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1.  The mechanj-sm whereby the ear thrs outer  radiat j -on bel t  is  f lormed (beta-
t ron  acce le ra t i on  I t ] )  p roduces  an  l so t rop i c  p ropaga t i on  o f  t he  cap tu red  pa r -
t i c l - es  (pa r t i c l es  w i t h  l a rge  p i t ch  ang les  p redomina te ) .  As  a  resu l t ,  cyc lo t ron
ins tab i l l t y  deve lops  unde r  f avo rab le  cond i t i ons .  The  p ro tons  o f  t he  rad ia t l on
beL t  a re  uns tab l -e  aga i -ns t  t he  bu i l dup  o f  A l f ven  waves  ( t l  <  0^ ) ,  and  the  eLec -

v

t rons  are  uns tab le  aga ins t  waves  o f  the  sh ls t le r  type  (Qo . .  , <  0  )  ( c f .  l - I  -
e -

n " l4 ) ) ,  W e  s h a l - l -

The Al fven
the ionosphere

dea l ,  f o r  conc re teness ,  w i t h  A ] f ven  waves  [1 ,  3

waves propagate a long the fgrce l lnes,  becoming ref lectef l ,  f rom
in  magne t i ca l l y  conJuga te  po in t s .  Nea r  t he  equa to r l a l  p l ane
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F l g . l . E q u a t o r l a l s e c t l o n t h r o u g h t h e m a g n e t o s p h e r e : 1 -
p lasmopause [10 ] ,  2  -  d r l f t  she l l .

Flg.  2.  Dynamlc spectrum of geomagnetlc pulsat ions of the
"p6ar1"  type  t3 l  (schemat lc  representa t lon)  '

there occurs an effect ive exchange of energy between the waves and the reso-

nant  par t i c les .  Ins tab l l l t y  se tJ  1n  1 f  the  in f lux  o f  energy  f rom the  par t l c les

to  the  waves  exceed the  loss  o f  the  waves  in  the  lonosphere .

rr  mi ohr <asln that this should be accompanled by excl tat lon of hydromag-
r v  r r 4 6 r r v  p e

net ic  no isE tZ t .  ye t  in  exper iment  one f requent ly  observes  quas lmonochromat lc

s igna ls .  I t - i J  assumed tha t  such s lgna ls  p ropagate  in  nar row ray  tubes ' ,  Such

tubes are formea, ror example, at  points where the plasmopause crosses the

dr i f t  she l l  o f  the  h lgh-energy  par t i c les  (F lg '  1 ) '

A remarkable property of quaslmonochromatic s|gnals ls the fact that they

are  d lsc re te  (p i -g . -2 ) .  WL propose ln  th is  paper  an  exp lanat lon  o f  the  manner

in  wh lch  d lsc re te  s igna ls  ane produced by  cont lnuous  exc i ta t lon '

2 .  The pr inc ipa l  ro le  fn  tne  appearance o f  aper iod ic  sequence o f  d lsc re te

s lgna ls  i s  p layed Ly  a  s tmp le  e f fec t -  (wh ich ,  Judg lng  f rom the  l l te ra tu re ,  has

,," i ""  been pol i r teA 
"out),  

n 'amely a rapld dlspl icement of resonant part lc les

across the ray tube, owlng to t f re azimuthal dr l f t  ln the inhomogeneous magnetic

f ield.  I f  th;  t lme that the part ic le stays lnslde the tube is shorter than a

cer ta ln  c r i t i ca l  va1ue,  then ie l f -modu la t lon  o f  the  lnc rement  takes  p lace  and

the wave f leld breaks up lnto lndlvldual packets

Let the axls of the ray tube be z '  and let  the x axls be paral Iel  to the

pro ton  dr i f t  ve loc l ty  ( to  t i re  west ) .  we per fo rm an e lementary  ca lcu la t lon '

uslng the model equat ion

#. r -#  - (y -8) r ' .

Here  W i s  t he  osc l l l a t l on  ene rgy  dens i t y ,  Vg "  t he  g roup  ve loc i t y ,  Y  t he  i nc re -

men t ,  and  6  t he  dec remen t .  The  t ranspo r t  equa t l on  (1 )  i s  based  on  the  assump-

t ion that  the medlum is  homogeneous tn t f re z  d l rect ion.  The presence of

par t ly- ref lect lng boundar ies on the two ends of  the force 1 i r 'e  is  taken lnto

bccount  by in t roEucing an ef fect ive decrement  6 and a per lodic l ty  condl t ion

i ( ,  +  l )  I  w ( z ) ,  w h e r e  l .  i s  t h e  l e n g t h  o f  t h e  f o r c e  l 1 n e '

energy density is homogeneous over the cross
to zero outslde the tube. Assume that at  the

( 1 )

Assume tha t  the  osc i l l -a t ion
sec t ion  o f  the  tube and is  equa l

5 8



eastern  edge o f  the  tube (x  =  -Ax)  t t re  inc rement  i s  g iven  and equa ls  y0  =  cons t .
The t ime evolut ion of the lncrement insdle the tube depends on the pr ior his-
to ry  o f  the  sys tem.  We represent  the  func t ion  y ( t )  phenomeno log ica l l y  ln  the
f ' o r m  y ( t )  =  y [ G ( t ) ] ,  w h e r e

G ( t ) ' ) 6 ( t ' - t ) d t ' ,

We expand Y 1n powers of G and retaln the f l rst  two terms:

y ( r ) ^ y o - a G ( t ) , ( 2 )

Here  c r ,  =  -dy /dG a t  C =  0 .  The fo rm fac tor  0 ( t r  -  t )  i s  de termined on  the
bas ls  o f  the  fo l low ing  cons idera t ions .  The rep len lshment  o f  the  par t i c les  1n
the  ray  tube as  a  resu l t  o f  a  d r i f t  w i th  ve loc i ty  vdr  occurs  w i th in  a  t lme on

the  order  o f  A t  =  Ax , /vU" .  There fore  0(E)  =  0  when E <  -A t .  0n  the  o ther  hand,

i n t h e i n t e r v a l - A t  <  E  <  O w e p u t  f o r s l m p l l c i t y  9 ( E )  =  f .  S i n c e  G > 0  a n d
y  <  yo ,  i t  fo l lows tda t  o  >  O.  The quant l t y  (oG)- r  j -s  o f  the  order  oF t ime o f
iso t rop iza t lon  o f  the  par t i c l -es  under  the  in f luence o f  the  waves .

We now subs t i tu te  (2 )  and (1 )  and ob ta in

l

= [ w ( l

# .  
r *#=(yo  -E ) r { -a r r

I

I
r -Ar

Wdt  . (  J /

( 4 )

The equat ion has a homogeneous stat ionary solut ion f r  = y* /c lAt ,  where y*  =
yo -  6.  We shal - l -  show that  th is  homogeneous background 1s unstable against
sp l i t t i ng  i n to  i nd i v l dua l  packe ts .

W e p u t W = F + w ,  w h e r e w t u e x p ( i q z  - i K t ) ,  a n d K =  K t  +  l K t r .  B y  v i r t u e
o f  t he  pe r i od i c i t y  i n  z ,  t he  quan t i t y  q  assumes  d i sc re te  va lues :  q  =  2nn / l ' ,
n  =  0 ,  1 ,  2 ,  L i n e a r i z i n g  ( 3 )  w i t h  r e s p e c t  t o  w ,  w e  g e t  r f  e  Z n n / t  a n d
K "  =  - y * ( s i n  r , L t ) / ( r t A t ) ,  w h e r e  t  =  9 . / v o n .  W e  s e e  t h e r e f o r e  t h a t  t h e  w a v e
enve lope  amp l i t udes  l nc rease  i f

I  A t
n t - i -  < ? I < r t  m = l r 2 r r -

2 t

The  sp l i t t i ng  o f  t he  homogeneous  backg round  i n to  wave  packe ts  p roceeds  a t  t he
fas tes t  r a te  i f  nL t / r  f a l 1s  i n  t he  f i r s t  i n te rva l :  '

7 f

< n < _
2 A r  A t

Le t  us  es t ima te  t he  number  o f  g row ing  ha rmon ics  n  1  r / L t ,  i . e . ,  t he  num-
be r  o f  packe ts  a long  the  ray  t ube .  The  g roup  ve loc i t y  i s  c l ose  to  t he  A f f ven
ve loc i t y  vo r  and  the  d r i f t  ve loc i t y  i s  o f  t he  o rde r  o f  t d "  q '  v " /Q? . ,  whe re  v

a

and  Q  a re  t he  ve loc i t y  and  the  gy ro f requency  o f  t he  resonan t  p ro tons .  The
hal f -width of  the ray tube is  of  the order  of  Ax q '  L /k .  Taklng in to account
the  resonance  cond l t i on  kv  n ,0 ,  we  ob ta in  L t / r  +  v^ / v .  I t  i s  known  tha t  f o r

pea r l s  va  S  v ,  so  t ha t  n  =  l - ,  as  i s  l ndeed  obse rved  i n  mos t  expe r lmen ts  t 3 ] .

3.  Al though under real  condi t ions the behavior  of  the waves and of  the
pa r t i c l es  i s  more  comp l i ca ted  than  desc r i bed  above ,  t he  ma in  c r i t e r i on  (5 )  i s
appa ren t l y  co r rec t  and  has  a  c l ea r  phys i ca l  i n te rp re ta t l on .
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Assume that there is one pr imlng packet within the length of the tube.

Wi th  inc reas lng  ampl i tude,  a  non l inear  reg lme se ts  in  rap id ly ,  such tha t  the

1ocal increment is great ly reduced in one passage of the packe_t through the
ln te rac t lon  reg i -on .  when r :  A t ,  th is  p revents  the  growth  o f  o ther  packets ,

s lnce  the  an iso t ropy  ln  the  tube 1s  res tored  a f te r  a  t ime tuAt ,  i ' e "  on ly  by

the  ins tan t  the  f : - i i t  packet  re tu rns .  A t  x  Z  z l t  i t  l s  poss lb le  fo r  two pack-

e t s  t o  a p p e a r ,  e t c .

Th ls  i s  the  in te rpre ta t ion  o f  the  d lsc re te  s lgna ls  exc i ted  1n  the  rad la -

t lon  be l t .  The hypoth ls is  can be  d i rec t l y  ver l f led  by  observ lng '  w l th  a  geo-

stat lonary satel l i ie,  the ampl i tude modutat lon of the magnetlc pulsat lons
(, \ ,1 Hz) ana t fre aegree of anisotropy of the protons (t I -O - 30 keV) '
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