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A B S T R A C T 

A brief survey is given on the main characteristics of 'bright points' and of arch filaments in young 
bipolar spotgroups. Observations show that both features are closely associated, thus indicating that 
they have a c o m m o n cause. It is suggested that the propagation of expanding and increasing active-
region magnetic fields through the chromosphere might be that cause. 

1. Introduction 

T h e p r e s e n t p a p e r is c o n c e r n e d wi th t w o a p p a r e n t l y q u i t e different p h e n o m e n a of 
so l a r ac t iv i ty w h i c h , h o w e v e r , a s will be s h o w n , a r e c losely a s s o c i a t e d in y o u n g ac t ive 
r eg ions . T h e s e t w o p h e n o m e n a a r e t h e ' b r i g h t p o i n t s ' (wh ich a r e a l so cal led ' m o u s ­
t a c h e s ' o r ' b o m b s ' ) a n d a p a r t i c u l a r t y p e o f sma l l d a r k filaments w h i c h will b e ca l led 
' a r c h filaments'. T h e resu l t s p r e s e n t e d he r e were de r ived f r o m o b s e r v a t i o n s ca r r i ed 
o u t w i th a H a l l e 0-5 A H a filter a t t h e d o m e l e s s C o u d e r e f r a c t o r a t t h e A n a c a p r i 
s t a t i o n o f t h e F r a u n h o f e r I n s t i t u t in s u m m e r 1966. P h o t o g r a p h s of a b o u t 20 ac t ive 
r eg ions of different sizes a n d t ypes were t a k e n d u r i n g t he i r d i s k p a s s a g e in t h e H a 
c e n t e r a n d a t H a ± 0 - 5 a n d H a + 1 0 A. E x p o s u r e t imes o n E a s t m a n K o d a k 4 E w e r e 
1/15-1/8 sec. T h e d i a m e t e r o f t h e S u n ' s i m a g e o n t h e 3 5 - m m nega t i ve is 150 m m . 

2 . Bright Points 

Br igh t p o i n t s h a v e b e e n inves t iga ted be fo re b y a n u m b e r o f a u t h o r s (Beckers , 1964 ; 
H o w a r d a n d H a r v e y , 1964 ; K o v a l , 1 9 6 2 , 1 9 6 4 , 1 9 6 5 , 1 9 6 6 ; L y o t , 1 9 4 1 ; M c M a t h et al, 
1960; Severny , 1957, 1959 ; Seve rny a n d K o v a l , 1961). T h e i r m a i n cha rac t e r i s t i c is a 
Ba lmer - l ine profi le w i t h a m i n i m u m a t t h e cen t e r o f t h e l ine , a m a x i m u m a t a b o u t 
+ 1 - 0 a n d — 1 0 A d i s t a n c e f r o m t h e l ine c e n t r e a n d wings 5 - 1 0 A w i d e . D u e t o t h a t 
profile t h e b r i g h t p o i n t s a r e invis ible in t h e l ine c e n t r e a n d b e s t vis ible a t ± 1 - 0 A. 
If t h e H a l l e filter is t u n e d t o t h e 1-0 A p o s i t i o n t w o 0*5 A b a n d s c e n t e r e d o n H a + 1 0 
a n d H a — 1 0 A r espec t ive ly a r e t r a n s m i t t e d c o n c u r r e n t l y . T h i s m o s t f a v o r a b l e pos i t i on 
w a s u s e d in gene ra l in p h o t o g r a p h i n g t h e b r i g h t p o i n t s a t A n a c a p r i . 

T h e resu l t s o f t h e ana lys i s of t h e A n a c a p r i filtergrams p a r t l y ag ree , pa r t l y d i sagree 
wi th t h o s e of p r e v i o u s inves t iga t ions . A s u m m a r y o n l y is g iven he re . 

Kiepenheuer (eel), Structure and Development of Solar Active Regions, 2 9 3 - 2 9 8 . iv I.A.U. 
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I t w a s f o u n d t h a t b r i g h t p o i n t s o c c u r in all ac t ive s tages of ac t ive r eg ions a n d a re 
a b s e n t a r o u n d old , s t r ic t ly u n i p o l a r s p o t s a n d in d e c a y i n g p lage r eg ions . T h e y a re very 
c o n s p i c u o u s a n d n u m e r o u s in l a rge , c o m p l e x s p o t g r o u p s , w h e r e t hey a r e f o u n d a t t h e 
o u t e r edge o f t he p e n u m b r a of l a rge s p o t s , often a t t h e e n d s of surge l ike d a r k f i laments , 
a n d a l so c lose t o smal le r s p o t s ( F i g u r e 1). Br ight p o i n t s a r e a p r o m i n e n t fea tu re a lso 
in t h e i n t e r s p o t r eg ion o f m a n y sma l l a n d m e d i u m - s i z e d b i p o l a r s p o t g r o u p s ( F i g u r e 2) . 
T h e y even o c c u r in t h e ve ry first s t a g e of d e v e l o p m e n t of a n ac t ive r eg ion w h e n it still 
cons i s t s of a smal l b r i g h t H a p l a g e w i t h o u t a spo t . 

F I G . 1. Bright points in a large spotgroup near the West limb; (Ha±l A)-filtergram, August 29, 
1966,1040 UT covers 11 x 16 (10*km)2 of the sun. 

T h e d i a m e t e r s of b r i g h t p o i n t s a s m e a s u r e d o n t h e nega t ive o r o n a h a r d p r i n t 
r a n g e f rom 1-5 sec of a r c (a t yp i ca l va lue is 2" 5). T h e s e va lues a r e d e t e r m i n e d a p ­
p a r e n t l y r a t h e r b y t he re so lv ing p o w e r of t he i m a g e - f o r m i n g sys tem ( inc lud ing t h e 
E a r t h ' s a t m o s p h e r e ) t h a n b y t h e t r u e d i m e n s i o n s of t h e s o u r c e of emis s ion wh ich 
p r o b a b l y a r e less t h a n 1". D u r i n g p e r i o d s o f excel lent see ing a ve ry la rge n u m b e r of 
t i n y b r i g h t p o i n t s b e c o m e vis ible in t h e eyepiece, as w a s a l so o b s e r v e d b y Beckers 
(1964) . T h e i r n u m b e r m a y exceed 100 by far in l a rge r s p o t g r o u p s a n d the i r size 
ce r t a in ly is <̂  1". In o n e l a rge s p o t g r o u p u p t o 40 b r i g h t p o i n t s of m e d i u m size a n d 
u p t o 10 of la rge a p p a r e n t size a n d b r igh tness m a y be p r e sen t s i m u l t a n e o u s l y . 
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F I G . 2. Bright points and arch-filament system in a small bipolar spotgroup (type B) August 12, 
1966,1035 UT; photographs taken (a) in Ha, (b) at Ha±l A, (c) at Ha - 0-5 A, (d) at Ha + 0-5 A. 
The spots are visible in the 'wing filtergrams' (b)-(d); bright points are seen best in the ± 1 Afiltergram 
(b). Mass flow inside the dark filaments directed from the top to the bottom of the frame and an ex­
pansion of the arches towards the observer are indicated by the differences between the — 0-5 and f 0-5 A 
pictures (frames (c) and (d) ) . The frames cover 75 x 110 (10s km)2 of the Sun's disk. 
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T h e b r igh tnes s of well-defined b r i g h t p o i n t s as m e a s u r e d o n c a l i b r a t e d p h o t o g r a p h s 
w a s 1 1 5 - 1 5 0 % of t h e b r i g h t n e s s o f t he u n d i s t u r b e d s u r r o u n d i n g in t h e s a m e w a v e ­
l e n g t h ( typ ica l 125%). 

T h e typ ica l l ifet ime o f b r i g h t p o i n t s is 25 m i n ; e x t r e m e va lues f o u n d w e r e 4 a n d 
> 120 m i n . N o str ic t r e c u r r e n c e t e n d e n c y was f o u n d . N e w b r i g h t p o i n t s f requent ly 
a p p e a r e d qu i t e c lose t o b u t n o t exac t ly a t t he p lace of a v a n i s h e d b r i g h t p o i n t ; s o m e ­
t i m e s c lose p a i r s were f o r m e d . 

M y o b s e r v a t i o n s d o n o t con f i rm t h e pre fe rence of b r i g h t p o i n t s for t h e vicini ty of 
t h e n e u t r a l l ine w h i c h K o v a l (1966) c l a i m s t o h a v e f o u n d . I d id n o t find e i the r a n y 
ev idence for a d i rec t r e l a t i o n b e t w e e n t h e o c c u r r e n c e of flares a n d b r i g h t p o i n t s . 

F u r t h e r m o r e , o c c u r r e n c e o f b r i g h t p o i n t s in y o u n g s p o t g r o u p s d o e s n o t i nd i ca t e 
w h e t h e r o r n o t t h e ac t ive r e g i o n will b e c o m e a l a rge o n e : m a n y a n d c o n s p i c u o u s 
b r i g h t p o i n t s were o b s e r v e d in fas t d e v e l o p i n g r eg ions , w h i c h b e c a m e l a rge s p o t g r o u p s 
w i t h i n a few d a y s a s well a s in ve ry shor t - l ived r eg ions w h i c h d i s a p p e a r e d af ter a 
l i fe t ime of a few d a y s . 

3 . Arch Filaments 

I n y o u n g ac t ive r eg ions a p e c u l i a r t y p e of ac t ive , a r c h - s h a p e d f i l aments is obse rved , 
w h i c h s h o w o p p o s i t e D o p p l e r shifts a t t he i r o p p o s i t e e n d s i n d i c a t i n g a m a s s flow f r o m 
a n d i n t o t h e c h r o m o s p h e r e a l o n g t h e f i lament . Single f i l aments o f th i s t y p e a r e p r e s e n t 
in t h e very y o u n g e s t ac t ive r e g i o n s c o n t a i n i n g a smal l p l age a n d a few s p o t s j u s t b o r n . 
T h e y were s tud i ed b y W a l d m e i e r (1937) a n d El l i son (1944) . 

G r o u p s o r sys tems o f m a n y a r c h - s h a p e d filaments o c c u r in t h e i n t e r s p o t r eg ion of 
sma l l a n d m e d i u m b i p o l a r s p o t g r o u p s of Z u r i c h t y p e B , C , a n d s o m e t i m e s D (Bruzek , 
1967). T h e y c o n n e c t t h e i n n e r m o s t s p o t s of o p p o s i t e m a g n e t i c po l a r i t y , t h u s c ros s ing 
t h e n e u t r a l l ine a n d obv ious ly fo l lowing magnet ic- f ie ld l ines . S o m e t i m e s t h e a s c e n d i n g 
p a r t o f t h e i nd iv idua l filaments is f o u n d t o b e m u c h l a rge r t h a n t h e d e s c e n d i n g o n e 
( F i g u r e 2) . T h a t o b v i o u s l y m e a n s t h a t t h e r e is n o t o n l y a m a s s flow a l o n g t h e f i lament 
b u t a l so a n e x p a n s i o n o r m a t e r i a l g r o w t h of t h e i nd iv idua l a r c h e s . T h e c o r r e s p o n d i n g 
veloci t ies a r e a b o u t 50 a n d 2 0 k m / s e c . O b s e r v a t i o n s a t a n d n e a r t h e so l a r l i m b s h o w 
t h a t t h e a r ches a r e r a t h e r flat. T h e i r ver t ices a r e 2 0 0 0 - 7 0 0 0 k m h i g h ; t h e y exceed 
1 0 0 0 0 k m in e x c e p t i o n a l cases on ly . 

T h e l i fet ime of t h e i n d i v i d u a l f i l aments of a sys tem m a y b e e s t i m a t e d t o 2 0 - 3 0 m i n . 
T h e y u n d e r g o , howeve r , n o t i c e a b l e c h a n g e s w i th in 10 m i n , w h e r e a s t h e gene ra l c o n ­
figuration of t h e sys tem a s a w h o l e r e m a i n s a l m o s t u n c h a n g e d for severa l h o u r s . 
Arch - f i l amen t sys tems m a y b e p r e s e n t in a s p o t g r o u p for severa l d a y s . T h e y a r e 
mod i f i ed as s o o n as t h e s p o t c o n f i g u r a t i o n c h a n g e s . 

I t m u s t b e p o i n t e d o u t t h a t t h e a rch - f i l amen t sys t ems a r e q u i t e different f r o m l o o p -
p r o m i n e n c e sys tems inves t iga t ed b y D o d s o n (1961) a n d B r u z e k (1962 , 1964). T h e y 
differ in or ig in , d e v e l o p m e n t , ins ide m o t i o n s a n d final he igh t , t h e y a r e s imi la r in t he i r 
c o n n e c t i o n wi th t h e m a g n e t i c field. 
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4 . The Relation between Bright Points and Arch Filaments 

In F igu re 2 a sma l l b i p o l a r s p o t g r o u p of t y p e B is p h o t o g r a p h e d in fou r wave leng th 
b a n d s . I t s h o w s t h a t b r i g h t p o i n t s o c c u r a l m o s t on ly in t h e i n t e r s p o t reg ion covered 
o r b r idged by t h e a r c h f i l aments . T h e b r igh t p o i n t s a r e s i t ua t ed f requen t ly n e a r t h e 
e n d s of t h e a r c h e s b u t a r e a l so visible be tween t h e f i l amen t s ; i t is l ikely t h a t a n u m b e r 
of b r i gh t p o i n t s is even h i d d e n be low t h e a r ches . T h e r e is h a r d l y a b r i g h t p o i n t f o u n d 
ou t s i de t he s p o t g r o u p . 

F r o m a n u m b e r o f o b s e r v a t i o n s i t b e c a m e ev iden t t h a t b r i g h t p o i n t s d o n o t o c c u r 
in y o u n g s p o t g r o u p s un less t h e r e a r e a r c h filaments. I n o n e case t w o b i p o l a r g r o u p s 
of a p p r o x i m a t e l y t h e s a m e a g e a n d size w e r e p re sen t o n t h e s o l a r d isk . In o n e of t h e m 
b o t h fea tures , b r i g h t p o i n t s a s well as a r c h filaments exis ted , in t h e o t h e r o n e n o n e 
of t h e m w a s visible a t t h e s a m e t ime . I n o t h e r cases a s p o t g r o u p c o n t a i n e d ne i ther 
a r c h filaments n o r b r i g h t p o i n t s o n o n e d a y , b u t b o t h of t h e m o n t h e fo l lowing d a y . 

T h e c lose c o n n e c t i o n b e t w e e n b r igh t p o i n t s a n d a r c h filaments is a l so t r u e for t h e 
very first s tages of a n ac t ive r eg ion . A few b r i g h t p o i n t s w e r e f o u n d n e a r a smal l a r ch 
filament o r a t i ts e n d s in t w o t iny act ive r eg ions wh ich h a d j u s t a p p e a r e d several h o u r s 
a g o . T h e act ive r eg ion cons i s t ed of n o m o r e t h a n a ve ry smal l b r i g h t p lage ( rap id ly 
g rowing ) a n d a s h o r t a r c h filament; n o s p o t was ye t visible. 

5. Conclusions 

T h e close r e l a t i on b e t w e e n b r igh t p o i n t s a n d a r c h filaments sugges ts a c o m m o n 
c a u s e of b o t h fea tures . I t is very l ikely t h a t t h e a r c h filaments a r e r e l a t ed t o t h e 
c o m b i n e d t r a n s p o r t o f m a t t e r a n d inc reas ing m a g n e t i c field i n t o h i g h e r levels d u r i n g 
t h e g r o w t h of t h e s p o t g r o u p (Bruzek , 1967). W e m a y the re fo re c o n c l u d e t h a t o c ­
c u r r e n c e of b r i gh t p o i n t s d e p e n d s o n e i ther t h e p r o p a g a t i o n of t h e field t h r o u g h t h e 
low c h r o m o s p h e r e o r t h e e jec t ion o f m a t t e r . T h e l a t t e r sugges t ion is s u p p o r t e d by t h e 
a s soc ia t ion of b r i gh t p o i n t s w i t h surgel ike fea tures in la rge s p o t g r o u p s . T h e poss ib le 
co inc idence of b r i g h t p o i n t s a n d surges wi th ' m a g n e t i c d o t s ' a s sugges ted by obse r ­
v a t i o n s of Beckers a n d S c h r o t e r (1968) m a y b e a n i m p o r t a n t p o i n t for t he u n d e r ­
s t a n d i n g of t h e p h e n o m e n a . A t h o r o u g h d i scuss ion o n t h e n a t u r e of b r i g h t p o i n t s a n d 
the i r r e l a t ion t o t h e a r c h filaments h a s t o b e p o s t p o n e d , h o w e v e r , un t i l m o r e d a t a a r e 
ava i l ab le . 
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D I S C U S S I O N 

/. Evans: You have shown that points and arches tend to occur in the same areas within new active 
centres. I want to be quite clear, however, about whether or not the locations of points are related 
to the specific geometry of individual arches. D o arches usually or always begin or terminate in a 
point? Or is there any other such relation? 

Bruzek: Many of the arches begin and terminate, or either alone, in 'bright points', but far from all. 
On the other hand there are many 'bright points' between arches and at no foot of a filament at all. 

Kruger: I should like to ask you if somewhat is known about the frequency of occurrence at bright 
points during the 11-year solar cycle; especially, is this phenomenon more characteristic for the 
beginning of a new solar cycle or not? 

Bruzek: There is no known dependence of occurrence of 'bright points' on the 11-year cycle. 

Howard, R., Harvey, J. W. (1964) Astrophys. J., 139, 1328. 
Koval , A . N . (1962) Izv. Krim. astrofiz. Obs., 28, 241. 
Koval , A . N . (1964) Izv. Krim. astrofiz. Obs., 32 , 32. 
Koval , A . N . (1965) Izv. Krim. astrofiz. Obs., 33 , 138. 
Koval , A . N . (1966) Izv. Krim. astrofiz. Obs., 34 , 278. 
Lyot, B. (1941) Ann. Astrophys., 7, 48. 
McMath , R . R . , Mohler, O.C. , D o d s o n , H . W . (1960) Proc. nat. Acad. Sci. Am., 46, 168. 
Severny, A . B . (1957) Izv. Krim. astrofiz. Obs., 17, 129. 
Severny, A. B. (1959) Izv. Krim. astrofiz. Obs., 21 , 131. 
Severny, A . B . , Koval , A . N . (1961) Izv. Krim. astrofiz. Obs., 26, 3. 
Waldmeier, M. (1937) Z. Astrophys., 14, 91 . 

https://doi.org/10.1017/S0074180900021689 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900021689



