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1. Observations 

T h e object of o u r inves t iga t ion was t o clarify t he b e h a v i o r of the f luc tua t ions in t he 
b r igh tness in p h o t o s p h e r e o n t h e scale of t h e s u p e r g r a n u l a t i o n 1-2 d a y s before t he 
a p p e a r a n c e of s u n s p o t s . 

A de ta i l ed p h o t o m e t r i c a l t r e a t m e n t a n d s ta t is t ica l ana lys i s of a r e a s wi th sizes 
1 0 0 " x 2 0 0 " a n d 1 0 0 " x 1 0 0 " h a v e b e e n m a d e . 

T h r e e g r o u p s nea r t h e cen t e r of t h e d isk h a v e carefully been s t u d i e d a t 8 m o m e n t s of 
the i r d e v e l o p m e n t , u s ing T a s h k e n t da i ly whi te - l igh t p la tes o b t a i n e d by m e a n s of 
M a c k s u t o v ' s sys tem p h o t o h e l i o g r a p h (D= 100 m m , F = 8 2 0 0 m m ) . 

P r i n t o n p la tes wi th effective w a v e l e n g t h 4100 A h a v e been used . 

In o r d e r t o r educe t he inf luence of the m e a s u r i n g e r r o r s a n d e r r o r s of the obse rva 
t i ons , the c o n t r o l a r e a s h a v e a l so been m e a s u r e d on t h e s a m e p la t e s , o n t he s a m e 
d i s t ance as t he a r eas u n d e r s t u d y . 

T h e f luc tua t ions in t h e b r i g h t n e s s h a v e been r e c o r d e d a t a b o u t 3000 p o i n t s o n every 
a r e a u n d e r s t u d y a n d a t a b o u t 1500 p o i n t s on every c o n t r o l a r e a . 

T h e next va lues were o b t a i n e d a t every a r e a : .7= the a v e r a g e m e a n i n g of t he 
b r igh tnes s for t h e a r e a o n t h e w h o l e in t e r m s of t he b r i g h t n e s s a t t h e cen t e r of t he 
d i s k ; AJ/J= t he c o n t r a s t a t every p o i n t ; t w o - d i m e n s i o n a u t o c o r r e l a t i o n funct ion 

2. Analysis 

L — l M-m 

A = 1 <p= 1 

w h e r e / = 0 , 1 , 2 . . . 2 0 ; L = 80. /w = 0, 1 , 2 . . . 2 0 ; M = 40. 

Kiepenheuer fed.). Structure and Development of Solar Active Regions, 151 160. < I.A.U. 
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Al=Am= \ c o r r e s p o n d s t o 2'.'6 o n t h e d i sk . T a b l e 1 s h o w s t i m e of o b s e r v a t i o n s , 
t h e c o o r d i n a t e s , t he a v e r a g e m e a n i n g s of t h e b r igh tnes s a n d r o o t - m e a n - s q u a r e con 
t r a s t s of t he a r e a s u n d e r s t u d y in c o m p a r i s o n w i t h t he c o n t r o l a r e a s . 

3 . Results and Conclusions 

T h e a p p e a r a n c e of s u n s p o t s is a c c o m p a n i e d by a ve ry s t r o n g p h o t o s p h e r e d is 
t u r b a n c e , i nvo lv ing a n excess o f t h e b r igh tnes s , a c h a n g e of t h e s t r u c t u r e , u n u s u a l 
t i m e - d e p e n d e n t m a c r o s c o p i c f luc tua t ions in t h e b r igh tnes s . 

Before t h e a p p e a r a n c e o f s u n s p o t s t h e b r i g h t n e s s inc reases o n t h e w h o l e a r ea a t a n 
a v e r a g e for s o m e cases of a b o u t 3-5 + 2-4%. T h e a d d i t i o n a l r a d i a t i o n is obse rved on 
t h e p lace wi th size 2 0 0 " x 1 0 0 " for 1 d a y , t h e t o t a l e x t r a en e rg y b e i n g of t h e o r d e r of 
1 0 3 4 e rg . 

A s t o a s t r u c t u r e , i ts c h a n g e s a r e m a n i f e s t e d in t h e e n l a r g e m e n t o f t h e m a c r o s c o p i c 
i n h o m o g e n e i t i e s a n d vis ible s e p a r a t i o n of t h e a r e a u n d e r s t u d y o n t w o p a r t s ( F i g u r e 
l a , b ) . 

T h e new s p o t s t e n d t o be p l a c e d a l o n g t h e b o u n d a r y , d iv id ing l i g h t e r - t h a n - a v e r a g e 
a n d d a r k e r - t h a n - a v e r a g e r e g i o n s ( F i g u r e l c ) . 

S u c h a l oca t i on o f n e w s p o t s s eems t o be s imi la r t o t h e f o r m a t i o n of t h e s p o t s o n t he 
b o u n d a r i e s of t h e a d j a c e n t s u p e r g r a n u l e s a c c o r d i n g to B u m b a a n d H o w a r d (1965). 
Besides t h e e n l a r g e m e n t , c h a n g e s of t h e s t r u c t u r e a r e i nd i ca t ed by t h e f o r m i n g of 
t h e d a r k l anes a n d t h e b r i g h t f ea tu re s , s t r e t ched a l o n g t h e e q u a t o r . Spa t ia l a u t o 
c o r r e l a t i o n func t ions in F i g u r e 2 conv inc ing ly s h o w th i s p h e n o m e n o n . T h e s a m e 
p h o t o s p h e r e p h e n o m e n a wi th t h e a p p e a r a n c e of t h e cha rac t e r i s t i c s t r u c t u r e h a v e been 
o b s e r v e d a t t h e ac t ive r eg ions be fore p o r e s ' b i r t h b y L o u g h h e a d a n d Bray (1961) a n d 
in p h o t o s p h e r e b e t w e e n s p o t s b y Mi l l e r (1960) . 

T h e f i l amentary s t r u c t u r e of t h e i n h o m o g e n e i t i e s in t he l o n g i t u d e d i r ec t ion before 
t h e a p p e a r a n c e of s u n s p o t s s eems t o b e a d is t inc t ive t r a i t in t h e d e v e l o p m e n t of t h e 
ac t ive reg ions . W e f o u n d such a s t r u c t u r e a t n ine m o r e cases w i t h o u t special t r e a t m e n t . 
T h e typical c h a r a c t e r of t h e s t r a igh t ened e lements in t he p h o t o s p h e r e is t o be e m p h a 
sized by the a p p e a r a n c e of t h e e l o n g a t e d f i laments in H a a t t he first s t age of deve lop
m e n t of act ive r eg ions . 

T h e c o m p a r i s o n of t w o p a i r s of a r e a s u n d e r s t u d y a t t w o different m o m e n t s reveals 
defini te t i m e - d e p e n d e n t f luc tua t ions in t h e b r i g h t n e s s o n a l a rge scale . T h e l ighter-
t h a n - a v e r a g e r eg ion t u r n s i n t o t h e d a r k e r - t h a n - a v e r a g e o n e a n d o n t h e c o n t r a r y . F o r 
all t h a t , t h e l o c a t i o n o f t h e d iv id ing l ine is r o u g h l y k e p t . 

F i g u r e 3 s h o w s th is p h e n o m e n o n a t t h e a r e a for 3 d a y s of t h e d e v e l o p m e n t of ac t ive 
r eg ion . Bu t a n o t h e r s t ud i ed case revea ls t h e s a m e c h a r a c t e r of c h a n g e s in t h e b r igh tness 
for 3 h o u r s , a n d we d o n o t yet k n o w t h e l ow l imit o f s u c h f l uc tua t ions . 

Poss ib le r a p i d c h a n g e s of t h e m a c r o s c o p i c f luc tua t ions in t he b r i g h t n e s s ( ~ 2 0 m i n ) 
o n t h e scale of t h e s u p e r g r a n u l e s in t h e p h o t o s p h e r e have been discussed by Beckers 
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F I G . 1. The brightness maps of some areas in the photosphere with the meanings of the contrast 
A JIJequal to 0*03; 0-05; 0-07; O'l in regions far from spots, (a) The undisturbed control area; (b) The 
area under study before the appearance of sunspot group 221IV159; (c) The location of spots on the 
same area next day, 231IVj59. 
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F I G . 2. Samples of the two-dimensional autocorrelation functions; (a) for the undisturbed control 
area (Figure la); (b) for the area under study 221IV159 (Figure lb). I and m are longitude lag and 
latitude one accordingly. 

(1966) a n d H a r v e y (1965) . A s a resu l t o f o u r t r e a t m e n t , we o b t a i n e d t i m e - d e p e n d e n t 

c h a n g e s of t h e a r e a s u n d e r s t u d y w h i c h h a v e n o c o m m o n fea tu res w i th t h o s e of t he 

c o n t r o l u n d i s t u r b e d a r e a s . 

I n c o n c l u s i o n we c a n say t h a t t h e o b s e r v e d s t r u c t u r e a t d i s t u r b e d p h o t o s p h e r e 

s e e m s t o be c a u s e d by t h e r i s ing of t h e m a g n e t i c l o o p wi th filamentary s t r u c t u r e . T h i s 

e x p l a n a t i o n a s t o p o r e s w a s offered by L o u g h h e a d a n d Bray . 

T i m e of t h e d i s t u r b a n c e o f t h e p h o t o s p h e r e before t h e p o r e s ' a n d s p o t s ' b i r th is 

e q u a l t o 3 h a n d 2 0 - 3 0 h respect ive ly . 

If we a c c e p t t h e speed o f t h e magnet ic- f ie ld r is ing e q u a l t o 1 0 4 c m / s e c , a c c o r d i n g t o 

I k s a n o v a n d Vi t insky (1966) , we shal l o b t a i n t h e size of t he c ross - sec t ion m a g n e t i c 

l o o p s of t he o r d e r of 1 0 8 c m a n d 1 0 9 c m , wh ich is in a g r e e m e n t wi th t h e size of p o r e s 

a n d spo t s . T h e n it is t o be n o t e d t h a t o u r resu l t s a p p e a r t o be affected by the definite 

se lec t ion o f t h e o b s e r v a t i o n s . W e t r e a t e d t he a r e a s wi th t h e b r igh te s t f ea tu res , a n d the 

fu tu re g r o u p s t u r n e d o u t t o be ve ry u n s t a b l e wi th t h e g r e a t f lares. 

S o , o u r tes t s u n s p o t g r o u p s m a k e us c o n c l u d e t h a t t h e c h a r a c t e r o f t h e i n h o m o g e -

nei t ies in t h e b r i g h t n e s s be fo re t h e a p p e a r a n c e of s p o t s reflects t h e c o n d i t i o n s of 

s u n s p o t genesis a n d revea l s t h e possibi l i t ies of p r ed i c t i ng the i r fu tu re h i s to ry on t h e 

b a s e of t h e inves t iga t ion o f t h e b r i g h t n e s s in t h e p h o t o s p h e r e . 
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F I G . 3 . The brightness maps of one area under study for 3 days: 2, 3, and 4/ VI165. 
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D I S C U S S I O N 

De Jager: Since you find that the brightness contrast in the granular field increases prior to the 
birth of sunspots, I wonder whether this effect is not simply due to the birth of the photospheric 
facular field. In its first stage this would signify an increased brightness of the supergranulation 
pattern. 

Vassilyeva: We studied the properties of the brightness field in active regions before sunspot 
appearance and compared the results with what we obtained for the undisturbed photosphere. The 
cause of the difference in the brightness field was not investigated. 

Mcintosh: M y white-light observations also show bright, distorted photospheric granules near 
positions where sunspots will soon form. I have not made quantitative studies of these but it appears 
that these brightenings are short-lived and not necessarily related to supergranules. 

G. W. Simon: H o w do you determine the supergranular pattern from the photoelectric observations? 
Vassilyeva: Autocorrelation functions of the photoelectrical records sometimes show not-accidental 

periodic component with a period coincident with sizes of the supergranules. Ordinary photometry 
of the photospheric region also shows existence of macroscopic inhomogeneities with noticeable 
fluctuations in brightness. 

G. W. Simon: D o the autocorrelation functions show secondary maxima? If so , do these maxima 
occur at distances corresponding to supergranule sizes? 

Vassilyeva: Two-dimension autocorrelation functions reflect non-isotropic character of the fields 
of the fluctuations in the brightness in disturbed and in undisturbed areas. The second maximum is 
observed with a lag of about 20"-30". 

Rosch: Je voudrais signaler, a Toccasion de cette communication, que nous avons recemment 
obtenu, a l'Observatoire du Pic-du-Midi (A. Carlier, F. Chauveau, M. Hugon , J. Rosch) une serie 
d'images montrant la naissance d'un pore, dont certaines sont reproduites dans la Figure 4 ; l'inter-
valle entre les images 1 et 16 est de 26 min. Le Nord est en haut, l'Est a gauche. Objectif de 38 cm, 
coupole 'tourelle', film Kodak Microfile Ortho et filtre orange, pose 1/250 sec. Le cercle mesure 2". 

On remarquera, dans la region au Sud-Ouest du futur pore, des granules allonges, ressemblant 
plutot a des elements de filaments de penombre, et suggerant l'existence d'un champ magnetique 
horizontal. Noter aussi le gros granule brillant, sur l'image 1, un peu au Sud-Ouest du futur pore, 
qui devient un fer-a-cheval sur l'image 4, puis un anneau de 5 a 8, et disparait par fragmentation a 
partir des images 9 -10 . 

Beckers: D o e s Dr . Rosch believe that it is a c o m m o n behaviour for a granule to explode or are 
the exploding granules exceptional cases? 

Rosch: It may not be c o m m o n to all granules, but we saw it quite often on the first movie-film 
we produced in 1959, and it appears more frequently o n this new one, which is better in quality. 
Maybe one-third of the granules end in that way. 

Schroter: I followed during the movie one granule. I saw that this granule dissolved by a very 
rapid change (decrease) of the central brightness, the boundaries remaining unchanged. Suddenly 
near the end of the film in the central part of this granule the brightness increased again. A new 
bright granule was the result. Is this observation an exceptional case or did you observe this behaviour 
on other granules too? 

Rosch: I have noticed this case, indeed, but only the one you mention. 
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G. W. Simon; Sometimes a granule seems to be crossed by a dark lane. Then the granule suddenly 
divides along this lane and becomes two granules which then move apart from each other. 

Rosch: This case is rather c o m m o n ; the structure is what I have called a 'coffee-grain'. 
Fokker: There seemed to be some kind of a regular fluctuation or oscillation affecting the whole 

image. Is this effect of an instrumental or atmospheric nature, or can it be considered as of real solar 
origin? 

Rosch: Because of its regularity, and rather long period ( ~ 300 sec perhaps!) I do not think it may 
be atmospheric. Of course, we should try to confirm that it has something to do with supergranulation. 

Righini: What is the resolving power on these pictures? 
Rosch: We have seen some small dots not larger than one-third of a second of arc. 
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