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ON THE INTERVENING ROLE OF THE MAGNETIC FIELDS 

OF SOLAR CORPUSCULAR STREAMS 

I N  THE DETERMINATION O F  THE DEGREE -- OF THEIRGEOEFFECTIVENS * 

Geomagnetizm i Aeronomiya 
Tom 6 ,  No. 2 ,  375-6, 
Izda te l ' s tVO "NAUKA" , 1966 

bd I. A .  Zhulin 

A B S T R A C T  - 

The in f luence  of the  magnetic f i e l d s  o f  s o l a r  corpuscular  s t reams 
on t h e  c h a r a c t e r  of s t reams '  i n t e r a c t i o n  w i t h  t h e  E a r t h ' s  magnetosphere w a s  
d i scussed  i n  the  work c11 ( S T - P F - G M -  1 0 4 9 4 ) . P a r t i c u l a r  a t t e n t i o n  w a s  
then  g iven  t h e  ques t ion  of t he  i m p o s s i b i l i t y  o f  s t r eam ' s  magnetic f i e l d  pe- 
n e t r a t i o n  i n s i d e  t h e  magnetosphere and of t h e  requirement of magnetohydrody- 
namic t r ea tmen t  of t h e  theory  of geomagnetic d i s tu rbances .  

The in t e rmed ia t e  r o l e  of  stream's magnetic f i e l d  i n  t h e  i n t e r a c t i o n  
wi th  t h e  magnetosphere of t h e  i n c i d e n t  plasma was t hen  brought f o r t h  a6 one 
of t ne  po:.sible mechanisms determining the  geoe f fec t iveness  of  corpuscular  
s t r eams .  T h i s  note  c o n s t i t u t e s  a complement t o  L13, somewhat c o n c r e t i z i n g  
t h e  i n d i c a t e d  case.  

* 
* * 

It i s  wel l  known t h a t  i n  a s e r i e s  of c a s e s  t h e  s h a r p  v a r i a t i o n  i n  

t h e  solar plasma p res su re  upon t h e  magnetosphere, while l e a d i n g  t o  the  emer- 

gence of sudden commencement o r  suaden impulse i n  t h e  geomagnetic f i e l d ,  

s t i l l  does n o t  deterrrine t h e  subsequent development of  the  s to rm(C21 ,F igs  

2 and 31, and thus  cannot s e r v e  as  a parameter ,  u n i l a t e r a l l y  deterxinine;  t h e  

geomagnetic a c t i v i t y .  

measurements of s o l a r  wind v e l o c i t y  V f  on Mariner-2 with t h e  genera l  pla- 

n e t a r y  Kp-index,  a s c e r t a i n e d  t h e  presence of p r o p o r t i o n a l i t y  between these  

two q u a n t i t i e s  ( K p - V f  I C31. 

A t  t h e  same t ime,  comparison of  t h e  results of d i r e c t  



2. 

Without denying t h e  necess i ty  o f  pursu ing  s e a r c h  f o r  mechanisms ex- 

p l a i n i n g  t h e  above experimental  f ac t s ,  one may a t tempt  t o  g ive  them an i n t e r -  

p r e t a t i o n ,  b a s i n g  onese l f  upon the c m e  o f  t h e  i n t e r v e n i n g  r o l e  o f  t h e  magnetic 

f i e l d  of a corpuscular  stream i n  the de te rmina t ion  of  t h e  degree of geoe f fec t -  
i veness  of t h e  la t ter .  

The o r i e n t a t i o n  of  t he  axial l i n e  of t h e  E a r t h ' s  magnetosphere is de- 

termined by t h e  plasma flow, r a d i a l  r e l a t i v e  t o  the  Sun and no t  va ry ing  w i t h  

t h e  plasma flow v e l o c i t y  ( F i g 1  ).Thus t h e  geomagnetic f i e l d  i n  the  magneto- 

sphere  t r a i n  is p r a c t i c a l l y  always r a d i a l  r e l a t i v e  t o  the  Sun, co inc id ing  

w i t h  t h e  l i n e  S u n -  Ea r th .  It should be noted t h a t  t h e  a c t i o n  o f  magnetic 

f l u x ' s  p re s su re  may l e a d  t o  the  d e f l e c t i o n  o f  t h e  aid. l i n e  of the  magneto- 

sphere  from t h e  d i r e c t i o n  of solar plasma 

inc idence  by no more t h a n  6 -  20° [43. 
300 

A t  t h e  same t ime ,  the  average d i -  

r e c t i o n  of the  magnetic f i e l d  of the  S . C . S .  

i n  t h e  r eg ion  of the  E a r t h  depends essen- 

t i a l l y  on t h e  v e l o c i t y  of the  plasma flow 

(al * zoo f o r  vf l* 1000km/sec, a2m550 
f o r  Vf2 300 km/sec; s e e  Figure 1). Such 

a v a r i a t i o n  of t he  mutual o r i e n t a t i o n  of 
t h e  geomagnetic f i e l d  and of  t h e  magnetic 
f i e l d  of  t h e  S.C.S. may s e r v e  as one o f  t h e  poss ib l e  causes of v a r i a t i o n  

i n  the  degree of  s t r eam ' s  geoef fec t iveness .  

F ig .  1 

Indeed, t h e  s u r f a c e  of'  the  magnetosphere may be viewed a s  t h e  s u r f a c e  

of  t h e  Kelvin- Helmholtz magnetohydrodynxiic break ,  s e p a r a t i n g  t h e  E a r t h ' s  

magnetosphere from t h e  f l o w  of s o l a r  plasma wi th  i t s  proper  magnetic f i e l d .  

Such break  s u r f a c e  is found t o  be unateady [SI, i f  t h e  value of  t h e  tangen- 
t ial  component of the  r e l a t i v e  motion v e l o c i t y  of two media, V t , i s  comprised 

w i t h i n  a c e r t a i n  range of  va lues  

t h e  upper  value of 

unpe rt urbe ci p i  asma 

'upp.cr. 7 ' t  "lovr.cr., 

t he  c r i t i c a l  v e l o c i t y  VUppecr being then  l e s s  than  t h e  . 
flow velocit.,- Ff. 
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3 .  

Besides ,  and t h i s  i s  of p a r t i c u l a r  importance,  t he  i n s t a b i l i t y  para- 

happens t o  be the  value of t h e  angle  between t h e  magnetic f i e l d s  i n  n e t e r  

t h e  two considered media. The c l o s e r  the f i e l d s  i n  t h e  two media t o  being 
p a r a l l e l  ( o r  a n t i p a r a l l e l ) ,  t h e  nea re r  t h e  s u r f a c e  or' t he  break  i s  t o  t h e  

i n s t a b l i t y  ( t h e  remain ins  condi t ions  be ing  equa l ) .  

I n  connect ion with t h e  above c o n s i d e r a t i o n s ,  a g r e a t e r  va lue  o f  t h e  

angle  

tosphere t r a i n  r e l a t i v e  t o  the  Sun,and t h e  component of t h e  magnetic f i e l d  

of t h e  s o l a r  corpuscular  stream,will l e a d  t o  g r e a t e r  s t a b i l i t y  of the  su r -  
face of t h e  magentosshere t r a i n  f o r  a l e s s e r  va lue  o f  f l o w  v e l o c i t y  (Ff2 < 

f i e l d ,  To  t h e  con t r a ry ,  o t h e r  cond i t ions  be ing  equa l ,  at g r e a t e r  flow ve- 

l o c i t y  t h e  s u r f a c e  of t h e  magnetosphere t r a i n  is found t o  be n e a r e r  

i n s t a b i l i t y ,  which is a t tended  by a g r e a t  d i s turbance  o f  the  geomagnetic 

f i e l d ,  t h u s  exp la in ing  t h e  p r o p o r t i o n a l i t y  K - V f ,  ob ta ined  i n  0 1 .  
ObviouEly , for i n s t a b i l i t y  o n s e t ,  t h e  above l i m i t i n g  cond i t ion  r e l a t i v e  

t o  t h e  value of  t he  t a n g e n t i a l  component of  t he  f l o w  v e l o c i t y  must be fu l -  

f i l l e d .  I n  t h i s  r ega rd ,  t he  s u f f i c i e n t l y  slow i n c r e a s e  i n  the  d i r e c t e d  

plasma flow v e l o c i t y  beyond t h e  magnetosphere boundary at  passing from day- 

time t o  n igh t t ime ,  revea led  during measurements i n  AES IMP-2 C61, is found 

t o  be nore f avorab le  f o r  our  i n t e r p r e t a t i o n .  

>a,, s e e  Fig.  1) between t h e  r a d i a l  magnetic f i e l d  i n  t h e  magne- 

s e e  F ig .  11, and thereby t o  l e s s e r  d i s tu rbance  of the  geomagnetic < v f l '  

P 

Nor do t h e  measurements d a t a  of t h e  magnetic f i e l d  beyond the  magne- 

to sphe re  on AES IMP4 c o n t r a d i c t  t h e  proposed i n t e r p r e t a t i o n .  During 

these  measurements a l o n g - l a s t i n g  s e c t o r  s t r u c t u r e  of t he  i n t e r p l a n e t a r y  

f i e l d  i n  t h e  v i c i n i t y  of the  Ear th  w s  d e t e c t e d  (wi th in  t h e  bounds of  each 

s e c t o r ,  t r a v e r s e d  by t h e  Earth i n  t h e  course of approximately 7.5 days,  t h e  

magnetic f i e l d  component i n  the  e c l i p t i c  plane main ta ins ,  as an average, 

i ts  d i r e c t i o n  e i t h e r  t o  the  Sun o r  from the  Sun). The s m a l l  d i f f e r e n c e  i n  

t h e  l e v e l s  of geomagnetic d i s turbance  dur ing  t h e  per iods  when t h e  E a r t h ' s  

magnetosphere w a s  i n s i d e  the  s e c t o r s  with d i f f e r e n t  d i r e c t i o n  of t he  i n t e r -  
p l a n e t a r y  f i e l d  ( mostly toward the Sun and  from the  bun),  corresponds t o  t!ie 

small d i f f e r e n c e  of  ca ses  of p a r a l l e l  and a n t i p a r a l l e l  s t a t e s  of the  f i e l d s  

i n  r e l a t i o n  t o  boundary su r face  i n s t a b i l i t y  ( s e e  C71, Fig.  4). 
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L e t  us  note  t h e  p o s s i b i l i t y  of u t i l i z i n g  t h e  d a t a  of  t h e  work c71 
for a f u l l e r  understanding of t h e  poss ib l e  phys i ca l  t r a n s f e r  mechanisms 

from c losed  t o  open E a r t h ' s  magnetosphere. 

such a t r a n s i t i o n ,  a t t ended  by the development of i n n e r  motions i n  the  magne- 

topshe re ,  corresponds t o  the  a r r i v a l  o f  a magnetic f i e l d ,  perpendicular  t o  

t h e  e c l i p t i c  plane and d i r e c t e d  toward t h e  South pole  

According t o  meyurement d a t a  on IMP-1, t h e  magnetic f i e l d  component i n  a 

plane perpendicular  t o  the  e c l i p t i c  p lane  beyond t h e  magnetosphere is  mainly 

( t h a t  is ,  i n  66% of c a s e s )  d i r e c t e d  toward t h e  sou th  ( t r a n s i t i o n  t o  open 

maqnetosphere p o s s i b l e  ). 
beyond the  magnetosphere was d i r e c t e d  toward the  no r th  ( t r a n s i t i o n  t o  open 

magnetosphere forb idden) .  Comparison of  curves ,  similar t o  those  p l o t t e d  

i n  Fig. 4 of C73, but  corresponding t o  two d i r e c t i o n 6  ( t o  the  no r th  and 
s o u t h )  of  the  f i e l d  component, perpendicular  t o  t h e  e c l i p t i c  p l ane ,  would 

a l low t o  judge more s p e c i f i c a l l y  about t h e  p o s s i b i l i t y  of t h e  given transi- 
t i o n ,  extremely impor tan t  for t h e  geoef f e c t i v e n e s s  of s o l a r  co rpuscu la r  

s t r eams .  

I n  accord with the  D a n a  i d e a s ,  

( s e e  C81, Fig. 3 ) .  

However, i n  a s e r i e s  o f  c m e s  t h i s  f i e l d  component 

The au tho r  is g r a t e f u l  t o  E. I. Mogilevsltiy for d i s c u s s i n g  the  

r e s u l t s  of the  p re sen t  work. 

* * *  T H E  E N D  * * *  
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