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INTRODUCTION: It is now well established (Mcintosh 1 9 7 9 ; Makarov 
and Sivaraman 1 9 8 3 ) that the filament and filament channels seen 
in the H-alpha spectroheliograms (or filtergrams) can be used as 
reliable tracers for studying the time evolution of large-scale 
magnetic fields on the Sun. These features represent the neutral 
lines between the unipolar regions of opposite polarity. Comparison 
of the synoptic charts compiled from H-alpha pictures with those 
from full-disc magnetograms for the same period shows very good agree-
ment and hence the former can be used with confidence for time evolu-
tion studies of large-scale unipolar regions for those periods when 
the magnetographs did not even exist. In this paper we shall present 
one of the results of our study (Makarov and Sivaraman 1 9 8 3 , 1 9 8 9 ) 
on the migration of H-alpha filaments, namely, the existence of the 
meridional flow on the Sun. We shall extend it further to show the 
participation of this meridional flow in the solar cycle variation. 

DATA AND ANALYSIS: Starting from the H-alpha and K 2 3 2 spectrohelio-
grams of the Kodaikanal and Kislovodsk stations we constructed the 
H-alpha synoptic charts for the period 1 9 0 4 - 1 9 8 2 . For the period 
1 9 6 4 - 1 9 7 3 we used Mcintosh's ( 1 9 7 9 ) synoptic charts themselves. These 
charts show clearly the continous boundaries of the large-scale uni-
polar regions and it is possible to assign a mean latitude to every 
filament band over each solar rotation. We then plot such mean lati-
tude values for the polemost filament band as well as for other fila-
ment bands as a function of time. The filament migration derived 
thus for the period 1 9 1 0 - 1 9 8 2 (Makarov and Sivaraman, 1 9 8 9 ) is shown 
in Fig.l. 

RESULTS: The filament bands start their poleward migration with 
small speeds ranging from 5 to 2 0 m sec - 1 synchronously with the 
rising phase of the solar cycle (Fig.l) Around the peak of activity, 
these filament bands, which previously move slowly, experience a 
sudden acceleration resulting in velocities as high as 40-m sec- 1 

or more and on reaching the pole they cause the reversal of the polar 
fields. 

101 

E. R. Priest and V. Krishan (eds.), Basic Plasma Processes on the Sun, 101-105. 
© 1990IAU. Printed in the Netherlands. 

https://doi.org/10.1017/S0074180900087817 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900087817


102 

1910 1920 1930 1940 1950 1960 1970 1980 
YEARS 

F i g . l . Boxes I I and I I I show t h e m i g r a t i o n t r a j e c t o r i e s of m a g n e t i c 
n e u t r a l l i n e s ( f i l a m e n t b a n d s ) i n t h e N o r t h and S o u t h h e m i s p h e r e s 
f o r t h e p e r i o d 1 9 1 0 - 1 9 8 2 . H a t c h e d a r e a s : n e g a t i v e p o l a r i t i e s and 
c l e a r a r e a s : p o s i t i v e p o l a r i t i e s . Boxes I and IV: c o n t i n o u s c u r v e 
r e p r e s e n t s t h e r u n of t h e mean d a i l y a r e a s of s u n s p o t s [ A ( S p ) ] i n 
m i l l i o n t h s of t h e v i s i b l e h e m i s p h e r e a v e r a g e d o v e r one r o t a t i o n w i t h 
3 p o i n t s m o o t h i n g . 

Topka e t a l . ( 1 9 8 2 ) h a v e done a s i m i l a r a n a l y s i s f o r t h e 
p e r i o d 1 9 6 4 - 8 0 and t h e r e i s p e r f e c t a g r e e m e n t b e t w e e n t h e i r r e s u l t s 
and o u r s f o r t h i s p e r i o d . We i n t e r p r e t t h a t t h e m o t i v e f o r c e t h a t 
c a u s e s t h e p o l e w a r d m i g r a t i o n of t h e f i l a m e n t s ( w h i c h i s a l s o t h e 
t r a n s p o r t a t i o n of u n i p o l a r m a g n e t i c r e g i o n s ) i s a m e r i d i o n a l f l o w 
t o w a r d s t h e p o l e s i n t h e s o l a r p h o t o s p h e r e t h a t h a s a mean v e l o c i t y 
of 2 5 - 4 0 m s " 1 . Topka e t a l . ( 1 9 8 2 ) h a v e shown t h a t t h e p r o c e s s 
of d i f f u s i o n a l o n e i s i n a d e q u a t e w h i l e a m e r i d i o n a l f l o w c a n a c o u n t 
f o r t h e o b s e r v e d p o l e w a r d t r a n s p o r t . A f t e r t h e p o l a r r e v e r s a l , t h e 
f i l a m e n t b a n d s wh ich a r e t o c a u s e t h e n e x t r e v e r s a l a r e s t i l l a t 
low l a t i t u d e s ( 2 0 ° - 3 0 ° ) m e a n d e r i n g w i t h a q u a s i - o s c i l l a t o r y m o t i o n 
and t h e y s t a r t t h e p o l e w a r d j o u r n e y o n l y a f t e r t h e s u n s p o t a c t i v i t y 
h a s i n c r e a s e d . 

DISCUSSIONS: L e t us l o o k a t t h e D o p p l e r m e a s u r e m e n t s w h i c h show 
t h e m e r i d i o n a l m o t i o n and c o m p a r e t h e s e w i t h t h e f i l a m e n t m i g r a t i o n 
d i a g r a m . Wi th t h e D o p p l e r Zeeman A n a l y s e r , B e c k e r s ( 1 9 7 7 ) d e t e c t e d 
t h e m e r i d i o n a l f l o w w i t h v e l o c i t y of 42 9 ms _ 1 . Based on m e a s u r e -
m e n t s on 8 9 d a y s i n t h e p e r i o d J u l y 1 9 7 7 - M a r c h 1 9 7 8 , D u v a l l ( 1 9 7 9 ) 
d e t e c t e d i n t h e l a t i t u d e zone 1 0 ° - 5 0 ° a m e r i d i o n a l f l o w of 2 0 m s 1 

from t h e S t a n f o r d m a g n e t o g r a p h d a t a . Howard ( 1 9 7 9 ) f rom t h e a n a l y s i s 
of M t . W i l s o n D o p p l e r m e a s u r e s f o r t h e p e r i o d 1 9 7 4 - 1 9 7 7 a l s o d e t e c t e d 
a p o l e w a r d m e r i d i o n a l f l o w w i t h v e l o c i t i e s of 2 0 m s " 1 . S n o d g r a s s 
r e a n a l y s i n g t h e M t . W i l s o n d a t a d e r i v e d a l a t i t u d e d e p e n d e n t p o l y n o -
m i a l f i t t o t h i s f l o w and o b t a i n e d a mean v a l u e of 1 0 m s ^ f o r t h e 
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F i g . 2 . M i g r a t i o n t r a j e c t o r i e s f o r t h e p e r i o d 1 9 6 5 - 1 9 8 8 . The p e r i o d 
J u l y 1 9 7 7 t o March 1978 of B e c k e r s * D o p p l e r m e a s u r e m e n t s ( 1 9 7 8 ) i s 
shown by t h e two v e r t i c a l b r o k e n l i n e s PP ' and QQ' . Notice the filament 
b a n d s , A, B and C i n b o t h t h e h e m i s p h e r e s show p o l e w a r d m i g r a t i o n 
d u r i n g t h i s p e r i o d and a r e c o n f i n e d t o t h e l a t i t u d e zone 1 0 ° - 4 0 ° 
w h e r e B e c k e r s a l s o d e t e c t e d t h e m e r i d i o n a l f l o w . 

p e r i o d May 1 9 8 2 t o March 1 9 8 4 . 

I n F i g . 2 we h a v e r e p r o d u c e d t h e f i l a m e n t m i g r a t i o n f o r 
t h e y e a r s 1 9 6 5 - 1 9 8 2 f rom F i g . l and e x t e n d e d t h i s t o 1 9 8 8 on a b i g g e r 
s c a l e t o h e l p c o m p a r i s o n w i t h t h e D o p p l e r m e a s u r e m e n t s . For e x a m p l e , 
B e c k e r s ' m e a s u r e s ( 1 9 7 8 ) w e r e o b t a i n e d d u r i n g J u l y 1 9 7 7 t o March 
1 9 7 8 . We h a v e m a r k e d t h i s p e r i o d on F i g . 2 i n t h e n o r t h and s o u t h 
h e m i s p h e r e s . The m e r i d i o n a l m o t i o n m e a s u r e d by him i s r e f l e c t e d 
by t h e p o l e w a r d mov ing f i l a m e n t b a n d s A, B, & C ( F i g . 2 ) . S i m i l a r l y , 
t h e m e a s u r e m e n t s of D u v a l l ( 1 9 7 9 ) and of S n o d g r a s s ( 1 9 8 4 ) a l s o f i t 
w e l l w i t h t h e f i l a m e n t m i g r a t i o n . S n o d g r a s s ' s ( 1 9 8 4 ) d e t e r m i n a t i o n s 
show t h a t t h e maximum of t h e v e l o c i t y o c c u r s a r o u n d 3 0 ° l a t i t u d e 
and t h i s i s wha t i s t o be e x p e c t e d from t h e m i g r a t i o n d i a g r a m ( F i g . 2 ) . 

A n o t h e r d i r e c t i o n f rom w h i c h t h e r e i s a d d i t i o n a l s u p p o r t 
i s t h e m e r i d i o n a l m o t i o n d e r i v e d from l i n e a s y m m e t r i e s of p h o t o s p h e r i c 
l i n e s , b u t t h e i r a g r e e m e n t w i t h t h e r e s u l t s of t h e f i l a m e n t m i g r a t i o n 
s t u d i e s h a v e n o t b e e n g e n e r a l l y g o o d . A p o s s i b l e r e a s o n c o u l d be 
t h a t t h e D o p p l e r m e a s u r e m e n t of m e r i d i o n a l f l o w a r e i n g e n e r a l c o m p l i -
c a t e d by a p o s s i b l e c o n f u s i o n with the l a t i t u d e var ia t ion of the limb s h i f t 
e f f e c t . In t h i s respect the meridional motion determined from t r a c e r m e a s u r e m e n t s 
a r e s u p e r i o r and r e l i a b l e . Cavall ini e t a l . ( 1 9 8 5 , 1 9 8 6 ) find a res idua l in the 
d i f f e r e n c e s b e t w e e n t h e meridional and equator ia l l i n e sh i f t s in the Fe I l i nes 
6302.5A i n July-August 1984 and July-September 1 9 8 5 . Their measurements on 6302.5A 
show a maximum a t 3 0 ° - 4 0 ° l a t i t u d e and agree with F i g . 2 although t h e i r ve loc i -
t i e s of 5 0 m s - 1 a r e higher . Their measurements using 5 5 7 6 A done i n J u l y -

https://doi.org/10.1017/S0074180900087817 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900087817


104 

September 1 9 8 5 do n o t a g r e e w i t h our m i g r a t i o n d i a g r a m . 

Ambroz's ( 1 9 8 7 ) a n a l y s i s o f t h e e v o l u t i o n o f u n i p o l a r magne-
t i c r e g i o n s i n d i f f e r e n t l a t i t u d e z o n e s u s i n g t h e H-a lpha s y n o p t i c 
c h a r t s f o r t h e s h o r t p e r i o d A p r i l - S e p t e m b e r 1 9 7 9 show b o t h z o n a l 
and m e r i d i o n a l f l o w s . To s t u d y t h e e f f e c t s accompanying t h e e v o l u t i o n 
o f u n i p o l a r r e i o n s he employed t e s t v e c t o r s a t many p o i n t s on t h e 
b o u n d a r i e s o f t h e s e r e g i o n s and l o o k e d f o r t h e c h a n g e s i n t h e i r o r i e n -
t a t i o n a s t h e r e g i o n s e v o l v e . T h e i r o r i e n t a t i o n s d i s t i n c t l y show 
that a purely zonal flow prevails at heliographic lat i tudes above + 5 0 ° , while at lower 
l a t i t u d e s , t h e m e r i d i o n a l component i s p r e d o m i n a n t . We f i n d from 
P i g . 2 t h a t t h i s i s what i s t o be e x p e c t e d . This l a t t er period i s the ascend-
i n g phase o f t h e s o l a r maximum. As t h e leve l of solar ac t iv i ty increases 
so a l s o t h e v e l o c i t y o f t h e f l o w and i n a d d i t i o n t h e f l o w s p r e a d s 
t o h i g h e r and h i g h e r l a t i t u d e s . The f i l a m e n t bands be low t h e p o l e m o s t 
one a l s o show s i m i l a r p o l e w a r d m i g r a t i o n . Dur ing such an e p o c h a 
D o p p l e r measurement would b r i n g o u t t h e m e r i d i o n a l f l o w a t a l l l a t i t u -
des on t h e s u n . 

I t i s t h u s c l e a r from t h e m i g r a t i o n d i a g r a m s (Figs 1 & 2 ) 
t h a t d u r i n g t h e y e a r s o f the solar minimum, the filament bands do n o t show 
signs of a continous m i g r a t i o n t o w a r d s t h e p o l e s . They remain a t low l a t i -
t u d e s w i t h a q u a s i - o s c i l l a t o r y m o t i o n . But with the commencement of t h e 
s o l a r a c t i v i t y , t h e y s t a r t a l l o f a sudden moving p o l e w a r d s s u g g e s t -
ing that the motive force driving them which i s a b s e n t or v e r y weak d u r i n g 
t h e s o l a r minimum starts operating from this epoch onwards. This behaviour i s 
unmistakably seen cycle after cycle ( 1 9 1 0 - 1 9 8 2 ) in both hemispheres of the Sun. 
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DISCUSSION 

VAN BALLEGOODEN: How did you define the latitude of a filament band? 

SIVARAMAN: This is done by measuring the latitudes of the filament band in every 20° 
longitude zone and averaging them over one solar rotation. This mean value forms one data 
point on the migration trajectory curve. 

PRABHAKARAN: The poleward migration of filaments does not have the same velocity 
throughout the cycle. How well does it agree with other measurements? 

SIVARAMAN: The agreement between the Doppler measurements showing the meridional 
motion and our filament trajectory diagram is quite good. The fact that the poleward 
migration does not have the same velocity throughout the cycle is exactly the point I am 
emphasising by saying that the meridional motion participates in the solar cycle variations. 
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