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A B S T R A C T 

The shapes of K 2 , 3 , 2 Ca plages and longitudinal magnetic fields are compared for C S S A R active 
regions during their first transit on the solar disk. 

The bipolar magnetic regions follow the Hale polarity law. 
Often the region of inversion of the magnetic field corresponds to a gap in the Ca plage structure. 
Bright patches of plages may coincide with magnetic inclusions, magnetic hills, and occasionally 

also with regions of inversion of the magnetic field. The outline of Ca plages follow well the isogauss 
of 2 0 - 4 0 oersted. 

Histograms of the distances of individual magnetic field intensity peaks do not only correspond 
to the geometry of the supergranular network but also seem to indicate a difference in the organization 
of these peaks between the leading and following polarities. 

T h e exis tence of a h igh c o r r e l a t i o n be tween C a p lages a n d l o n g i t u d i n a l m a g n e t i c 
fields is well e s tab l i shed ( H o w a r d , 1959 ; T s a p , 1967). 

N o t w i t h s t a n d i n g t h a t , we h a v e f o u n d it in te res t ing t o p e r f o r m a c o m p a r i s o n for 
t h e C S S A R Act ive R e g i o n s ( A R ) b e t w e e n C a p lages a n d l o n g i t u d i n a l m a g n e t i c fields 
u s ing t h e obse rva t iona l m a t e r i a l co l lec ted a t t h e M e u d o n So la r Service . 

(a) F o r t h e C a p lages we h a d a t o u r d i sposa l a s t a n d a r d i z e d file of a t least o n e 
nega t ive K 2 > 3 ) 2 h e l i o g r a m p e r d a y , w i th a so la r i m a g e d i a m e t e r of 63 m m ( the size 
of t h e Arce t r i s p e c t r o h e l i o g r a m s ) , ava i l ab le a t t h e M e u d o n O b s e r v a t o r y for t h e 
C S S A R p e r i o d 1965, M a r c h 11 - D e c e m b e r 1 ( G o d o l i a n d M o n s i g n o r i Foss i , 1968). 

(b) F o r t h e m a g n e t i c fields we h a d a t o u r d i sposa l a s t a n d a r d i z e d file of C r i m e a 
o r M e u d o n m a g n e t i c m a p s w i t h t h e scale 1 m m = l " a l so ava i l ab le a t t h e M e u d o n 
O b s e r v a t o r y . 

T h e a g r e e m e n t be tween C r i m e a a n d M e u d o n m a g n e t i c m a p s is fair ly g o o d . T h e 
t i m e of o b s e r v a t i o n of t h e m a g n e t i c m a p s a r e r e p o r t e d in T a b l e 1. 

U n f o r t u n a t e l y , all t h e C r i m e a a n d M e u d o n m a g n e t i c m a t e r i a l refers on ly t o t h e 
first t r a n s i t of t h e A R . 

W e a l so h a d a t o u r d i sposa l M o u n t Wi l son smal l -sca le m a g n e t i c m a p s . 

Kiepenheuer (ed.), Structure and Development of Solar Active Regions, 338-345. © f.A.U. 
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Magnet ic material available from Crimea and Meudon 

Date Time of Observatory A R Date Time of Observa 
1965 observation 1965 observation 

March 17 07 3 0 - 10 25 C 7 July 12 10 25 M 
18 12 0 5 - 13 10 C 12 1200 M 
18 13 1 5 - 1 4 2 1 c 
19 06 40 - 07 50 c 8 Sept. 04 11 55 - 13 45 C 
19 1 0 0 0 - 1 1 15 c 05 05 3 7 - 0 7 10 C 

05 09 4 5 - 1 1 0 0 C 
May 16 08 1 0 - 0 9 53 c 06 05 35 - 07 55 C 

19 10 4 0 - 11 22 c 06 08 2 0 - 11 00 C 
20 08 05 M 06 08 20 - 11 00 
21 08 5 5 - 10 00 C 07 10 4 0 - 14 30 C 
22 07 5 0 - 0 9 30 C 10 09 0 0 - 10 50 C 
23 17 45 M 10 07 10 M 
24 13 57 M 11 07 5 0 - 1 0 45 C 

May 20 08 19 M 9 Sept. 28 07 4 5 - 0 9 10 C 
21 10 1 0 - 1 1 22 C 29 09 30 M 
23 17 55 M 30 11 0 0 - 1 2 5 0 C 

30 1 4 0 0 - 1455 C 
June 02 15 05 M 

04 13 0 0 - 14 20 C Oct. 01 07 00 - 08 55 C 
04 13 30 M 01 12 0 0 - 13 50 C 
05 12 0 0 - 1 2 45 C 02 07 3 5 - 1000 C 
05 08 07 M 02 1 2 3 0 - 14 10 C 
06 12 55 - 13 40 C 03 07 30 M 
08 14 53 M 04 06 2 5 - 0 9 00 C 

04 09 35 M 
June 19 10 15 M 05 09 0 0 - 1 0 18 C 

20 09 20 M 05 08 44 M 
05 14 20 M 

July 02 06 3 0 - 0 6 57 C 07 07 50 M 
04 08 55 - 10 10 C 
05 08 0 0 - 0 9 00 c 10 Oct. 04 09 20 - 11 20 C 

04 1 2 0 0 - 13 27 C 
July 09 05 0 0 - 15 30 c 04 09 27 M 

10 08 1 0 - 0 9 10 c 05 10 1 8 - 1 0 50 C 
11 1200 M 05 08 24 M 

2 . Method of Comparison and General Results 

W i t h a su i tab le c a m e r a we pro jec ted t he C a he l i og rams o n t h e C r i m e a a n d M e u d o n 
m a g n e t i c m a p s a n d p e r f o r m e d a c o m p a r i s o n be tween p lages a n d magnetic-f ield 
s t ruc tu res . 

U n f o r t u n a t e l y th i s c o m p a r i s o n c o u l d be m a d e on ly for t h e first t r a n s i t o n t h e disk 
of t h e C S S A R A R . 

A c o m p a r i s o n be tween the a r e a wi th in the i sogauss lines and t h e p lage a reas was 

Table 1 
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m a d e us ing the C r i m e a m a g n e t i c o b s e r v a t i o n s only . F o r all the eleven C S S A R A R 
the resul t s of these c o m p a r i s o n s a r e e x a m i n e d in Sect ion 3. 

H e r e we no t ice t h a t t h e b i p o l a r m a g n e t i c reg ions fo l low t h e H a l e p o l a r i t y law. F o r 
A R s 2 a n d 5 be long ing t o t h e o ld 19th cycle t h e p reced ing p o l a r i t y in t h e N o r t h e r n 
h e m i s p h e r e is N o r t h , while for t h e A R s 1, 3, 4 , 6, 6bis , 7, 8, 9, 10, b e l o n g i n g t o t he even 
2 0 t h cycle , t h e p reced ing p o l a r i t y in t h e N o r t h e r n h e m i s p h e r e is S o u t h . 

Of ten t h e reg ion of invers ion of t h e m a g n e t i c field c o r r e s p o n d s t o a g a p in t h e p lage 

s t r u c t u r e . 
B r i g h t p a t c h e s of p lages m a y co inc ide wi th m a g n e t i c inc lus ions , m a g n e t i c hills, a n d 

occas iona l ly a lso wi th r eg ions of inve r s ion of t h e m a g n e t i c field. 
T h e ou t l ines of p lage fol low well t h e i sogauss of 2 0 - 4 0 oe r s t ed . 

3 . Detai led Results of the Comparison 

AR no. 1: 
T h i s is a N o r t h e r n reg ion of t h e 2 0 t h cycle, visible for t w o o r t h r e e t r ans i t s on t he 

so l a r d i sk . I t was b o r n o n t h e d i sk . 
I t is a n e x t e n d e d b i p o l a r r eg ion w i t h smal l pe r i phe ra l i nc lus ions . T h e p o l a r i t y of 

t h e p r e c e d i n g p a r t is S o u t h . 
O n M a r c h 17 t h e reg ion of inve r s ion of t h e m a g n e t i c field c o r r e s p o n d s t o a g a p in 

t h e p l a g e s t r u c t u r e . 
O n M a r c h 18 b r i g h t p a t c h e s of t h e p lage co inc ide wi th a reg ion o f inve r s ion of t h e 

m a g n e t i c field a n d wi th a m a g n e t i c hi l l . 
T h e i sogauss l ine of 30 oe r s t ed fo l lows t h e ou t l ines of t h e p lage well. 

AR no. 3: 
T h i s is a N o r t h e r n r eg ion o f t h e 2 0 t h cycle, visible for t h r e e t r ans i t s o n t h e so la r 

d i sk . 
I t is a b i p o l a r r eg ion wi th p e r i p h e r a l inc lus ions . T h e po l a r i t y of t h e p r e c e d i n g p a r t 

is S o u t h . 
T h e r eg ion of invers ion of t h e m a g n e t i c field c o r r e s p o n d s t o a g a p o n t h e p lage 

s t r u c t u r e . 
O n M a y 20 a b r i g h t p a t c h o f t h e p l a g e co inc ides wi th a n i n c l u s i o n ; b r i g h t p a t c h e s 

of t h e p l age o n M a y 22 a n d 24 c o i n c i d e w i t h r eg ions of invers ion of t h e m a g n e t i c field. 
T h e i sogauss l ine of 30 oe r s t ed fo l lows t h e ou t l ine of t h e p l age well . 

AR no. 4: 
T h i s is a N o r t h e r n reg ion of t h e 20 th cycle, visible for t h r ee t r ans i t s o n t h e so la r 

d i sk . 
I t is a b i p o l a r region wi th very smal l inc lus ions . T h e po la r i t y of t h e p r e c e d i n g p a r t 

is S o u t h . 
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T h e reg ion of invers ion of t h e m a g n e t i c field c o r r e s p o n d s t o a g a p o n t h e p lage 
s t r u c t u r e . 

O n M a y 21 b r i g h t p a t c h e s of t h e p lage co inc ide wi th m a g n e t i c hill a n d an inc lus ion . 
T h e i sogauss line of 30 oe r s t ed fo l lows the ou t l ine of t h e p lage well . 

AR no. 5: 
T h i s is a S o u t h e r n reg ion of t h e 19th cycle,, visible for t w o t r ans i t s o n t h e so la r d isk . 

I t was b o r n o n t h e d i sk . 
I t is essent ia l ly a b i p o l a r r eg ion wi th p e r i p h e r a l inc lus ions . T h e p o l a r i t y of t h e 

p r e c e d i n g p a r t is p r e d o m i n a n t l y S o u t h , b u t in f ron t of t h e S o u t h r eg i o n t h e r e is a 
s m a l l N o r t h reg ion . 

T h e reg ion of invers ion of t h e m a g n e t i c field c o r r e s p o n d s t o a g a p in t h e p lage 
s t r u c t u r e . 

O n J u n e 5 b r igh t p a t c h e s of t h e p l age co inc ide wi th a m a g n e t i c hill a n d a n inc lus ion . 
T h e i sogauss line of 4 0 oe r s t ed fo l lows the ou t l ine of t h e p l age well . 

AR no. 6: 
T h i s is a S o u t h e r n r e g i o n o f t h e 20 th cycle, visible for t h r ee t r a n s i t s o n t h e so la r 

d i sk . I t was b o r n on t h e d i sk . 
I t is a smal l b i p o l a r r eg ion w i th t h e t w o m a g n e t i c po la r i t i e s well s e p a r a t e d . T h e 

p o l a r i t y of t h e p r e c e d i n g p a r t is N o r t h . A n inc lus ion of N o r t h po la r i t i e s in t h e S o u t h 
p a r t is visible. 

A b r igh t p o i n t of t h e p l age co inc ides wi th a m a g n e t i c h i l l ; a n o t h e r w i t h a n inc lus ion . 

AR no. 6bis: 

T h i s is a N o r t h e r n r eg ion of t h e 20 th cycle, visible for o n e t r ans i t . I t was b o r n o n 
t h e d isk . 

I t is a smal l b i p o l a r r eg ion wi th t he t w o m a g n e t i c po la r i t i es well s e p a r a t e d . T h e 
p o l a r i t y of t h e p r e c e d i n g p a r t is S o u t h . 

T h e reg ion of invers ion of t h e m a g n e t i c field c o r r e s p o n d s t o a g a p in t h e p lage 
s t r u c t u r e . 

Br igh t p a t c h e s of t h e p lage co inc ide w i t h m a g n e t i c hil ls . 
T h e i sogauss l ine of 4 0 oe r s t ed fo l lows t h e ou t l ine of t h e p l age well . 

AR no. 7: 
T h i s is a N o r t h e r n r eg ion of t h e 2 0 t h cycle, visible for t w o t r ans i t s o n t h e so la r d isk . 
I t is a b i p o l a r r eg ion . E x c l u d i n g s o m e very smal l i nc lus ions , t h e t w o m a g n e t i c 

po la r i t i e s a re well s e p a r a t e d . T h e po la r i t y of t h e p r e c e d i n g p a r t is S o u t h . 
T h e reg ion of invers ion of t he m a g n e t i c field c o r r e s p o n d s t o a g a p in the p lage 

s t r u c t u r e . 
T h e i sogauss line of 20 oers ted fol lows the ou t l ine of t h e p lage well . 
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AR no. 8: 
T h i s is a N o r t h e r n r eg ion of t h e 20 th cycle, visible for t w o t r ans i t s o n t h e so la r d isk . 
I t is a b i p o l a r r eg ion w i t h t h e t w o m a g n e t i c po la r i t i es well s e p a r a t e d . T h e po la r i ty 

of t h e p reced ing p a r t is S o u t h . 
T h e reg ion of invers ion of o n e m a g n e t i c field c o r r e s p o n d s t o a g a p in t he p lage 

s t r u c t u r e . 
T h e i sogauss l ines of 3 0 - 4 0 oe r s t ed fol low the ou t l ine of t h e p l age well . T h e increase 

of a r e a of S e p t e m b e r 8-11 is n o t fo l lowed by a c o r r e s p o n d i n g e n l a r g e m e n t of t he 
i sogauss l ines. 

AR no. 9: 
T h i s is a N o r t h e r n r eg ion of t h e 20 th cycle, visible for t h r ee t r ans i t s o n t he so la r 

d i sk . I t was b o r n on t h e d isk . 
I t is subs t an t i a l ly a b i p o l a r r eg ion , which s h o w s a r e m a r k a b l e inc lus ion of S o u t h 

p o l a r i t y d u r i n g the p e r i o d of S e p t e m b e r 2 8 - O c t o b e r 2 ; o n O c t o b e r 5 a smal l inc lus ion of 
S o u t h po la r i t y a n d a N o r t h o n e a r e p re sen t . T h e po la r i ty of t h e p r e c e d i n g p a r t is S o u t h . 

S o m e p a r t s of t h e r eg ion of i nve r s ion of t h e m a g n e t i c field c o r r e s p o n d t o g a p s in 
t h e p l a g e s t r uc tu r e . 

O n S e p t e m b e r 29 a n d O c t o b e r 2 a n d 5 b r igh t p a t c h e s of t h e p lage co inc ide wi th 
inc lus ions . I t is r e m a r k a b l e t h a t o n O c t o b e r 3 a n d 4 b r i g h t p a t c h e s a r e p r e sen t in t he 
p l ace w h e r e o n O c t o b e r 5 t h e inc lus ion will a p p e a r . 

O n S e p t e m b e r 30 a n d O c t o b e r 4 b r i gh t pa t ches of t h e p lage co inc ide wi th reg ions 
of inve r s ion of t he m a g n e t i c field. 

T h e i sogauss l ine of 20 oe r s t ed fol lows t h e ou t l ine of t h e p lage well. T h e s h a r p 
inc rease of t h e a r eas wi th in t h e i sogauss be tween S e p t e m b e r 28 a n d 30 is n o t fo l lowed 
b y a c o r r e s p o n d i n g inc rease of t h e a r e a of t he p lage . 

AR no. 10: 
T h i s is a S o u t h e r n reg ion of t h e 20 th cycle, visible for t h r e e t r ans i t s o n the so la r 

d i sk . I t was b o r n o n t h e d isk o n t h e N W side of an ex is t ing r eg ion . 
I t is a c o m p l e x m a g n e t i c r eg ion . T h e po l a r i t y of t he p r e c e d i n g p a r t is N o r t h wi th 

r e m a r k a b l e inc lus ions o f S o u t h po la r i t i e s . 
F o r O c t o b e r 4 t h e p l a g e s h o w s g a p s co inc id ing w i th r eg ions of inve r s ions of t h e 

m a g n e t i c field. O n O c t o b e r 5 t he se g a p s a r e n o l onge r visible, p e r h a p s because of t he 
n e a r n e s s of t h e p lage t o t h e S u n ' s W e s t l imb . 

Br igh ten ings of t h e p l a g e co inc ides w i t h inc lus ions . 
T h e i sogauss l ine of 20 oe r s t ed fo l lows t h e ou t l ine of t h e p l age well . 

4. The Histograms of Dis tances of Magnetic-Field Intensity P e a k s 

L o o k i n g a t the m a g n e t i c m a p s of t he C S S A R act ive r eg ions we m a y see in the 
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d i s t r i bu t ion of m a g n e t i c fields t h e very well p r o n o u n c e d cha rac t e r i s t i c s t r u c t u r e of t he 
s u p e r g r a n u l a r n e t w o r k (see e.g. F igu res 1 a n d 2). T h e r e f o r e o n e m a y expec t t h a t f rom 
t h e m e a s u r e m e n t s of d i s t ances of ind iv idua l p e a k s of magnet ic- f ie ld in tens i ty in each 
ac t ive r eg ion , o n e will o b t a i n t h e s a m e cha rac t e r i s t i c va lues a s were f o u n d f rom 
m e a s u r e m e n t s of C a p lages ( R o g e r s o n , 1955 ; S i m o n a n d L e i g h t o n , 1964). 

F I G . 1. Crimean magnetic map of the longitudinal component of the photospheric magnetic field for 
AR no. 7 (July 7,1965). The positive polarity is indicated by solid lines, the negative polarity by dotted 
lines. Areas with intensity //> 20 gauss are shaded. 

F o r these m e a s u r e m e n t s of d i s t ances be tween magnet ic-f ie ld in tens i ty p e a k s , t he 
38 C r i m e a n m a g n e t i c m a p s w e r e used . T h e d i s t ances were e s t i m a t e d be tween all p e a k s 
wi th in tens i ty g r ea t e r t h a n 20 g a u s s - separa te ly b e t w e e n p lus -p lus p e a k s , m i n u s - m i n u s 
p e a k s a n d p l u s - m i n u s p e a k s . W e t o o k a va lue of 100" as a n u p p e r l imi t for t h e d i s t ance . 
T h e to ta l n u m b e r of m e a s u r e m e n t s exceeded 3000 i nd iv idua l va lues . 

T h e m a i n resul ts in t h e f o r m of h i s t o g r a m s of m e a s u r e d va lues a r e p resen ted in 
F igure 3. Because of t h e smal l n u m b e r of ind iv idua l p e a k s in s o m e act ive r eg ions , 
m e a s u r e d va lues o b t a i n e d for smal le r ac t ive reg ions a r e c o m b i n e d in o n e h i s t og ram 
(F igu re s 3a, d, g) . T h e h i s t o g r a m s of t h e largest ac t ive r eg ion , N o . 9, a r e p resen ted 
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F I G . 2. The magnetic map for AR no. 5 (June 4,1965). 

sepa ra t e ly as for r eg ion N o . 10. F i g u r e s 3a, b , c s h o w t h e d i s t r i b u t i o n of d i s t ances 
b e t w e e n t h e p e a k s of t h e l e a d i n g po l a r i t y , F igu res 3d, e, f s h o w t h e s a m e for t h e 
fo l lowing po la r i t y , a n d F i g u r e s 3g, h , i, s h o w t h e d i s t ances be tween t h e p e a k s of 
different po la r i t i e s . 

F r o m F i g u r e 3, it seems o b v i o u s t h a t t h e c h a r a c t e r of t h e d i s t r i b u t i o n of t h e d i s t ances 
of t h e l e ad ing po la r i t y is different f r o m t h a t of t he fo l lowing po l a r i t y . T h e h i s t o g r a m s 
of t h e l e ad ing po la r i t y s h o w t w o d i s t inc t m a x i m a (even for t h e o p p o s i t e po l a r i t y of 
A R n o . 10 in t h e S o u t h e r n h e m i s p h e r e ) . T h e h i s t o g r a m s for t h e fo l lowing p o l a r i t y 
a r e m u c h b r o a d e r wi th n o t such w e l l - p r o n o u n c e d m a x i m a . 

T h e va lues of t he cha rac t e r i s t i c d i s t ances of t h e l ead ing po l a r i t y magnet ic-f ie ld 
in tens i ty p e a k s (30" -40" a n d 60" -70" ) co inc ide well wi th t h e va lues f o u n d for t h e 
s u p e r g r a n u l a r n e t w o r k ( R o g e r s o n , 1 9 5 5 ; S i m o n a n d L e i g h t o n , 1964), as well as wi th 
t h e va lues e s t ima ted for t h e d i s t ances o f t h e feet of qu iescen t f i laments ( S y k o r a , 1967). 
T h e s e facts m a y h a v e s o m e i m p o r t a n c e for t he fu tu re s t u d y of differences b e t w e e n 
t h e ro les of t h e l ead ing a n d fo l lowing po la r i t i es in so la r ac t iv i ty d e v e l o p m e n t . 

T h e smal les t va lue of t h e d i s t ances b e t w e e n t h e m a g n e t i c p e a k s o f t h e l ead ing a n d 
fo l lowing po la r i t i es wh ich c o r r e s p o n d s t o a b o u t 3 0 " - 3 5 " , a l so seems t o b e of in te res t . 
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F I G . 3. Histograms of the distances between the peaks of the photospheric magnetic-field longitudinal 
component (H^ 20 gauss) for CSS A R Crimean magnetic maps. On the vertical axis the distances are 
in seconds of arc; on the horizontal axis the frequency of individual values is given. The curves for the 
summation of values of distance in two intervals: 5" and 10" are drawn. The curves a, b, c represent the 
measurements of distances of peaks of the leading polarity (a) for ARs no. 1, 3, 4, 6bis, 7, 8, (b) for 
ARno.9 all from the Northern hemisphere, (c) for AR no. 10 from the Southern hemisphere. The 
curves d, e,f show the same measurements for the following polarities respectively. The curves g, h, iare, 
in the same order, histograms of distances of peaks of different polarities. 
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