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So lar and i n t e r p l a n e t a r y dynamics comprises dynamic and plasma-
p h y s i c a l phenomena i n the s o l a r atmosphere , the corona and the i n t e r 
p l a n e t a r y medium i n the broades t s e n s e . In t h i s symposium, however, one 
has e s s e n t i a l l y t r i e d t o r e s t r i c t the s u b j e c t matter t o the s tudy of 
the propagat ion of a d i s t u r b a n c e , produced i n the s o l a r atmosphere, 
through the corona and the i n t e r p l a n e t a r y medium. In s t u d y i n g s o l a r and 
i n t e r p l a n e t a r y dynamical phenomena we f i n d o u r s e l v e s i n the unique 
p o s i t i o n , wi th r e s p e c t t o o ther a s t r o p h y s i c a l d i s c i p l i n e s , t o be ab l e 
t o r e l a t e s o l a r o b s e r v a t i o n s obta ined w i t h the h i g h e s t p o s s i b l e s p e c t r a l , 
s p a t i a l and t ime r e s o l u t i o n wi th in s i t u measurements made in the i n t e r 
p l a n e t a r y medium. I t has now turned out t h a t the two fundamental 
q u e s t i o n s to be answered a r e : 

a) How does the medium i n between the sun and the e a r t h and beyond the 
e a r t h ' s o r b i t , the s o c a l l e d heliosphere, look l i k e ? Does a b a s i c un
d i s t u r b e d h e l i o s p h e r e a c t u a l l y e x i s t , a n d i s one ab l e t o model i t s 
observed magnet ic s t r u c t u r e s and plasma mot ions w i t h t h e i r s p a t i a l 
and temporal v a r i a t i o n s ? 

b) How and where i n the s o l a r atmosphere are t h e d i s t u r b a n c e s generated 
and what are the c h a r a c t e r i s t i c t ime s c a l e s , geometr i e s and e n e r g i e s 
invo lved? 

In t r y i n g t o answer the above mentioned complex of b a s i c q u e s t i o n s 
one i s i n v a r i a b l y c o n f r o n t e d w i t h three o u t s t a n d i n g problems i n s o l a r 
p h y s i c s : 

i ) What causes s o l a r magnet ic f i e l d s t o appear a t the s o l a r s u r f a c e 
and how do they ex tend i n t o the o v e r l y i n g atmosphere? 

i i ) How i s the s t r o n g l y m a g n e t i c a l l y s t r u c t u r e d corona produced and 
heated? 

i i i ) What i s the mechanism of s o l a r e r u p t i o n s such as f l a r e s and 
e r u p t i n g prominences? 
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1 . CORONAL AND INTERPLANETARY STRUCTURE 

As t o the f i r s t problem the magnet ic c o n f i g u r a t i o n i n the p h o t o 
sphere i s l a r g e l y determined by the c i r c u l a t i o n i n the subphotospher i c 
l a y e r s . C o n v e r s e l y , the magnet ic s t r u c t u r e s and t h e i r motion r e l a t i v e 
t o the ambient photosphere can be used t o ge t some i n s i g h t i n the 
r o t a t i o n of the deeper l a y e r s . Once the magnet ic s t r u c t u r e s , presumably 
p r e s e n t i n the subphotospher i c l a y e r s as f l u x t u b e s , have emerged, they 
must r a t h e r q u i c k l y e v o l v e i n t o one or the o t h e r of the two b a s i c con
f i g u r a t i o n s : the open f i e l d s t r u c t u r e s and the c l o s e d f i e l d s t r u c t u r e s . 

The open magnet ic c o n f i g u r a t i o n s , whose f o o t p o i n t s are grouped in 
l a r g e r e g i o n s of e s s e n t i a l l y one p o l a r i t y , are d i r e c t l y a s s o c i a t e d wi th 
the coronal h o l e s , observed as p e r s i s t e n t d e p r e s s i o n s in s o f t X-ray 
e m i s s i o n . 

The coronal h o l e s are the s e a t s of the h igh speed s o l a r wind. They 
are born i n a s s o c i a t i o n w i t h a c t i v e r e g i o n s and they grow as new a c t i v e 
r e g i o n s emerge and o l d r e g i o n s d i s p e r s e so as t o form a new magnet ic 
c e l l p a t t e r n . However, the l i f e t i m e of the open f i e l d s t r u c t u r e s i s 
much longer than the l i f e t i m e of the i n d i v i d u a l a c t i v e r e g i o n s , which 
s u g g e s t s t h a t the a c t i v e r e g i o n s o n l y produce minor changes i n the 
l a r g e s c a l e magnet ic f i e l d p a t t e r n . 

The c l o s e d magnet ic c o n f i g u r a t i o n s are observed i n g r e a t con
c e n t r a t i o n i n s i d e the a c t i v e r e g i o n s as loop s t r u c t u r e s v i s i b l e i n 
X-ray e m i s s i o n , the green corona l l i n e , UV l i n e s and i n Ha. In between 
d i f f e r e n t a c t i v e r e g i o n s one f r e q u e n t l y f i n d s the i n t e r c o n n e c t i n g loops 
as c o n v i n c i n g ev idence t h a t l a r g e s c a l e magnet ic r e c o n n e c t i o n must have 
taken p l a c e a f t e r the b i r t h of a c t i v e r e g i o n s . 

The c l o s e d magnet ic r e g i o n s b o t t l e up part of the energy r e c e i v e d 
as t h e y show b r i g h t in X-ray e m i s s i o n , w h i l e the open r e g i o n s d i s p o s e 
of t h e i r energy r e c e i v e d by a h igh speed s o l a r wind. I t should be 
s t r e s s e d here t h a t no s a t i s f a c t o r y theory of the h e a t i n g of the corona 
f o r the h o l e s as w e l l as for the loop s t r u c t u r e s e x i s t at t h i s moment, 
though c o n s i d e r a b l e p r o g r e s s i s made on the propagat ion of Al fven waves 
through an inhomogeneous corona . Only Al fven waves seem t o be a b l e to 
t r a n s f e r s u f f i c i e n t energy and momentum t o g r e a t h e i g h t s . In the lower 
t r a n s i t i o n l a y e r and chromosphere a c o u s t i c shock waves are s t i l l un
doubted ly the most l i k e l y source of h e a t i n g . 

The magnet ic s t r u c t u r e of t h e corona can be model led i n v a r i o u s 
ways. The s i m p l e s t way i s t o assume a p o t e n t i a l f i e l d w i t h t h e p h o t o 
s p h e r i c f i e l d d i s t r i b u t i o n as the boundary. Such a p o t e n t i a l f i e l d 
appears indeed t o be a r e a s o n a b l e approximation i n many c a s e s . 

A s t i l l b e t t e r approximat ion i s a f o r c e f r e e f i e l d d i s t r i b u t i o n . 
S ince 3 i n the corona i s much s m a l l e r than u n i t y , t h i s must be a good 
approximation for most of the corona l magnet ic f i e l d . However, two 
c r i t i c a l remarks are a p p r o p r i a t e : 

F i r s t l y : I t i s not at a l l c e r t a i n tha t a f o r c e f r e e f i e l d s o l u t i o n 
can be used as an e q u i l i b r i u m s o l u t i o n i n the case t h a t gas p r e s s u r e i s 
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not n e g l i g i b l e . S t a b l e e q u i l i b r i u m s o l u t i o n s seem t o be much more 
r e s t r i c t e d than t h o s e of a zero p r e s s u r e plasma ((3 = 0 ) . 

Secondly , the corona i s not a s t a t i c atmosphere and not even 
s t a t i o n a r y . The lower boundary i s i n a s t a t e of c o n t i n u a l motion w h i l e 
d r a s t i c f i e l d changes occur when new f l u x emerges . Moreover, s e v e r a l 
s o l a r r a d i i above the s u r f a c e the magnet ic Reynolds number i s so l a r g e 
t h a t a l l magnet ic f i e l d s are s t r e t c h e d by t h e s o l a r wind i n t o i n t e r 
p l a n e t a r y s p a c e . A f o r c e f r e e f i e l d s o l u t i o n should be a bad 
approximation i n t h i s ca se and undoubtedly current s h e e t s of d i f f e r e n t 
s c a l e s and g e o m e t r i e s are p r e s e n t i n the corona above an a c t i v e r e g i o n . 

In the i n t e r p l a n e t a r y medium the s e c t o r s t r u c t u r e , w i t h i t s sharp 
b o u n d a r i e s , i s one of t h e most w e l l e s t a b l i s h e d corner s t o n e s of the 
outer magnet ic c o n f i g u r a t i o n . 

Y e t , i t appears d i f f i c u l t to t r a c e t h e s e s e c t o r boundaries back 
i n t o the p h o t o s p h e r i c magnet ic f i e l d or i n any o t h e r s o l a r phenomena. 
This i s probably the r e s u l t of the f a c t t h a t the s t rong f i e l d s , which 
are the most pronounced, c l o s e r a t h e r low i n the corona , w h i l e smal l 
though l a r g e - s c a l e f i e l d s , which may remain unnot i ced i n the p h o t o 
sphere , are s t r e t c h e d outwards and thus c o n s t i t u t e the important 
boundary c o n d i t i o n for the magnet ic s t r u c t u r e of the "more or l e s s 
undis turbed 1 1 o u t e r i n t e r p l a n e t a r y medium. 

The s e c t o r s t r u c t u r e i s c e r t a i n l y r e l a t e d t o the p a t t e r n of 
coronal h o l e s of one p o l a r i t y , which can f r e q u e n t l y be i n t e r p r e t e d as 
the e x t e n s i o n of t h e p o l a r coronal h o l e s . The n e u t r a l s h e e t s e p a r a t i n g 
the north and south p o l a r coronal h o l e s e n c i r c l e s the sun l i k e a 
" b a l l e r i n a s k i r t " . The l a r g e s c a l e p a t t e r n of magnet ic f i e l d s , c l e a r l y 
o u t l i n e d by f i l a m e n t s , i s on ly weakly a f f e c t e d by s o l a r a c t i v i t y . How
e v e r , when l a r g e s c a l e magnet ic f i e l d s of one p o l a r i t y merge i n t o t h a t 
of the o p p o s i t e p o l a r i t y the f i l a m e n t s become d i s t o r t e d and d i s r u p t . 

F i laments always occur at n e u t r a l l i n e s and are the i n e v i t a b l e 
e v i d e n c e t h a t r e c o n n e c t i o n of magnet ic f i e l d s does take p l a c e on a 
l a r g e s c a l e i n the corona , thus g i v i n g r i s e t o numerous kinds of 
d i s t u r b a n c e s . 

The p r o c e s s of l a r g e s c a l e r e c o n n e c t i o n i n the corona i s i n 
t i m a t e l y a s s o c i a t e d w i t h the format ion of prominences and loop type 
s t r u c t u r e s . The whole dynamics of the corona and the i n t e r p l a n e t a r y 
medium must be s een i n the l i g h t of t h e s e f a c t s : L a r g e - s c a l e long 
l a s t i n g open u n i p o l a r magnet ic r e g i o n s w i t h , at t h e i r borders , the 
s h o r t e r - l i v i n g and s m a l l e r b i p o l a r a c t i v e r e g i o n s . At many p l a c e s r e 
c o n n e c t i o n occurs at the borders of the u n i p o l a r magnet ic r e g i o n s as 
w e l l as i n s i d e t h e b i p o l a r r e g i o n s . 

2 . CORONAL TRANSIENTS 

A grea t dea l of work has been repor ted on the s tudy of the coronal 
and i n t e r p l a n e t a r y r e s p o n s e s t o d i s t u r b a n c e s at v a r i o u s t ime s c a l e s . 
Long time s c a l e v a r i a t i o n s of the h e l i o s p h e r e f o l l o w the e v o l u t i o n of 
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s o l a r a c t i v i t y and i t s i n f l u e n c e on the l arge s c a l e magnet ic s t r u c t u r e . 
Short t ime s c a l e v a r i a t i o n s which are observed as corona l t r a n s i e n t s 
are a s s o c i a t e d w i t h e r u p t i v e s o l a r phenomena of v a r i o u s k inds i n 
p a r t i c u l a r w i t h f l a r e s and prominence e r u p t i o n s . 

Coronal t r a n s i e n t s have been e x t e n s i v e l y s t u d i e d i n w h i t e l i g h t , 
X, rad io a n d , i n most c a s e s , they can be a s s o c i a t e d w i t h mass e j e c t i o n s . 
Some of the t r a n s i e n t s are no th ing e l s e but the remnants of the t r a n s 
i e n t producing a g e n t . In p a r t i c u l a r t r a n s i e n t s observed i n w h i t e l i g h t 
are mass e j e c t i o n t r a n s i e n t s which are a s s o c i a t e d w i t h Ha f l a r e s , X-ray 
e v e n t s , e r u p t i v e p r o m i n e n c e s , s p r a y s , surges and m e t r i c type I I and 
type IV b u r s t s . The mass e j e c t i o n s t h a t have been i d e n t i f i e d have o f t e n 
a loop type appearance. They are s t r o n g l y a s s o c i a t e d w i t h f l a r e s and 
f i l a m e n t d i sappearances ( D i s p a r i t i o n s Brusques) and o f t e n occur when 
the s u r f a c e f i e l d s are s t r o n g and complex. The c o r r e l a t i o n w i t h f l a r e s 
and e r u p t i n g f i l a m e n t s i s p a r t i c u l a r l y s t rong i f one r e s t r i c t s a t t e n t 
i on t o the l a r g e f l a r e s and f i l a m e n t e r u p t i o n s o n l y , e v i d e n t l y the 
e n e r g e t i c e v e n t s . In t h e s e c a s e s the c o r r e l a t i o n w i t h s o f t X-ray 
e v e n t s and m e t r i c r a d i o b u r s t s i s very good. The c o r r e l a t i o n of coronal 
d i s t u r b a n c e s w i th e r u p t i n g prominences i s c e r t a i n l y b e t t e r than w i t h 
f l a r e s . The important c o n c l u s i o n t h a t can be drawn from a l l t h i s i s 
t h a t e r u p t i v e prominences and d i s p a r i t i o n s brusques must be the c e n t r a l 
phenomenon t h a t produces a corona l t r a n s i e n t . There i s i n c r e a s i n g 
e v i d e n c e t h a t a prominence e r u p t i o n i n an a c t i v e r e g i o n i s to a l a r g e 
e x t e n t the s o l a r f l a r e . I t i s t h e r e f o r e of paramount importance t o 
s tudy the r e l a t i o n between prominence e r u p t i o n s and s o l a r f l a r e s and 
the cause of prominence e r u p t i o n s t h a t do not seem to be r e l a t e d t o any 
f l a r e . D e t a i l e d s t u d i e s of p r e f l a r e e m i s s i o n s and d i s t u r b a n c e s can 
p o s s i b l y s o l v e t h i s o u t s t a n d i n g problem i n s o l a r p h y s i c s . The rad io 
t r a n s i e n t s are i n genera l a s s o c i a t e d w i t h shock waves and p a r t i c l e 
a c c e l e r a t i o n except for the moving type IV xjhich i s d i r e c t e v i d e n c e for 
a moving plasma c l o u d . S ince p a r t i c l e a c c e l e r a t i o n i s l i k e l y t o be 
a s s o c i a t e d w i t h magnet ic r e c o n n e c t i o n , any form of magnet ic r e c o n n e c t 
ion may g i v e r i s e to a rad io t r a n s i e n t . In the very powerful c a s e s mass 
e j e c t i o n may w e l l r e s u l t from r e c o n n e c t i o n and s o - c a l l e d current s h e e t 
r u p t u r e . I t i s of i n t e r e s t t o n o t e t h a t m e t r i c type I I I b u r s t s i n c r e a s e 
i n number p r i o r to mass e j e c t i o n t r a n s i e n t s . The ir peak seems to 
correspond w i t h the f o r e r u n n e r s . 

T h e o r e t i c a l work on the o r i g i n and nature of corona l t r a n s i e n t 
f a l l s i n two c a t e g o r i e s . F i r s t t h e r e are the model c a l c u l a t i o n s of 
coronal d i s t u r b a n c e s where the mechanism caus ing t h e s e d i s t u r b a n c e s has 
been u n s p e c i f i e d but where one p a r t i c u l a r l y c o n c e n t r a t e s on m o d e l l i n g 
the spread ing and propagat ion of a magnetohydrodynamic p e r t u r b a t i o n . 
Such a p e r t u r b a t i o n can be e i t h e r a temperature or p r e s s u r e p u l s e 
caused by an a s - y e t u n s p e c i f i e d i m p u l s i v e h e a t i n g mechanism i n the low
er atmosphere or a w e l l d e f i n e d magnet ic p e r t u r b a t i o n a t the lower 
boundary. Impuls ive h e a t i n g can g i v e r i s e to mass e j e c t i o n s such as 
surges and s p i c u l e s . To g i v e f u l l c r e d i t t o a l l p o s s i b l e wave modes and 
i n t e r a c t i o n s t h e s e c a l c u l a t i o n s ought t o be made in t h r e e dimensions 
u s i n g k i n e t i c theory i n s t e a d of the f l u i d approximat ion . Notwi ths tand ing 
the r e s t r i c t i o n s one i s forced to make, t h e s e numerica l c a l c u l a t i o n s 
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g i v e promis ing r e s u l t s , a l though the l a r g e v a r i e t y of v e l o c i t i e s of 
corona l t r a n s i e n t s a l r e a d y i n d i c a t e s t h a t a pure wave mechanism 
c e r t a i n l y cannot e x p l a i n the m a j o r i t y of w h i t e l i g h t t r a n s i e n t s . I n 
s t e a d r e a l mass e j e c t i o n has t o be of c e n t r a l importance . 

Secondly t h e r e are the models of e v o l v i n g magnet i c s t r u c t u r e s such 
as sheared f i e l d s , h e l i c a l s t r u c t u r e s , loop type s t r u c t u r e s on the one 
hand and on the o t h e r hand the models of emerging magnet ic f i e l d s 
c r e a t i n g l a r g e s c a l e current s h e e t s , where the p r o c e s s of magnet ic r e 
c o n n e c t i o n i s the major cause of magnet ic r e o r i e n t a t i o n and i t s 
dynamical consequences . 

Both types of f i e l d c o n f i g u r a t i o n are used as model f i e l d s i n 
f l a r e theory and both types of f i e l d may a c t u a l l y occur i n a f l a r i n g 
a c t i v e r e g i o n or i n prominences . The extreme c a s e s t h a t are s t u d i e d are 
the f o r c e f r e e f i e l d s and the n e u t r a l s h e e t s . I repeat the c o n j e c t u r e 
e x p r e s s e d e a r l i e r t h a t h o p e f u l l y f o r c e f r e e f i e l d s can be used i n a low 
3 plasma when the boundary c o n d i t i o n s change very s l o w l y but i t seems 
u n r e a l i s t i c t o model the f i e l d t h i s way when a f a s t d i s t u r b a n c e o c c u r s . 
The dynamic e v o l u t i o n of corona l f l u x tubes and arcades has r e c e n t l y 
come o f f the ground but none of the s t u d i e s r epor ted have cons idered 
the compl icated boundary v a l u e and i n i t i a l v a l u e problem in a f u l l y 
c o n s i s t e n t way. 

Any magnet ic c o n f i g u r a t i o n in a low 3 plasma that i s in e q u i 
l i b r i u m must have the major component of the current d e n s i t y p a r a l l e l 
t o the magnet ic f i e l d . Hence, the magnet ic f i e l d i s thus l i k e l y t o be 
s u b j e c t to MHD i n s t a b i l i t i e s of the kink-mode as w e l l as of the t e a r i n g 
mode t y p e . On the r e s i s t i v e i n s t a b i l i t i e s no work has been repor ted 
during t h i s c o n f e r e n c e , w h i l e kink type s t r u c t u r e s i n 3 -d imens iona l 
n o n - l i n e a r c a l c u l a t i o n s have been shown t o occur under c e r t a i n con
d i t i o n s during f o r c e f r e e f i e l d e v o l u t i o n . 

Large p e r p e n d i c u l a r current d e n s i t i e s can o n l y occur i n n e u t r a l 
s h e e t s , where $ » 1 or they may be generated because of short time 
s c a l e d i s t u r b a n c e s , e . g . at the b o u n d a r i e s . In tha t case the i n t e r c h a n g e 
i n s t a b i l i t y may d e v e l o p , i n c r e a s i n g the r a t e of h e a t i n g and p o s s i b l y 
g i v i n g r i s e t o de tached plasma c l o u d s . I t should be emphasized t h a t 
plasma t u r b u l e n c e may p l a y an important r o l e i n the h e a t i n g and dynamics 
of n e u t r a l s h e e t s as w e l l as i n o t h e r c o n f i g u r a t i o n s where magnet ic 
r e c o n n e c t i o n o c c u r s . S e v e r a l a t tempts have been made t o f ind the 
o b s e r v a b l e s i g n a t u r e s of p lasmaturbulence e s p e c i a l l y i n rad io waves* 
Radar measurements i n d i c a t e t h a t a h igh l e v e l of low frequency plasma 
waves i s presen t above a c t i v e r e g i o n s , p o s s i b l y g i v i n g a c l u e t o the 
mechanism of the h e a t i n g of t h e a c t i v e s o l a r corona. However, no 
s a t i s f a c t o r y theory has been p r e s e n t e d f o r the o n s e t and maintenance of 
p lasmaturbulence i n corona l and i n t e r p l a n e t a r y s t r u c t u r e s . 

The presence of p lasmaturbulence i n the corona and h e l i o s p h e r e 
c l e a r l y i n d i c a t e s tha t the s tudy of the propagat ion of a d i s t u r b a n c e 
through the ou ter l a y e r s can on ly be t r e a t e d c o r r e c t l y when a micro 
s c o p i c d e s c r i p t i o n i s used . Only the m i c r o s c o p i c d e s c r i p t i o n t r e a t s 
proper ly the p r o c e s s e s of d i s s i p a t i o n and w a v e - p a r t i c l e i n t e r a c t i o n s . 

https://doi.org/10.1017/S007418090006808X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090006808X


5 5 2 M.KUPERUS 

The corona i s not a f l u i d but a c o l l i s i o n l e s s multicomponent plasma 
s u b j e c t t o p e r t u r b a t i o n s of v a r i o u s time s c a l e s t h a t sometimes can be 
s u r p r i s i n g l y w e l l approximated by a f l u i d . 

I have t r i e d to summarize the p r e s e n t s t a t e of knowledge and the 
trend of r e s e a r c h in t h i s f i e l d as i t has come a c r o s s during t h i s 
symposium i n a genera l s e n s e w i t h o u t a d i s c u s s i o n of any d e t a i l e d work 
t h a t has been p r e s e n t e d . 
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