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A B S T R A C T 

We discuss some characteristics of the appearance and development of magnetic fields within 
active regions as well as the large-scale ordering of activity into complexes of activity. It is not 
possible to separate a study of the evolution of active regions from a study of the model of the 
activity cycle. Many of the results obtained in the last few years concerning the development of 
active regions and large-scale activity have not been easily explained within any of the solar activity 
models . A chronological scheme of the development of a 'typical' C - or D-type active region is 
presented. We point out that the appearance of magnetic flux at the solar surface seems always to 
be a relatively rapid event, occurring during the course of a day or so . If the region does not receive 
more magnetic flux to make it a large region or if there is not a resurgence of activity later in its 
lifetime, the rest of the development is a gradual expansion and mixing of magnetic flux with the 
surrounding background field pattern. 

A theore t ica l m o d e l of t he b i r th a n d d e v e l o p m e n t of a n ac t ive r eg i o n c a n n o t be 
c o n s t r u c t e d w i t h o u t a n u n d e r s t a n d i n g of t h e phys ica l m e c h a n i s m s involved in t he 
so la r cycle. W e c a n n o t s e p a r a t e t he s tudy of t he so lar cycle f rom t h e s tudy of t h e 
d e v e l o p m e n t of ac t ive r eg ions . I n recen t yea r s t h e r e h a v e been on ly a few m o d e l s of 
t h e solar act ivi ty cycle sugges ted . T h e e n o r m o u s complex i ty of t h e p r o b l e m h a s so far 
m a d e it imposs ib le t o c o n s t r u c t a r i g o r o u s t h e o r y of t he act ivi ty cycle. T h e m o d e l s 
sugges ted h a v e been p h e n o m e n o l o g i c a l m o d e l s wh ich h e l p us t o v isual ize a poss ib le 
so lu t ion . 

P a r k e r (1955) sugges ted a m o d e l wh ich s u p p o s e d t o r o i d a l m a g n e t i c fields - p a r t o f 
a d y n a m o wave - w h i c h m o v e t o w a r d the e q u a t o r u n d e r t h e so la r sur face . M a g n e t i c 
b u o y a n c y b r ings l o o p s of these magnet ic- f lux r o p e s t o t h e surface t o f o rm act ive 
r eg ions . T h e e q u a t o r w a r d drift of these m a g n e t i c fields p r o v i d e s t h e l a t i t ude drift of 
S p o e r e r ' s law. T h i s m o d e l gives a n e x p l a n a t i o n of s o m e of t h e p h e n o m e n a of so la r 
act ivi ty , b u t it is n o t a s c o m p l e t e in i ts desc r ip t ion of t h e p h e n o m e n a as is B a b c o c k ' s 
m o d e l . M o r e o v e r , t h e r ecen t o b s e r v a t i o n s of t h e l a t i t ude drif t of a g i n g act ive r eg ion 

* Presented by R. Howard. 
** On leave from the Mount Wilson and Palomar Observatories. 

Kiepenheuer fed.), Structure and Development of Solar Active Regions, 13-24. € I.A.U. 
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1 4 V. B U M B A E T A L . 

m a g n e t i c fields - especial ly t h e different behav io r of t he l ead ing a n d fol lowing po la r i ­
t ies - does n o t fit th is mode l well. 

B a b c o c k (1961) p r o p o s e d a m o d e l wh ich s ta r t s wi th a n ini t ia l b i p o l a r field which in 
low l a t i t udes consis ts of subsur face flux tubes . Differential r o t a t i o n d r a w s these flux 
t u b e s o u t a n d twists t h e m unt i l , first a t h igh la t i tudes , m a g n e t i c b u o y a n c y br ings 
l o o p s of lines of force t o t h e surface . T h e act ive l a t i tudes m o v e t o t h e e q u a t o r as the 
cycle p rogresses . A s t h e o ld r eg ions e x p a n d a n d the i r m a g n e t i c fields w e a k e n , the 
fo l lowing po la r i ty fields drift preferent ia l ly to t he po le a n d t h e l ead ing po la r i ty fields 
drift t o t he e q u a t o r a n d m e r g e w i th t hose f rom t h e o p p o s i t e h e m i s p h e r e . T h u s t h e 
p o l a r fields reverse po la r i ty a n d t h e s tage is set for t he nex t ha l f of t h e 22-year cycle. 

A l t h o u g h B a b c o c k ' s m o d e l is t h e m o s t successful one sugges ted so far, it c a n n o t 
exp la in all t he obse rved p h e n o m e n a . O n e obse rva t i on seems t o us t o be pa r t i cu la r ly 
difficult t o expla in . D u r i n g t h e first few m o n t h s of t he p re sen t cycle, t h e first new 
cycle reg ions were fo rming in o n e b r o a d long i tude z o n e , in a n a r e a w h e r e w e a k fields 
f rom the old cycle were still visible a n d p r e s u m a b l y were m o v i n g t o w a r d t h e p o l a r 

F I G . 1. A portion of the magnetic-field synoptic chart for rotation no. 1491. East is to the right. 
Positive magnetic polarity is indicated by solid lines, and negative polarity by dotted lines and shading. 
The gauss levels are 6, 12, and 20 gauss. The new-cycle regions in the North have negative magnetic 
fields in their leading portions. 
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reg ions . A n e x a m p l e of th i s is s h o w n in F igu re 1. I t is difficult t o visual ize h o w this 
c a n h a p p e n in B a b c o c k ' s m o d e l . 

Recen t resul t s c o n c e r n i n g t h e d e v e l o p m e n t of act ive reg ion m a g n e t i c fields ( B u m b a 
a n d H o w a r d , 1965a) h a v e a d d e d t o o u r k n o w l e d g e of t h e p h e n o m e n a , b u t so far these 
resul ts a n d o t h e r s h a v e n o t a d d e d t o o u r u n d e r s t a n d i n g of t h e act ivi ty-cycle m o d e l . 
F r o m the o b s e r v a t i o n s we c a n n o t a t th is t i m e see d i rec t ev idence t h a t a n act ive reg ion 
fo rms as a resul t of t h e e m e r g e n c e t o t he surface of a t u b e of m a g n e t i c l ines of force. 

2. Large-Scale Activity 

Recen t resul ts sugges t ing t h e large-scale o r d e r i n g of act ivi ty ( B u m b a a n d H o w a r d , 
1965£; W a r w i c k , 1965 ; Sves tka , 1967) have n o t f o u n d a n e x p l a n a t i o n in a n y of the 
m o d e l s suggested so far. 

A c o m p l e x of ac t iv i ty (see F i g u r e 2) is t h e g r o u p i n g t o g e t h e r in o n e la rge l o n g i t u d e 
z o n e of a n u m b e r o f ac t ive r eg ions . W h e n t h e level of ac t iv i ty is sufficiently low, t he 
a p p e a r a n c e of t h e ac t ive r eg ion wi th in t he c o m p l e x m a y be seen t o fol low a cha rac t e r ­
istic p a t t e r n . T h e ac t ive r eg ions d u r i n g t h e first few r o t a t i o n s a r e la rge a n d c o n c e n ­
t r a t e d n e a r t h e cen te r of t h e c o m p l e x . I n s u b s e q u e n t r o t a t i o n s t h e b o u n d a r i e s of t he 
c o m p l e x e x p a n d , a n d t h e ac t ive r eg ions wh ich fo rm a r e smal le r . T h e e x p a n d i n g fields 
of t he old act ive r eg ions m a y fill a very large a r e a in b o t h h e m i s p h e r e s . A u n i p o l a r 
m a g n e t i c r eg ion (seen w i th 2 3 a rc-sec r e so lu t i on ) m a y f o r m a t h i g h l a t i tudes . A t 
lower la t i tudes large-scale fields c a n be seen wh ich a p p e a r t o e x t e n d i n t o i n t e rp l ane t a ry 
space . 

A c o m p l e x of ac t iv i ty is i n t e r m e d i a t e in i m p o r t a n c e b e t w e e n a single ac t ive reg ion 
a n d the act iv i ty cycle itself, a n d it s hows s o m e of t h e cha rac t e r i s t i c s of b o t h . F o r 
example , t h e d e v e l o p m e n t of i ts act ivi ty is r ap id c o m p a r e d t o its decay , a n d its a r e a 
g rows s teadi ly a t first t h e n decreases i r regular ly . 

3 . The Birth and Development of an Active Region 

W e presen t s o m e charac te r i s t i c s of t h e b i r t h a n d la te r d e v e l o p m e n t of a n act ive 
reg ion which h a v e b e e n n o t e d so far. T h e s e c o n c e r n p r inc ipa l ly t h e m a g n e t i c fields 
a n d t h e ca l c ium p lages . T h e resul ts a r e a c o m b i n a t i o n of ear l ie r w o r k ( B u m b a a n d 
H o w a r d , 1965a) a n d t h e p re sen t s t u d y of t h e M e u d o n a n d C r i m e a n magnetic-f ield 
d a t a o b t a i n e d d u r i n g t h e p e r i o d of t h e C o o p e r a t i v e S t u d y of So la r Ac t ive R e g i o n s . 
Th i s ma te r i a l c o m e s f rom t h e p e r i o d of t h e las t so la r m i n i m u m . 

T h e fo l lowing charac te r i s t i c s a r e c o m m o n l y obse rved in d e v e l o p i n g r e g i o n s : 
(1) O n a large scale, n e w reg ions fo rm a t t h e l o c a t i o n of o ld w e a k fields. Gene ra l l y 

regions fo rm in o ld fields of l e ad ing po la r i ty , a n d t h e a p p e a r a n c e is t h a t of i s lands of 
fol lowing po la r i ty fields in e x t e n d e d a r e a s of l ead ing p o l a r i t y fields w h i c h a r e p r e ­
d o m i n a n t a t low l a t i t udes . I n genera l in a c o m p l e x of act ivi ty t h e r e a re several reg ions 
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16 V. B U M B A E T A L . 

F I G . 2a. A series of synoptic charts drawn from Fraunhofer Institute Daily Maps of the Sun. The 
plages associated with the complex of activity are shaded. All spot groups are indicated with their 
Zurich types. We have indicated the expanding boundaries of the complex by dashed lines. 

https://doi.org/10.1017/S0074180900021252 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900021252


A C T I V E R E G I O N M A G N E T I C F I E L D D E V E L O P M E N T 17 

F I G . 2b. Similar to Figure 2a for a different complex. 
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F I G . 2C. 77f£ same complex as Figure 2b, but illustrated by means of the Heliographische Karten 
der Photosphere from Zurich. 
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c lose toge the r . Of ten t h e fol lowing po la r i ty fields of several r eg ions a p p e a r to fo rm 
o n e large feature as d o t h e l ead ing po la r i t y fields. O n a small scale t h e first b r igh ten ings 
of a new reg ion a p p e a r a t t h e b o u n d a r i e s of several s u p e r g r a n u l a r cells - in pa r t i cu l a r 
a t a p o i n t whe re o ld fields of b o t h po la r i t i es mee t . 

(2) T h e first a p p e a r a n c e of m a g n e t i c fields a n d p lage wi th in t h e y o u n g region 
fol lows the ou t l ine of t h e pre-exis t ing ca l c ium n e t w o r k . In t he case of large reg ions , 
who le cells a re even tua l ly filled in wi th p lage a n d field. 

(3) T h e d e v e l o p m e n t of a reg ion a p p e a r s t o s t a r t f rom t h e cen te r of the reg ion , 
m o v e t o t h e fo l lowing p o r t i o n a n d t h e n t o t he l ead ing p o r t i o n . T h a t is t o say, the 
cen te r of gravi ty of t h e r eg ion m o v e s f rom w h a t is la ter t h e cen t e r of t he fully devel­
oped g r o u p to t h e fo l lowing p o r t i o n , t h e n b a c k t o t h e cen te r . W h e n t h e leading p a r t 
deve lops , t h e l ead ing s u n s p o t a l so deve lops . T h e r e is n o w n o o b s e r v a t i o n a l evidence 
one way or t h e o t h e r a b o u t w h e t h e r t he p rog res s of t he d e v e l o p m e n t is a m o t i o n of 
lines of force o r a n a p p e a r a n c e of new fields. 

(4) I n m a n y cases t he m a g n e t i c fluxes of the t w o po la r i t i es a p p e a r n o t t o be bal ­
anced d u r i n g t h e first s tages of t h e d e v e l o p m e n t of t h e g r o u p . These resul ts were 
o b t a i n e d wi th re la t ively c r u d e a n g u l a r r e so lu t ion . It will be of in te res t t o o b t a i n m o r e 
obse rva t i ons of t h e ear ly s tages of d e v e l o p m e n t of ac t ive reg ions us ing high reso­
lu t ion . 

(5) A s new reg ions fo rm, t h e o ld fields wi th in wh ich they a p p e a r r e m a i n u n c h a n g e d 
for several d a y s . Af te r t h i s pe r iod t h e o ld a n d n e w fields beg in t o m e r g e . 

(6) I n t he case of g r o u p s w h i c h r e a c h a m a x i m u m i m p o r t a n c e of C o r g rea te r in t he 
Zur i ch Classif icat ion, t h e d e v e l o p m e n t in genera l p r o c e e d s in t h e fo l lowing m a n n e r : 
for the first d a y o r p e r h a p s t w o d a y s t he d e v e l o p m e n t is iden t ica l w i th t h a t of a smal l 
s imple reg ion . T h e n n e a r t h e b o u n d a r y of t he t w o po la r i t i e s n e w fields a p p e a r . W i t h i n 
these fields a re t he s p o t s w h i c h give t h e r eg ion a C o r g rea t e r classif ication. Often 
the re is a ' g u l f of o n e po la r i t y in t he o the r . I n such p laces t h e r e a re large velocit ies 
obse rved ( B u m b a , 1963) a n d m o s t of t he flare act ivi ty t a k e s p lace ( B u m b a et ai, 
1968). A t th is t i m e a c o m p l e x conf igura t ion m a y or ig ina te . A t th is p o i n t in t he devel­
o p m e n t of t h e r eg ion t h e a d d i t i o n of new m a g n e t i c flux h a s e n d e d (unless the re is a 
la te r r enewal of ac t iv i ty c a u s e d by the a d d i t i o n of new m a g n e t i c fields, a n d t h e decay 
of t h e r eg ion sets in . (See F i g u r e 3.) 

(7) T h e ear ly p o s t - m a x i m u m stage of t h e d e v e l o p m e n t of a n act ive r eg ion is 
cha rac t e r i zed by t h e cessa t ion of m a g n e t i c c h a n g e s which t e n d t o increase the m a g ­
net ic complex i ty of t h e r e g i o n o r t h e m a g n e t i c g r ad i en t s w i t h i n t h e reg ion . These 
c h a n g e s t a k e p lace n e a r t h e cen te r of t h e r eg ion a t t h e b o u n d a r y of t h e polar i t ies . A t 
th i s p o s t - m a x i m u m s tage t h e p lage of ten acqu i r e s a cha rac te r i s t i c t r i a n g u l a r a p p e a r ­
ance , a n d t h e b o u n d a r y be tween t h e po la r i t i e s begins t o a p p e a r less compl i ca t ed . 
A l s o a t th i s s tage a smal l f i lament often fo rms p o i n t i n g t o t h e cen te r of t h e g r o u p 
be tween the polar i t i es . Th i s f i lament m a y la ter deve lop in to a la rge qu iescen t f i lament . 

(8) A s is well k n o w n , the la ter s tages of the d e v e l o p m e n t of t he r eg ion are cha rac t e r -
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F I G . 3. Magnetic maps of a region during September 1965. The data are from the CSSAR magnetic 
material from the Crimean Observatory and Meudon Observatory. The day of the month is given in 
the upper left corner of each map. The gauss levels are usually 10, 20, 40, 60, 100, 150, 200, 300, 400. 
Note the slightly complex situation that develops near the center of the group and then disappears. 

ized by the e x p a n s i o n of t h e p l age , by t h e c o n t i n u o u s g r o w t h of t h e d i s t ance be tween 
t h e cen te r s of grav i ty of t h e t w o po la r i t i e s , a n d by t h e cha rac t e r i s t i c c u r v e d t e a r d r o p 
s h a p e of b o t h t h e l ead ing a n d t h e fo l lowing p o r t i o n s . A t th i s p o i n t , d e p e n d i n g u p o n 
t h e ' dens i ty ' of act ivi ty in t h e n e i g h b o r h o o d of t h e r eg ion , t h e m a g n e t i c fields will 
e i the r e x p a n d a n d w e a k e n un t i l t h e y a r e n o longer de t ec t ab l e , o r they will m e r g e w i t h 
a n d b e c o m e a p a r t of t h e background- f i e ld p a t t e r n . 

W e p resen t he re a n idea l ized c h r o n o l o g i c a l s cheme of t h e s h a p e of t h e m a g n e t i c 
fields assoc ia ted w i th t h e d e v e l o p m e n t of a la rge b u t magne t i ca l ly s imple ac t ive reg ion . 
(See F i g u r e 4.) T h e s e resu l t s c o m e m o s t l y f rom t h e M e u d o n m a g n e t i c m a p s . T h i s 
s c h e m e refers t o t he s t r o n g e r m a g n e t i c fields ( > ~ 5 0 gauss ) a n d t h e b r igh t e r p o r t i o n s 
of t h e p lage . 
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F I G . 4. An idealized sketch of the development of an active region. The shaded portions represent 
the plage and the two magnetic polarities. Spots are indicated by black dots. See the text for details. 

Stage a : Age f rom several h o u r s t o 1 day . T h e first b r i g h t e n i n g s a t t he b o u n d a r i e s 
of supe rg ranu le s . 

Stage b : A g e a b o u t 2 d a y s . T h e d e v e l o p m e n t is p r o c e e d i n g m o s t r ap id ly in t he 
fo l lowing p o r t i o n of t h e r eg ion . T h e first spo t s have fo rmed . 

S tage c : A g e f r o m 3 t o 4 d a y s . P e n u m b r a s a r e f o r m e d a n d t h e g r o u p t a k e s o n a 
m o r e c o m p l i c a t e d a p p e a r a n c e . T h e w h o l e field occup ies a n el l ipt ical a rea , a n d t h e 
l ead ing po la r i t y fields lie p r e d o m i n a n t l y e q u a t o r w a r d of t he fo l lowing po la r i ty fields. 

S tage d : A g e f rom 4 t o 6 d a y s . T h i s is t h e s t a r t of t h e p o s t - m a x i m u m p h a s e a n d the 
b o u n d a r y be tween t h e po la r i t i e s is still relat ively c o m p l i c a t e d . T h e fol lowing po la r i ty 
h a s fo rmed t w o ta i l s t o t h e E a s t of t h e cen te r of t he reg ion , a n d t h e p lage h a s t a k e n 
o n a charac te r i s t ic t r i a n g u l a r a p p e a r a n c e . 
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Stage e : A g e f rom 5 t o 7 d a y s . T h e spo t s in the cen te r of t h e g r o u p have d i s a p ­
p e a r e d . T h e r e m a y still be s p o t s in t h e fol lowing p o r t i o n of t h e p lage . T h e ' a r r o w ' 
s h a p e of b o t h po la r i t i es is cha rac t e r i s t i c of th is p h a s e . 

S tage f: A g e f rom 6 t o 9 d a y s . T h e t w o polar i t ies have b e g u n t o s e p a r a t e , a n d the 
fo l lowing s p o t s have d i s a p p e a r e d . T h e influence of t h e differential r o t a t i o n o n the 
s h a p e of t h e fields is ev ident . 

S tage g : A g e usual ly g r ea t e r t h a n 8 days . Th i s is t h e final s tage of t h e s p o t g r o u p . 
O n l y t h e l ead ing s p o t r e m a i n s . T h e m a g n e t i c fields m a y begin t o m e r g e wi th t he back­
g r o u n d field p a t t e r n . 

4 . Discussion 

W e have p re sen t ed h e r e s o m e o b s e r v a t i o n s c o n c e r n i n g t h e d e v e l o p m e n t of act ive 
r e g i o n m a g n e t i c fields. W e p r o p o s e t h e fol lowing p o i n t s a s be ing i m p o r t a n t in an 
u n d e r s t a n d i n g of t h e m e c h a n i s m of t h e f o r m a t i o n of ac t ive r eg ions a n d of t h e cycle itself. 

(1) T h e so la r cycle m u s t be largely influenced by s o m e subsur face p h e n o m e n a . 
T h i s conc lus ion c o m e s f r o m t h e large-scale o r d e r i n g of ac t iv i ty in c o m p l e x e s of ac t i ­
vi ty ( B u m b a a n d H o w a r d , 19656) a n d t h e recent resu l t s c o n c e r n i n g t h e d i s t r i bu t i on 
of ac t iv i ty in l ong i tudes ( W a r w i c k , 1 9 6 5 ; Sves tka , 1967). I n th i s c o n n e c t i o n t he 'g ian t 
s u p e r g r a n u l a r cells ' ( B u m b a , H o w a r d , a n d Smi th , 1964) m a y p l ay a ro l e . 

(2) I n t h e f o r m a t i o n of a n ac t ive r eg ion , a t least t h e m a j o r p o r t i o n of t he m a g n e t i c 
flux of t he n e w reg ion m u s t a p p e a r f rom be low t h e surface . T h i s c o n c l u s i o n c o m e s 
f r o m t h e o b s e r v a t i o n t h a t t h e m a g n e t i c fields in t he i m m e d i a t e n e i g h b o r h o o d r e m a i n 
u n d i s t u r b e d for several d a y s af ter t h e b i r t h of t h e n e w reg ion . A r eg ion d o e s n o t f o rm 
f r o m t h e r ed i s t r i bu t i on of fields w h i c h a r e a l r eady a t t h e so la r sur face . E v en in the 
case of t h e la te r s tages of g r o w t h of a r eg ion , it is c lear t h a t t h e o lde r m a g n e t i c fields 
a r e u n d i s t u r b e d init ial ly by t h e a p p e a r a n c e of new flux. 

(3) T h e complex i t i es in t h e m a g n e t i c conf igura t ion of a n ac t ive r eg ion deve lop 
w i t h i n t h e first few days of t h e b i r t h of the reg ion . U n l e s s t h e r e is a la ter r enewal of 
ac t iv i ty (which m a y a l so p r o d u c e a magne t ica l ly c o m p l e x s i t ua t ion ) , t he t endency 
after t h e m a x i m u m p h a s e of t h e d e v e l o p m e n t of t h e r eg ion is for t h e m a g n e t i c c o n ­
figuration t o b e c o m e s imple . T h e a n a l o g y in t h e large scale is t h e f o r m a t i o n of r egu la r 
fea tu res in t h e background- f i e ld p a t t e r n . 

T h e fo l lowing q u e s t i o n s c o n c e r n i n g so lar act ivi ty p r e s en t t hemse lves a t th i s p o i n t 
a n d a p p e a r t o be of in te res t . M o r e o b s e r v a t i o n s a re needed t o c lear u p these m a t t e r s . 

(1) W h a t h a p p e n s t o t h e la rge-sca le field fo rmed by t h e e x p a n s i o n of o ld ac t ive regi­
ons? A la rge a m o u n t of flux a p p e a r s t o h e a d t o w a r d t h e po les , b u t t h i s flux is n o t obser ­
ved t o col lect a t t h e po les , a n d we k n o w very litt le of w h a t h a p p e n s a t t h e p o l a r reg ions . 

(2) D o e s t h e cha rac t e r i s t i c s h a p e seen in t he evo lu t ion of act ive r eg ions imply a n 
a n g u l a r velocity of r o t a t i o n wh ich is g rea te r for s t ronger fields t h a n for w e a k e r fields -
a n d t h u s p e r h a p s imply a n influence f rom deeper layers? 

(3) Is the fine scale s t ruc tu re of t h e magne t i c field giving us o n the large scale of the 
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r e so lu t ion of o u r o b s e r v a t i o n s , false d a t a on ne t fluxes? It seems unl ike ly t h a t th is c an 

be a very grea t effect ( H o w a r d , 1966) ; however , we m u s t awa i t o b s e r v a t i o n s of very 

h igh r e so lu t ion t o resolve th i s p r o b l e m . N a t u r a l l y , because of t h e fine-scale s t ruc tu re 

of m a g n e t i c fields over m u c h of t h e solar surface, t he a p p e a r a n c e of a m a g n e t o g r a m 

d e p e n d s m a r k e d l y u p o n t h e a n g u l a r r e so lu t ion used to o b t a i n t h e obse rva t i on . Whi le 

in genera l o n e wishes t o use t h e h ighes t a n g u l a r r e so lu t ion poss ib le , for p r o b l e m s 

involv ing large-scale fea tures it is s o m e t i m e s des i rab le to use low re so lu t ion in o r d e r 

t o see the ' fores t ' ins tead of t he ' t r ees ' . 
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D I S C U S S I O N 

Winck/er: Is the emergence of flux loops by magnetic buoyancy thought to apply to BMR's or to 
the spots themselves? This point is not clear in Babcock's papers. 

Howard: Both the B M R ' s and the spots are thought to develop by the emergence of flux tubes. 
Acton: What predictions did the Babcock theory make which provided observational tests of the 

theory? 
Howard: The migration toward the polar latitudes of the following magnetic flux of old active 

regions was predicted by the model and subsequently observed. 
Bumba: The observers are in great difficulties to say something more about the observation of 

emerging flux ropes. If we observe with a lower resolution, we may see very nicely the distribution 
of magnetic field in two polarities and this distribution may be represented by a model of outcoming 
tube of magnetic field. But if we observe with high enough resolution we do not see such well-organ­
ized picture any more, we then have a complicated situation which we cannot represent by a simple 
model of buoyant flux rope. 

Sturrock: If sunspots always form adjacent to neutral lines, they may represent the emergence of 
new flux. If sunspots may form far from a neutral line, these spots must be formed by the gathering 
together of field lines which emerged earlier in the development of the active region. D o sunspots 
always form adjacent to neutral lines? 

Howard: N o , they do not, so it appears that the spots must form from the new plage magnetic fields. 
Severny: H o w is your feeling about unipolar magnetic regions? We have got convinced from our 

observations with high resolution on Crimean magnetograph that these regions disappear when we 
use high resolution (2 T 5 x 4") and they consist of a number of small elements of different polarity 
(I mean the first part of your talk relating to the local weak magnetic fields). 

Howard: D o you think that even magnetic flux over these regions can be zero? 
Severny: Yes. Because the signal of magnetograph is proportional to the field strength and the 

area of an element and this signal must be higher than noise level to be recorded. If the area is small 
enough the signal can drop below noise level even for strong field and this element can be omitted 
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at the records. So the excessive flux of one sign could in principle be partly compensated by small 
elements of opposite sign. 

Howard: Our observations at high resolution do not indicate that the U M flux disappears. Such 
an effect could well get us out of the problem of what happens to the flux that moves toward the 
poles, but even if there were n o net flux, the U M ' s would be obviously of some physical significance 
since they are clearly observed to have shape and motion. 

Bumba (to Severny's question): W e are using the terms B M R and U M R in the same sense as 
they were used for the first time by Babcock. If we were to take into account the fine structure of 
the magnetic field, we must speak only about the complex magnetic fields. 

Nussbaumer: Where do you put the division between high and low resolution and how good is the 
best resolution you can obtain? 

Howard: Our best resolution is 2 arc-sec, and I would put the dividing line between high and low 
resolution for magnetographs at about 10 arc-sec. 

Wilcox: Professor Severny has correctly pointed out that the so-called unipolar photospheric 
magnetic fields contain a complicated structure having fields of both polarities when examined at 
high resolution. However, it seems that the concept of a 'unipolar' region is still valid if this is defined 
to mean a large region throughout which the net magnetic flux (as observed with a slit size of perhaps 
23") is of a single polarity. Such 'unipolar' regions seem often to be the sources of interplanetary 
magnetic-field sector structures within each of which the field polarity is unidirectional. 

Bappu: A m I correct in assuming that your magnetic-field representation refers only to the longi­
tudinal case? Have you examined the transverse fields in such developing regions? 

Howard: Our observations are only of the longitudinal component of the field. We have no means 
at present of observing the transverse component . 

Jager: If one observes an active region on the one hemisphere, often one observes a similar region 
on the other at nearly the same latitude and longitude. Can you derive from your observations how 
often this occurs in the average? 

Howard: I do not know, and I also do not know whether the occurrence of two AR's at about 
the same time at the same longitude in two hemispheres is due to chance or implies some deep-
rooted connection. 

Jensen: I have a question related to the prediction one can make from the idea of magnetic buoy­
ancy. If the field is formed in this way, the direction of the field should change from horizontal to 
vertical during the development. Is there any observational evidence for such a change? 

Howard: I am not aware of the existence of such observations, but perhaps we shall hear of some 
recent observations during this symposium. 

Mcintosh: White-light observations show linear dark features, lanes in the photosphere, during 
the growth of bipolar sunspot groups, and emergence of new spots in large groups. If we interpret 
these dark linear features as analogous to the dark penumbral structures then it appears that the 
emergence of a strong transverse field accompanies the growth of a sunspot. 

Sturrock: My colleagues at Stanford have carried out an analysis of sunspot data to determine 
whether there is any correlation between the appearance of another A R at about the same longitude 
in the hemisphere. We find that there is n o statistically significant correlation. 
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