
Cross sections and transport coefficients of dense partially ionized semiclassical plasma

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2006 J. Phys. A: Math. Gen. 39 4335

(http://iopscience.iop.org/0305-4470/39/17/S04)

Download details:

IP Address: 171.66.16.101

The article was downloaded on 03/06/2010 at 04:19

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0305-4470/39/17
http://iopscience.iop.org/0305-4470
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


INSTITUTE OF PHYSICS PUBLISHING JOURNAL OF PHYSICS A: MATHEMATICAL AND GENERAL

J. Phys. A: Math. Gen. 39 (2006) 4335–4340 doi:10.1088/0305-4470/39/17/S04

Cross sections and transport coefficients of dense
partially ionized semiclassical plasma

T S Ramazanov, K N Dzhumagulova and A Zh Akbarov

IETP, Department of Physics, Kazakh National University, Tole Bi 96a, 050012 Almaty,
Kazakhstan

E-mail: ramazan@physics.kz

Received 18 September 2005, in final form 23 November 2005
Published 7 April 2006
Online at stacks.iop.org/JPhysA/39/4335

Abstract
Phase shifts, cross sections and transport coefficients of dense semiclassical
plasma are investigated. It is shown that consideration of screening effects
at large distances and quantum effects at short distances leads to a decrease
in scattering probability, i.e., to an increase of the corresponding transport
coefficients. The Calogero equation was solved in order to determine phase
shifts. Fully and partially ionized hydrogen plasmas were studied, and electrical
conductivity and diffusion coefficients of plasma were obtained.

PACS numbers: 52.25.Fi, 52.27.Gr

Introduction

The present paper reports an investigation of the dense semiclassical hydrogen plasma. Both
fully and partially ionized plasmas were considered. Investigation of kinetic properties of the
dense semiclassical plasma is of interest for the study of astrophysical objects and is of key
importance for the creation of controlled nuclear fusion installations.

It is convenient to describe plasma states with dimensionless parameters, which
characterize the physical values such as numerical density, temperature, internal energy etc.
The coupling parameter � = e2/akBT characterizes the potential energy of interaction at
average distance between particles a = 3

√
3/4πne in comparison with the thermal energy. The

density parameter rS = a/aB is the ratio of average distance to the Bohr radius aB = h̄2/me2.

Interaction models of particles

Charge–charge interaction

We describe the interaction between charged particles on the basis of the pseudopotential
proposed in [1],
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�ei(r) = Ze2√
1 − 4λ̄2

/
r2
D

(
e−Ar

r
− e−Br

r

)
, (1)

where λ̄ = h̄/
√

3mkBT is the thermal de Broglie wavelength, rD =
√

kBT /4πnee2 is the
Debye radius, and

A =

√√√√1 −
√

1 − 4λ̄2
/
r2
D

2λ̄2
, B =

√√√√1 +
√

1 − 4λ̄2
/
r2
D

2λ̄2
. (2)

The potential (1) is limited as follows,

2λ̄ < rD, (3)

which is true for the following temperatures and densities of plasma:

Te = 105–107 K, ne = 1021–1024 cm−3. (4)

It should be noted that at such temperatures the electron component becomes weakly
degenerate. In this case the plasma is semiclassical, and quantum-mechanical effects should
be taken into consideration.

Charge–neutral interaction

The interaction between charged and neutral particles can be described by the following
pseudopotential proposed in [2]:

�en(r) = − αe2

2r4
(
1 − 4λ̄2

/
r2
D

) (e−Ar(1 + Ar) − e−Br(1 + Br))2, (5)

where α is the dipole polarizability.
This potential also takes into account collective charge screening effects and quantum-

mechanical diffraction effects.

Phase shifts

For determination of the phase shifts δl(r) the Calogero equation was solved,
d

dr
δl(r) = −1

k

2m

h̄2 �ec(r)[cos δl(r)jl(kr) − sin δl(r)nl(kr)]2, δl(0) = 0, (6)

where �ec(r) is the corresponding pseudopotential between an electron and ion or an electron
and atom, k is the wave number of a particle, jl(kr) and nl(kr) are regular and irregular
solutions of the Schrödinger equation.

Figures 1 and 2 present phase shifts as functions of the wave number for the potentials
(1) and (5):

It is shown in figures 1 and 2 that the s-wave has the largest phase shift. The figures show
that the interaction of an electron and an ion is more intense than the interaction between an
electron and an atom.

Scattering cross sections

Transport cross sections were calculated for elastic scattering. Scattering cross sections were
calculated within the quantum-mechanical approach:

QT (k) = 4π

k2
(l + 1) sin2(δl − δl+1). (7)
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Figure 1. Phase shifts as a function of the wave number for potential (1). Parameters of the
system: � = 0, 9, rS = 5.

Figure 2. Phase shifts as a function of the wave number for the potential (5). Parameters of the
system: � = 0, 9, rS = 5.

Figures 3 and 4 present results of calculations performed for transport scattering cross
sections.

As shown in figures 3 and 4, characteristics of electron collisions with atoms are almost
two orders of magnitude lower than for collisions with ions at the same system parameters.

Electrical conductivity

One of the main characteristics of plasma is its electrical conductivity. In the present work
we calculated electrical conductivity with the Chapman–Enskog method. Partial electrical
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Figure 3. Transport scattering cross sections for fully ionized plasma at different plasma
parameters.

Figure 4. Transport cross sections for elastic scattering of an electron on an atom for rS = 5.

conductivity was determined according to

σij = nieinjmj

nkBT

[
ej

mj

−
∑

k

nkek

nm

]
Dij , (8)

where Dij = 3kBT /16nmij�ij is the diffusion coefficient for a binary mixture, �
(l,r)
ij =√

kBT /2πmij

∫ ∞
0 exp(−g2)g2r+3Q

T (l)
ij (g) dg is the collisions integral for the scattering

collisions of i- and j -type particles, g = v
√

mij/2kBT is the dimensionless velocity of
an electron; ni,j are the densities of i- and j -type particles, mi,j are the masses of i- and j -type
particles, n = ni + nj , m = mi + mj , ei,j are the charges of i- and j -type particles.
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Figure 5. Electrical conductivity of fully and partially ionized plasmas at rS = 1. 1—[3], 2 —[4],
3—[5].

Figure 6. Diffusion of fully and partially ionized plasmas at rS = 1. 1—[4], 2—[5].

Full electrical conductivity is defined as the sum of partial ones:

σ =
∑
ij

σij . (9)

Figure 5 presents results of the calculated electrical conductivity for fully and partially
ionized plasmas. On the graph, the curves of fully and partially ionized plasmas calculated
with the potentials (1) and (5) are compared with a curve plotted according to the Spitzer
theory as well as with results proposed by other authors.

Diffusion

In order to determine mass transfer in plasma, one needs to calculate the diffusion
coefficient of electrons. We have calculated the diffusion coefficient using the Chapman–
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Enskog method,

D = 3kBT

16nmij�ij

, (10)

where �ij is the collision integral, and n is the density of particles.
Results of the diffusion coefficient calculations are presented in figure 6.
We can see that the partially ionized plasma has lower electrical conductivity and diffusion

than the fully ionized one. Such behaviour of the curves can obviously be explained by a large
number of electrons in a fully ionized plasma. While the relative number of atoms in plasma
is not high, the values obtained for fully and partially ionized plasmas are not very different.
Discrepancies with other theories can be explained by different methods used for calculation
of the coefficients and different pseudopotential models for the description of interparticle
interaction. In [3–5] the transport coefficients were calculated by the dielectric response
method of one- and two-component plasma approximation. In [3] the collision frequency was
calculated by the Ziman formula. The Coulomb and effective pair [6] potentials were used in
[4] and [5] accordingly.
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