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A B S T R A C T 

W e present the first results obtained with the 408 M H z interferometer of Nancay. The typical 
activity observed at 408 M H z is the 'noise storm'. Undoubtedly with this apparatus we could dis
tinguish multiple centres, generally double. 

The comparison with corresponding optical observations and with Nancay observations at 
frequency 169 M H z allowed us to associate the centres of noise storm at 408 M H z with eruptive 
centres lying in 'Anomalous Active Regions' and to describe the schematical structure of active zones. 

T h e resu l t s p resen ted he re h a v e been o b t a i n e d wi th t h e 408 M H z in t e r f e rome te r 

t h a t w e h a v e bui l t a t N a n c a y (Clavel ier , 1967). 

T h e 1-5 k m base line gives l !7 reso lv ing p o w e r wi th a n i n t e r l o b e of 2 5 ' . Th i s 

i n t e r f e rome te r a l lows us to m e a s u r e t h e E a s t - W e s t d i m e n s i o n of so la r sources g rea te r 
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F I G . 1. Spectra of noise storms and slowly varying component. 

Kiepenheuer fed.), Structure and Development of Solar Active Regions, 5 5 6 - 5 6 4 . € I.A.U. 
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t h a n r of a r c , a n d t o s e p a r a t e t w o sources d i s t an t . T h e pos i t ion of an emi t t i ng 
c e n t r e o n t he solar disk is d e t e r m i n e d wi th an accu racy of 20" (of a r c ) . 

W i t h th is i n s t r u m e n t w e c a n ana lyse cen t res wi th a flux g rea t e r t h a n 1 0 ~ 2 3 W . m " 2 . 
H z " 1 . 

T h e fol lowing resul ts a r e der ived f r o m o b s e r v a t i o n s ca r r ied o u t d u r i n g the per iod 
f rom O c t o b e r 1, 1965 t o Ju ly 14, 1966. 

T h e spec t rum of t h e s lowly va ry ing c o m p o n e n t s h o w s us t h a t t h e fluxes a t 408 M H z 
a r e w e a k e r t h a n t h o s e a t h ighe r f requencies . L ikewise , fluxes f rom no i se s t o r m s m u s t 
b e w e a k e r , a t 408 M H z t h a n for m e t r i c wave l eng ths ( F i g u r e 1). 

O u r obse rva t i ons conf i rm t h e w e a k n e s s of t h e m e a n flux ( F i g u r e 2 ) : 2 x l 0 ~ 2 2 

W . m " 2 . H z _ 1 for 9 0 % of t h e cen t res . 
O n the o the r h a n d , w h e r e a s o n e t h o u g h t of mee t ing m a i n l y t h e s lowly vary ing 

c o m p o n e n t a t 408 M H z , we f o u n d t h a t t he noise s t o r m act iv i ty was t h e m o s t im
p o r t a n t . F inal ly , besides t h e bu r s t s t h a t we will n o t d iscuss here , t h e t w o m o s t d u r a b l e 
types of emiss ion a re g iven in T a b l e 1. 
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FIG. 2 . Histogram of flux densities. 

Table 1 

Slowly Varying Component Noise storms 

Large > 2 : 5 
Brightness temperature Tb< 5 x 1 0 6 ° K 
N o storms at 169 M H z 
N o t variable 
Associated with faculae 

Narrow < 2' 
Th>5x 1 0 6 ° K 
Storm simultaneously at 169 M H z 
Variable ( + some types 1) 
Associated with active centres (with spots) 
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M A R S 1966 9 3 0 0 MHz 

FIG. 3 . Maps of solar activity at 9300, 408 and 169 MHz (March 1966). 
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FIG. 4. Record of May 29,1966, showing a double centre. 

In o r d e r t o s tudy cer ta in p r o p e r t i e s of t h e r a d i o cen t res , we h a v e been led t o 
a s soc ia te the rad ioe lec t r ic cen t res wi th opt ica l cen t res . F o r t h a t p u r p o s e , we m a d e 
use of t h e so lar p h o t o g r a p h s of t h e M e u d o n - O b s e r v a t o r y a n d t h e lists of cen t res 
f o u n d in the Quarterly Bulletin on Solar Activity. 

A m o n g 175 cen t res obse rved a t 408 M H z , 123 were assoc ia ted wi th cent res of 
ac t iv i ty w h e r e spo ts were visible, 46 w e r e assoc ia ted w i th diffuse faculae w i t h o u t s p o t ; 
t h e y a r e c o r o n a l c o n d e n s a t i o n s of low br igh tness t e m p e r a t u r e a n d of l a rge d i ame te r , 
a n d 6 were a m b i g u o u s . 

W i t h t h e t h r ee i n t e r f e rome te r s (a t 169 M H z , 408 M H z , a n d 9300 M H z ) of t h e 
r a d i o obse rva to ry a t N a n g a y w e es tabl ish a m o n t h l y m a p of so la r rad ioe lec t r ic 
ac t iv i ty giving pos i t ion a n d flux of t h e r a d i o cen t res . These m a p s ( F i g u r e 3) a l low us 
t o fol low the evo lu t ion of so la r ac t iv i ty a t 408 M H z a n d to c o m p a r e it w i th co r re -
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s p o n d i n g activit ies a t 169 a n d 9300 M H z . F r o m these m a p s we c o n c l u d e t h a t t he 
cen t res a t 408 M H z are m o r e s tab le t h a n t hose a t 169 M H z b u t less s tab le t h a n 
cen t re s a t 9300. 

O n ce r ta in days we c a n obse rve t w o cen t res close e n o u g h to be assoc ia ted wi th t he 
s a m e act ive cen t re . W e a r e dea l ing here wi th mul t ip l e cen t re s (genera l ly d o u b l e ) as 
conf i rmed by the a s soc ia t ed op t i ca l cen t res (F igure 4) . 

T h i s h a d n o t yet been firmly es tab l i shed for th is t ype of ac t iv i ty (Le S q u e r e n h a d 
t h o u g h t of assoc ia t ing t w o cen t re s a t 169 M H z , wi th t h e s a m e act ive reg ion in only 
a few cases (Le Sque ren , 1963)). F o r all these d o u b l e cen t res a t 408 M H z t h e co r r e 
s p o n d i n g opt ica l cen t res a p p e a r a s t w o dis t inc t r eg ions w i th spo t s . W e shal l see t h a t 
t hese t w o reg ions c o r r e s p o n d t o t w o different e rup t ive zones each assoc ia ted with a 
r a d i o c o m p o n e n t . 

T w o m e t h o d s for m e a s u r i n g a l t i t u d e give an average he igh t be tween 7 0 0 0 0 a n d 
8 0 0 0 0 k m . 

O n t h e d i a g r a m ( F i g u r e 5) we n o t e d a n d S: d=radio cen t r e t o so lar mer id i an 
d i s t ance , d= op t ica l c e n t r e t o so la r m e r i d i a n d i s t ance . 

FIG. 5. Height (double centres). 

P r e c e d i n g cent res a r e n o t e d by a d o t a n d fol lowing cen t res by a c ross . W e found 
t h a t : 

(1) T h e average s lope of t h e l ines j o i n i n g p r e c e d i n g a n d fo l lowing cen t res shows 
t h a t t h e r a d i o cen t res a re m o r e d i s t a n t ( o n t h e average) t h a n t h e op t i ca l cen t re s by a 
f ac to r of 2 ( the m e a n d i s t ance b e t w e e n r a d i o cen t res be ing 3 ' of a rc ) . 

(2) P reced ing cent res a r e f o u n d o n a para l le l t o D ( 7 0 0 0 0 k m of a l t i tude ) shifted 
t o t h e W e s t a n d fo l lowing cen t res t o t he Eas t (average a l t i t u d e : 7 0 0 0 0 k m ) . 
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Let us expla in n o w , h o w we h a v e assoc ia ted t h e no ise s t o r m s cen t res a t 408 M H z 
wi th t he e rup t ive act ivi ty . A l t h o u g h t h e ac t iv i ty a t 408 M H z n o t a b l y differs f rom 
t h a t obse rved a t lower f requencies , w e m a y t h i n k t h a t it s h o w s a ce r t a in ana logy . 

In pa r t i cu la r , f o r m e r s tud ies h a v e s h o w n (Le S q u e r e n , 1963) t h a t t h e cen t res of 
ac t iv i ty in t h e met r ic r a n g e a p p e a r fo l lowing flares. 

In t he fol lowing we will use a very simplified classif ication of t h e ac t ive reg ions 
der ived f rom M a r t r e s et al. (1966) : 

(1) T h e s imple A R s w i t h l ines of po l a r i t y invers ion sl ightly incl ined o n t h e mer id i an . 
(2) T h e complex A R s for wh ich t h e o p p o s i t e po la r i t i es a re i r regu la r ly loca ted wi th 

respec t t o several l ines of inve r s ion . In t h e s imple Act ive R e g i o n s t h e y d is t inguish 
b e t w e e n : 

(a) T h e s imple a n d n o r m a l A R s t h a t p re sen t n o a n o m a l y as t o m a g n e t i c s t ruc tu re 
a n d aspec t of t h e g r o u p of spo t s , a n d 

(b) T h e s imple b u t a n o m a l o u s A R s hav ing e i ther a n a n o m a l o u s inc l ina t ion of the 
g r o u p of spo t s o n t h e para l l e l s o r a fo l lowing s p o t g rea te r t h a n t h e p r e c e d i n g spo t . 

Therea f t e r we will on ly re ta in t h e fol lowing c lasses : 

(1) N o r m a l A R s c o r r e s p o n d i n g t o s imple a n d n o r m a l A R s defined a b o v e (no t 
e rup t ive ) . 

(2) A n o m a l o u s A R s c o r r e s p o n d i n g t o s imple a n d a n o m a l o u s A R s a n d t o c o m p l e x 
A R s (erupt ive) . 

F r o m the opt ica l o b s e r v a t i o n s of ' M e u d o n ' we were ab le to d e t e r m i n e wh ich class 
of A R o u r cen t res c o u l d be assoc ia ted wi th . 

W e have found t h a t , w i th t h e excep t ion of t h r ee cen t res be long ing t o a n o r m a l A R , 
all o t h e r cen t res (s imple a n d d o u b l e ) a r e assoc ia ted w i t h a n a n o m a l o u s A R . 

Inversely m o s t of t h e a n o m a l o u s A R are a c c o m p a n i e d by 408 M H z s t o r m act ivi ty. 
It is of in teres t t o m e n t i o n t h a t t h e t w o events of Ju ly 5, 1966 a n d S e p t e m b e r 3, 1966 
a r e t w o i m p o r t a n t e x c e p t i o n s : these cases s h o w an o b v i o u s a n o m a l o u s conf igura t ion 
wi th n u m e r o u s e r u p t i o n s ; howeve r , n o act ivi ty a t 408 M H z w a s de tec ted . T h o s e 
events were a c c o m p a n i e d wi th p r o t o n emiss ions . 

I t is poss ib le t o desc r ibe fu r the r t h e assoc ia t ion be tween r a d i o cen t r e a n d A R , by 
s t udy ing the e rup t ive z o n e s t h a t a p p e a r e d in these reg ions d u r i n g t h e days of obser 
v a t i o n s . 

In t h e case of d o u b l e rad io-e lec t r ic cen t res , desp i te t h e g r ea t d i s t ance be tween 
c h r o m o s p h e r i c A R a n d r a d i o cen t re s ( 7 0 0 0 0 k m ) we h a v e t r ied t o a s soc ia te t h e m wi th 
t w o dis t inc t e rup t ive cen t r e s in t h e s a m e act ive reg ion . F o r t h a t p u r p o s e we h a v e 
cons ide red a s d is t inct t w o g r o u p s of e rup t ive cen t res m o r e t h a n l!7 a p a r t ( resolving 
p o w e r of o u r i n s t r u m e n t ) . W e f o u n d t h a t o u t of 17 cases of d o u b l e r a d i o cen t res , 
10 c o r r e s p o n d t o t w o e rup t ive z o n e s loca ted in t h e s a m e A R a n d m o r e t h a n 1!7 
a p a r t . 

T h e conc lus ion of th i s c o m p a r a t i v e s tudy wi th op t ica l o b s e r v a t i o n s is t h a t the 
no i se - s to rm type act ivi ty a t 408 M H z can , b e y o n d d o u b t , be assoc ia ted wi th the 
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F I G . 6 . Schematic structure above an active region (simple radio centre). 
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F I G . 7 . Schematic structure for a double centre. 

exis tence of a n a n o m a l o u s A R . F u r t h e r m o r e , o n e cou ld p u t f o r w a r d t h e t h e o r y t h a t 
a n y r a d i o cen t re is assoc ia ted w i t h a d is t inc t e rup t ive z o n e . 

R e s u l t s o b t a i n e d a t 169 a n d 408 M H z al low us t o d r a w a s chema t i c p i c tu re (F igures 
6 a n d 7) of t h e s t ruc tu re of t he act ive zones . T h e d i a m e t e r inc reases wi th a l t i t ude (bu t 
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n o t h i n g can be said a b o u t t h e ex tens ion in l a t i t ude ) . W e c a n n o t exc lude t h e possibi l i ty 
t h a t the s imple cen t re m i g h t h a v e a mul t ip le s t ruc tu re n o t reso lved by o u r ins t ru
m e n t s . 

A s t o d o u b l e cen t res , o n e w o u l d be t e m p t e d t o identify t h e m wi th a b i p o l a r s t ruc tu re . 
H o w e v e r , since each of t h e i nd iv idua l cen t res seems assoc ia ted wi th a n e rup t ive region 
wi th its b ipo la r s t ruc tu re (as l inked to a n invers ion l ine) , one w o u l d r a t h e r t h i n k t h a t 
t h e r a d i o c o m p o n e n t s of these cen t r e s a re i n d e p e n d e n t . 

A n o t h e r fact can conf i rm e i ther o n e hypo thes i s o r t he o the r , t h a t is the re la t ion 
be tween t h e fluxes of t h e t w o r a d i o cen t res . W e have s tud ied t h e c o m p a r a t i v e evo
lu t ion of h e a d a n d tai l fluxes in t h e s a m e d o u b l e cen t res . 

O n N o v e m b e r 8, 1965 a n d M a r c h 3 1 , 1966, w h e n t h e c o m p o n e n t s were clearly 
visible for m o r e t h a n 1 h o u r , we have no t found a n y co r r e l a t i on be tween fluxes of 
t he t w o cen t res . 

4 INTENSITIES CENTER a > 

I CENTER bo—o 

FRANGE ORDER 
i i > I 1 — | 1 1 i i . 1 — i 1 • • 

. 1 4 . 1 2 _10 _8 - 6 -L _ 2 0 2 4 6 8 10 12 14 

FIG. 8. Evolution of the components a and b of the double centre on October 4, 1965. 

H a d th is been conf i rmed la te r o n , t he second i n t e r p r e t a t i o n w o u l d be m o r e val id . 
Le t us n o t e , however , t h a t o n O c t o b e r 4, 1965 a s t r o n g c o r r e l a t i o n w a s f o u n d 

b e t w e e n t h e t w o fluxes ( F i g u r e 8) , b u t it w a s a t ype - IV bu r s t . 
T h e s tudy of t h e p o l a r i z a t i o n of emissive cen t res a t 408 M H z wi th a be t t e r resolving 

p o w e r will p e r m i t us t o a d d fu r the r detai ls on t he s c h e m a t i c s t r u c t u r e descr ibed 
a b o v e . 
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D I S C U S S I O N 

Koeckelenbergh: Je n'ai pas bien compris quelle etait la resolution angulaire de votre interferometre? 
Clave Her: 1 ' 7 arc. 
Koeckelenbergh: Est-ce un interferometre lineaire? 
Clavelier: Oui, 16 miroirs. 
Elgaroy: When you observe a noise-storm source with double structure, is there any connection 

between changes in the leading and the preceding part of the source? (See the present paper) 
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