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A B S T R A C T 

The abnormal evolution of an active region during three solar rotations is studied. The high density 
of flares during the second and third rotation seems to be caused by the collision of new active centres 
with existing ones. 

The increase of the activity is probably due to the disturbance of the magnetic field which became 
more complex because of the appearance of new centres near the original one. 

1. General Description of the Centre of Activity under Study 

A . S P O T S , F A C U L A E , A N D M A G N E T I C F I E L D O F T H E 

C E N T R E O F A C T I V I T Y 

A cen t re of ac t iv i ty h a v i n g a s c o o r d i n a t e s (p= + 2 1 , a n d L= 144 h a s been s tudied 
d u r i n g t h r ee so la r r o t a t i o n s inc lud ing s p o t s a n d m a g n e t i c fields a n d d u r i n g four r o t a 
t i o n s for faculae . A s t h i s cen t r e p resen ted cer ta in pa r t i cu la r i t i e s , it w a s chosen to be 
s tud ied . 

O n F e b r u a r y 20 th , 1966, a smal l facula w a s b o r n in t he N - E p a r t of t he visible so la r 
h e m i s p h e r e ; it was t h e resu l t of t h e c r ea t ion of a b i p o l a r m a g n e t i c field. S o m e h o u r s 
la te r o n e of t he po les of t h e b i p o l a r cen t re a p p e a r e d in t he f o r m of a c lass-A spo t . T h e 
fo l lowing day , F e b r u a r y 21st , t h e cen t re qu ick ly deve loped in a c lear b ipol ic shape . 
T h e a r e a a n d b r igh tnes s of t h e p lage increased swiftly. T h e in tens i ty of t he m a g n e t i c 
field of t h e spo t g r o u p r e a c h e d h igh v a l u e s : 1000 gaus s for po l e S ( lead ing spo t ) a n d 
500 g a u s s for po l e N ( fo l lowing s p o t ) . 

After opt ica l o b s e r v a t i o n s of t h e s u n s p o t s car r ied o u t a t t he N a t i o n a l O b s e r v a t o r y 
of A t h e n s by D . P . E l ias , a n d a c c o r d i n g t o t he Z u r i c h Classi f icat ion of Sunspo t s , t he 
c lass of t h e spo t g r o u p w a s n o r m a l l y evo lved ; a n d pas s ing t h r o u g h t h e classes B, C , 
a n d D o n F e b r u a r y 2 5 t h , evolved in to a c lass E, wh ich it conse rved s teadi ly till t h e 
W e s t - l i m b pas sage of t h e cen t re o n M a r c h 1 st. 

T h e evo lu t ion of t h e faculae fol lowed t h a t of t he spo t s . T h e p lage r ema in ing c o m 
p a c t increased in a r e a a n d b r igh tness . 

* An extract of this paper was presented at Budapest by G. Righini. 

Kiepenheuer fed.), Structure and Development of Solar Active Regions, 8 5 - 9 1 . •£ I.A.U. 
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F I G . 1. The appearance of new centres in the Active Region during the second and third rotations. 

T h e C .A . r e a p p e a r e d o n M a r c h 14th , 1966, a n d its s t r u c t u r e b e c a m e m o r e compl i 
ca t ed because of t h e a p p e a r a n c e of a n e w act ive cen t r e in i ts E a s t e r n p a r t ; t h a t act ive 
cen t r e , i n c o r p o r a t e d wi th t h e fo rmer one , cons t i tu t ed a cen t re of m u l t i p o l a r shape 
( F i g u r e l a , b , c, d ) . F r o m a m a g n e t i c po in t of view, the type of t he spo t s became 
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y f rom acco rd ing t o t h e M o u n t Wi l son m a g n e t i c classif ication. T h e p lage t o o k a 
g rea t a rea a n d its b r igh tness c o n t i n u e d t o increase . T h e intensi t ies of t he m a g n e t i c 
field of t he spo t g r o u p r e a c h e d h igh va lue s : 3400 gauss for po le S a n d 2500 gauss for 
po le N . 

T h e cen t re a c c o m p l i s h e d W e s t - l i m b passage o n M a r c h 28 th , a n d a p p e a r e d aga in 
o n the E a s t l imb o n Apr i l 11th . D u r i n g t h e th i rd r o t a t i o n of t h e A . R . a new cen t re 
a p p e a r e d in t h e W e s t e r n p a r t of t h e ini t ial A . R . , wh ich s u d d e n l y re inforced t h e 
dwind l ing cen t r e a n d m a d e it m o r e a c t i v e ' t h a n t h e usua l ( F i g u r e l e , f, g, h ) . T h e p lage 
w a s ex tended t o t h e W e s t a n d t h e n e w spo t s , t o g e t h e r w i t h t h e p r e v i o u s ones , cons t i 
t u t e d a u n i q u e B r u n n e r t y p e E g r o u p . T h e va lues of t h e in tens i ty of t h e m a g n e t i c 
field of the fo rmer r o t a t i o n r e m a i n e d qu i t e h i g h : 2400 gauss for pole S a n d 1700 gauss 
for pole N . 

T h e C .A. passed over t h e W e s t l imb o n Apr i l 25 th , a n d r e a p p e a r e d o n M a y 9 th , 
whi le the spo t s were o b s e r v e d for t h e last d a y o n Apr i l 23 rd . T h e p lage w a s conse rved , 
a p p e a r i n g for a fou r th t i m e : it w a s , however , comple te ly b r o k e n u p , i ts b r igh tness w a s 
w e a k and t h e p ic tu res t a k e n in t h e l ight of K s h o w e d t h a t t h e r eg ion of faculae h a d 
b e g u n to t a k e t he s h a p e of a b r igh t n e t w o r k . W e h a d n o o b s e r v a t i o n s of t he m a g n e t i c 
field, wh ich , however , m o s t likely h a d to exist. 

I n t h e act ive cen t r e u n d e r s tudy , a t o t a l of 217 flares were obse rved . T h e cen t r e 
l ived in fact for 63 d a y s . O b s e r v a t i o n s were t a k e n every d a y t h a t it w a s u p o n t h e 
visible h e m i s p h e r e of t h e Sun . So f rom its a p p e a r a n c e t o its W e s t - l i m b passage (20 
F e b r u a r y - 1 M a r c h , 1966: i.e. 10 days ) a to ta l of 15 flares were o b s e r v e d . F r o m t h e 
t i m e of its r e a p p e a r a n c e o n t h e E a s t e r n l imb of t h e S u n till its W e s t - l i m b passage 
( 1 4 - 2 8 M a r c h , 1966: i.e. 15 days ) t h e flare act ivi ty was i m p o r t a n t . 162 flares h a d been 
obse rved - a b o u t o n e flare every 2 h o u r s . D u r i n g t h e th i rd r o t a t i o n of t he cen t r e 
( 1 1 - 2 5 Apr i l , 1966: i.e. 15 days ) t h e n u m b e r of observed flares w a s 40 . 

T a b l e 1 gives t h e d i s t r i b u t i o n a c c o r d i n g t o t he i m p o r t a n c e of t h e observed flares 
for t h e t h r ee r o t a t i o n s . 

Table 1 

Number and importance of the observed flares in the C.A. under study 
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C . R A D I O E M I S S I O N 

T h e r a d i o emiss ions fo l lowed t h e evo lu t ion of t h e cen t r e . T h e flux dens i ty o n 
2980 M H z (Pentel i S t a t i on , A t h e n s ) , in 2800 M H z ( O t t a w a A . P . O . S ta t ion , 
C a n a d a ) a n d in 600 M H z ( H u m a i n S t a t i o n , Belgium) t h a t is t o say in cen t ime t r i c a n d 
dec ime t r i c f requencies , r e a c h e d its h ighes t va lue d u r i n g t h e second r o t a t i o n of t h e 
c e n t r e (14 -28 M a r c h 1966). In i ts t h i r d a p p e a r a n c e a n d in t h e t h r e e f requencies t h e 
va lue of flux dens i ty r e m a i n e d infer ior t o t h a t of t he second r o t a t i o n b u t h ighe r t h a n 
t h a t of t h e first o n e . Le t u s say t h a t t h e va lues of t h e flux dens i ty a r e t h e ave rage dai ly 
va lues , c o n t a i n i n g a l so t h e va lues d u r i n g t h e burs t s . A s t h e cen t ime t r i c b u r s t s have 
the i r o r ig in f rom t h e r m a l r a d i a t i o n c o n n e c t e d wi th flares ( D e Jage r , 1959) it is n a t u r a l 
for t h e flux densi ty t o t a k e h ighe r va lues , as t h e n u m b e r of flares d u r i n g t h e second 
a n d t h i r d r o t a t i o n s is h ighe r t h a n t h a t of t h e first r o t a t i o n . 

T h e c o n t r a r y w a s obse rved in a f requency of 327 M H z ( B o l o g n a S t a t i o n , I ta ly) . 
T h e ave rage va lues of t h e flux dens i ty d u r i n g the first r o t a t i o n a re far h igher t h a n t h e 
c o r r e s p o n d i n g values d u r i n g t h e t h i r d r o t a t i o n . 

2. The Cause of the Abnormal Evolution of the C.A. 

T h e b e h a v i o u r of a C . A . c o n c e r n i n g t h e a p p e a r a n c e of flares is m o s t l y t h e fo l lowing: 
T h e n u m b e r of flares a n d flare su rges increased s teadi ly f rom t h e 6 th till t h e 13th d a y 
of i ts life. F r o m t h e 14th till t h e 30th d a y t h e n u m b e r of flares dec reased , whi le f rom 
t h e 30th till t h e 60 th day of its life, i ts ac t iv i ty w a s c o n t i n u o u s l y dec reas ing . 

T h e C .A . u n d e r s tudy b e h a v e d in a w a y o p p o s i t e t o t h e expec ted o n e . So f rom t h e 
t i m e of i ts a p p e a r a n c e (20th F e b r u a r y 1966) t o its 10th d a y of life inc luded ( the C .A. 
set o n M a r c h 1st, 1966) its ac t iv i ty w a s very res t r ic ted. F igu re 2 s h o w s t h a t t h e grea tes t 
ac t iv i ty of t h e C .A. was obse rved be tween t h e 24th a n d 37 th d a y of its life. D u i r n g t h e 
t h i r d r o t a t i o n of t h e cen t re , i ts ac t iv i ty in flares r e m a i n e d infer ior t o t h a t of t h e second 
r o t a t i o n b u t m u c h h igher t h a n t h e ac t iv i ty of t h e first o n e . 

T h i s increased act ivi ty of t h e c e n t r e f rom the 24 th till t h e 37th d a y of i ts life, c a n be 
a t t r i b u t e d t o t h e a p p e a r a n c e of a new C . A . in c o n t a c t wi th t h e or ig ina l C . A . a n d t o t h e 
col l i s ion wi th it. I ndeed , d u r i n g t h e d a y w h e n t h e A . R . u n d e r s t u d y r o s e p e r f o r m i n g its 
s econd r o t a t i o n , a new C . A . e m e r g e d bes ide t he A . R . a n d in its E a s t e r n l i m b , a n d 
qu ick ly j o i n e d t o g e t h e r w i t h t h e f o r m e r o n e . ( F i g u r e l b , c) . 

T h e col l is ion of such ac t ive c e n t r e s o r m a g n e t i c fields, o r i g ina t ed by m o v i n g o r 
r a p i d l y deve lop ing s u n s p o t s , m a y lead t o a h igh c o n c e n t r a t i o n of e lec t r ic -cur ren t 
dens i ty a l o n g t h e neu t r a l l ines of t h e field, wi th a g rea t p r o b a b i l i t y of flares occu r r i ng 
a s D u n g e y (1958) a n d Sweet (1958) h a d s h o w n . 

F i g u r e 2 shows t h a t t h e in tens i ty of t h e magne t i c field d u r i n g t h e second a n d t h e 
t h i r d r o t a t i o n s , as well as t h o s e of t h e C .A. , r eached h igh values . T h e flare p r o d u c t i o n 
d u r i n g t h e th i rd r o t a t i o n (be tween t h e 51st a n d 64th day of its life) c a n be exp la ined in 
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F I G . 2. Different phenomena - magnetic fields, flare importance, radio data, etc. - during the life
time of the Active Region. 
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t h e s a m e way . I t a p p e a r e d in t h e W e s t e r n p a r t of t he cen t re a n d col l ided wi th a m a g 
net ic r eg ion (F igu re If, g) , wh ich c a u s e d t h e r ek ind l ing of t h e cen t r e . Th i s caused s p o t 
a r ea s , flux dens i ty in cen t ime t r i c a n d dec imet r i c f requencies , n u m b e r of spo t s , e tc . , t o 
r e a c h h igher va lues in c o m p a r i s o n t o t h o s e of t h e first r o t a t i o n . 

So , w h e n t h e emergence of a m a g n e t i c field t a k e s p lace bes ide o r w i t h i n a n exis t ing 
A . R . u n d e r t h e s h a p e of faculae o r g r o u p of spo t s , a c c o r d i n g t o B a n o s (1967) , we shal l 
have ' a c q u i r e d ' neu t r a l l ines. T h e s e l ines will be ' a b n o r m a l ' a c c o r d i n g t o t h e m e a n i n g 
given by M a r t r e s et al. (1966) ; a c c o r d i n g t o t he s a m e a u t h o r s 9 7 % of t h e flares a r e 
c r ea t ed in such l ines because of a m a g n e t i c i ncons t ancy a n d complex i ty . 

D u r i n g t h e second r o t a t i o n of t h e C . A . ( 1 4 - 2 8 M a r c h 1966), 45 flares o u t of t h e 162 
obse rved have been p h o t o g r a p h e d a t A t h e n s O b s e r v a t o r y . W e h a v e inves t iga ted t he 
p o s i t i o n of the a p p e a r a n c e of these flares wi th in t h e cen t re of ac t iv i ty , a n d h a v e found 
t h a t in t w o p a r t s of t h e C .A . we h a v e t h e grea tes t f requency of flares o c c u r r e n c e (see 
F igu re 3). 

o 5 0 • 1 F l a r e ^ 3 F lares 

• 2 Flares | | 4 F | A R E S 

sec of arc 

F I G . 3. Flares density during second rotation of the lifetime of the Active Region. 

P a r t s A a n d B in F igu re 3 were in t h e n e a r vicinity of a line of z e r o in tens i ty of t h e 
l ong i tud ina l c o m p o n e n t , i.e., a n e u t r a l l ine. T h e w o r k of Severny (1964) s h o w e d t h a t 
t h e flares a re connec t ed wi th p a r t i c u l a r conf igura t ions of t he m a g n e t i c field of t h e A . R . 

C o n s e q u e n t l y t he increase of act ivi ty in t he A . R . d u r i n g t h e second a n d th i rd 
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r o t a t i o n s cou ld be a t t r i b u t e d t o t w o sepa ra t e m a g n e t i c a rches , t h e i n t e r ac t i on of which 

p r o d u c e neu t r a l l ines cha rac t e r i zed a s ' a b n o r m a l ' , a n d it is well es tab l i shed t h a t t he 

ma jo r i ty of flares a p p e a r in t h e vicini ty of such lines. 
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