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The m i s s i o n of HELIOS had been s t a r t e d in order to i n v e s t i g a t e in 
s i t u the innermost r e g i o n s of the i n t e r p l a n e t a r y s p a c e . The two s p a c e 
c r a f t ach ieved a p e r i h e l i o n of about 0 . 3 AU s o l a r d i s t a n c e . F i g . 1 i s 
a ske tch of the two o r b i t s . The o r b i t a l p e r i o d s are 190 r e s p . 186 d. 

F i g . 1: Orb i t s of HELIOS 1 and HELIOS 2 

This i s p r e t t y c l o s e to a h a l f - y e a r o r b i t ( 1 8 2 . 6 d ) . T h e r e f o r e , the s p a c e 
c r a f t are s t a n d i n g in and near o u t e r c o n j u n c t i o n f o r a r e l a t i v e l y long 
t i m e . Even now, a lmost f i v e y e a r s a f t e r launch of HE1, each of the two 
s p a c e c r a f t i s running through a b lackout i n ou ter c o n j u n c t i o n once a 
y e a r . This i s a reason of undes i red data l o s s . On the o ther hand, how
e v e r , t h i s c o n s t e l l a t i o n g i v e s the o p p o r t u n i t y to i n v e s t i g a t e Sun's corona 
by sounding u s i n g r a d i o s c i e n c e means, i . e . e v a l u a t i o n of p o l a r i z a t i o n , 
of s i g n a l propagat ion t i m e , of Doppler s h i f t , of s p e c t r a l l i n e w i d t h , e t c . 
( 1 , 2 , 3 , 4 ) . I t i s p o s s i b l e thus to measure the e l e c t r o n c o n t e n t , from which 
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a b s c i s s a : frequency (mHz) 

HELIOS B- DRVID 
D A T E 7 6 0 5 0 6 S T A T I O N M DOY 129 

P A S S T I M E 1 3 1 7 4 2 - 1 9 1 5 1 2 

N P T S = 

normal ly the e l e c t r o n d e n s i t y d i s t r i b u t i o n can be deduced, the v e l o c i t y 
and the s i z e of t r a n s i e n t s t r a v e l l i n g through the f i e l d of v iew ( 5 ) , the 
magnet ic f i e l d d i s t r i b u t i o n , d e n s i t y waves , e t c . , i . e . many c h a r a c t e r i s t i c s 
of the corona which d e f i n e the source c o n d i t i o n s of the i n t e r p l a n e t a r y 
plasma f a r t h e r o u t . As an example F i g . 2 g i v e s the frequency spectrum of 
a p a s s , as i t has been deduced by 
Edenhofer e t a l . ( 3 ) . F i g . 2: Example of a power d e n s i t y 

spectrum of the e l e c t r o n d e n s i t y 
f l u c t u a t i o n s during DRVID-Pass 

The HELIOS corona sounding e x 
periment did u n f o r t u n a t e l y not p e r 
form as we had d e s i r e d . In g e n e r a l 
the ground s t a t i o n s are over loaded 
w i t h p r o j e c t s . Therefore the number 
of long p a s s e s of b i g ground s t a t 
i ons was s m a l l , in s p i t e of r e l a t i v 
e l y good c o v e r a g e . Short p a s s e s have 
turned out to be of l i t t l e v a l u e for 
part of t h e s e i n v e s t i g a t i o n s . More
over a f t e r 18 months of o p e r a t i o n of 
HELIOS 1 the transponder f a i l e d . The 
a n a l y s i s of the f a i l u r e r e s u l t e d in 
s u s p e c t i n g a c e r t a i n IC to o p e r a t e 
i n s u f f i f i e n t l y . As a consequence the 
transponder on HELIOS 2 was a l s o 
turned down in order not t o j e o p a r d 
i z e the s p a c e c r a f t . This a l l t o g e t h e r 
may be c o n s i d e r e d as on ly a p a r t i a l 
s u c c e s s of the corona sounding e x 
periment on one s i d e ; on the o t h e r 
s i d e i t showed that rad io s c i e n c e methods are w e l l s u i t a b l e and powerful 
t o o l s t o i n v e s t i g a t e S u n f s corona , e s p e c i a l l y t h o s e r e g i o n s which n e i t h e r 
can be observed o p t i c a l l y nor by in s i t u exper iments out to say 20 R Q . 
Data of the plasma behaviour out of that r e g i o n are u r g e n t l y needed, 
however. 

A proposa l i s g iven h e r e , n o w t o overcome t h i s d i f f i c u l t y . For a d e 
t a i l e d and thorough i n v e s t i g a t i o n of the corona by sounding , a s p a c e c r a f t 
i s needed which i s s t a n d i n g near o u t e r c o n j u n c t i o n for a long t i m e . This 
c o n d i t i o n i s f u l f i l l e d for a s p a c e c r a f t on e a r t h - o r b i t , but o r b i t i n g the 
Sun near the o p p o s i t e s i d e of the sun, i . e . near o u t e r c o n j u n c t i o n . How
ever such a s p a c e c r a f t would e i t h e r never be seen from Earth , i f i t i s 
s t a n d i n g e x a c t l y in c o n j u n c t i o n , or i t would stand a t the same p o i n t 
f o r e v e r , i f i t i s s h i f t e d a l i t t l e b i t to the west or e a s t of the Sun. 
I d i s r e g a r d o r b i t p e r t u r b a t i o n s (etc) which o b v i o u s l y would l ead t o o r b i t 
c h a n g e s . 

Cons ider now a s p a c e c r a f t on an o r b i t w i th major a x i s equal to tha t 
of the Earth , but at a s l i g h t l y l a r g e r e c c e n t r i c i t y near ou ter c o n j u n c t 
i o n . This s p a c e c r a f t would o s c i l l a t e between two p o i n t s west and e a s t of 
the Sun. The per iod would be e x a c t l y one y e a r . The ampl i tude of the 
o s c i l l a t i o n depends on the e c c e n t r i c i t y of the o r b i t . Thus one would 

FREOUENZ(HZ) 

https://doi.org/10.1017/S0074180900068078 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900068078


INTERPLANETARY MISSION TO SOUND THE SOLAR CORONA 543 

be a b l e to sound the corona in or near the e c l i p t i c p l a n e . The b lackout 
p e r i o d s would be shor t compared to the whole m i s s i o n t ime , i . e . of the 
order of a few days e a c h . 

The next s t e p would be the e x t e n s i o n of the m i s s i o n to high s o l a r 
l a t i t u d e s by g i v i n g the o r b i t not only an e c c e n t r i c i t y but a l s o a small 
i n c l i n a t i o n . Depending on the phase a n g l e one can end up in an o r b i t 
v i r t u a l l y surrounding the Sun in a short angular d i s t a n c e . F i g . 3 i s a 
p l o t of such an o r b i t . 
The r e a l per iod as w e l l as the F i g . 3: 
v i r t u a l per iod i s e x a c t l y one y e a r , 
i . e . i t t akes one year t o t r a v e l from 
the north p o l e of the Sun to the south 
and back. Thus not on ly e q u a t o r i a l 
r e g i o n s of the corona can be sounded, 
but a l s o h igh s o l a r l a t i t u d e s i n c l u 
ding the po lar r e g i o n s . 

S u g g e s t i o n for an o r b i t of 
a Coronal Sounding Probe 

E C L I P T I C 

- — - • — ' P L A N E 
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This might be of a s p e c i a l i n t e r 
e s t during that p e r i o d , when ISPM i s in 
i t s primary m i s s i o n . One of the two 
ISPM-probes w i l l run from north to s o u t h , 
the o ther one v i c e v e r s a . The t r a v e l time 
from the f i r s t p o l a r p a s s i n g to the next 
w i l l be about 200 d. This i s in f a i r l y 
good agreement w i t h the 182.6 d of the 
coronal sounding m i s s i o n . Thus the pro 
posed m i s s i o n could be understood as d i 
r e c t l y c o r r e l a t i n g w i th ISPM. A l i n e a r or a n e a r - l i n e a r al ignment would 
occur a t the p o l a r c r o s s i n g s . In between ISPM and Corona Sounding Mis s ion 
are almost on the same l a t i t u d e but s h i f t e d a few d e g r e e s in l o n g i t u d e . 

U n f o r t u n a t e l y i t i s not p o s s i b l e to a r r i v e at the d e s i r e d o r b i t w i t h 
out maneuvering. There are a few t r a n s f e r o r b i t o p t i o n s . The t r a n s f e r 
t ime i s e i t h e r about h a l f a year or about 1.5 or 2 .5 y e a r s (Hohmann t r a n s 
f e r ) . The 2 . 5 y t r a n s f e r needs l e a s t maneuvering power. This would f i t 
very w e l l i n t o a time frame in accordance w i t h ISPM, having a t r a n s f e r 
t ime of about 3 .5 y between launch and f i r s t s o l a r p o l a r p a s s i n g . At l e a s 
1 y between the launch of ISPM and Corona Sounding M i s s i o n would be l e f t 
f o r the p r e p a r a t i o n of the l a t t e r . 

The s c i e n t i f i c o b j e c t i v e of the Corona Sounding Miss ion i s of course 
the i n v e s t i g a t i o n of Sun's corona. 
1. Faraday r o t a t i o n : L inear p o l a r i z a t i o n of S-band and X-band l i n k s a l 
low the d e t e r m i n a t i o n of y « | 3 . n e . d ? to an accuracy of b e t t e r than 1 
angular degree and a t ime r e s o l u t i o n of b e t t e r than 1 second. Typica l 
corona l o s c i l l a t i o n s of the order of some mHz may be e x p e c t e d . Therefore 
the c o n s e c u t i v e pass l e n g t h should be of the order of 20 h, p r e f e r a b l y 
cont inuous over p e r i o d s of s e v e r a l days . S p e c i a l a t t e n t i o n must be g i v e n 
to observe t r a n s i e n t s in t h o s e r e g i o n s which c o r r e l a t e wi th I S P M and 
where the boundaries between f a s t and slow s o l a r wind regimes may be 
e x p e c t e d . 
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2 . Ranging: Determinat ion of the s i g n a l propagat ion t ime between s p a c e 
c r a f t and ground s t a t i o n in S-band and X-band. Plasma i n f l u e n c e s as w e l l 
as g r a v i t y e f f e c t d e l a y s have t o be c o n s i d e r e d . The p lasma-generated time 
d e l a y i s a measure of the e l e c t r o n c o n t e n t between t r a n s m i t t e r and r e 
c e i v e r . The a c h i e v a b l e t ime r e s o l u t i o n i s of the order of some 10 min. 
By comparison of two f r e q u e n c i e s plasma- and g r a v i t y c o n t r i b u t i o n s to the 
t ime d e l a y can be s e p a r a t e d . 
3 . Range r a t e (Doppler ) : In a d d i t i o n to the d e t e r m i n a t i o n of the r e l a t i v e 
v e l o c i t y of t r a n s m i t t e r and r e c e i v e r the Doppler s h i f t of the t r a n s m i t 
ted f r e q u e n c i e s depends on the e l e c t r o n d e n s i t y between t r a n s m i t t e r and 
r e c e i v e r . I t i n f l u e n c e s the phase v e l o c i t y of the wave. Therefore the 
Doppler s h i f t i s a s e n s i t i v e i n d i c a t o r f o r changes i n e l e c t r o n d e n s i t y 
anywhere a long the ray path of the wave, e s p e c i a l l y in the corona at h igh 
time r e s o l u t i o n ( b e t t e r than 1 s e c ) . 
4 . DRVID ( D i f f e r e n t i a t e d Ranging Versus I n t e g r a t e d D o p p l e r ) : This i s a 
combinat ion of p h a s e - and g r o u p - v e l o c i t y measurement. I t de termines the 
e l e c t r o n c o n t e n t between t r a n s m i t t e r and r e c e i v e r . 
5 . L inewidth d e t e r m i n a t i o n : The l i n e width of the r e c e i v e d s i g n a l s 
comprises in format ion about the dynamical s t a t e of the mat ter between 
t r a n s m i t t e r and r e c e i v e r , i . e . about t u r b u l e n c e s e t c . 

A l l t h o s e data i n c l u d e l o c a l in format ion of the observed t r a n s i e n t s . 
I t can be e x t r a c t e d by c o r r e l a t i o n methods . Thus such a m i s s i o n i s a b l e 
t o g i v e a comprehensive rev iew of the s t a t e and of the dynamical behav
iour of the corona. I t i s obv ious t h a t the s p a c e c r a f t can a d d i t i o n a l l y 
be equipped w i t h in s i t u exper iments or w i th exper iments t o observe the 
Sun o p t i c a l l y ( s p e c t r o h e l i o g r a p h , c o r o n a g r a p h , e t c . ) to become a s o l a r -
b a c k s i d e probe . 
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DISCUSSION 

Bratendal: Do we need Venus or some o t h e r c l e v e r scheme to i n j e c t 
i n t o e a r t h o r b i t i n o p p o s i t i o n ? 

Porsche: The s p a c e c r a f t needs a motor for o r b i t a l c o r r e c t i o n s , but 
no swingby maneuver a t a p l a n e t to a c h i e v e the d e s i r e d o r b i t and 
p o s i t i o n i n s u p e r i o r c o n j u n c t i o n . 
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