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A B S T R A C T 

Using an improved isodensitometric technique it has been possible to study in great detail the 
photometric structure and the evolution of eight flares. A comparison has been made between the 
evolutive curves and the ones obtained from measurements of solar X-rays and radio fluxes at 
XX 3-2 and 21 cm. 

A reduction of the flare areas (and of the emitted energies) before the flash phase and a continuous 
pulsation of the flare have been observed. Further it seems that the flares associated with radio bursts 
or X-ray events are those which show regions of a sufficiently high intensity, the emitting areas not 
being a very important parameter. 

The correlation in time between the various examined aspects of the A R seems to indicate that 
the sequence for the beginning of the different phenomena is, in general: optical flare, X-ray events, 
radio events. 

I t h a s been p o i n t e d o u t several t imes in t h e p a s t t h a t flare p a t r o l is h a n d l e d mos t ly 

a s if i t were t o b e used o n l y b y geophys ic i s t s (Severny, 1965a) . N e v e r t h e l e s s in t h e last 

yea r s m u c h p rogress h a s been m a d e , pa r t i cu l a r ly f rom a n o b s e r v a t i o n a l p o i n t of view. 

T h e s a m e c a n n o t be sa id for t h e ana lys i s of t h e p h o t o g r a p h i c d a t a . All of u s k n o w t h a t 

flare classif ication is still left t o a m o r e o r less p e r s o n a l j u d g m e n t of t h e obse rver , t h a t 

t h e a r e a of a flare is very of ten o b t a i n e d by empi r i ca l a n d q u e s t i o n a b l e m e t h o d s , a n d 

t h a t t he re on ly exist very few a n d scan ty p h o t o m e t r i c s tudies o f t h e in t ens i ty dis t r i 

b u t i o n wi th in t he flare r eg ion a n d of t h e p h o t o m e t r i c e v o l u t i o n of t h e flare (Bal la r io , 

1958, 1959; Billings a n d R o b e r t s , 1953 ; D o d s o n et al, 1956; El l i son et al, 1960; 

V a n G r u i t h u y z e n a n d H o u t g a s t , 1959 ; R u s s o a n d Righ in i , 1961). O f c o u r s e th is is 

d u e t o t he fact t h a t a de ta i l ed p h o t o m e t r i c analys is of a n u m b e r of f r ames for a single 

flare is a h u g e a n d very t i m e - c o n s u m i n g t a sk . 

H o w e v e r , a t t h e P r a g u e G e n e r a l A s s e m b l y we briefly desc r ibed a p h o t o g r a p h i c 

t e c h n i q u e t o o b t a i n r a p i d l y a n e t w o r k of very re l iable i sodens i ty t h r e s h o l d s f rom 

p h o t o g r a p h s of e x t e n d e d sou rces . W e used th i s t e c h n i q u e t o ge t i s o p h o t e s f rom 

c o r o n a p h o t o g r a p h s a n d t h e success o b t a i n e d in th is k i n d of w o r k sugges ted us t o 

t r y t o use t h e t e c h n i q u e a l so for t h e analys is of Ha-f la re p h o t o g r a p h s . 
S o we ana lyzed e ight so l a r flares r e c o r d e d a t Arce t r i t o test t h e poss ibi l i t ies of o u r 

m e t h o d . 

A t t h e s a m e t i m e we used s o m e X ( N R L So l rad satell i te) a n d r a d i o {XX 3-2 a n d 21 c m ) 

* Presented by M. Rigutti. 

Kiepenheuer (ed.), Structure and Development of Solar Active Regions, 451-464. c I.A.U. 
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resul ts of o b s e r v a t i o n s p e r f o r m e d a t t he Arce t r i O b s e r v a t o r y t o t ry t o get s o m e co r r e 
la t ions be tween the v a r i o u s p h e n o m e n a f rom single flares. 

W i t h o u r t e c h n i q u e ( D e G r e g o r i o et al, 1966, 1967a, b, c) we c a n o b t a i n f rom a 
f i l tergram a h igh c o n t r a s t p r i n t of t h e flare reg ion in such a w a y t h a t t h e c o p y s h o w s 
on ly t w o r e g i o n s : o n e comple t e ly t r a n s p a r e n t a n d a n o t h e r c o m p l e t e l y b lack . A very 
re l iable i s o p h o t e c a n t h e n be o b t a i n e d . By c h a n g i n g t h e e x p o s u r e t i m e in t h e process 
it is poss ib le to get a n u m b e r of i s o p h o t e s f rom a single filtergram. T h e dens i ty co r r e 
s p o n d i n g to t he l ine s e p a r a t i n g t h e t r a n s p a r e n t a n d b lack r eg ions ( the i sopho te ) is 
o b t a i n e d by p h o t o g r a p h i n g a p h o t o m e t r i c wedge t o g e t h e r w i t h t h e or ig ina l . Each 
i s o p h o t e encloses r eg ions of t h e flare s h o w i n g p h o t o g r a p h i c dens i t ies larger , o r 
smal ler , t h a n the o n e c o r r e s p o n d i n g to the i s o p h o t e itself. So , t h e i s o p h o t e is a densi ty 
t h r e sho ld . By difference of t h e a r ea s enc losed by t w o successive i s o p h o t e s o n e gets 
t he a r e a of a dens i ty s t ep in t h e flare. Th i s a r ea is t r a n s f o r m e d i n t o energy t h r o u g h 
t h e ca l ib ra t ion curve a n d t h e p h o t o g r a p h i c dens i ty of t he n e a r b y u n d i s t u r b e d c h r o m o s 
p h e r e . T h e energy emi t t ed f rom a given flare in tens i ty level u p w a r d , is o b t a i n e d by 
a d d i n g the energies of t h e single s teps s t a r t ing f rom t h e cons ide r ed level. 

A p ic tu re of t h e in tens i ty s t ruc tu r e of t h e flare will be o b t a i n e d by s u p e r i m p o s i n g 
the different i sopho te s ( F i g u r e 1). F inal ly , t a k i n g i n t o a c c o u n t t h e fo r e sho r t en ing 
effect, it is poss ib le t o c o m p a r e t h e energies of different flares. T h e m e a s u r e m e n t s of 
t h e a r e a s c a n be p e r f o r m e d photoe lec t r ica l ly us ing the b l a c k - a n d - t r a n s p a r e n t p r in t s 
as d i a p h r a g m s in a su i t ab le i n s t r u m e n t . All t he n u m e r i c a l r e d u c t i o n s c a n be m a d e 
by a c o m p u t e r . So , t h e w h o l e ana lys i s p rocess m a y easily be d o n e a u t o m a t i c a l l y o r 
s emi -au tomat i ca l ly . 

T h e choice of t he flares w e t o o k i n t o c o n s i d e r a t i o n for th is first t ry h a s been m a d e 
o n the basis of t he co inc idence of op t ica l a n d X - r a y o r r a d i o o b s e r v a t i o n s . U n f o r t u 
nate ly , for v a r i o u s r e a s o n s these co inc idences were n o t very n u m e r o u s . 

F igures 2 - 5 a r e e x a m p l e s of evolu t ive curves of four of t he c o n s i d e r e d flares ( the 
o r d i n a t e scales in Figs . 2 - 5 a re t h e s a m e if t he l i m b - d a r k e n i n g laws for flares a n d 
u n d i s t u r b e d c h r o m o s p h e r e co inc ide) . 

W e w o u l d like t o say a t th i s p o i n t t h a t t he t e c h n i q u e is very a p p r o p r i a t e for a n a 
lyzing flares as far as sensi t ivi ty, rel iabi l i ty , r ap id i ty a n d cos t a r e c o n c e r n e d , a l so wi th 
a s u n i m a g e of a b o u t 20 m m in d i a m e t e r . W e m a d e t h e first p r i n t u s ing a n en la rge 
m e n t of a fac tor 2 , a n d a r r a n g e d t h e successive o p e r a t i o n s in a s e m i - a u t o m a t i c way 
b u t a re n o w p r e p a r i n g a n e w i n s t r u m e n t a t i o n , basical ly very s imp le a n d inexpens ive , 
t o o p e r a t e a l m o s t fully a u t o m a t i c a l l y . 

It is very difficult t o give a c o m p l e t e p i c tu r e of t h e resul t s of o u r ana lys i s . W e will 
he re p o i n t o u t t h e m o s t i m p o r t a n t fea tures we o b t a i n e d f r o m o u r r e sea rch . 

(1) T h e flash p h a s e of t h e op t ica l flare is p r eceded by a m o r e o r less la rge p u l s a t i o n 
of t h e act ive r e g i o n ; j u s t be fore t h e flash a r ap id a n d m o r e o r less c o n s p i c u o u s d imi 
n u t i o n of t h e emi t t ed ene rgy t a k e s p lace a t all levels of in tens i ty in t h e flare (i.e., a l so 
in the emi t t i ng a reas ) . 
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8 h 3 0 B 9"00" 9^30" 10 k 00- I ^ M " UT. 

FIG. 2. Evolutive curves of the October 4, 1965 flare. In the ordinates are the energies E/.c emitted 
by the flare from the intensity level If (over the nearby mean chromospheric level hh.) up, in terms of 
the energy Ecn. emitted by an area, covering 1 mm2 on the original frame, of the nearby undisturbed 
chromosphere. 1 refers to If = 1-23 h h . 2 refers to If = 1-32 h h . 3 refers to If = 1-42 h h . 4 refers to 
If = 1-52 Ich. 5 refers to If=l-62ICh. 6 refers to If = b74hh. 7 refers to If •-= 1»86 ICh. 8 refers to 
If = 2-00 h h . 9 refers to If - 2-14 Ic„. 10 refers to If = 2-29 IeHm 
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(2) T h e p u l s a t i o n of t h e flare lasts d u r i n g t h e w h o l e life of t h e flare wi th several 
m a x i m a a n d m i n i m a , s o m e t i m e s r a t h e r i m p o r t a n t . 

(3) A s it is seen in F i g u r e 1 t h e reg ion a r o u n d t h e flare s h o w s dens i t ies smal ler t h a n 
t h a t of the n e a r - u n d i s t u r b e d c h r o m o s p h e r e . T h e p resence of th i s n i m b u s a l r eady 
obse rved by o t h e r r e sea rche r s (El l ison et al., 1960, 1 9 6 1 ; Severny , 1965&), seems to 
be a c o n s t a n t fea ture of t h e flare. O n this p o i n t we will c o m e b a c k in t h e very nea r 
fu ture . 

(4) S o m e t i m e s it h a p p e n s t h a t t he opt ica l flare assoc ia ted wi th r a d i o burs t s does 

9 K 0 0 M 9 K 3 ( T 10 L ,00M UT 

F I G . 3. Evolutive curves of the March 16, 1966 flare. For explanations see Figure 2. 
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9 s 30* 10u 0 0 m U.T. 

FIG. 4 . Evolutive curves of the March 21, 1966 flare. For explanations see Figure 2. 
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18.0 h 

9 h00" 9*30- # 0 0 " <0k30- « k 00- flh3(r UT. 

FIG. 5. Evolutive curves of the March 29, 1966 flare. For explanations see Figure 2. 
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n o t end its life wi th t he a s soc ia t ed r a d i o p h e n o m e n o n . T h e op t i ca l flare m a y last m u c h 
longe r a n d s h o w o t h e r c o n s p i c u o u s m a x i m a of energy emiss ion . In th is c o n n e c t i o n 
it c a n be n o t e d t h a t (see e.g. t h e even t of M a r c h 29, 1966 ; F i g u r e s 5 a n d 8) after a 
s t r o n g r a d i o burs t a ssoc ia ted wi th a n opt ica l peak , t he flare c a n s h o w va r i a t ions wi th 
p e a k s m u c h m o r e c o n s p i c u o u s t h a n t h e p rev ious o n e a n d t ha t these p e a k s a re associ
a t e d wi th w e a k e r r a d i o bu r s t s . 

(5) W i t h i n t he e r r o r s (pa r t i cu l a r ly in t he a reas of t h e r a d i o sources ) n o clear a n d 
definite co r r e l a t i on h a s been f o u n d be tween t h e energy e m i t t e d by t h e op t ica l flare 
f r o m a n y given t h r e s h o l d of in tens i ty a n d the energy emi t t ed b y t h e r a d i o bu r s t s a t 
X 3-3 o r X 21 c m . 

(6) T h e s a m e resul t c a m e o u t for t he g rad ien t s of the op t ica l a n d r a d i o p h e n o m e n a . 
(7) In s t ead , it seems t h a t a n impu l s ive r a d i o bu r s t is a lways a s soc ia t ed wi th the 

p resence wi th in t h e op t ica l flare of r eg ions of a sufficiently h igh in tens i ty . O n the bas is 
of o u r few e x a m i n e d e x a m p l e s o n e w o u l d say t h a t w h e n an impul s ive r a d i o bu r s t is 
obse rved , t h e opt ica l flare s h o w s e i the r reg ions a l so very smal l , for i n s t ance wi th a n 
a r e a of a b o u t 30 mi l l i on ths of t he d isk , b u t wi th a n in tens i ty ^ 1-86 t h a t of the sur
r o u n d i n g u n d i s t u r b e d c h r o m o s p h e r e , o r reg ions wi th a n in tens i ty ~ l - 7 4 t h a t of the 
u n d i s t u r b e d c h r o m o s p h e r e , b u t w i t h a n a r e a of a t least 400 mi l l i on th s of the d isk . 

T h i s c r i t e r ion w o u l d exp la in , for e x a m p l e , why a flare r a t h e r u n i m p o r t a n t f rom t h e 
op t i ca l p o i n t of view, l ike t h e o n e of M a r c h 3 , 1967 ( i m p o r t a n c e \n + Sn), m a y be 
a s soc ia t ed wi th s t r o n g r a d i o b u r s t s a t X 3-2 c m a n d X 21 c m a n d t o a l o n g - e n d u r i n g 
r a d i o even t a s flares m u c h m o r e c o m p l e x a n d i m p o r t a n t l ike t h e o n e s of M a r c h 29, 
1966 ( i m p o r t a n c e 2b) a n d M a r c h 16, 1966 ( i m p o r t a n c e 2b-{-An). 

If f rom the analys is of a la rger n u m b e r of flares th is c r i t e r ion s h o u l d a p p e a r t o be 
t h e r igh t one , it m i g h t solve t h e p r o b l e m of w h y smal l op t ica l flares m a y be assoc ia ted 
w i th r a d i o bu r s t s a n d s o m e t i m e s la rge ones m a y no t . It cou ld be t h a t t h e a m o u n t 
of ene rgy re leased by t h e flare as a w h o l e is n o t t h e m o s t i m p o r t a n t p a r a m e t e r b u t , 
p e r h a p s , t he qua l i t y of th i s ene rgy , or , in o t h e r w o r d s , t he level of exc i t a t ion of the 
flare. 

(8) T h e co r re l a t ion w i t h t h e X - r a y events h a s been m o r e difficult t o es tabl ish 
b e c a u s e we h a d a t o u r d i sposa l on ly t h r ee cases . T w o of these gave a c o n s t a n t s ignal 
d u r i n g t h e life of op t ica l flares t h a t s h o w e d s o m e emiss ion a t a level of in tens i ty 
= 1-74 t h a t of t he u n d i s t u r b e d c h r o m o s p h e r e over a very smal l a r e a ( 6 - 6 0 mi l l i on ths 
of t h e d i sk ) a n d n o emiss ion a t h ighe r in tens i ty levels. T h e t h i r d X - r a y o b s e r v a t i o n 
s h o w e d a very s h a r p a n d i m p o r t a n t b u r s t a ssoc ia ted w i th a n op t i ca l flare t h a t s h o w e d 
emis s ions f rom in tens i ty levels u p t o 2-3 t h a t of t h e u n d i s t u r b e d c h r o m o s p h e r e . A t 
th i s level - t h e ' t o p ' of t h e flare - t h e emi t t i ng a r ea was a b o u t 100 mi l l i on ths of the 
d i sk . W e m a y say, very ten ta t ive ly , h a v i n g a lso in m i n d the h a r d X - r a y even t assoc ia ted 
w i t h flare-like p o i n t s s tud ied recen t ly by D e Jage r (1967) , t h a t t h e X - r a y events m i g h t 
be assoc ia ted wi th op t ica l flares w h i c h s h o w reg ions of h igh in tens i ty ( ^ 2 t h a t of the 
u n d i s t u r b e d c h r o m o s p h e r e ) w i th a n a r e a a lso very smal l (i.e. few mi l l i on ths of t he 
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disk) . In th is c o n n e c t i o n , we c a n m e n t i o n a n o t yet pub l i shed resul t by L a n d i n i , N o c i 
a n d Tagl iaferr i r e g a r d i n g the pos i t i on a n d size of o n e X - r a y sou rce observed d u r i n g 
t h e so lar eclipse of M a y 20, 1966. A c c o r d i n g t o these a u t h o r s t h e sou rce co inc ided 
wi th the very b r igh tes t reg ion of t he opt ica l flare. T h e size of t h e X - r a y source was 
a b o u t 300 mi l l ion ths of t h e d isk . 

(9) W e a lso t r ied t o get s o m e i n f o r m a t i o n a b o u t t h e a s soc i a t i on in t i m e of t h e 
va r ious obse rva t i ons . F igures 6 - 9 s h o w schemat ica l ly t he t imes of beg inn ing , e n d i n g 
a n d m a x i m a of t h e v a r i o u s p h e n o m e n a . F o r t h e op t i ca l o b s e r v a t i o n s we cons ide red 
o n l y t h r ee in tens i ty s teps , t he ones f rom in tens i ty levels 1-42, 1-74, a n d 1-86 t imes t h e 
va lue of t h e u n d i s t u r b e d c h r o m o s p h e r e in tens i ty u p w a r d . 

A l t h o u g h the t i m e r e so lu t i on of the op t ica l o b s e r v a t i o n s is n o t very h igh , it seems 
r a t h e r c lear t h a t t h e d i s t u r b a n c e begins in genera l a t t h e lower in tens i ty levels of t he 
op t ica l flare. W i t h a de lay r a n g i n g f rom 1 t o 5 m i n , t h e h igh-exc i t a t ion reg ions in t he 
flare flash u p a n d t h e n , wi th a de lay of a b o u t 2 m i n , t he X - r a y even t , if it occurs , 
t akes p lace . W i t h respect t o t h e h igh-exc i ta t ion r eg ions t h e r a d i o even t s begin wi th a 
de lay of a b o u t 2 - 3 m i n . H o w e v e r , in one case (flare of M a r c h 3, 1.967) t h e r a d i o events 
p receded t h e op t ica l flare's beg inn ing . 

T h e conc lus ion can be t h a t in genera l the t i m e sequence for t h e beg inn ing of the 
v a r i o u s e x a m i n e d p h e n o m e n a in a n act ive reg ion shou ld b e : op t ica l flare, X - r a y 
events , a n d r a d i o even t s . 

A s far as t he m a x i m a of ene rgy releases a re c o n c e r n e d it s eems t h a t , w h e n the re 
is a n a s soc ia t ion , t h e y a r e m o r e o r less s i m u l t a n e o u s . O u r t i m e reso lu t ion of t he 
op t i ca l o b s e r v a t i o n s is t o o p o o r a t t he m o m e n t t o have t he poss ib i l i ty of say ing 
s o m e t h i n g m o r e on th i s p o i n t . 

These a r e , a t p r e sen t , o u r e x p e r i m e n t a l resul t s . U n f o r t u n a t e l y we h a d n o t e n o u g h 
t i m e to t ry t o get a m o d e l of t h e flares cons i s t en t wi th t he o b s e r v e d fea tures . O n the 
o t h e r h a n d , t o get a m o d e l f rom an insufficiently la rge n u m b e r of p h e n o m e n a m i g h t 
be a w r o n g w a y to g o on wi th t he p r o b l e m o r s imply a was t e of t ime . So , a l t h o u g h 
ce r ta in facts, as e.g. t h e c o n t r a c t i o n of t h e op t ica l flare before t h e flash phase , seem 
t o be well e n o u g h es t ab l i shed , we t h i n k t h a t t he first t h i n g to be d o n e in t he n e a r 
fu ture is t o e x a m i n e m u c h m o r e e x p e r i m e n t a l d a t a t h a n we h a v e d o n e so far. F u r t h e r 
m o r e , it is ev iden t t h a t t h e n e e d e d t i m e r e so lu t i on for t h e op t i ca l o b s e r v a t i o n is m u c h 
be t t e r t h a n o u r p r e sen t o n e a n d t h a t we n e e d as m u c h i n f o r m a t i o n as poss ib le a b o u t 
so la r X - r a d i a t i o n b u r s t s . It w o u l d be very nice t o k n o w q u a n t i t a t i v e l y a l so t h e 
evo lu t ion of t h e m a g n e t i c fields before a n d d u r i n g t h e flare. O u r p u r p o s e is t o go o n 
w o r k i n g o n th is l ine poss ib ly wi th t h e c o o p e r a t i o n of s o m e o t h e r r e sea rchers . 
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1965 , SEPTEMBER 5 (Optical \\mc resolution 2 0 s + 5 m ) 
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FIG. 6. Schematical representation of the association in time of various observations for two AR. 
f indicates the maxima of the considered phenomena and the numbers under the arrows are the energies 

o o 
of these maxima; j indicates the beginning and the ending of the considered phenomenon; • indicates 

X 

the beginning and the ending of the observations; indicates the presence of isolated points, not a peak 
in the evolutive curve; L.E.E. indicates a long-enduring event in the graphs) and B. indicates a 
superimposed impulsive burst. As for the symbol b42 hhrom and similar ones, see the text. The figures 
under the arrows describing the optical phenomenon indicate the values (Ef.c)l(ECh.), while those under 
the arrows describing the radio phenomenon indicate the ratio of the energy emitted by the radio source 
to the one emitted by an equivalent area of the mean undisturbed disk. 

https://doi.org/10.1017/S0074180900021902 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900021902


A N A L Y S I S O F S O M E S O L A R F L A R E S 461 

1966, MARCH 16 (OPTICAL TIME RESOLUTION F-rSm) 
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FIG. 7. Schematical representation of the association in time of various observations for two AR. 
The notations are the same as in Figure 6. 
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1966, MARCM 21 
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F I G . 8. Schematical representation of the association in time of various observations for two AR. 
The notations are the same as in Figure 6. 
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1967, MARCH 3 (Optical time resolution r-3m) 
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F I G . 9. Schematical representation of the association in time of various observations for two AR. 
The notations are the same as in Figure 6. 
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D I S C U S S I O N 

Houtgast: At one of your slides you mentioned the large area around the Ha-flare, of which the 
intensity was below that of the normal chromosphere. D i d you follow the development of this 
nimbus-like feature with time? 

Rigutti: N o . We did not search in particular for the 'nimbus', but some of our cases showed it 
clearly. At this stage we can say that our measurements gave us the feeling that a more or less im
portant nimbus could always be present around a flare. We shall investigate this problem in the near 
future. 

Fokker: On some of the slides was mentioned: 3 cm, no observations. N o w , actually, the solar 
radio-patrol coverage at 3 cm is practically complete. Therefore, I understand that in these cases no 
3-cm observations were made at the Arcetri Observatory itself. I would suggest to ask the Heinrich-
Hertz Institute (Berlin) or the Sagamore Hill Observatory ( A F C R L , Bedford) for the records of the 
respective 3-cm events. 

Rigutti: We actually took into consideration only observations made at the Arcetri Observatory. 
W e began this work on February and a dead-line for presentation of papers was put on April 15. 
So we considered there was not enough time to ask for data from other institutions. We will certainly 
do it in the future. 

De Jager: Are flares always preceded by a contraction in area and/or integrated Ha luminosity? 
Rigutti: As far as the flares we considered are concerned, yes. The contraction takes place - more 

or less conspicuously - both in area and in integrated H a luminosity. 
Koeckelenbergh: (1) Quel est votre temps de resolution sur vos enregistrements radioelectriques? 
(2) Les pulsations d'eclat de la plage avant l'eruption sont-elles associees avec l'apparition de sous-

eruptions, ainsi qu'il m'est arrive de l'observer? 
(3) J'ai eu l'occasion d'6tudier la correlation entre les aires eruptives et l'energie emise pendant la 

phase croissante des sursauts associes sur 600 M H z . II y a une correlation qui apparait dans ce cas. 
(4) D e meme, une correlation se presente avec l'intensite de la raie Ha. Mais ici il y a une grande 

dispersion, les donnees sortant du Quarterly Bulletin. 
Rigutti: (1) About 10 sec. 
(2) I do not know. We did not look at this particular point. 
(3) and (4) Our results are obtained from a few cases only, but I would like to call attention to the 

fact that the flare areas given in the Quarterly Bulletin come from eye estimates, which are very rough 
and questionable. 
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