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1. Introduction 

T h e c o n c e p t active region, p r ev ious ly cal led ' c en t r e of ac t iv i ty ' , was i n t r o d u c e d by 
D ' A z a m b u j a as " t h e to ta l i ty of all visible p h e n o m e n a a c c o m p a n y i n g t h e b i r th of 
s u n s p o t s " . Th i s idea w a s first p l aced in t h e cen t re of a t t e n t i o n d u r i n g t h e C o n v e g n o 
V o l t a in 1952 w h e n K i e p e n h e u e r p u t f o r w a r d his p a p e r : ' W a s ist e in A k t i v i t a t s z e n t r u m 
a u f de r Sonne? ' . A t t h a t t i m e o u r k n o w l e d g e of a n act ive r eg ion co u l d still be c o n ­
d e n s e d in a five-page p a p e r . D u r i n g t h e p re sen t s y m p o s i u m we have l is tened t o 89 
c o m m u n i c a t i o n s , all dea l ing w i th ce r t a in aspec t s of t h e ac t ive reg ion . P a r t i c u l a r 
a t t e n t i o n w a s given t o t h e ro le p l ayed by s u p e r g r a n u l a t i o n a n d by de ta i led m a g n e t i c 
fields; th is was poss ib le s ince we n o w have precise o b s e r v a t i o n s wi th g o o d spat ia l 
a n d t i m e reso lu t ion of t h e m a g n e t i c field, a n d very de ta i led i n f o r m a t i o n o n the 
re la t ed op t ica l s t ruc tu res . 

T h e p re sen t review is cal led ' D e v e l o p m e n t a n d S t r u c t u r e of a n Act ive R e g i o n ' , as 
it is t h e d e v e l o p m e n t t h a t is e s sen t i a l ; s t ruc tu res will be dea l t wi th on ly in as far as 
t h e y a re i m p o r t a n t for o u r u n d e r s t a n d i n g of t h e w a y a n ac t ive reg ion deve lops . T h e 
m e c h a n i s m b e h i n d the d e v e l o p m e n t of an act ive reg ion m a y n o w be defined, w i th 
K i e p e n h e u e r , as " t h e i n t e rp l ay of so la r convec t ion , differential r o t a t i o n , a n d m a g n e t i c 
fields o n t he S u n " . 

A genera l r e m a r k t h a t s h o u l d be m a d e after th i s S y m p o s i u m refers t o t he difference 
b e t w e e n the r e so lu t ion a t t a i n e d op t ica l ly o n o n e side, a n d in X - r a y a n d r a d i o obser ­
v a t i o n s o n t h e o t h e r h a n d . W i t h op t i ca l m e t h o d s a spa t ia l r e so lu t i on of t h e o r d e r of 1" 
c a n occas iona l ly be r e a c h e d ; s o m e t i m e s even be t t e r o b s e r v a t i o n s a r e m a d e . R a d i o a n d 
X - r a y o b s e r v a t i o n s a re still in t h e r a n g e of t ens of s econds of a r c o r even m i n u t e s of 
a r c . T h i s h i n d e r s t h e i n t e r c o m p a r i s o n of c o r o n a l o b s e r v a t i o n s (which rely o n r a d i o 
a n d X - r a y obse rva t ions ) wi th p h o t o s p h e r i c a n d c h r o m o s p h e r i c d a t a . O n e of t he m o s t 
i m p o r t a n t a n d impe ra t i ve d e v e l o p m e n t s in r a d i o a n d X - r a y a s t r o n o m y will be t o 
i m p r o v e t h e reso lu t ion t o s o m e t h i n g a r o u n d 1". 

* Invited summarizing review of the Budapest Symposium. 
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2. Large-Scale Development of the Active Region 

A s s h o w n in K i e p e n h e u e r ' s i n t r o d u c t o r y p a p e r t h e b r o a d d e v e l o p m e n t of a n act ive 
r eg ion c a n best be u n d e r s t o o d o n t h e bas is of B a b c o c k ' s t h e o r y , b u t ce r t a in p r o b l e m s 
r e m a i n . T h e first is h o w t o neu t ra l i se t h e p o l e w a r d m o v i n g fields: it a p p e a r s t h a t t h e 
magne t i c flux t h a t m o v e s p o l e w a r d is a b o u t ten t imes larger t h a n t h e flux eventual ly 
a r r iv ing . A n answer t o th i s p r o b l e m has been given d u r i n g t h e B u d a p e s t S y m p o s i u m 
by Stenf lo : w h e n t h e w e a k e r fields in a n d a r o u n d a n ac t ive reg ion a r e t a k e n i n t o 
a c c o u n t t he r e a p p e a r s t o be a be t t e r flux ba l ance in t h e t w o magne t i ca l ly oppos i t e ly 
po la r ized p a r t s of ac t ive reg ions , t h a n h a s been a s s u m e d h i t h e r t o . Beckers a n d 
Sch ro t e r found t h a t t h e fields of t h e m a g n e t i c k n o t s pa r t l y o r who l ly b a l an ce t h o s e 
of t h e spo t s . 

A h a r d e r p r o b l e m , n o t c o m p a t i b l e wi th B a b c o c k ' s t h e o r y , is t h a t a p p a r e n t l y new 
act ive reg ions o r even new-cycle reg ions m a y a p p e a r t o o r ig ina te in old ones , o r they 
m a y occu r a t t h e p laces of o ld ones . I t r e m a i n s t o be e x a m i n e d w h e t h e r th is obser ­
va t ion w o u l d b r e a k d o w n B a b c o c k ' s t h e o r y o r n o t . 

A fur ther genera l a spec t c o n c e r n s t h e or ig in of so la r ac t ive r eg ions . T h e r e a r e clear 
i nd i ca t i ons t h a t ce r t a in l o n g i t u d e s a r e favoured . T h e y seem t o be s i tua ted a b o u t 180° 
a p a r t ; both M r s . D o d s o n - P r i n c e a n d Svestka p r o d u c e d d a t a p o i n t i n g in t h a t d i rec t ion . 
H o w e v e r , as c an be seen f rom a c o m p a r i s o n of F i g u r e 1 of M r s . D o d s o n - P r i n c e wi th 
figure 3 o f Svestka, i t is n o t c lear w h e t h e r t h e t w o favourite l o n g i t u d e s r o t a t e wi th t h e 
n o r m a l p h o t o s p h e r i c speed ( C a r r i n g t o n ) o r w h e t h e r t h e y find the i r basis in s u b ­
p h o t o s p h e r i c r eg ions r o t a t i n g a t a m u c h faster r a t e . 

In a n y case it seems t h a t t h e n o t i o n plage family m a y be justif ied a n d m a y mer i t 
fu r ther a t t en t i on . 

3 . The First Phase of Development of an Active Region 

T h e r e a r e i n d i c a t i o n s t h a t t h e basic difference be tween t h e ac t ive a n d the qu ie t 
p a r t s of t h e S u n is a q u a n t i t a t i v e r a t h e r t h a n a qua l i t a t ive o n e . T h e basic m a g n e t i c 
s t ruc tu res , a l so visible in t h e qu ie t S u n , a p p e a r in la rger q u a n t i t i e s in t h e act ive region . 
W e s h o u l d pa r t i cu l a r ly stress t h e i m p o r t a n c e of t h e s u p e r g r a n u l a t i o n for t h e deve lop­
m e n t of so la r act ivi ty . 

I n t h e qu ie t S u n s o m e essential scales of l eng th m a y b e defined (see a l so t h e p a p e r 
by S i m o n a n d Weiss ) , as g iven in T a b l e 1. 

T h e m a g n e t i c field is c o n c e n t r a t e d in t h e s u p e r g r a n u l a t i o n b o u n d a r i e s w h e r e i t is 
d i rec ted r ad ia l ly ; t h e r e is n o c o m p o n e n t a t r igh t angles . 

N e x t w e descr ibe t h e v a r i o u s p h a s e s of d e v e l o p m e n t of a n ac t ive r eg ion . T h e first 
p h a s e is t h e ar r iva l of m a g n e t i c flux a t t h e surface . T h i s is a r a p i d event , occur r ing 
d u r i n g a b o u t 1 d a y ; i t s o o n leads t o t h e d e v e l o p m e n t of a bipolar magnetic region. 
H e r e t h e ques t ion m a y be a s k e d w h e t h e r real b i p o l a r m a g n e t i c r eg ions d o exist o r 
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Table 1 

object life-time characteristic size size related to 

granulation; spicules 10 min 1000 km scale height in sub-photospheric 
region 

mottles 
rosettes 
supergranulation 

5-10 min 
1 day 

some days 

1000 km 
5000-10000 km 
30000 km scale height somewhere deep in 

the convective region 
giant cells in the deep convective 
zone 

9 

large network 9 300000 km 

w h e t h e r refined m a g n e t i c m e a s u r e m e n t s will even tua l ly s h o w t h a t o n l y c o m p l e x 
m a g n e t i c reg ions occur on t h e d i sk . 

P r i o r t o t h e o u t b r e a k of spo t s t h e b r igh tness difference in p h o t o s p h e r i c levels 
inc reases in t he sense t h a t t h e i n t e r g r a n u l a r space b e c o m e s d a r k e r . Sl ight ly la ter , 
p o r e s o r i g i n a t e ; a fine e x a m p l e , f r o m a mov ie -p ic tu re , w a s given by R o s c h . T h e 
in tens i ty in t h e p o r e is a b o u t 0-6 t imes t h e c o n t i n u u m in tens i ty . I t is very i m p o r t a n t 
t o real ise t h a t t h e p o r e s a n d s p o t s neve r o r ig ina te inside t h e s u p e r g r a n u l a t i o n , b u t 
a lways a t t he boundaries, a p p a r e n t l y d u e t o a c o n c e n t r a t i o n of t h e m a g n e t i c flux by 
t h e s u p e r g r a n u l a r m o t i o n field. 

Still o b s c u r e is t he p a r t p l ayed in th i s c o n n e c t i o n by t h e objec ts ca l led ' m a g n e t i c 
k n o t s ' , ' invis ible spo t s ' , o r ' sa te l l i te s p o t s ' . T h e s e t h r ee t e r m s refer t o t h e s a m e object ! 
T h e first seems t o be t h e best , s ince u p o n m o r e deta i led e x a m i n a t i o n t h e ' invis ib le ' 
s p o t s nea r ly a lways a p p e a r t o b e c o m e visible, t h o u g h they a r e less d a r k t h a n the p o r e s ; 
t h e in tens i ty depress ion is a b o u t 0-1 t imes t he c o n t i n u u m in tens i ty . T h e y have m a g ­
ne t ic fields of t he o r d e r of 1000 gaus s ( u p t o 1400 gauss) a n d d i a m e t e r s be tween 1" 
a n d 12". A n i m p o r t a n t a n d still o p e n q u e s t i o n : w h a t is t h e ro le of t h e m a g n e t i c k n o t s 
in t h e f o r m a t i o n of spots? 

D u r i n g the d e v e l o p m e n t of s p o t g r o u p s , i nd iv idua l spo t s m a y s h o w s t r o n g m o t i o n s 
w i t h respec t t o each o t h e r . Af ter t h e f o r m a t i o n of spo t s t h e facu la r r eg ion ex t ends 
in a r e a : t he K emiss ion a p p e a r s t o sp r ead over t he w h o l e s u p e r g r a n u l a r reg ion . A t 
t h a t t i m e t h e first p h a s e of d e v e l o p m e n t of a n act ive r eg ion m a y be cons ide red as 
e n d e d ; t h e m a i n p h a s e of d e v e l o p m e n t sets i n ; it is c h a r a c t e r i z e d by i n t e n s e c h r o m o s ­
p h e r i c a n d c o r o n a l ac t iv i ty a n d in pa r t i cu l a r by flares. W e will d i scuss t h e m a i n 
p h a s e of d e v e l o p m e n t of t h e p h o t o s p h e r i c a n d c h r o m o s p h e r i c p a r t s of t h e ac t ive 
r eg ion in Sec t ion 4 , t h e c o r o n a l a n d i n t e r p l a n e t a r y p a r t s in Sec t ion 5 ; flares will be 
d i scussed in Sec t ion 6. 

4. The Main Phase of Development; (a) Photosphere and Chromosphere 

T h e areal d e v e l o p m e n t of t h e p h o t o s p h e r i c a n d c h r o m o s p h e r i c facu la r r eg ions w a s 
inves t iga ted pa r t i cu la r ly well d u r i n g t h e C S S A R pe r iod ( C o o p e r a t i v e S t u d y of So la r 
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Act ive Reg ion ) . I t a p p e a r s t h a t t h e p lages r each the i r m a t u r i t y in less t h a n 1 m o n t h 
a n d decl ine slowly in act iv i ty in a pe r iod of t h e o r d e r of 3 -5 m o n t h s . I t is k n o w n , of 
c o u r s e , t h a t occas iona l ly p lages m a y live m u c h longer . 

T h e re la t ion of t h e facu la r fine s t ruc tu r e a n d n e t w o r k t o t h e s u p e r g r a n u l a t i o n a n d 
t h e magne t i c field s h o u l d be m e n t i o n e d . P lages , in p a r t i c u l a r t h o s e t h a t a re n o t yet 
t o o br ight , show in c h r o m o s p h e r i c images a k ind of n e t w o r k s t r u c t u r e which seems 
t o ex tend i n t o the qu ie t c h r o m o s p h e r i c n e t w o r k . H o w e v e r , it s h o u l d be m a d e clear 
t h a t t he iden t i ty of t h e n e t w o r k in ac t ive reg ions a n d a poss ib le ac t ive- region super ­
g r a n u l a t i o n has n o t ye t been p r o v e d . T h e c o n c e p t s u p e r g r a n u l a t i o n is defined by t h e 
p h o t o s p h e r i c - c h r o m o s p h e r i c m o t i o n field; s u p e r g r a n u l a t i o n is a l a rge s t ruc tu re in 
w h i c h ma te r i a l is m o v i n g t o w a r d s t he b o r d e r s w h e r e t h e ma te r i a l a p p a r e n t l y m o v e s 
d o w n w a r d . A t t he b o r d e r l i n e m a g n e t i c fields occur . In t h e qu ie t S u n the s u p e r g r a n u ­
la t ion a p p e a r s t o be iden t ica l w i th t h e c h r o m o s p h e r i c n e t w o r k ; t h e s a m e need n o t 
a p p l y t o t h e n e t w o r k in t h e ac t ive reg ion . 

Osc i l l a to ry m o t i o n s h a v e been d iscovered b o t h in t he qu ie t a n d in t he ac t ive reg ions . 
T h e i r pe r iods , be ing of t h e o r d e r of 5 min in t he u n d i s t u r b e d p h o t o s p h e r e increases 
t o 45 min in t h e d i s t u rbed r e g i o n ; t h e a m p l i t u d e seems t o dec rease wi th increas ing 
field. T h e s e m o t i o n s a r e co r r e l a t ed t o b r igh tness v a r i a t i o n s ; n o t t o va r i a t ions of t he 
m a g n e t i c field. 

A n i m p o r t a n t p r o b l e m wi th r ega rd t o t h e s u n s p o t is t h a t of t h e ene rgy ba l ance in 
s p o t s . Th i s p r o b l e m , in t u r n , is d i rec t ly c o n n e c t e d t o t h a t of t h e 'm i s s ing energy flux': 
w h e r e does t he s u b - p h o t o s p h e r i c convec t ive energy flux go , t h a t d o e s n o t escape in 
t h e fo rm of r a d i a t i o n in t h e reg ion of a sunspo t ? T h i s energy flux is la rge a n d , if used 
1 0 0 % efficiently, w o u l d p r o v i d e t h e energy for a large flare in a b o u t 1000 sec. 
D a n i e l s o n a rgued t h a t p a r t of th i s energy flux m a y escape s i d e w a r d s in s u b - p h o t o s ­
p h e r i c reg ions in t h e f o r m of g rav i ty waves . It is still unc l ea r w h a t f ract ion of the 
ene rgy moves u p vert ical ly in t h e fo rm of h y d r o m a g n e t i c waves . 

T h e d i a m e t e r of t h e u m b r a l g r anu le s m a y be a t m o s t 500 k m ; b u t t hey m a y even 
be as smal l as 160 k m . In t he la t te r case t h e u m b r a l g r anu l e s w o u l d h a v e t he s a m e 
surface b r igh tness as t h e n o r m a l p h o t o s p h e r e , wh ich is n o t i m p o s s i b l e ; t hey have t he 
p h o t o s p h e r i c c o l o u r t e m p e r a t u r e t o o . 

A n in te res t ing fea tu re in t h e c h r o m o s p h e r e a b o v e act ive r eg ions is f o rmed by t h e 
' b r i g h t p o i n t s ' , seen in t h e H a wings ( m o u s t a c h e s , b o m b s ) . T h e y h a v e d i a m e t e r s of 
1" t o 5" a n d l ifet imes of t h e o r d e r of 25 m i n . B ruzek d r e w a t t e n t i o n t o t h e close 
r e l a t ion be tween these fea tures a n d his newly d i scovered a r c h - s h a p e d f i laments . These 
f i laments occu r be tween smal l a r e a s of o p p o s i t e po l a r i t y in ac t ive reg ions . T h e y cross 
t h e n e u t r a l l ine a n d nea r ly a lways c o n n e c t b r i gh t p o i n t s s i t ua t ed a t the i r bases . 
M a t e r i a l m o t i o n s w i th veloci t ies of t h e o r d e r of s o m e tens of k m p e r second occur 
a l o n g the f i laments wh ich t e n d t o e x p a n d . 

T h e r e is a c lear difference be tween t h e a b o v e - m e n t i o n e d a r c h e d f i laments a n d t h e 
o t h e r filamentary s t ruc tu r e s in o r a b o v e the solar c h r o m o s p h e r e : t h e fibrilles a n d the 
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classical filaments, w h i c h a r e n o t h i n g b u t t h e p r o m i n e n c e s p ro jec ted o n the disk . 
H i g h - r e s o l u t i o n p ic tures s h o w a r e l a t i on be tween filaments a n d the fibrilles: t he first 
m a y be the resul t of s o m e s h e a r i n g m o t i o n . I t is n o t unl ike ly t h a t these fibrilles a re 
r e l a t ed t o a shea red magnet ic- f ie ld s t ruc tu r e ca r ry ing t h e filaments. I t m a y be sig­
nif icant t h a t fibrilles s i tua ted b e y o n d t h e ends of filaments a r e d i rec ted m o r e or less 
pe rpend i cu l a r l y t o t he filamentary d i rec t ion , whe rea s t h e fibrilles a t t h e sides of the 
filament t end t o be incl ined a t on ly smal l angles t o it. 

5. M a i n Phase of Development of an Active Region; 
(b) the Coronal and Interplanetary Part 

By m e a n s of o b s e r v a t i o n s of f o r b i d d e n lines in t h e visible spec t ra l r eg ion t h e so la r 
c o r o n a is observed a t t h e l i m b ; d i sk obse rva t i ons a re m a d e b y m e a n s of X - r a y a n d 
r a d i o m e a s u r e m e n t s . In all cases t h e r e so lu t ion is b a d : a t t h e l i m b because w e in tegra te 
over a long l ine of s ight , a n d o n t h e disk because t he obse rv ing t e c h n i q u e s a re still 
r a t h e r p r imi t ive . 

I t a p p e a r s t h a t t h e r a t i o b e t w e e n t h e in tens i t ies of t h e red a n d t h e g reen c o r o n a l 
l ines va ry sys temat ica l ly d u r i n g t h e d e v e l o p m e n t of a n ac t ive reg ion . A similar 
b e h a v i o u r h a s been f o u n d for v a r i o u s ion lines in the E U V . I t a p p e a r s very h a r d t o 
exp la in th is va r i a t ion w i t h o u t t h e i n t r o d u c t i o n of i n h o m o g e n e i t i e s in t h e c o r o n a l 
ex t en t ion of t h e act ive r e g i o n ; in p a r t i c u l a r th is seems t o be necessa ry in t h e beg inn ing 
p h a s e of t he d e v e l o p m e n t of t h e c o r o n a l ac t ive r e g i o n ; t h e i n h o m o g e n e i t i e s m a y dis­
a p p e a r la ter . 

A t t e m p t s have been m a d e t o c o m p u t e t he c o r o n a l m a g n e t i c fields f rom the given 
p h o t o s p h e r i c b o u n d a r y va lues , a s s u m i n g a po ten t i a l field. T h e resu l t s of these c o m p u ­
t a t i o n s a p p e a r t o be in conflict w i t h o t h e r obse rva t ions . Th i s clearly ind ica tes t h a t the 
c o r o n a l p a r t s of ac t ive reg ions a r e n o t cur rent - f ree , a t least n o t a t t h e ' s ma l l ' scale 
of t h e c o r o n a . H o w e v e r , it m a y be t h a t on a larger , i n t e r p l a n e t a r y scale t h e field is 
i n d e e d current - f ree . 

I t is a l so c lear t h a t t h e s t r u c t u r e s above t h e c o r o n a l ac t ive r eg ions a r e for t h e g rea te r 
p a r t defined by t h e m a g n e t i c field, w h i c h , in t u r n , is defined by t h r e e different q u a n t i ­
t i e s : t h e p h o t o s p h e r i c field, c o r o n a l electr ical cu r r en t s , a n d t h e so la r w ind . I t is a 
gene ra l ru le t h a t a b o v e all ac t ive c h r o m o s p h e r i c r eg ions dense c o r o n a l reg ions occur . 
T h e t e m p e r a t u r e of these dense r eg ions is of t h e o r d e r of 2-5 x 1 0 6 °K . R e c e n t m e a s u r e ­
m e n t s of t h e e lec t ron dens i t ies in c o r o n a l act ive reg ions s h o w these t o be a b o u t 2 - 5 
t i m e s t h e qu ie t c o r o n a l dens i ty . H o w e v e r , t h e shape of t h e ac t ive r eg ion d e p e n d s o n 
t h e m a g n e t i c s t ruc tu re a n d its s t a t e of evo lu t ion . T h e w e l l - k n o w n c o r o n a l b u s h e s a n d 
h e l m e t s m a y c o r r e s p o n d t o c losed field l ines a n d occu r in t h e ear ly p h a s e of t h e life 
h i s to ry of t h e c o r o n a l ac t ive r eg ions . In la te r p h a s e s o n e obse rves t h e s t r eamers , 
cha rac t e r i zed by the i r p i n c h i n g t e n d e n c y , a n d t h e rays , wi th the i r s h a r p s t ruc tu res 
ex t end ing radia l ly f rom the Sun . T h e rays have been seen wi th r o c k e t - b o r n e c o r o n a -
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mete r s , a n d a p p e a r t o s t re tch o u t t o d i s tances of m a n y so lar r ad i i . T h e y d o n o t s h o w 
a n y p inch ing t e n d e n c y a n d a p p a r e n t l y c o r r e s p o n d to a s t r uc tu r e w i th comple t e ly open 
field l ines. 

In t he i n t e r p l a n e t a r y m e d i u m the sec tor s t ruc tu re , d i scovered by Wi lcox a n d Ness , 
is re la ted t o p lages in t h e p r e c e d i n g p a r t s of each of t h e sec tors . I t is n o t imposs ib le 
t h a t these s t ruc tures a r e cur ren t - f ree a n d c o r r e s p o n d t o c losed field l ines. 

6. Flares 

T h e P r o t o n F l a r e Pro jec t ( P F P ) o rgan i zed b y Sves tka a n d S i m o n h a s a p p e a r e d t o 
be ext remely useful for inc reas ing o u r k n o w l e d g e a b o u t t h e very energe t ic events 
re la ted t o solar flares. Where a n d when d o flares occur? 

N e w a d d i t i o n a l i n f o r m a t i o n h a s been a d v a n c e d for s h o w i n g t h a t flares occur 
preferably in magne t i ca l ly c o m p l e x act ive r e g i o n s ; in pa r t i cu l a r n e a r reg ions w h e r e 
t h e g rad ien t of t h e l ong i tud ina l field is s t rong . F l a r e s t end t o f avou r reg ions whe re 
new plages or s p o t g r o u p s a r e b o r n , in pa r t i cu l a r w h e r e they a re i nc luded in old ones . 
D r . S. Smi th a n d H o w a r d h a v e m e n t i o n e d the i m p o r t a n c e of t h e reversed po la r i t y 
reg ions , which p r o d u c e m o r e flares t h a n s imple b ipo la r m a g n e t i c r eg ions . In pa r t i cu l a r 
i s lands of oppos i t e po l a r i t y in large m a g n e t i c reg ions a re p laces f avoured by flares. 
T h e E l l e rman b o m b s seem to f avour t he reg ions w h e r e | # | = 0 . 

F la res seem t o occu r in t h e a b o v e - m e n t i o n e d reg ions a t m o m e n t s w h e n t h e m a g n e t i c 
energy of the act ive reg ion h a s grea t ly inc reased . S o m e cases h a v e been m e n t i o n e d 
by Severny. In o n e case it a p p e a r e d t h a t t h e m a g n e t i c ene rgy a l r e a d y s ta r ted t o 
decrease , a few h o u r s before t h e occu r r ence of t h e flare. 

After t h e occu r r ence of t he flare t he t ransverse field c o m p o n e n t m a y a p p e a r t o have 
c h a n g e d its d i rec t ion by 90° a n d t ends t o be o r ien ted m o r e para l le l t o t h e ' n e u t r a l ' 
l ine. 

F la res a r e k n o w n t o s h o w a repet i t ive t e n d e n c y ; for r a d i o flares it h a s been s h o w n 
t h a t t h e pe r iod d u r i n g wh ich h o m o l o g o u s flares can occu r in o n e act ive region is n o t 
longer t h a n a b o u t 1-2 days . 

I t seems a fairly gene ra l ru le for p lages t o s h o w a smal l dec rease in b r igh tness j u s t 
p r i o r t o t h e b r igh tness inc rease of t h e flare; la ter t h e i n t eg ra t ed H a b r igh tness m a y 
s h o w pu l sa t ions . 

Op t i ca l flares a re often a c c o m p a n i e d by surges a n d s imilar p h e n o m e n a , ind ica t ing 
t h e acce le ra t ion of a l o w - t e m p e r a t u r e p l a s m a . These acce le ra t ions seem to be re la ted 
t o t he p r o p a g a t i o n of t h e fast h y d r o m a g n e t i c m o d e . 

T h e optical flare plasma finds its c o u n t e r p a r t in t h e high-energy flare plasma. It is 
a p l a s m a , c o n t a i n i n g par t i c les acce lera ted t o energies of t h e o r d e r of 10 t o a few 
h u n d r e d s of keV ' s . T h e lower t h e ave rage energy of t h e p l a s m a t h e la rger t he a m o u n t 
of accelera ted e l e c t r o n s ; very r o u g h l y t h e p r o d u c t of t h e ave rage par t ic le energy wi th 
t h e to ta l n u m b e r of acce le ra ted e lec t rons is c o n s t a n t . T h e acce le ra t ion t o these 
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energ ies t akes p lace in t h e very first p h a s e of t h e flare p roces s as s h o w n by X- ray a n d 
m i c r o w a v e type- IV r a d i o emiss ion , as well as by t ype - I l l r a d i o b u r s t s . A second 
acce le ra t ion , w h e r e b y t h e e n e r g y is mul t ip l i ed by a n o t h e r fac tor , of t h e o r d e r of 1 0 3 , 
seems t o occur in a la te r p h a s e of t h e flare; t he met r ic t ype - IV emis s ion suggests t h a t 
it occu r s p e r h a p s a b o u t a q u a r t e r t o a full h o u r later . 

Since th is la ter acce le ra t ion m a y be d u e t o a k ind of F e r m i p roces s , flare theor ies 
bas ical ly need only exp la in t h e first acce le ra t ion p rocess . T h r e e different sources for 
t h e flare energy have been m e n t i o n e d . T h e first is t h e shea r ing ene rgy of p h o t o s p h e r i c 
m o t i o n s , a p rocess a d v o c a t e d by S t u r r o c k . A n o t h e r sou rce m a y be t h e 'mi s s ing ' 
convec t ive energy flux f rom be low t h e s u n s p o t s wh ich w o u l d p r o d u c e sufficient 
ene rgy for a large flare in a b o u t 15 min ( D e Jage r ) . A th i rd poss ib le ene rgy source 
w a s m e n t i o n e d by Dan ie l son a n d is t h e t u r b u l e n t energy flux ins ide s u n s p o t s . H o w e v e r , 
it is n o t sufficient s imply t o m e n t i o n t h e ene rgy s o u r c e ; fu r the r u n k n o w n factors a re 
(a) h o w to store t h e e n e r g y : p e r h a p s in t he form of m a g n e t i c e n e r g y ; a n d (b) h o w t o 

free i t . A s a poss ible t r igger ing m e c h a n i s m a c u r r e n t d i s cha rge a s p r o p a g a t e d in 
s tud ies by Severny a n d Alfven m i g h t be m e n t i o n e d . 

Li t t le ha s been said a b o u t c o r o n a l even ts occu r r i ng in c o n n e c t i o n wi th o r after 
f lares ; r a d i o a n d direct op t ica l m e a s u r e m e n t s ind ica te t h a t t he e lec t ron dens i ty in the 
l ow c o r o n a seems to inc rease af ter a flare. 

7. The Last Phases of the Active Region 

W i t h r ega rd t o the last p h a s e s w e only w a n t t o m a k e brief m e n t i o n of a few p r o b l e m s ; 
n o c lear so lu t ions have as yet been given. 

W h a t is t he c h a r a c t e r a n d t h e scope of t he p o l e w a r d m o t i o n of filaments a n d the 
c o r o n a l ac t iv i ty ; h o w d o e s it re la te t o t he p r o b l e m of t h e d i s so lu t ion a n d the pa r t i a l 
neu t r a l i s a t i on of the m a g n e t i c field? W h a t h a p p e n s t o t h e field lines in the low so la r 
c o r o n a in t he last p h a s e s of t h e ac t ive r e g i o n ; a re they neu t ra l i sed a n d h o w does th is 
h a p p e n ? W h a t is t he significance of t h e ghos t fields in re la t ion t o t h e evo lu t ion of 
ac t ive regions? F u t u r e r e sea rch m a y answer these ques t i ons . 
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