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The theory of induced scattering of wave packets having a wide frequency spread and a ran-
dom phase has by now been fa i r ly  wel l  developed.  I ts  resul ts ,  however,  cannot  be used to ex-
plain many laboratory and ionosphere experinents in which a monochromatic wave interacts j,ni-

t ia f fy  wi th a p lasma. The wave ampl i tudes are f requent ly  so large that  the hydrodynamic stage
of  induced scat ter ing (a lso cal led nodi f ied decay instabi l i ty)*develops,  wherein Yg > Kv1o,
where yg is  the increment  of  the induced scat ter ing,  F = ( r  

. -  k?,  l ( - t  and-k,  are the wave vectors
of  the inc ident  and scat tered waves,  respect ive ly ,  and v1q is  the thermal  ve loc i - ty  of  the scat-
tered par t ic les.  We present  here cer ta in resul ts  of  an invest igat ion of  the nonl inear  s tage of
hydrodynamic scattering of a monochromatic wave,

As  a l ready  no ted  i n  I l ] ,  t he  ana logy  w i th  two -s t ream ins tab i l i - t y  o f  osc i l l a t i ons  i i a
p lasma is  usefu l  i -n  th is  case.  The induced scat ter ing is  due to the in teract i .on of  a moderate-
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strength incident wave that is quadratic in amplitude and a moderate-strength scattered wave
(beats at  the d i f ference f requency 0 = r l  -  oz) ,  on the one hand,  and e lec i rons or  ions,  on the
other .  Dur ing the k inet ic  s tage,  the scat ter ing is  due to a smal1 group of  resonant  par t ic les,
whereas in  the hydrodynamic stage a l l  the p lasma par t ic les in teract  wi t i r  the beats.  The insta-
b i l i ty  due to induced scat ter ing can be saturated by two ef fects:  phase mix ing of  the par t ic les
t rapped in- the potent ia l  wel l  o f  the e lect r ic  f ie ld of  the beats,  .nd ch"nger in  the phase
veloc i ty  of  the beats,  which cause the par t ic les to shi f t  f rom the deceler i t ing to th;  acceler-
at ing phase of  the f ie ld.  Which of  the indicated causes prevai ls  depends on the rat io  of  the
maximum osci l )at ion f requency of  the par t ic les in  the potent ia l  wel l  o f  the beats,  0#.*  =
= ( r '0p31, /m)r /z  (see (1))  to  the instabi l l - ty  increment  |g .  I f  CIH.*  > yg,  the l imi tat ion on the
beat anplitude is imposed by the phase mixing of the capiured pai[ictes, and the maximum ampli-
tudes of  the scat tered waves can be est imated,  just  as in  the Lase of  two-st ream instabi l i ty ,
f rom the re lat ion QB = YH. Usual ly  th is  case i .s  real ized in  scat ter ing by e lect rons.  I f
4"* l tYg,  which is  typ ical  of  scai ter ing by ions,  the pr inc ipal  ro le is  p layed by ef fects of
the change of  the phase veloc i ty  of  the beats;  these ef lects i r ise when t i re  p lasma densi ty  is
modulated.

To obtain quantitative relations, we consider a two-rnode regime in which two quasisinu.
soidal waves take part in the interaction, one the init ial wave and the other correjponds, for
example, to the wave having the maximum increnent. This regime is crucial for the undersianding
of the general picture of induced scattering of a nonochromatic wave.

The system of equations describing the nonlinear interaction of two quasinonochromatic
waves due to induced scattering in an isotropic plasma assumes the simplest for* in two linit ing
cases,  in  scat ter ing by e lect rons,  when Krde >> 1,  and in scat ter ing bt  ions,  when Krds << l .
omitting the details of the derivation, we present directly the equations for the compiex ampli-
tudes Ar and Az of the interaction waves

d A ,
dt

-  -  r  o  rA r*"yr . - r - t t  o fa, ( ,  o l . - '  
t  ( to '  v , ) ,

dA,  I  t

d t  
- - i o r A r o  

I t L .

o t ,z  =+ . r [ " *

( 1 )

I  d v o

r = n.(f.",r.
f  o | ' o l r i { ( { t o '  

v o )

e2ArAl

N r - N ,

Here ,.,J;:,  t  -  O t  - x : ,  O . =
2 n a  , u  r '

{l)pe is the electron Langmuir frequency, the index q, determines the t)?e of particle fron which
the scat ter ing takes p lace,  and fo(vo)  is  the in i t ia l  ve loc i ty  d is t r i -but ion funct ion of  these
part ic I es .

The f i rs t  two equat ions of  the system (1)  y ie ld,  in  par t icu lar ,  a  conservat i -on law for
the number of  the quanta of  the in teract ing par t ic les.  I t  is  a lso easy to obta in f rom (1) ,  in
the approximat ion l inear  j -n  the ampl i tude A. ,  expressions for  the l inear  increments t l ] .

The system (2) assurnes, a form that is easier to anaLyze and interpret by introducing real
wave ampl i tudes and phases [ r .e  = f i1 . rexp( iOr z)  and changing over  to the fo l lowing d inension-
l e s s v a r i a b l e s  '  '  '
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where the number of quanta is given by the relation
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As a resul t  we get
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The system (3) has a universal form and depends in the hydrodynamic l imit only on one
parameter 6^ = ulo",/4yHr6luJr. In induced scattering of an electromagnetic wave by electrons,
* i t ich t .kes*plac6- in a raref ied p lasma Krde >> 1,  we have 6e.< I  when Jg t  rp" .  In  th is  case
the saturat ion sets in  before the ampl i tude of  the in i t ia l  wave has t ime to change,  and conse-
quent ly  the populat ion d i f ference 6 can be regarded as constant .  The system (3)  then coinc ides
exact ly  wi th the equat ions descr ib ing the two-st ream instabi l i ty  in  the s ingle-mode regime [2,
g] .  The ampl i tude of  the growing wave,  obta ined wi th the a id of  nuner ica l  in tegrat ion of  (3) ,

co inc ides in  order  of  magni tude wi th the est i -mate g iven above f ron the f requency of  the osci l la-
t ions of  the t rapped par t ic les,  and is  ev idence of
ear ly  saturat ion of  the two-node regime.  This
should be fo l lowed by a sate l l i te  instabi l i ty  that
leads to a rapid expansion of the wave spectrun, to
heat ing of  the e lect rons,  and to a t ransi t ion of
the instabi l i ty  to  the k inet ic  s tage.

The s i tuat ion is  d i f ferent  in  the case of
scat ter ing by ions in  a suf f ic ient ly  dense p lasma,
when 6 i  >> 1.  A typLcal  t ime dependence of  the
ampl i tudes of  the in teract ing waves,  obta ined
neglect ing the thernal  scat ter  of  the ions,  is
shown in the f igure.  In  the calculat ing we used
the parameter  6 = 50 and chose the fo l lowing
i n i t i a l  c o n d i t i o n s :  T  =  0 , 0 0  =  1 , 0 0  =  0 . l f ( v o )  =
=  6 (vo ) .  I t  i s  seen  f ron  the  f i gu re  t ha t  a lmos t
the tota l  energy of  the in i t ia l  wave is  t ransferred
to the scat tered wave,  and the subsequent  process
is  quasiper iodic .  Al lowance for  the thermal  not ion
of the ions during the hydrodynamic stage does not
change the character of the interaction and proves
t i rat  the nonl inear  ef fects of  the change of  the
phase veloc i ty  of  the beats are connected wi th
bunching of the untrapped particles that j-nteract

ad iaba t i ca l l y  w i t h  t he  f i e l d .

The sate l l i te  instabi l i ty  should aPparent ly
p lay an important  ro le a lso in  the case of  scat-
ter ing by ions"  However,  unl ike the p lasna-beam
interact ion,  th is  instabi l i ty  can lead under
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def in i te  condi t ions not  to  turbul izat ion but  to  generat ion of  phased spat ia l  harmonics of  the
in i t i a l  wave .
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