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The peculiarities are considered of plasma concentration and velocity 
field of AlfvGn waves distribution in the Earth's magnetosphere, taking into 
account the distortion of the Earth's magnetic dipole field by the field of 
the radiation belt's ring current. The presence of the latter in the Earth's 
magnetosphere results in the variation of propagation conditions of magneto- 
hydrodynamic (MHD) waves. Obtained in particular is an outstripping effect 
of the Alfv6n wave propagating along the field line closest to the Earth, 
by the Alfven wave propagating along the distant line of force. An identical 
effect of outstripping is possible during propagation of whistlers. 

* 
* *  

The study of plasma density distribution in the magnetosphere after data 
on whistlers shows the presence of a rather sharp jump in particle density 
(Carpenter's "knee") in the equatorial plane at a distance of the order of 
3.5 to 6 Earth's radii (RE) [l]. Starting from this jump, Angerami and Carpen- 
ter [ Z ]  reached the conclusion that there takes place in the "knee" region of 
the magnetosphere a change in the course of the curve €or plasma density dis- 
tribution. However, when computing the density of the plasma, they did not 
point out the existence of magnetic field singularities in the "knee" region, 
and all calculations were conducted in the assimption of undistorted dipole 
distribution of the geomagnetic field. 

Nishida [3] proposed to explain the ''knee'' with the aid of "vortices" 
suggested by Axford and Hines [4]. 

There forms in this case a certain closed oval region around the Earth, 
with vortices flowing past it and returning back into the magnetosphere tail. 
The outer boundary of the oval region is called "plasmapause", with different 
laws of plasma distribution on both sides of it. In their reasonings, the 
authors [ Z ,  31 are not concerned with those possible variations in plasma 
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c o n c e n t r a t i o n s  t h a t  may be caused by d e p r e s s i o n s  of t h e  E a r t h ' s  d i p o l e  magne- 
t i c  f i e l d  a t  t h o s e  d i s t a n c e s ,  a s  a consequence of t h e  e x i s t e n c e  of a magnet ic  
f i e l d  o f  r a d i a t i o n  b e l t s '  r i n g  c u r r e n t ,  as w e l l  a s  of p o s s i b l e  magnet ic  f i e l d s  
of c u r r e n t s  a r i s i n g  a t  t h e  plasmapause boundary. 

I t  is w e l l  known t h a t  t h e  d i s t o r t i o n  of t h e  d i p o l e  f i e l d  may r e a c h  si- 
g n i f i c a n t  v a l u e s  [ 5 ] ,  b e i n g  e s s e n t i a l l y  dependent  on t h e  magnet ic  a c t i v i t y .  

Considered i n  t h e  p r e s e n t  work are t h e  p o s s i b l e  v a t i a t i o n s  i n  plasma con- 
and of t h e  f i e l d  of Alfvgn v e l o c i t i e s  i n  t h e  E a r t h ' s  magnetosphere c e n t r a t i o n  

as  a consequence of d i p o l e  geomagnetic f i e l d  d i s t o r t i o n  by t h e  r i n g  c u r r e n t  
of  t rapped  r a d i a t i o n  b e l t .  We assumed f o r  model r a d i a t i o n  b e l t  t h a t  of t h e  
VE w i t h  c e n t e r  a t  6RE [ 6  - 81. 
t o t a l  magnet ic  f i e l d  ( d i p o l e  and r i n g  c u r r e n t  f i e l d s )  i n  t h e  b e l t  is  shown 
i n  Fig.1. The l i nes  of f o r c e  of the  d i p o l e  f i e l d  are f i g u r e d  by dashed l i n e s .  

The l o c a t i o n  of t h e  l i n e s  of f o r c e  of t h e  

3 ,  \ ' \ \ \ I 
F i g . 1  

I t  was f u r t h e r  assumed t h a t  a t  d i s t a n c e s  above  RE t h e  c o l d  magnetosphere 
plasm;i may be c o n s i d e r e d  as  c o l l i s i o n l e s s ;  a un ique  law of p a r t i c I e  d i s t r i -  
b t i t ion ,  a s  proposed by P a r k e r  [ 9 ] ,  was adopted f o r  t h a t  r e g i o n  : 

where N ( r )  i s  t h e  c o n c e n t r a t i o n  of p a r t i c l e s  a t  t h e  d i s t a n c e  r ;  N ( R )  is t h e  
c o n c e n t r a t i o n  of p a r t i c l e s  a t  t h e  i n i t i a l  l e v e l  R = 1.15  RE; Bo is t h e  v a l u e  
o f  t h e  magnet ic  f i e l d  a t  level  R ;  B i s  t h e  magnitude of t h e  magnet ic  f i e l d  a t  
t h e  d i s t a n c e  r .  - 

When computing t h e  c o n c e n t r a t i o n  of p a r t i c l e s  i n  t h e  E a r t h ' s  magnetosphere 
w e  u s e d  as a r e f e r e n c e  p r o f i l e  t h e  averaged l e v e l  of e l e c t r o n  c o n c e n t r a t i o n  
and t e m p e r a t u r e  a t  1000 km a l t i t u d e  a f t e r  t h e  da ta  of "Explorer-22" [ l o ] .  
We d i s r e g a r d e d  t h e  p r e s e n t  s i n g u l a r i t i e s  of t h e  d a i l y ,  s e a s o n a l ,  d i s t u r b e d  and 
q u i e t  p e r i o d s  i n  t h e  c o u r s e  of e l e c t r o n  c o n c e n t r a t i o n  a t  1000 kn a f t e r  t h e  d a t a  
o f  s a t e l l i t e  i n v e s t i g a t i o n s  [ l o ,  111. 
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The c o n c e n t r a t i o n s  of p a r t i c l e s  ( i n  ~ m - ~ ) ,  computed by formula (l), 
t a k i n g  i n t o  account  t h e  d i s t o r t e d  magnetic f i e l d  i n  c a s e  of p o l a r  d i s t r i b u t i o n  
of p a r t i c l e s  ( a =  - f )  is shown i n  Fig.2.  

N 

F i g .  2 

The e q u a t o r i a l  p r o f i l e  of p a r t i c l e  c o n c e n t r a t i o n  is  shown i n  F ig .3 ,  
c u r v e  2 .  There is a l s o  p r e s e n t e d  a n  e x p e r i m e n t a l  g raph  (curve  c) o b t a i n e d  
by Serbu a f t e r  t h e  d a t a  of IMP-2 [12] .  
t i c a l  and t h e  e x p e r i m e n t a l  c u r v e s  q u a l i t a t i v e l y  r e p e a t  one a n o t h e r ,  whereupon 
t h e  t h e  numer ica l  c o i n c i d e n c e  of t h e s e  c u r v e s  would be p o s s i b l e  f o r  a less  
p o l a r  d i s t r i b u t i o n  of p a r t i c l e s  ( a -  -@,8) and somewhat lesser d i s t o r t i o n  of 
t h e  d i p o l e  f i e l d .  

It f o l l o w s  from Fig .3  t h T t  t h e  theore-  

P l o t t e d  i n  t h e  same F i g . 3  (curve  b)  is t h e  e q u a t o r i a l  p r o f i l e  of p a r t i c l e  
c o n c e n t r a t i o n ,  conver ted  from t h e  a l t i t u d e  of 1000 k m  by formula of E v i a t o r  
e t  a1 [13] :  

where r i s  t h e  g e o c e n t r i c  d i s t a n c e ;  re i s  t h e  e q u a t o r i a l  d i s t a n c e ,  R is  t h e  
radius-of t h e  baropause  ( R  = 1 . 5  R E ) ;  N ( r , r e )  is  t h e  c o n c e n t r a t i o n  of p a r t i c l e s  
a t  t h e  d i s t a n c e  r ;  N(R,re)  i s  t h e  c o n c e n t r a t i o n  of p a r t i c l e s  a t  baropause  
boundary;  
t h e  mass of t h e  p a r t i c l e  V m 2 = 2 y / R ,  where y i s  t h e  product  of t h e  g r a v i t a t i o n -  
a l  c o n s t a n t  and of t h e  1:artli's mass, & i s  t h e  Roltzmann c o n s t a n t ,  T i s  t h e  
t e m p e r a t u r e  of p a r t i c l e s  a t  baropause boundary. 

Bo is-the magnitude of t h e  magnet ic  f i e l d  a t  t h e  d i s t a n c e  r ;  m i s  - -  

Ai.co1-ding t o  t h e  o p i n i o n  of Angerami and Carpenter  [ 2 ] ,  t h e  law of c o l l i -  
sionless p 1 a s i i i ; i  d i s t r i b u t i o n ,  proposed by E v i a t o r  e t  a 1  [ 1 3 ] ,  is  f u l f i l l e d  
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beyond t h e  r e g i o n  of t h e  "knee". 
does  n o t  a f f e c t ,  i n  p r i n c i p l e ,  t h e  g e n e r a l  c o n f i g u r a t i o n  of  t h e  c o n c e n t r a t i o n  

A s  may be  s e e n ,  t h e  assumption of t h i s  l a w  

f i e l d ,  as  shown i n  F ig .2 .  
numer ica l  changes i n t o  t h e  ob ta ined  r e s u l t s .  

I t  on ly  i n t r o d u c e s  
N ,  G*# -": 

2 C 6 3 :,7R I t  should  b e  noted  t h a t  i f  €?*Bo, one may 
p o s t u l a t e  t h e  f i r s t  exponent  of formula ( 2 )  as 
be ing  e q u a l  t o  u n i t y ,  i. e . ,  

Fig .  3 

where 

Formula ( 3 )  i s  n u m e r i c a l l  similar t o  t h e  P a r k e r  formula (1) a t  a -= - i ,  
and a more r a p i d  d e c r e a s e  of c o n c e n t r a t i o n  d i f f e r i n g  o n l y  by a f a c t o r  of 

w i t h  t h e  d i s t a n c e  r .  - 
The f i e l d  of p a r t i c l e  c o n c e n t r a t i o n  ob ta ined  by 11s (Fit ; .  2) vas u t i l i z e d  

f o r  t h e  computa t ion  of t h e  f i e l d  of Alfv6n v e l o c i t i r s  \ - , ,==Eq%. 
are r e s p e c t i v e l y  t h e  values of t h e  magnet ic  f i e l d  and or ;>I  I ~ I I I  ( I m s i t y .  

where 6 ,  p 

The v a l u e s  ob ta ined  f o r  VA a r e  p l o t t e d  i n  F ig .4  i n  km/sec. The s i n g u l a -  
r i t y  of  t h e  v e l o c i t y  f i e l d  is  t h e  presence  of VA minimum i n  t h e  r e g i o n  of t h e  
c e n t e r  of t h e  r i n g  c u r r e n t ,  where t h e  v e l o c i t y  VA drops  t o  230 kmlsec,  and then  
i n c r e a s e s  t o  530 km/sec (F ig .5 ) .  

T h e  o b t a i n e d  f i e l d  of  v e l o c i t i e s ,  o b t a i n e d  by u s ,  somewhat reminds of VA 
d i s t r i b u t i o n  p r e s e n t e d  i n  t h e  Van'yan and Al ' pe rov ich  work [14J .  However, 
c o n t r a r y  t o  t h e  c u r r e n t l y  cons idered  c a s e ,  t hey  asc.umed a c o n t r a c t e d  model 
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geomagnetic f i e l d  a f t e r  G .  MEAD and BEARD 1151, and t h e  p r e s e n c e  of two l a w s  
of plasma d e n s i t y  d i s t r i b u t i o n  i n  the  magnetosphere.  . 

The noted  p e c u l i a r i t y  i n  t h e  d i s t r i b u t i o n  of VA w i l l  r e s u l t  i n  t h e  change 
o f  t h e  c o n d i t i o n  of magnetohydrodynamic wave p r o p a g a t i o n  a l o n g ,  as w e l l  as 
a c r o s s  t h e  geomagnetic f i e l d ' s  l i n e s  of f o r c e .  The r e g i o n  of VA minimum w i l l  
p l a y  a r o l e  of a c e r t a i n  l e n s ,  c a p a b l e  of f o c u s i n g  on t h e  ground t h e  magneto- 
a c o u s t i c  waves p r o p a g a t i n g  from the boundary of t h e  magnetosphere.  Moreover,  
resonances  of magneto-acoust ic  waves are  p o s s i b l e  i n  t h e  r e g i o n  bounded by t h e  
Dessler v e l o c i t y  maximum of Alfv6n waves and t h e  maximum a r i s i n g  as a conse- 
quence of t h e  p r e s e n c e  of t h e  r i n g  c u r r e n t .  
a c o u s t i c  wave p r o p a g a t i o n  were a l s o  noted  f o r  t h e  above r e f e r r e d - t o  model,  
a d m i t t e d  by Van'yan, Zybin and A l ' p e r o v i c h  [14, 161. 

Such p e c u l i a r i t i e s  of magneto- 

During t h e  p r o p a g a t i o n  of a magnetohydrodynamic wave a l o n g  t h e  l i n e  of 
f o r c e  of t h e  geomagnetic f i e l d  r e f l e c t i o n  of MHD-waves may occur  i n  t h e  VA 
minimum r e g i o n  , and i n  case of format ion  of a s t a n d i n g  wave,formation of  
e l e c t r i c  f i e l d  E ' s  node is  p o s s i b l e .  

VA, km/sec 
The computat ions of t i m e  dependence of t h e  

RE 

p a t h  l e n g t h  of Alfvgn waves on t h e  geomagnetic 
l a t i t u d e  a c c o r d i n g  t o  d i s t o r t e d  f i e l d  l i n e s  have 
shown t h e  p r e s e n c e  of a n  advance e f f e c t  of Alfvgn 
wave p r o p a g a t i n g  a l o n g  a l i n e  of f o r c e  correspond-  
i n g  t o  t h e  l a t i t u d e  @ = 65'30' and i n  accord w i t h  
t h e  a d m i t t e d  r a d i a t i o n  b e l t  model, by a n o t h e r  Alfvgn 
wave, p r o p a g a t i n g  a l o n g  a more remote l i n e  of f o r c e  
(@ = 66") .  The l i n e s  65"30' and 66" are  noted  i n  F i g .  5 
F i g . 1  by c r o s s e s .  T h i s  o u t s t r i p p i n g  h a s  a n  o r d e r  
of 3 .7  sec f o r  a wave r u n  t i m e  a long  t h e  f i e l d  l i n e  e q u a l  t o  about  120 sec. 
The l e n g t h  of t h e  segment i n  t h e  e q u a t o r i a l  p l a n e ,  o v e r  which t h e  i n d i c a t e d  
e f f e c t  i s  m a n i f e s t ,  c o n s t i t u t e s  about 0 . 3  RE. 

For t h e  model r a d i a t i o n  b e l t  assumed by u s  t h e  p a t h  l e n g t h s  of w h i s t l e r s  
were computed (F ig .6)  by t h e  f i e l d  l i n e s  c r o s s i n g  t h e  ground a t  l a t i t u d e s  
63" (A),  65O30' ( B ) ,  65"45' ( C ) ,  66" ( D )  and 67" ( E ) .  The c a l c u l a t i o n  w a s  con- 
duc ted  by t h e  formulas  u t i l i z e d  i n  [17 ,  181: 

where - c i s  t h e  speed of sound,  f, i s  t h e  f requency  of t h e  w h i s t l e r ,  fH is  t h e  
gyrof requency ,  f is  t h e  plasma frequency and Vgr i s  t h e  group v e l o c i t y .  

0 

where T is  p a t h  l e n g t h  of t h e  w h i s t l e r ,  dS is  t h e  element  of t h e  f i e l d  l i n e  and 
@ i s  t h e  geomagnetic l a t i t u d e  
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T h e  c h o i c e  of f n  f o r  t h e  above-mentioned l a t i t u d e s  was made from [ 1 7 ] ,  
where t h e  fie1.d i n f l u e n c e  was i n v e s t g a t e d  of t h e  r i n g  c u r r e n t  l o c a t e d  a t  
about  40,000 km on t h e  p r o p a g a t i o n  of w h i s t l e r s .  

I t  may be seen from F i g . 6  t h a t  t h e  o u t s t r i p p i n g  of t h e  w h i s t l e r  propagat ing  
a l o n g  t h e  65'30'  f i e l d  l i n e  by t h e  w h i s t l e r  
p r o p a g a t i n g  a long  t h  66" f i e l d  l i n e ,  t a k e s  

above i n d i c a t e d  v a r i a t i o n  i n  t h e  pa th  l e n g t h  
of Alfv&n waves t a k e s  p l a c e .  And a l though 
t h e  t r a n s i t  times of F ig .6  a r e  somewhat d i f -  
f e r e n t  from t h o s e  observed  e x p e r i m e n t a l l y ,  t h e  
o r d e r  of  w h i s t l e r  p r o p a g a t i o n  resembles con* 

d u r i n g  o b s e r v a t i o n s  of the "knee". The solu-  
t i o n  of t h e  i n v e r s e  problem of f i n d i n g  plasma 
c o n c e n t r a t i o n  by t h e  p a t h  l e n g t h s  of w h i s t l e r s ,  
o b t a i n e d  i n  t h e  p r e s e n t  work i n  t h e  assumption o f  d i p o l e  c h a r a c t e r  of t h e  magne- 
t i c  f i e l d  a t  t h e  d i s t a n c e  of 6 R ~ , y i e l d s  a p a r t i c l e  c o n c e n t r a t i o n  jump by a fac- 
t o r  of 6 , t h e  w i d t h  of t h e  r e g i o n  being 0.2R~. T h i s  i s  about  5 t i m e s  less t h a n  
t h e  jump o b t a i n e d  i n  t h e  work [ 2 ] .  

f~ Mhz 
p l a c e  i n  t h e  same r e g i o n ,  i. e . ,  where t h e  -(/-$If 

D c3 

d f :- : =------------------- 4- - - ir(c f, 
s i d e r a b l y  t o  t h a t  of e x p e r i m e n t a l  d a t a  [ 2 ]  

0 D 2 L---- 4 6 8 9  

(1 f* 
T ,  sec 

Fig .  6 

A t t e n t i o n  should  b e  ca l led  t o  t h e  f a c t  t h a t  t h e  v a r i a t i o n  of w h i s t l e r  
p a t h  l e n g t h s  ( t r a n s i t  t imes)  t a k e s  p l a c e  on t h e  geomagnetic f i e l d  l i n e s ,  o v e r  
which i n c r e a s e  and n o t  decrease of plasma d e n s i t y  t a k e s  p l a c e  i n  t h e  equato-  
r i a l  p l a n e  as t h e  d i s t a n c e  from t h e  E a r t h  i n c r e a s e s ,  i. e. (F ig .2)  t h i s  pheno- 
menon may b e  adapted t o  l i n e s  of f o r c e  p a s s i n g  a t  t h e  o u t e r  boundary of t h e  
r a d i a t i o n  b e l t ,  where t h e r e  i s  i n  t h e  e q u a t o r i a l  p l a n e  a n  i n c r e a s e  of t h e  geo- 
magnet ic  f i e l d  d i s t o r t e d  by t h e  f i e l d  of r a d i a t i o n  b e l t ' s  r i n g  c u r r e n t .  

Drawing a b a l a n c e  s h e e t  w i t h  r e f e r e n c e  t o  t h e  above, i t  is p o s s i b l e  t o  
r e a c h  t h e  f o l l o w i n g  c o n c l u s i o n s .  

1. The p r e s e n c e  of d i p o l e  geomagnetic f i e l d  d i s t o r t i o n  by t h e  r i n g  cur -  
r e n t ' s  f i e l d  of t rapped  r a d i a t i o n  b e l t  may r e s u l t  i n  t h e  appearance of a m i -  
nimum i n  t h e  d i s t r i b u t i o n  of charged p a r t i c l e s  of t h e  magnetospheric  plasma and 
of a minimum i n  t h e  f i e l d  of Alfv6n v e l o c i t i e s  VA. The i n d i c a t e d  minimum i s  lo-  
c a t e d  i n  t h e  c e n t r a l  r e g i o n  of t h e  r a d i a t i o n  b e l t .  

2 .  The p e c u l i a r i t y  of VA d i s t r i b u t i o n  i n  t h e  magnetosphere r e s u l t s  i n  
t h e  change i n  t h e  c o n d i t i o n s  of magnetohydrodynamic wave p r o p a g a t i o n ,  which may 
assume an  e s s e n t i a l  s i g n i f i c a n c e  when c o n s i d e r i n g  t h e  q u e s t i o n  of g e n e r a t i o n  
of geomagnet ic  p u l s a t i o n s .  

3 .  There is  observed i n  t h e  d i s t r i b u t i o n  of VA f i e l d  a n  a d v a n c e o f A l f v 6 n  
wave, p r o p a g a t i n g  a long  t h e  f i e l d  l i n e  c l o s e s t  t o  E a r t h ,  re la t ive  t o  t h e  Alfvgn 
wave p r o p a g a t i n g  a long  t h e  remote f i e l d  l i n e ;  a s imilar  o u t s t r i p p i n g  e f f e c t  is  
observed a t  w h i s t l e r  p r o p a g a t i o n ,  which is s i m i l a r  t o  C a r p e n t e r ' s  r e s u l t s  i n  
h i s  o b s e r v a t i o n s  of w h i s t l e r s  i n  t h e  "knee" r e g i o n .  
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4.  The o b t a i n e d  p e c u l i a r i t i e s  i n  t h e  d i s t r i b u t i o n  of t h e  f i e l d  of 
Alfvgn wave v e l o c i t i e s  and i n  t h e  propagat ion  of  w h i s t l e r s  have a similar 
c h a r a c t e r  w i t h  ana logous  s i n g u l a r i t i e s  of t h e  f i e l d  and w h i s t l e r s ,  stemming 
from t h e  assumption of t h e  p r e s e n c e  of a "knee" i n  t h e  d e n s i t y  of t h e  magne- 
t o s p h e r i c  plasma. 
f i e l d  d e p r e s s i o n  is p o s s i b l e  i n  the r e g i o n  of t h e  "knee". 

T h i s  a l l o w s  u s  t o  assume t h a t  t h e  e x i s t e n c e  of geomagnetic 

Obviously,  when computing plasma c o n c e n t r a t i o n  i n  t h e  magnetosphere,  one 
must n e c e s s a r i l y  t a k e  i n t o  account  t h e  i n f l u e n c e  of e l ec t r i c  c u r r e n t s  f lowing  
i n s i d e  t h e  E a r t h ' s  magnetosphere.  

c 

Manuscr ip t  r e c e i v e d  on 
20 September 1967 
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