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Theore t i ca l  and observat ional  r e sea rch  on t h e  hydro- 

magnetic wave resonances i n  the magnetosphere is reviewed, 

The magnetosphere is divided i n t o  t h r e e  regions: 111 the 

plasmasphere, 2) t h e  ou te r  magnetosphere and 3)  tile 

magnetospheric t a i l .  Applicable t h e o r e t i c a l  models i n  

each of t h e s e  regions  a r e  discussed.  Observations of the 

resonant  per iods  i n  s e v e r a l  s a t e l l i t e  experiments are 

compared w i t h  t h e  models and predominant resonance p e r i d s  

i n  t h e s e  regions a r e  suggested,  Observed resonance periods 

and t h e  s i z e  of t h e  resonat ing regions  are discussed for  

a p o s s i b l e  use as d iagnos t i c s  of t h e  magnetosphere. 



I, In t roduc t ion  

The environment of t h e  e a r t h  containing t h e  geo- 

magnetic f i e l d  and low d e n s i t y  plasma is c a l l e d  t h e  

magnetosphere, I n  recent  yea r s  observat ions  by s a t e l l i t e  

experiments have provided q u a n t i t a t i v e  information regard- 

ing t h e  shape of t h e  magnetosphere which is formed by the 

cons tant  flow of t h e  plasma from t h e  sun, Even though 

much information is known about t h e  regions  neas t h e  

e q u a t o r i a l  plane and f a r  i n  t h e  t a i l  out  t o  80 e a r t h  

r a d i i ,  t h e  complicated s t r u c t u r e  of t h e  f i e l d  a t  high 

l a t i t u d e s  and near the beginning of t h e  n e u t r a l  shee t  i n  

t h e  t a i l  remain t o  be explored experimentally.  The 

magnetosphere has  c e r t a i n  regions  which a r e  approximately 

r egu la r  and symmetric i n  some ways, These regions allow 

the c a l c u l a t i o n  o f  t h e  hydromagnetic wave resonances,  The 

magnetic f i e l d  i n  t h e  magnetosphere is inhomogeneous and 

t h e o r e t i c a l  s tudy  of t h e  hydromagnetic waves has  been 

found t o  be a tough problem. On t h e  con t ra ry ,  t h e  magneto- 

sphere has  provided a n a t u r a l  l abora to ry  where t h e  braves 

can experimental ly  be s tudied  i n  t h e  low d e n s i t y  plasma 

and inhomogeneous magnetic f i e l d  , C e r t a i n  assumptions on 

t h e  boundary condi t ions  on t h e s e  symmetric resonant  i.ng 

regions  and o the r  i d e a l i z a t i o n s  al low us t o  compute reso- 

nance frequencies ,  These waves, with d e f i n i t e  frequency 



values,  propagate t o  t h e  su r face  of t h e  e a r t h  and a p p a r  

a s  "rnicropulsations" i n  magnetograms. Some of t h e  csb- 

s e rva t ions  of t h e  pe r iod ic  wave f i e l d  f l u c t u a t i o n  i n  the 

magnetosphere and on t h e  su r face  of t h e  e a r t h  can also be 

used t o  p r e d i c t  t h e  s i z e  of t h e  resonat ing regions of the 

magnetosphere, 

It is t h e  purpose of t h i s  paper t o  review t h e  present 

t h e o r e t i c a l  and experimental  knowledge on t h e  HM wave 

propagat ion  i n  t h e  resonat ing reg ions of t h e  magnetosphere, 

H i s t o r i c a l l y ,  i n  1954, it was J, W. Dungey who r e a l i z e d  

the importance of t h e  application of hydromagnetic theory 

t o  t h e  e a r t h ' s  environment, A t  t h a t  t ime, t h e  term 

"magnetosphere" was not coined and our knowledge of that 

region was far from what w e  know a t  present  through a a t e P B i t e  

experiments. Dungey (1954a, 1954b) obtained from t h e  

and Maxwell's equat ions,  coupled wave equat ions i n  a dipole 

magnetic f i e l d ,  These equat ions were decoupled by using 

an assumption of an a x i a l l y  symmetric f i e l d  i , e .  H = 0 
cp a 

and v a r i a t i o n  of type  ;5-- = 0 ,  The two decoupled equations 
cP 

g ive  pure wave modes which a r e  known a s  t o r o i d a l  and ps lo ida l  

modes. The t o r o i d a l  mode has  wave f i e l d  i n  s p h e r i c a l  

coordina tes  a s  



where E,  b and V a r e  wave per turba t ions .  Dungey a s s m e d  

standing wave resonances along t h e  d i p o l e  f i e l d  l i n e s  and 

obtained t h e  r e l a t i o n s h i p  between t h e  period T and co- 

l a t i t u d e  8 

T = 0.6 cosec2 @ where 6 60.. ( 2  

The po lo ida l  mode has  wave f i e l d s  a s  

Dungey presented an approximate t rea tment  of the poloidaf 

mode. 

A f t e r  the b a s i c  work of Dungey (1954a,b) s e v e r a l  re- 

sea rcher s  made refinements i n  t h e  theory  by making mlodi- 

f i c a t i o n s  on t h e  i n i t i a l  assumptions, e s p e ~ i a l l y  i n  t.he 

d e n s i t y  dependence, used i n  t h e  Dungey model ( ~ a t o  and 

Watanabe, 1956; Wcstphal and Jacobs,  1962; S e i b e r t ,  1964; 

' Radoski and Garovkllano, 1966) , 



XI, Resonat inq Req ions 

The present  knowkedge of t h e  magnetospheric shape 

is summarized i n  F ig ,  5. The exact  s i z e  of a parti- 

c u l a r  region a t  any time i s  a  v a r i a b l e  depending on the 

s o l a r  wind plasma v e l o c i t y ,  d e n s i t y  and t o  some ex ten t  

t h e  d i r e c t i o n  of t h e  i n t e r p l a n e t a r y  magnetic f i e l d ,  

However, t h e  regions  which can be c l a s s i f i e d  a s  workable, 

f o r  t h e  purpose of t h e  c a l c u l a t i o n  of hydromagnetic 

wave resonances, a r e  designated i n  Fig.  1 a s  1) plaslna- 

sphere,  2 )  ou te r  magnetosphere, and 3)  t a i l  region,  

The wave propagation i n  t h e s e  t h r e e  regions  w i l l  be  

discussed i n  d e t a i l .  

We should po in t  out t h a t  t h e r e  a r e  t h r e e  more reso- 

nat ing  regions which w i l l  be excluded i n  t h i s  paper. 

These regions are a) t h e  ionosphere-earth c a v i t y ,  

b) t h e  ionosphere and Alfven velocity maximum region 

a t  about 2500 km shown by do t t ed  c i r c l e s  i n  P ig ,  1 and 

c) t h e  region near  t h e  beginning of t h e  t a i l ,  The 

regions a )  and b) a r e  important f o r  t he  propagation of 

f P c l  (0.2 t o  5 sec  per iod)  type hydromagnetic waves, 

Planchester (1966) has  suggested t h a t  a  duct  centered a t  

F2 region  of t h e  ionosphere is more acceptable  f o r  P c l  

propagation (4  sec  period c u t o f f )  a t  low l a t i t u d e  than 



t h e  ionosphere-earth cav i ty .  Jacobs and Watanabe (1962) 

have ca lcu la ted  resonance frequencies  f o r  the ionosphere 

and ALfven maximum region  t o  2000 km and showed t h a t  8 sec 

is t h e  fundamental period i n  t h i s  region,  The propagation 

of t h e  hydrornagnetic waves of type P c l  is  g r e a t l y  in-  

fluenced by t h e  ionospheric parameters and t h e  charge 

p a r t i c l e  population i n  t h e  exosphere, We w i l l  not  y o  into 

t h e  d e t a i l s  of t h e s e  phenomena. Some d i scuss ion  can be 

found i n  a monogram by Jacobs (1970) and a review paper 

by S a i t o  (1969)- The c a v i t y  region near t h e  t a i l  may 

support  hydromagnetic resonances a s  suggested by Raspapov 

(3968). These resonances a r e  descr ibed a s  a poss ib le  source 

of t h e  Pi2 pulsa t ions .  



111. Waves i n  t h e  Plasmasphere 

Th i s  region is labeled a s  1 i n  Fig. 1, The plasma- 

sphere con ta ins  high d e n s i t y  plasma of usua l ly  above 3-00 

3 protons per  cm . The region ou t s ide  of t h e  plasmaspI~ere 

has  plasma d e n s i t y  of 10 t o  1 protons per  cm'. This  change 

usua l ly  occurs wi th in  one e a r t h  r a d i u s  (Carpenter,  1,964), 

The rad ius  of t h e  plasmasphere is 3 t o  4 e a r t h  r a d i i  for 

d is turbed  days (k > 2-41, bu t  it may extend t o  6 or 7 
P 

e a r t h  r a d i i  i n  q u i e t  days,  

Resonances i n  t h e  plasmasphere have been s tudied  by 

Radoski and Carovi l lano  (1966). They used Dungey equations 

f o r  t h e  plasmasphere plasma d e n s i t y  

where a = 6400 km and r is  t h e  d i s t a n c e  i n  km.  This  form 

of t h e  d e n s i t y  is i n  agreement wi th  observed w h i s t l e r  data  

(Hel l iwel l ,  1964). Axisymmetric t o r o i d a l  mode waves w e r e  

s tud ied  by WKB method and compared t o  t h e  s t r e t c h e d  string 

model. Resonant per iods up t o  140 sec were p red ic ted ,  

Cummings et a l  (1969) using a s i m i l a r  approach in te rp re ted  

ATS-1 observat ions a t  6.6 e a r t h  r a d i i  a s  second harmonics 

of a standing A1fven wave. They observed predorninant 

per iods  of 102 and 190 seconds a s  t h e  resonant  per iods i n  

t h e  plasmasphere, The d a t a  used were taken i n  the quiet 

period s o  t h a t  t h e  plasmapause was most l i k e l y  beyond 



6.6 e a r t h  r a d i i .  They akso showed t h a t  t h e  resonati.ng 

periods of 102 and 190 y ive  reasonable va lues  of t h e  equa- 

t o r i a l  plasma d e n s i t y  i n  t h e i r  model, Heppner e t  a9 (1969) 

have reported from OGO 3 and OGO 5 d a t a  t h a t  pu l sa t ions  i n  

t h e  45-120 sec  period range a r e  observed wi th in  L = 5 and 

8 e a r t h  r a d i i .  This author  has found, while analyzi.ng 

Explorer 26 d a t a  a t  the Unive r s i ty  of Minnesota, t h a t  

per iods  120-180 sec a r e  usual  wi th in  3 t o  6 e a r t h  r a d i i ,  

(The r e s u l t s  a r e  obtained i n  co l l abora t ion  wi th  L. J, 

C a h i l l  and f u r t h e r  s tudy is i n  p rogress ) .  Recently, Dwarkin 

e t  a l  (1971) have observed toro idak  and po lo ida l  resonant 

modes i n  t h e  plasmasphere a t  6.25 e a r t h  r a d i i .  They have 

used DODGE s a t e l l i t e  d a t a  and concluded t h a t  per iods  

between 3 t o  248 seconds with 1 t o  20 gammas amplitudes ace 

observed. They r e p o r t  t h a t  t h e  waves wi th  eigen periods 

of about 40 sec  a r e  dominant i n  t h e  quiet-t ime. The 

l o c a t i o n  of t h e s e  observat ions at 6.25 e a r t h  r a d i i  is 

c e r t a i n l y  wi th in  the plasmasphere. From t h e s e  observat ions 

it is apparent t h a t  t h e  resonant  per iods  i n  t h e  plasma- 

sphere a r e  40, 110-120 and 180-190 second. I f  we exclude 

occasional  observat ions of t h e  P c l  type, t h e  resonant 

per iods a r e  i n  t h e  ca tegor ies  of Pc2, Pc3 and Pc4, Future 

3 observat ions on t h e  magnetospheric s a t e l l i t e s  ( e  .g . s ) 

w i l l  c e r t a i n l y  be use fu l  t o  confirm t h e  above s tatements ,  
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I V .  Waves i n  t h e  Outer Maqnetosphere 

Axia l ly  symrrketric models can be used i n  t h i s  region 

labled a s  2 i n  Fig.  2 .  A 1 1  t h e  d i scuss ion  given i n  pre- 

vious sec t ions  is va l id  i f  a Larger r ad ius  of t h e  c a v i t l r  

is  considered. The models w i l l  work f o r  c losed f i e l d  

l i n e s ,  Dungey and Southwood (1970) have discussed the  

resonant modes i n  t h i s  reg ion  f o r  l a r g e  rn - where rn is 

exponent i n  eimCD. They argue t h a t  t h i s  approach allows 

them t o  include a l a r g e  long i tud ina l  ex ten t  of  the  wave 

propagation, Waves have been found t o  be confined t o  the  

o s c i l l a t i o n s  of E s h e l l s  wi th in  10 degrees long i tud ina l  

ex ten t  ( P a t e l ,  1966). Localized resonant  modes i n  the  

ou te r  magnetosphere can be in te rp re ted  a s  resonant sazsdes 

of l a r g e  m values,  The a d d i t i o n a l  f e a t u r e  of t h e  waves 

i n  t h i s  region is  t h a t  t h e  magnetopause boundary can 

provide a source f o r  t h e  generat ion of t h e  waves. l 3 e  

Kelvin-Helmholtz i n s t a b i l i t y  is a poss ib le  cause of the  

waves. This  f a c t  has  been demonstxated by Dungey and 

Southwoad (1970) b y  using Explorer 33 magnetic f i e l d  data 

near t h e  magnetopause. 

This  region supports  t h e  resonat ing  hydromagnetic waves  

wi th  per iods  of Pc4 and Pc5 c l a s s e s ,  Waves with 150--600 

per iods  a r e  most Likely t o  occur on the dayside of t h e  magneto- 

sphere.  The mechanisms which genera te  such waves ace discussed 

in  reviews by S a i t o  (1969), Dungey and Southwood (19170) and 

Jacobs (1970). We w i l l  no t  d i scuss  observat ions i n  the  ground 

d a t a ,  This  aspect  of t h e  s tudy is covered i n  t h e s e  reviews, 
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Direc t  observat ions of t h e  waves i n  t h i s  region were 

reported by  Pate1  and C a h i l l  (1964) and P a t e l  (1965) i n  

t h e  0650-1200 l o c a l  time sec to r .  The periods i n  t h e  

range of 100-200 sec  and amplitudes of IOy were obtained, 

It was a l s o  shown t h a t  t h e s e  waves propagated t o  the  sur- 

f ace  of t h e  e a r t h ,  Explorer 6 observat ions by Judge and 

Coleman (1962) were a t  1900 Local time and it is  not eer- 

t a i n  they  can be considered i n  t h i s  region. Some of the 

observat ions by OGO s a t e l l i t e s  i n  t h e  magnetosphere 

beyond plasmapause a r e  i n  t h i s  region (Heppner e t  a l ,  1969), 

Storm-related pu l sa t ions  with 250-900 s e c  per iods a t  ATS-1 

o r b i t  ( ~ a r f  i e l d  and Coleman, 1970) and some of Explorer 14 

observat ions (Pa te l ,  1966a) a r e  p o s s i b l y  i n  this reg ion, 

These observat ions  a r e  taken sporad ica l ly  and continuous 

observat ions a r e  required a t  var ious  l a t i t u d e s  and L 

values t o  compare t h e  resonance per iods  wi th  any par.kicular 

model, From t h e s e  few observat ions l i s t e d  above, the 

predominant resonant  per iods are from 40 t o  400 s e e ,  

We should remark t h a t  t h e  region near  t h e  magneto- 

pause is t h e  main source of p 5  (150-600 sec )  per iods,  

Surface waves on t h e  magnetopause and t h e  resonances of the  

f i e l d  l i n e s  near t h e  boundary i n  t h e  sunward s i d e  of the 

magnetosphere a r e  sources of t h e  pc5, From t h e  su r face  

observat ions it appears t h a t  t h e  pc5 a r e  most Likely t o  
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occur i n  t h e  dayside.  I n  conclusion, t h e  ou te r  region 

of t h e  magnetosphere has resonant per iods  of  the hydro- 

magnetic waves which a r e  i n  t h e  ca tegor ies  of pc4 and pc5. 

It should be pointed out  t h a t  the longer per iods of 10 t o  

20 min range i n  t h i s  region i n  t h e  n igh t s ide  probably have 

o r i g i n  i n  t h e  t a i l  region, 



V. Waves i n  t h e  Magnetospheric T a i l  

The s o l a r  wind plasma flows p a s t  t h e  e a r t h  and s t r e t c h e s  

t h e  magnetic f i e l d  of t h e  e a r t h  behind it (region 3 i n  F i g ,  1) , 

A t a i l - l i k e  conf igura t ion  sf t h e  magnetic field is formed 

i n  t h e  n igh t s ide  magnetosphere (Ness, 1969; Behannon, 1968) , 

The t a i l  region has approximate c y l i n d r i c a l  shape confined 

t o  about 40-44 e a r t h  r a d i i ,  The t a i l  has  been de tec ted  u p  

t o  80 e a r t h  r a d i i  and it is poss ib le  t h a t  t h e  r egu la r  magne- 

t i c  f i e l d  might e x i s t  up  t o  100-200 e a r t h  r a d i i ,  The upper 

p a r t  of t h e  t a i l  has  magnetic f i e l d  l i n e s  d i rec ted  t m a r d  

t h e  e a r t h ,  while  t h e  Lower part  has  t h e  f i e l d  l i n e s  directed 

away from t h e  e a r t h .  The c e n t r a l  p a r t  of t h e  t a i l  'a:E ap- 

proximate dimension of 4 - 6 e a r t h  r a d i i  has  very weak or 

almost zero  magnetic f i e l d .  This region is c a l l e d  neutral 

sheet .  The upper and lower p a r t s  can be idea l ized  t o  the 

cylinders wi th  r a d i i  of about 7 t o  10 e a r t h  r a d i i ,  Both 

of t h e s e  regions have s t eady  and regu la r  magnetic f i e l d  

which remains undisturbed f o r  a period of one o r  two hours 

(~ehannon ,  1968) , U s  ing above observat ional  r e s u l t s ,  Pate1 

(1967) suggested t h a t  t h e  geomagnetic t a i l  can be considered 

a s  a hydromagnetic wave guide,  McClay and Radoski (1967) 

independently considered t h e  theta-model of t h e  t a i l  fo r  

t h e  hydromagnetic wave propagation, Pate1 (1968) c a l c u l a t e d  

resonant  period of 218, 1888 and 1445 s e c  from t h e  (double 

cy l inder  model. McClay and Radoski (1967) obtained resonant 
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per iods  of  1734 and 1675 sec  f o r  TE modes. La te r ,  Pa te l  

(1968a) suggested a hydromagnetic resonator  model which 

can expla in  extremely long periods of g r e a t e r  than  3 0  m i n ,  

This  model can expla in  t h e  long periods observed i n  the 

geomagnetic f i e l d  (Herron, 1967; P a i  and Sarabhai,  1,964) , 

The models discussed a r e  ab le  t o  expla in  t h e  origin 

of t h e  long period micropulsat ions wi th  20 and 30 min and 

longer per iods a s  resonances i n  t h e  t a i l .  However, these 

models neglec t  t h e  e f f e c t  of t h e  n e u t r a l  shee t  which is 

t h i n  compared t o  t h e  wavelengths of t h e  long period re- 

sonances. Two recen t  models ( ~ i s c o e ,  1969; McKenzie, 1970) 

have included the  poss ib le  e f f e c t  of t h e  n e u t r a l  sheet, 

The most r ecen t  model of McKenzie cons iders  t h e  t a i l  as a 

long c y l i n d r i c a l  current-vortex shee t .  The n e u t r a l  sheet 

is considered a s  a s l a b  of hot  plasma surrounded by a 

cold plasma, The eyfj-ndric t a i l  has  resonant per iods sf 

13 rnin, while  t h e  plasma shee t  has  o s c i l l a t i o n s  of 6 min 

(sausage - symmetric) and 3 min (kink - asymmetric) peri&s, 

Siscoe (1969) obtained periods of 11 and 2 rnin f o r  resonant 

compressional waves, Experimental evidence of t h e s e  re- 

sonances i n  t h e  t a i l  i s  found i n  some i s o l a t e d  events  of 

t h e  pu l sa t ion  associa ted  wi th  the  s c  {Ness, 1969). Most 

of t h e  long periods have been de tec ted  on t h e  su r face  of 

t h e  ea r th .  Some of t h e  Explorer 14 observat ions (Pa tek ,  

1966a) a t  12 e a r t h  r a d i i  i n  t h e  magnetosphere has  possible 

e f f e c t  of t h e  resonances i n  t h e  t a i l .  The d i f f i c u l t y  i n  
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t h e  d i r e c t  d e t e c t i o n  of t h e  hydromagnetic resonances  is 

t h a t  t h e  long p e r i o d s  of 10  - 30 min r e q u i r e  undis turbed ,  

con t inuous  and ve ry  long s t r e t c h  of d a t a  fo r  power spec- 

trum a n a l y s i s ,  
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VI . 
and t h e  Solar  Wind, 

Periods of the  micropulsat ions observed i n  t h e  surface 

geomagnetic d a t a  ind ica te  t h e  dependence on t h e  s o l a r  

a c t i v i t y  cyc le ,  During minimum s o l a r  a c t i v i t y  longer 

per iod (pc4) a r e  more l i k e l y  t o  occur,  I n  maximum s o l a r  

a c t i v i t y  pc2,  pc3 and pc4 have equal  p r o b a b i l i t y  t o  Icxcur, 

(Troitskaya, Bolshakova and Shchepetnov, 1967). Bolshakova 

(1965) has  shown t h a t  when magnetopause is a t  10 ear th  

r a d i i ,  pc4 per iods  occur. A s  t h e  magnetopause d i s t a n c e  

decreases ,  pc2 and pc3 per iods  appear, A r e l a t i o n s h i p  

between period T and t h e  s i z e  of t h e  ou te r  magnetoslphere 

region Rm ( labeled 2 i n  Fig.  1) was given a s  follows: 

T =  R~~ where n = 4.8 (59 

However, w e  should remark t h a t  t h i s  r e s u l t  is based on 8 

p o i n t s  taken from Explorer 12 observat ions,  P a t e l  and 

Hastings (1970) extended t h i s  s tudy by using Explorer 92 

and IMP-1 d a t a ,  The s c a t t e r  of t h e  d a t a  po in t s  was Large 

and index n NN LO t o  13 was obtained. Fur ther  ex tens ive  

s tudy using a l l  a v a i l a b l e  magnetopause d a t a  is under way, 

W e  should po in t  out  t h a t  u n t i l  c o n s i s t a n t  and reproducible  

r e s u l t s  a r e  obtained f o r  value of n,  secondary concLusions 

using index n = 5 f o r  c a l c u l a t i n g  s o l a r  wind v e l o c i t y  and 

o the r  parameters with K index should be taken a s  t e n t a t i v e ,  
P 
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Periods of t h e  micropulsat ions have been shown t o  be 

c o r r e l a t e d  with t h e  ou te r  boundary of t h e  r a d i a t i o n  bel t  

(Troitskaya and Gule "mi ,  1967) , These r e s u l t s  c e r t a i n l y  

i n d i c a t e  t h a t  t h e  resonance periods a r e  r e l a t e d  t o  the  

size of t h e  outer  magnetosphere, However, the fuactianaL 

r e l a t i o n s h i p  which can be used t o  r e l a t e  o the r  indexes of 

geomagnetic a c t i v i t y  is  s t i l l  t o  be  determined. Another 

method of determining t h e  size of t h e  resonat ing region 2 

is given by Hirasawa, e t  aL (1966)- They used pc.5 periods 

assoc ia ted  with t h e  sudden impulse (si). The argument is 

based on t h e  f a c t  t h a t  t h e  s i z e  of t h e  resonat ing region 

w i l l  change when the s i  is r e g i s t e r e d  on t h e  e a r t h ,  This 

change w i l l  cause a  change i n  t h e  period of t h e  micro- 

pulsa t ion .  They obtained a formula 

where dT = TI-T and dRm = -R and T "nd T a r e  periods Rk rn 
before  and a f t e r  t he  s i ,  

Caution is again  urged i n  t h e  use of formulas (5) and 

( 6 ) .  One example of an erroneous r e s u l t  t h a t  is obtained 

from t h e s e  formulas and v e l o c i t y  - K r e l a t i o n  is  t h e  
P 

dependence of period T on t h e  s o l a r  wind v e l o c i t y ,  .v, 

This  r e l a t i o n s h i p  between T and v is i n  con t rad ic t ion  with 

the observat ion of T and v presented i n  a paper by Gringauz et al 

(1971). I n  f a c t ,  t h e i r  results obtained from Venera 5 and 
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Venera 6 spacecraft  showed no c l e a r  dependence of T on V, "$"he 

important r e s u l t  of t h e i r  study is t h a t  not t h e  ve loc i ty  of 

t he  so l a r  wind plasma but  the  f l ux  nv and more c l e a r l y  plasma 

dens i ty  n is re la ted  t o  t h e  micropulsation period T, 

The s i z e  of t he  resonating region of t he  plasmasphere 

(region 1 i n  Fig, 1) has been var i f i ed  with the  observation 

obtained by ATS-1 (Cmmings et a l ,  1969) . With the  model 

they used, it was shown t h a t  t h e  predominant resonances of 

102 and 190 are consis tent  with the  s i z e  of t h e  plasma- 

sphere l a rger  than 6-6 ea r th  r a d i i .  Thus with a reasonable 

plasma dens i ty  model, observed resonant periods i n  the 

region allow t o  est imate t he  s i z e  of t he  plasmasphere, 

Resonant periods calculated f o r  t he  t a i l  region have! not been 

d i r e c t l y  var i f i ed  with the  observation in  t h a t  regicbn (labeled 

3 i n  Fig. 1). The models i n  t h i s  region s t i l l  remain theo- 

r e t i c a l  guess work a s  f a r  a s  t he  re la t ionsh ip  between the 

s i z e  of t h e  region and t h e  resonant periods a r e  concerned, 
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