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ABSTRACT: The downward tension force is known to be extremely small at 

the locations of highly sheared magnetic fields. The free energy in 

such tension free fields is shown to be dependent on the plasma 

density. The excess of this free energy over that available in a force 

free configuration is estimated and shown to be sufficient to drive 

Instabilities which could possibly initiate a solar flare. 

1 . I n t r o d u c t i o n 

M a g n e t i c s h e a r , ( a s measured by t h e a n g u l a r d e v i a t i o n o f t h e o b s e r v e d 
t r a n s v e r s e f i e l d from a p o t e n t i a l t r a n s v e r s e f i e l d ) , was s e e n t o b e 
l a r g e a t s i t e s o f major f l a r e s (Hagyard, e t . a i . , 1984; Hagyard and 
R a b i n , 1986; Hagyard, V e n k a t a k r i s h n a n , and S m i t h , 1 9 8 9 ) . Large m a g n e t i c 
s h e a r was shown t o be e q u i v a l e n t t o low m a g n e t i c t e n s i o n , w h i c h i m p l i e d 
t h a t t h e m a g n e t i c f i e l d s were dependent on t h e p l a s m a d e n s i t y , t h e r e b y 
a l l o w i n g f o r p l a s m a i n s t a b i l i t i e s t o d e s t a b i l i s e t h e m a g n e t i c 
c o n f i g u r a t i o n s ( V e n k a t a k r i s h n a n , 1 9 9 0 ) . In t h i s p a p e r , we w i l l e s t i m a t e 
t h e e x c e s s e n e r g y s t o r e d i n a t e n s i o n f r e e f i e l d o v e r and a b o v e t h a t 
s t o r e d i n a f o r c e f r e e f i e l d . 

2 . E s t i m a t i o n o f E x c e s s Energy i n T e n s i o n F r e e F i e l d s 

A l o w e r l i m i t t o t h e f r e e e n e r g y i n a s h e a r e d m a g n e t i c f i e l d c a n b e 
o b t a i n e d by a s s u m i n g t h a t t h e s h e a r i s produced by o n l y a r o t a t i o n o f 
t h e t r a n s v e r s e m a g n e t i c f i e l d from i t s p o t e n t i a l c o n f i g u r a t i o n t h r o u g h 
t h e s h e a r a n g l e w i t h o u t any i n c r e a s e i n f i e l d s t r e n g t h 
(Moore,R. , L . : 1 9 8 8 , p e r s o n a l c o m m u n i c a t i o n ) . T h i s g i v e s t h e f r e e e n e r g y 
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£ ~ 4 . ( B / 8 w ) . s i n 0 / 2 , ( 1 ) 

~ T 

where B t i s t h e t r a n s v e r s e f i e l d and 0 i s t h e s h e a r a n g l e . 

The s h e a r a n g l e f o r a f o r c e f r e e f i e l d can b e o b t a i n e d by e q u a t i n g t h e 
m a g n e t i c p r e s s u r e and t e n s i o n f o r c e s . T h i s g i v e s 

dB 2/dz * 2 . B . VB , o r B 2 / A * 2 . B . B . costf / A , ( 2 ) 
T T z T B T z 

where A f i i s t h e m a g n e t i c s c a l e h e i g h t and A s i g n i f i e s t h e l a t e r a l s c a l e 
o f v a r i a t i o n o f t h e v e r t i c a l component o f t h e m a g n e t i c f i e l d . When t h e 
p l a s m a d e n s i t y i s s u f f i c i e n t l y h i g h , t h e n a f u r t h e r r e d u c t i o n i n t h e 
t e n s i o n f o r c e i s p o s s i b l e w h i c h would be r e p l a c e d by t h e downward f o r c e 
o f g r a v i t y . T h i s r e d u c t i o n can t h u s be e x p r e s s e d i n t e r m s o f t h e w e i g h t 
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o f t h e m a t e r i a l . By e q u a t i n g t h e v a r i a t i o n o f t h e t e n s i o n f o r c e ( R . H . S . 
o f e q u a t i o n 2 ) c a u s e d by a c h a n g e 80 i n t h e s h e a r a n g l e w i t h t h e w e i g h t 
o f t h e m a t e r i a l pg , we h a v e 

s i n * . 5 0 * 4wpgA/B T B z ( 3 ) 

The i n c r e a s e i n t h e f r e e e n e r g y g i v e n by ( 1 ) c a u s e d by t h e c h a n g e i n 
a n g l e S# can be s i m i l a r l y o b t a i n e d from 

8E » B T

2 . s i n d . 5 t f . / 4 7 r . o r 8E * B^pgA/B^ , ( 4 ) 

a f t e r s u b s t i t u t i n g f o r s intf . 5 $ from e q u a t i o n 3 . 

E q u a t i o n 4 g i v e s an e s t i m a t e f o r t h e f r e e e n e r g y d e n s i t y o f t h e t e n s i o n 
f r e e f i e l d . For p u r p o s e s o f o r d e r o f magn i tude e s t i m a t i o n , we w i l l 
assume t h a t t h e l a t e r a l g r a d i e n t o f B^ e q u a l s t h e v e r t i c a l g r a d i e n t o f 

B t ( t h i s i s s t r i c t l y t r u e f o r a p o t e n t i a l f i e l d and i s a good 

a p p r o x i m a t i o n f o r a f o r c e f r e e f i e l d n e a r t h e p o l a r i t y i n v e r s i o n l i n e ) . 
U s i n g t h i s a s s u m p t i o n i n e q u a t i o n 4 , we have 

8E « pgA B . ( 5 ) 

For o r d e r o f m a g n i t u d e e s t i m a t e s one c a n a l s o assume t h a t A e q u a l s t h e 
B 

t y p i c a l s i z e o f a b i p o l a r a c t i v e r e g i o n w h i c h i s « 1 0 9 cm. The t o t a l 
e n e r g y c a n now be w r i t t e n a s 

8& « A. (h n + h n )m gA . ( 6 ) 
chr chr cor cor H B 
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Assuming A « 10 cm , m = 1 . 6 x 1 0 , g « 2 x 1 0 cms , we h a v e 8& ~ 
30 14 8 

10 e r g s , f o r n = 10 , and h « 10 cm. For t h e s u n , t h i s 
chr chr 

e n e r g y i s l ower t h a n t h e e n e r g y r e l e a s e d i n major f l a r e s , b u t i s v e r y 
s i m i l a r t o t h e e n e r g y r e l e a s e d i n t h e i m p u l s i v e p h a s e o f t y p i c a l f l a r e s . 
Thus t h e s t o r a g e o f e n e r g y i n t e n s i o n f r e e f i e l d s can p r o v i d e s u f f i c i e n t 
d e s t a b i l i s a t i o n v i a t h e r m a l c o n v e c t i v e i n s t a b i l i t i e s t o i n i t i a t e t h e 
f l a r e . The s i z e o f t h e f l a r i n g r e g i o n i n s t e l l a r a t m o s p h e r e s d o e s n o t 
seem t o be much d i f f e r e n t from t h a t on t h e Sun (de J a g e r , et.al.,1989). 
Thus, o n e c a n n o t e x p l a i n t h e f r e q u e n t o c c u r r e n c e o f w h i t e l i g h t f l a r e s 
i n s t a r s by i n v o k i n g l a r g e r s t a r s p o t s . One c l u e i s t h a t t h e 
c h r o m o s p h e r e s o f f l a r e s t a r s (dMe) a r e few o r d e r s o f m a g n i t u d e d e n s e r 
t h a n normal c h r o m o s p h e r e s (Cram and Mul lan , 1 9 8 2 ) . By a s s u m i n g n * 

chr 

15 31 

10 i n e q u a t i o n 6 , we o b t a i n 8& * 10 e r g s . In t h i s c a s e , t h e r e i s 
much more e n e r g y a v a i l a b l e f o r d e s t a b i l i s i n g t h e t e n s i o n f r e e f i e l d s and 
t h u s , a g r e a t e r p r o b a b i l i t y f o r p r o d u c i n g major f l a r e s . 
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