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D u r i n g p e r i o d s of g o o d i m a g e q u a l i t y t h e la rge-sca le films o f t h e L o c k h e e d So la r 
O b s e r v a t o r y o b t a i n e d d u r i n g 1966 a n d 1967 h a v e p r o v e n t o b e especia l ly useful for 
s t u d y i n g f i laments a n d t he i r r e l a t i o n s h i p t o t h e H a fine s t r u c t u r e o b s e r v e d in ac t ive 
r eg ions . S t r u c t u r e s w i th d i m e n s i o n s o n t h e o r d e r of 1 sec of a r c c a n f requen t ly b e 
reso lved , a s i l lus t ra ted in F i g u r e 1. T h e ' so l a r vo r t i c e s ' a r e c lear ly reso lved i n t o 
n u m e r o u s i n d i v i d u a l fibrils. B r i g h t H a p l a g e is r eso lved i n t o a fine g r a n u l a r s t r u c t u r e 
r e s e m b l i n g t h e so l a r g r a n u l a t i o n . F i l a m e n t s a r e u sua l ly seen a s i r r egu la r d e n s e 

F I G . 1. Ha fine structure in an active region, August 1, 1966. Bright plage is often resolved Into 
fine mottles. The fine thread-like structures or 'fibrils' are shortest at the plage boundary. 
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co l lec t ions of ma te r i a l w h i c h a r e occas iona l ly resolved i n t o finer s t r i a t i ons wh ich r u n 
pa ra l l e l t o t h e p a t h of t h e f i l aments . 

Before d i scuss ing o b s e r v e d r e l a t i o n s h i p s be tween f i laments a n d p lage g r a n u l e s , 
fibrils a n d s u n s p o t s , it s eems p re fe rab le t o re i t e ra te a few aspec t s of ac t ive r eg ions 
t h a t a r e a l r e a d y well k n o w n . It h a s been s t a ted by T s a p (1963) t h a t t h e s t ruc tu r e a n d 
g e o m e t r y of ac t ive r eg ions a r e c o n t r o l l e d by t h e con f igu ra t ion a n d s t r e n g t h of t he 
m a g n e t i c fields of r eg ions . O u r i n t e r p r e t a t i o n of t he o b s e r v a t i o n s is s imi la r . W e c o n c u r 
w i t h o t h e r inves t iga to r s in s ay ing t h a t fibrils a p p e a r t o be a m a n i f e s t a t i o n of t he 
d i r e c t i o n of t h e l ines of force in t h e c h r o m o s p h e r e . 

F r o m t h e w o r k of A v i g n o n et al. (1964) , H o w a r d (1959) , H o w a r d a n d H a r v e y 
(1964) , M a r t r e s et al. (1966) , a n d ourse lves (1967) , it is well e s t ab l i shed t h a t f i laments 
b o t h ins ide a n d ou t s i de of ac t ive r eg ions a re inva r i ab ly obse rved a t t h e b o u n d a r y 
b e t w e e n pos i t ive a n d nega t ive po la r i t i e s in m a g n e t i c fields. A n e x a m p l e is p r e sen t ed 
in t h e r igh t c o r n e r of F i g u r e 2. In t h e l ower ha l f of F i g u r e 2 is a fine scan m a g n e t o ­
g r a m of t h e l o n g i t u d i n a l c o m p o n e n t of a reg ion r e c o r d e d wi th a lOsec -o f - a r c r e s o ­
l u t i o n a t t h e M t . W i l s o n O b s e r v a t o r y . Pos i t ive po la r i ty is r e p r e s e n t e d by sol id l ines 
a n d nega t ive po la r i ty b y d a s h e d l ines . In t he u p p e r ha l f of F i g u r e 2 is a cen te r H a 
p h o t o g r a p h t a k e n a t L o c k h e e d o n t h e s a m e d a y , J u n e 2 , 1 9 6 7 . A l t h o u g h t h e difference 
in r e s o l u t i o n be tween t h e m a g n e t o g r a m a n d f i l tergram is a f ac to r o f 10, t h e f i lament 
ve ry nea r ly fo l lows t h e b o r d e r b e t w e e n pos i t ive a n d nega t ive p o l a r i t y . W e often refer 
t o t h i s b o u n d a r y b e t w e e n po l a r i t i e s a s t h e l ine of O l o n g i t u d i n a l field o r , s o m e t i m e s , 
a s t h e ' n e u t r a l ' l ine . L ines of O l o n g i t u d i n a l field exist in all ac t ive r e g i o n s obse rved 
n e a r t h e cen te r of t h e d i sk . T h e y m a y a l so exist b e t w e e n t w o ac t ive r eg ions o r be tween 
r e m n a n t s of o ld ac t ive r eg ions . C o r r e s p o n d i n g l y , f i laments m a y b e o b s e r v e d a l o n g 
a n y of these l oca t i ons . 

I t h a s a l so been m e n t i o n e d b y M a r t r e s et al. (1966) t h a t t h e b o u n d a r y of po l a r i t y 
c h a n g e m a y a l so b e c ros sed by ' f i l amenteuses ' o r fibrils e x t e n d i n g b e t w e e n ad jacen t 
p l a g e of o p p o s i t e p o l a r i t y . T h e s e a u t h o r s h a v e a l so sugges ted t h a t s u c h fibrils m a y 
b e re la ted t o t h e e v o l u t i o n of f i laments . E x a m p l e s of fibrils c ros s ing t h e b o u n d a r y 
b e t w e e n a r e a s of o p p o s i t e p o l a r i t y a r e a l so s h o w n in F i g u r e 2. A t o t h e r l o c a t i o n s t he 
b o u n d a r y be tween o p p o s i n g p o l a r i t y is co inc iden t w i th t h e p a t h of a f i lament . In 
g e n e r a l , f i laments a n d fibrils a r e n o t o b s e r v e d a t t h e s a m e l o c a t i o n o n a l ine o f O 
l o n g i t u d i n a l field ( S m i t h a n d R a m s e y , 1966). 

Since f i laments very closely fo l low t h e b o u n d a r y of a p o l a r i t y c h a n g e , we p rev ious ly 
t h o u g h t , a l o n g w i t h o t h e r i n v e s t i g a t o r s , t h a t t h e p a t h of a f i l ament r a n p e r p e n d i c u l a r 
t o a gene ra l p a t t e r n of l ines of fo rce in t h e c h r o m o s p h e r e a n d low c o r o n a . I n fact, th i s 
v iew of f i laments h a s b e e n so c o m m o n l y he ld t h a t a n u m b e r of t h e o r e t i c a l m o d e l s of 

F I G . 2. Ha filtergram and Mt. Wilson fine scan magnetogram, June 2, 1967. The fibrils in plage 
near the large spot join plage of opposite polarity. 
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filaments h a v e been p u t f o r t h w h i c h r e q u i r e a d e f o r m a t i o n , sag , o r d i s t o r t i o n of t h e 
l ines of force in o r d e r t o m a k e it t heo re t i ca l ly poss ib le for filaments t o exist a l o n g 
l ines of O l o n g i t u d i n a l field. 

Af te r s t u d y i n g t h e r e l a t i o n s h i p of filaments t o fibrils, p l a g e g r a n u l e s , a n d s u n s p o t s , 
h o w e v e r , t h e H a o b s e r v a t i o n s s e e m t o be m o r e cons i s t en t w i th t h e v iew t h a t filaments 
fo l low a res t r i c ted set o f l ines o f fo rce in m a g n e t i c r eg ions . 

F i g u r e s 1, 3, a n d 4 i l lus t ra te t h e o b s e r v e d r e l a t i o n s h i p of filaments a n d fibrils in 
ac t ive r eg ions . W h e n v i ewed n e a r t h e cen t e r of t h e S u n , t h e fibrils i m m e d i a t e l y 
a d j a c e n t t o a filament a r e a l i gned pa ra l l e l o r ve ry nea r ly pa ra l l e l t o t h e p a t h of t h e 
filament. A few seconds of a r c a w a y f r o m t h e edge of t h e filament t h e fibrils m a y 
a p p e a r t o b e n d a w a y f r o m t h e p a t h o f t h e filament, as seen in F i g u r e 3. A t t h e ends 
of filaments, t w o c o n d i t i o n s h a v e b e e n obse rved . I n s o m e cases , t h e fibrils r e m a i n 
a l i gned para l le l t o t h e p a t h of t h e filament. I n o t h e r cases , a filament a p p e a r s t o 
t e r m i n a t e j u s t be fore fibrils w h i c h a p p e a r t o r u n nea r ly p e r p e n d i c u l a r t o t h e e n d of 
t h e filament p a t h . Very c lose i n s p e c t i o n o f these cases u n d e r c o n d i t i o n s o f g o o d i m a g e 

F I G . 3 . Filaments and structures in an active region, August 3, 1966. The filament in the bright 
plage is bordered by plage granules rather than by fibrils. 
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F I G . 4 . Filament and adjacent fibrils in an active region, September 17, 1966. Internal structure in 
the filament appears to run parallel to the path of the filament. 
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qua l i t y , s h o w s t h a t t h e e n d of t h e f i lament , in a t least s o m e cases , a b r u p t l y t u r n s in 
t h e d i r ec t i on of the neu t r a l - l i ne fibrils. N o t e e n d s of filaments in F i g u r e 1, 3, a n d 4. 
G e n e r a l l y , w h e n a t m o s p h e r i c i m a g e qua l i t y is g o o d all p o i n t s a l o n g t h e p a t h of 
filaments a p p e a r t o be a l i gned in t h e s a m e d i r ec t ion as a d j a c e n t fibrils. H o w e v e r , 
o c c a s i o n a l excep t ions h a v e b e e n o b s e r v e d a t t r i b u t a b l e t o differences in t h e he igh t of 
filament a n d a p p a r e n t l y ad j acen t fibrils o r t o effects of t r a n s i e n t p h e n o m e n a . 

A t s o m e l o c a t i o n s in ac t ive r e g i o n s f i laments a r e b o r d e r e d by b r i g h t p l age r a t h e r 
t h a n b y fibrils. T h e fibril s t r u c t u r e a l so s h o w s a definite p a t t e r n e d r e l a t i o n s h i p t o t h e 
p l a g e g r a n u l e s , as well a s t o filaments. W e h a v e p rev ious ly s h o w n t h a t t h e l eng th of 
fibrils, excep t for t h o s e e x t e n d i n g b e t w e e n a r e a s of o p p o s i t e p o l a r i t y , s h o w a genera l 
inverse r e l a t i o n s h i p t o t h e s t r e n g t h of t h e l o n g i t u d i n a l c o m p o n e n t o f t h e m a g n e t i c 
field ( S m i t h a n d R a m s e y , 1967). E x c e p t a t l o c a t i o n s w h e r e t h e l o n g i t u d i n a l m a g n e t i c 
field c h a n g e s po l a r i t y , t h e fibrils n e a r p l age a r e very s h o r t a n d t h o s e a t t h e o u t e r edge 
of a r eg ion t e n d t o be l o n g e r ( F i g u r e 1). T h e g e o m e t r y a n d sizes of t h e fibrils a n d 
p l age g r a n u l e s a r e such as t o sugges t t h a t t h e p l age g r a n u l e s m a y b e fibrils wh ich 
e x t e n d a p p r o x i m a t e l y r ad i a l ly o u t f r o m t h e c h r o m o s p h e r e . P r o j e c t i o n of t h e l a rge-
scale t ime- l apse films revea l s c o n t i n u o u s m o t i o n in t h e p l a g e g r a n u l e s a n d fibrils, 
a s well a s in f i laments . T h e o b s e r v e d m o t i o n is a l so c o n s i s t e n t w i t h t h e view t h a t 
p l a g e g r a n u l e s c o u l d be a c ross - sec t ion v iew of b u n d l e s of fibrils w h i c h e x t e n d near ly 
r ad i a l l y o u t f r o m t h e c h r o m o s p h e r e a l t h o u g h t h e t i m e scale of t h e m o t i o n in p l age 
g r a n u l e s a n d fibrils a p p e a r s t o differ. W h e n v iewed in t h e c e n t e r of t h e d i sk , t h e 
m o t i o n in p l age g r a n u l e s r e s e m b l e s t h e m o t i o n of t h e so l a r g r a n u l a t i o n . T h e r e is a 
re la t ive ly r a p i d a p p e a r a n c e a n d d i s a p p e a r a n c e of i n d i v i d u a l g r a n u l e s w i t h c o r r e ­
s p o n d i n g b r igh tnes s c h a n g e s sugges t ing a s t r o n g c o m p o n e n t of m o t i o n in t h e l ine of 
s igh t . T h e m o t i o n in fibrils is i n v a r i a b l y conf ined a l o n g t h e p a t h of t h e fibril. I n t h e 
n o n - a c t i v a t e d o r u sua l s t a t e , t h e m o t i o n in ac t ive - reg ion filaments is a l so a l o n g t h e 
p a t h of t h e filament. T h e m o t i o n in filaments is t h u s r e s t r i c t ed t o t h e s a m e d i r ec t ions 
a s t h e m o t i o n in fibrils i m m e d i a t e l y ad j acen t t o filaments. 

F i g u r e 5 s h o w s t h e s a m e filament dep i c t ed in F i g u r e 4 a s a p a t h w h i c h is f avo rab l e 
for t h e flow of m a t e r i a l . D u r i n g 7 d a y s of o b s e r v a t i o n , d i s t inc t flow of emis s ion w a s 
o b s e r v e d 15 t imes a l o n g th i s filament. T h e flow a l o n g filaments o c c u r s b o t h in a b ­
s o r p t i o n a n d emiss ion . T h e flow of m a t e r i a l a l o n g filaments is occas iona l ly seen in 
10 o r 15-sec in t e rva l t ime - l apse films p ro jec t ed a t 1 6 - 2 4 f r ames p e r s e c o n d . Expe r i ­
m e n t s in p ro jec t ing these films a t r a t e s in t h e r a n g e of 6 0 - 5 0 0 f r a m e s p e r s econd , 
h o w e v e r , revea l fa int a n d sub t l e flow n o t r ead i ly d e t e c t a b l e a t s lower p ro jec t ion 
r a t e s . A t p ro j ec t ion r a t e s a r o u n d 100 f r ames p e r s e c o n d a n d fas ter (1000 t imes rea l 
t i m e ) , a c o n t i n u o u s flow of m a t e r i a l m a y be obse rved a l o n g t h e p a t h o f m o s t filaments. 
A l t h o u g h n o t a lways r ead i ly vis ible , s u c h flow, of c o u r s e , m u s t exis t if filaments a n d 
p r o m i n e n c e s a r e still t o be r e g a r d e d a s t h e s a m e fea tures . 

F r o m p r o m i n e n c e o b s e r v a t i o n s , it h a s been d e m o n s t r a t e d t h a t p r o m i n e n c e m a t e r i a l 
m a y r a i n i n t o s u n s p o t s . H o w e v e r , n a r r o w - b a n d H a o b s e r v a t i o n s s e l d o m reveal a 
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F I G . 5. Flow of emission along a filament, September 15, 1966. This flow of emission is initiated 
by a sub flare. 
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21 September 1966 

F I G . 6. Flow of filament material into a sunspot, September 20 and 21, 1966. The flow of material 
into the sunspot originates in the filament in the first frame. 
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c o n n e c t i o n b e t w e e n flow of m a t e r i a l in f i laments a n d t h e flow of m a t e r i a l i n t o s u n -
s p o t s . T h a t th i s c o n n e c t i o n exists c a n be s h o w n u n a m b i g u o u s l y b y c o m b i n i n g n a r r o w ­
b a n d a n d b r o a d - b a n d H a o b s e r v a t i o n s , as p r e s e n t e d in F i g u r e 6. O n S e p t e m b e r 2 1 , 
we c h a n g e f r o m o b s e r v i n g a \ A b a n d p a s s in t h e cen t e r o f H a t o s i m u l t a n e o u s l y 
o b s e r v i n g t w o \ A w ide t r a n s m i s s i o n b a n d s cen t e r ed a p p r o x i m a t e l y 1 A i n t o each 
w i n g f r o m l ine cen te r . I n t h e n a r r o w - b a n d A) o b s e r v a t i o n s o n S e p t e m b e r 20 , t h e 
f i lament a p p e a r s t o t e r m i n a t e a n a p p r e c i a b l e d i s t a n c e f r o m t h e s u n s p o t . I n t h e b r o a d e r 
b a n d o b s e r v a t i o n s o n S e p t e m b e r 2 1 , a n - o c c a s i o n a l flow of m a t e r i a l c o n t i n u e s f rom 
t h e l oca t i on w h e r e t h e f i l ament a p p e a r s t o t e r m i n a t e in c e n t r e H a a n d flows d i rec t ly 
i n t o t h e s u n s p o t u m b r a . T h i s flow of m a t e r i a l i n t o t h e u m b r a o f th i s s p o t w a s o b s e r v e d 
18 t imes o n 4 successive d a y s of s imi la r o b s e r v a t i o n s o f th i s r eg ion . A d d i t i o n a l obse r ­
v a t i o n s a r e needed t o d e m o n s t r a t e t h e f r equency of o c c u r r e n c e o f vis ible flow of 
m a t e r i a l f r o m f i laments t o s u n s p o t u m b r a . W e c o n c l u d e t h a t flow f r o m f i laments i n t o 
s p o t s is p r o b a b l y t h e d i sk c o u n t e r p a r t of p r o m i n e n c e flow i n t o s u n s p o t s wh ich h a s 
p rev ious ly been d e d u c e d b y o t h e r inves t iga to r s f r o m o b s e r v a t i o n s a t a n d n e a r t h e 
l i m b . 

A final d e m o n s t r a t i o n of f i l aments as be ing p re fe r red p a t h s for m a t e r i a l flow in 
ac t ive reg ions is s h o w n in F i g u r e s 7 a n d 8, w h i c h i l lus t ra tes a n o b s e r v e d p r o c e s s of 
f i lament f o r m a t i o n . T h e first s t age of f i lament f o r m a t i o n is t h e a l i g n m e n t of fibrils 
a s in t h e left of F i g u r e 7. T h i s fibril a l i g n m e n t p r o v i d e s a p a t h for m a t e r i a l flow 
ove r l o n g d i s t ances re la t ive t o t h e d i m e n s i o n s of i n d i v i d u a l fibrils. T h e flow is r e p r e ­
sen ted in t h e cen te r p h o t o g r a p h b y t w o d a r k s t r a n d s w h i c h fo l low t h e gene ra l d i r ec t ion 
o f t h e fibrils. T h e p h o t o o n t h e r i gh t in F i g u r e 7 s h o w s t h e f i l ament af ter t h e s t r a n d s 
o f flowing m a t e r i a l h a v e i n c r e a s e d a n d g r a d u a l l y m e r g e d t o g e t h e r in t h e p roces s of 
f i lament f o r m a t i o n . T h e flow of m a t e r i a l c o n t i n u e s t h r o u g h o u t t h e obse rved life of 
t h e f i laments . 

F i g u r e 8 i l lus t ra tes t h e f o r m a t i o n of a sec t ion of a f i l ament in p l a g e w h e r e on ly 
very s h o r t fibrils o r p l age g r a n u l e s a r e o b s e r v e d . T h e o b s e r v e d p r o c e s s of f o r m a t i o n , 
h o w e v e r , is s imi la r t o t h e s i t u a t i o n s in w h i c h l o n g fibrils a r e o b s e r v e d . O n Apr i l 30, 
1967 on ly a few shor t - l ived s t r a n d s of a b s o r p t i o n a p p e a r e d a t t h e l o c a t i o n des t ined 
for t h e n e w f i lament sec t ion . O n M a y 1, 1967, s t r a n d s of a b s o r p t i o n m o r e f requen t ly 
a p p e a r e d , c lear ly t r ave l l ed a c r o s s a s ingle p a t h a l m o s t pa ra l l e l t o a n e a r b y sec t ion of 
f i lament , a n d t h e n d i s a p p e a r e d . In i t ia l ly m o s t o f t h e s t r a n d s o f a b s o r p t i o n were sho r t ­
l ived, l as t ing on ly a few m i n u t e s . S o m e of t h e longer - l ived a n d d a r k e r s t r a n d s a p ­
p e a r e d t o be ejected f r o m smal l subf lares o r i g in a t i n g n e a r t h e s u n s p o t in F i g u r e 8. 
D u r i n g t h e o b s e r v i n g p e r i o d o n M a y 2, these m o v i n g s t r a n d s of a b s o r p t i o n b e c a m e a 
n e w f i lament sec t ion w i th t h e flow of m a t e r i a l c o n t i n u i n g a l o n g t h e s a m e p a t h , a s 
defined b y t h e s t r a n d s of a b s o r p t i o n o n t h e p r e v i o u s d a y . 

E a c h of these o b s e r v a t i o n s p r e sen t ed , t h e a l i g n m e n t of fibrils a n d f i laments , t h e 
d i r ec t i on of flow of m a t e r i a l a l o n g fibrils a n d f i laments , t h e flow of f i lament m a t e r i a l 
i n t o a s u n s p o t , a n d t h e f o r m a t i o n of f i laments on ly a l o n g p a t h s of a l igned fibrils, 
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i nd i ca t e s t h a t t h e l ines o f force of t h e m a g n e t i c field in filaments, a r e d i r ec ted a l o n g 
t h e p a t h of filaments. 
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D I S C U S S I O N 

Falciani: Have you measured the velocity of the mass mot ion in the filament and, in this case, does 
the measured velocity agree with the velocity measured by Doppler effect, for example, when the 
filament is near the limb? 

Sara Smith: N o , we have not yet made a study of the observable mass motion in filaments during 
the usual state of filaments, that is, when not activated by flares. 

Sturrock: The apparent mass mot ion along filaments may in fact be the result of vertical up-down 
mot ion which propagates as an Alfven wave along a filament. The speed of propagation seems more 
characteristic of the Alfven velocity than of likely mass velocities. 

Kiepenheuer: I have difficulties to understand, how mass motion in a filament can follow the so-
called neutral line? This would imply, that the material is moving across the field. 

Further I would like to mention that many if not all quiescent filaments are built on a fishbone-like 
structure, slightly inclined to the axis of the filament. Only for active filaments close to sunspots such 
transverse structures do not seem to occur. 

Sturrock: The fine structure seems to be compatible with my suggestion that the magnetic-field 
pattern associated with a filament is a force-free field produced by slippage at the neutral line. 

The fact that the magnetic-field patterns shown, which are associated with filaments, are bipolar 
provides evidence contradicting the Kippenhahn-Schliiter model, which requires a line-quadrupole 
magnetic-field pattern at the photosphere. 

De Jager: Are filaments always oriented along the line of zero longitudinal field? D o e s your result 
agree with that of Ioshpa? 

Sara Smith: Yes, within the accuracy of the Mount Wilson magnetograms that we have used for 
the determination of filament positions. In some cases, however, it may be that the end of a filament 
may deviate from the neutral line of a longitudinal field. 

H.U. Schmidt: It seems to me that mot ions and aligned fine structure almost along a filament and 
along the neutral line must be due to a component of the magnetic field in the same direction. If such 
a component is present in the coronal matter condensing into the filament, it will be strongly enhanced 
in the process of condensation. Therefore it can be very weak in the beginning, and in many cases 
it will be due to differential rotation. This concept is consistent with the model o f Kippenhahn and 
Schluter, since there must still be a sufficient amount of flux crossing the filament overlying a neutral 
line. O n the other hand, the absence of a quadrupole flux distribution below the filament indicates 
that this model needs some modification. It seems possible that the random walk of the base points 
of the magnetic flux near the neutral line can replace the stabilizing effect of a quadrupole flux 
distribution. 

Bumba: I should like to mention two observational facts: 
(1) The feet of filaments are going from junctions of several supergranules, this means from places 

where the concentration of magnetic field is observed, on both sides of the filament (different polarity 
o n each side), and the feet joint the main body of the filament with the decreasing angle, going just 
before the junction with the filament practically parallel to the main body of the filament. 
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(2) N o t only before the appearance of the filament but also after its disappearance it is possible 
to observe the dark fibrils elongated in the direction and on the place of the previous filament. 

Both these observational facts seem to speak in favour of ideas mentioned in Mrs. Smith's talk. 
Newkirk: Although it is not clear that the same type of prominence is discussed here, the work 

of Rust suggests that a major fraction of the magnetic fields in quiescent prominences are perpen­
dicular to the axis of the filament, as would be required by the theory of Kippenhahn and Schluter. 
A fairly large component of the field is, however, found perpendicular to the filament axis suggesting 
that a sheared magnetic configuration is present in quiescent prominences. 
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