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A B S T R A C T 

The places of local maxima of sunspot activity, i.e. the formation of solar active regions, seem to 
follow in a definite sequence of tracks over the Sun's surface. These sequences of activity apparently 
represent distinct continuous streams, whose duration may be of the order of magnitude of 1 year. 

1. Introduction 

I t h a s been t a k e n a lways a s o n e of t h e crucial p o i n t s in s t u d y i n g the n a t u r e a n d 
c a u s e of t h e so la r cycle t o t ry t o i n t e r p r e t t h e v a r i a t i o n in t h e a v e r a g e he l iog raph ic 
l a t i t u d e of s u n s p o t s , i.e., t h e but terf ly d i a g r a m . Bu t if t h e but terf ly d i a g r a m h a s s o m e 
fine s t r u c t u r e in real i ty , t h e n a n y t h e o r y c o n c e r n i n g t h e so la r cycle t h a t ignores th i s 
fact b e c o m e s q u e s t i o n a b l e . 

W e w o u l d l ike t o call a t t e n t i o n t o t he pecul ia r i ty t h a t t h e but terf ly d i a g r a m c a n be 
reso lved in to several t r a c k s of b a n d s wi th a t ime-scale of on ly 1 t o 2 yea r s , i.e., c o n ­
s ide rab ly less t h a n 11 yea r s . T h i s pecu l ia r i ty was ind ica ted a l r eady by Lockye r (1904), 
u s ing t h e d a t a of o b s e r v a t i o n s f r o m 1861-1902 , a n d m u c h m o r e clear ly by K u l e s h o v a 
(1962) , f rom T a s h k e n t o b s e r v a t i o n s of so la r cycles n o . 1 7 - 1 9 . O n e m a y find t races of 
t h i s p r o p e r t y even in o n e of Bel l ' s p a p e r s (1960), w h o t o o k i n t o a c c o u n t s o m e m a g n e t i c 
m e a s u r e m e n t s t o o . 

S ince so la r act ivi ty m a y be bes t cha rac t e r i zed t h r o u g h t h e s t r e n g t h e n i n g of local 
m a g n e t i c fields a n d t h e la rges t field s t r e n g t h s o n t h e S u n a r e t o be f o u n d in spo t 
u m b r a e , it w o u l d the re fo re be m o s t a p p r o p r i a t e t o inves t iga te t h e p r o b l e m o n t h e 
bas i s of m a g n e t i c m e a s u r e m e n t s r e l a t i ng t o u m b r a e . Bu t since we h a v e n o su i tab le 
d a t a of th i s k ind ava i lab le , we used u m b r a a r ea s , select ing t h o s e cases w h e n t h e u m b r a 
of t h e s p o t g r o u p w a s g r o w i n g . W e d id t h i s because it w a s h igh ly p r o b a b l e t h a t d u r i n g 
e a c h such pe r iod the m a g n e t i c field w a s local ly a lso g r o w i n g . 

2. Data used 

O b s e r v a t i o n s of t he h e l i o g r a p h i c c o o r d i n a t e s (B, L) and the da i l y a r ea l increases of 
u m b r a e (AU>0), s epa ra t e ly for each s u n s p o t g r o u p , were t a k e n f rom t h e G r e e n w i c h 
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P h o t o - H e l i o g r a p h i c R e s u l t s for t h e yea r s 1889-1955 , i.e., for 6 en t i re so lar cycles 
(nos . 13-18) . These G r e e n w i c h r e c o r d s c o n t a i n in fact so la r o b s e r v a t i o n s for every 
d a y , b u t dai ly on ly o n e . W e set ce r t a in r e a s o n a b l e l imits , neg lec t ing ce r ta in observa­
t i o n s , in o r d e r t o avo id sys t ema t i c m e a s u r i n g e r r o r s ( D e z s o , 1964). T h u s we confined 
ourse lves t o ce r t a in va lues a s r e g a r d s t h e m a g n i t u d e of AU, t h e d i s t ance f rom the 
cen t ra l m e r i d i a n (LCM) a n d t h e l i fet imes (u) of t h e s p o t g r o u p s . W h e n we speak of a 
s p o t g r o u p of u d a y s , it m e a n s t h a t be tween its first a n d last ( u l t i m a t e ) o b s e r v a t i o n s 
t h e r e is a n in terval of u— 1 d a y s . W h e r e v e r we used a n ave rage va lue of t h e hel io-
g r a p h i c pos i t ion , t h i s is a l w a y s a n a p p r o p r i a t e ca lcu la ted weigh ted m e a n . ( W e used 
as weights t h e n u m b e r of A U cases a n d t h e IA U va lues in Sec t ions 3 a n d 4 respect ively . ) 

W h i l e we s tudied d a t a of o b s e r v a t i o n s over a 67-year pe r iod , t h e p resen t c o m m u n i ­
c a t i o n gives on ly a few typica l e x a m p l e s * f rom t h e so lar cycle n o . 18, t o i l lustrate o u r 
p r e l i m i n a r y resu l t s r e l a t ing t o ce r ta in m i g r a t i o n s of s u n s p o t act iv i ty . 

3 . Migrat ions shown by a Special Index of Spot Activity 

C o n s e q u e n t t o w h a t w a s said a b o v e , we m a y i n t r o d u c e q u i t e a p rac t ica l a n d r e a s o n ­
ab le index of s u n s p o t act ivi ty (J) by us ing t h e n u m b e r of AU ^ 2 cases of spo t g r o u p s . 
T o be qu i t e c l ea r : we c o u n t e d for each day the n u m b e r of t h o s e spo t g r o u p s wh ich 
by t h e next d a y h a s s h o w n a n u m b r a increase of a t least 2 a rea l u n i t s (10 ~ 6 of t he so la r 
hemisphe re ) , a n d s u m m e d u p these n u m b e r s for hal f -year p e r i o d s , s t a r t i ng f rom t h e 
beg inn ing of t h e c a l e n d a r yea r for every s u b s e q u e n t 3 m o n t h s . W e d e t e r m i n e d th is J 
index of s u n s p o t act ivi ty for a r eas of 8° l a t i tude x 60° l o n g i t u d e of t h e so la r surface, 
s t a r t ing f rom the e q u a t o r (Z? = 0°) a n d C a r r i n g t o n ' s ze ro m e r i d i a n (L = 0°) for every 
4 t h paral le l a n d every 30 th m e r i d i a n . W e used o b s e r v a t i o n s o f a spo t g r o u p for t he 
ca l cu la t ions of o u r J ind ices on ly w h e n t h e c e n t r a l - m e r i d i a n d i s t ance of t h e g r o u p w a s 
less t h a n 50° ( | L C M | < 5 0 ° ) , a n d used a spo t g r o u p only if i ts l ifetime w a s a t least 
5 d a y s ( w ^ 5 ) . 

In t h e t o p m o s t p a r t of F i g u r e 1 a 2-year va r i a t i on of s u n s p o t ac t iv i ty ( / ) be tween 
N o r t h e r n l a t i t udes of 20° a n d 28° a n d l ong i tudes of 60° a n d 120° (i .e. , t h e cen te r of t h e 
l o n g i t u d e z o n e is 90°) is s h o w n . W e n o t e f rom t h e o t h e r s imi lar cu rves of F igure 1, 
p l o t t e d for t h e l o n g i t u d e z o n e s of 60° , 30° , 0 ° a n d 330° , t h a t t h e / - m a x i m u m a t 
1945*5 shifted by 120° in a b o u t a year . Such b e h a v i o u r , a shift in l ong i tude of t h e 
m a x i m a of local so la r ac t iv i ty in a n y zone of l a t i tude , is qu i t e c o m m o n . So me t i mes a 
m u c h smal ler o r g r ea t e r shift occu r s . Bu t u p t o t h e p r e s en t we h a v e n o t b e e n ab le t o 
es tab l i sh a n y definite regula r i t i es r e la t ing t o th i s shift, a n y h o w it d o e s n o t m o v e on ly 
t o w a r d s t h e dec reas ing l o n g i t u d e s b u t equa l ly in t h e o t h e r d i r ec t i on a s well . 

I f we d e t e r m i n e t h e v a r i a t i o n of s p o t act ivi ty in different z o n e s of l a t i t ude , even by 
d i s r ega rd ing t h e d i s t i nc t i on of long i tudes , it is easy t o r ecogn ize a t o n c e f rom several 

* Several other examples were shown at the Symposium. 
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well-defined m a x i m a t h a t t h e s p o t act ivi ty in genera l m i g r a t e s wi th cons ide rab l e 
speed t o w a r d s lower l a t i t udes . T h e veloci ty of these m i g r a t i o n s is a b o u t o n e o r d e r of 
m a g n i t u d e g rea te r t h a n t h e o n e w h i c h fol lows f rom t h e so-cal led S p o r e r ' s l aw. W e 
w o u l d p o i n t ou t , howeve r , t h a t w e no t i ced a m o n g s t t h e less i m p o r t a n t m i g r a t i o n s of 
t h i s k ind a few wh ich m o v e d t o w a r d o n e of t h e po les . N ev e r t h e l e s s t h e d o m i n a n t 
charac te r i s t i c s of t h e l a t i t ude m i g r a t i o n of s u n s p o t ac t iv i ty is a g r a d u a l descen t t o t h e 
l ower l a t i tudes . I t is p e r h a p s t h e m o s t i m p o r t a n t fea ture of these m i g r a t i o n s t h a t 
before a n act ivi ty t r a c k f ades o u t , n o t far f rom t h e e q u a t o r , a n e w o n e a p p e a r s a t 
h ighe r l a t i tudes . W e m a y obse rve a t least fou r m a i n t r a c k s of s u n s p o t act ivi ty wi th 
fast l a t i t ude v a r i a t i o n d u r i n g every so la r cycle in e a c h h e m i s p h e r e . C o n s e q u e n t l y , o n e 
s h o u l d r ega rd t h e but terf ly d i a g r a m a s a l so be ing bu i l t u p by such t r a c k s . 

In F igu re 2 we p resen t e x a m p l e s t o i l lus t ra te w h a t w e have said a b o v e . T h e t h r ee 
cu rves of s u n s p o t act ivi ty re la te t o t h e 2 0 ° - 2 8 ° , 1 6 ° - 2 4 ° a n d 1 2 ° - 2 0 ° l a t i tude zones . 
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A p a r t of t he shift for t w o of t h e ' m a i n ' t r a c k s a re t o be seen. T h e t imes of m a x i m a of 
local activity a n d the re la ted average l a t i tudes , ind ica ted a c c o r d i n g t o the scale o n t he 
r i g h t - h a n d side of t h e figure, a re s h o w n by crosses . 

W e t h i n k t h a t t h e cu rves of F igu re 2 , a n d o t h e r s imi la r g r a p h s , p r o v e sufficiently 
well the r ap id l a t i t ude v a r i a t i o n of spot act ivi ty . But F igu re 3, a n d s o m e o the r s imi lar 

AU*2 \I~CM\<50° "*5 N CycL.No.1S As 

-0 
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+ 

1947.0 
_ i _ 

Rot. No. 1240 1250 1260 

F I G . 2. Variations in sunspot activity in various belts of latitude. 

g r a p h s , conv ince u s of it even m o r e . In F igure 3 w e s h o w h o w the spo t act ivi ty is 
d i s t r ibu ted a l o n g l o n g i t u d e s a t t h e t imes of m a x i m a for t h e ear l ier (1946) t r a c k of 
F igu re 2. By c o m p a r i n g t h e t h r e e curves of F igu re 3 , we find t h a t t h e local m a x i m u m 
h a s in fact descended t o a lower z o n e of l a t i tude , because d u r i n g i ts shift (in 0.34 
years ) t h e d i s t r i bu t ion of act ivi ty in long i tude o n the w h o l e r e m a i n s t h e s a m e ; o r t o 
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F I G . 3. Examples of distribution of sunspot activity in longitude. 

be m o r e exact , t he re a r e s o m e shifts in long i tude a lso , b u t on ly c o m p a r a t i v e l y small 
o n e s a n d in b o t h d i rec t ions . 

4. Migrat ions indicated by Active Regions 

T h e m i g r a t i o n s of s u n s p o t ac t iv i ty b e c o m e s even m o r e a p p a r e n t if w e d o n o t follow 
a s t r ic t s tat is t ical p r o c e d u r e , a s in t h e a b o v e , b u t s imply t ry t o select t h e m o s t i m p o r ­
t a n t ac t ive reg ions . W e c h o s e A 5 as a c r i t e r ion of in tense ac t iv i ty of a spo t g r o u p . 
T h u s w e used on ly t h e s p o t g r o u p s t h a t s h o w e d a n u m b r a l increase of a t l eas t 5 a r ea l 
u n i t s f rom o n e d a y t o t h e n e x t w i t h i n a d i s t ance of 60° l o n g i t u d e f rom the cen t r a l 
m e r i d i a n . H e r e , however , we used all s p o t g r o u p s w h o s e l ifet imes were a t least 3 d a y s 
(u>3). 

I n t h e l ight of w h a t we o u t l i n e d in t h e fo regoing sec t ion , it w a s n o t t o o difficult t o 
p ick o u t t h o s e act ive r e g i o n s t h a t a r e p r o b a b l y m e m b e r s of t r a c k s wh ich c o m e in to 
be ing t h r o u g h m i g r a t i o n s of s u n s p o t act ivi ty. I n F igure 4 we s h o w for t w o p e r i o d s of 
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a p p r o x i m a t e l y 1-year poss ib le m i g r a t i o n s of t h i s k ind , ind ica ted b y act ive regions of 
t h e S o u t h e r n so la r h e m i s p h e r e . 

T h e l a t i tude a n d l o n g i t u d e v a r i a t i o n of a b o u t a d o z e n t r a c k s of so l a r act ive reg ions 
a re p lo t t ed in F i g u r e 4 . T h e d o t s general ly r ep resen t t h r ee a n d m o r e spo t g r o u p s (in 
s o m e cases even seven) a n d in m o s t cases IA U> 100, t he given p o s i t i o n s of the reg ions 
be ing m o r e o v e r m o s t l y c o m p a r a t i v e l y qu i t e close t o t h e a c t u a l m e a s u r e d pos i t i on of 
t h e spo t g r o u p . T h e re la ted differences in l a t i t udes a n d l o n g i t u d e s a r e near ly a lways 
less t h a n 5° a n d 40° respect ively . T h e t imes of o b s e r v a t i o n s t h a t r e la te t o t he d o t s a re 
all w i th in t h r e e so la r r o t a t i o n s a p p r o x i m a t e l y . 

AU&5 \LCJ<60' U*3 S Cycl.No.lB As 

30- \ 

20 -

10 -

300 -

200-

100 -

1946.5 

F 

Rot.No. 1240 

1947.5 1948.7 

' I I | l'l I I | I I I I | I I I l ' | I | | J | I I | I I I I | I I ! |' | I I I 
1250 1270 

1949.7 

1280 

F I G . 4. Coordinates of solar active regions. 
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T h e examples in F igu re 4 r ep re sen t 70 a n d 105 spo t g r o u p s , i.e., 2 9 % a n d 4 8 % of 
t h o s e used, f rom the yea r s 1946-47 a n d 1948-49 respect ively. Bu t we s h o u l d p o i n t o u t 
t h a t t h e c o r r e s p o n d i n g pe r cen t ages of t h e IAU va lues a r e 46 a n d 57, i.e., qu i t e h igh . 
Acco rd ing ly it is just if ied t o suspec t t h a t o u r samples in F igu re 4, f rom t h e S o u t h e r n 
h e m i s p h e r e a n d t h e p e r i o d s ind ica t ed , s h o w in fact o n e of t h e m a i n cha rac te r i s t i c s of 
s u n s p o t act ivi ty . 

5. Conclusions 

S u m m i n g u p w h a t h a s been ou t l i ned , it m a y be t a k e n as a fact t h a t so la r act ivi ty 
h a s a r a p i d va r i a t ion in l a t i tude . I t is easy to see t h a t o n e shou ld c o n c l u d e f rom this 
fact t h a t t h e butterfly d i a g r a m is m e r e consequence of t he l a t i tude va r i a t i on of mi ­
g r a t i o n in s u n s p o t act iv i ty . I t is the re fo re a p r i m e necessi ty t h a t t h i s r ap i d m i g r a t i o n 
shou ld be a c c o u n t e d for by t h e t heo r i e s . T h e veloci ty of t h e m i g r a t i o n s in ques t i on 
h a s by n o m e a n s a c o n s t a n t va lue , t h o u g h never the less we find it very f r equen t for 
1.5° pe r ro t . 

T h e speed of t he shift, as well as its d i rec t ion in l ong i tude , of t h e m i g r a t i o n s o f 
s u n s p o t act ivi ty seems t o be even m o r e var iab le t h a n is t h e case wi th l a t i t ude var ia ­
t i ons . I t is very i m p o r t a n t t o n o t e , however , t h a t t h e differential r o t a t i o n c a n n o t be 
t h e r e a s o n for t hese d i s p l a c e m e n t s in l ong i t ude . (As a n e x a m p l e , o u r c a l c u l a t i o n s in 
F i g u r e 4 show t h e shift t h a t c o u l d h a v e o r ig ina ted in differential r o t a t i o n in t he case of 
t r a c k E.) F r o m th is p r o p e r t y a l o n e , it follows t h a t t h e d i s t u r b a n c e s w h i c h a r e r e spons i ­
ble for t h e fo rma t ion of s u n s p o t s m u s t mig ra t e qu i t e deep-sea ted ly u n d e r the p h o t o ­
sphe re . C o n s e q u e n t l y t h e final c ause of t he s u n s p o t p h e n o m e n o n c a n h a r d l y be c o n ­
s idered a p rocess t h a t t a k e s p laces o n t h e solar surface a l o n e . 
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