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A B S T R A C T 

The flare activity of all active regions having ten or more flares from August 1959 until December 
1961 was investigated. We constructed flare-activity curves drawn with the aid of Kleczek's ?-index. 
The characteristic magnetic situation on the Mt. Wilson synoptic charts of photospheric magnetic 
fields in which the flare-rich active regions developed is described. A flare activity rate 'quantization' 
was found. From the C S S A R magnetic observational material we studied the reorganization of the 
magnetic fields of active regions which correlated with sudden changes in the rate of flare activity. 

1. Introduction 

D u r i n g recen t yea r s m o r e a n d m o r e effort ha s been s p e n t in t h e inves t iga t ion of 
s o l a r flares. Bu t usua l ly t h e ex t remely la rge flares in ex t r eme ly c o m p l i c a t e d m a g n e t i c 
s i t ua t ion of c o m p l e x ac t ive r eg ions a r e s tud ied . W e t h i n k t h a t t h e sys t ema t i c s t u d y of 
smal l , c o m m o n flares a n d the i r r e l a t ion t o t h e n o r m a l c o m m o n s u n s p o t g r o u p s wi th 
relat ively s imple m a g n e t i c fields m a y h a v e even g rea t e r i m p o r t a n c e . 

The re fo re we s t a r t e d t o inves t iga te flare act ivi ty a n d its c h a n g e s in d e p e n d e n c e on 
the d e v e l o p m e n t of t h e m a g n e t i c s i t ua t i on in all ac t ive reg ions c o v e r i n g a t i m e in te rva l 
of a b o u t t w o a n d ha l f yea r s . O u r c o m m u n i c a t i o n s u m m a r i z e s t h e first p r e l i m i n a r y 
resul t s o b t a i n e d . 

2 . Method of Study and Observational Material 

T o visual ize t he f r equency of flares of v a r i o u s i m p o r t a n c e we c o n s t r u c t e d cu rves 
of flare act ivi ty for e a c h s ingle ac t ive reg ion f rom A u g u s t 1959 till D e c e m b e r 1961, 
w h i c h h a s t h e n u m b e r o f flares n ^ 10. F o r t h i s p e r i o d of t i m e t h e M t . W i l s o n s y n o p t i c 
c h a r t s of p h o t o s p h e r i c m a g n e t i c fields a r e ava i l ab le . F o r e a c h of these ac t ive r eg ions 
t h e curves of t h e d e v e l o p m e n t of t h e a r e a of t h e s u n s p o t s were a l so d r a w n . 

F o r t he c o n s t r u c t i o n o f flare ac t iv i ty cu rves w e use t h e m e t h o d o f s u m m a t i o n of 
<7-indices defined b y K leczek (1952) . T h i s q(^ = / f ) - i n d e x cha rac t e r i ze s e ach flare b y 
i ts i m p o r t a n c e / a n d t h e m e a n d u r a t i o n /"es t imated for t h a t i m p o r t a n c e , wh ich m e a n s 
t h a t t he <7-index m a y b e in a c e r t a in degree p r o p o r t i o n a l t o t h e e n e r g y e m i t t e d by t h e 
flare. T h e f lare-act ivi ty c u r v e the re fo re can s h o w t h e r a t e of flare-energy p r o d u c t i o n 
given by t h e s lope of t h e c u r v e ( F i g u r e 1). T h e va lue p r o p o r t i o n a l t o t h e to ta l flare-
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F I G . 1. Two examples of curves of flare activity: On the top for AR No. 11/1430. On the bottom 
for AR No. 14/1431 (Quarterly Bulletin). - For each AR the daily values of the total spotgroup correc
ted area A (solid lines) and umbral area (dashed lines) daily number of spots in the group n (dotted 
lines) and the 'mean area of one spot' n/A (dash-dot lines) are given. The pattern of development from 
Fraunhofer Institute daily data is presented below each graph. For better visualisation of the flare-activity 
curves, the areas between them and the horizontal axis are shaded. The values of the q-index for impor
tance 1, 1+, and 2 are indicated. 
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ene rgy o u t p u t of t he ac t ive r eg ion is r ep re sen t ed by t h e final c o o r d i n a t e of t he cu rve 
on the #-axis . 

3 . Results 

F r o m t h e inves t iga t ion of o u r o b s e r v a t i o n a l m a t e r i a l wh ich inc ludes a b o u t 115 
ac t ive r eg ions t he fo l lowing p r e l i m i n a r y resu l t s were m a d e : 

(1) All ac t ive r eg ions wi th t h e n u m b e r of flares 10 d e v e l o p in a very c h a r a c t e r 
ist ic m a g n e t i c s i t u a t i o n : they a r e u s u a l l y ' b o u n d t o t h e p laces w h e r e t he new deve loped 
m a g n e t i c field of t h e fo l lowing p o l a r i t y is s t rong ly c o m p r e s s e d b e t w e e n t h e large-scale 
p a t t e r n s of t h e m a g n e t i c field of t h e l ead ing p o l a r i t y ( F i g u r e 2) . Because t h e new 
f o r m a t i o n s as a ru le a r e a p a r t o f a c o m p l e x of act ivi ty ( B u m b a a n d H o w a r d , 1965) 
a n d because on ly r a re ly is o n e ac t ive reg ion a p a r t f rom t h e m a i n b o d y of t h e b a c k 
g r o u n d field o b s e r v e d , u sua l ly t w o o r m o r e flare-active r eg ions a r e c o m b i n e d wi th 
o n e of such inc lus ions of fo l lowing m a g n e t i c field m o s t l y s u r r o u n d e d by the la rge 
b o d y of t h e l ead ing field. Th i s m a g n e t i c s i t ua t ion is as a ru l e fo l lowed by a l a rge 
m a x i m u m of green- l ine c o r o n a l emiss ion a n d r a d i o emiss ion (1420 M c / s ) s i t t ing a b o v e 
t h e inc lus ion ( B u m b a et al, 19686). 

(2) L o o k i n g a t t h e cu rves of flare ac t iv i ty we m a y see t h a t the i r p a r t s m a y be 
a p p r o x i m a t e d by s t r a igh t l ines wi th ce r ta in va lue of inc l ina t ion . I f we p l o t t h e f requen
cy cu rve of t h e s lopes of t hese s t r a igh t l ines , we o b t a i n severa l m a x i m a in the i r d is t r i 
b u t i o n . T h i s fact m a y b e v i sua l ized b y t h e he lp of t h e o v e r l a p p i n g of i nd iv idua l flare-
act iv i ty cu rves in t h e s a m e w a y t h e cu rves of g r o w t h o r t h e p h o t o g r a p h i c c h a r a c t e r 
ist ic cu rves a r e c o n s t r u c t e d ( F i g u r e 3). By th is m e t h o d we a r e a b l e t o d iv ide all o u r 
ac t ive r eg ions in 6 (7) g r o u p s wi th different va lues of flare-production r a t e . T h e first 
g r o u p of ac t ive r eg ions h a s t h e s lope of t he m a i n p a r t of its flare-activity curves 
c o r r e s p o n d i n g closely t o t h e p r o d u c t i o n of o n e flare of i m p o r t a n c e 1 pe r 24 h o u r s , 
t h e second o n e t o t h e r a t e of flare p r o d u c t i o n of o n e flare of i m p o r t a n c e 1 + per 24 
h o u r s , a n d so on . ( T h e m a x i m u m for 1 " / 2 4 h o u r s is visible f r o m t h e o t h e r obse rva 
t i o n a l ma te r i a l C S S A R . ) 

Very often o n e c u r v e of flare ac t iv i ty for a single ac t ive r eg ion m a y be a p p r o x i m a t e d 
b y several s t r a igh t l ines , t h e i nc l ina t ion of wh ich usua l ly ag rees w i th o n e of t h e m a i n 
d i r ec t i ons . 

T h e d u r a t i o n of flare ac t iv i ty w i th h i g h v a l u e s of t h e r a t e of flare p r o d u c t i o n is 
u sua l ly m u c h s h o r t e r ( 1 - 3 d a y s ) (wi th t h e excep t ion of t h e l a rges t r eg ions ) t h a n t h a t 
of t h e smal l r a t e ( 5 - 1 0 d a y s ) , so t h a t t h e s u m of ^ - indexes for e a c h of t h e act ive 
r eg ions d o e s n o t differ ve ry subs t an t i a l l y f rom t h e m e a n . In t h e o t h e r h a n d the t i m e 
of flare ac t iv i ty m a y differ w i th in a m u c h la rger in te rva l . 

(3) A s w a s f o u n d ea r l i e r f r o m t h e o b s e r v a t i o n a l m a t e r i a l c o n c e r n i n g t h e C S S A R -
Pe r iod , t h e qua l i ty a n d m e t h o d s of m a g n e t i c field m e a s u r e m e n t d o n o t ye t a l low us 
t o sea rch for magnet ic-f ie ld conf igu ra t ion c h a n g e s c o n n e c t e d wi th t h e occu r r ence of 
ind iv idua l smal l flares. B u t t h e s u d d e n c h a n g e s of t he r a t e of flare act ivi ty , as s h o w n 
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F I G . 2. Example of the magnetic situation in which flare-active centra develop. A part of the Mt. 
Wilson synoptic chart representing photospheric magnetic fields from November 1960 is given. Solid 
lines represent isogauss for the positive (leading in the Northern hemisphere) polarity, dotted lines for 
the negative polarity. Active regions with flare activity are represented by circles and the Waldmeier 
type of the maximum phase of evolution together with the total number offlares. The regions represented 
by squares did not have flares observed. The situation in the left part of the figure represents the old 
magnetic-field areas, the appearance of which is in strong contrast to the inclusions of following polarity 
of new formed ARs in the right upper part of the figure. 

by t h e c h a n g e s of f lare-act ivi ty c u r v e s lopes a t t h e b e g i n n i n g of t h e m a i n f lare-activi ty 

p h a s e , m a y be co r r e l a t ed very well wi th t he r e o r g a n i z a t i o n of t h e m a g n e t i c field of 

t h e ac t ive r e g i o n : a s s o o n a s t h e m a g n e t i c s i tua t ion (as a ru le in t h e c e n t r e of t h e 

g r o u p a t t he b o u n d a r y of po la r i t i e s ) b e c o m e s m o r e c o m p l i c a t e d t h e r a t e of flare 

ac t iv i ty b e c o m e s grea te r , a n d vice versa . T h e g rea t e r m a g n e t i c act ivi ty is a c h a r a c t e r 

istic p rocess t a k i n g p a r t d u r i n g t h e p h a s e of g r o w t h o r r e n e w a l of ac t iv i ty in t he 
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D n = 46 (2) 

F I G . 3. Overlapped flare-activity curves for ARs developed during the studied time interval on the 
visible disk. The concentration of curves around certain values of slopes is seen. The theoretical values 
of slopes for frequencies one flare of importance 1 per 24 hours and so on are given. 

c e n t r e of the ac t ive r eg ion , w h e r e o n e observes t he f o r m a t i o n of a gul f o n the b o u n d a r y 

be tween b o t h p o l a r i t y r eg ions o r i s l ands of o p p o s i t e po l a r i t y c o n n e c t e d wi th the 

a p p e a r a n c e of new s p o t s ( F i g u r e 4) ( B u m b a et al., 1968A) . T h e flare act ivi ty r eaches 

its m a x i m u m ra t e in m o s t g r o u p s 2 - 3 d a y s before the m a x i m a of the i r s u n s p o t a r ea s . 

T h e decay of t h e m a g n e t i c ac t iv i ty in the cen t r e of the g r o u p is fo l lowed by a decrease 

of t h e flare act iv i ty af ter a ce r t a in in te rva l of t ime . 

I t seems t h a t in s o m e ac t ive r eg ions t h e r e m a y exist a s e c o n d a r y inc rease of flare 

act ivi ty c o n n e c t e d , for e x a m p l e , wi th m a g n e t i c c h a n g e s d u r i n g t h e d i s s ipa t ion of 

s u n s p o t s in t he g r o u p , b u t th i s p rocess needs m o r e o b s e r v a t i o n a l m a t e r i a l . 

4. Discussion of Results 

T h e divis ion of ac t ive r eg ions i n t o different c lasses d e p e n d i n g u p o n the i r flare-
ac t iv i ty r a t e ce r t a in ly d e p e n d s u p o n t h e m e t h o d of classif icat ion of flares, a n d it m a y 
be inf luenced by t h e i r regu la r i ty of g e o g r a p h i c l o n g i t u d i n a l d i s t r i b u t i o n of obser 
va t iona l s t a t i ons . But a de ta i l ed s t u d y of flare act ivi t ies s h o w s t h a t t he m o s t i m p o r t a n t 
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N 
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F I G . 4 . A series of Crimean magnetic maps for AR No 1/1492 during the days of larger flare 
activity is shown. On the left part the flare-activity curve for the group is given. The simple magnetic 
situation on March 17 with no flare activity, and the complication of the magnetic situation at the 
boundary of the polarities accompanied by increased flare activity on March 18 and 19 is evident. 

f ac to r inf luencing t h e s lope of t h e cu rves is for a given p a r t of t h e c u r v e t h e relat ively 
r e g u l a r f requency of smal l flares of i m p o r t a n c e 1 a n d 1 + . 

I f we t ry t o give s o m e e x p l a n a t i o n t o t h e fact of t h e f lare-act ivi ty r a t e ' q u a n t i z a t i o n ' , 
we m a y p o i n t t o t h e exis t ing h i e r a r c h y in t h e sizes of t he e l e m e n t s of t h e m a g n e t i c -
field d i s t r i b u t i o n in t he so la r a t m o s p h e r e d e p e n d i n g on t h e h i e r a r c h y of t h e d y n a m i c a l 
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e l e m e n t s of t h e a t m o s p h e r e . T h i s m e a n s t h a t t h e r e exist t u b e s of m a g n e t i c lines of 
force wi th ce r t a in re la t ively c o n s t a n t va lues of the i r d i a m e t e r s given p r o b a b l y by the 
c o n d i t i o n s of s tabi l i ty in i nd iv idua l a t m o s p h e r i c d y n a m i c a l e l emen t s . Cer t a in ly t he 
c o n s u m p t i o n of such m a g n e t i c fields by flare ac t iv i ty will be a c c o m p a n i e d by t h e 
d i s s i pa t i on of w h o l e t u b e s of l ines of force invo lved . 

T h e fu ture s t u d y of m a g n e t i c c h a n g e s in t h e cen t r e of s p o t g r o u p s wh ich seem to be 
c o n n e c t e d wi th t h e r e o r g a n i s a t i o n of t h e s u p e r g r a n u l a r p a t t e r n m a y give us m o r e 
i n f o r m a t i o n a b o u t t h e phys ic s of such p rocesses . 
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