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Further Evolution of the Theory · 

The kinetic approach evolved aboye is quite. complicated 

·and not so comfortable for practical cal~ulations. LE!t ~ show 

here that some phenomenological system of hydrodynamic equa

tipns (in which the friction force has differ,E;!ht numerical coe_ffi

cients when w '> v e and w < v e ) can be of use In concrete 

studies. '!'he basis of this system is the ·kineticeu lhvestlgation 

carried out·· abbve. Accorciirig ~o/l/ we ~btain here a relatiV'ely · 

simple system of hydrodynami~ equation· adequately dkscribirig 

the nonlinear phenomerui in a· plasma· in the frequent:>y- region of 
' . . . ' 

interest. '!'he relative simplicity of this system enables us to 

study complex problem Goncerning the nonlinear spectrli of a fur

.. 1Jiuent plasma in the range of frequent C:oulomb cciut~lohs/2,3/. 
Besides that, on the basis of this system of. eqtlations the 

. · new types of the_ aperlodical low freq.uency (L;F<~) instabilities can 

be obtained when high freque:ncy oscillations change the electro

magnetic properties of . a plasma ess~ntially in .the low frequen<?Y 

range. ·The physical sense of this situation being possib1e is that 

the nonlinear shifts ·of the frequencies are turned out to _be big-

.;.- ·. ger than the proper frequencies of oscillations (ih the . L.F •. region). 
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'!'here fore the dis persian properties. of a plasma are determined 

by !he properties of nonlinear shifts due to intensive H.F. tur

·bulence. 

,, 

It was shown in/1/ that expanding well-known hydrodynamic ·. 

equations to be hold at (L) < v e with ·respect to small parameters 

~ , -cu_ ( cu is high frequency) one can get 
(L) 1 (L) 1 • 1 

k2 2 
ve 

(-icu+i---

R . 
. R R . 2 T ke e R 
)Vk =-0.51vUk -l.71ikv --+--E , 

(L) e <" e e T m k 
oe e. 

2 2 R -
· 3 · k V e T ke R · 

. R 
R T kl 

(-yicu+ 3.16 --+8) --=- ikVk -0.71 ik .. ve . . T e 
Uk+8~+ 
· oe oe · 

m v . -> -> .. 
+ ~e J<V V >8(k-k 1 -k

2
)dk 1dk 2 , 

oe k 1 k 2 

2 2 . 2 2 · R ' ··R 
k vI k vI R . 2 Tkl . 2 Tk . 

"(-icu+l.28 +i )V =-ikv --+0.7likv ___ e_+ 
v I Q) kl . I T I T . 
· ol ol 

me R e R me 
+ 0.51-- v U k-- Ek, 8=3--· v 

m I e m I ·m I e 

k2 2 R R' 
3 ·-· vI · Tkl · R. · T ke 

(--icu+3.9 +8)---= -ikV +8-. 
2 v T kl T . I "ol ol 

Let us solve (8.1) with respect to V ~· 
R 

and V kl 

yR = _ ik v~ A e 

ke K {} eLl 
1 e1 e1 

.... .... 
f v v 8 ( k- k 1- k2 ) d k d k 

k1 k 2 . 1 2 

R ikveAime JV V 8(k-k -k )dk 1dk
2

• v kl = k 1 k 2 • 1 2 
K1 {le1 CUll ml 
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Here we denote 

2 2 k2 2 2 2 2 2 
.. k V 1 VI k Vi Toe k Vi. . ' 8 8 

.lUll= -iiU_· + i---+ 1.28 ---+--- ------ (0.71--)(l+-) 
IU v I 0 I T ol 0 e 1 nil 011 

2 2 
k v 

e 

2 2 

IU =- i IU + i --'--- + I. 71 
e 1 · (U 

k V e. · 8 2 To! 
---0+-), v =--. 

0e1 011 I ml 

. · · 8 · . k 2 v ~ I me I 
K 1 =I+(0.5Iv +1.71t0.71---)-}(- + --) = 

e . 011) oe1 . .(del ml -fL11. 

·I me I 
_ I +·a·<- + -· - > 

IUe.l miiUI1 

me a B 
A =1.71 +- -0+ -) 

e . m I IU 11 011 

A 
I 

8 a . 8 
0.71- ---0+-). 

011 IU e1 011. 

From this 

(8.3) 

(8.4) 
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By comparing . electror'l and ion terms in ( 8.4) We have 

- 1-- » ·~ ()) and. (8.4) coincides with (3 35)/7/at ()) 2 » ~ k2 v 2 
• . 

()) m II: . . . 0 m 8 

el · I I 

In the limit of sufficient low frequency ()) ~ k v 1 . the io~ C:orit~i-
bution should be taken into account in the nonlinear polarizabi

lity S 1 • 'l'he function S 2 last argi.tment of which ·. corresponds 

to low frequency is formally of the ~orm obtained in. § 3. 171. (see .. 

(3.46)1 where K 1 , ()) el and others are now determined by for-

mulae ( 8.3)). 

'l'he system (8.1) is now the basis for getting and studying 

the dielectric permeability of a weak-turbulent plasma in ' the re- · · 

gion ()) « v e • For this (as. there was in the collisionless iimit1 

see 'l'sytovich's review in this issue) ·the electric;: field· is needed 

to be divided into regular part E R and turbulent one E T .• 

Following/2/ we can solve the set (8.1) that now determines 

the regular parts of E 

turbulent parts are 

an -+ --+ divn V=O 
at 

-+ av -+ -+ -+ e -+ 
-+(VV' )V =-E. at m 

v n I T • 'l'he equations for the 

. (8.5) 

· Let us expand both the regular and the turbulent functions 

sought to th~ first order with re~pect to th,e weak regular :field 

amplitude (for example VT = V T(O) + V T( I) 1 etc.). 'l'hen from~ ( 8.5) 

-+ T(O)-+ 
T(O) e . E . k :. 

v = -- -·-=----
k m 8 k()) k 

6 

~~ f· 
_:1; 

'.!'· 
;f 
i' , .. ,. 
(' 

t.' 

II\ . ( 
if' 

·,~/f 
;· 

_, :>'' 
''{, 

.! 

J 
! 
fl 

... l 
~. ·-· :l 

i. i .. 
J 

} 

1. 

t 
'· 



-+ -+ 
T( I) 1 k, ( k k '2) R T(O) . 

vk =---..r--f-1 · v, v, a (k-k'-k, )dk' dk, .. 
kd (L) • k) '(L) ,1 k; k 1 k 2 1 2 1 2 

SubstitUting these expressions into the nonlinear term of the sys-
. aER . R 

·tern (8.1) and usirig eq. -- =- 4TTJ one obtaines at 
m A cu · o 

1- _e_ ---1-.JI..L-- {3 l. 

L' '' -+· e ' . m (L) 2_ (L) 2 m1 Aecu 11 
( ( CU , k , W ) = 1 +I ---e ---"P~8-- + i --"'-pe"-- ---·---'~-""~--

k1 m K (L) CU K (L) (L) f 
I 1 11 1 _e1 1 + {3 

(8.6) 

-+ 

e i k2 v A e 2 dk 
(k-a->Ne ... {3 e e J 1 

-+ -+ .. arfK n (L) cum 2 cu- kv +iO a k k1 
1 

1 e1 e1 e g. 

(8.7) 

-+ d (L)it 
Here v = -.' is the group velocity of H.F •. oscillations, e - . . g . dk1 

N ~ 1s the number of Langmuir Wa.ve quanta. The value · 
1 

£ L( cu, k, W kf describe;:=; the dis persian properties. of· the plasma 
' •. 1 

' in the presence of quasist~ady Langmuir turbulence when the 

unequality cu « v e is performed, getting (8.6) we assume L.F. 

oscillations to be longi~dinal. 

The analogous expression for ~L ( cu ,1, W T ) may be ob

tained if transverse wave beam passes through a plasma (e.g. 

Laser one) but in this case 

16rr 2
K CU {l CU 

1 e1 .. - e 1 . 

2 m 
e. 
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.Let us examine briefly the equation 

.... e 
£L(CLl ,k, W k 

1 
) = O; (8,9) 

It was ·shown above that in the limit of ·very weak · nonlinearity 

there exist two branches of oscillation5' described 'by. these equa~ 
# .Y " 

tion. In both cases the frequency CLl s . may be estimated as 

CLl .. kv vi+ 'I'e .. ·In ·a we~k turbulent plasma principally new branches 
s I Tl. . . . . 

of oscillations (e.g, the ·so called "second" sound type) can 

appear, '!'hey become unstabie in ce-rtain coriditlonsxf •. 

. As an example let us write down the· solution of (8,9) in 

the region (u 'II « k 2 
v 

2 
• 

where H,F, acoustic · oscillations are 
s e e 

in a "quiet" plasma .. 
2 I 2 I ( 4 2 2 2 T roe J.2 

CLl =-CLl +- CLl + k v 1v _e_ --ll---), 
2 s -2 s e T· n T 

I 0 e 

(8,10) 

here CLl =kv (~ + Te )Yz 
s, I 3 ~ 

is the solution·, of the linear equa-
I 

tion, 
.. '!'he expression (8,10) describes unstable oscillations and 

is obtained under assumption 

we k2 v 2 m ---'>> __ e ____ e = 
e 

W cr lv) (8.'1'1) 
n T v· m

1 
·· 

0 e e 
8 o'Ie 

::Cf As . to i~tabilities in a collisionless: limit . see/G/ and the 

References cited there, 
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Iri the opposite limit the solutions of (8.9) are stable. Com

paring· criterion (8.11) and that of instability of collisionless (CLJ»v) _. 

L.F. oscillatio~/6/ we have 
- e 2 · . w e W , V ,. me , or 
-> 12_--L= -- =--;.;_-
noT v 2

h m 1 n T 
e P 0 e 

we can see '"acoustic" oscillations may. be excited at significantly 

weaker. turbulence· energies 
we (v) k2v2' . 

or e · << 1 , 
w e v? 

or e 

Then in the same way one can investigate the equation 
lL(CLJ,l~W~ )=0 

1 

describing excitation of L.F. osc;illations by a transverse wave 
· beam/3/._ 

In this particular case a lot of restrictions associated with 

the conditions · Im CLJ « CLJ,. drop ofrl and the corre~ponding 
growth rates can reach the order of collision frequency magnitude •. 

There are excited (as in/
4

/) the oscillations pas!5ing near~y 
perpendicular to a transverse wave beam. As it is known the rate · 

of Joule dissipation (due to pair collisions direct). may be estimated 

from the formula 
d. . 2 T 

WT . ( CLJpe ) W' 
~ =-ve -- • 

. (L) 1 .. ~ 

·X/ This condition takes place if the excitation of acoustic 
oscillations . by a transverse wave beam being concerned with a 
"decay" instability/4/ is considered (as it was proceeded in the - · 
section 7< for interaction Langmuir arid acoustic, oscillations). More
over in/4/ it was . pointed that the condition. CLJ. ,.» Im CLJ could · be 
broken even at a. very weak intensity .of H.F. weaves.Therefore 
the methods considered in /6/ are neecled to apply to examine inte-. 
raction transverse and acoustic waves. 
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As a result of· exCitation- of L~F. pert4t'bation the _rate of 

dissiPa-tion' of H. F. wave energy can· consid.erably increase and 

be of order v e • This should be taken· into account for. the inter,-
- . . . \ . 

pretation of experiments concerning with ·interaction laserS' with a . 
/5/ ~ 

dense plasrrlCl ~ ~ 
It .should be noted her7 ~at a~ove expression for. ·{3 and, lY,l 

particular; an increase of "probability of H.F. ahd L.F. osclllatlon. · 
. ~ 

) with a{v0 /k 1 ~.) ·· interaction (iri the region ill LV . , « k 2 
V 

2 
. . - e e 

factor ( k 
1 

is a waVe vector of H. F. osclllations) are just · f~r the 

.. waves which wave number being of k 1 < v e / v • ' -. If .the mal!l part 
of the spectrum· er1:ergy of H.F. oscillations is located . ih the region 

k 1 » v e / v e it is needed to take into acc;:o~nt the· t~rm 
. aVT aVT 

T ·( T 
1T

6 
,r/3 a V

8 
,/ a X {J 

proportional· to __ e_· • --!-
ax a ax{J 

(in the equation 

followin~ renormallzatlon of of energy transport) that _yields the 

'• expre~ion f~~ fJ. (or s1 s 2 . )x/ ' . 

f . k k k k (k
4 

k
4

)
2 [I(" k p 

.. · 

'-· 

· fJ = f[-1.....2- -IL-LL v
2 I 2~ - :.:.:L....a:.. ll x 

k k . . . V 2 e k2.k 2 · k 2k 2 

·12 ·e 12 12 . (8.12) 
XV ( O)V(l) 8 (k-k -k )dk ·d k , 

kl k2 . 1 ·2 1 2 .. 

. ~ ~ 

IL 
1 

is the · numerical coefficient of the order 1. F)'orn (8.12) -lt 
• j • • • 

instead of the ·factor follows. that in the case of k > v / v 1 e e 

»1 there appe?~-rs larger coefficient of the ·form 1!1 / k 
2 

k 2 v ~ 
e 

in all the formulae ·describing an interaction of L.F. and H. F.; oscil• 

lations. 

x/This also follows from the· formula (3.3) of papej'?/ in wh~¢h 
the term . I ( 1 , 1) now. should be take~ into account. 
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At last let us bdefly ~escri~e a q~alitative picture of 

the nonlinear interaction . of Langmuir ~a.._;,.es. The Coulomb col- .. 

lisions lead to that· a. critical' ~alu~·· of 'a· phase velocitY v. = v N · 
· · · · . , . cr . e D 

appear~. Both the i~fluence of pai~ ~61Iisions>3.nd the nor;linear 
' . ,i 

effects in a plasma themselves. are essentially differe~t for 

· osdinations of which phase· velocities are· ·larger or less ·than v • 
·.. . : . ··, : . .., :l . i '. •. . •• . _: :-~ • •• • . cr. 

In t~e rarige. of. v ph < v cr the energy used to be transferred by 

induced scattering and' decay proce~ses into the region of larger . 

v ph ·. (a~d the sc~le of a turbul.ence) •. Then 'the c~llision' effe~ts 
~an be ~ssential for only the,,dispe~sio~ bf ·'osciilatio~ {see/7/ 

sedi~n 2) and c~nnected ~ith fhis for th~ rate· of spectrru trans.:. 

fer, ne~ertheless without ch~mging its dire~tion. ·; . 

In the rang~ of v .. ; v •the situatio~ i~ ~ubstantially 
ph cr .. , . . · • . 

different. Here the nonlinear effe<;:ts either are very small in com-

parison with i:!'e pair collision' abso~·pti~n or ~ak~ th~ enei~y main

ly transfer into _'the side . of sr:naller v ph <Le. Cl. · tt~rb~.uenc~ scale 

decreses analogously hydrOctyna'inic ~me). This · ~onclus1on is 
confirmed by the allowance. of 4-plasmon interactions. 

r ·, ' ; ' ' ,.' '. ,r "' ~,• • • 

.. Thus there appears some·' "wall" . stopping · th~ en~rgy flow 

along 'the spectrum anc;I so only. a small part of turbulence energy 

can penetrate int? the region v ph> v c (e.g. ciue to .dissipative 

instability,. see ·section 4 ()!_ paper/70. 
' 

In the case of plasma with T >> T · the picture is more 
, . . . e I 

complicated and substansially depends on the plasma macrosco-

pi~· parameters {see/7/ .. sec. 5). dne, rnci.y say· .. qualitatively in this 

case the energy of Langmuir turbul'erice will apparantiy· concentra-
.· 2 

te : near v = v ( T IT ) . N . 
·ph e I e D 

. 1 

., 
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