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Abstract

Generally, one can solve Botzmann’s equation only by using approxi-
mation methods, and the expansion of the distribution function in spher-
ical harmonics. In this paper, we shall study Boltzmann’s equation for
a fully ionised inhomogeneous plasma with Laguerre-Sonine polynomi-
als as coefficients of the spherical harmonics expansion. We establish
also the cross-coupling relations between Laguerre-Sonine polynomials
of different orders, useful relations in order to obtain the approximative
solutions of Boltzmann’s equation.

1. Introduction

We base our considerations on the following assumptions:
(i) The Laguerre-Sonine polynomials are of the form:

Lfﬁ% (p*v?) .

(ii) The weight function coincides with the equilibrium distribution func-
tion of electrons.
For Boltzmann’s equation for electrons, we take the following form :
of
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In order to solve eq. (1) in agreement with (i) and (ii) , we assume for
distribution function the following expansion:

- = B3 (7, t) o8 S E X Lm ( 43 (52 2
f(er,t) —1 XZ Z ZR r 2 (B%0%) Yim (0,9)
1=0 m=—1r=0

(2)
where:

m
b= \/2/<;T(?>,t ’

Ll+2 (62 2) are the Laguerre-Sonine polynomials:

o g
d d (B?v?

and Y} ,, (0, ¢) are the spherical harmonics.

2 (B%0?) = ] [ﬁ2v2r+l+%e_62“2} (3)

A development of the distribution function only in spherical harmonics
permits to ensure that the Maxwellian character of the equilibrium
distribution function be not altered by the anisotropy due to the presence of
both electric and magnetic fields, even in the relativistic case. The assumed
double expansion (2) maintains this property. Indeed, for m =1 =1r =0, one
obtains the maxwellian distribution function.

1
Lg = YO 0= 1 and R870 (?’ t) =Tno (?? t):|

2. Derivation of the cross-coupling relations

Substituting (2) into (1), we obtain:
1
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where we have written:

At = (3= 2g20) @ 20 et 5 Rl
L

r=0
—/83@_621}2 i aRi,’m Ll+% + 2,841126_62”2 iRl,m aLi—i_% % (5>
r— "9 (320?) Oy

r=0 r=0
(here i =1,2,3,4,80 : 1 = 2,22 =y, T3 = 2,04 = 1)

oo

Cl,m _ ,636_621}2 ZRfiji—i_% (6)
r=0
and
2. 2 E)LH% I+4
lm __ 5 —B%v I,m r o Y
Dh™ =235 ;Rr (W Ly ) (7)

Taking into account the following recurrence relations for Laguerre poly-
nomials:

OLL (8%v?)

3 .2
B S e

= Ll (30) (4 ) 2 (570?) ®)

and
BL, (%0%) = (2r +1+1) L (B%%) -

—(r+1) Lifl (ﬁQUQ) —(r+1) Llr+1 (52”2) ) (9)



108 GH. Luru

the expressions (5) and (7) become:

Abm = 252%6%2”2 SR )L - ) L]
v r=0
00 l,m
OR}

I+3
Ox Lr (5)

+ﬁ36—62v2
r=0

and
> 1 1 1 L1 ,
Dy = 23N T R [‘;Tﬁ"“%gvﬁ% (r+0)L, } (7)
r=0

Substituting (5) and (7') into (4), we obtain a set of eqs. which contains
Laguerre-Sonine polynomials corresponding to the indices | + é,l —|— =
In order to utilize the orthogonality relation for these polynomials

[ L () L (502 =

0, for k#0
- { LTJ:JF%) for k=r, (10)

they must have the upper index. Multiplying now (5°),(6) and (7') by v, then
applying relations:

F2v2Lt (62112) =(r+1)L?t (52112) — ! (62112) (11)
and
202 LL (52112) =3(r+1+2)LH! (ﬁzvz) — (3r+2+1) L, (ﬁz 2)

—(r+1) Lf:ll (62112) +(r+1) Lffo (62112) (12)
we obtain for (4) an expansion which contains Laguerre-Sonine polynomials of
1 1
the same upper index. Multiplying this result by (ﬁ2v2)l+2 d (5202) Li:r 2 and
subsequently performing the integration over the interval (0, c0) and summing
relatively to the index mk, we obtain the following infinite set of equations:
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where we have set:
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and

ri-y (- b S
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3. Application

In order to compute the integral (19)

0 52,2 R N N Y
Iy :/ ve™ P (B20%) T Ly FLy 2 d (B%0%)
0

we use the following property of Laguerre polynomials:

where

o0 ’
/ omF(S+2E2) g Ly (ayz) LY (asx) do =
0

0, for k#r

P (14446 ) D(1+pk) & F(W,H%Jw%;)
BRI (1+ 1) X\ anm (A—R)FEBiFaTo , for k=,
h=0
(A1)
daiash ar+ax 1+ h
, = daiaah 5 1 2 (A.2)

(1—h*"" 2 1—-h
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and

) al a(a—l—l)ﬁ/ ﬁ/—i—l

F(a,ﬂ,fy,z) = 1+’y—ﬂlz+ 7(74_1)(1-2 )

ala+1)(a+2) 48 (ﬂ, —|—1> (ﬂ, +2)
y(y+1)(y+2)1.23

The equality (A.1) is satisfied if and only if:

Re<S+a1;a2>>07 a1 >0, as > 0, Re(u+ﬁ/>>—

22+

+

24 (A.3)

(A4)

With (A.1), we write:

1 [ 1.1 1 1
Ly = E/ e~ (0) I LI L g (202). (19)
0
Let us note that:
4h 1+h

=0a1=as=1;p=1 = A% = ;B = . (A5
s a1 =ax=Lip=1+; ,ﬁ a_n T (AD)

If we substitute (A.5) in (A.4), then all the inequalities are verified. Taking
into consideration (A.5), we obtain for (A.1) the following expression:

Lrk=0 for k#r

and
142, I+ 3.
o - ll“(l+2)1“(l+r+%). dr F(TvTvH' 27 (1+h)2
B il (4 3) dhr | (1= ) (14 B
(A.6) 6
The hypergeometric function F in this case has the form :
l+p+1 2P hP
F=F =1+ Z P . (A7)
2(l4+p+1)—=1]pt (1 4+ n)*
For the particular case of Section 3, we have:
1 5
I=— and Ij= A8
0 50 0~ 50 ( )

We will note also that, because of the form of z (and hence of A and
B), the integrals I', for all finite values of r and I, have a finite number of
terms, although the hypergeometric function has been given by a series with
an infinite number of terms.
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