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The use of the Debye potential for the dense plasma region was criticized in a comment on a paper by
Reinholzet al. [Phys. Rev. E52, 5368(1995]. The Debye screening model is of limited validity but other
many-particle effects such as partial ionization, structure factor, local-field corrections, and degeneracy have to
be considered for high densities. The electrical conductivity calculated within the present model is in reason-
able agreement with available experimental de$d.063-651%98)16002-6

PACS numbdps): 52.25.Kn, 52.25.Fi

We agree completely with the comment of Tkachenkostate contribution§Planck-Larkin partition function, models
that the Debye model for screening in a charged particléa) and(b) in Ref.[1]], a higher ionization degree and, thus,
system is of limited validity. The classical criterion that the a higher conductivity follows.
number of particles in the so-called Debye sphere has to be The conductivities calculated within the method outlined
greater than one is not fulfilled in the high-density domainin Ref.[1] agree with available experimental data. This has
considered in Ref[1]. On the other hand, screening effects been shown in detail for the Coulombic pdftlly ionized
are not strictly limited to the Debye sphere. The potentialplasma and partially ionized alkali plasmas; see R}
strength of the interaction between two particles is only reand[9]. In addition, using an improved equation of state for
duced by a factor of & at the Debye length compared with dense, neutral hydrogen fluid without ionizati¢h0], we
the bare Coulomb potential due to screening. Furthermordlave performed calculations for the electrical conductivity
the treatment of the dynamics of the screening process Within the partially ionized plasmé&PIP) model of Ref.[1]
necessary instead of using the static Debye potersie¢ for conditions reached in recent shock-wave experiments
Refs. [2,3]). Another possibility to go beyond the simple
Debye model is to solve the nonlinear Poisson equdtédn
instead of the linearized version. Such a more detailed trea 20
ment of screening was not intended in REE]. A self-
consistent treatment of screening and correlation effects in »
fully ionized plasma was given, e.g., in Rg5].

In dense, low-temperature plasmas, the treatment c
many-particle effects other than screening is of central im- 1.0 -
portance. Therefore, in Refl] we focused on the influence
of partial ionization,T matrix cross sections, and the ion-ion
structure factor on the thermodynamic and transport propel
ties of dense hydrogen plasmas within a quantum statistic:
approach valid for arbitrary degeneracy. Only two quantities
the two-particle partition functiohEqg. (9)] and the electron
transport cross sectiof&q. (40)], have been evaluated using
the Debye potential for the calculation of scattering phas¢
shifts. Although important for the numerical results, this is
not the keystone of our paper.

The equation of state was evaluated by taking into ac
count exchange and correlation contributions betweel
charged patrticles, the interactions with neutfplslarization
and between neutra{(san der Waals attraction and hard-core
repulsion. However, we have not interpreted the exchange
and correlation contributions in terms of the dielectric func-
tion which corresponds to the self-consistent treatment o
screening in Refd.6] and[7]. 3.0 . . . .

On the other hand, one should note that we have take 13 1.4 15 16 1.7 1.8
into account bound and scattering state contributions to th ny [in 10~ cm-]
two-particle partition function. The corresponding total cor-
related two-particle densityeq. (9)] leads to a lower bound FIG. 1. Conductivity in dense fluid hydrogen measured in
for the conductivity when interpreted in terms of an ioniza-single-shock experiment&lashed line, Ref[11]) compared with
tion degred model(c) of Ref.[1]]. Considering only bound the partially ionized plasméPIP) model of Ref.[1] (solid line).
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[11,12). For example, in Fig. 1 we compare our results with hcwy \ 171

the single-shock datfl1] between (+2)x 10?° cm2 and o= 1—exp( - NH .

3000-4500 K. For those conditions, the ionization degree is N keT

very low (between 310 '° and 4x 10 %) and the corre- The numerical results are not affected in either cases.

sponding conductivities are in the range of the experimental The parametrization for the local-field correctioBgk)

data. In particluar, the strong increase of the conductivityof Ichimaru and Utsum[13] is strictly valid for T=0 and

with the density is reproduced. Therefore, | cannot agrees <15. The numerical results have shown that the ion-ion

with the statement that the conductivities reported in REf.  structure factoiS;; (k) is only important in the high-density,

are doubtful in the high-density region. degenerate domain where temperature effects are negligible
A few remarks to the comment of Tkachenko have to beso that the parametrization of R¢L3] can be applied.

added. Equatioril2) in Ref.[1] gives the screening length Unfortunately, we missed the subsequent papers of Ad-

based on the linearized Poisson equation using the Fermimyanet al.[7], which give new results for the conductivity

distribution function for the electron density at arbitrary de-of fully ionized plasmas within a generalized Lorentz ap-

generacy of the plasma. This formula is not constructed; iProximation[6]. Comparing the results of Reff1] for the

yields the correct limiting cases, the Debye length for nonfully ionized reference plasmiig. 7) with their results(Fig.

degenerate plasmas and the Thomas-Fermi length for degeh-Of Ref. [6]), rather good agreement can be stated. The
erate plasmas. This equation has to be multiplied byod results of Ref[6] are obtained within a self-consistent model
the right-hand side. for the polarization function. The authors have given a low-

Another misprint occurred in Eq20) of Ref.[1] defining ﬂ]e.glseiéy es)(pr??r?(iaozhoafrg]cetesr'pi;%rnf%rfnt]rlggﬁ'r$7)n]1’evr\{2§hrgsslts
the partition functions of rotational and vibrational states. ! us 1 Izal If humer e

The correct equation is I'conc_lud.e that the conductivities calculated Within the
partially ionized plasma model of Refl] show the right
low- and high-density asymptotes for fully ionized plasmas,
ksT reproduce available experimental results for partially ionized
(1) plasmas, and yield qualitative agreement with recent shock-
wave experiments in dense fluid hydrogen.
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