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POLAR DISTURBANCES AND THE FIELD OF 

THE MAGNETOSPHERE 

P r e p r i n t  of t h e  paper 
presented  by t i t l e  a t  
INTERNATIONAL SYMPOSIUM 
ON THE PHYSICS OF THE MAGNETOSPHERE 
Washington D . C . ,  3 - 13 Sept .  1968 

SUMMARY 

by B. E. B ryune l l i  

Cons idera t ions  of po la r  d i s tu rbances  and of t h e  f i e l d  of t h e  magnetosphe- 
re and involv ing  t h e  p o l a r  substorms'  cu r ren t  systems i n  t h e  presence  of auro- 
r a l  c u r r e n t  j e t s  l e a d  t h e  au thor  t o  conclude t h a t  t h e  t r u e  d i s t r i b u t i o n  of 
c u r r e n t s  i n  t h e  ionosphere d i f f e r s  sha rp ly  from t h e  commonly known scheme. 

* 
* *  

The e x i s t e n c e  of s t a t i o n a r y  c losed  magnetosphere, whose o u t e r  l a y e r s  
are s u b j e c t  t o  v i scous  a c t i o n  from t h e  s o l a r  wind s i d e ,  i s  p o s s i b l e  only 
when convec t ive  motions e x i s t  i n  i t ,  which are analogous t o  those  descr ibed  
by Axford and Hines 
t h e  i n n e r  l a y e r s  of t h e  magnetosphere toward t h e  Earth.  I f  t h e  magnetosphere 
is  c losed ,  t h e r e  must e x i s t  a weak magnetic f i e l d  i n  t h e  p lane  of t h e  t a i l ;  
t h i s  f i e l d  must have a n o r t h e r l y  d i r e c t i o n .  The d r i f t  of plasma toward t h e  
Ea r th  then  presumes t h e  presence of s t i l l  an  e lec t r ic  f i e l d  d i r e c t e d  from t h e  
morning s i d e  of t h e  magnetosphere t a i l  toward t h e  evening s i d e .  The assump- 
t i o n  of t h e  e x i s t e n c e  of such a f i e l d  i s  i n  accord w i t h  t h e  i n c r e a s e  i n  energe- 
t i c  e l e c t r o n  f l u x e s  on t h e  morning s i d e  of t h e  magnetosphere by comparison 
w i t h  t h e  evening s i d e ,  as r e g i s t e r e d  by AES "VELA-2" [ 2 ] .  The r o t a t i o n  of t h e  
Ea r th  must induce i n  t h e  magnetosphere t a i l  an a d d i t i o n a l  f i e l d ,  d i r e c t e d  
toward t h e  Ear th ;  t h e  p r o j e c t i o n  of both f i e l d s  a long t h e  f i e l d  l i n e s  on Ear th  
must r e s u l t  i n  t h e  emergence of a p o s i t i v e  p o t e n t i a l  reg ion  i n  t h e  morning-day- 
t i m e  s e c t o r  of t h e  ionosphere and of a nega t ive  one on t h e  night-evening sec- 
t o r  (F ig .1) .  

113. I n  t h e  scheme proposed by them plasma moves i n  
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Such a s t r u c t u r e  of t h e  e lectr ic  f i e l d  corresponds a l s o  t o  t h e  r e s u l t s  
of p e c u l i a r l t y  a n a l y s i s  of s p a t i a l  d i s t r i b u t i o n  of geophysical  phenomena 
c a r r i e d  o u t  by Hartz  and Brice [ 3 ] ,  and, i n  p a r t i c u l a r ,  t o  t h e  p e c u l i a r i t i e s  
of s p a t i a l  d i s t r i b u t i o n  of a u r o r a l  absorp t ion .  The considered e l e c t r i c  f i e l d  
r e s u l t s  i n  plasma d r i f t  i n  t h e  magnetosphere t a i l  i n  a d i r e c t i o n  toward t h e  
n e u t r a l  s h e e t  and along i t  toward t h e  Ear th ; ' any  v a r i a t i o n  of t h l s  f i e l d  must 
l e a d  t o  d r i f t  v e l o c i t y  v a r i a t i o n .  

The most s t r i k i n g  p e c u l i a r i t y  of p o l a r  substorm's c u r r e n t  system is t h e  
presence of a u r o r a l  c u r r e n t  j e t  flowing along t h e  au ro ra  zone along t h e  h igh  
conduct ion channel .  The ends of t h i s  channel  rest on a comparatively poor ly  
conducting p o l a r  ionosphere and, i f  t h e  c u r r e n t  is  induced by some cause a c t i n g  
i n s i d e  t h e  channel ,  i t s  ends must be  inducing a p o l a r i z a t i o n  f i e l d  charac te r -  
i zed  by s u r p l u s  p o s i t i v e  charges  i n  t h e  evening-night s e c t o r  of t h e  ionosphere 
and nega t ive  ones i n  t h e  morning s e c t o r  (F ig .2) .  The s i g n  of the  p o l a r i z a t i o n  
f i e l d ,  induced by t h e  a u r o r a l  e l e c t r o j e t  is thus  oppos i t e  t o  t h e  s i g n  of t h e  
above considered magnetosphere f i e l d .  

The presence  of conducting f i e l d  l i n e s  must t r a n s f e r  t h e  p o l a r i z a t i o n  
f i e l d  t o  t h e  magnetosphere and induce t h e r e  e f f e c t s  which are oppos i t e  t o  t h e  
a c t i o n  of t h e  magnetosphere f i e l d ,  and i n  t h e  f i r s t  p l a c e  the d r i f t  of matter 
from Earth.  It i s  n o t  clear whether such an a c t i o n  is m a t e r i a l i z e d  i n  r e a l i t y .  
However, from t h e  f a c t  t h a t  i n t r u s i o n s  are s t i l l  m a t e r i a l i z e d ,  one may appa- 
r e n t l y  d e r i v e  t h e  conclusion t h a t  t h e  fundamental f i e l d  i s  t h e  one inducing 
t h e  d r i f t  of matter toward t h e  Ea r th  and n o t  from i t ,  as i n  t h e  case  of t h e  
a u r o r a l  e l e c t r o j e t  f i e l d .  Attempt should t h e r e f o r e  be  made t o  search  f o r  a 
kind of a mechanism t h a t  would no t  r e s u l t  i n  a l a r g e  p o l a r i z a t i o n  f i e l d  a f t e r  
inducing t h e  p o l a r  j e t ,  l eav ing  f o r  t h e  f i e l d  of t h e  j e t  only  a subord ina te  
r o l e .  

L e t  u s  admit t h a t  t h e  above considered fundamental magnetospheric f i e l d  
p l a y s a n e s s e n t i a l  r o l e  i n  inducing p o l a r  substorm, i. e. assume t h a t  under t h e  
a c t i o n  of some i n t e r n a l  causes  t h e r e  emerges i n  t h e  magnetosphere an  e lec t r ic  
f i e l d  cha rac t e r i zed  by h ighe r  p o t e n t i a l  on t h e  morning s i d e  of t h e  t a i l  as 
compared wi th  t h e  evening s i d e  of i t .  Th i s  d i f f e r e n c e  i n  t h e  p o t e n t i a l s  must 
induce a cureent  i n  t h e  c i r c u i t ,  c o n s i s t i n g  of l i n e s  of f o r c e  and of t h e  por- 
t i on  of t h e  ionosphere between them. The cu r ren t  in f low t o  t h e  ionosphere 
t a k e s  p l ace  on i ts  morning-daytime s e c t o r  and out f low goes through t h e  evening- 
n i g h t  s e c t o r .  I f  t h e  ionosphere i s  homogenous and i s o t r o p i c  and i f  Pedersen 's  
conduct ion p l ays  i n  i t  a fundamental r o l e ,  t h e  magnetic f i e l d  then  emerging on 
Ear th  w i l l  no t  be p e r c e p t i b l e .  The f i e l d  of c u r r e n t s  spreading i n  t h e  iono- 
sphere  from t h e  p l a c e  of in f low w i l l  compensate t h e  f i e l d  of supplying con- 
duc to r s .  

However, t h e  a u r o r a l  i n t r u s i o n  does d i s r u p t  t h e  symmetry: conducting 
channels  are formed, u n i t i n g  r eg ions  wi th  d i f f e r e n t  p o t e n t i a l s ,  and a d i s tu rb -  
ance  occurs  on Ear th ,  of which t h e  main p a r t s  w i l l  be  t h e  f i e l d s  of t h e  cu r ren t  
f lowing along t h e  channel and along t h e  l i n e s  of f o r c e  (Fig.3).  The f i r s t  one 
is perceived by a ground observer  as t h e  f i e l d  of t h e  a u r o r a l  e l e c t r o j e t ,  
and t h e  second as t h e  f i e l d  of c u r r e n t s  c los ing  t h e  je ts .  A t  s m a l l  b u t  f i n i t e  
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conduc t iv i ty  of t h e  ionosphere c u r r e n t s  w i l l  e x i s t  i n  i t ,  flowing d i r e c t l y  
from s p o t s  w i t h  h igh  p o t e n t i a l  t o  s p o t s  w i t h  low p o t e n t i a l s .  However, t h e  
f i e l d  of t h e s e  c u r r e n t s  w i l l  n o t  be r e g i s t e r e d  on Ea r th ,  f o r  a s t ronge r  and 
inverse i n  d i r e c t i o n  f i e l d  of feeding  conductors  w i l l  be  superimposed t o  t h e  
former . 

Consequently, t h e  geomagnetic d a t a  do no t  exclude t h e  f a c t  t h a t  t h e  t r u e  
d i s t r i b u t i o n  of c u r r e n t s  i n  t h e  ionosphere d i f f e r s  sha rp ly  from t h e  g iven  
commonly known scheme. When c u r r e n t s  are d i s t r i b u t e d  according t o  F ig .3 ,  
t h e  p o l a r i z a t i o n  f i e l d  p l ays  a subord ina te  r o l e  and must no t  h inde r  t h e  inf low 
of plasma t o  Ea r th  from t h e  magnetosphere t a i l .  
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