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P R O T O N F L A R E P R O J E C T 

Introduction and Summary 

reported by 

Z . SVESTKA 

(Astronomical Institute, Ondfejov, Czechoslovakia) 

All c o n t r i b u t i o n s p r e sen t ed a t t h e F r i d a y m o r n i n g session c o n c e r n e d resul t s of the 
P r o t o n F l a r e Pro jec t ( P F P ) , wh ich w a s o rgan ized by t h e I A U C o m m i s s i o n 10 u n d e r 
t he s p o n s o r s h i p of t h e I Q S Y C o m m i t t e e , f rom M a y 1 t o S e p t e m b e r 30, 1966. A s 
exp la ined b y Z . Sves tka in his i n t r o d u c t o r y t a lk , th i s p ro jec t h a d fou r m a i n a i m s : 

(1) T o observe p r o t o n flares sho r t l y after t h e m i n i m u m of t h e so l a r act ivi ty , w h e n , 
o n t h e r is ing p a r t of t h e so la r cycle, s o m e p r o t o n flares a l r e a d y a p p e a r , b u t n o t t o o 
m a n y of t h e m , so t h a t t h e i nd iv idua l p r o t o n flare p h e n o m e n a a r e fairly i so la ted . Th i s 
m a k e s it easy t o s t u d y all t h e effects of such a p r o t o n flare in t h e i n t e r p l a n e t a r y space 
a n d in t he E a r t h ' s s u r r o u n d i n g s , a n d par t i cu la r ly , it a l lows a de ta i led s t u d y of t he 
i so la ted act ive reg ion , in wh ich t h e p r o t o n flare a p p e a r s . 

(2) T o get s o m e p rac t i ca l exper ience in t h e forecas ts of p r o t o n flares a n d verify t h e 
rel iabi l i ty a n d t h e p rac t i ca l use of t h e m . 

(3) W i t h t h e a id of t h e s e forecas t s , t o give t o t h e so la r a n d geophys ica l obse rva to r i e s 
a n d to the l a u n c h i n g sites t h e poss ib i l i ty t o get p r e p a r e d for t h e c o m i n g even t . I t was 
h o p e d t h a t in th is w a y o n e m i g h t get very de ta i led o b s e r v a t i o n s of t h e p ro ton- f la re 
ac t ive reg ion , of t h e p r o t o n flare itself, a n d of its effects in t h e i n t e r p l a n e t a r y space 
a n d in t he E a r t h ' s m a g n e t o s p h e r e a n d i o n o s p h e r e . 

A n d finally, it h a s b e e n i n t e n d e d t o pub l i sh all t h e resul ts of such a s t u d y in o n e 
h o m o g e n e o u s series of p u b l i c a t i o n s , so t h a t t h e final resul t w o u l d be a fairly comple t e 
p i c tu re of t h e w h o l e p ro ton - f l a r e even t , i nc lud ing n o t on ly t h e p r o t o n flare itself a n d 
its effects, b u t a l so a s t u d y of t h e b i r th a n d d e v e l o p m e n t of t h e ac t ive r eg ion in which 
t h e p r o t o n flare a p p e a r e d . 

T h e m a i n b u r d e n of t h e o r g a n i z a t i o n of th i s p ro jec t was ca r r i ed b y D r . S i m o n a n d 
his c o - w o r k e r s a t t h e M e u d o n O b s e r v a t o r y in F r a n c e . D r . S i m o n served as t h e chief 
c o o r d i n a t o r of t h e p ro j ec t a n d h e w a s a lso r e spons ib le for t h e forecas t s of p r o t o n 
flares a n d for t h e co l lec t ion of t h e resul ts . 

T h e first P F P p ro ton - f l a r e a le r t w a s a n n o u n c e d o n J u l y 5, fo r a n e w so la r reg ion , 
w h i c h deve loped very fast in t h e N o r t h e r n so la r h e m i s p h e r e . A S P A R M O b a l l o o n 
was l a u n c h e d in even ing h o u r s o n J u l y 6, a n d 4 h o u r s la ter , sho r t l y after m i d n i g h t , 
a p r o t o n flare ac tua l ly a p p e a r e d in t h e suspec ted act ive reg ion . T h i s w a s a very favour
ab le event f rom the p o i n t of view of t h e P F P p r o g r a m m e , because t he p r o t o n flare 
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o c c u r r e d in a quie t pe r iod as a c o m p l e t e l y isola ted even t , a n d t h e ac t ive region in 
w h i c h th is flare a p p e a r e d w a s b o r n a few days before in t he visible h e m i s p h e r e of the 
so l a r d isk . T h e p r o t o n flare w a s a l so assoc ia ted w i th a smal l b u t d i s t inc t G L E . T h e r e 
fore , th is even t has been selected for a de ta i led s tudy . 

T h e resul ts of th is s t u d y will be pub l i shed in V o l u m e 3 of t h e IQSY Annals, which 
a l so will c o n t a i n , in o t h e r t w o v o l u m e s , t h e P roceed ings of t h e I Q S Y S y m p o s i u m , 
w h i c h was held in Ju ly in L o n d o n . F o l l o w i n g the wish of m a n y p a r t i c i p a t i n g scientists , 
howeve r , t w o mee t ings o n t h e P F P resu l t s were o rgan ized before th is p u b l i c a t i o n , t he 
first o n e d u r i n g the C O S P A R m e e t i n g in L o n d o n , o n Ju ly 27 a n d 28 , 1967, a n d the 
s econd o n e in B u d a p e s t , d u r i n g th is I A U S y m p o s i u m , o n S e p t e m b e r 8. T h e L o n d o n 
m e e t i n g was ma in ly c o n c e r n e d wi th t h e effects of the p r o t o n flare in t h e so la r c o r o n a , 
i n t e r p l a n e t a r y space , a n d t h e E a r t h ' s s u r r o u n d i n g s , as m e a s u r e d by t h e space tech
n i q u e s . In B u d a p e s t , on t h e c o n t r a r y , t h e preference h a s b e e n offered t o g r o u n d - b a s e 
o b s e r v a t i o n s of t he so la r ac t ive r eg ion , in which the p r o t o n flare f o r m e d . 

S ince all P F P p a p e r s will be p u b l i s h e d in t he IQSY Annals, including t h o s e p resen ted 
in B u d a p e s t , we d o n o t c o n s i d e r it useful t o pub l i sh these c o n t r i b u t i o n s here in full. 
I n s t e a d , we have dec ided t o pub l i sh in these P roceed ings on ly a br ief s u m m a r y of t h e 
P F P session in B u d a p e s t , t o give t o t h e r eader s genera l i n f o r m a t i o n o n t h e resul ts 
r e p o r t e d here , a n d a n y b o d y w h o is in te res ted in t h e m can find t h e full text of all t h e 
c o n t r i b u t i o n s in t he IQSY Annals, V o l u m e 3 (pub l i shed u n d e r t h e ausp ices of t h e 
I Q S Y C o m m i t t e e by the M I T Press in 1968). 

T h e p r o g r a m m e of t h e F r i d a y m o r n i n g session o n P F P resul t s c o n c e r n i n g t h e 
s t r u c t u r e a n d d e v e l o p m e n t of t h e ac t ive region wh ich p r o d u c e d the p r o t o n flare of 
Ju ly 7, 1966 was as fol lows (in t h e fo l lowing S u m m a r y these p a p e r s a r e referred t o 
by the i r series n u m b e r s ) : 

1. A . B. Severny ( C r i m e a ) : M a g n e t i c fields a n d p r o t o n flares ( T h e evo lu t ion of t he 
m a g n e t i c field). 

2 . G . B r u c k n e r ( G o t t i n g e n ) a n d M . W a l d m e i e r ( Z u r i c h ) : D i s t r i b u t i o n of m a g n e t i c 
fields in p h o t o s p h e r i c a n d c h r o m o s p h e r i c layers a n d its co r r e l a t i on t o t h e flare 
even t of Ju ly 8, 1 2 h 5 3 m - 1 3 h 4 0 m U T . (Presen ted by E. v. P . Smi th . ) 

3 . P . S . M c i n t o s h ( B o u l d e r ) : B i r th , evo lu t ion a n d fine s t r u c t u r e of p ro ton- f l a re 
a s soc ia ted s u n s p o t s . 

4 . G . N e w k i r k , R . T . H a n s e n , a n d S. H a n s e n ( B o u l d e r ) : D e v e l o p m e n t of t h e whi te -
l ight c o r o n a in t he p r o t o n r eg ion . 

5. A . Kr i ige r (Ber l in ) : R e m a r k s o n t h e S - c o m p o n e n t of t h e r a d i o emiss ion . 
6. M . J . M a r t r e s a n d M . Pick ( M e u d o n ) : S u m m a r y o n t h e d e v e l o p m e n t of t h e act ive 

r eg ion , based on p a p e r s 1-5, a n d o n t h e fol lowing c o n t r i b u t i o n s , w h i c h were n o t 
p r e sen t ed verbal ly in B u d a p e s t : 
6a . C . Popov ic i a n d A . D i m i t r i u ( B u c h a r e s t ) : T h e H - a l p h a p lage . 
6 b . T . F o r t i n i a n d M . Tor re l l i ( R o m e ) : T h e ca lc ium p lage . 
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6c. J. L. Le roy ( P i c - d u - M i d i ) : P h o t o m e t r i e des ra ies c o r o n a l e s 5303 A a n d 6374 A. 
6d. M . N . G n e v y s h e v ( K i s l o v o d s k ) : C o r o n a l o b s e r v a t i o n s . 
6e. H . F r i e d m a n a n d R. W . K r e p l i n ( W a s h i n g t o n ) : T h e s lowly v a r y i n g c o m p o n e n t 

of X - r a y emiss ion . 
6f. H . T a n a k a , T . K a k i n u m a , a n d S. E n o m e ( N a g o y a ) : T h e S - c o m p o n e n t of the 

r a d i o emiss ion . 
7. A . Bruzek ( F r e i b u r g ) : F la res in t he ac t ive reg ions . 
8. L. Kfivsky ( O n d f e j o v ) : C o m p l e x s tudy of energy loss of t h e ac t ive reg ion . 
9 . V . A . B a n i n ( I r k u t s k ) , L . D . d e Fei ter , a n d A . D . F o k k e r ( U t r e c h t ) : S u m m a r y o n 

t h e act ivi ty of t h e ac t ive reg ion , based on p a p e r s 7 a n d 8, a n d o n t h e fol lowing 
c o n t r i b u t i o n s , w h i c h were riot p re sen ted verbal ly in B u d a p e s t : 
9a . B. Valn icek (Ondfe jov ) , G . G o d o l i ( C a t a n i a ) , a n d F . M a z z u c c o n i (Arce t r i ) : 

T h e Wes t - l imb ac t iv i ty in t he H - a l p h a l ine. 

9 b . J . L . Le roy ( P i c - d u - M i d i ) : P h o t o g r a p h i e en H - a l p h a , H - b e t a et D 3 de la p r o 
t u b e r a n c e ac t ive d u 9 ju i l le t 1966. 

9c. G . S t iber ( S a l t s j o b a d e n ) : Po l a r i za t i on m e a s u r e m e n t s of t h e Ju ly 11th event . 
9d. E. H u r t o v e n k o , N . M o r o z h e n k o , a n d A . R a c h u b o v s k y ( K i e v ) : Act ive p r o m i 

nences on Ju ly 9 a n d 11 , 1966. 
9e. K . K a i ( M i t a k a ) a n d O . Y u d i n ( G o r k y ) : R a d i o bu r s t s . 
9f. H . F r i e d m a n a n d R . W . K r e p l i n ( W a s h i n g t o n ) : T h e X - r a y emiss ion events 

p reced ing t h e flares. 
9g. H . W . D o d s o n - P r i n c e ( M i c h i g a n ) : T h e b e h a v i o u r of t he ac t ive reg ion p r io r t o 

the p r o t o n flare based o n X sweep r eco rds . 
9h . R . R . F i sher a n d G . R. M a n n ( H a l e a k a l a ) : Va r i a t i ons in t h e ac t ive region . 
9i. A . Ca ldwel l ( C u l g o o r a ) a n d M . M c C a b e ( H a l e a k a l a ) : O p t i c a l o b s e r v a t i o n s of 

the p r o t o n flare. 
10. L . B . D e m k i n a , B . A . I o s h p a , E . I . Mogi levsky , a n d V . N . O b r i d k o ( M o s c o w ) : 

Loca l m a g n e t i c field decay . 
11 . H . W . D o d s o n - P r i n c e a n d E. R. H e d e m a n ( M i c h i g a n ) : L a t e ac t iv i ty of t h e act ive 

reg ion . 

A p a r t f rom these 11 c o n t r i b u t i o n s t w o m o r e p a p e r s were p r e s e n t e d d u r i n g the 
F r i d a y m o r n i n g sess ion, b y C . Sawye r a n d J . H . K insey . T h e s e p a p e r s were pa r t ly 
re la ted t o t h e P F P Ju ly 7 even t , b u t t hey discussed o t h e r flares as wel l , a n d therefore 
t hey a r e pub l i shed sepa ra t e ly f rom t h e fol lowing s u m m a r y . 

Summary 

O n J u n e 25 a n d 26 a t 33 ° N a la rge reg ion , wh ich covered a l m o s t 30° in long i tude , 
w a s pass ing t h e Eas t l imb of t h e S u n . It was an old e x p a n d i n g reg ion a n d t h e M c M a t h 
ac t ive region N o . 8362, w h i c h la ter on p r o d u c e d t h e p r o t o n flare on Ju ly 7, was b o r n 
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o n J u n e 28 o n t h e E a s t e r n p e r i p h e r y of this a r ea (6b) . Th i s is in a g r e e m e n t wi th t he 
genera l conc lus ions by B u m b a a n d H o w a r d (1965) t h a t new act ive reg ions fo rm inside 
o r very close t o o ld e x p a n d i n g m a g n e t i c fields. 

T h e d e v e l o p m e n t of th is new act ive reg ion in t h e fo l lowing d a y s a l so closely 
r e semb led the scheme desc r ibed by B u m b a a n d H o w a r d . T h e reg ion e x p a n d e d a l o n g 
t h e b o r d e r s of th ree s u p e r g r a n u l a r cells (6b) a n d the first spo t s a l so fo rmed a l o n g 

June 2 8 06.42 June 28 18.04 

July 3 07.20 July 4 02.50 
F I G . 1 . Development of the calcium plage during the first days of life of the active region. The newly 

born active region No. 8362 is marked by an arrow (Fortini and Torrelli, 6b). 
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s u p e r g r a n u l a r b o u n d a r i e s (3). T h e d e v e l o p m e n t of t h e ca l c i u m p l age is d r a w n in 
F igu re 1, a c c o r d i n g t o p h o t o g r a p h s (6b) wh ich the r e a d e r c a n find in t h e IQSY Annals. 
T h e increase of t h e ac t ive r eg ion w a s fairly s low unt i l a n e w l u m i n o u s g ra in a p p e a r e d 
o n Ju ly 2, 2° Eas t of t h e o lde r p l age a n d m e r g e d w i th it o n J u l y 4 . A t a b o u t t he s a m e 
t i m e , o n Ju ly 3 a f t e r n o o n , t h e H a p lage a l so t o o k a c o m p a c t a n d e longa ted fo rm, 
w h i c h deve loped t o i ts m a x i m u m br igh tness o n Ju ly 6 (6a) . 

T h e first spo t s (3) were o b s e r v e d o n J u n e 30 a n d all possessed t h e m a g n e t i c po la r i ty 
of fo l lowing spo t s in t h e N o r t h e r n h e m i s p h e r e . T h e evo lu t ion of t h e s u n s p o t g r o u p 
p r o c e e d e d w i th t h e successive d e v e l o p m e n t of t w o b i p o l a r g r o u p i n g s of spo t s E a s t 
of t h e or ig ina l spo t s , a n d t h e fo l lower po l a r i t y w a s t h e first t o a p p e a r in e a c h of these 
pa i r s . M c i n t o s h e m p h a s i z e s t h a t in b o t h pa i r s t h e l eader spo t s were N o r t h of t h e 
fol lowers , c o n t r a r y t o t h e n o r m a l occu r rence . T h e a p p e a r a n c e of t h e s econd b i p o l a r 
p a i r co inc ided w i th t h e c o m m e n c e m e n t of r ap id g r o w t h of t he en t i r e r eg ion o n Ju ly 3 . 

T h e respect ive p o s i t i o n s of these g r o u p s were qu i t e r e m a r k a b l e (6). Since the i r 
a p p e a r a n c e , t h e s u n s p o t s c o n s t i t u t e d t w o r anges of inverse po la r i ty , w i th t h e neu t r a l 
l ine r o u g h l y para l le l t o t h e e q u a t o r (F igu re 2) . Be tween 1 4 h o n J u l y 4 a n d 8 h o n Ju ly 5, 
t h e 5 conf igura t ion w a s bui l t u p , cha rac t e r i zed by spo t s of inverse p o l a r i t y wi th in t he 
s a m e p e n u m b r a . F ina l ly , b e t w e e n J u l y 5 a n d 6, t h e p ro ton - f l a r e ac t ive A configu
r a t i o n ( A v i g n o n et al., 1963) w a s definitely bui l t u p . Af ter a b o u t 1 2 h U T o n Ju ly 6 
eve ry th ing seemed t o be p r e p a r e d for a p ro ton- f l a re o c c u r r e n c e : T h e s u n s p o t g r o u p 
w a s fo rmed by t w o para l le l r o w s of spo t s of o p p o s i t e m a g n e t i c p o l a r i t y e m b e d d e d in 
a c o m m o n p e n u m b r a , a n d t h e H a p lage (6a) began t o exhib i t t w o b r igh t r i b b o n s 
w h i c h h a d a symmet r i ca l d i spos i t ion wi th respec t t o t h e axis of t h e g r o u p a n d j u s t 
covered the p e n u m b r a of t h e t w o ranges of spo t s ( F i g u r e 3). 

T h e s e twelve h o u r s p r e c e d i n g t h e p r o t o n flare (which a p p e a r e d a t 0 h 2 6 m o n Ju ly 7) 
a r e qu i t e in te res t ing f r o m several p o i n t s of view. F i rs t , it is of in te res t t h a t d u r i n g 
th i s t ime t h e H a p lage a l r e a d y possessed a s h a p e very s imi lar t o t h e s h a p e of t he 
p r o t o n flare itself (6a) . T h e p e n u m b r a be tween t h e large u m b r a e in t h e cen t ra l p a r t 
of t h e g r o u p deve loped excep t iona l ly d a r k a n d th ick filaments pa ra l l e l t o the r o w s 
of u m b r a e (3). E igh teen >l-sweep r eco rds in t h e H a line m a d e d u r i n g th is pe r iod a t 
M c M a t h - H u l b e r t O b s e r v a t o r y (9g) s h o w e d heavy a b s o r p t i o n in t h e ac t ive reg ion a n d 
in its s u r r o u n d i n g s a n d m o t i o n s o f a b s o r b i n g ma te r i a l c loser a n d c loser t o t h e la rge 
s p o t of N o r t h e r n po la r i t y . T h e r e w a s a c o n t i n u o u s p r o d u c t i o n of smal l flares wi th 
increas ing a r ea f rom o n e subf lare t o t h e fo l lowing o n e , b u t n o la rger flare a p p e a r e d 
d u r i n g th is pe r iod . A n o t h e r pecu l i a r charac te r i s t i c of th i s p h a s e of d e v e l o p m e n t w a s 
t h e occur rence of smal l bu r s t s a t a r o u n d 10000 M c / s , p a r t l y a s soc ia t ed wi th t he s u b -
flares, wh ich h a d n o c o u n t e r p a r t a t lower f requencies , be low 8000 M c / s (9, 9e , 9g) . 
I t is n o t e w o r t h y t h a t t h e p r o d u c t i o n of these h igh- f requency b u r s t s w a s n o t in t h e 
least d i s tu rbed by t h e o c c u r r e n c e of t h e p r o t o n flare itself. A s o m e w h a t s imi lar bu r s t 
of act ivi ty was obse rved in t h e p ro ton- f l a re act ive reg ion w h i c h pas sed the cen t ra l 
me r id i an on Ju ly 13-8, 1961, b u t we h a r d l y k n o w a n y o t h e r p r e v i o u s cen t res of 
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FIG. 2. Development of the sunspot group, with neutral line of the magnetic field drawn inside the 
group (Mcintosh, 3; Martres and Pick, 6). 
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FIG. 3. The Ha plage on July 7, at 0h18m UT, a few minutes before the proton-flare appearance 
(Banin et al., 9). 
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F I G . 4. Time variation of the sunspot-group area (Mcintosh, 3). 
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act iv i ty t h a t p r o d u c e d so pers i s ten t ly bu r s t s t h a t were so sys temat ica l ly res t r ic ted t o 
very h igh frequencies (9). 

T h e to t a l a r e a of t h e s u n s p o t g r o u p (3) b e g a n t o increase a t a fast r a t e s ince Ju ly 3, 
as o n e c a n see f rom F i g u r e 4 . C o n t r a r y t o s o m e p rev ious o b s e r v a t i o n s of p ro ton- f l a re 
r eg ions , th i s increase c o n t i n u e d for a t least 2 days fo l lowing t h e p r o t o n flare. H o w e v e r , 
t h e l a rge u m b r a e n e a r t h e c e n t r e of t h e g r o u p , wh ich u n d e r l a i d t h e b r igh tes t p a r t s of 
t h e p r o t o n flare, b e g a n t o decay w i t h i n ha l f -a -day of t h e t i m e of t h e flare, w h i c h m i g h t 
h a v e b e e n re la ted t o its o c c u r r e n c e ( 3 ; Sawyer , 1968). 

F r o m Ju ly 4 t o Ju ly 7, 27 r e c o r d s of t h e m a g n e t i c field of t h e ac t ive r eg ion were 
o b t a i n e d a t t h e C r i m e a n O b s e r v a t o r y (1). T h e c o m p a r i s o n of longi tudinal- f ie ld m a p s 
for different d a y s shows t h a t t hey a r e very s imilar ( an e x a m p l e is s h o w n in F i g u r e 5 ) : 
o n each m a p we c a n ident ify t h e s a m e t h r ee s t r o n g m a g n e t i c 'h i l l s ' , A s , Bs , C s of 
S o u t h e r n po la r i ty in t he N o r t h e r n p a r t of t h e m a p , a n d 2 - 3 A N , B N , C N n o t so s t r o n g 

06.07.66. A 6103 

*2 •/ 0 -1 -2 -3 -4 

F I G . 5. Magnetic map of the longitudinal (above) and transversal field (below) on July 6 (Severny, 1). 
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' h i l l s ' of N o r t h e r n p o l a r i t y l oca t ed t o t he S o u t h j u s t o p p o s i t e t o t h e p r eced ing ones . 
T h e to ta l m a g n e t i c ene rgy of t h e ac t ive reg ion w a s i nc reas ing f r o m 1-2 x 1 0 3 2 e rgs 

o n Ju ly 4-3 u p t o 20 x 1 0 3 2 e rgs o n J u l y 6*4, a n d dec reased b a c k t o a b o u t t h e ini t ia l 
va lue after t h e p ro ton- f l a re o c c u r r e n c e ( F i g u r e 6). A l s o t h e g r a d i e n t s of t he l ong i tud ina l 
m a g n e t i c field a l o n g t h e s t r a igh t l ines j o i n i n g t h e m a g n e t i c hills A , B, C , s h o w the 
s a m e behav iou r , i nc reas ing , o n a n ave rage , f rom ini t ial va lues of a b o u t 0-1 g a u s s / k m 
t o t h e p e a k va lue of ~ 1 g a u s s / k m o n Ju ly 6-2 a n d dec reas ing aga in t o 0-1-0*2 g a u s s - k m 
o n Ju ly 7-2. W h e n c o m p a r i n g m e a s u r e m e n t s in k 5250 a n d k 6103 l ines Severny f o u n d 
t h e m a g n e t i c flux as well a s t h e g r a d i e n t a n d the re la t ive inc rease of these quan t i t i e s 
l a rge r in t he deepe r layer (k 5250 A). T h e genera l c h a r a c t e r of t h e m a g n e t i c field ins ide 
t h e s u n s p o t g r o u p w a s ve ry s imi la r t o t h a t o n e obse rved in the g r o u p which p r o d u c e d 
t h e p r o t o n flare of J u l y 16, 1959 ( H o w a r d a n d Severny, 1963). D u e t o the g a p in 

F I G . 6. Time variation of the magnetic flux and total magnetic energy in the active region (Severny, 1). 
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o b s e r v a t i o n s be tween J u l y 6-4 a n d 7*2, however , o n e c a n n o t say w h e t h e r t h e decrease 

of t h e m a g n e t i c flux a n d of t he g r a d i e n t s closely p receded o r fol lowed t h e p ro ton- f la re 

a p p e a r a n c e . 
F i g u r e 5 a lso shows a r ep resen ta t ive m a p of t h e t r ansve r sa l field a s it l ooked 

a c c o r d i n g t o t h e C r i m e a n m e a s u r e m e n t s , before t h e p ro ton - f l a re a p p e a r a n c e . A p 
prec iab le difference in d i rec t ions of t h e t ransverse field first a p p e a r e d o n t h e m a p s 
o b t a i n e d on Ju ly 7, 5 h o u r s after t h e flare onse t . W h i l e t h e d i r ec t ions h a d fo rmed 
r o u g h l y s o m e t h i n g like a c ross in t h e m i d d l e of t h e m a p before t h e flare a p p e a r a n c e 
( F i g u r e 5), o n Ju ly 7 Severny f o u n d ins t ead of i t a s t r e a m of p u r e l y h o r i z o n t a l d i -

0 5 . 0 7 . 6 6 
0 6 . 0 7 . 6 6 A 6 1 0 3 
0 7 . 0 7 . 6 6 

+2.0 

J I I 1 1 1 — 

H - / .5 

F I G . 7. Comparison of the directions of the transversal magnetic field before the proton flare 
(July 5 and 6) and after its occurrence (July 7) (Severny, 1). 

r ec t ions ( in E - W o r i e n t a t i o n ) a s if t h e p r o t o n flare h a d forced t h e d i r ec t ions t o be 
para l le l t o its b r igh t r i b b o n s , a n d t o t h e neu t r a l l ine = 0 ( F i g u r e 7) . T h u s , we find 
a r o t a t i o n b y 90° of vec to r fields in t h e cen t ra l p a r t o f t h e r eg ion be tween J u l y 6 a n d 
Ju ly 7, d u r i n g t he n igh t w h e n t h e p r o t o n flare a p p e a r e d , a p h e n o m e n o n w h i c h Severny 
(1964) a l r eady obse rved a n d desc r ibed ear l ier for o the r so la r flares. T h e fact t h a t all 
six m a p s of t h e t r ansversa l field o b t a i n e d on Ju ly 7 a re s imilar , i nc lud ing t h o s e for t h e 
lowes t level (X4808 A), l eads t o t h e c o n c l u s i o n t h a t t he re were n o a p p r e c i a b l e c h a n g e s 
in t h e vec to r field of H± d u r i n g t h e m o r n i n g h o u r s of J u l y 7, so t h a t all obse rved 
c h a n g e s indeed m u s t be a t t r i b u t e d t o t h e n igh t of 6 t o 7 Ju ly , w h e n t h e p r o t o n flare 
a p p e a r e d . 

Severny also cons t ruc t ed 10 i sogauss m a p s of t he to ta l vec to r of t h e m a g n e t i c 
field | H | based o n obse rved m a p s o f a n d H±. E x a m p l e s of these m a p s a r e o n 
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Figu re 8 a n d s h o w t h e m a i n p rocess of t he fission of la rge m a g n e t i c t u b e s of force 
i n t o smal l pieces , t h e p roces s obse rved recent ly by G o p a s y u k (1967) for decay ing 
g r o u p s . O n e a l so c a n see f r o m th i s figure t h a t i sogauss c o n t o u r s (for a given s t r eng th ) 
a r e b r o a d e r in A4808 t h a n in A5250 ind ica t ing t h a t t he m a g n e t i c flux a n d energy a t 
t h e lower level w a s h ighe r t h a n a t t h e u p p e r o n e . Severny c o n c l u d e s f r o m it t h a t the 
m a g n e t i c field of t h e ac t ive reg ion w a s c o n c e n t r a t e d a t d e e p layers of the solar 
a t m o s p h e r e . 

T h e slowly vary ing c o m p o n e n t of t h e r&dio emiss ion as soc ia t ed wi th t h e p r o t o n -
flare act ive reg ion (5 , 6f) b e g a n to increase o n Ju ly 3 , a n d t h e genera l evo lu t ion of 
t h e r a d i o flux w a s qu i t e s imi la r t o t h e d e v e l o p m e n t of t h e s u n s p o t a r e a : T h e flux w a s 

05.07.66 08 35-WW UT 

•J *2 *1 

F I G . 8. Total vector magnetic maps of July 5 and 7 (Severny, I). 
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i nc r ea s ing u p t o Ju ly 8 a n d r a p i d l y decreased o n the fo l lowing days . D u r i n g th is 
pe r iod , however , t h e spec t ra l d i s t r i b u t i o n of t h e r a d i o in tens i ty c h a n g e d qu i t e sub 
s tan t ia l ly , as o n e c a n see f r o m F i g u r e 9. U n t i l J u l y 4-5, t h e flux dens i ty dec reased wi th 
t h e inc reas ing f requency be tween 4 a n d 9-4 G H z , as c o m m o n l y obse rved for t h e 
ma jo r i t y of t h e act ive cen t res ( S w a r u p et al., 1963). Between Ju ly 4-5 a n d 5 0 , however , 
t h e flux a t 9-4 G H z inc reased subs t an t i a l l y so t h a t t h e s p e c t r u m b e c a m e re la t ively flat 
in t h e 4 -9-4 G H z f requency in te rva l for all t he r e m a i n i n g d a y s un t i l Ju ly 8. Such a 
b e h a v i o u r is in a g r e e m e n t wi th t h e genera l ly obse rved spec t ra l charac te r i s t i c s of 

FREQUENCY (GC/S) 
F I G . 9. Time variation of the spectrum of the s-component from July 4 to July 8 (Tanaka et al., 6f). 

pro ton- f l a re act ive reg ions , as r e p o r t e d before by T a n a k a a n d K a k i n u m a (1964). T h e 
s u d d e n increase of t he flux o n J u l y 5 ind ica tes t h a t th is e n h a n c e m e n t of 3 c m rad i a t i on 
is n o t assoc ia ted w i th t he increase of t h e s u n s p o t a rea , as is t h e case wi th longer wave
l eng ths , b u t it is d u e to a cha rac te r i s t i c c h a n g e of the m a g n e t i c s t r uc tu r e of t h e act ive 
r eg ion (6) . 

X - r a y o b s e r v a t i o n s s h o w (6e, 9f ) , t h a t t h e X - r a y flux b e g a n t o i nc rease sl ightly o n 
Ju ly 4, a n d significantly af ter J u l y 5-5. By 6 Ju ly , X - r a y flux levels h a d increased by 
fac to r s of 15, 5, a n d 1-6 in t h e 0 - 8 , 8 -20 a n d 4 4 - 6 0 A b a n d s , respect ively . T h e X - r a y 
r e c o r d s o n th is d a t e a n d o n t h e fo l lowing days a r e c o n s p i c u o u s by c o n s i d e r a b l e fluctu
a t i o n s even d u r i n g t h e p e r i o d of o n e t e l emet ry p a s s (i.e. a p p r o x i m a t e l y 10 m i n ) . T h e 
emis s ion s p e c t r u m a lso b e c a m e m u c h h a r d e r . 

T h e dens i ty of t he c o r o n a a b o v e t h e act ive reg ion inc reased d r a m a t i c a l l y be tween 
J u n e 27 a n d Ju ly 10 ( F i g u r e 10) w h e n t h e ac t ive region pas sed t h e E a s t e r n a n d Wes t e rn 
l i m b s of t h e Sun , as one c a n see f r o m m e a s u r e m e n t s b o t h of t h e whi te - l igh t c o r o n a 
(4) a n d of c o r o n a l l ine in tens i t ies (6c, 6d) . B o t h G n e v y s h e v a n d N e w k i r k et al. confirm 
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FIG. 10. A superposition of radial plots of K-coronameter data for the limb passages of the active 
region on June 24-28 and July 8-12 for a scan height of R = 1-125 RQ. Dates for the individual traces 
in July are indicated (Newkirk et al., 4 ) . 

t h a t t he m a x i m u m of c o r o n a l in tens i ty d id n o t co inc ide exac t ly w i t h t h e pos i t ion of 
t h e p r o t o n flare, b u t i t w a s shifted a few degrees t o the N o r t h . 

T h e d e d u c e d c o r o n a l e lec t ron dens i ty on Ju ly 10 (i.e., 3 d a y s af ter t h e p r o t o n event ) 
w a s on ly sl ightly l a rger t h a n over o t h e r ac t ive reg ions wi th in t h e r a n g e of he ights 
a b o v e 0-3 so la r rad i i , b u t it s ignificantly exceeded t h e dens i ty in o t h e r ac t ive reg ions 
in t h e low c o r o n a l layers (4). T h i s o b s e r v a t i o n of a u n i q u e , low-e leva t ion c o r o n a l 
c o n d e n s a t i o n (also f o u n d for t h e l i m b passage on S e p t e m b e r 5, sho r t ly after t h e t w o 
o t h e r P F P p ro ton- f l a re occu r rences ) suggests t h a t p r o t o n flares eject m a t e r i a l i n t o t h e 
c o r o n a . N e w k i r k et al. t h i n k t h a t t h e e x p a n d i n g series of l o o p p r o m i n e n c e s a n d t h e 
e x p a n d i n g c o n d e n s a t i o n r ep re sen t different aspec t s of t h e s a m e p h e n o m e n o n b r o u g h t 
o n by the e m e r g e n c e of a m a g n e t i c d o m e f rom t h e lower a t m o s p h e r e . 

F l a r e act ivi ty (7) b e g a n o n Ju ly 3 a n d inc reased para l le l t o t h e g r o w t h of t he act ive 
r eg ion . O n Ju ly 6 t h r o u g h J u l y 9 t h e flare act ivi ty ( inc lud ing subflares) t o o k p lace 
d u r i n g a b o u t 5 0 % of t h e t i m e , b u t it w a s re la t ively low as well as for t h e i m p o r t a n c e 
of t h e largest flares a s for t h e n u m b e r of flares o t h e r t h a n subf lares . N o real ly large 
even t ( i m p o r t a n c e - 3 o r 4 flares) t o o k p lace in t h e visible h e m i s p h e r e . T h r e e c lass-2b 
flares on ly occu r r ed o n t h e d isk , t h e p r o t o n flare of Ju ly 7 be ing t h e m o s t i m p o r t a n t 
of t h e m . A to ta l of 74 subflares , 34 impor t ance -1 flares a n d th ree i m p o r t a n c e - 2 b flares 
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were obse rved in t he ac t ive r eg ion f r o m Ju ly 3 t h r o u g h Ju ly 10. A c o n s p i c u o u s 
e rup t ive l imb event o n Ju ly 11 ( F i g u r e 11) is of pa r t i cu l a r in te res t , b u t t he i m p o r t a n c e 
of t h e flare assoc ia ted w i th it u n f o r t u n a t e l y is n o t k n o w n b e c a u s e it o c c u r r e d o n t h e 
far s ide of t he S u n . Th i s la rge p r o m i n e n c e first h a d a n explos ive c h a r a c t e r , a n d spect ra l 
l ines s h o w e d a n u m b e r of c o n d e n s a t i o n s wi th different l ine-of-sight veloci t ies (9d) . 
L a t e r o n , however , t he l ine profiles g r a d u a l l y c h a n g e d i n t o f o r m s s imi la r t o t h o s e for 
l o o p p r o m i n e n c e s . 

P lace of or igin a n d ini t ia l s h a p e of t h e ma jo r flares d id n o t differ very m u c h , a n d 
para l l e l s t r a n d s were f o r m e d a t least in a r u d i m e n t a r y s h a p e in a n u m b e r of flares (7). 
V a r i o u s flares, however , deve loped a n d e x p a n d e d in r a t h e r different w a y s . T h e p r o t o n 
flare of Ju ly 7 was br igh tes t of t h e m , a n d it a lso was t he on ly o n e w h i c h covered all 
t h e spo t s comple te ly , for a t least 1 h o u r . 

All t he flares p reced ing t h e p r o t o n flare were of m i n o r i m p o r t a n c e , so t h a t t he 
p r o t o n flare was the first ma jo r even t in the g r o u p . T h e nex t m a j o r flare fo l lowing 
t h e Ju ly 7 p r o t o n flare occu r r ed o n J u l y 8 a t 1 2 h 3 6 m U T . In its m a x i m u m t h e N o r t h e r n 
(i.e. t h e S o u t h - p o l a r ) r o w of u m b r a e w a s covered a l m o s t comple t e ly b y the flare, 
whi le t h e S o u t h e r n ( N o r t h - p o l a r ) s p o t s r e m a i n e d still p a r t l y visible in H a . T h e second 
larges t flare in this ac t ive reg ion o c c u r r e d on Ju ly 9 a t 0 3 h 0 5 m U T . All large spo t s 
except t he S o u t h e r n leader (which h a d N o r t h - p o l a r i t y ) were cove red by t h e flare 
wi th in a few m i n u t e s , a n d since 0 3 h 2 9 m o n e cou ld obse rve l o o p p r o m i n e n c e s deve lop ing 
f r o m t h e flare reg ion (see a n e x a m p l e in Sves tka , 1968). 

C o m p a r i n g the ' n o n - p r o t o n ' Ju ly 9 flare wi th the Ju ly 7 p r o t o n flare we find a n 
a p p r e c i a b l e difference in s h a p e a n d d e v e l o p m e n t , wh ich m a y p a r t l y be d u e t o different 
a r r a n g e m e n t of t he spo t s . B ruzek e m p h a s i z e s t h a t the Ju ly 9 flare, surpr i s ing ly , l ooked 
m u c h m o r e l ike t he p r o t o n flares as they were obse rved in p a s t yea r s t h a n t h e Ju ly 7 
flare d id . T h e a reas of t h e t w o flares were a b o u t t he s a m e size a t m a x i m u m br igh tness . 
T h e Ju ly 7 flare, howeve r , w a s m u c h b r igh te r a n d it e x p a n d e d m u c h m o r e a n d for a 
l onge r p e r i o d finally cove r ing all spo t s in t he g r o u p (7). 

I t is well k n o w n t h a t l o o p - p r o m i n e n c e sys tems a re closely assoc ia ted wi th p r o t o n 
flares (Bruzek , 1964). I t is of in te res t t h a t in th is case l o o p p r o m i n e n c e s d id n o t ac 
c o m p a n y t h e p r o t o n flare itself, b u t a n o t h e r la rge flare p r o d u c e d by t h e s a m e act ive 
r eg ion 2 days later . Th i s seems t o conf i rm Sves tka ' s (1968) c o n c l u s i o n t h a t l o o p -
p r o m i n e n c e sys tems a re a s soc i a t ed w i t h p ro ton- f l a re ac t ive r eg ions a n d n o t direct ly 
wi th p r o t o n flares themse lves . 

T h e g rea t e rup t ive p r o m i n e n c e of Ju ly 11 (F igu re 11) w a s a n o u t s t a n d i n g p h e n o m e 
n o n a n d i ts f o r m seems t o d e m o n s t r a t e t he exis tence of a c o m p l e x magnet ic-f ie ld 
s t r u c t u r e a b o v e t h e ac t ive r eg ion (9a ) . A t t h e beg inn ing of i ts d e v e l o p m e n t t h e p r o m i 
n e n c e w a s d iv ided in t w o p a r t s w h i c h deve loped sepa ra te ly . O n e p a r t deve loped 
a p p r o x i m a t e l y in a d i rec t ion para l l e l t o t h e l i m b a n d t o w a r d s t h e obse rve r . T h e o t h e r 
p a r t , w h i c h was t h e m a i n o n e , d e v e l o p e d in a d i rec t ion inc l ined a t 40° t o t h e l imb 
a n d its veloci ty exceeded 300 k m / s . T h e m a i n p a r t of t he p r o m i n e n c e , however , as 
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FIG. 1 1 . The eruptive prominence of July 11, photographed in the Hot line at 9h52™ UT ( Valnicek 
et al, 9a). 

well as t he h y p o t h e t i c la rge flare be low it, r e m a i n e d b e h i n d t h e so la r l i m b . Valnicek 
a n d his c o - a u t h o r s c o m e t o t h e conc lu s ion t h a t we mee t here w i t h a twis ted p r o m i 
nence , w h i c h s t a r t ed in a d i r ec t ion para l le l t o t h e p l a n e of t h e d isk a n d after c o m 
ple t ing a twis t r e t u r n e d t o t h e c h r o m o s p h e r e in a d i r ec t ion nea r ly p e r p e n d i c u l a r t o 
t h e in i t ia l d i rec t ion . 

In t he r ad io - f r equency r a n g e , un t i l Ju ly 5 on ly occas iona l b u r s t s w i th smal l in tens i ty 
were obse rved (9e). S ince 1 2 h U T o n Ju ly 5 b u r s t s b e g a n t o o c c u r m o r e f requent ly 
a n d t h e n u m b e r of b u r s t s h a d t h e m a x i m u m a t 1 5 h - 2 4 h o n Ju ly 6. A s we m e n t i o n e d 
a b o v e , however , m o s t of t h e m were obse rved a t 3 c m only , w i t h o u t a n y c o u n t e r p a r t 
a t longer wave leng ths , t h o u g h o b s e r v a t i o n s were ca r r i ed o u t c o n t i n u o u s l y a t m a n y 
f requencies . T h e n u m b e r of flares does n o t s h o w such a m a x i m u m . H i g h r a d i o -
emiss ion act ivi ty c o n t i n u e d after t h e p ro ton - f l a re a p p e a r a n c e a n d i ts fall w a s s lower 
t h a n its rise w h i c h , in fact , t o o k 1 d a y only . 

T h e Ju ly 7 p ro ton - f l a re even t w a s assoc ia ted w i t h a n o u t s t a n d i n g t ype - IV bur s t . 
A p a r t f rom it , o t h e r four significant bu r s t s were p r o d u c e d b y t h e p ro ton - f l a re r e g i o n : 
T h e nex t g rea tes t o n e t o t h e b u r s t a s soc ia ted wi th t h e p r o t o n even t o c c u r r e d on Ju ly 9 
a t 0 2 h 3 0 m U T a n d a c c o m p a n i e d t h e large flare w h i c h was a l r e a d y descr ibed a b o v e . 
T h e spect ra l d i a g r a m of th i s bu r s t cou ld a lso be classified as a t ype - IV event , its flux 
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FIG. 1 2 . Time development of the proton flare in the Ha line (Caldwell and McCabe, 9i). The 
off-band picture at the bottom taken at 0h46m UT shows the position of the two bright ribbons amongst 
the spots (Dodson-Prince, 9g). 
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dens i ty , however , was m u c h smal le r t h a n on Ju ly 7. T h e o t h e r g rea t e r bu r s t s were 
assoc ia ted wi th t w o flares of i m p o r t a n c e I B a n d 2B on Ju ly 8, a n d wi th the large 
e rup t ive p r o m i n e n c e o n Ju ly 11 . 

X- r ay burs t s a lso o c c u r r e d very f requent ly on Ju ly 6. O n ten t e l eme t ry passes (9f) 
t h e X- ray in tens i ty w a s obse rved t o c h a n g e w i th in a pe r iod of 5 -15 m i n , in s o m e cases 
d r ama t i ca l l y , a n d in m o s t cases these r ap id va r i a t i ons were c lear ly assoc ia ted wi th 
so la r flares f r o m t h e p ro ton - f l a r e ac t ive reg ion . D u r i n g t h e p r o t o n flare all of t he 
p h o t o m e t e r amplif iers were heavi ly s a t u r a t e d unt i l 0 1 h 5 7 m a n d t h e n t h e flare X - r a y 
emiss ion decayed slowly unt i l 9 h U T o n Ju ly 7. D u r i n g th i s decay - t ime n o var iabi l i ty 
of t h e X - r a y flux w a s r e c o r d e d , b u t it s t a r ted aga in in t h e U T a f t e r n o o n o n Ju ly 7. 

Kf ivsky (8) c o n s t r u c t e d a s u m m a t i o n cu rve of all S I D effects p r o d u c e d by the 
p ro ton- f la re region f r o m va lues Ix D (where / is t h e S I D - e v e n t i m p o r t a n c e a n d D i ts 
d u r a t i o n ) a n d d e m o n s t r a t e d t h e s lope of th is s u m m a t i o n cu rve as a cha rac te r i s t i c of 
t h e t i m e d i s t r i bu t ion in t h e ' ene rgy loss ' of t h e act ive reg ion . T h e s lope s ta r ted t o 
inc rease on J u l y 3 a n d c h a n g e d r e m a r k a b l y in t h e U T m o r n i n g h o u r s of J u l y 6. Since 
t h a t t i m e t h e s lope r e m a i n e d fairly c o n s t a n t un t i l Ju ly 10. Th i s a g a i n conf i rms t h a t 
t h e c h a r a c t e r of t h e act iv i ty in t h e reg ion c h a n g e d subs tan t i a l ly o n J u l y 6 after t he 
A-conf igu ra t ion of t h e s u n s p o t s h a d been bui l t . M a r t r e s a n d P ick (6) d i s t ingu ish t w o 
p h a s e s in t h e d e v e l o p m e n t of t h e ac t ive reg ion before t h e p ro ton - f l a re o c c u r r e n c e : 
T h e first p h a s e leads t o t h e f o r m a t i o n of t he a p p r o p r i a t e s t r u c t u r e , w h e r e a s t h e second 
p h a s e , wh ich begins s o m e w h e r e be tween t h e 5 th a n d 6 t h of J u l y is t h e e l a b o r a t i o n 
of t h e p r o t o n flare itself. 

T h e p r o t o n flare i tself ( F i g u r e 12) o c c u r r e d as a flare even t of i m p o r t a n c e 2B a t 
0 h 2 6 m U T o n J u l y 7, w h e n t h e ac t ive reg ion w a s a b o u t 50° W e s t f r o m t h e cen t ra l 
me r id i an . T h e he l i og raph ic c o o r d i n a t e s of t h e flare w e r e 3 5 N 4 7 W . It c o m m e n c e d 
as t w o smal l b r igh t a r e a s ad j acen t t o t h e l a rger spo t s a n d t h e a r e a s e x p a n d e d rap id ly 
w i th in t h e p lage (9i). F ina l ly , t h e s h a p e of t h e flare k e p t t h e f o r m of t w o , para l le l , 
b r i gh t filaments s t re tched a l o n g t h e spo t r o w s , i.e. t h e typica l p ro ton - f l a r e f o r m a t i o n 
d i scovered b y El l ison et al. (1961) . T h e S o u t h e r n flare filament w a s l o n g e r t h a n the 
N o r t h e r n o n e a n d emiss ion cove red a l m o s t comple t e ly t h e u m b r a e (6, 6i). T h e 
s t ruc tu r e of t h e flare a n d i ts r e l a t i onsh ip t o t h e s u n s p o t s is seen m o r e clearly in 
ske tches m a d e f rom off -band p i c tu re s (F igu re 13). N o flare n i m b u s n o r l o o p p r o m i 
nences cou ld be de tec ted in a s soc i a t i on wi th t h e p r o t o n flare (6i) . 

D u r i n g t h e l ifetime of t h e flare a n ac t iva t ion of filaments a n d of s y m p a t h e t i c flares 
w a s obse rved (6, 6i) . T w o filaments t o t h e E a s t of t h e ac t ive r eg ion d i s a p p e a r e d 
a b r u p t l y a n d t h e la rge d a r k filament in th i s reg ion d i s a p p e a r e d g r a d u a l l y . I n t h e s a m e 
ac t ive reg ion o r c lose t o it , t w o flares a p p e a r e d d u r i n g t h e life of t h e flare, one a t 
0 h 3 1 m (pos i t ion 35 N 62 W ) a n d t h e o t h e r o n e a t 0 h 5 0 m ( pos i t i on 35 N 56 W ) . 

F i g u r e 14 shows a s u p e r p o s i t i o n of t h e a r e a occup ied by t h e p r o t o n flare, o n the 
c o m b i n e d m a g n e t i c m a p c o n t a i n i n g t h e m a i n 'h i l l s ' of t h e l o n g i t u d i n a l field a n d the 
d i rec t ions of t h e t r ansversa l o n e as r e co rded b y Severny (1) o n Ju ly 7 be tween 5 h a n d 
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FIG. 1 3 . Sketches of the flare made from Ha ojf-band pictures (Caldwell and McCabe, 9i). 

' t'M***, 0*44UT 

FIG. 1 4 . Superposition of the proton flare (contoured area) on the maps of the longitudinal and 
transversal magnetic field. H\\ = 0 is the neutral line and the dark areas represent sunspots (Severny, 1). 

6 h U T . O n e c a n clearly see t h a t t h e t w o b r igh t r i b b o n s of t h e p r o t o n flare a p p e a r e d 
s imu l t aneous ly in reg ions of o p p o s i t e m a g n e t i c po la r i ty . O n e of t h e flare a r e a s is j u s t 
t o t h e N o r t h of t he neu t r a l l ine = 0 a n d in c o n t a c t wi th it , a n d t h e o t h e r r i b b o n is 
a b o u t 8" t o t he S o u t h f rom t h e n e u t r a l l ine . Th i s d i s t r i bu t i on of t h e flaring a r e a s is 
in full a g r e e m e n t wi th the r ecen t resul ts o b t a i n e d by M o r e t o n a n d Severny (1968) for 
t h e very act ive g r o u p of S e p t e m b e r 17 -26 , 1963. 
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B o t h r i b b o n s were para l le l t o t h e neu t r a l l ine. T h e flare a s a w h o l e a p p e a r e d in t h e 
reg ion of c ross ing or b i fu rca t ion of d i rec t ions of t he t r ansve r se field, wh ich aga in is 
in a g r e e m e n t wi th ear l ie r resul t s of M o r e t o n a n d Severny (1968) a n d Severny (1964). 
Severny p o i n t s o u t t h a t p a r t i c u l a r in te res t is given by t h e pos i t i on of t h e flare on a 
m a p showing d i s t r i bu t ion of vert ical electr ic cu r r en t s j z ca l cu la t ed wi th t he a id of 
obse rved d a t a o n a n d H± f rom t h e re la t ion 

j = C ; r o t H . 

E x a m p l e s of these m a p s for Ju ly 6 a n d 7 a r e p resen ted in F i g u r e 15. T h e d e m a r 
ca t ion line be tween pos i t ive a n d nega t ive cu r r en t s is para l le l t o t h e l ine = 0 in t he 
m i d d l e of t h e reg ion a n d s o m e t i m e s co inc ides wi th th is l ine , so t h a t , t a k i n g a lso i n to 
a c c o u n t t he d i rec t ions of Hl9 it is n o t exc luded t h a t electr ic c u r r e n t s a re c o n n e c t i n g 
t h e m a g n e t i c reg ions of o p p o s i t e po la r i ty a n d fo rm a p a t t e r n s imi la r t o t h e p a t t e r n 
of m a g n e t i c l ines of force. Severny ' s m a p s s h o w clearly t h a t b o t h a r ea s of t h e flare 
were j u s t a b o v e p laces w i th t h e s t ronges t electr ic c u r r e n t s , in a c c o r d a n c e wi th t he 
recen t resul ts of M o r e t o n a n d Severny (1968). Severny t h i n k s t h a t th i s gives s u p p o r t 
t o t h e Alfven a n d Car lqv i s t (1967) t h e o r y of flares as i n t e r r u p t i o n s in e lec t r ic -cur rent 
filaments. 

T h e d i s t r i bu t ion of m a g n e t i c fields in p h o t o s p h e r i c a n d c h r o m o s p h e r i c layers after 
t h e p ro ton- f l a re a p p e a r a n c e was a l so s tud ied b y B r u c k n e r a n d W a l d m e i e r (2). T h e y 
used X 5250 a n d H a l ines , a n d the i r resul ts a r e general ly in a g r e e m e n t w i t h Severny ' s 
conc lus ions . The i r m e a s u r e m e n t w a s ca r r i ed o u t o n J u l y 7, a t 1 2 h 0 0 m U T , a n d they 
f o u n d t r e m e n d o u s differences of t h e p h o t o s p h e r i c a n d c h r o m o s p h e r i c field s t reng th . 
T h e H a fields s t r ike on ly 80 gauss , whi le t h e p h o t o s p h e r i c fields g o u p t o 2000 gauss . 
S o m e p a r t s of t h e reg ion , pa r t i cu la r ly in t h e cen t r e of t h e g r o u p a n d in p a r t s of the 
t w o la rge p reced ing spo t s , a l so s h o w e d o p p o s i t e po la r i ty of t h e H a a n d X 5250 fields. 
In t h e cen t re of t h e g r o u p , t h e t h i r d po l a r i t y h a d a t e n d e n c y t o j o i n t h e m a g n e t i c -
field reg ions of the s a m e po l a r i t y lac ing the o p p o s i t e po la r i ty r eg ion . T h e a u t h o r s 
t r ied t o s u p e r p o s e t h e flare of Ju ly 8 o n the i r m a g n e t i c m a p . E v e n w h e n t h e flare 
o c c u r r e d on ly 1 d a y la ter , t h e flare b r i g h t k n o t s c o u l d be identif ied w i t h t h e largest 
field g r ad i en t s in t h e n e i g h b o u r h o o d of t h e la rge spo t s . 

T h e act ive reg ion t h a t p r o d u c e d t h e p r o t o n flare of Ju ly 7, c o n t i n u e d t h r o u g h a t 
least t w o s u b s e q u e n t r o t a t i o n s (11). In t h e first of these , in la te Ju ly , s p o t a r ea a n d 
r a d i o emiss ion were g rea t ly d i m i n i s h e d b u t t h e c a l c i u m p lage h a d inc reased in a r e a 
b y 50%. F la res c o n t i n u e d t o occu r i n t h e reg ion a n d t h e m a j o r flare of Ju ly 28 , a t 
2 2 h 1 6 m U T is of special in te res t . I t s i m p o r t a n c e w a s 2B o r g rea te r , a n d aga in , as t he 
m a j o r flares of Ju ly 7, 8, a n d 9, i t cons i s t ed p r imar i ly of t w o b r igh t r i b b o n s . I t differed, 
h o w e v e r , f r o m these flares in th is respec t t h a t t h e Ha-f la re emiss ion w a s far f rom all 
spo t s . Never the less , t he flare was assoc ia ted wi th a n e n h a n c e m e n t of r a d i o emiss ion 
for m o r e t h a n 2 h o u r s , m o s t in t ense a t lower f requencies , a n d it a l so p r o d u c e d a 

https://doi.org/10.1017/S0074180900021975 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900021975


FIG. 1 5 . Maps showing the distribution of vertical electric currents j z . Black and white areas are 
regions of oppositely directed current density (Severny, I). 
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s t r o n g X- ray emiss ion , of a b o u t o n e half of t he in tens i ty of t h e X - r a y e n h a n c e m e n t 
assoc ia ted wi th t h e Ju ly 7 p ro ton- f l a re event . It is c lear t h a t even in la te July , the 
r eg ion was still c a p a b l e of p r o d u c i n g a m a j o r flare. 

In t h e A u g u s t r o t a t i o n , as D o d s o n a n d H e d e m a n p o i n t ou t , t he p o s t - p r o t o n flare 
reg ion of Ju ly , a t l a t i t ude N 3 3 t h r o u g h differential r o t a t i o n b e c a m e co long i tud ina l 
a t 182°, wi th a p rev ious ly fo l lowing reg ion in l a t i t ude N 2 2 . T h i s reg ion a t lower 
l a t i t ude p r o d u c e d m a j o r p r o t o n flares on A u g u s t 28 a n d S e p t e m b e r 2, d u r i n g t h e 
s econd act ive P F P pe r iod . 

D e m k i n a et al. (10) inves t iga ted t he magnetic-f ield d e c a y of t h e ac t ive r eg ion after 
t h e p ro ton- f la re a p p e a r a n c e . W h i l e before t h e Ju ly 7 flare a n a p p r o x i m a t e equa l i ty 
of m a g n e t i c fluxes h a d been conse rved in t h e s u n s p o t g r o u p , af ter t he p r o t o n flare a 
s u d d e n g r o w t h of t h e S o u t h e r n - p o l a r i t y m a g n e t i c flux a n d c o n s i d e r a b l e decrease of 
t h e N o r t h e r n - p o l a r i t y flux was obse rved . After t h a t t h e ac t ive r eg ion c a m e t o t he 
o p p o s i t e invisible s ide of t h e so la r d isk , b u t o n e c a n s u p p o s e t h a t th i s r u n of deve lop
m e n t c o n t i n u e d , since in t h e nex t r o t a t i o n in la te Ju ly t he g r o u p l o o k e d l ike a relat ively 
s tab le u n i p o l a r spo t of S o u t h e r n po la r i ty , wi th t h e m a g n e t i c c lass ap. I t m a y be of 
in te res t t o n o t e t h a t t h e a r e a of t h e r e m a i n i n g s p o t w a s nea r t o t h e a r e a of a super -
g r a n u l e a t th i s t ime (10). O n 6 days d u r i n g th i s la te Ju ly t r ans i t , smal l e p h e m e r a l spo t s 
of t h e oppos i t e po la r i ty were obse rved fol lowing t h e la rge spo t m a k i n g t h e spo t g r o u p 
o n t h o s e days of m a g n e t i c class / ? / ? ( l l ) . M a g n e t o g r a p h i c m e a s u r e m e n t s a t M o u n t 
W i l s o n s h o w e d t h a t t h e extens ive a n d relat ively b r igh t p l age a s soc ia t ed wi th t h e sun-
s p o t g r o u p w a s b ipo la r . O n t h e t h i rd r o t a t i o n in la te A u g u s t on ly a smal l a - type spo t 
w i t h o u t p e n u m b r a w a s r e m a i n i n g in t h e ac t ive reg ion , a n d t h e ca l c ium p lage , t h o u g h 
grea t ly f r agmented a n d r educed in in tens i ty , was still a de t ec t ab le f ea tu re (11). 

A t th is t ime , howeve r , t he act ivi ty a l ready was shifted t o t h e s e c o n d p ro ton- f l a re 
r eg ion , loca ted a t lower l a t i t ude in t h e close vicini ty of t h e act ive r eg ion discussed in 
th is s u m m a r y . Obv ious ly , b o t h these reg ions a p p e a r e d in o n e c o m p l e x of act ivi ty, 
wh ich d o m i n a t e d so la r act ivi ty d u r i n g t h e en t i re second ha l f of 1966 (11). A l r e a d y 
in t he late Ju ly r o t a t i o n , t h e act ivi ty of t he s tudied region w a s obse rved in its tail p a r t 
s i tua ted close t o th is n e i g h b o u r i n g act ive reg ion , wh ich fully deve loped on ly d u r i n g 
t h e next r o t a t i o n in A u g u s t (10). D e m k i n a et al. suggest t h a t t h i s s u b s e q u e n t r ap i d 
d e v e l o p m e n t of th is n e i g h b o u r i n g g r o u p , wh ich w a s a fairly inac t ive smal l g r o u p 
d u r i n g the th ree p r e v i o u s r o t a t i o n s , m i g h t have been s t imu la t ed by t h e m a g n e t i c 
field of the decay ing h igh - l a t i t ud ina l g r o u p which p r o d u c e d t h e p r o t o n flare on Ju ly 7. 
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D I S C U S S I O N 

Fokker: For centres of activity far from the centre of the solar disk (i.e. relatively close to the l imb) 
the neutral line, as it is observed, does not, in principle, correspond with the line at which the magnetic 
field is parallel to the solar surface. I should like to ask, how large the difference in position between 
the observed neutral line and the true line of horizontal magnetic field can be. At what distance to 
the centre of the disk does the difference become important? 

Severny: My experience shows that the best is simply to avoid recording the regions very near to 
the limb. But practically we should not have essential differences due to projection effect if region 
is not more far than 60°-70° . It can be checked by comparing H a m.f. records with those in X 5250 
to show whether we have effects of such a kind or not. 

Mcintosh: D i d I interpret your slide correctly that the dissolution of the magnetic field into smaller 
parts occurred only after the proton flare? 

Severny: Observations were made a day apart and were not near time of proton flare. 1 cannot 
say exactly when the dissolution occurred. 

Svestka: I would like to point out that there were made only two measurements, widely apart, 
on July 6 and shortly after the flare on July 7. The magnetic energy and the gradients were high on 
July 6 and much decreased on July 7. But one cannot decide whether this decrease occurred before 
or after the proton-flare occurrence. 

Severny: There are examples in the past, according to the Crimean measurements, that the decrease 
already occurred before the proton-flare appearance. 

Krat: At what place in the profile of Hoc were set the slits of the magnetograph when Bruckner 
and Waldmeier measured the magnetic field? 

Wiehr: The Ha-magnetograms were taken with the magnetograph similar to that designed by 
Babcock. The two exit slits covered the region from the line centre to ± 0«8 A. 

Krat: Then in fact the magnetograms were not measured in the chromosphere but in the photos
phere. 

Smith: I do not agree that even that part of the Ha-line profile is formed in the photosphere. It is 
almost entirely from the chromosphere. 

Krat: I think that due to superposition of emission and absorption in the central part of H a at 
every place on the solar disk and especially in flares no reliable values of the magnetic-field strength 
can be obtained in this way. 

Severny: A s far as I can guess from the private talk with Dr. Bruckner our results relating to the 
magnetic field in the proton-flare region of July 7 are in general agreement. But frankly speaking 
I do not believe that measurements of magnetic fields in H a we are doing in Crimea as well as that 
of Dr . Bruckner are reliable because of the very strong influence of emission o n measurements of 
magnetic fields in the case o f active regions filled up with the emission from plages and flares. 

Newkirk: The features which Mcintosh mentions as occurring in the proton-flare regions may well 
be characteristic of every region of intense activity. Have you any evidence that such features are 
unique to proton-flare regions? 

Mcintosh: I have not examined enough material to give a good answer to your question. I have 
looked at two other proton regions photographed at Mt. Wilson and they also show similar features. 
A number of sunspot drawings also indicate similar features. I do not recall ever seeing such features 
in non-proton regions. 
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Neupert: Could the observations of an electron-density component low in the corona mentioned 
by Newkirk be associated with the possible existence of a permanent or sporadic condensation? 

Newkirk: The resolution of the K coronameter (1 min of arc) is not sufficient to define the size 
of this component accurately. However, it appears to be larger than the typical permanent conden
sation as defined by Waldmeier and is comparable in size to what is considered to be the 'active 
region enhancement'. 

Sawyer: Examining the sunspot drawings with magnetic-field measurements made at various 
observatories, I was struck by a single spot umbra with rather strong field with both polarities 
present. This umbra was on the equator side of the group, just East of the large leading spot. On 
July 6, several different observatories recorded both polarities in this umbra, and I expected to hear 
some discussion of this situation at these meetings. 

Smith: D i d I understand Dr . Severny to say that longitudinal neutral lines through the umbrae 
of sunspots are often observed, even for non-proton flare regions? 

Severny: Oh yes, there are many such cases. I remember the maps for sunspot groups in September 
1961, May 1962, September 1963 and others having this feature. It is quite a c o m m o n occurrence. 
But note that this only refers to the longitudinal fields, the transverse fields may be strong and complex 
and the occurrence of line H\\ — 0 inside umbrae can simply mean that we have inclusion of strong 
transverse field there. 

Ohman: With reference to our paper describing the limb event of July 11, 1966, I want to add, 
that Stiber has completed now his discussion of the material selected for the purpose of measuring 
the polarization of the continuous spectrum. The polarization is found to be somewhat smaller than 
that predicted by the theory of electron scattering, particularly near the l imb. This suggests that also 
other mechanisms produce the continuous spectrum. From a discussion of his intensity and polari
zation measurements Stiber finds an electron density of 3 x 1 0 1 1 per c m 3 . 

Severny: We should be extremely careful with conclusions obtained with a magnetograph for 
July 8 and the following days, because the active region considered was very near to the limb, and 
effect of projection could possibly produce the apparent decay. The conclusion of decay contradicts 
also the observation that area proceeded to increase after proton flare, and moreover an important 
flare appeared also on July 11 at the very limb. 
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