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