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A B S T R A C T 

From the material gathered during the 'Cooperative Study of Solar Active Regions' , we studied 
the flare locations in A R magnetic structure, and flare relations to changes in the magnetic fields 
and spot configurations. Besides a confirmation of previous results, we find that flares are often 
associated with two features of the spot configuration evolving in opposite senses, one growing, the 
other declining. 

Prev ious w o r k h a s s h o w n t h a t flares t e n d to occu r a t pr iv i leged l o c a t i o n s in t h e 
m a g n e t i c conf igura t ion of so l a r A R . Severny (1958, 1963) p o i n t e d o u t t h a t m o s t 
flares s t a r t n e a r t h e l ine of s e p a r a t i o n o f po la r i t i e s of t he l o n g i t u d i n a l field, special ly 
if t h e h o r i z o n t a l ' g r a d i e n t ' of / / | ( is s t r o n g . I t w a s s o o n r ecogn ized t h a t th i s a l so m e a n s 
a s t r o n g t r ansve r sa l field ( M i c h a r d et al., 1961). L a t e r o n Seve rny e m p h a s i z e d t h e 
s ignif icance of p o i n t s o f ' b i f u r c a t i o n ' o f l ines of force as a sea t o f flares (Severny , 1964). 
F ina l l y M a r t r e s et al. (1966) p o i n t e d o u t t h a t in case a flare is m a d e u p of t w o (o r 
m o r e ) b r igh t fea tures these seem t o a p p e a r a t p laces of o p p o s i t e po l a r i t i e s . 

A s flares s h o w prefer red l o c a t i o n s in space, t h e y a l so s h o w pre fe r red l o c a t i o n s in 
time, be ing obv ious ly a s soc ia t ed wi th A R wh ich a r e c h a n g i n g r a p i d l y f r o m t h e p o i n t 
of view of spo t a r ea (Giovane l l i , 1939), s p o t conf igura t ion ( G o p a s y u k et al., 1963) 
a n d the re fo re a l so m a g n e t i c s t r u c t u r e . It seems t h a t t h e pre-f lare m a g n e t o h y d r o -
d y n a m i c conf igura t ion in t h e c h r o m o s p h e r e a n d c o r o n a is n o t a n u n s t a b l e o n e , b u t 
h a s t o be d e s t r o y e d b y a finite c h a n g e in t h e p h o t o s p h e r i c field: in o t h e r w o r d s , it is 
a m e t a s t a b l e conf igu ra t ion . 

A c c o r d i n g l y t h e ' l o c a t i o n ' o f flares s h o u l d be s tud ied s i m u l t a n e o u s l y f r o m b o t h a n 
h i s to r i ca l a n d t o p o g r a p h i c a l p o i n t of v i e w ; a r a t h e r difficult t a s k , w h i c h h a s n o t b e e n 
a t t e m p t e d so far. 

S o m e of t he A R selected for t h e C S S A R pro jec t h a d a fair p r o d u c t i o n of flares. 
T h a n k s t o t h e g e n e r o u s c o o p e r a t i o n o f t h e p a r t i c i p a t i n g o b s e r v a t o r i e s , i t w a s poss ib le 
t o co l lec t in M e u d o n : 

(1) a c o n t i n u o u s s u n s p o t h i s t o ry w i th a b o u t o n e p i c tu r e p e r h o u r , 
(2) a near ly c o n t i n u o u s H a c i n e m a t o g r a p h i c r e c o r d for days of s ignif icant flare 

ac t iv i ty , 

Kiepenheuer fed.), Structure and Development of Solar Active Regions, 318-325. < I.A.U. 
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(3) fairly c o m p l e t e series of c a l c i u m s p e c t r o h e l i o g r a m s , 
(4) a n u m b e r of de ta i l ed m a g n e t i c m a p s of A R f r o m K . A . O . a n d M e u d o n , which , 

a l t h o u g h significantly l a rge r t h a n h i t h e r t o ach ieved , p r o v e d still insufficient in m a n y 
cases . 

T h e s t u d y of th is m a t e r i a l f r o m t h e p o i n t of view of flare l o c a t i o n in s p a c e a n d t ime 
was s t a r t e d in M e u d o n r a t h e r r ecen t ly , a n d on ly p r e l i m i n a r y resu l t s c a n b e g iven he re . 
V a r i o u s a p p r o a c h e s t o t h e p r o b l e m were t r i ed in success ion . 

1st approach: 

T h i s cons i s t ed in c o m p a r i n g t h e H a p i c tu re s of flares w i th t h e m a g n e t i c m a p s 
o b t a i n e d o n t h e s a m e d a y ( a n d as c lose as poss ib le in t ime) , in o r d e r t o find t h e 
l o c a t i o n of t h e s t a r t i n g - p o i n t s of flares. In th i s c o m p a r i s o n , a necessa ry s t ep is t o l oca t e 
co r rec t ly sunspots o n b o t h t h e m a g n e t i c a n d t h e H a p i c t u r e s : e r r o r s of 5 t o 10" a r e 
n o t u n u s u a l , special ly w h e n t h e t i m e in t e rva l o f b o t h o b s e r v a t i o n s exceeds 2 h o u r s . 

S u c h c o m p a r i s o n s w e r e p e r f o r m e d for 36 flares of r eg ions C S S A R 4 , 8, 9 a n d 10, 
a n d a s ta t i s t ic w a s m a d e o f t h e d i s t a n c e s t o t h e i nve r s ion l ines o f i f |, o f 154 b r i g h t 
p o i n t s a s soc ia t ed wi th t h e flares: in 4 0 % of t h e cases these p o i n t s a r e p rac t i ca l ly o n 
t h e i nve r s ion l ine , whi le in 6 7 % the i r d i s t a n c e is < 1 0 " . W e f o u n d t w o e x c e p t i o n a l 
cases , t w o flares wh ich c o n t a i n e d o n l y a s ingle b r i g h t p o i n t far a w a y f r o m a n y 
i n v e r s i o n l ine. H o w e v e r , t h e m a g n e t i c m a p h a d b e e n o b t a i n e d 6 t o 7 h o u r s before t h e 
flares: t h e c o m p a r i s o n w i t h t h e m a g n e t i c d a t a of t h e fo l lowing d a y s h o w e d t h a t a 
n e w inve r s ion l ine h a d d e v e l o p e d a t s o m e t i m e b e t w e e n t h e t w o o b s e r v a t i o n s , poss ib ly 
be fo re t h e flares t hemse lves . 

T h e t endenc ie s for flares t o o c c u r a t p laces o f s t r o n g h o r i z o n t a l g r a d i e n t of i f (| 
w a s conf i rmed . A l s o it w a s con f i rmed t h a t if m o r e t h a n o n e b r i g h t p o i n t occu r s (31 
cases o u t of 36) they a r e d i s t r i b u t e d o n b o t h s ides of t h e invers ion l ine : excep t ions 
t o th i s ru le were few a n d o c c u r r e d w h e n t h e t i m e in te rva l b e t w e e n t h e m a g n e t i c 
o b s e r v a t i o n a n d t h e flare w a s l a rge . 

E x a m p l e s of flare l o c a t i o n s a r e given in F i g u r e 1. 

2nd approach: 

A n a t t e m p t was m a d e t o t r a c e q u a n t i t a t i v e c h a n g e s o f t h e fields a n d t o r e l a t e these 
t o flare o c c u r r e n c e . F o r th i s p u r p o s e , t h e in tegra l s F N a n d Fs w e r e ca l cu l a t ed . 

w h e r e i f m N is t h e measured l o n g i t u d i n a l field of N po l a r i t y , S is t h e e l e m e n t of a r e a of 
t h e so l a r p h o t o s p h e r e , a n d A is t h e e x p l o r e d p a r t o f t h e S u n . F u r t h e r we ca lcu la t ed 
t h e ind ices 

W e h a v e 

£ = I ^ N I + | F s | a n d k = 
\FN\ ~ \Fs\ 

I 
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I n cases w h e r e t he A R is a t t h e c e n t r e of t h e d isk , w h e r e t h e m e a s u r e d field equa l s 
t h e l o n g i t u d i n a l field a n d where A is sufficiently large, we c o u l d m o r e or less identify 
FN — FS wi th t h e flux of H t h r o u g h a c losed sur face a n d expec t it t o be z e r o . T h e s e 
t h r e e c o n d i t i o n s a r e neve r fulfilled: t h e ca l cu l a t ed q u a n t i t i e s I a n d k a r e n o t h i n g 
m o r e t h a n poss ib ly useful ind ices of t o t a l field s t r eng th a n d d i s t r i b u t i o n . 

F i g u r e 2 gives the v a r i a t i o n of I a n d k for t h e r eg ion C S S A R 9 b e t w e e n S e p t e m b e r 
28 a n d O c t o b e r 5, 1965. H o m o g e n e o u s m a g n e t i c d a t a f r o m K . A . O . was ava i l ab le a n d 
c o u l d be s u p p l e m e n t e d by M e u d o n d a t a us ing a n emp i r i ca l r e l a t i on be tween Hm 

( K . A . O . ) a n d i / m ( M e u d o n ) . I t s eems t h a t flare o c c u r r e n c e was m o r e f r equen t w h e n 
t h e i ndex I was l a rge a n d t h e i ndex of ' u n b a l a n c e ' k r a p i d l y c h a n g i n g (see o t h e r 
c o m m e n t s in figure c a p t i o n ) . 

O n the o t h e r h a n d t h e s a m e indices w h e r e e v a l u a t e d for t hese cases w h e r e t w o 
m a g n e t i c m a p s were ava i l ab l e , o n e before , t h e o t h e r af ter a flare ( in t e rva l 2 - 5 h o u r s ) . 
Six such cases were f o u n d in t h e C S S A R m a t e r i a l a n d t w o m o r e were a d d e d f rom 
p u b l i c a t i o n s by Severny (1960) a n d G o p a s y u k et al. (1963) . 

In this m a t e r i a l t h e r e were i n d i c a t i o n s t h a t I dec reased after flares: 6 cases o u t of 8, 
a n d t h a t k c h a n g e d , indifferent ly dec reas ing (3 cases) o r i nc r ea s ing (5 cases) . 

T h e significance of t hese resu l t s will h a v e t o be t e s ted by the s t u d y o f m o r e a n d 
be t t e r o b s e r v a t i o n s , a n d by objec t ive e v a l u a t i o n s of e r r o r s in t h e d e t e r m i n a t i o n of t h e 
u s e d indices . W e bel ieve t h a t in a b o u t ha l f t h e 8 cases u n d e r s t u d y , t h e c h a n g e s of 
I a n d k fo l lowing a flare d id n o t exceed poss ib le e r r o r s in t h e e v a l u a t i o n of these 
p a r a m e t e r s , so t h a t we c a n n o t c o n c l u d e . 

3rd approach: 
In th is case it was t r ied t o re la te flare o c c u r r e n c e t o t he g e o m e t r y a n d evo lu t ion 

of s u n s p o t g r o u p s . W i t h t h e C S S A R ma te r i a l i t is poss ib le t o fo l low s u n s p o t evo lu t ion 
in a fairly c o n t i n u o u s way . S u n s p o t s r ep re sen t t h e d i s t r i bu t i on of p e a k s of t h e to t a l 
field s t r eng th ( n o t t h e l o n g i t u d i n a l c o m p o n e n t ) . T h e i r m a g n e t i c po la r i t i e s a re often 
k n o w n f r o m p a t r o l v i sua l o b s e r v a t i o n s , even w h e n n o de ta i l ed field m a p s a re avai l ­
a b l e . The re fo r e g o o d s u n s p o t s o b s e r v a t i o n s a r e a very useful s u b s t i t u t e t o t h e p re sen t 
i n c o m p l e t e m a g n e t i c o b s e r v a t i o n s . 

T h e s t u d y of a n A R l ike C S S A R 7 s h o w e d t h a t new s u n s p o t s a r e c o n t i n u o u s l y b o r n 

F I G . 1. Example of location of flares relative to the inversion line of longitudinal field: region 
CSSAR 9, October 2, 1965. In each case a pre-flare Ha picture (1) and a picture during the flare (2) 
are given. Case (a): Magnetic map from K.A.O. obtained 0735-1000 UT. Ha images from Culgoora 
at 0350 and 0413. Case (b): Magnetic map from K.A.O. obtained 1230-1410 UT. Ha images from 
Sacramento Peak at 1338 and 1414 (off-band picture). Case (c): Same magnetic data as in (b). Ha 
images from Sac. Peak at 1555 and 1620 (off-band picture). - Note that the fit of flare knots and 
filaments to the inversion line is the best when the time interval between magnetic observations and flare 
is the shortest. 
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1 — i — i — i — i — i i — J i i i i i i i i i 
0 12 0 12 0 12 0 12 0 12 0 12 0 12 o 12 0 

1 965 2 8 I X 2 9 30 I X 2 3 4 5 X 

F I G . 2. The run of magnetic flux indices E and k (see text) for AR CSSAR 9 (September 28, 
October 5,1965) as derived from 9 magnetic maps from K.A.O. and 2 from Meudon. These indices 
are corrected for foreshortening on the assumption that they are proportional to cos 0. We observe a 
general increase of E in agreement with the increasing size and spots number of the region, and irregular 
variations of k: the most prominent is a change of sign between September 29 and 30, the N polarity 
showing the larger flux before and the smaller after. This change may be related to the birth of new 
important spots in the region. 

a n d d y i n g d u r i n g t h e h i s t o r y o f t h e g r o u p . The re fo r e t h e c o n c e p t o f ' e v o l u t i o n a r y 
f e a t u r e s ' w a s i n t r o d u c e d : a n ' e v o l u t i o n a r y f ea tu r e ' ( E F ) is a s u n s p o t o r a g g r e g a t e o f 
s p o t s ins ide t h e g r o u p , w i t h well-defined b i r t h a n d d i s a p p e a r a n c e . E x c e p t for smal l 
re la t ive m o t i o n s it keeps i ts l o c a t i o n in t h e overa l l s t r u c t u r e . F i g u r e 3 s h o w s a s u m m a ­
ry of t h e h i s t o ry of s u n s p o t g r o u p C S S A R 7. 

T h e s t u d y of flare l o c a t i o n re la t ive t o s p o t t e d E F in C S S A R 7 d u r i n g its rise t o 
m a x i m u m gave t h e fo l lowing i n d i c a t i o n s (see F i g u r e 4). 

1 965 2 8 I X 29 3 0 I X 2 3 4 5 X 
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5 0 " 

6 J u i l . - t h l O - T a s h . 
6 J u i l . - llh30 - G r e e . 

C J u i l . - I t ; - ; - ' - SacP J u i l . - ?lh58 - SacP 7 J u i l . - 5h37 - F r a u . 

h36 - Deb r . 7 J u i l . - ; 6 h 
Jul 1 . - 19hOO - S a c P . 

J u i l . - 2 3h39 - Sac? J u i l . - 5h^C - Debr . J u i l . - llh31 - Debr 

i l . - : 5 M 1 - Debr 

<3T 

l " h l '4 - GacP. 9 J u l 1 .• Q J u i l . - lJhOO - Debr . 

9 J u i l . - ?0h50 - S a c ? . J u i l . - ._'3hin - Mani . 

10 J u i l . - 23hl42 - S a c P . 11 J u i l . - 5 h t 3 - Debr 11 J u i l . - 1 2 h t 8 - D e b r . 1 1 J u i l - " l6h02 - SacP. 

12 J u i l . - 5h59 - D e b r . 1 2 J u i l - " l h h ^ 8 " S a c P - 13 J u i l . - 13hU5 - S a c P . lb J u i l . - i 3 h 5 7 . S a c P # 

F I G . 3. History of sunspot group associated with CSSAR 7 summarized by 32 sketches (or J/6 of 
the total number of drawings used in the present study !). The names of observatories contributing the 
original photographs are abbreviated by their first four letters. East is at the left, North at top. - Note 
the frequent formation, evolution and disappearance of minor spots, or spots aggregates referred to in 
text as 'evolutionary features'. 
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7 J u i l . - 2h52 

' ° 

7 J u i l . - Uh38 

J u i l . - 3h51 

8 J u i l . - 7h33 

N R . . . N 

J u i l . - l 6ht l 

* (So CP 1 ^ J 
« , s 

7 J u i l . - 2h52 

7 J u i l . - 6h23 

7 J u i l . - I6h30 

J u i l . - l lh31 

" s 

8 J u i l . - I6h33 9 J u i l . - l|n2 9 9 J u i l . - 5h29 
F I G . 4 . Sketches of 7 /fares occurring in region CSSAR 7 (central column) in association with 

sunspot structure some time before (left) and after the flare (right). Each flare knot seems associated 
with a distinct spotted EF, each of opposite polarity and opposite sense of evolution. The involved features 
in each case are enclosed in a dashed square, the decreasing EF on the left pre-flare drawing, and the 
increasing EF on the right post-flare drawing. 

6 J u i l . - 15hl7 

6 J u i l . - 21h58 

C> i gfi ! 5 

6 J u i l . - ithlO 

6 J u i l . - lkhk2 

s 

CP 

6 J u i l . - 21h58 

^> 
N 

7 J u i l . - 9h38 

i i 
S 

7 J u i l . - I6h30 
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(1) F la res were m a d e u p of t w o b r igh t en ings , e ach cove r ing a different E F . 
(2) T h e t w o s p o t t e d E F invo lved in flares were of o p p o s i t e m a g n e t i c po la r i t i es , a 

resu l t in a g r e e m e n t wi th o u r p r e v i o u s f inding on the d i s t r i b u t i o n of flare b r i g h t k n o t s 
o n b o t h sides of a n inve r s ion l ine. 

(3) Of two spotted EF involved in a flare one was increasing in area and the other 
decreasing. Th i s in t e res t ing new resu l t m a y be re la ted t o o u r f inding of v a r i a t i o n s in 
t h e i ndex k o f u n b a l a n c e of po la r i t i e s . I t e m p h a s i z e s t h e p r o b a b l e r e l a t i on of flares 
w i t h finite changes of t h e m a g n e t i c structure.- O n e m i g h t v isual ize t h e pre-f lare s i tua t ion 
a s a sys tem of c o r o n a l pa r t i c l e s t r a p p e d in t h e t u b e of force c o n n e c t i n g t w o p o l e s : 
if t h e s t r eng ths of t hese t w o p o l e s var ies in o p p o s i t e d i r ec t i ons , t h e t r a p m i g h t 
even tua l ly co l lapse a n d la rge p rec ip i t a t i on p h e n o m e n a , i.e. flares, will occu r . 

W h e n the r eg ion C S S A R 7 h a d r e a c h e d i ts m a x i m u m , flares b e g a n t o occu r o u t ­
s ide s p o t s ; t h e b r i g h t e n i n g s were l oca t ed on o p p o s i t e po la r i t i e s c lose t o t h e invers ion 
l ine of i f ||, b u t t h e ava i l ab le m a g n e t i c m a p s d id n o t p e r m i t t o e v a l u a t e v a r i a t i o n s of 
t he se po la r i t i es in o r d e r t o c h e c k t h e a b o v e resu l t (3). 

I t s h o u l d be n o t e d t h a t t h e l oca t i on of t he b r i g h t de ta i l s of t h e H a p lage (even 
o u t s i d e flares) is c losely r e l a t ed t o s u n s p o t evo lu t i on , a t least in t h e p r e - m a x i m u m 
p h a s e of t h e A R . C lea r c h a n g e s of t h e H a s t r u c t u r e a r e preceded b y t h e a p p e a r a n c e 
of a n e w E F in t he s p o t g r o u p . Since t h e b r igh te s t fea tures in H a h a v e t h e s a m e 
r e l a t i onsh ip s t o m a g n e t i c s t r u c t u r e a s flares p r o p e r , a n d a lso a r e t h e sea t of flares, 
i t is t e m p t i n g t o sugges t t h a t t h e y a r e d u e t o a p e r m a n e n t p r e c i p i t a t i o n p roces s o f 
w h i c h t h e flare is a s p e c t a c u l a r e n h a n c e m e n t . 
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