
S O M E P A T T E R N S I N T H E D E V E L O P M E N T 

O F C E N T E R S O F S O L A R A C T I V I T Y , 1 9 6 2 - 6 6 * 

H E L E N W . D O D S O N a n d E. R U T H H E D E M A N 

(McMath-Hulbert Observatory, The University of Michigan, Pontiac, Mich., U.S.A.) 

A B S T R A C T 

A graphical representation of the 66 solar rotations (Carrington) between January 1, 1962 and 
December 31, 1966 has been prepared. It includes all centers of activity for which the calcium plage 
attained an area of at least 1000 millionths of the solar hemisphere and/or intensity 3 (McMath scale). 
In this study the antecedents, descendents, and neighbors of each region can easily be discerned. 
The work shows clearly that zones of activity, apparently closely related and much larger than single 
plages existed for long intervals of time. For example, the significant increases in solar activity in 
February, May, and October of 1965 occurred in a 'family' of calcium plages apparently related 
through similarities of position and strong radio emission. 

The members of 'families' of centers of activity are found at systematically changing longitudes. 
For some 'families' the change of longitude appears to be primarily a consequence of differential 
rotation; for others, the pattern of formation of active centers dominates. 

According to the data for 1962-66 a meaningful study of the development of a center of activity 
may require consideration not only of the past history of the zone of the Sun in which it occurs but 
also of the zone approximately 180° away on the opposite hemisphere. 

A graph ica l r e p r e s e n t a t i o n of t h e 66 so lar r o t a t i o n s ( C a r r i n g t o n ) be tween J a n u a r y 1, 
1962 a n d D e c e m b e r 3 1 , 1966 h a s been p r e p a r e d in a n effort t o ga in ins ight in to t he 
c o u r s e of so la r act ivi ty in these yea r s (see F igu re 1). Th i s g r a p h inc ludes all cen te r s of 
ac t iv i ty for wh ich t h e ca l c ium p lage a t t a i n e d a n a r ea of a t least 1000 mi l l i on ths of the 
so la r h e m i s p h e r e o r in tens i ty 3 ( M c M a t h scale) . In th i s d i a g r a m t h e an t eceden t s , 
d e s c e n d e n t s , a n d n e i g h b o r s of e ach reg ion c a n be d i sce rned easi ly. R o t a t i o n s a re 
r e p e a t e d b o t h ho r i zon t a l l y a n d ver t ical ly . It shou ld be b o r n e in m i n d t h a t C a r r i n g t o n 
l o n g i t u d e s r ep re sen t mere ly a c o n v e n i e n t f r ame of reference c o r r e s p o n d i n g t o t h e 
m e a n r o t a t i o n r a t e of 27-275 d a y s . O t h e r r o t a t i o n r a t e s o r c a d e n c e s c a n be recognized 
in t h e d isplay by t h e l ining u p of p h e n o m e n a in non-ve r t i ca l l ines. 

T h e c h a r t of F igu re 1 s h o w s t h a t for t h e yea r s s tud ied zones of ac t iv i ty m u c h larger 
t h a n single p lages exis ted for l o n g in te rva l s of t i m e , in a c c o r d wi th s imi la r r e p o r t s by 
o t h e r obse rve r s (Becker , 1955 ; B e z r u k a v a , 1963 ; L o s h , 1939 ; M a r t r e s a n d M i c h a r d , 
1965 ; M o r i et al, 1964; Sa i to , 1964 ; Vi t insky , 1960) for o t h e r t i m e in te rva l s . If th i s 
c o n c e p t is cor rec t , t h e n t h e s t u d y of a single cen te r of act ivi ty in ' i s o l a t i on ' r ep re sen t s 
c o n s i d e r a t i o n of only p a r t of a l a rge r a n d p e r h a p s m o r e f u n d a m e n t a l p h e n o m e n o n . 

T h e c h a r t of p lages he re p r e sen t ed sugges ts t w o types of o r d e r o r p a t t e r n in t he d a t a . 

* Presented by H.W. Dodson-Prince. 

Kiepenheuer (ed.), Structure and Development of Solar Active Regions, 56-63 . t I.A.D. 
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Fi r s t the re w a s a n a p p a r e n t c o n c e n t r a t i o n in 1962-66 of m a j o r ac t iv i ty in t w o z o n e s , 
a p r i m a r y z o n e wi th C a r r i n g t o n l ong i tude ~ 1 6 0 ° - 2 3 0 ° a n d a s e c o n d a r y z o n e o n the 
o p p o s i t e side of t h e S u n a t 3 2 0 ° - 5 0 ° . Secondly in these yea r s , a p p a r e n t families of 
p lages can be t r aced t h r o u g h t h e successive r e t u r n s of a r eg ion o r by t h e f o r m a t i o n of 
n e w reg ions in n e i g h b o r i n g long i tudes . M e m b e r s of these famil ies were often found 
a t sys temat ical ly c h a n g i n g C a r r i n g t o n long i tudes . F o r s o m e famil ies , t h e sys temat ic 
c h a n g e of long i tude w a s p r imar i l y a c o n s e q u e n c e of differential r o t a t i o n ; for o t h e r s 
t h e p a t t e r n of f o r m a t i o n of ac t ive cen te r s a p p e a r e d t o d o m i n a t e . 

1. Families of P lages 

T h e m o s t c o n s p i c u o u s family of p lages in t h e yea r s 1962-66 is t h e o n e t h a t a p p e a r s 
to be r o o t e d in m a j o r so la r r eg ions a n d p h e n o m e n a in C a r r i n g t o n long i tudes n e a r 
300° in J a n u a r y 1962. T h i s family of p lages drif ted slowly wi th t i m e t o h igher longi 
t u d e s a t r a t e s c o r r e s p o n d i n g t o r o t a t i o n a p p r o p r i a t e t o very low so la r l a t i t udes or t o 
t h e solar e q u a t o r itself - a r o t a t i o n pe r iod of 2 7 0 days o r s l ight ly less. I t shou ld be 
n o t e d t h a t th is ' fami ly ' , e x t e n d i n g over a p p r o x i m a t e l y 70° of l ong i tude , inc luded 
reg ions of b o t h new a n d old cycle, h igh a n d low la t i tudes , N o r t h e r n a n d S o u t h e r n 
hemisphe re s . By t h e e n d of 1966 th i s family h a d drif ted t o ~ 2 6 0 ° C a r r i n g t o n longi 
t u d e . In 1962-64 t h e t i m e s of C . M . P . of th i s family of p lages co inc ided wi th t h e t imes 
of t h e p r inc ipa l series of 27 -day r e c u r r e n t g e o m a g n e t i c s t o r m s . In 1965 a n d ear ly 1966 
it inc luded t h e m a j o r cen te r s of act ivi ty of t h e new solar cycle. 

T h e ro le of different ial r o t a t i o n a p p r o p r i a t e t o t he l a t i tude a lso c a n be seen in t h e 
r ecu r rence of r eg ions in th i s p r e s e n t a t i o n . F o r e x a m p l e , t h e g rea t M a r c h a n d Apr i l 
r eg ions of 1966 b r o k e o u t o n o p p o s i t e sides of t h e S u n in l o n g i t u d e s which can be 
t r aced b a c k t h r o u g h differential r o t a t i o n t o t he pos i t i ons of t h e m a j o r reg ions of M a y 
a n d J u n e 1965, l ikewise o n o p p o s i t e sides of t he Sun . T h e r e l a t i o n s h i p of t h e Apr i l 
1966 reg ion t o t h a t of J u n e 1965 c a n be t r aced direct ly t h r o u g h a series of visible 
p lages . F o r t h e M a r c h 1966 reg ion , o n e m u s t c o m p u t e t h e t r a c k of differential r o t a t i o n 
in o r d e r t o es tabl i sh a poss ib le a s soc ia t ion wi th t he M a y 1965 cen te r of act ivi ty. Th i s 
t r a c k is s h o w n by a d a s h e d l ine in F i g u r e 1. 

2 . Adjacent P lages 

T h e r e a r e m a n y o b s e r v a t i o n s t h a t suggest t h a t t h e f o r m a t i o n a n d d e v e l o p m e n t of a 
cen te r of act ivi ty is n o t a n i n d e p e n d e n t o r i so la ted p h e n o m e n o n . N o t on ly d o p lages 
t end to f o r m in famil ies , b u t c e r t a in act ive cen te r s a p p e a r t o bege t o t h e r cen te rs of 
act ivi ty in the i r c lose n e i g h b o r h o o d s . T h i s p h e n o m e n o n is m o s t c o n s p i c u o u s w h e n the 
genera l level of so lar ac t iv i ty is n o t t o o grea t . 

E x a m p l e s : 

(a) O n F e b r u a r y 5, 1965 a n e l e c t r o n - p r o t o n flare t o o k place in t he o ld cycle reg ion 
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t h e n loca ted a t N 08° W 25° ( L = 1 6 0 ° ) . In ear ly M a r c h , t h e r eg ion r e t u r n e d , d imin
ished in intensi ty a n d s o m e w h a t f r agmen ted , bu t b o u n d e d o n the N o r t h by a new 
cycle reg ion , N 20° (L = 170°) , a n d o n t h e S o u t h by a n old cycle r eg i o n S 0 4 ° (L = 
175°). (See F igu re s 2a a n d 2b . ) 

(b) A cen te r of ac t iv i ty w i t h a /fy spo t fo rmed n e a r t he cen t r a l m e r i d i a n o n D e 
c e m b e r 25 , 1965 a t t h e low l a t i t ude of N 10° (L = 203°) . P o l a r i t y m e a s u r e m e n t s 
conf i rmed i ts m e m b e r s h i p in t h e n e w cycle. I t w a s t h e site of t h r e e e l e c t r o n - p r o t o n 
flares before W e s t - l i m b pas sage . T h e p lage r e t u r n e d in t h e nex t r o t a t i o n d imin i shed 
in act ivi ty , b u t s u r r o u n d e d by t h r e e newly fo rmed reg ions . (See F i g u re s 2c a n d 2d . ) 

(c) T h e f o r m a t i o n of t h e t w o g rea t flare-rich r eg ions of M a r c h a n d Apr i l 1966 in 
N o r t h e r n l a t i t udes a n d o n o p p o s i t e s ides of t h e S u n , w a s fo l lowed d u r i n g t h e nex t t w o 
r o t a t i o n s by the d e v e l o p m e n t of a b a n d of p lages enci rc l ing t h e N o r t h e r n hemisphe re . 
F igu res 3c a n d 3d s h o w t h e M a r c h reg ion , a n d t h e s a m e so la r l o n g i t u d e s t w o r o t a t i o n s 
la ter . 

E i the r t h a t wh ich causes t h e f o r m a t i o n of o n e cen te r of ac t iv i ty , t e n d s t o cause 
n u m e r o u s cen te r s of ac t iv i ty in t h e n e a r n e i g h b o r h o o d , o r t h e o c c u r r e n c e of a ce r t a in 
type of cen te r of ac t iv i ty in s o m e w a y s p a r k s t h e f o r m a t i o n of o t h e r ac t ive cen te rs , 
p e r h a p s different in k ind . 

I t a lso c a n be r e p o r t e d t h a t in 1963-65 new-cycle r eg ions deve loped in close j u x t a 
pos i t ion t o m a j o r old-cycle r eg ions a n d in t h e s a m e l o n g i t u d e s t h a t were a n d h a d been 
the favored zones for o ld-cycle act iv i ty ( D o d s o n a n d H e d e m a n , 1967). 

3 . Centers of Activity on Opposite Sides of the Sun 

Final ly , a c c o r d i n g t o t h e d a t a for 1962-66 a mean ingfu l s t u d y of t he d e v e l o p m e n t 
of a cen te r of ac t iv i ty m a y r equ i r e c o n s i d e r a t i o n n o t on ly of t h e p a s t h i s to ry of t he 
z o n e of t h e S u n in w h i c h it occu r s , b u t a l so of t h e z o n e a p p r o x i m a t e l y 180° a w a y o n 
the o p p o s i t e h e m i s p h e r e . I n 1964-66 t he r e were n u m e r o u s i n s t ances w h e n the fo rma
t i o n of a significant c en t e r of ac t iv i ty w a s fol lowed wi th in t h e c o u r s e of a r o t a t i o n by 
t h e d e v e l o p m e n t of a n o t h e r r eg ion o n t h e o p p o s i t e s ide of t h e S u n a b o u t 180° a w a y 
( D o d s o n a n d H e d e m a n , 1967). F r e q u e n t l y in these yea r s t h e t w o reg ions so p laced 
fo rmed t h e on ly signif icant r eg ions o n t h e s u n (see F i g u r e 3). 

T h e q u e s t i o n i m m e d i a t e l y ar i ses a s t o t h e s imi lar i ty o r difference of reg ions t h a t 
occur a l m o s t c o n c o m i t a n t l y o n o p p o s i t e s ides of t h e Sun . A c c o r d i n g t o o u r s tud ies 

F I G . 1. Plot by rotation number and Carrington longitude of all plages with area 1000 millionths of 
the solar hemisphere and/or intensity 3, 1962-66. The antecedents and descendents of each region are 
also included. - The size of the circle is an indication of the area of the plage. Heavy dark rings indicate 
especially flare-rich plages. A dark square outline identifies the regions associated with proton emission 
and PCA. Time runs from left to right and from top to bottom. Data are repeated for 2\ rotations. 
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t he a n s w e r t o th is q u e s t i o n is far f rom clear , b u t in 1964-66 several of t he ma jo r cases 
suggest a poss ib le difference. 

I n F igure 3a, t h e r eg ion wi th C M . P . , M a y 19, 1964 w a s t h e m o s t flare-rich reg ion 
of 1964. T h e p lage ~ 180° a w a y w a s c o n s p i c u o u s b u t und i s t i ngu i shed . 

T h e t w o reg ions t h a t were n e a r t h e cen te r of t he so lar d isk o n M a y 2 1 , 1965 (F igure 
3c) m a r k e d a new h i g h level of so la r act ivi ty for solar cycle 2 0 a c c o r d i n g to b o t h flare-
a n d rad io - f requency p h e n o m e n a . T h e reg ions o p p o s i t e t h e m in ear ly a n d late J u n e 
were n o t sufficiently in te res t ing t o be ' inc luded in t h e Cooperative Study of Solar 
Active Regions, May-October 1965 . 

T h e M a r c h 2 1 , 1966 r e g i o n ( F i g u r e 3e) w a s t h e site of n u m e r o u s p r o t o n - e l e c t r o n 
flares, a c c o r d i n g t o satel l i te d a t a . S imi lar par t ic le emiss ion e i ther d id n o t occur wi th 
flares in t he Apr i l 1966 r e g i o n o r such par t ic les d id n o t r each t h e n e i g h b o r h o o d of t he 
E a r t h . 

F ina l ly , t he p r o t o n - e m i t t i n g r eg ions of Ju ly 7 a n d A u g u s t 28 - S e p t e m b e r 2, 1966 
were loca ted nea r l o n g i t u d e 180° in la te A u g u s t a n d ear ly S e p t e m b e r (F igu re 3g) . 
O p p o s i t e t h e m , in l o n g i t u d e 354° , t he r e deve loped in ear ly O c t o b e r a large a n d con 
sp i cuous p lage (wi th on ly m i n o r spo t s ) . I n c o m p a r i s o n t o the o t h e r m a j o r p lages of the 
second half of 1966 t h e O c t o b e r r eg ion w a s m a r k e d l y deficient in r ad io - f requency 
emiss ion . 

S tud ies of t he g ross a spec t s of cen te r s of act ivi ty ind ica te t h a t t h e r e m a y be recogniz
ab le p a t t e r n s in t h e d e v e l o p m e n t of cen te r s of ac t iv i ty a n d t h a t t h e r e is grea t need for 
add i t i ona l ins ight i n t o t h e c o u r s e of so la r act ivi ty for t h e sun a s a w h o l e t o s u p p l e m e n t 
t h e fine o b s e r v a t i o n s a n d theo re t i ca l i n t e r p r e t a t i o n of c h r o m o s p h e r i c s t ruc tu re a n d 
m a g n e t i c fields. 
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F I G . 2. Calcium spectroheliograms showing the formation of a cluster, or band, of adjacent plages 
in the rotation following the formation of a center of activity. 

a. 1965 Feb. 3(L = 166°) b. 1965 March 2(L = 172°) 
c. 1965 Dec. 26 (L = 182°) d. 1966 Jan. 21 (L = 200°) 
e. 1966 Apr. 4 (L = 319°) f. 1966 May 2 (L= 309°) 

East is at the left and North at the top of each picture. 
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F I G . 3 . Calcium spectroheliograms illustrating the formation of centers of activity on opposite sides 
of the Sun. 

a. 1964 May 19 (L = 359°) b. 1964 June 1 (L = 185°) 
c. 1965 May 21 (L = 195°) d. 1965 June 30 (L = 26°) 
e. 1966 March 21 (L = 144°) f 1966 Apr. 4 (L=319°) 
g. 1966 Aug. 28 (L = 188°) h. 1966 Oct. 9 (L = 354°) 

East is at the left and North is at the top of each picture. 
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D I S C U S S I O N 

Bumba: I have some minor comments to your nice talk: Our two complexes of activity observed 
in 1962 are parts of your two main families of active centers at the beginning of your observational 
period. The same is true about the situation we showed today at our first slide demonstrating the 
simultaneous development of active centers of the new and old cycles of activity in the same helio-
graphic longitude. 

I saw a manuscript of a paper written by Dr. Berdicevskaja, which will be published in the Soviet 
Astronomical Journal. Dr . Berdicevskaja estimated'the same behaviour of the solar activity distri
bution during all previous minima of activity, which is possible to study from the Greenwich Photo-
heliographic Results. T w o maxima in the approximate distance of about 180° may be seen. 

Dodson-Prince: I look forward to seeing the interesting manuscript by Dr . Berdicevskaja. 
Neupert: We have studied the evolution of the major complex of active regions at longitude 180° 

observed in 1962 in conjunction with a study of the extreme ultraviolet emission of these regions as 
obtained by the satellite OSO-1 during that period. We find that the presence of major activity at 
this longitude can be traced back through 1960. The relative orientation of three recurring active 
regions (two in the Northern hemisphere, one in the Southern) is maintained over a period of three 
years (1960-62) . 

Dodson-Prince: It is interesting to have our observations in the optical range extended to the 
extreme ultraviolet, and to earlier years. 

Houtgast: I have seen on the slides of Mrs. D o d s o n some of the Ca+ plages surrounded by a dark 
area and others without such a phenomenon. May I ask for a possible explanation? 

Dodson-Prince: The dark feature surrounding certain of the bright plages is the circumfacule 
identified by Deslandres and D'Azambuja decades ago. It is very conspicuous around some regions 
but is apparently absent from others. Since the circumfacule is primarily a K 3 phenomenon, its 
absence from spectroheliograms can mean merely an imperfection in instrumental adjustment. It is 
a solar feature worthy of more study. 

Beckers: I observed the circumfacule (the dark region around K-line plages) simultaneously in Ha 
and K. The circumfacule coincides with the Ha vortex seen around active spot groups. Under good 
seeing such a vortex is also seen in the K line. The vortex filament may be the partial or sole cause 
for the circumfacule. Another cause may be the suppression of the calcium flocculi by the horizontal 
fields in the vortex. 

Sheeley: Circumfaculae occur o n H a core and K3 spectroheliograms taken almost simultaneously 
(within about 60 sec). They also occur on A 8542 spectroheliograms (taken in the core of the A 8542 C a + 

line), and when the seeing is g o o d these circular dark regions appear striated. In the wings of Ha, 
say at + 0 . 7 A, these regions conspicuously lack the small absorbing features that are so character
istic of the Ha wings. A good name for these regions visible on H a spectroheliograms at A A = + 0.7 A 
has been suggested by Beckers, and is 'the runways', where airplanes can land unobstructed by 'the 
spicule forest'. 

Rosch: Trellis has found a correlation between the longitude of new centers and the longitude of 
Jupiter (based on Greenwich photoheliographic results for many cycles). The appearance of centers 
at 180° may be connected to such a type o f tidal effect. 

Dodson-Prince: It is something to think about. 
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