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A B S T R A C T 

For each plage of the C S S A R period the daily projected areas have been determined and plotted 
versus time. Also the correction for foreshortening has been taken into account. 

Daily fluctuations, of the plage corrected areas, certainly greater than the errors, have been found. 
Also area fluctuations of shorter periods have been observed. 

D u r i n g t h e I G Y , I G C , C I G , I Q S Y c a m p a i g n s , t h e W o r l d D a t a C e n t e r ( W D C ) C 

a t t h e A r c e t r i As t rophys i ca l O b s e r v a t o r y col lected a n d r e d u c e d m a t e r i a l c o n c e r n i n g 

C a p lages . 

O n t h e bas i s of t h e m a t e r i a l co l lec ted for t h e I G Y a n d I Q S Y c a m p a i g n s a bas i c set 

was bu i l t as h o m o g e n e o u s as poss ib le of a t least o n e nega t ive K 2 3 2 C a h e l i o g r a m 

per d a y wi th the d i a m e t e r of t h e so la r i m a g e of 63 m m ( the size of the Arce t r i spec t ro ­

h e l i o g r a m s ) . 

F r o m th i s set t h e dai ly m a p s a l r eady pub l i shed were d e d u c e d ( G o d o l i , 1961A, 6, 

1962, 1965, 1966). T h e m a p s c o n c e r n i n g the I G Y per iod were a lso i nc luded in t he 

I G Y so l a r act ivi ty m a p s D1 (El l i son, 1961). 

T h e r e f o r e for t he C S S A R p e r i o d t h e Arce t r i W D C a l r eady h a d a t i ts d i sposa l 

a t leas t o n e K 2 > 3 > 2 h e l i o g r a m p e r d a y . T h i s m a t e r i a l was sufficient for t h e s t u d y of t h e 

first C S S A R p r o b l e m c o n c e r n i n g t h e gene ra l evo lu t ion of Ac t ive R e g i o n s ( A R ) . 

A s t a n d a r d i z e d file of a t least o n e K 2 > 3 > 2 h e l i o g r a m per d a y is n o w ava i lab le a t t he 

M e u d o n O b s e r v a t o r y for t h e p e r i o d M a r c h 11 - D e c e m b e r 1, 1965. 

F o r t h e s econd p r o b l e m c o n c e r n i n g t h e b i r t h a n d fast c h a n g e s of A R d u r i n g the 

first t r an s i t we h a v e asked t h e o b s e r v a t o r i e s of A b a s t u m a n i , C a t a n i a , C r i m e a , F r a u n ­

hofer , I k o m a s a n , K o d a i k a n a l , M a n i l a , M c M a t h H u l b e r t , M e u d o n , M o u n t W i l s o n , 

R o m e , T o k y o , Wende l s t e in , Z u r i c h t o send all t he K 2 3 2 ma t e r i a l ava i l ab le for t he 

p e r i o d s : 

1. Materia l Available 

11 M a r c h - 22 M a r c h 

14 M a y - 26 M a y 

16 M a y - 27 M a y 

1 Ju ly - 4 Ju ly 

5 Ju ly - 14 Ju ly 

2 S e p t e m b e r - 13 S e p t e m b e r 

Kiepenheuer feci.), Structure and Development of Solar Active Regions, 326-337. €> I.A.U. 

https://doi.org/10.1017/S0074180900021732 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900021732


E V O L U T I O N O F C A P L A G E S O F T H E C S S A R A C T I V E R E G I O N S 327 

1 J u n e - 9 J u n e 
16 J u n e - 22 J u n e 

27 S e p t e m b e r - 8 O c t o b e r 
1 O c t o b e r - 6 O c t o b e r 

Eve ry c o l l a b o r a t i n g o b s e r v a t o r y h a s been a s k e d t o send t o A r c e t r i nega t ive p r in t s 
o r film ( d i a m e t e r of t h e so l a r i m a g e 63 m m ) o r h e l i o g r a m s in t h e size a n d p h o t o ­
g r a p h i c p r e s e n t a t i o n ava i l ab le . 

F o r t h e s t u d y of t h e g e n e r a l e v o l u t i o n of e a c h C S S A R C a p l a g e r eco g n i zed in i ts 
success ive t rans i t s in t he visible h e m i s p h e r e , we p lo t t ed versus t i m e t h e dai ly p ro jec ted 
a r e a s Ap a n d cor rec ted a r ea s Ac, t a k i n g i n t o a c c o u n t t he m a x i m u m dev ia t i ons of t he 
m e a s u r e m e n t s . 

T h e Ap a r eas d e t e r m i n e d on t h e m a p s d r a w n by c o n t a c t on t r a n s p a r e n t p a p e r 
d i rec t ly f rom t h e h e l i o g r a m s a n d expressed in l O - 4 * : (E i nd ica t e s t h e a r ea of t h e 
s o l a r h e m i s p h e r e ) . 

T h e d r a w i n g of t he p lage m a p s w a s t he m o s t difficult p h a s e of t h e w o r k : as is well 
k n o w n , t he p lages ou t l ines a r e often d is jo in ted a n d mixed wi th t he c h r o m o s p h e r i c 
g r a n u l a t i o n ; m o r e o v e r , it is necessa ry t o k e e p c o n s t a n t t h e e x a m i n a t i o n of t he b r igh t ­
ness l imi t u n d e r wh ich t h e p h e n o m e n a a re neglec ted . T h e e s t i m a t i o n b e c o m e s c o m ­
pl ica ted , m o r e o v e r , by t h e non - l i nea r i t y of t he cu rve express ing t h e c a l i b r a t i o n of t he 
p h o t o g r a p h i c p la t e . 

A s far as t h e r ep roduc ib i l i t y of t h e p lage m a p s is c o n c e r n e d , i t w a s f o u n d t h a t , if 
i n d e p e n d e n t d r a w i n g s were m a d e b y t w o different c a p a b l e d r a f t s m e n u s i n g h o m o ­
g e n e o u s he l iog rams , the differences of t he a r eas wi th in t h e p lage ou t l i nes d id n o t 
exceed 10%. If t h e d r a w i n g s were m a d e b y the s a m e d r a f t s m a n us ing i n h o m o g e n e o u s 
h e l i o g r a m s ( m a d e wi th different a p p a r a t u s ) t he differences m i g h t b e m u c h h igher . 
T h e r e f o r e we c h o o s e for t h e bas ic set, as far as poss ib le , h e l i o g r a m s of t h e s a m e qua l i ty . 
W e a l so t r ied t o e l imina t e by i n t e r p o l a t i o n s o m e o b v i o u s differences a m o n g he l io­
g r a m s o f consecu t ive d a y s . 

T h e pro jec ted a reas Ap were t r a n s f o r m e d in to co r rec ted a reas Ac a c c o r d i n g t o the 
w e l l - k n o w n f o r m u l a 

in w h i c h h is t h e he l iocen t r i c ang l e of t h e p lage . 

W e r e m e m b e r t h a t t h e c o r r e c t i o n for f o r e s h o r t e n i n g a c c o r d i n g t o E q u a t i o n (1) is 
b a s e d o n t h e a s s u m p t i o n t h a t t h e effective p lage layer is b i d i m e n s i o n a l a n d n o r m a l t o 
t h e S u n ' s r a d i u s a n d t h a t t h e va lues o f co r r ec t ed a r e a s Ac, for t h e s a m e p l a g e , d o n o t 
d e p e n d o n t h e d i s t ance f r o m t h e c e n t r e of t h e d i sk . Since t h e p l a g e a r e a genera l ly 
inc reases w h e n t h e he igh t o n t h e p h o t o s p h e r e of t h e effective l aye r inc reases , a n d 
t he r e fo r e w h e n h i nc reases ( A n i c h i n i a n d G o d o l i , 1967), t h e s e c o n d a s s u m p t i o n is n o t 
fulfilled. Th i s m a y be the r e a s o n w h y , as h a s been s h o w n in a r e sea rch recen t ly car r ied 

2. General Evolution 

Ac = Ap sec /z , ( i ) 
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o u t a t Arce t r i O b s e r v a t o r y ( G o d o l i a n d M o n s i g n o r i Foss i , 1967a, b), t he co r r ec t ion 
for f o r e s h o r t e n i n g a c c o r d i n g t o (1) , a l t h o u g h it is in fairly g o o d a g r e e m e n t wi th the 
o b s e r v a t i o n s for ' g r e a t ' p lages w i th 

Ac ^ 20 x 1 0 ~ 4 £ , 

it is n o l onge r accep tab l e for ' s m a l l ' p l ages with 

Ac < 20 x 1 0 ~ 4 £ . 

T h e difference be tween these t w o classes of p lages c a n be a sc r ibed t o a p r o b a b l e 
different s lope of t h e Ap(x) c u r v e (wi th x i nd i ca t i ng t h e he igh t o n t h e p h o t o s p h e r e ) . 

Ac 

• I 

t , t t! , , . . " 'I'­
1ft * '0 IN. 5 10 10. 5 10 10. S 10 

• 1 
1 

t , J 1 1 l_ 

ll . 1 . 1 

F I G . 1 . Evolution of the small plage: 1964 Arcetri 18 (Godoli and Monsignori Fossi, 1967a). 

I n F i g u r e 1 t h e e v o l u t i o n of a p l age o f t h e s econd class is s h o w n . I t is ev iden t t h a t 
c o r r e c t i o n (1) is n o t sa t i s fac tory . T h e A'c va lues , o b t a i n e d by a s ta t i s t ica l m e t h o d , a r e 
m o r e sa t i s fac tory ( G o d o l i a n d M o n s i g n o r i Foss i , 1967a, b). W e no t i ce t h a t C S S A R 
p lages a r e genera l ly of t h e first c lass a n d the re fo re c o r r e c t i o n for f o r e s h o r t e n i n g ac ­
c o r d i n g t o (1) was accep ted . 
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Abastumani pos. copy film 20 
Arcetri neg. copy plate 63 
Freiburg orig. plate 45 
Kodaikanal pos. copy film 19 
Locarno orig. plate 
Manila orig. film 68 
McMath Hulbert pos. copy paper 83 
Meudon pos. copy film 64 
Mount Wilson pos. copy film 84 
R o m e pos. copy film 14 
T o k y o pos. copy paper 63 

W h e n poss ib le , a t least o n e h e l i o g r a m per 2 h o u r s was r e p o r t e d t o nega t ive pla tes 
wi th o n e or t w o p h o t o g r a p h i c invers ions . T h e d i a m e t e r of t h e so la r i m a g e was 
r e p o r t e d a t 63 m m . Th is s t a n d a r d i z e d file of h e l i o g r a m s is n o w ava i l ab le a t t he 
M e u d o n O b s e r v a t o r y . 

Ac tua l ly , va r i a t i ons of t he t ime scale of l h were p o i n t e d o u t f rom this file. 

4. The Evolution Curves 

I n F igures 2 - 1 2 dai ly Ap a n d Ac va lues a r e p lo t t ed ve rsus t i m e for t h e K 2 3 > 2 C a 
p l ages of t he eleven A R selected for t h e C S S A R . 

T h e m a x i m u m d e v i a t i o n s of m e a s u r e m e n t s a r e i nd i ca t ed . T h e circles i n d i c a t e p lages 
on ly pa r t i a l ly visible o n t h e d i sk . A r r o w s p o i n t i n g f r o m a b o v e i n d i c a t e v a r i a t i o n s of 
t h e t i m e scale of t he h o u r . A s a l r e a d y p o i n t e d o u t , these v a r i a t i o n s were s tud ied only 
for t h e pe r iods c o n c e r n i n g t h e s econd p r o b l e m . A r r o w s p o i n t i n g f r o m b e l o w ind ica te 
C e n t r a l M e r i d i a n Pas sage . 

T h e m o s t in te res t ing f ea tu re of t h e s e evo lu t ive p l o t t i n g s a r e t h e da i ly v a r i a t i o n s of 
t h e a r e a s c lear ly o u t of t h e l imi ts of e r ro r . 

Plage J (30 N): 
B o r n on disk nea r t h e E a s t l i m b . 

D a i l y f luc tua t ions a r e p r e s e n t d u r i n g t h e s econd t r ans i t . 

3 . Birth and Fast Changes of A R 

T h e K 2 3 2 m a t e r i a l especia l ly r e q u e s t e d for t h e second p r o b l e m a n d received f rom 
c o o p e r a t i n g o b s e r v a t o r i e s w a s a s specified in T a b l e 1. O n l y v a r i a t i o n s w i t h t i m e scale 
of l h have been cons ide r ed d u r i n g t h e pe r iod listed a b o v e , in Sec t ion l . A . 

Table 1 

Mater ia l received 

Observatory Material Diameter (mm) 
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F I G . 2 . CSSAR plage 1. F I G . 3 . CSSAR plage 2. 

D u r i n g t h e t h i r d t r a n s i t t h e p l a g e is still visible b u t u n d e r t h e c o m p a c t n e s s a n d 
b r igh tnes s l imi t genera l ly a c c e p t e d . 

F a s t c h a n g e s a r e p r e s e n t b e t w e e n 

M a r c h 1 6 d 0 9 h 0 4 m - 1 6 d 1 5 h 0 5 m 

16 15 05 - 16 2 3 33 
17 10 08 - 17 23 36 
17 23 36 - 18 0 0 54 
18 08 24 - 18 15 10 
18 15 10 - 18 23 32 . 

Plage 2 (4N): 
B o r n o n d isk . 
D a i l y fluctuations a r e p r e s e n t d u r i n g t h e second t r a n s i t . 
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I 
-Ap , 

1 1 
4 

1 1 1 

1 
1 

1 

<D 
1 

. . t . . . . 
<J) 

, , I , . .. 

1G S 10 1L 5 10 ItT 5 10 

I ' I ' 

FIG. 4. CSSAR plage 3. FIG. 5. CSSAR plage 4. 
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F I G . 6 . CSSAR plage 5. FIG. 7 . CSSAR plage 6. 

Plage 3 (23 N): 
T h i s p lage is very n e a r t o p l age 4 . 
D u r i n g t h e second t r a n s i t p lages 3 a n d 4 in te rac t , a n d it is very difficult t o dis­

t i ngu i sh t h e m f r o m each o t h e r . 
D a i l y f luc tua t ions a r e p r e s e n t d u r i n g t h e first t r ans i t . 
F a s t c h a n g e s a re p re sen t b e t w e e n 

M a y 1 6 d 0 5 h 2 8 m - 16 d 1 3 h 5 3 m . 

Plage 4 (25 N): 
T h i s p l age is very n e a r t o p l a g e 3 . 
D u r i n g t h e s econd t r a n s i t p l ages 3 a n d 4 in t e rac t , a n d it is very difficult t o d is ­

t i n g u i s h t h e m f rom each o t h e r . 
F a s t c h a n g e s a r e p r e sen t b e t w e e n 

M a y 2 3 d 1 0 h 4 5 m - 2 4 d 0 3 h 3 6 m . 

Plage 5 (10 S): 
B o r n o n d i sk . 
D u r i n g t h e second t r ans i t t h e p lage is n o t c o m p a c t . 
F l u c t u a t i o n s a r e p r e sen t d u r i n g t h e t w o t r ans i t s . 
F a s t c h a n g e s a re p r e sen t be tween 
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w w u . 

'. I 

I 

I I 

6bis 

FIG. 8. CSSAR plage 6bis. F I G . 9. CSSAR plage 7. 
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10. 5 10 

F I G . 10. CSSAR plage 8. F I G . 11. CSSAR plage 9. 
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ol , , * , , . t I , 8 , 

IN 5 10 

F I G . 12. CSSAR plage 10. 

J u n e l d 1 3 h 2 0 m - l d 1 6 h 1 5 m 

1 16 15 - 2 00 05 
2 09 02 - 2 14 41 
2 14 41 - 2 23 46 
2 2 3 46 - 3 02 22 
3 12 15 - 4 01 58 . 

Plage 6 (28 S): 
B o r n on d isk . 
D u r i n g t h e t h i r d t r a n s i t t h e r eg ion is d i s t u r b e d by a n e w A R in t h e W e s t side. 
F l u c t u a t i o n s a r e p r e s e n t d u r i n g t h e s econd t r ans i t . 
F a s t c h a n g e s a r e p r e s e n t b e t w e e n 

J u n e l 7 d 1 2 h 3 0 m - 1 8 d 0 2 h 4 5 m 

18 05 43 - 18 09 17 
19 00 18 - 19 10 12. 

Plage 6bis (32 N): 
B o r n on d isk . 
F a s t c h a n g e s a r e p r e s e n t b e t w e e n 

Ju ly l d 1 2 h 3 5 m - 2 d 0 0 h 2 9 m 

2 0 3 09 - 2 08 27 
2 08 27 - 2 23 3 1 . 

Plage 7 (20 N): 
D u r i n g t h e first four d a y s t h e p lage is n o t c o m p a c t . 
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F a s t c h a n g e s a r e p r e s e n t be tween 

Ju ly 6 d 0 5 h 5 2 m - 6 d 0 8 h 4 4 m 

6 2 3 59 - 7 00 45 
7 06 38 - 7 08 26 
8 01 16 - 8 15 48 
9 02 41 - 9 06 55 
9 0 6 55 - 9 14 19 
9 14 19 - 9 23 35 
9 23 35 - 10 04 52 

10 13 05 - 11 02 44 
11 13 25 - 12 01 38 . 

Plage 8 (26 N): 
F a s t c h a n g e s a re p r e sen t be tween 

Sep t . 3 d 0 2 h 0 1 m - 3 d 14 h 0 0 m 

5 0 0 4 0 - 5 02 53 
5 02 53 - 5 16 35 
5 16 35 - 6 00 0 0 
7 08 4 5 - 7 23 30 

10 0 3 19 - 10 10 54 . 

Plage 9 (20 N): 

F l u c t u a t i o n s a re p r e s e n t d u r i n g t h e first t w o t r ans i t s . 
F a s t c h a n g e s a r e p r e s e n t b e t w e e n 

Sept . 2 8 d 0 1 h 2 5 m - 2 8 d 16 h 5 0 m 

28 16 50 - 2 9 00 48 
29 06 13 - 2 9 23 31 
29 23 31 - 3 0 00 26 
30 09 39 - 3 0 23 28 

Oc t . 3 02 19 - 3 23 33 . 

Plage 10 (18 S): 
B o r n a n d d ied o n d isk . 
F a s t c h a n g e s a r e p r e s e n t b e t w e e n 

Oc t . 3 d 0 2 h 1 9 m - 3 d 0 7 h 5 9 m 

3 07 59 - 3 14 35 
3 14 35 - 3 23 33 
3 23 33 - 4 00 46 
4 0 0 46 - 4 08 44 
4 08 44 - 4 09 10 . 
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D I S C U S S I O N 

Rigutti: As Falciani, Righini Jr. and myself showed in Prague, if one estimates flare areas from 
contours judged by eye, one overestimates the areas of the limb flares with respect to the flare at 
the centre of the disk also for a factor of 1 or 2 orders o f magnitude. If this were true also for plages, 
I wonder if your results could be affected by this uncertainty in fixing the areas. 

Godoli: I do not think that the results found for flares near to the limb can be applied to plages: 
the flare contours must be generally estimated in a perturbed region, while the plage contours refer 
to the perturbed region as a whole. In Mem. Soc. astr. ital., 38, 75, 1967, you found that for 
plages near to the limb the area into contours estimated by eye is greater than the area into the 
isodense contours. I think that this fact can be explained, taking into account the instrumental limb 
darkening that is not taken into account with the isodense method you apply. Could this explanation 
also apply to your new flare measurements? 

Rigutti: N o , the measurements on flares to which I refer have been made in terms of the flare near 
the undisturbed chromosphere. So , any apparatus effect was the same for the flare region and for the 
background. 
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