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A B S T R A C T 

Observations of the longitudinal component of the photospheric magnetic fields near sunspots 
imply that surges and Ellerman bombs occur at neutral points in the magnetic fields (i.e. | £ | = 0 ) in 
the chromosphere. The neutral points appear above satellite sunspots, which are defined as polarity 
reversals (in B\\) near the edges of large-spot penumbrae. A series of magnetograph observations 
shows a point o f satellite polarity vanishing during a period of almost cont inuous surge activity. The 
lost magnetic energy is comparable to the energy release evidenced by the surge. 

1. Introduction 

Several r e s e a r c h e r s h a v e used so la r m a g n e t o g r a p h s t o s t u d y t h e magnetic-f ield 
s t r u c t u r e of la rge s u n s p o t s in ac t ive reg ions . T h e y h a v e f o u n d t h a t very f requent ly 
these spo t s were s u r r o u n d e d by a n u m b e r of ' sa te l l i te ' m a g n e t i c fea tures . T h e po l a r i t y 
of t h e sate l l i tes w a s o p p o s i t e t o t h a t of t h e cen t r a l s p o t ( B u m b a , 1960, 1962; H o w a r d , 
1959). I n m o s t cases these sa te l l i tes were n o t visible o n whi te - l igh t p h o t o g r a p h s . 
H o w e v e r , G o p a s y u k et al. (1963) o b t a i n e d m a n y o b s e r v a t i o n s of f l a re -p roduc ing 
r eg ions w h i c h inc luded large s u n s p o t s a c c o m p a n i e d by smal l , vis ible s p o t s i m b e d d e d 
in p e n u m b r a e . T h e smal le r spo t s ( ' satel l i tes ' ) usua l ly h a d po l a r i t y oppos i t e t o t h a t 
of t h e m a i n spo t . I used t h e m a g n e t o g r a p h a t t he M o u n t W i l s o n O b s e r v a t o r y t o m a p 
t h e l ong i t ud ina l c o m p o n e n t (as ind ica ted by Z e e m a n spl i t t ing in t he p h o t o s p h e r i c 
F e i l ine a t A5250) of t he m a g n e t i c field of t he act ive reg ion of J u n e 2 - 3 , 1967. T h e 
r eg ion passed cen t r a l m e r i d i a n in t he N o r t h e r n h e m i s p h e r e o n J u n e 3. T h e obser ­
v a t i o n s s h o w m a n y satel l i te s u n s p o t s ( invisible in i n t eg ra t ed l ight) nea r t he p e n u m ­
b r a of t he la rges t s p o t in t h e r eg ion . T h e spacial r e so lu t i on of t h e scans w a s e i ther 5 o r 
10 sec of a r c a n d t h e no i se level w a s a b o u t 2 gauss . T h e o b s e r v e d size of t he satell i te 
m a g n e t i c f ea tu res is a t t h e r e so lu t i on l imit . 

2. Observations 

A s the m a g n e t i c m e a s u r e m e n t s were be ing m a d e , p e r s o n n e l of t h e L o c k h e e d Sola r 
O b s e r v a t o r y m a d e large-sca le H a m o t i o n p i c tu re s of t h e r eg ion . F i g u r e 1 is a n H a 
p h o t o g r a p h o f t h e r e g i o n a t 1947 U T o n J u n e 2. A surge is o c c u r r i n g a t t he p e n u m b r a 

* Presented by R. Howard. 

Kiepenheuer (ed.), Structure and Development of Solar Active Regions, 77 -84 . C I. A. if. 
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F I G . 1. The active region of June 2,1967. North is at the top and East is on the left. This photograph 
was made in the center of Ha at 1947 UT. During the period of observation (1635 UT, June 2, to 0116 
UT on June 3) nearly continual surge activity took place on the Northwest side of the large leading 
spot. A small surge is shown in this picture. Many flare brightenings occurred in the center and left-of-
center plages in the region. 

of t h e la rge , l ead ing s u n s p o t , a n d s o m e t r aces of a flare b r i g h t e n i n g a r e ev iden t in t he 
m i d d l e of t h e p i c tu re . T h e r e were severa l flares in t h e r eg ion o n J u n e 2 a n d 3 . T h e 
m o t i o n p i c tu re s show c o n t i n u a l su rge ac t iv i ty in t h e reg ion . T h e p o s i t i o n s o f all t h e 
o b s e r v e d surges a r e s h o w n in F i g u r e 2, wh ich is a m a g n e t o g r a m of t h e r e g i o n a s it 
a p p e a r e d o n J u n e 3. D a s h e d l ines inclose nega t ive fields; solid l ines inclose pos i t ive 
fields. Sol id t r iangles s h o w a p p r o x i m a t e surge size a n d d i r ec t ion . Sol id d o t s a r e Eller-
m a n b o m b s a n d t h e flare a r e a s a r e h a t c h e d . Every bomb, every surge, and many flare 
brightenings originate at the satellite sunspots. Because of t h e relat ively l o w r e so lu t i on 
of t h e m a g n e t i c m e a s u r e m e n t s , i t is imposs ib le t o k n o w t h e real size a n d t h e p e a k field 
in tens i ty of t h e satel l i tes. Even if t he i r cha rac t e r i s t i c fields s h o u l d be several h u n d r e d 
g a u s s a n d the i r c ross-sec t ions on ly 2 sec of a rc , t h e m a g n e t o g r a p h w o u l d t r a n s f o r m 
t h e m in to b r o a d 5 or 10 gaus s fea tures o n the m a g n e t i c m a p s . All flaring reg ions of 
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J u n e 2 h a v e been inc luded in t h e figure. P e r h a p s inc lus ion of only t h e p o i n t s which 
s h o w e d a flash p h a s e w o u l d give a h ighe r c o r r e l a t i o n be tween satel l i te spo t a n d flare-
b r i g h t e n i n g pos i t i ons . M o r e r e sea rch is n e e d e d o n t h i s po in t . 

3 . The Lines of Force 

W h a t d o t h e fieldlines a b o v e satel l i te s u n s p o t s l o o k like? T o find th i s o u t , I used the 
m e t h o d o f c o m p u t i n g t h e magnet ic- f ie ld l ines deve loped by S c h m i d t (1964) . H i s 
m e t h o d is t o a s s u m e t h a t t h e space a b o v e t h e p h o t o s p h e r e is cur ren t - f ree . P o t e n t i a l 
t h e o r y m a y t h e n be used t o ca l cu l a t e t h e field f rom the obse rved flux d i s t r i bu t i on in 
t h e p h o t o s p h e r e . F igu re 3 s h o w s t h e l ines of force n e a r t h e la rges t su rges . The surges 

follow the lines of force* O n t h i s figure I have d r a w n t h e p r inc ipa l n e u t r a l lines 

s 

F I G . 3. Magnetic lines of force (heavy lines with arrows) near the region of most intense surge 
activity. A comparison with Figure 2 shows that the surges follow the lines of force. The fieldlines were 
constructed according to the potential theory by considering the chromosphere current-free. The sources 
of the field are fixed in the photosphere, which is assumed plane-parallel. Heavy dashed lines coincide 
with the major lines of zero longitudinal field in the region and the polarities on either side are indicated 
by symbols (+ and —). Thin arrows point out satellite sunspots detected by the routine Mount Wilson 
sunspot field measurements. 

* I do not intend to imply, however, that the magnetic field above the region was current-free. 
The surges alone are good evidence for currents. Nevertheless, it is apparent that the lines of force 
do not deviate radically from those calculated under the current-free approximation. 
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(heavy , dashed lines) in t h e m e a s u r e d long i tud ina l fields. T h e t h i n a r r o w s p o i n t t o t h e 
few visible satelli te s u n s p o t s in t h e r eg ion . A flare occu r red n e a r t h e visible satell i te in 
t h e cen t e r of t h e f igure; howeve r , t h e obse rved surges a n d E l l e r m a n b o m b s all occur red 
n e a r invisible satel l i tes , i.e., n e a r p o i n t s of isola ted po la r i t y de tec ted on ly wi th t h e 
m a g n e t o g r a p h . 

4. Neutral Points 

T h e significance of t he satel l i te s u n s p o t s for b o m b s a n d surges , a t least , is revea led 
in F igu re 4. T h e r e is m o s t l ikely a neu t r a l p o i n t (i.e. \B\ = 0) in t h e m a g n e t i c field in 

F I G . 4. Sketch of the fieldlines above a satellite sunspot. An X marks the neutral point where 
explosive events probably originate. The satellite spots are small features easily overlooked in the large 
scale (usually bipolar) pattern of the major regions, even though the satellites seem to be an integral 
feature of most large spots in growing regions (Bumba, 1960). 

t h e so l a r a t m o s p h e r e a b o v e every satel l i te s u n s p o t . I t a p p e a r s t h a t t h e explosive 
even t s of J u n e 2 a n d 3 o r ig ina t ed a t t h e n e u t r a l p o i n t s t h a t a r e imp l i ed by the geo­
m e t r y of t he u n d e r l y i n g fields. Severny (1965) a n d K o v a l (1965) a t t h e C r i m e a n 
O b s e r v a t o r y have c o m e t o s imi lar conc lus ions . I t is c lear f rom the figure t h a t the 
la rger t h e satell i te s p o t re la t ive t o i ts p a r e n t , t he h ighe r t he neu t r a l p o i n t will be . F o r 
e x a m p l e , b o m b s a re very sma l l a n d they occu r in t he l ow c h r o m o s p h e r e . L a r g e flares 
o c c u r m u c h h igher u p . A p p a r e n t l y , bigger, h igher events occu r a b o v e la rger satell i te 
spo t s , i.e., t hose spo t s wh ich have t he m o r e elevated neu t ra l po in t s , b u t m o r e research 
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is needed t o es tabl ish w h e t h e r th i s p a t t e r n is genera l ly obeyed by explos ive events . 
N e u t r a l p o i n t s in t h e m a g n e t i c field have p layed a n i m p o r t a n t role in a l m o s t all 

t heo re t i ca l d i scuss ions o f exp los ive even ts . A t these p o i n t s m a g n e t i c energy m a y be 
c o n v e r t e d t o obse rvab l e r a d i a t i v e a n d k inet ic fo rms . 

5. The Field Changes 

F i g u r e 5 shows the a p p e a r a n c e of a satel l i te spo t u n d e r t h e surges before a n d after 
t h e m o s t v iolent ac t iv i ty . T h e smal l s p o t o f pos i t ive p o l a r i t y is a s t ab l e f ea tu re o f t h e 
first t h r e e m a p s , t a k e n on ly 8 m i n a p a r t . Af te r a de lay of 1 h o u r a n d 50 m i n , d u r i n g 
wh ich n o o b s e r v a t i o n s were o b t a i n e d , t h e r eg ion w a s s c a n n e d t h r e e m o r e t imes . T h e 
sa te l l i te -spot field h a d d i s a p p e a r e d . T h e d i s a p p e a r a n c e w a s n o t p e r m a n e n t , however , 
s ince t h e satell i te po l a r i t y a p p e a r e d on m a p s m a d e 2\ h o u r s after t h e final scan s h o w n 
in t h e figure. A l so , t h e spo t w a s de tec t ed o n a scan m a d e t h e fo l lowing d a y . T h e satel l i te 
s p o t w a s j u s t a b o v e t h e l imi t of r e so lu t i on for these m a p s (10 sec of a rc ) , a n d it is n o t 
imposs ib le t h a t obse rv ing c o n d i t i o n s h a d de t e r io r a t ed e n o u g h by t h e second series of 
scans t o m a k e the field u n d e t e c t a b l e . H o w e v e r , t h e fact t h a t it w a s de tec ted several 

"7 « 
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JUNE 2,1967 10" APERTURE • 
F I G . 5. A sequence of magnetic maps of the most active surge region. Contour levels are 5, 10, 20, 

40, 80, and 160 gauss. The top three maps were made before the largest surges occurred. They all show 
a small positive feature at the Northwest (upper right) edge of the penumbra of the large negative 
sunspot. The lower maps all lack the small feature which was at the location of the surges. Note that 
other features of comparable size are unchanged during these measurements. 
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h o u r s la ter u n d e r even w o r s e seeing cond i t i ons , a n d t h e fact t h a t s imilar fea tures 
everywhere else on t h e m a g n e t o g r a m s d id n o t u n d e r g o a s imi la r d i s a p p e a r a n c e t e n d 
t o s u p p o r t t h e c o n c l u s i o n : t h e field of t h e invisible satel l i te spo t j u s t u n d e r t h e larges t 
surges decreased significantly d u r i n g the m o s t p r o n o u n c e d surge act ivi ty. T h e la ter 
recovery of t h e field is cons i s t en t wi th o t h e r o b s e r v a t i o n s of p h o t o s p h e r i c field 
c h a n g e s d u r i n g m i n o r even t s in a g r o w i n g act ive r eg ion ( M i c h a r d et al., 1961). 

6. Energy for Surges 

W h a t w a s t h e m a g n e t i c ene rgy of t h e van i shed spo t? T h e m a g n e t i c flux associa ted 
wi th t h e spo t w a s a b o u t 5 x 1 0 1 8 maxwel l s . T h e l ines of force symbo l i z ing t h i s flux 
m u s t p a s s t h r o u g h t h e p l a n e of o b s e r v a t i o n twice (see F i g u r e 4) . If t h e field d id vanish , 
we w o u l d expec t b o t h pos i t ive a n d nega t ive reg ions t o w e a k e n o r d i s appea r . Howeve r , 
i t is obv ious ly m u c h eas ie r t o de tec t a smal l c h a n g e in t h e w e a k satel l i te spo t t h a n in 
t h e large p a r e n t s p o t w h i c h h a s extensive r eg ions of s t r o n g fields. If I a s s u m e t h a t 
t h e r e w a s a c h a n g e in t h e nega t ive fields t o a c c o m p a n y t h e c h a n g e in t h e smal l posi t ive 
s p o t a n d t h a t t h e ann ih i l a t ed flux ex t ended u p w a r d t o a h e i g h t o f 1000 k m , t h e n the re 
w a s a b o u t 2 x 1 0 2 6 e rgs ava i l ab le for t h e surges . If t h e r ad ia t ive a n d k ine t ic energy 
re leased in a su rge a r e c o m p a r a b l e , we c a n find t h e to t a l energy r e q u i r e d t o p r o d u c e a 
su rge f rom a n e s t i m a t e of t h e k ine t i c ene rgy of t h e o u t w a r d - m o v i n g m a t e r i a l . T h e 
velocity of t h e su rges is a b o u t 100 k m / s e c . If I a s s u m e a d i a m e t e r of 1000 k m , a l ength 
o f 5000 k m a n d a dens i ty of 1 0 1 1 p r o t o n s / c m 3 , t h e n I find t h a t t h e su rge h a d a kinet ic 
energy of a b o u t 3 x 1 0 2 5 e rgs . T h u s , t h e k ine t ic a n d r ad i a t i ve ene rgy o f t h e surge w a s 
a b o u t 6 x 1 0 2 5 e rgs . T h i s is c o m p a r a b l e t o t h e van i sh ing m a g n e t i c ene rgy . P e r h a p s 
t h e n , we have a c lear case of a n n i h i l a t i o n of m a g n e t i c ene rgy n e a r a neu t r a l po in t wi th 
a t t e n d a n t b r i gh t en ing (a t t h e base of t h e surge) a n d acce l e r a t i on of c h r o m o s p h e r i c 
m a t t e r . Since v i r tua l ly all even t s wi th p r o n o u n c e d flash p h a s e s o c c u r in o r n e a r spo t 
p e n u m b r a e , I t h i n k it is p r o b a b l e t h a t we will find every such event t a k i n g place 
a b o v e t h e satel l i te s u n s p o t s f o u n d the re . 
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D I S C U S S I O N 

Sturrock: The fact that surges occur above circular neutral lines (zero vertical magnetic field) fits 
well with the fact that flares occur above neutral lines. However, if the surge energy is derived from 
magnetic energy, the pre-surge state cannot be current-free and therefore not of the form depicted 
by Dr. Rust. 

Howard: This is true. 
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