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A B S T R A C T 

The eruptive prominence of September 12, 1966, is described. Detwisting of two filaments is 
demonstrated and compared with similar phenomena and with tornado prominences. A short dis
cussion of mechanisms of the origin and subsequent development of the phenomenon is given. 

1. Description of the Phenomenon 

O n S e p t e m b e r 12, 1966, 9-25 U T we s aw a b r i g h t p r o m i n e n c e o n t h e E a s t l i m b . 
D u r i n g t h e nex t 2 - 3 m i n th i s p r o m i n e n c e w e a k e n e d , b u t in t h e l o w e r p a r t n e a r t h e 
l i m b w e obse rved a b r i g h t e n i n g w h i c h s t a r t ed t o g r o w . Af ter 9-30 U T it w a s c lea r t h a t 
a n in t e re s t ing p rocess h a d s t a r t e d . T h e o u t e r p a r t o f t h e p r o m i n e n c e was still g r o w i n g , 
a n d a t 9-45 a c o m p l i c a t e d i n n e r s t r u c t u r e b e g a n t o deve lop . 

Af te r 9-50 U T we s a w a very b r i g h t p h e n o m e n o n o n t h e c o r o n a g r a p h o b s e r v a t i o n s 
m a d e in t h e H a l ine wi th a n 8 A p a s s b a n d filter. I t was c o m p o s e d of t w o i n t e r w o v e n 
sp i ra l s wh ich s t r a igh t ened (de twi s t ed ) d u r i n g t h e next 15 m i n . A t 10-24 U T we f o u n d 
o n l y o n e p r o m i n e n c e filament r e m a i n i n g close t o t h e l i m b . T h i s filament d id n o t 
u n d e r g o i m p o r t a n t a n d fast c h a n g e s . T h e visibility of th is p r o m i n e n c e d e t e r i o r a t e d 
d u r i n g t h e day , b u t it r e m a i n e d visible . 

T h e fo l lowing day , S e p t e m b e r 13, we o b s e r v e d o n t h e Eas t l imb a la rge s p o t g r o u p , 
w i t h a filament c ross ing t h e l i m b . After th i s the g r o u p wi th t h e filament c o u l d be 
fo l lowed t h r o u g h o u t t he p a s s a g e a c r o s s t h e disk . 

2. Analysis of the Observations 

A t first we s tud ied m o t i o n effects in t h e p r o m i n e n c e . L i n e a r d i s p l a c e m e n t s of t h e 
m a s s a r e p r e s e n t e d in t h e ve loc i ty c u r v e , wh ich s h o w s t h r e e i m p o r t a n t p h a s e s : 

(a ) T h e s h a r p veloci ty m a x i m u m a t 9-40 U T was in c o i n c i d e n c e w i th s t r o n g r a d i o 
emis s ion a t t h e wave l eng ths 3-2, 37 , 56, a n d 115 c m . 

(b ) A t 9*50 U T after a s u d d e n d e c r e a s e of t h e veloci ty t h e r e fo l lowed a new rise 
w i t h m a x i m u m va lue , c o i n c i d i n g a l so w i th a r a d i o - n o i s e m a x i m u m a t a wave l eng th 
of 115 c m . 

(c) Before 10-00 U T a smal l d e c r e a s e can be f o u n d fo l lowed b y a fast rise t o t h e 
m a x i m u m va lue . 
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F I G . 1 . Coronagraph observations of the detwisting phase of September 12, 1966. Ondfejov Obser
vatory photograph. 
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After th i s las t p h a s e t h e d e t w i s t i n g of t h e i n t e r w o v e n sp i ra l s b e g a n . T h i s finished 
a t 10-20 U T . 

It seems t h a t t h e m o s t ene rge t i c p h a s e of t h e p h e n o m e n o n w a s a t 9-35-9-37 U T , 
w h e n t h e r a d i o emiss ion w a s ve ry i m p o r t a n t a t all f requenc ies a n d a s t r o n g X - r a y 
b u r s t c a n be su rmised . A t th i s t i m e t h e p h e n o m e n o n w a s s i t u a t e d in d e e p e r levels of 
t h e c o r o n a a n d in t h e c h r o m o s p h e r e , a s c a n be seen c lear ly o n t h e p h o t o g r a p h s . 

I t is in t e res t ing t h a t t h e s e c o n d p h a s e a t 9-50 U T w a s t h e m o s t i m p o r t a n t f rom t h e 
geophys i ca l p o i n t of v iew. I t w a s t h e t i m e of m a x i m u m of t h e g rea te s t effects of 
m o t i o n a n d very r a p i d b r i g h t e n i n g o f t h e p r o m i n e n c e . T h e d iv is ion i n t o t w o twis ted 
f i l aments a l so s t a r t ed a t th i s t i m e . 

F o r th i s p e r i o d we a l so o b t a i n e d w i th o u r flare-spectrograph a ser ies of s p e c t r o 
g r a m s c lear ly d e m o n s t r a t i n g for t w o t i m e s - 9-53 U T a n d 9*59 U T - D o p p l e r shifts 
o f b o t h senses . T h i s c o u l d b e c o n f i r m a t i o n of t h e ex is tence of a d e t w i s t i n g m o t i o n 
o f b o t h f i laments . D o p p l e r veloci t ies m e a s u r e d he r e a r e of t h e o r d e r 200 k m / s e c . 

3 . Conclusions 

T h e obse rved p h e n o m e n o n o f S e p t e m b e r 12 is m o s t i n t e re s t ing b e c a u s e of t h e 
d e t w i s t i n g p roces s of t w o s p i r a l - f o r m filaments. S imi lar ly of in t e re s t is t h e fact t h a t 
o n e of t h e de twis t ed sp i ra l s r e m a i n e d a b o v e t h e ac t ive r eg i o n as a s t a t i o n a r y filament 
d u r i n g t h e en t i re pa s sage of t h e r eg ion ac ross t h e d isk . 
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T h e d e v e l o p m e n t of th is p h e n o m e n o n re sembles t h e m e c h a n i s m tes ted by Bos t ick 
(1958) by firing o n e s ingle ' p l a s m o i d ' a c ro s s a magnet ic-f ie ld . T h e resu l t is of t h e s a m e 
s h a p e as t h e s e c o n d s t age of t h e p r o m i n e n c e wh ich w a s o b s e r v e d . F r o m this p o i n t 
of view we c a n s u p p o s e t h a t a very energe t ic p rocess in t h e l ow c h r o m o s p h e r e a t t h e 
m o m e n t of m a x i m u m r a d i o emis s ion , 9-40 U T , c a u s e d t h e emis s ion of m a t t e r wh ich 
p r o v o k e d t h e s e c o n d s t age - t h e d o u b l e - s p i r a l sys tem of t h e p r o m i n e n c e af ter 9*50 U T . 

T h i s t h o u g h t is in a g r e e m e n t wi th i deas c o n t a i n e d in t h e w o r k of C a r m i c h a e l (1963) 
a n d o u r o b s e r v a t i o n is fu r the r ev idence for th i s . 

T h e de twis t ing p h e n o m e n o n c a n b e exp la ined as t h e p r o d u c t of a n u n s t a b l e s t a t e 
in twis ted m a g n e t i c fields fo l lowing c o n d i t i o n s for f lux- tube ins tab i l i ty , descr ibed by 
Alfven (1955) a n d G o l d (1963) . 

S u c h de twis t ing m o t i o n s s eem t o be very genera l p h e n o m e n a , especial ly in cases 
closely c o n n e c t e d w i th very ene rge t i c e rup t ive p rocesses . W e h a v e obse rved a very 
s imi la r p rocess , e.g., in t h e g r e a t p r o m i n e n c e p h e n o m e n o n of J u l y 11 , 1966. T h i s 
effect o c c u r r e d in t h e r eg ion of t h e p ro ton- f l a re , i n c l u d e d in t h e P F P , a n d we h a v e 
given a de ta i led ana lys i s of t h i s p h e n o m e n o n in t h e P F P - p a p e r s (Va ln i cek et al, 1968). 

A cer ta in a n a l o g y c a n p r o b a b l y b e f o u n d in t h e p h e n o m e n o n of Pe t i t ' s (1950) 

F I G . 3. Detail of the chromospheric structure on September 19, 7-50 UT. The orientation is the same 
as in Figure 1. Note the whirling structure of the filament. Ondfejov Observatory photograph. 
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t o r n a d o p r o m i n e n c e s . O n l y t h e d u r a t i o n of b o t h effects seems t o be i m p o r t a n t in 
j u d g i n g t h e difference b e t w e e n t h e m : t h e l ifetime of t o r n a d o p r o m i n e n c e s is o f the 
o r d e r of d a y s o r w e e k s , whi le fo r t h e e r u p t i v e t y p e desc r ibed h e r e it is o f t h e o r d e r 
of 1 h o u r . B u t i t seems t h a t t h e f i l ament , obse rved d u r i n g i ts p a s s a g e o n t h e d isk af ter 
S e p t e m b e r 12, r e sembles ve ry c losely t h e o n e obse rved by R i c h a r d s o n a n d H i c k o x 
a n d desc r ibed in Pe t i t ' s p a p e r . 

S o it c a n be c o n c l u d e d t h a t t h e t o r n a d o p r o m i n e n c e is t h e l a te r s t age of a de twis ted 
flare p r o m i n e n c e of t h e t y p e o b s e r v e d b y us o n S e p t e m b e r 12, 1966. T h i s p r o m i n e n c e 
- in i ts f i lament f o r m - is a l so s t u d i e d in t he p r e s e n t v o l u m e b y S a r a S m i t h a n d by 
R a y r o l e (see p p . 267 a n d 134 respect ive ly) . 

T h e fu tu re s t u d y o f t h i s ac t ive c e n t e r cou ld be very i n t e r e s t i ng in c o n n e c t i o n wi th 
o t h e r ma te r i a l s . T h e magnet ic - f ie ld c h a r t , p r e sen ted by R a y r o l e , gives on ly t h e cen t e r 
o f t h e ac t ive reg ion , t h e p o s i t i o n o f t h e N o r t h e r n p a r t o f t h e f i lament w h i c h c o u l d 
be seen o n S e p t e m b e r 19. N o t h i n g is k n o w n a b o u t t h e flare s tage of t h e ac t ive reg ion . 
B u t because t h e spo t s h a v e n o t b e e n o b s e r v e d he re , t h e p r o b a b i l i t y of o b t a i n i n g a 
de ta i l ed magnet ic-f ie ld c h a r t is very smal l . O n l y t h e c h a o t i c c h r o m o s p h e r e s t r u c t u r e 
i nd i ca t e s t h e p re sen t t u r b u l e n t m o t i o n s a n d t h e c o m p l i c a t e d m a g n e t i c s t r u c t u r e . 

References 

Alfven, H. (1955) in Cosmical Electrodynamics, p. 117. 
Bostick, W. H. (1958) Rev. mod. Phys., 3 0 , 1090. 
Carmichael, H. (1963) AAS-NASA Symposium on the Physics of Solar Flares, p. 451. 
Gold , T. (1963) AAS-NASA Symposium on the Physics of Solar Flares, p. 389. 
Petit, E. (1950) Publ. astr. Soc. Pacific, 62, 144. 
Valnicek, B., Godol i , G., Mazzucconi, F. (1968) IQSY-Annals, PFP-Project. 

https://doi.org/10.1017/S0074180900021665 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900021665



