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T o s tudy t h e n a t u r e of t he local sources of so la r r a d i o emis s ion c o n n e c t e d wi th 
ac t ive reg ions , it is i m p o r t a n t t o inves t iga te t he s t r u c t u r e of such sources a n d the i r 
emiss ion spec t ra . T h e s e p r o b l e m s a r e be ing inves t iga ted in de ta i l by a g r o u p of 
w o r k e r s of t h e R a d i o A s t r o n o m y D e p a r t m e n t of t h e P u l k o v o O b s e r v a t o r y led by 
G . B . Gel f re ikh . T h e P u l k o v o la rge r a d i o te lescope used for t h e o b s e r v a t i o n s a l lows 
t h e m t o inves t iga te t h e so la r r a d i o sou rces a t t h e w h o l e c m - w a v e l e n g t h r a n g e wi th a 
h i g h reso lu t ion r e a c h i n g 4 0 sec of a r c a t t h e 2-cm wave . O b s e r v a t i o n s a r e t a k e n a t 
2 0 , 3-2, 4-4, 6-6, a n d 9-cm waves . T h e a u t h o r observes a t t h e 2-cm wave . 

T h e resul ts of t he o b s e r v a t i o n s a t t h e 2-cm w a v e wi th a h igh r e so lu t i on p e r m i t , in 
t h e first p lace , t o d r a w t h e re l iab le c o n c l u s i o n t h a t t h e r a d i o s o u r c e o v e r t h e ac t ive 
r eg ion is n o t a h o m o g e n e o u s f o r m a t i o n . I t t u r n e d o u t t h a t t h e s t r u c t u r e of t h e r a d i o 
s o u r c e d e p e n d s on t h e s t r u c t u r e of t h e m a g n e t i c field of t h e act ive r eg ion a n d opt ical ly 
obse rved s t ruc tu res - s p o t g r o u p s a n d ca lc ium plages c o n n e c t e d wi th t h e m a g n e t i c 
field. U p t o n o w a c l ea r i n d i c a t i o n o n t h e exis tence o f r a d i o sources over s epa ra t e 
s p o t s in o n e g r o u p w a s m a d e b y P u l k o v o r a d i o a s t r o n o m e r s on ly by m a k i n g use of 
t h e d a t a o b t a i n e d in t h e po la r i zed emiss ion d u r i n g t h e S u n ecl ipse o n Apr i l 20, 1958 
( K o r o l k o v et al.9 1960). T h e s a m e resul t for a n u n p o l a r i z e d emiss ion w a s o b t a i n e d 
b y a n u m b e r of obse rve r s d u r i n g t h e S u n eclipse o n M a y 20 , 1966. 

I n pa r t i cu la r , G . A p u s h k i n s k y a n d V . N a g n i b e d a g o t th is resu l t a t 0-8 c m , 3-3 a n d 
10-cm wave leng ths f r o m t h e r e c o r d of t h e ecl ipse of t h e sou rce c o n n e c t e d wi th t h e 
s p o t g r o u p n o . 57 (Solnechnye dannye) in t h e S o u t h e r n h e m i s p h e r e of t h e S u n . T h e 
o n e - d i m e n s i o n a l b r i gh tne s s d i s t r i b u t i o n s were t a k e n f r o m t h e r e c o r d of t h e o p e n i n g 
a n d t h e c los ing of t h e r a d i o sou rce ( A p u s h k i n s k y et al). H a v i n g o n e - d i m e n s i o n a l 
d i s t r i b u t i o n s in t w o d i r ec t i ons c o r r e s p o n d i n g t o t h e o p e n i n g a n d t h e c los ing of t h e 
r a d i o source , i t is poss ib le t o d r a w t w o - d i m e n s i o n a l images of t h e r a d i o s o u r c e (F igu re 
1). I t is seen f r o m t h e p i c t u r e t h a t t h e r a d i o sou rce cons i s t s of t w o m a i n de ta i l s cor 
r e s p o n d i n g to t w o g r o u p s of s p o t s of different po l a r i t y . S o m e b r i g h t smal l de ta i l s t a n d s 
o u t o n a less b r igh t b a c k g r o u n d . ( T h e b r igh tness t e m p e r a t u r e s of a b r i gh t deta i l a r e 
e q u a l 4 x 1 0 6 , 0-6 x 1 0 6 , a n d 0-08 x 1 0 6 ° K a t t h e waves 10, 3-3 a n d 0-8 c m respect ively.) 

O u r o b s e r v a t i o n s w i t h t h e P u l k o v o la rge r a d i o te lescope s h o w a c o m p l i c a t e d 
s t r u c t u r e of a n e n h a n c e d r a d i o emiss ion over ac t ive r eg ions t o o . A c o m p a r i s o n of 
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(4* ~ sunspots 

FIG. 1 . Two-dimensional images of the radio source, May 20,1966. 

r e c o r d s of e n h a n c e d r a d i o emiss ion a n d curves of ca lc ium-p lages b r igh tness dis t r i 
b u t i o n p rov ides s o m e in t e re s t ing resul t s . Such d i s t r i bu t i ons were o b t a i n e d f rom 
ca l c ium spec t rohe l i og rams o n t h e m i c r o p h o t o m e t e r w i th a spl i t , c o r r e s p o n d i n g to 
t h e a n t e n n a p a t t e r n . T h e r ad io -emis s ion in tens i ty over t h e ca l c ium p lages r epea t s in 
m a n y respects t h e p lage cu rves , i nc reas ing in t h e reg ion of t h e s p o t g r o u p s . Bu t over 
t h e spo t s themse lves , in t h e p lace w h e r e t h e m a g n e t i c field of t h e spo t p e n e t r a t e s i n to 
t h e S u n ' s a t m o s p h e r e , t h e r ad io - emi s s ion in tens i ty increases sha rp ly , f o r m i n g a b r igh t 
r a d i o source . I n F igu re 2 a r e s h o w n r a d i o sources assoc ia ted wi th spo t g r o u p s n o . 144 
a n d n o . 145 (us ing t h e n u m e r a t i o n of t h e bul le t in Solnechnye dannye) obse rved in 
S e p t e m b e r 1966. P l age -b r igh tness d i s t r i bu t i ons a re a lso g iven t h e r e . 

F i r s t of all , it is necessa ry t o p o i n t o u t t h a t t h e r a d i o sources over t h e s p o t s h a v e 
a sma l l w i d t h , n o t m o r e t h a n 0!7. S e p a r a t e n a r r o w sources a r e c lear ly seen ove r t h e 
m a i n a n d tai l spo t s of t h e b i p o l a r g r o u p n o . 145. I t all m e a n s t h a t t h e r a d i o source 
p r o b a b l y is n o t h igh over t h e p h o t o s p h e r e as , a c c o r d i n g t o t h e r ecen t p a p e r of 
L ivsh i tz et al. (1966), t h e m a g n e t i c field of t h e spo t d i sperses s t rong ly a l r e a d y on t h e 
h e i g h t of 2 0 0 0 - 3 0 0 0 k m . O n t h e o t h e r h a n d , th i s fact p o i n t s t o t h e h igh b r igh tness 
t e m p e r a t u r e of t h e emiss ion of such sources , wh ich differs s h a r p l y f rom t h e b r igh tness 
t e m p e r a t u r e of t he s u r r o u n d i n g b a c k g r o u n d . I ndeed , t h e b r igh tness t e m p e r a t u r e of 
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FIG. 2. 

t h e br ight detai l of t h e r a d i o sou rce over t he g r o u p n o . 144 r eached 2-2-5 x 1 0 5 o K , 
w h e r e a s t h e b a c k g r o u n d t e m p e r a t u r e is scores of t h o u s a n d s of degrees . I t m e a n s t h a t 
t h e m e c h a n i s m of r a d i o emiss ion of t h e b r igh t p a r t of t h e sou rce a n d t h e b a c k g r o u n d 
a r e different. T o a s s u m e t h e t h e r m a l n a t u r e of t he r a d i o emiss ion of t h e local sources 
it is necessary t o exp la in t h e exis tence of s t rong ly hea t ed r eg ions a t a smal l he igh t 
over t he p h o t o s p h e r e , wh ich is p r o b a b l y r a t h e r difficult t o d o . 

I t is in te res t ing t o n o t e t h a t t h e flux f rom the nuc leus of t he sou rce over the g r o u p 
n o . 144 falls w h e n t h e sou rce m o v e s t o t he l imb of t h e S u n , b u t t h e size of t he source 
decreases . T h u s t h e b r igh tness t e m p e r a t u r e r e m a i n s c o n s t a n t all t h e t ime . Th i s fact 
c a n be expla ined by a s s u m i n g t h a t we deal w i th a flat sou rce of a cons ide r ab l e opt ica l 
th i ckness . 

In solving the p r o b l e m of t h e rad io -emiss ion m e c h a n i s m a n i m p o r t a n t ro le is 
p layed by the s p e c t r u m of th is emiss ion , especial ly a t s h o r t cm wave l eng ths . I t follows 
f r o m the o b s e r v a t i o n s in P u l k o v o t h a t t h e solar local r a d i o sources have va r ious 
spec t r a ( A k h m e d o v et al., 1966), t h o u g h m o s t of t h e m possess a m a r k e d decrease of 
t h e flux in t h e 3-2-2-0 c m wave leng ths . R a d i o sources over t h e g r o u p s n o . 144 a n d 
n o . 145 have such a s p e c t r u m ( F i g u r e 3). I t is seen f rom t h e figure t h a t in t h e 3 -9 c m 
wave leng ths t he s p e c t r u m is a p p r o x i m a t e l y flat, b u t a t t h e 3 - 2 c m wave leng ths t h e 
flux decreases sha rp ly . I n o u r o p i n i o n , th is fact exc ludes t h e p r e sence in t h e r a d i o 
emiss ion of a sou rce w i th a n essent ia l c o n t r i b u t i o n of t h e b r e m s s t r a h l u n g of t h e 
t h e r m a l e lec t rons d e m a n d i n g for i ts e x p l a n a t i o n a g y r o - r a d i a t i o n of t h e t h e r m a l 
e lec t rons a t t he gy ro - f r equency a n d its h a r m o n i c s . Th i s m e c h a n i s m a l so expla ins t h e 
decrease of t h e r a d i o - e m i s s i o n flux a t all wave l eng ths w h e n t h e s o u r c e of the g r o u p 
n o . 144 m o v e s t o t h e l i m b of t h e Sun . 
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FIG. 3. Radio-source spectra. 

I t fo l lows f r o m o u r o b s e r v a t i o n s t h a t a t t h e 2-cm w a v e l e n g t h s t h e s h a r e of t h e 
r a d i o emiss ion c o n n e c t e d w i th t h e ca l c ium p lage in t h e t o t a l flux of t h e r a d i o sou rce 
is r a t h e r g rea t , fall ing m a r k e d l y w i t h t h e increase of t h e w a v e l e n g t h (in t h e c m range ) . 
O n t h e o t h e r h a n d , only in h igh - r e so lu t i on o b s e r v a t i o n s in u n p o l a r i z e d emiss ion it is 
poss ib le t o s epa ra t e t he b r igh t n u c l e u s of t h e sou rce c o n n e c t e d w i th t h e spo t . T h i s 
c a n b e seen f r o m t h e r e c o r d o b t a i n e d o n S e p t e m b e r 2 1 , 1966, w i t h 0!7 a n d 4 ' w i d t h 
b e a m ( the la t te r be ing o b t a i n e d by s m o o t h i n g ) (F igu re 4) . The re fo re t h e s p ec t ru m of 
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such a source p lo t t ed o n t h e bas is of o b s e r v a t i o n s wi th insufficiently h igh reso lu t ion , 
will have an ex t r a s h o r t - w a v e p a r t . Th i s p r o b a b l y was t h e case in t he p a p e r of 
T s u c h i y a a n d N a g a n e (1967) . 

T h e fol lowing conc lu s ions c a n be d r a w n f rom t h e a b o v e : 
(1) In the d i s t r i b u t i o n of t h e b r igh tness of t h e r a d i o sou rce t he compl i ca t ed 

s t ruc tu re of t h e ac t ive r eg ion is well s een : (a) it is c o n n e c t e d wi th t h e s p o t c o m p o n e n t 
w h i c h for b ipo la r g r o u p s of g r ea t l ong i t ude gives t w o s o u r c e s ; (b) t h e c o m p o n e n t is 
c o n n e c t e d wi th ca l c ium p lages . 

(2) T h e smal l size of b r igh t de ta i l s of t he r a d i o sou rce impl ies t h a t the i r he igh t over 
t h e p h o t o s p h e r e c a n n o t be la rge , a n d the h igh b r igh tnes s t e m p e r a t u r e d e m a n d s t he 
exis tence of s t r o n g h e a t e d r eg ions a t th i s he igh t . 

(3) T h e observed r ad io -emis s ion s p e c t r u m of b r i gh t de ta i l s of t h e r a d i o source a t 
t h e cm wave leng ths ( 3 - 1 0 c m ) requ i res for its e x p l a n a t i o n a g y r o - r a d i a t i o n of t h e 
t h e r m a l e lec t rons a n d exc ludes t h e essent ia l influence of t he b r e m s s t r a h l u n g . 
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D I S C U S S I O N 

De Jager: The very steep decrease of spectral intensities for X< 2 cm is surprising. What is the 
absorption mechanism? 

Nagnibeda: The steep decrease of intensity for X< 3 cm is the observed fact. Such a spectrum of the 
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slowly varying component of solar emission was explained by Zhelezniakov {'The Radio Emission 
of the Sun and the Planets', 1964) on the basis of gyro-resonance radiation of the thermal electrons. 
He showed that the steep decrease of the intensity for X< 3 cm might be explained by the decrease of 
the height of emission layers with frequencies ca ~ 2CQx, Ico* (cox = gyro-frequency) and its passage 
from the corona to the chromosphere and the decrease of the r because of insufficient magnetic-field 
strength. 

Kriiger: Have you made any distinction between the spectra originating in the bright cores of the 
sources of the s-component and its surroundings? 

Nagnibeda: Yes, the spectrum of the bright core is steeper than the spectrum of its surroundings 
at the 2-3'2-cm wavelengths. 

Kriiger: I should like to draw attention to a paper of Zlotnik, who calculated spectra of the s-com
ponent basing on thermal bremsstrahlung and gyro-resonance emission. This paper will appear in 
the Soviet Astronomical Journal. 

https://doi.org/10.1017/S007418090002204X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090002204X



