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A B S T R A C T 

The study of a moving type-IV burst shows that acceleration of electrons can happen in the high 
corona, and a mechanism is proposed for such an acceleration. The low-frequency cut-off of radio 
spectrum is interpreted as due to the effect of the coronal plasma upon the synchrotron emission, 
and this leads to an accurate determination of the intensity of the magnetic field at an altitude of 
1 RQ. Then it is possible to compute the energy and the density of the relativistic electrons. 

O n S e p t e m b e r 14, 1966, a flare w a s obse rved o n the W e s t l i m b of t h e S u n , m o r e 

precise ly o n an act ive cen te r loca ted 10° b e h i n d the l i m b . F o r th i s even t several types 

of so la r r a d i o bu r s t s were de tec ted , ma in ly a t ype I I b e g i n n i n g a t 10-17 U T , a first 

t ype IV at 10-43 U T , a n d a s econd o n e a t 11-00 U T . T h e la t te r h a s been s tud ied a t 

N a n c a y on 408 a n d 169 M H z a n d m a y be descr ibed as fo l lows : 

(1) T h e emiss ion begins a t exact ly t he s a m e t ime o n b o t h f requencies , a n d has the 

s a m e profile (F igure 1). Th i s is a l so t r u e for all o t h e r f requencies o n wh ich the bu r s t 

h a s been observed . 

(2) T h e pos i t ion of t h e cen t res of emiss ion d e t e r m i n e d o n 169 a n d 408 M H z shows 

t h r e e r e m a r k a b l e charac te r i s t i c s ( F i g u r e 2 ) : 

(a) T h e emiss ions o n 169 a n d 408 M H z c o m e f r o m the s a m e s o u r c e ; 

(b) W h e n the bu r s t s t a r t s , th i s sou rce is a l r eady loca ted a t a n a l t i t ude of o n e so la r 

r a d i u s ( this is a m i n i m u m va lue , a s s u m i n g a r ad ia l pos i t i on re la t ive t o t h e op t i ca l 

flare. 

(c) T h e source m o v e s u p w a r d w i th a c o n s t a n t velocity of 530 k m / s a n d w a s fol lowed 

u p t o a n a l t i t ude of t w o so la r r ad i i (in t he rad ia l hypo thes i s ) . 

(3) T h e size of t h e sou rce h a s t h e s a m e va lue o n 169 a n d 408 M H z a n d is c o n s t a n t 

d u r i n g t h e m a i n p a r t of t h e bu r s t . T h i s sou rce size, 8 0 0 0 0 + 1 0 0 0 0 k m is m u c h smal ler 

t h a n t h e d i s p l a c e m e n t of t h e sou rce d u r i n g its a scens ion t h r o u g h t h e c o r o n a . O n l y 

n e a r t h e end of t h e b u r s t t h e sou rce increases r ap id ly in size. 

T h e s e charac te r i s t ics a r e t h o s e of a m o v i n g met r i c t ype IV ( K u n d u , 1965). I t is 

genera l ly accepted t h a t th i s t ype of bu r s t is d u e t o s y n c h r o t r o n emiss ion by relat ivist ic 
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FIG. 1 . The second type IV of the September 14 event, observed on 169 MHz and 408 MHz. The 
arrows show the times at which the position of the centre of emission has been determined. 
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FIG. 2. Position of the centre of emission on 169 MHz and 408 MHz. Altitudes and velocity are 
given assuming a radial outward motion. 
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e lec t rons acce le ra ted d u r i n g t h e flare. But u p t o n o w it was difficult t o s t u d y the p r o ­
per t ies of these e lec t rons because of t he lack of i n f o r m a t i o n a b o u t the sou rce of t he 
emiss ion . T h e p resen t o b s e r v a t i o n s a l low us t o m a k e a finer ana lys i s of th is p r o b l e m . 

W h e n t h e bu r s t s t a r t s , t h e sou rce is a l r eady a t a n a l t i t ude of 7 0 0 0 0 0 k m in the 
c o r o n a . Th i s is m u c h h i g h e r t h a n t h e cri t ical he ights w h e r e t h e p l a s m a f requency is 
e q u a l e i ther t o 169 M H z o r 408 M H z . T h e n w e a r e sure t h a t t h e waves suffer n o 
p e r t u r b a t i o n , cut-off o r re f rac t ion , f rom t h e c o r o n a l p l a s m a a n d t h a t we a r e observ ing 
t h e source exact ly a s it is. T h e fact t h a t t he emiss ion s ta r t s a t exact ly t h e s a m e t ime 
o n each f requency s u p p o r t s th i s conc lus ion , for a n y effect of t h e p l a s m a would be 
c h r o m a t i c . 

A s t he emiss ion beg ins on ly a t 1 RQ, we have t o c o n c l u d e t h a t t he relativist ic 
e lec t rons d o n o t exist lower , o r in o t h e r w o r d s t h a t t h e acce le ra t ion t akes p lace a t this 
a l t i t ude , w h e r e n o t h i n g no t i ceab le is seen in t he visible r ange . M o r e o v e r , the burs t 
s h o w s a r ap id increase (1 min ) fo l lowed by a m u c h longer q u a s i - e x p o n e n t i a l decrease , 
a n d this m e a n s t h a t t h e acce le ra t ion t akes p lace in a relat ively n a r r o w layer of 
6 0 0 0 0 k m a t the m o s t . 

M a n g e n e y a n d L a c o m b e p r o p o s e d a m e c h a n i s m t o expla in th i s acce le ra t ion by the 
ac t i on of p e r t u r b a t i o n c o m i n g f r o m t h e c h r o m o s p h e r e a n d a s c e n d i n g in t he c o r o n a 
w i th t he m e a s u r e d speed of 530 k m / s . (Boischo t et al, 1967). 

W h e n t h e A l f v e n - M a c h n u m b e r is g rea te r t h a n 1, t h e p e r t u r b a t i o n p r o p a g a t e s as 
a so l i ton , a n d an ins tab i l i ty occurs for a cri t ical M a c h n u m b e r e q u a l t o 

Th i s instabi l i ty leads t o p l a s m a osci l la t ions a n d t u r b u l e n c e in which t h e e lec t rons 
a r e accelera ted by the m e c h a n i s m descr ibed by Tsy tov ich . T h e acce le ra t ion then t akes 
p lace a t t h e a l t i tude w h e r e t he p e r t u r b a t i o n a t t a i n s th is cri t ical M a c h n u m b e r . 

F o r a velocity of 500 k m / s , a n d 7 = 2 x 1 0 6 o K , th i s h a p p e n s w h e n JVe = 1 0 7 c m - 3 

a n d H=0-5 gauss , i.e., a t a n a l t i t u d e of 1 RQ as we shal l d e t e r m i n e la te r on . 

2 . Influence of the Coronal P lasma upon the Synchrotron Radiation (Razin effect) 

T h e bu r s t s p e c t r u m is given in F igure 3. I t s h o w s s h a r p cut-off t o w a r d h igh a n d 
low frequencies , a n d c a n n o t be i n t e rp re t ed by any energy s p e c t r u m of t h e e lec t rons 
in classical s y n c h r o t r o n t h e o r y . 

T h e low-f requency cut-off ha s a s lope a t a b o u t + 4 , a n d c a n n o t be exp la ined e i ther 
by a low-energy cut-off in t h e ene rgy spec t rum, o r by free-free o r s y n c h r o t r o n a b ­
s o r p t i o n . 

1. Mechanism of Acceleration of the Electrons 
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FIG. 3. Spectrum of the moving type IV of September 14, 1966. 

T h i s low-frequency cut-off is d u e t o t he effect of t he c o r o n a l p l a s m a o n the syn­
c h r o t r o n emiss ion . T h e s y n c h r o t r o n effect is genera l ly c o m p u t e d by a s s u m i n g t h a t t h e 
e lec t rons r ad i a t e in free space , w i th a refract ive index equa l t o un i ty . B u t it is k n o w n 
t h a t if w e t a k e a c c o u n t of a d e p a r t u r e of n f rom un i ty , t h e emiss ion on low f requencies 
is m u c h less in tense , g iving a quas i - exponen t i a l cut-off ( G i n z b u r g a n d Syrova tsk i i , 
1965). 

I t is s h o w n t h a t th is effect is no t i ceab le a t f requencies smal le r t h a n a crit ical 
f r equency given by ^ 

vc = 20 \ 
H 

w h e r e v c is in H e r t z , Ne t h e dens i ty of t he t h e r m a l e lec t rons in c m " 3 a n d H t h e 
m a g n e t i c field in gauss . 

I n o u r case , v c = 4 0 0 M H z , a n d we c a n t a k e N e = 1 0 7 c m " 3 a t a n a l t i t ude of 1 RQ. 
T h i s l eads t o / / = ( ) • 5 gauss a n d gives o n e of the m o r e a c c u r a t e d e t e r m i n a t i o n s of t he 
m a g n e t i c field in t h e h igh c o r o n a . 

3 . Energy and Density of the Relativistic Electrons 

T h e h igh-f requency p a r t of t h e r a d i o s p e c t r u m h a s a very s teep s lope , o f spect ra l 
i n d e x —4 if we a s s u m e a p o w e r law. Th i s w o u l d c o r r e s p o n d t o an ene rgy s p e c t r u m 

https://doi.org/10.1017/S0074180900022026 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900022026


C O N D I T I O N S O F A C C E L E R A T I O N O F S O L A R E L E C T R O N S 569 

of t h e e lec t rons of t h e s a m e s h a p e wi th a spect ra l index of + 9 . Bu t th i s h igh-f requency 
s lope is m o r e likely d u e t o a h igh-energy cut-ofT of t h e e lec t rons . 

O n the o the r s ide, t h e effect of t h e c o r o n a l p l a s m a u p o n t h e s y n c h r o t r o n m e c h a n i s m 
p reven t s a g o o d d e t e r m i n a t i o n of t h e low-energy p a r t of t h e e l ec t ron s p e c t r u m be ­
cause the c o r r e s p o n d i n g e lec t rons r ad i a t e very lit t le. 

T h e n , in a first a p p r o x i m a t i o n , it is poss ib le t o exp la in t h e o b s e r v e d s p e c t r u m by 
q u a s i - m o n o e n e r g e t i c e l ec t rons , a n d , in th is case , t o c o m p u t e t he i r ene rgy a n d densi ty . 

T h e m a x i m u m of t h e s p e c t r u m m a y be e s t ima ted , in absence of R a z i n effect, to be 
a r o u n d 25 M H z , a n d t h e m a x i m u m in tens i ty 1 0 " 2 0 W . m " 2 H z - 1 . 

F r o m t h e f requency of m a x i m u m a n d t h e va lue of m a g n e t i c field w h i c h h a s been 
d e t e r m i n e d a b o v e , it is poss ib le t o der ive t h e ene rgy of t h e e l ec t rons by the classical 
f o r m u l a e : 

v m = 4 - 6 x l 0 - 6 / / 1 £ 2

u . 

W e find a n ene rgy of 3 M e V . T h e dens i ty of t he relat ivist ic e l ec t rons is t h e n given by 

N = 7-2 x 1 0 2 2 - v , 
LH 

w h e r e Iv is the b r igh tness of t he sou rce a n d L i ts l inear d i m e n s i o n . 
F ina l ly , a s s u m i n g t h a t t h e sou rce h a s in t he th ree d i m e n s i o n s t h e s a m e size t h a t 

h a s been m e a s u r e d radia l ly , we find for t h e dens i ty of t h e re la t ivis t ic e l ec t rons : 
TV = 6000 e l / c m 3 . 
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D I S C U S S I O N 

Kriiger: In principle, spectra with a small frequency extent could be expected also when there are 
particles of a very limited energy range, but this can be excluded in your case? 

Boischot: In the classical theory of synchrotron emission it is shown that if there is a low-energy 
cut-off in the spectrum of electrons, or even in the case of monoenergetic electrons, the spectral 
index of the low-energy part of the radio emission cannot be larger than 1/3. This leads to much 
wider spectrum than observed. 

Elske Smith: I think you have to be cautious in using the electron density in the corona in your 
relation to find the magnetic field. If there is an inhomogeneity in the corona because of the associ­
at ion with an active region, there may be an increase in the electron density by a factor 3, perhaps 
even 10, leading to a corresponding decrease in the magnetic field. 

Boischot: I think that the coronal density over an active centre is known within a factor of 2 or 3. 
N o w , the main inaccuracy comes probably from the determination of v 0 from the observed spectrum, 
but more detailed calculations for different energy spectra of electrons must improve this point. 
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