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ABSTRACT 

The main f e a t u r e s c o n c e r n i n g t h e e v o l u t i o n o f t h e l a r g e s c a l e p h o t o -
s p h e r i c m a g n e t i c f i e l d s d e r i v e d from s y n o p t i c maps a s w e l l a s from 
Η-a lpha s y n o p t i c c h a r t s a r e r e v i e w e d . The s i g n i f i c a n c e o f a v a r i e t y 
o f o b s e r v a t i o n s t h a t i n d i c a t e t h e p r e s e n c e o f a h i g h l a t i t u d e compo-
nent a s a c o u n t e r p a r t t o t h e s u n s p o t phenomenon a t l o w e r l a t i t u d e s 
i s r e v i e w e d . I t i s argued t h a t t h e s e two components d e s c r i b e t h e 
g l o b a l m a g n e t i c f i e l d on t h e s u n . I t i s d e m o n s t r a t e d t h a t t h i s 
s c e n a r i o i s a b l e t o l i n k many phenomena o b s e r v e d on t h e sun ( c o r o n a l 
e m i s s i o n , ephemera l a c t i v e r e g i o n s , g e o m a g n e t i c a c t i v i t y , t o r s i o n a l 
o s c i l l a t i o n s , p o l a r f a c u l a e and g l o b a l modes i n t h e m a g n e t i c f i e l d 
p a t t e r n ) w i t h t h e g l o b a l m a g n e t i c a c t i v i t y . 

1 . INTRODUCTION 

S i n c e t h e d i s c o v e r y o f m a g n e t i c f i e l d s i n s u n s p o t s by Hale ( 1 9 0 8 ) 
s o l a r m a g n e t i c f i e l d s have b e e n an a r e a o f i n v e s t i g a t i o n b o t h w i t h 
c o u n t i n o u s l y i m p r o v i n g o b s e r v i n g t e c h n i q u e s a s w e l l a s methods o f 
t h e o r e t i c a l m o d e l l i n g . The i m p o r t a n t r o l e o f t h e m a g n e t i c f i e l d s 
i n e v e r y a s p e c t o f s o l a r a c t i v i t y and v a r i a b i l i t y h a s now b e e n f u l l y 
r e c o g n i s e d . A l t h o u g h most o f t h e f l u x o b s e r v e d on t h e sun a p p e a r s 
i n t h e form of t i n y f r a g m e n t s a s s o c i a t e d w i t h s t r o n g f i e l d s , t h e s e 
s t r u c t u r e s o r g a n i s e t h e m s e l v e s i n t o l a r g e s c a l e g l o b a l p a t t e r n s 
t h a t e v o l v e o v e r t h e t i m e s c a l e o f t h e s o l a r c y c l e . Magnet i c f i e l d s 
on t h e sun m a n i f e s t t h e m s e l v e s on s e v e r a l l e n g t h s c a l e s and change 
on s e v e r a l t i m e s c a l e s . 
i . Large s c a l e f i e l d s w i t h mean f i e l d v a l u e s i n t h e n e i g h b o u r h o o d 
o f 1 g a u s s and t i m e s c a l e o f t h e o r d e r o f a few r o t a t i o n p e r i o d s 
o f t h e s u n , 
i i . I n t e r m e d i a t e s c a l e f i e l d s w h i c h o c c u r i n t h e form of s u n s p o t s 
w i t h h i g h v a l u e s of f i e l d s ( ~ 2 0 0 0 g a u s s ) . 
i i i . Smal l s c a l e s t r u c t u r e s w h i c h have s i z e s o f a few a r c s e c o n d s 
( e v e n s u b - a r c s i z e e l e m e n t s a r e p r e s e n t ) w i t h s t r o n g f i e l d s r e s i d i n g 
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i n them. 
I n t h i s r e v i e w , we s h a l l be c o n c e r n e d w i t h t h e f i r s t t y p e , namely, 

t h e l a r g e s c a l e f i e l d s . 
The e x i s t e n c e o f s o l a r m a g n e t i c f i e l d s o u t s i d e o f s u n s p o t s was 

f i r s t d e t e c t e d by H.W.Babcock and H.D.Babcock ( 1 9 5 5 ) . T h e i r m a g n e t o -
grams o f t h e sun showed t h e f o l l o w i n g f e a t u r e s : 3 

I . S o l a r m a g n e t i c f i e l d c o n s i s t s o f r e g i o n s of s t r o n g ( 1 0 G a u s s ) 
a s w e l l a s r e g i o n s o f weak d i f f u s e f i e l d s ( — 1 G a u s s ) . 
I I . The r e g i o n s o f s t r o n g f i e l d s a r e r e l a t e d w i t h a c t i v e r e g i o n s 
and t h e s u n s p o t s , w h i l e t h e r e g i o n s o f weak f i e l d s c o n s i s t o f l a r g e 
u n i p o l a r s t r u c t u r e s . 
I I I . At t h e b o u n d a r i e s of u n i p o l a r r e g i o n s where t h e r a d i a l component 
o f t h e m a g n e t i c f i e l d i s z e r o , p r o m i n e n c e s a r e o b s e r v e d . Over t h e 
s o l a r d i s c t h e s e appear a s Η-a lpha dark f i l a m e n t s . 
IV. The p o l e s have a weak but s i g n i f i c a n t m e a s u r a b l e f i e l d s a l l 
t h e t i m e and t h e p o l a r i t y o f t h e s e f i e l d s a t t h e p o l e s r e v e r s e d near 
t h e e p o c h o f t h e maximum a c t i v i t y ( 1 9 5 7 - 1 9 5 9 ) . 

F o l l o w i n g t h i s , Babcock ( 1 9 6 1 ) e n u n c i a t e d h i s c l a s s i c a l model 
o f t h e s o l a r c y c l e . But a more fundamenta l problem w h i c h r e m a i n s 
u n s o l v e d p e r t a i n s t o t h e o r i g i n and s u p p o r t o f t h e s o l a r m a g n e t i c 
f i e l d or t h e s o l a r dynamo. D i f f e r e n t t h e o r e t i c a l g r o u p s a t work 
on t h i s have c o n s t r u c t e d s e v e r a l m o d e l s . A l t h o u g h none o f them i s 
s a t i s f a c t o r y , enough o b s e r v a t i o n s do not a l s o e x i s t t o d a y wh ich can 
p i c k o u t or e l i m i n a t e any o f t h e m o d e l s i n p r e f e r e n c e t o o t h e r s w i t h 
any c o n f i d e n c e . 

F u r t h e r p r o g r e s s i n t h e s t u d i e s o f s o l a r magnet i sm i s marked 
by t h e commencement o f r e g u l a r o b s e r v a t i o n s o f t h e p h o t o s p h e r i c mag-
n e t i c f i e l d s a t t h e M t . W i l s o n O b s e r v a t o r y i n 1959 (Howard 1 9 6 7 ; 
Howard e t a l . 1 9 6 7 ) , a t t h e Crimean A s t r o p h y s i c a 1 O b s e r v a t o r y 
( S e v e r n y 1 9 6 6 ) , a t t h e K i t t Peak N a t i o n a l O b s e r v a t o r y and S t a n f o r d 
O b s e r v a t o r y i n 1976 and a t Sayan O b s e r v a t o r y a t S i b i z m i r ( G r i g o r i e v 
e t a l . 1 9 8 3 ) . The main f e a t u r e s t h a t emerged from t h e s y n o p t i c maps 
c o n s t r u c t e d from t h e M t . W i l s o n magnetograms f o r t h e p e r i o d 1 9 5 9 - 1 9 8 0 
(Bumba and Howard 1 9 6 5 ; Howard and L a B o n t e , 1981) a r e t h e f o l l o w i n g : 
1 . A c t i v e r e g i o n s b r e a k up i n t o f r a g m e n t s o f weak f i e l d s t h a t 
c o a l e s c e t o form g l o b a l p a t t e r n s o f u n i p o l a r m a g n e t i c f i e l d r e g i o n s . 
These s l o w l y e x p a n d , a r e s t r e t c h e d by d i f f e r e n t i a l r o t a t i o n and d r i f t 
p o l e w a r d s forming t h e p o l a r f i e l d s . 
I I . The s o l a r e q u a t o r i s no t t h e p o l a r i t y d i v i s i o n l i n e f o r t h e 
background f i e l d s a s i n t h e c a s e w i t h s u n s p o t s . 
I I I . The s u n s p o t l a t i t u d e s a r e c h a r a c t e r i s e d by f i e l d s o f t h e p r e c e d -
i n g p o l a r i t y w h i l e , t h e p o l a r f i e l d s a r e composed by f i e l d f l o w s 
o f t h e f o l l o w i n g p o l a r i t y w h i c h m i g r a t e t o w a r d s t h e p o l e s w i t h a 
v e l o c i t y o f ~ 1 0 m s e c . 
IV. The t o t a l m a g n e t i c f l u x on t h e sun c h a n g e s o n l y by a f a c t o r 
o f 3 from t h e minimum t o t h e maximum e p o c h s o f a c t i v i t y . 

2 . DYNAMICAL FEATURES OF EVOLUTION 

During t h e l a s t few y e a r s , c o n s i d e r a b l e i n f o r m a t i o n c o n c e r n i n g t h e 
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dynamics o f l a r g e s c a l e f i e l d s have b e e n d e r i v e d b o t h from t h e f u l l 
d i s c magnetogram a s w e l l a s t h e Η-a lpha s y n o p t i c c h a r t s . The l a t t e r 
form a good proxy f o r t h e magnetograms . The Η-a lpha f i l a m e n t s w h i c h 
a r e n e u t r a l d i v i d i n g l i n e s b e t w e e n two r e g i o n s o f o p p o s i t e p o l a r i t y 
c a n be u s e d a s a good t o o l t o s t u d y t h e d y n a m i c a l f e a t u r e s a s s o c i a t e d 
w i t h t h e e v o l u t i o n o f g l o b a l m a g n e t i c f i e l d p a t t e r n ( M c i n t o s h 1 9 7 9 ; 
Makarov e t a l . 1 9 8 3 ) . The m i g r a t i o n o f t h e f i l a m e n t bands i s r e p r e -
s e n t e d most c o n v e n i e n t l y by p l o t t i n g t h e i r mean l a t i t u d e p o s i t i o n s 
r o t a t i o n w i s e , on a l a t i t u d e - t i m e d iagram F i g . l (Makarov e t a l . 
1 9 8 3 ) . On t h i s d iagram t h e f i l a m e n t bands a r e s e e n t o m i g r a t e p o l e -
wards c o n t i n o u s l y a t s p e e d s o f ~ 5 m s e c " * . Topka e t a l . ( 1 9 8 2 ) demo-
s t r a t e d t h a t t h e p o l e w a r d d r i f t o f t h e f i l a m e n t bands (and h e n c e 
o f t h e u n i p o l a r r e g i o n s ) i s not by d i f f u s i o n , but t h e s u r f a c e m a g n e t i c 
f i e l d s a r e t r a n s p o r t e d t o t h e p o l e s by p o l e w a r d m e r i d i o n a l f l o w s . 
A l s o , i t i s s e e n t h a t t h e s e u n i p o l a r r e g i o n s a l w a y s m i g r a t e p o l e w a r d 
and a t no t i m e show an e q u a t o r w a r d d r i f t (Makarov, 1 9 8 4 ) . The polemost 
f i l a m e n t shows a d r a m a t i c i n c r e a s e i n i t s p o l e w a r d m o t i o n a t t a i n i n g 
s p e e d s o f 1 5 - 4 0 m s e c ~ l s i m u l t a n e o u s w i t h t h e s t e e p r i s e i n s u n s p o t 
a c t i v i t y . The s p e e d o f t h e p o l e w a r d m i g r a t i o n seems t o be r e l a t e d 

xio3 

1910 1920 1930 1940 1950 1960 1970 1980 

YEARS 

Figure 1. Boxes II and III show the migration trajectories of the neutral lines of the large 
scale magnetic field form Ha synoptic charts for the period 1910-1982. + and - stand 
for the polarity signs of the magnetic field in the conventional way. η is the number of the 
Carrington rotation. Boxes I and IV show the plots of daily sunspot areas A ( 5 p ) in millionths 
of the visible hemisphere. 
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w i t h t h e s t r e n g t h o f t h e c y c l e c o n c e r n e d . The poleraost f i l a m e n t 
r e a c h e s t h e p o l e f i r s t and c a u s e s t h e r e v e r s a l o f t h e p o l a r f i e l d . 
The p o l e m o s t f i l a m e n t i n b o t h t h e h e m i s p h e r e s do not r e a c h t h e respec -
t i v e p o l e s s i m u l t a n e o u s l y and i n s u c h s i t u a t i o n s t h e p o l a r r e v e r s a l 
a t one o f t h e p o l e s t a k e s p l a c e e a r l i e r t h a n a t t h e o t h e r . The sun 
e x h i b i t s t h e same p o l a r i t y on b o t h t h e p o l e s ( m o n o p o l e ) t i l l s u c h 
t i m e , t h e p o l e m o s t f i l a m e n t i n t h e s e c o n d h e m i s p h e r e h a s r e a c h e d 
t h e p o l e and c a u s e s t h e r e v e r s a l t h e r e . T h i s i s t h e p i c t u r e when 
a s i n g l e f o l d r e v e r s a l t a k e s p l a c e i n b o t h t h e h e m i s p h e r e s ( e g . y e a r s 
1 9 2 0 , 1 9 4 0 , 1950 and 1980 i n F i g . l ) . There a r e i n s t a n c e s when a 
t h r e e f o l d r e v e r s a l o c c u r s i n e i t h e r o f t h e h e m i s p h e r e s . I n s u c h 
c a s e s a l l t h e t h r e e f i l a m e n t bands ( F i g . l ) t r a v e l t o t h e r e s p e c t i v e 
p o l e s one a f t e r t h e o t h e r and c a u s e a t h r e e f o l d r e v e r s a l . Such 
t h r e e f o l d r e v e r s a l s t o o k p l a c e i n t h e n o r t h e r n h e m i s p h e r e a l o n e 
i n 1 9 3 0 , 1960 and 1970 and i n t h e s o u t h e r n h e m i s p h e r e a l o n e i n 1885 
and 1910 ( F i g . 2 ) . The phenomenon o f a t h r e e f o l d r e v e r s a l i n b o t h 
t h e h e m i s p h e r e s has not b e e n o b s e r v e d any t i m e d u r i n g t h e l a s t 115 
y e a r s ( F i g . 2 ) . 

Y—rm 
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10 - II 

I879-I90I 

1 2 - 1 3 

1902-1923 

14 - 15 

1924-1944 

1 6 - 1 7 

1945-1954 

18 - 19 

Ι965-Ι9Θ5 

2 0 - 2 1 

1986-

22 -

Ν I 11 ι ι III I 1 Hi III I 

S t 111 I m t I 1 1 1 t 

Figure 2. Hale's 22-year cycles and the reversal of the sun's magnetic field in the odd and 
even 11-year cycles in the northern and southern hemispheres. Three vertical arrows in one 
group (TIT) represent a three-fold reversal, while a single vertical arrow (f or j) represents 
a one-fold reversal. 

3 . FORMATION OF UNIPOLAR MAGNETIC REGIONS 

Both t h e magnetogram d a t a a s w e l l a s t h e Η-a lpha s y n o p t i c c h a r t s 
show t h a t t h e p o l a r m a g n e t i c f i e l d s d u r i n g any c y c l e a r e b u i l t up 
and m a i n t a i n e d by t h e c o n t i n o u s a r r i v a l o f d i s c r e t e f - p o l a r i t y r e g i o n s 
These r e g i o n s o r i g i n a t e i n a c t i v e r e g i o n l a t i t u d e s and m i g r a t e towards 
t h e p o l e s . T h i s p i c t u r e c a n be i l l u s t r a t e d b e t t e r w i t h t h e h e l p 
o f F i g . l f o r any c y c l e p a r t i c u l a r l y i n t h e s o u t h e r n h e m i s p h e r e where 
t h e s i n g l e f o l d r e v e r s a l make t h e i l l u s t r a t i o n e a s i e r . Dur ing c y c l e 
20 ( 1 9 6 4 - 1 9 7 4 ) t h e f o l l o w i n g p a r t o f a c t i v e c e n t r e s i n t h e s o u t h e r n 
h e m i s p h e r e was o f s o u t h p o l a r i t y ( - ) , w h e r e a s t h e p o l a r i t y a t t h e 
p o l e was p o s i t i v e ( + ) from 1960 t o 1 9 7 1 , w h i l e t h e r e v e r s a l t o o k 
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p l a c e . F i g . l shows s o m e t h i n g more t h a n t h i s . I t c a n be s e e n t h a t 
t h e s e n e g a t i v e u n i p o l a r r e g i o n s were formed a t l a t i t u d e s > 30° from 
a s e a r l y a s 1 9 5 7 , a l t h o u g h t h e i r p o l e w a r d m i g r a t i o n s t a r t e d o n l y 
a s l a t e a s 1 9 6 6 - 1 9 6 7 . Thus , t h e zone o f n e g a t i v e p o l a r i t y t h a t formed 
i n c y c l e 19 d e t e r m i n e d t h e p o l a r i t y o f t h e h i g h l a t i t u d e f i e l d i n 
c y c l e 20 d u r i n g t h e p e r i o d 1 9 7 0 - 1 9 8 1 . T h i s p i c t u r e would l e a d t o 
t h e i n t e r p r e t a t i o n t h a t t h i s zone w i t h t h e new f i e l d s ( - ) was formed 
out o f t h e p - p o l a r i t y o f t h e a c t i v e r e g i o n s s t a r t i n g w i t h 1957 a s , 
t h e s e r e g i o n s c o u l d not have b e e n formed out o f t h e r e g i o n s o f c y c l e 
2 0 , w h i c h a r e y e t t o appear on t h e sun a t l e a s t a t t h e s e l a t i t u d e s 
( > 3 0 ° ) . I t may be t h a t t h e f - p o l a r i t y r e g i o n s o f c y c l e 20 aded 
f r e s h u n i p o l a r r e g i o n s t o t h o s e a l r e a d y formed from t h e p - p o l a r i t y 
o f t h e e a r l i e r c y c l e . T h i s p r o c e s s i s most o b v i o u s f o r c y c l e 18 
( 1 9 4 4 - 1 9 5 4 ) i n F i s . l . 

4 . EVOLUTION OF FIELDS AT HIGH LATITUDES 

The s o l a r c y c l e h a s b e e n d e f i n e d t r a d i t i o n a l l y from t h e s p o t c o u n t s 
or a r e a s o f s p o t s a s t h e i n t e r v a l b e t w e e n two s u c c e s s i v e minima g i v i n g 
an a v e r a g e v a l u e o f ~ 1 1 y e a r s . But a number o f o b s e r v a t i o n s show 
t h a t t h e a c t i v i t y b e g i n s a t h i g h l a t i t u d e s s o o n a f t e r t h e r e v e r s a l 
of t h e p o l a r f i e l d s and a few y e a r s b e f o r e t h e f i r s t a p p e a r a n c e o f 
t h e s p o t s o f t h e new c y c l e . These o b s e r v a t i o n s a r e t h e f o l l o w i n g : 
i . C o r o n a l e m i s s i o n o b s e r v a t i o n i n t h e 5303A l i n e . 
i i . Ephemeral a c t i v e r e g i o n s ( E R s ) . 
i i i . Geomagnet ic a c t i v i t y . 
i v . T o r s i o n a l o s c i l l a t i o n s . 
v . P o l a r f a c u l a e 
v i . G l o b a l modes i n t h e m a g n e t i c f i e l d p a t t e r n . 

4 . 1 . Corona l E m i s s i o n i n 5303A l i n e 

I t i s known t h a t t h e c o r o n a l e m i s s i o n i n t e n s i t y i n 5303A l i n e i s 
a good i n d e x o f t h e m a g n e t i c f i e l d . I n t h e 1 9 5 0 s t h e c o r o n a l observers 
(Waldmeier 1 9 5 7 ; T r e l l i s 1963 ) n o t i c e d i n t h e i r d a t a t h a t a zone 
o f enhanced e m i s s i o n i n 5303A l i n e makes i t s a p p e a r a n c e a t h i g h l a t i -
t u d e s i n e a c h h e m i s p h e r e s e v e r a l y e a r s b e f o r e t h e commencement o f 
t h e " c l a s s i c a l " s u n s p o t c y c l e . T h i s i s i n a d d i t i o n t o t h e s t r o n g 
e m i s s i o n component p r e s e n t d u r i n g t h e y e a r s o f t h e s u n s p o t c y c l e 
t h a t a l w a y s mathes w i t h t h e b u t t e r f l y d iagram of s u n s p o t s . The h i g h 
l a t i t u d e bands are b r o u g h t out c o n s p i c u o u s l y when t h e s t a n d a r d d e v i a -
t i o n o f t h e c o r o n a l e m i s s i o n i s u s e d a s t h e e m i s s i o n i n d e x 

r a t h e r t h a n t h e mere a v e r a g e e m i s s i o n v a l u e s . T h i s i n d e x i s v e r y 
u s e f u l f o r d e t e c t i n g p a r t i c u l a r l y t h e n e w l y e m e r g i n g m a g n e t i c f l u x 

r e g i o n s . l h e p l o t or t h e i s o v a l u e s or t h e q u a n t i t y ι 

i s t h e l a t i t u d e a v e r a g e o f o v e r i n t e r v a l s ) f o r 

y e a r s 1 9 4 4 - 1 9 7 4 shows t h e two components c l e a r l y , when f r e e d o f t h e 
background e m i s s i o n ( L e r o y and N o e n s , 1 9 8 3 ) . The h i g h latitude components 
appear i m m e d i a t e l y a f t e r t h e p o l a r r e v e r s a l s and d r i f t t o w a r d s t h e 
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p o l e s ( F i g . 3 ) (Makarov e t a l . 1 9 8 7 a ) . The two l a t i t u d e components 
p a r t l y o v e r l a p i n t i m e and t h e r e b y e x t e n d t h e d u r a t i o n o f t h e c o r o n a l 
a c t i v i t y t o 1 6 - 1 8 y e a r s . R e s u l t s o f A l t r o c k ( 1 9 8 8 ) f o r c y c l e 21 
and o f Bumba e t a l . ( 1 9 8 9 ) f o r t h e p e r i o d 1 9 6 5 - 1 9 8 6 show t h e two 
l a t i t u d e components i n e a c h h e m i s p h e r e . The l a t t e r d a t a e v e n s u g g e s t 
a p o s s i b l e c o n n e c t i o n b e t w e e n t h e two components u n l i k e t h e r e s u l t s 
o f Leroy and Noens ( 1 9 8 3 ) . 

Figure 3. Map of isovalues of the quantity σ 5 3 0 3 - σ 5 3 0 3 (Leroy and Noens, 1983). σ 5 3 0 3 is 
the standard deviation of the coronal intensity at each latitude over periods of about 1 year, 
and 05303 is the latitude average of σ over 20° intervals. The thick lines are the migration 
trajectories of neutral filament bands for cycle 20 (Makarov, Leroy, and Noens, 1987a). m is 
the minimum epoch of the solar cycle, M the maximum epoch. The vertical axis gives the 
solar latitude in degrees. 
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4 . 2 . Ephemeral A c t i v e R e g i o n s (ERs) 

The p r o p e r t i e s o f ERs and t h e i r e v o l u t i o n i n r e l a t i o n t o t h e s o l a r 
c y c l e have b e e n s t u d i e d by M a r t i n and Harvey ( 1 9 7 9 ) f o r t h e 2 0 t h 
c y c l e . The ERs o c c u r i n t h e form o f t i n y b i p o l e s . They i d e n t i f i e d 
a h i g h l a t i t u d e band o f ERs i n 1973 and 1975 i n e a c h h e m i s p h e r e . 
T h e i r i m p o r t a n t f i n d i n g i s t h e d e t e c t i o n o f a s i g n i f i c a n t number 
of ERs c o n t a i n e d i n t h e h i g h l a t i t u d e bands t h a t e x h i b i t e d a p o l a r i t y 
o r i e n t a t i o n d i c t a t e d by H a l e ' s law a p p r o p r i a t e t o t h e n e x t c y c l e 
( c y c l e 2 1 ) r a t h e r t h a n t o c y c l e 2 0 , w h i l e t h e l ow l a t i t u d e ERs showed 
t h e p o l a r i t y o f c y c l e 2 0 . Thus t h e ERs b e l o n g i n g t o two s u c c e s s i v e 
c y c l e s c o e x i s t f o r more t h a n 3 y e a r s , w i t h t h e h i g h l a t i t u d e compo-
nent l e a d i n g t h e l ow l a t i t u d e component . These f i n d i n g s have b e e n 
c o n f i r m e d from f u r t h e r a n a l y s i s o f s u b s e q u e n t d a t a f o r c y c l e 21 by 
K.Harvey ( W i l s o n 1 9 8 8 ) . 

4 . 3 . Geomagnet ic A c t i v i t y 

Another e v i d e n c e f o r t h e h i g h l a t i t u d e component o f a c t i v i t y i s p r o v i -
ded by Legrand and Simon ( 1 9 8 1 ) who f o r m u l a t e d a p a t t e r n f o r t h e 
g l o b a l s o l a r a c t i v i t y o f 1 6 - 1 8 y e a r s d u r a t i o n from t h e i r s t u d y of 
g e o m a g n e t i c a c t i v i t y i n r e l a t i o n t o t h e s o l a r c y c l e . They n o t i c e d 
g e o m a g n e t i c a c t i v i t y r e l a t e d t o t h e s o l a r c y c l e a r i s e s from t w o 
c o m p o n e n t s : o n e , t h e h i g h s p e e d wind s t r e a m s o r i g i n a t i n g from t h e 
c o r o n a l h o l e s a t h i g h l a t i t u d e s and t h e o t h e r , r e l a t e d t o t h e s u n s -
pot a c t i v i t y . The h i g h l a t i t u d e component makes i t s appearance shortly 
a f t e r t h e p o l a r f i e l d r e v e r s a l and c o e x i s t s w i t h t h e l ow l a t i t u d e 
component o f a c t i v i t y w i t h an o v e r l a p o f 6 - 7 y e a r s , t h e r e b y e x t e n d -
i n g t h e d u r a t i o n o f s o l a r c y c l e t o 1 6 - 1 8 y e a r s . 

4 . 4 . T o r s i o n a l O s c i l l a t i o n s (TO) 

The t o r s i o n a l o s c i l l a t i o n r e f e r t o t h e a l t e r n a t i n g l a t i t u d e bands 
of f a s t e r t h a n a v e r a g e and s l o w e r t h a n a v e r a g e r o t a t i o n p r e s e n t on 
t h e sun d i s c o v e r e d by Howard and LaBonte ( 1 9 8 0 ) from t h e M t . W i l s o n 
v e l o c i t y d a t a . A c c o r d i n g t o them, t h e t o r s i o n a l waves ( two per h e m i -
s p h e r e ) s t a r t from e i t h e r p o l e o n c e i n 11 y e a r s b e f o r e t h e s u n s p o t 
maximum and t r a v e l t o t h e e q u a t o r i n t h e c o u r s e o f 1 8 - 2 2 y e a r s . The 
e p o c h o f a p p e a r a n c e o f s u n s p o t s a t +40° l a t i t u d e s c o i n c i d e s w i t h 
t h e a r r i v a l o f t h e f a s t e r band o f t h e t o r s i o n a l wave a t t h e s e l a t i -
t u d e s and t h e TO merge w i t h t h e b u t t e r f l y d iagram t h e n o n . The TO 
i s c o n s i d e r e d a s a s i g n a l r e p r e s e n t i n g t h e p r o p a g a t i o n o f m a g n e t i c 
a c t i v i t y on t h e s u n . I f t h e t i m e o f t r a v e l o f TO from t h e p o l e t o 
t h e e q u a t o r on t h e s o l a r h e m i s p h e r e r e p r e s e n t s t h e d u r a t i o n o f t h e 
s o l a r c y c l e , t h e n t h e l a t t e r t u r n s o u t t o be —18 y e a r s . Such an 
e x t e n d e d d u r a t i o n a l t h o u g h , h y p o t h e s i s e d i n d e p e n d e n t l y by Legrand 
and Simon ( 1 9 8 1 ) from t h e s o l a r wind s t r e a m s t u d i e s and by M a r t i n 
and Harvey ( 1 9 7 9 ) from t h e ERs, t h i s c o n c e p t g a i n e d s t r e n g t h o n l y 
a f t e r t h e TO came t o be known. 
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4 . 5 . P o l a r F a c u l a e 

A f t e r e v e r y p o l a r r e v e r s a l , r e g i o n s above +40° l a t i t u d e s show p o l a r 
f a c u l a e . These c a n be s e e n i n w h i t e l i g h t i m a g e s o f t h e sun a s 
w e l l a s i n t h e Ca I I Κ l i n e s p e c t r o h e l i o g r a m s . The number of p o l a r 
f a c u l a e p r e s e n t on t h e sun f o l l o w a c y c l i c v a r i a t i o n w i t h t h e p e r i o d 
o f 11 y e a r s w h i c h d i f f e r i n phase w i t h t h e s u n s p o t numbers by ~ 9 0 ° 
( S h e e l e y 1 9 7 6 ) . The most s i g n i f i c a n t r e s u l t s t h a t have emerged 
from a s t u d y o f t h e e v o l u t i o n o f p o l a r f a c u l a e a r e t h e f o l l o w i n g : 
i . The f a c u l a e appear a few months a f t e r t h e p o l a r r e v r s a l . During 
t h e deep s o l a r minimum p e r i o d s , about 900 f a c u l a e can be i d e n t i f i e d 
on t h e s o l a r d i s c and o v e r a t h i r d o f t h e s e o c c u r a s b i p o l e s , some 
o f them a l i g n e d i n t h e E-W d i r e c t i o n . The u n i p o l a r f a c u l a e have 
a p o l a r i t y i d e n t i c a l t o t h a t o f t h e background f i e l d , w h i l e i n t h e 
c a s e o f t h e b i p o l a r f a c u l a e t h e p r e c e d i n g p o l a r i t y i s i d e n t i c a l 
t o t h a t o f t h e background f i e l d . The p o l a r i t y o r i e n t a t i o n o f t h e s e 
b i p o l e s i s o p p o s i t e t o t h a t o f t h e s p o t s o f t h e same c y c l e ( H a l e ' s 
l a w ) , but i d e n t i c a l t o t h e p o l a r i t y o r i e n t a t i o n f o r b i p o l a r s p o t s 
o f t h e n e x t f o l l o w i n g c y c l e f o r t h e h e m i s p h e r e c o n c e r n e d (Makarov 
and Makarova 1 9 8 4 , 1 9 8 7 ) , In other w o r d s , w h i l e f a c u l a e of t h e ( N + l ) 
c y c l e make t h e i r a p p e a r a n c e a t h i g h l a t i t u d e s , t h e a c t i v i t y o f t h e 
p r e c e d i n g c y c l e (N) i s s t i l l p r e s e n t a t l o w e r l a t i t u d e s i n t h e s u n s -
pot p h a s e . T h i s i s s i m i l a r t o t h e b e h a v i o u r o f ephemera l a c t i v e 
r e g i o n s . 
i i . The f a c u l a e appear f i r s t a t l a t i t u d e z o n e s 4 0 ° - 6 0 ° and t h e z o n e s 
o f a p p e a r a n c e m i g r a t e s l o w l y and r e a c h h i g h l a t i t u d e s 7 0 ° - 8 0 ° a s 
t h e c y c l e p r o g r e s s e s ( F i g . 4 ) (Makarov and Sivaraman 1 9 8 6 ; Makarov 
e t a l . 1 9 8 7 b ) . 
i i i . The new c y c l e shows up f i r s t a s f a c u l a e a t h i g h l a t i t u d e s and 
l e a d s t h e s u n s p o t phenomenon by 5 -6 y e a r s . Each o f t h e s e h a s a 
d u r a t i o n of 11 y e a r s , but o c c u r a t s e p a r a t e l a t i t u d e s and d i s p l a c e d 
from e a c h o t h e r i n t i m e by 5 -6 y e a r s w i t h i n a 22 y e a r m a g n e t i c c y c l e 
( F i g . 4 ) . Thus t h e c o n v e n t i o n a l s o l a r c y c l e , w h i c h i s d e f i n e d as 
t h e d u r a t i o n o f t h e b u t t e r f l y p a t t e r n s b a s e d on t h e s p o t number 
c o u n t s , d e s c r i b e s o n l y t h a t p a r t o f t h e a c t i v i t y r e l a t i n g t o t h e 
c y c l e t h a t o c c u r s w i t h i n t h e +40° l a t i t u d e z o n e s ; w h e r e a s , i f t h e 
a c t i v i t y a t l a t i t u d e s > 40° i s a l s o t a k e n i n t o a c c o u n t t h e n t h e 
s o l a r a c t i v i t y c y c l e s t a r t s from t h e a p p e a r e n c e o f t h e f a c u l a e and 
l a s t s t i l l t h e end o f t h e b u t t e r f l y d i a g r a m . The d u r a t i o n o f t h i s 
g l o b a l c y c l e t u r n s o u t t o be 1 6 - 1 8 y e a r s (Makarov and Sivaraman 
1 9 8 9 ) . 

I f we now compare t h e c o r o n a l e m i s s i o n p a t t e r n a s t h a t o f Leroy 
and Noens ( 1 9 8 3 ) w i t h t h e f a c u l a e d i s t r i b u t i o n , t h e match a p p e a r s 
g o o d . The h i g h l a t i t u d e component o f t h e c o r o n a l e m i s s i o n c o i n c i d e s 
s p a t i a l l y w i t h t h e f a c u l a e and t h e low l a t i t u d e component w i t h t h e 
b u t t e r f l y d i a g r a m . 

I n t h e c a s e o f t h e t o r s i o n a l o s c i l l a t i o n s (TO) , t h e a n a l y s i s 
o f Howard and LaBonte ( 1 9 8 0 ) t h a t l e d t o t h e i n f e r e n c e o f a p o l e 
t o equa to r t r a v e l l i n g wave p a t t e r n w i t h k=2 c o n t a i n e d a m a t h e m a t i c a l 
a r t i f a c t and t h e p a t t e r n when f r e e d o f t h e a r t i f a c t c o n s i s t s of 
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Figure 4. Boxes III and IV show the latitude distribution of polar faculae and sunspots 
(butterfly diagram) during 1940-1985. The superposed lines are the migration trajectories 
of filaments reproduced from Figure 1 after smoothing, to show the epochs of polar reversals. 
Boxes II and V show the sunspot areas Asp as in Figure 1. Boxes I and VI show the counts 
(Np/ ) of polar faculae in the north and south hemispheres. 

a r e l a t i v e p o l a r s p i n up near s o l a r maximum and a s e p a r a t e s i n g l e 
wave t h a t r u n s from mid t o l o w l a t i t u d e s d u r i n g t h e r e s t o f t h e 
c y c l e ( S n o d g r a s s 1 9 8 5 , 1 9 8 7 ) . The t o r s i o n a l s h e a r ( w h i c h i s t h e 
d e r i v a t i v e o f t h e ne t t o r s i o n a l p a t t e r n w i t h r e s p e c t t o t h e l a t i t u d e ) 
i n c r e a s e and d e c r e a s e r e g i o n s a t low l a t i t u d e s match w e l l w i t h t h e 
b u t t e r f l y d iagram o f s u n s p o t s ( S n o d g r a s s 1 9 8 7 ) . The h i g h l a t i t u d e 
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s h e a r i n c r e a s e zone w h i c h h a s no c o u n t e r p a r t i n S n o d g r a s s ' s ( 1 9 8 7 ) 
i n t e r p r e t a t i o n , i s s e e n t o match w e l l w i t h t h e p o l a r f a c u l a e r e g i o n s 
(Makarov and S i v a r a m a n , 1 9 8 9 ) . 

4 . 6 . G l o b a l Modes i n t h e Magnet i c F i e l d P a t t e r n 

The d i s c o v e r y o f t h e r e s o n a n t g l o b a l wave p a t t e r n i n t h e m a g n e t i c 
f i e l d s o f t h e sun by S t e n f l o and c o w o r k e r s h a s p r o v i d e d a new a r e a 
from where e n c o u r a g i n g r e s u l t s have come o u t r e g a r d i n g t h e g l o b a l 

Superposition of the 7 odd modes 

1960 1970 1980 
Time 

Figure 5. Synthetic evolutionary diagram computed as the superposition of 7 discrete 
harmonic modes (with purely sinusoidal time variations), with only odd values of /(/ = 
1 , 3 , . . . , 13). (Reproduction of Fig. 4 of Stenflo (1988). By courtesy of Stenflo and Kluwer 
Academic Publishers.) 
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e v o l u t i o n o f p h o t o s p h e r i c m a g n e t i c f i e l d s . The power s p e c t r u m o f 
t h e s p h e r i c a l harmonic c o e f f i c i e n t s f o r t h e z o n a l modes o f t h e r a d i a l 
m a g n e t i c f i e l d shows t h e p r e s e n c e o f a s e t o f d i s c r e t e r e s o n a n t 
f r e q u e n c i e s ( S t e n f l o and V o g e l , 1 9 8 6 ; S t e n f l o and Gi ide l , 1988; Stenflo, 
1 9 8 8 ) . The harmonic modes can be c h a r a c t e r i s e d by t h e i r d e g r e e 
t and o r d e r m. The r o t a t i o n a l l y symmetr ic modes ( w i t h m=0) o bey 
a p a r i t y s e l e c t i o n r u l e : t h e modes w i t h odd p a r i t y (odd v a l u e s o f 
t ) a r e d o m i n a t e d by power t h a t c o r r e s p o n d t o a p e r i o d o f 22 y e a r s 
f o r a l l v a l u e s o f Ζ ; w h i l e t h e e v e n p a r i t y modes show power a t 
h i g h e r f r e q u e n c i e s t h a t v a r y w i t h v a l u e o f £ , w i t h no t r a c e o f t h e 
22 y e a r c y c l e . Gokhale e t a l . ( 1 9 8 9 ) have o b t a i n e d s i m i l a r r e s u l t s 
from t h e i r a n a l y s i s o f 80 y e a r s o f s u n s p o t d a t a . The z o n a l m a g n e t i c 
f i e l d p a t t e r n a v e r a g e d o v e r a l l l o n g i t u d e s shows t h e e v o l u t i o n of 
t h e f i e l d i n t h e s o l a r l a t i t u d e - t i m e domain ( S t e n f l o , 1 9 8 8 ) . The 
main f e a t u r e s a r e : 
i . The p o l a r i t i e s r e v e r s e s i g n e v e r y 1 1 - y e a r s b o t h a t h i g h and 
low l a t i t u d e s . 
i i . On t h e h i g h l a t i t u d e z o n e s , t h e m a g n e t i c f i e l d p a t t e r n d r i f t 
s t e e p l y t o w a r d s t h e p o l e s and 
i i i . On t h e low l a t i t u d e z o n e s , t h e f i e l d shows d r i f t t o w a r d s t h e 
e q u a t o r i n t h e c o u r s e o f t h e 1 1 - y e a r c y c l e , wh ich i s t h e b u t t e r f l y 
d i a g r a m . 

S t e n f l o ( 1 9 8 8 ) h a s c o n s t r u c t e d s y n t h e t i c c o n t o u r s by a p p r o x i m a t -
i n g t h e t r u e power s p e c t r u m by δ - f u n c t i o n s , one f o r e a c h v a l u e 
of Ζ · The r e s u l t i n g p a t t e r n d e r i v e d by s u p e r p o s i n g 14 d i s c r e t e 
modes r e p r o d u c e s t h e o b s e r v e d z o n a l p a t t e r n w e l l . The p a t t e r n c a n 
be c o n s i d e r a b l y r e f i n e d by s e p a r a t i n g o u t t h e a n t i s y m m e t r i c compo-
nent ( i . e . by a s u p e r p o s i t i o n of o n l y 7 odd modes; £ = 1, 3 , . . . 13) , 
wh ich b r i n g s out t h e e q u a t o r i a l and p o l e w a r d d r i f t s o f t h e m a g n e t i c 
p a t t e r n s and t h e 2 2 - y e a r p e r i o d i c i t y most c o n s p i c u o u s l y ( F i g . 5 ) . 
T h i s p i c t u r e o f t h e e v o l u t i o n of t h e m a g n e t i c f i e l d s t o t a l l y a g r e e s 
w i t h t h e c o m p o s i t e g l o b a l f i e l d p a t t e r n w i t h t h e p o l a r f a c u l a e and 
t h e s u n s p o t b u t t e r f l y d iagram shown i n F i g . 4 . The s i m i l a r i t y 
o f t h e p o l a r i t y d i s t r i b u t i o n o f t h e two components and t h e p o l a r i t y 
r e v e r s a l s a l s o match e x a c t l y . 

5 . SCENARIO OF THE GLOBAL MAGNETIC FIELD PATTERN 

The good agreement among t h e o b s e r v a t i o n s o f d i f f e r e n t p a r a m e t e r s , 
( c o r o n a l e m i s s i o n , p o l a r f a c u l e , g l o b a l modes , g e o m a g n e t i c a c t i v i t y , 
ephemera l a c t i v e r e g i o n s ) a l l o f them c o n n e c t e d w i t h t h e m a g n e t i c 
f i e l d s can now be p o o l e d t o g e t h e r t o e v o l v e a w o r k i n g e m p i r i c a l 
m o d e l . A c c o r d i n g t o t h i s m o d e l , t h e g l o b a l p h o t o s p h e r i c m a g n e t i c 
f i e l d c o n s i s t s o f two c o m p o n e n t s : t h e h i g h l a t i t u d e and t h e l ow 
l a t i t u d e components ( F i g . 4 and F i g . 6 ) . The h i g h l a t i t u d e component 
i s r e p r e s e n t e d by t h e c o r o n a l e m i s s i o n , t h e p o l a r f a c u l a e and t h e 
e p h e m e r a l a c t i v e r e g i o n s , wh ich makes i t s a p p e a r a n c e i m m e d i a t e l y 
a f t e r t h e p o l a r r e v e r s a l and i s c h a r a c t e r i s e d by t h e p o l e w a r d d r i f t . 
The s e c o n d and t h e more p o w e r f u l component i s r e p r e s e n t e d by t h e 
s u n s p o t s t h a t appear when t h e f i r s t component i s a l r e a d y a t i t s 
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peak and h a s an e q u a t o r w a r d d r i f t wh ich i s t h e b u t t e r f l y d i a g r a m . 
The t h e o r e t i c a l s u p p o r t f o r t h e m a g n e t i c waves o f s o l a r a c t i v i t y 
i s p r o v i d e d by t h e i n v e s t i g a t i o n s o f Makarov e t a l . ( 1 9 8 7 c ) . The 
two components appear on t h e sun a t d i f f e r e n t l a t i t u d e z o n e s and 
w i t h a s h i f t i n t i m e by 5 -6 y e a r s which g i v e s t h e n o t i o n o f the extend-
ed d u r a t i o n o f t h e s o l a r c y c l e . I t i s n o t known a t t h i s s t a g e whether 
t h e two components c o u l d be c o n n e c t e d by a common c a u s a l a g e n c y . 
The agreement or o t h e r w i s e w i t h t h e TO p a t t e r n i s a l s o u n c l e a r a t 
t h i s s t a g e , due t o p a u c i t y o f t h e TO d a t a . With t h e a r r i v a l o f more 
r e s u l t s on TO and ephemera l a c t i v e r e g i o n s , t h e p i c t u r e s h o u l d become 
more m e a n i n g f u l . 

Our u n d e r s t a n d i n g o f t h e s o l a r magnet i sm l e a n s h e a v i l y on t h e 
e m p i r i c a l r e s u l t s d e r i v e d from o b s e r v a t i o n s o f t h e s u r f a c e f i e l d s . 
Hence , i t i s i m p o r t a n t t o be a b l e t o o f f e r a s much i n f o r m a t i o n b a s e d 
on o b s e r v a t i o n s a s p o s s i b l e t o p r o v i d e c l u e s i n f raming t h e g l o b a l 
p i c t u r e o f t h e s o l a r m a g n e t i c f i e l d s . From t h e t h e o r e t i c a l s i d e , 
i t seems q u i t e s a t i s f y i n g t o n o t e t h a t t h e s o l a r m a g n e t i c f i e l d can 
be d e s c r i b e d a s a l i n e a r s u p e r p o s i t i o n o f d i s c r e t e g l o b a l modes . 
T h i s a p p r o a c h a p p e a r s t o be p r o m i s i n g and may p r o v i d e c l u e s i n our 
endeavour i n u n d e r s t a n d i n g t h e m a g n e t i c f i e l d s and t h e i r v a r i a b i l i t y 
on t h e sun and o t h e r s t a r s t o o . 
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