acta phys. siov. 33 (1983), No. 3

’

- CONTRIBUTION TO THE CALCULATION
OF THE MOBILITY
AND TEMPERATURE OF CHARGED
PARTICLES IN AN ELECTRIC FIELD")

P. KRENEK?), Praha

The value of the mobility and temperature of charged particles'in an electric field
dependent on 2 mass ratio of charged and neutral particles and on an interaction
potential type which is considered in the form of r™* are computed. The solution of the
Boltzmann equation has been made possible by a conversion into the algebraic equation
system by extending the distribution function to the series of the Sonin and Legendre
polynomials. Higher orders of integrals 2%, which appear in higher approximations,
are computed by means of a numerical calculation of the orbital integral.

O HEEE .—.—QEEQE N.—.Héwkﬂwﬂ-v— SAPIXEHHBIX 9ACTHI
B JIEKTPHIECKOM NOJIE .

B pa6ore paccumrans: snaverns HOXBIDKHOCTH M TCMUEPATYPhI 33pHKEHHEIX qacTan
B JMICKTPHICCKOM HONE, KOTOPHIE 3aBHCAT OT OTHOIICHHR MacC 3apPSKEHHLIX H Hefi-

nonaHomam Cormna-Jexanpa. Bricome TopAnkH mETerpanor Q?, xoroprie noss-
JIAIOTCA B BHICIUAX IPHGTIKEHASX, BRIYHCIEHE! HA OCHOBE YHCIEHHOTO pacdeTa op6H-
TalIbHOIO MHTErpana.

L. INTRODUCTION

Many attempts have already been made in literature to solve equations which
describe the dependence of distribution function moments on an external force
represented by the electric field strength (see e. g. the review [1]). The common
shortcomings of all the published works are difficulties in obtaining higher matrix

elements of the collision operator, necessary for the approximation of the originally

") Contribution presented at the 4th Symposium on Elementary Processes and Chemical Reactions in
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2) Ustav pro elektrotechniku CSAV, Viclavské ndm. 55, 116 90 PRAHA 1, Czechoslovakia.
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infinite equation system through a finite, sufficiently large one. However, the
derivation of the general generating function of the collision operator in {7] and the
derivation of the explicite form of its matrix elements and the respective calculation
algorithm in [8] have made it possible to include also the subprogram of the
calculation of necessary matrix elements into the om_o_:wcou EowBE of coeffi-
cients of the distribution function series. '

Next the values of the collision integrals Q¢ " must be specified. In the present
work we restrict ourselves to potentials of the type r™. The calculation of the
effective cross section from the classical orbital integral has been possible by
a suitable geometric substitution.

II. THE EQUATION FOR THE CALCULATION OF THE MOBILITY
AND ggwnﬁ.ﬂcg OF CHARGED ->-.=nbmm

haﬂ us consider the EcQE.o of two kinds of un_do_nm Charged particles with the

charge e, mass m, instant velocity v and temperature T and-neutral particles with

the mass m,, velocity v; and temperature T'. Let us suppose that all collisions of
particles are binary and elastic and that the only external force which i is the electric
field E affects the charged particles and at the same time the neutral E.Bo_nm have
the distribution function of the Maxwell type. The behaviour of the system can then
“be described by the only wo_».NBm:E Eﬁomno&mmanm:am_ équation

_ M EV.f= \ % % (f'fi —ff,) gb db de dv, R ¢))

where . o ‘ -
= . m; \3 _ \:ﬂcW - ) , 3 .
fi=m Auas,_v exp BT o (1a)

It is possible to solve this equation by expanding the distribution function to the
series of the Sonin and Legendre polynomials.

=5 m 2 E.vy
F=3 3 anStolatr)P, (&1 =) C

‘where y is the dimensionless velocity. On the basis of this extension the oa:mnon
system for the calculation of the coefficients a,., has been derived by the S:._mao:w_
method. The derivation is detailed in [6] (ct. also [1], [5D. ‘
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where §; is a Cronecker 6.
The coefficients M., are the matrix elements of the. linearized isothermal
Boltzmann collision operator and they depend on a particle interaction model
through the collision integrals

M,=83 3 Vi« )

The integrals Q¢ 7 are defined as usual (see [2], [3]), and the coefficients Vi, have
been gained by the expansion of the generating function V(x, y, t) of the collision
operator

Vix,y, t)= M > x™y "'y (cos AY Vi (4a)

L,m,ns,r

The derivation and the form of this ma:onmﬁum function are described in —d In [8]
the explicit form of the coefficients Vi, is derived.
The parameter of the equation &aSB Tc is the relative electric DoE mc.mamm_

- . eE
2 <N§.~.=w55b:. v

where the collision integral Q™" is defined by Chapman [2]. The solution of the
system are the coefficients a, in the distribution function expansion (2). By means

E*=

(4b)

of this distribution function we obtain through adequate integrations of the series

(2) the expression for the dependence of the relative mobility of charged particles
| K ) dio

= , . 5
:ﬂwm.uo Hn_o_m.uc A v
and of their relative temperature :
HH 1-an Amv
1
on a relative electric field strength (for more detail see [5], [6], [9], [10]).
Il. CALCULATION OF COLLISION INTEGRALS Q7
FOR .:.—H, INTERACTION POTENTIAL r-*
The effective cross section .mmndo expressed in the usual way [3]
Q(g)=2x[ (1-cos' x)b db ™)
0
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by means of the deflection wnmno. X of the trajectory of a particle flying on. This
angle can be expressed in the quasiclasical approximation through the orbital
integral

vmwo2s) AMV\,WE ®

b /\T |
5 r E # EET A

where 7, is a root of the expression under the radical sign (compare e. g. [3]), u is
the reduced mass. Let us now restrict ourselves to potentials of the type

o(r)=Uyr. | -9

By substitution (cf. [4])
Im_. . b . " (10)
»-lmen,.~s|mEm — C.S

into equation (8) we set after rearrangement the relation for the angle y dependent
on the parameter § only: ¢ _ M—— S

Ngvualwm::m T+nom~nAmENQIwE..QL da. (11)
0. . )

Then we express the effective cross section Q“(g) as

1 .

Q“%a)=2x () "ap. R
5 bg : ,
N

Through substitution (10) we obtain for A{’ the expression

o [ a2 AN
AP =p¢ ,h ~8mum5u+meEA8mEA ” Hvx c 2 (13)

X [1—cos*x(B)] dB.

Expressions (11) and (13) hava been used for the machine computation of AY.
The integrals Q“" can then be expressed through the integral Q- (which is
a part of expression (4b)) for the relative electrical field strength as ‘

b?;i&, Alwnwv ,
Qan= N (14)
A9r(3-2)

p
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Fig. 1a. Dependence of relative mobility (curves K1—KS5) and relative temperature (curves T1—T5) of
charged particles on a relative electric field strength at the potential g(r)=r~? for different ratios of
relative masses of charged and neutral particles: K1, TI-M=10"%; K2, T2—-M= 0.25; K3,
T3-M=0.5;K4,T4-M=0.75;K5, T5-M=0.9. Here M = m/(m+m,).
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Fig. 1b. Te same dependence as that in Fig. 1a but at the potential o(r)=r¢,
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IV. RESULTS AND DISCUSSION

A

The solution of equation (4) with the computation algorithm of the necessary
coefficients M., (see [9]) has been computed for l...=3 with the calculator
HP 9845 for the potentials () of the type r~?, r™*, ™%, r~® and for rigid spheres.
For each of the potentials five typical ratios m : m, have been chosen. In Figs. 1a,
b and 2a, b we can follow the courses of the dependences of the relative mobility
and temperature of the charged particles on a relative electric field strength E*.
Generally it can be said that the heavier the charged particles are, compared with
neutrals, the larger the mobility change and temperature increase. In the region of
lower E* the mobility decreases with the potential p. The temperature increases
with p for all E*,
The results of the numerical solution of integrals of Lorentzian approximation
(see e.g. [9]) are in good agreement with the results of the present paper for
m/m;=107%,
, In the region of E*=5+ 10 the convergence of the solution usually disappears
because the solution represents in fact a finite series of power of E*. In that case it
could be possible to solve a larger equation system for higher I,,,.
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Fig. 2a. The same dependence as E Fig. 1a but with the relative mass of charged particles M = Suun ,m. :
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Fig. 2b. The same dependence as that in Fig. 2a but with the relative mass of charged particles M = 0.9.
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