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So la r  r a d i o  b u r s t s  a r e  i n t ense  r ad io  emissions from loca l i zed  

regions i n  the  corona and in t e rp l ane ta ry  medium. The i r  b r igh tnes s  

temperature is s o  nnrch h igher  than the  e l e c t r o n  temperature of the  

ambient plasma t h a t  t he  mechanism which produces them is c e r t a i n l y  

non-thermal ; the  necessary energy is brought i n t o  the source region 

by  ene rge t i c  e l e c t r o n s  which can give r i s e  t o  d i f f e r e n t  types of 

t r a n s i e n t  r ad ia t ion .  One of them i s  the type 111 r ad iobur s t  produced 

by ene rge t i c  e l e c t r o n s  t r a v e l l i n g  along open magnetic l i n e s  of fo rce .  

Another q u i t e  usual  form i s  the  type I b u r s t ,  t y p i c a l  of the Fieter wave 

lengths range. 

W e  do  n o t  f u l l y  understand ye t  how the  non-thermal energy i s  

converted i n t o  electromagnetic  energy ; but  we know t h a t ,  t o  be e f f i c i e n t  

enough, the conversion must take place a t  f requencies  c lose  t o  the 

resonant frequencies of the medium. At these  f requencies ,  the r e f r a c t i v e  

index f o r  r ad io  waves takes  extreme values : c lose  t o  0 f o r  t h e  plasma 

resonance, much l a r g e r  than I f o r  the gyro-resonances. A s  e lectromagnetic  

waves t r a v e l  away from t h e i r  source ,  those resonance c o n d i h n s  a r e  no 

longer f u l f i l l e d  because of the non-uniformity of the e l e c t r o n  d e n s i t y  

o r  magnetic f i e l d  ; the  r e f r a c t i v e  index comes back quickly  t o  u n i t y  ; 

such a v a r i a t i o n  of the  r e f r ~ c t i v e  index i s  favourable t o  beaming e f f e c t s .  

The r ad ia t ion  mechanisn i t s e l f  which can involve some amplif i c a t  ion may 

a l s o  produce a d i r e c t i v e  primary emission. In botil ca ses ,  t he  beam w i l l  

be or ien ted  along o r  a t  d e f i n i t e  angles t o  the p r i n c i p a l  d i r e c t i o n s  of t h e  

medium : the e l e c t r o n  dens i ty  gradient  or  the magnetic f i e l d .  
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Using resu l t s  from the STFXtEO-I experiment, it i s  shown 

that  stereoscopic observations in  the deci t o  decameter X range 

can provide information on 

- the burst  emission mechanisms 

- the local electron density gradient and magnetic f i e ld  

vector a t  the source 

- the macrostructure of the corona and the solar  wind 

- the characterist ics of small scale electron density 

inhomogene i t i e  s . 
Radio bursts  of type I11 can also be used t o  map solar  

magnetic f ie ld  l ines of force throughout the iuterplanetarv 

medium up t o  the ea r th  orbi t  and beyond. 

Future exp9riments of these kinds should be carried out 

between an out-of-the-ecliptic probe and the earth or an earth 

s a t e l l i t e .  



Beaming of t h e  r ad i a t ion  of type I end type I11 b u r s t s  was 

predicted long ago, bu t  no t  observed u n t i l  recent ly.  Rather than 

giving up the b a s i c  mechanisms which seemed capable of expla in ing  

many observed proper t ies  bu t  implied beaming e f f e c t s ,  r ad io  astronomers 

suggested t h a t  random inhomogeneities of t he  r e f r a c t i v e  index sca t t e r ed  

the radiat ion.  (Roberts, 1959). This suggestion received s t rong  support 

when s c i n t i l l a t i o n s  from radio s t a r s  seen through the upper corona 

were discovered. Fokker (1965), Steinberg e t  a1 (1971). and Riddle (1972) 

carr ied out Monte Car10 numerical computations of the s c a t t e r i n g  of the 

radiat ion from a source embedded i n  the inhomogeneous medium. These 

authors used models which were extrapolated t o  low coronal a l t i t u d e s  

from measurements of rad io  s c i n t i l l a t i o n s  made f o r  pa ths  which did not 

cross the corona lower thar  5 s o l a r  r a d i i  o r  so. However, these s tud ie s  

were successful i n  accounting f o r  several  observations which could hardly 

be explained i n  any o ther  way. They showed tha t  the inhomogeneous 

medium produces a sca t te red  image broader than tl, - pource and appreciably 

displaced from it ; a t  the same time, the random propagation tends t o  

suppress any beaming of the radio waves and smoothes the rad ia t ion  pa t t e rn  

of the source. 

Measurements of the angular d i s t r i bu t ion  of the  i n t e n s i t y  of a 

source of radio burs t s  can th-.refore y ie ld  information on : 

- the or ien ta t ion  of the pr inc ipa l  d i rec t ions  of the  medium : 

-+ 
grad Ne or  if, the radiat ion mechanism and beaming processes. 

- the characteristics of smal l  s ca l e  inhomogcncities which 

cannot be obtained i n  m y  other  way. 



To measure c? i rec t iv i  t y  ,observations from t h e  ground only  a r e  

inadequate. For many years ,  au thors  t r i e d  t o  reach a t  l e a s t  a 

s t a t i s t i c a l  view of  t h e  d i r e c t i v i t y  of r a d i o  b u r s t s  ; f o r  i n s t a n c e ,  

from t h e i r  E.W. p r o b a b i l i t y  of occurence ; b u t ,  i f  t h e  o r i e n t a t i o n  

of the  r a d i a t i o n  p a t t e r n  of ind iv idua l  b u r s t s  r e l a t i v e  t o  the  l o c a l  

v e r t i c a l  through t h e  source i s  n o t  cons tan t ,  no informat ion on t h e  

d i r e c t i v i t y  can be obtained from a s i n g l e  observing s i t e .  Simultaneous 

observat ions  should be made i n  a t  l e a s t  two widely  d i f f e r e n t  d i r e c t i o n s  

(Ste inberg and Caroubalos , 1970). 

We have seen t h a t  the  suprathermal e l e c t r o n s  which ~ o d u c e  type 

I11 b u r s t s  a r e  guided along open magnetic l i n e s  of fo rce .  These l i n e s  

a r e  c a r r i e d  avay by the  s o l a r  wind i n t o  i n t e r p l a n e t a r y  space so  t h a t  

type I11 a r e  observed from low i n  the  corona t o  the  e a r t h  o r b i t  and 

beyond. I f  we were ab le  t o  nap the  success ive  p o s i t i o n s  o f  t h e  type I11 

source,  %e could a l s o  draw 3-D maps of some s o l a r  magnetic l i n e s  of fo rce .  

S te reoscop ic  observat ions  of r a d i o  b u r s t s  a r e  powerful t o o l s  t o  

s tudy the corona and s o l a r  wind. This may be i l l u s t r a t e d  by some recen t  

r e s u l t s  obtained wi th  the  S'ITEO- I experiment c a r r i e d  out  i n  197 1- 1972 

a t  169 Mlz i n  cooperation between France and the  Sov ie t  Union. 

(Caroubalos and S tc inberg ,  1974 ; Caroubnlos , Poquerusse and S t e i n b e r g ,  1974 ; 

Ste inberg ,  Carouhalos and Bougeret, 1974). A t  169 !11z, r a d i o  b u r s t s  of 

types I and I11 occur a t  altitudes i n  thc  range 0 . 3  - 0 .5  s o l a r  r ad ius .  

STEREO MUIOASTROK01N OF TYPE I BURSTS 

Let H be the  s t e r e o  anglc brtwcc~n the two ol,scrviny, d i r c c t i o n s .  

When 8 i n c r e a s e s ,  the  c o r r r  l a t  is,] lwtwt.cn the two i n t c n s i  t y -  1's t i n ,  - 



records  taken simultaneously ( i n  t h e  source  time s c a l e )  decreases  i n  gene- 

ral. Even w i t h  8 = lSO,  t h i s  i s  c l e a r l y  v i s i b l e , b u t  when 8 - 35O, t h e  

c o r r e l a t i o n  c o e f f i c i e n t  is l e s s  than 0.1. T h i s  means t h a t  t h e  beamwidth 

of type I r a d i a t i o n  is sometimes smal le r  than about 25'. However, on 

some consecutive days,  the  same i n t e n s i t y  may b e  received a t  both  

observing s i t e s  and then t h e  beam p a t t e r n  looks n e a r l y  i s o t r o p i c .  

Such an apparent c o n t r a d i c t i o n  can be resolved i f  w e  no te  t h a t  t h e  

STEREO-1 observat ions  were c a r r i e d  ou t  i n  t h e  e c a i p t i c  ; s o  t h a t  we 

a r e  a c t u a l l y  analyzing only a plane s e c t i o n  o f  a 3-D beam p a t t e r n  

and we do n o t  know the  conf igura t ion  of t h e  beam p a t t e r n  ou t  of t h a t  

plane ; we cannot,  f o r  i n s t a n c e ,  know i f  the  3-D beam p a t t e r n  i s  s o l i d ,  

multi lobed o r  even hollow. It is  easy t o  conceive beam shapes whose 

c ross  s e c t i o n s  by d i f f e r e n t  p lanes  can be e i t h e r  narrow o r  broad.  

The r a t i o  R of the  b u r s t  i n t e n s i t y  measured i n  Space IS t o  t h a t  

measured a t  the  e a r t h  IE v a r i e s  widely from even t  t o  event  ; s o  t h a t  the  

beam has t o  be randomly o r i e n t e d  i f  i t s  shape is assumed almost cons tan t  ; 

the rms dev ia t ion  of t h e  o r i e n t a t i o n  i s  about 0.25 of the  beamwidth and 

t h i s  is a r a t h e r  c l e a r  i n d i c a t i o n  t h a t  t h e  source  does n o t  c o n t a i n  a 

large  number of inhonogeneit i e s .  

This i s ,  i n  t u r n ,  connected t o  an o l d  problem : type I b u r s t  

i n t e n s i t y  can vary by a l a r g e  f a c t o r  i n  0.1 second ; but the  observed 

source s i z e  i s  about 3 a r c  min o r  0.3 l ight-second ; s o  t h a t  i t  was 

suggested long ago (~ggborn, 1960 ; Fokker, 1960) t h a t  what we s e e  

i s  a c t u a l l y  the  s c a t t e r e d  i rage  of 3 deeper and smal le r  source .  In a 

s c a t t e r i n g  corona,  the  assumed small  s c a l e  inhomogcneities do produce 

a broad s c a t t e r e d  image of a point  source bu t  a t  the  same time they 



broaden the angular d i s t r i b u t i o n  of the rad ia t ion  from tha t  point  source. 

Both e f f e c t s  are  in t imate ly  connected together v i a  the s c a t t e r i n g  power 

d i s t r i b u t i o n  along the path. The t o t a l  rms random angular devia t ion of 

the radio  rays over. t h e i r  t r i p  from the source t o  us cannot be l a r g e r  

than hal f  the observed beamwidth ; STEREO observations y i e l d  d i r e c t l y  

a measure of the beanwidth and,thtbs, an upper l i m i t  t o  the rms angular 

deviation along the path. This limit is  too small  fo r  the e x i s t i n g  

models t o  accouct f o r  more than a small p a r t  of the image s ize .  Therefore - 
e i t h e r  the re  is  l e s s  s c a t t e r i n g  than generally assumed t o  account f o r  

most of the source apparent s i z e  or the inhomogeneities b u i l t  i n  the  - 
mode 1s are inadequate. 

I n  any case it has been demonstrated tha t  very i n t e r e s t i n g  

information on the beam or ien ta t ion  and shape can be obtained from 

stereoscopic observations. To-learn more, i t  i s  necessary t o  go out 

of the e c l i p t i c  plane f o r  the  following reasons : 

- t o  compare the beam or ien ta t ion  t o  tha t  of the densi ty  gradient  

we must know th2 l a t t e r  and therefore the 3-D e l ec t ron  densi ty  

d i s t r i b u t i o n  in  the source region. This can be obtained from 

coronagraphic measurements on the limb where the e lec t ron densi ty  

d i s t r ibu t ion  as a function of l a t i t u d e  w i l l  always be b e t t e r  known 

than the longitudinal  one. I t  i s  therefore nuch more e f fec t ive  t o  

measure the  beam or ienta t ion in a piane perpendicular t o  the c c l i p t i c  

than in  the e c l i p t i c .  

- operating a stereoscopic experir!csnt bctwct~n an out-of-tljc- 

e c l i p t i c  probe and the ear th  w i l l  a lso  provide a largcsr vnrictty of 

cross sect ions  of the beam pat tern  using s o l a r  ro ta t  ion ( f i g .  I ) ;  i n  

the e c l i p t i c ,  so la r  ro ta t ion movcs ttic s n n r  cross  section of ttw 

bean1 across our l i n e s  of s ic t i t .  Usirig an out-of-the-ecliptic s e t -  up 
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one should be able t o  get  much c lose r  t o  a complete descr ip t ion  of  the 

3-D beam pa t t e rn  of the  burs t s .  

I f  the  out-of-the-ecliptic probe is  on a 1 AU o r b i t ,  i n  a plane 

t i l t e d  t o  the e c l i p t i c ,  t h e  s t e r e o  angle w i l l  a l s o  vary q u i t e  rap id ly  

and t h i s  i s  again favourable t o  a de t a i l ed  descr ip t ion  of t h i s  beam 

pat tern.  

STEREO RADIOASTRONOMY OF TYPE I11 BtjRSTS 

The spectrum of a type I11 i n  a f requency-t ime donain (dynamic 

spectrum) shows a band of noise d r i f t i n g  from high t o  low frequencies.  

This band i s  sometimes s p l i t  i n  two components which, a t  a given time, 

are  centered on harmonic frequencies. Some type 111's are  therefore 

made of two components which ar;? believed t o  be produced,one ( t h e  

"fundamental") a t  the l oca l  plasma frequency f the o ther  a t  twice t h a t  
P ' 

frequency. h%en observed with a s ing le  frequency rece iver ,  the f i r s t  

component i s  recorded f i r s t  and the second some seconds l a t e r ,  making 

up a "pair" of type 111's. 

This i n t e rp re t a t ion  of p a i r s  a s  fundamental-harmonic p a i r s  has 

been questioned i n  recent t i n e s  but not i n  a convincing way ; and to  

s e t t l e  tha t  question , d i r e c t i v i t y  measurements are  important : indeed, 

the conversion mechanism and the propagation conditions a r e  d i f f e r en t  

for  tbc fundamental and the harmonic ; for  ins tance ,  the fondamentnl 

is  generated a t  about the local plasma frequency so that. i t  should he 

beaned i n t o  a narrow cone ; and i f  the corona i s  assuwd quasi  sph r r i ca l  

t h i s  cone should be about r ad i a l ly  or iec ted  so  t h a t  few fundamntal  

components should be seen in  high longitude events  ; t h i s  i s  not the case : 
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fundamental components a r e  seen near ly  a l l  over the disc.  

Stereoscopic observations showed t h a t  the f i r s t  (fundamental) 

component of a p a i r  i s  systematically more d i r e c t i v e  than the  second 

(harmonic) and t h i s  is a s t rong argument f o r  the  fundamental-harmonic 

in te rp re ta t ion  of p a i r s  (fig.2). 

The time p r o f i l e  of a type 111 at a f ixed frequency is  a l s o  

r i ch  i n  information a s  i t  is the convolution of an e x c i t e r  function 

by the t raneient  response of the  coroca which includes the e f f e c t s  

of multipath propagation. A t  169 MHz, it was found independent from 

the d i rec t ion  of observation ; therefore propagation condit ions do not 

play an impor*,:~t r o l e  i n  the  formation of the  time p r o f i l e .  

While the time p r o f i l e  is  independentof the d i rec t ion  of observation 

the in tens i ty  r a t i o  R = IS / IE can take values very d i f f e r e n t  from unity ; 

the r a t e  of change of the in tens i ty  with the observing d i rec t ions  can 

reach 2 10 dB and more over 30'. This proves, again,  tha t  coronal 

s c ~ t t e r i n g  i s  l e s s  e f fec t ive  than previously thought ; even l e s s  e f f e c t i v e  

than necessary t o  account f o r  some o the r  observations ; f o r  ins tance ,  

sca t ter ing-has  been invoked to  explain t h a t ,  a t  a given observing 

frequency f ,  the fundamental component ( local  plasma frequency f p  - f )  

and the harmonic component (2fp = f )  are  observed a t  the same posi t ion 

although the f i r s t  shouid take place a t  the f c r i t i c a l  level  and the 

second a t  the £12  c r i t i c a l  l eve l ,  higher up i n  the corona. This 

observation i s  indeed ex~ ln in i ib le  i n  a s c a t  t c r ing  corona ( K i d d l c  , 1 9 7 2  ; 

Leblanc, 1973) but the sci i t tcrinp power bas t c  be 1nrp.e:c.r than ttlc onc 

deduced from d i r e c t i v i t y  measuremepts. 

Another r e su l t  from STIS:(EO obscrvntions i s  that the d i r e c t i v i t y  

r a t ios  of various typc 111's can be very d i f fe r ( -n t .  T h i s  can be 
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in terpre ted i f  the  observed d i r e c t i v i t y  is  produced by coronal macro- 

structurmmostly i n  the forui of streamers, On Nov.14, 1971, f o r  ins tance  

type 111 have been observed through a streamer ; the  overdense streamer 

material  r e f l e c t s ,  absorbs and s c a t t e r s  the type 111 rad ia t ion ,  away 

Prom i t 8  source and produces the observed d i r e c t i v i t y .  I f  t h i s  

in te rp re ta t ion  is cor rec t ,  the s t r e a m r s  01 " l a m s  coronales" detected 

by Axisa e t  a1 (1971) do control  the type 111 image s i z e  and shape as 

a piece of ground glass  or  a l i g h t  shade, Observations of these images 

with radioheliographs together with Stereoscopic observations can be used 

t o  study the s t r e e r  s t ruc tu re  which is hard t o  resolve o p t i c a l l y  because 

of l ine  of s igh t  in tegra t ion e f f e c t s .  We s t i l l  do not know wher; arc: the 

type I11 sources located a5 compared t o  streamers ; t o  s e t t l e  tha t  question 

2-D posi t ion measurements a t  radio  frequencies a re  necessary but a t  the 

present time,they a re  nD more accurate than I a rc  min o r  so. Occultat ion 

e f f e c t s  are only detectable with Stereoscopic observations but  they a re  

very sens i t ive  t o  the posi t ion of the source r e l a t i v e  t o  the occul t ing 

s t ruc tu re .  They open up new ways t o  loca l i ze  the path of the type I11 

e lec t rons  r e l a t i v e  t o  streamers and the s i t e  ' n r e  these e lec t rons  are  

accelerated in  the ac t ive  region. Here again che stereoscopic observations 

Bbuld be carr ied  out on an out-of-the-ecliptic probe hccause the macro- 

s t ruc tu re  of tlre corona i s  b e t t e r  known from op t i ca l  obscrvarions as a 

function of l a t i tude  than of longitude. 

Olie of the most useful proper t ies  of type 111's i s  tha t  they arc  

produced over t r a j e c t o r i e s  which span the in tcrplnnetary  ~ s d i u r n .  A t  each 

a l t i t u d e  the 10- 100 keV elect rons  induce plasma waveR whiclr are scat  tcrcd 

i n t o  electroruagnetic wivcs a t  the local  plasma frequcr:cy f. o r  a t  twicc 

that  the frequency. Therefore from the measurement of ~ h c r  p o s i t i o r ~  of 

type 111's a t  severa l  frequencies, a map of the e lec t ron  dcnsitp along 

the t r a j ec to ry  and a map of that  t r a j ec to ry  i t z c l f  can be drawn, 
73 



AB the energetic e l ec t roas  travel mst probably along magnetic l i n e s  

of force, we have a way of p l o t t i n g  such em-rooted lines of force up 

to t he  e a r t h  o r b i t  and beyond even out  o f  t h e  e c l i p t i c .  

Such an experiment should be  ca r r i ed  out  at frequencies lower 

than 10 me i f  we are in t e re s t ed  i n  t he  coronal  and s o l a r  wind s t r u c t u r e  

higher than 10 ; t h i s  means t h a t  observations should be made from 

space as rad ia t ion  of these frequencies do not  reach the  ear th .  A s  a 

matter of f a c t  IMP-6 has j u s t  done t h a t  (Fainberg and Stone, 1974). 

IMP-6 was sp in  s t ab i l i zed  around an ax i s  perpendicular t o  t he  e c l i p t i c  

and car r ied  a dipole perpendicular t o  t h a t  axis .  Using the  n u l l s  i n  

the  receiving pa t t e rn  of a shor t  e l e c t r i c  d ipole  i t  i s  q u i t e  possible  

t o  measure the d i r ec t ion  of a eocrce a s  projected on the e c l i p t i c  plece. 

An experiment j o i n t l y  designed and b u i l t  by P a r i s  Observatory and 

Goddard Space F l igh t  Center t e a m  w i l l  measure fhe d i r ec t ion  of t h e  type 

111 source a t  24 frequencies on ISEE-C. Using a sp in  plane and a sp in  

axis dipole ,  the experiment w i l l  measure a complete d i r ec t ion  (two angles) 

a t  each frequency aqd w i l l  produce 3-D maps of some magnetic l i n e s  of 

force from 10 % a l t i t u d e  t o  t!re e a r t h  o r b i t  and beyond. It w i i l ,  

however, be t rcessary  t o  assure t ha t  these l i n e s  of force r o t a t e  with 

the sun as a s o l i d  body. The use of a second reRote s a t e l l i t e  equipped 

in  ~ d c h  the  sane way ds I SEE-C could el iminate  t h i s  r e s t r i c t i o n .  (f i g. 3 ) .  

There are  some icdicat ions from t h e  radioastronomy exper imn .: 

on IFIP-6 and o t h e r  exper imnts  tha t  few type TI1 have hccn detected 

far  03: from t l lc  e c l i p t i c .  This might very w e l l  be due  t o  sor.2 

a i r e c ~ i v i t y  of the rad ia t ion ,  but t h i s  d i f f i c u l t y  can be overcone by 

goin& out of t1;t . : l ip t ic .  



W e  of t h e  main purposes of any out-of-the-ecliptic mission 

w i l l  certaimly be t o  explore the 3-D topology of  the in terplanetary  

magnetic f i e l d  and more spec i f i ca l ly  its l a t i t u d e  var ia t ion  ; the ro le  

of s o l a r  active regions i n  the  determination of t h i s  topology w i l l  be 

studied. Rquipments designed t o  roeasure the  l o c a l  magnetic f i e l d  vector  

w i l l  be flown t o  achieve t h i s  goal but it w i l l  be very hard t o  reconstruct  

the magnetic configuration in- the whole heliosphere from l o c a l  measurements 

only. Type I11 t racking a t  several  frequencies can provide the overa l l  

descr ipt ion of t h i s  f i e l d  topology which w i l l  be e s s e n t i a l  t o  the 

in te rp re ta t ion  of m s t  local  measuremnts made on the  O/E probe : f o r  

instance the modulation of cosmic rays by the interplanetary  ~ a g n e t i c  

f i e l d  cannot be understood without a descr ipt ion of t h i s  magnetic f i e l d  

i n  the whole heliosphere. 

CONCLUSION 

Stereoscopic observations of s o l a r  r ad io  burs t s  are no t  needed 

only t o  improve our knowledge of the physics of these t r ans ien t  radro 

erniesions. I n  the  deci- t o  decameter-A range, they can be used t o  

probe the  macro and microstructure of the corona. In the hm t o  

km-A range, type 111's are natura l  t r ace rs  of sun-rooted magnetic l i n e s  

of force ; t racking them a s  a function of frequency w i l l  give a 3-D map 

of some l ines  of force from low in  the corona t o  the ea r th  o rb i t  and 

provide an overal l  p ic ture  of the in terplanetary  mcdium tihich i s  e s s e n t i a l  

;o the i.iterpret a t ion of local  masurerenLs. 

The choice Letween thc two uave lcngth rangcs depends upon t h e  

s c i e n t i f i c  objecr 'ves of the mission ; but i t  has been shown t h a t ,  i n  

h( - s ,  observatic:: should be carried out from an out-of-ecliptic 

pro+. 
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Steinberg - Caroubalos 

3-D Solar  radioar tron~tap 

Figure Captions. 

Fig. l Exploration by stereoscopy i n  a plane perpendicular t o  the 

e c l i p t i c  of the radiat ion pat tern of a radio burs t  using so la r  

rotation. The plane sect ions 1 t o  3 are  analyzed a t  difZ?rcn: 

t;mes. I f  the exploratior. was car r ied  out  i n  the  e c l i p t i c ,  

only one plane sect ion would be studied. 

Fig.2 A typical  pa i r  of type I11 burs ts  a t  169 Wqz as recorded 

irom the ea r th  (top) and from the  Mars-3 Soviet F-I .tee probe 

on Nov. 14,  1971. The in tens i ty  r a t i o  Ispace / I Earth 

f i r s t  component (fundamental) is always grea ter  than t h a t  of 

the  second component (harmonic). 

Fig. 3 3-D mapping of a -,olar magnetic l i n e  of force using a type 

I11 burst  as a t racer .  
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