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1. INTRODUCTION

In our previous work {1,2} it was shown that non-resonant
(adiabatic) wave—particle interaction plays an important role in
the dynamics of the ion-acoustic turbulence excited by a constant
current. At the same time, it was argued that quasilinear equa-
tions which include this type of interaction are amenable to a nu-
merical procedure only if particle distribution functions are made
one-dimensional in some manner. Up to now we have used so~called
"brute-force" methods {2}. The experience gained with these allows
us to propose new, more-consistent model equations which also com-

prise spontaneous and wave-wave-particle effects.

First, we formulate general equations which consistently take
into account all the processes mentioned above and show that they
are conservative. These equations are then simplified assuming

that the particle distribution functions have special forms.
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2. GENERAL EQUATIONS AND CONSERVATION LAWS

All quantities will be given in dimensionless units; the
units of time, length, distribution function, spectrum, electric

field and temperature are, respectively, w;i, s n(m /T )S/2

Do
s 1/2

4UnT Ay, (4T nT )

Do and Teo

Here s(=2,3) is the dimension of the system considered, Teo
is the initial electron temperature and the other notations are
standard. Throughout we shall use the convention

> = oy
ko dm)e -
(k,>0)

The plasma under consideration is assumed to be collisionless,
uniform and nonmagnetized. The electrons are hot (Te >> Ti) and drift,
with respect to the ions, along the z-axis. The kinetic equation for
the particle distribution function fj of species j (= e,1) can then

be given in the form
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where
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and E is the electric field associated with the current.
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The diffusion tensor Dj consists of a number of parts

£ & <> &>
Da‘=:D‘R+DN+D/Vw+:D SM, ) 3
where
Z-»
«Y o~ —5.)
and
>
e -Z?- :IizT g "jzrlkz_:1;5‘acq£?‘9 1
- 2 - (5)
"7 oA (a)z_".';,")“ No 2 & TRt ’awz(@a/&-&)zs

represent the resonant and adiabatic wave-particle interactions, re-

spectively, and
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s
corresponds to the wave-wave scattering off the ions. The tensor DNt’

which takes into account a part of the adiabatic interaction, and the
—_

dynamical friction vector F, corresponding to the spontaneous emission

of plasmons, are given by
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where g = (A;on)—l is the plasma parameter.

The spectrum Iﬁ satisfies the wave kinetic equation
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where vy is the quasilinear growth (damping) rate
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The interaction kernel A{'*’ represents the wave-wave scattering

off the ions

Yy [f&‘] 95(4‘
(& £)* 'w&

/1;5JE\"-'£?ﬂ(‘71 <JE
the expression

pe2
d

W Sr-

FWp

is the source term due to the spontaneous emission of plasmons and

the term C~» is the counterpart of the quantities DNt
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Momentum cons ervation

Let us define the drift velocity of species j by the relation
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On multiplying Eq. (1) by v, and integrating over a%v we obtain
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where Eqs. (12) - (15) have been used. Further, multiplying

Eq. (18) by ugl and summing over the species we finally find
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where Egs. (9), (10) and (16) have been used.
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If we choose vde = const. and vdi(t = 0) = 0, Eq. (19) implies

v,. = 0. We then have
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where v* is the turbulent collison frequency (anomalous resistivity)

Energy conservation

Les us define the temperature of species j by the relation
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On multiplying Eq. (1) by (Vv - Vdjgz)zq?“j) and integrating over d°v

we obtain
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Eq. (22), summed over the species, implies
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where Eqs. (9) and (11) have been used. On combining Eqs. (18) and

(23) we finally find
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where J is the current and :zj z -2 is the total electrostatic

energy density.
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In the case where vde = const. and vdi = 0 we have
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We now assume J{) =‘)€. (/4?_,1}2‘,@_:/):? fd (v),

On integrating Eq. (1) over the ignorable variables (the polar

angles in the velocity space) we find
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The same procedure as that used above, applied to Egs. (12), (13)

and (15) yields
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In the case where Vie = const. and Vai = 0 Eqs. (40) and (43) may

be approximated by
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Consistent with Eq. (52) we can dispense with Egs. (30) and (36)
(in the electron kinetic equation also Eq. (29) and (35) ), and

Eq. (16) is reduced to
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Also the expression for the electric field (20) is simplified to

B
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and Eq. (22) implies

The ion temperature may be determined from Eq. (25).

Equations (9) and (26) are to be solved with the initial con-

ditions
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