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Shaviv, 1994). We note that the new opacity data bases are presently only of limited value
for the modeling of accretion disks since the tables do not provide data for the low
temperatures and densities required. The addition of tables from other sources in the
missing range is hardly possible since essentially all solutions for the structure equations
require the continuity of high order derivatives. However, it is to be expected that in the
near future both the application of solutions for boundary value problems which take
switching points explicitly into account (Bock,1994) and the development of adaptive schemes
for the solution of the multidimensional radiative transfer equation on parallel computers
(Fuhrer, 1994; Kanschat, 1994) will lead to a significant improvement of the situation.
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OPACITIES OLD AND NEW IN WHITE DWARF MODELS
STEVEN D. KAWALER

Department of Physics and Astronomy, Iowa State University,
Ames, IA 50011 USA

The new radiative opacity compilations by the Opacity Project (OP) and the
Livermore group (OPAL) represent a significant advance in the accuracy of this constitutive
quantity. White dwarfs present a useful medium for the analysis of the opacities in regions
of the density-temperature-composition phase space that are not sampled by any other stars.
The bulk of the interior of white dwarfs is degenerate, and energy transport is therefore
through conduction by electrons. This efficient energy transport mechanism results in a
nearly isothermal core with temperatures in excess of 10 million K. The cooling of this core
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is controlled by the thermal properties of the nondegenerate outer layers, where heat is
transferred either by radiation or, in cool white dwarfs, convection.

The contact points between the opacities and observations are the white dwarf
luminosity function and white dwarf pulsations. We discuss preliminary investigations of how
the new opacities affect research on these two problems. In doing so, we also show where
further tabulations of opacities and equations of state are vital.

The white dwarf luminosity function is used in studies of the age and star formation
history of our galaxy. Models of cooling white dwarfs that are instrumental in this work rely
on radiative opacities. The cooling of white dwarf stars is sensitive to the opacity of
relatively pure helium, and to a lesser extent hydrogen. In white dwarfs with effective
temperatures between 25,000 K and 10,000 K, much of the heat transport in the outermost
layers is by convection, but radiative transport is important, too. In evaluating the effect of
new opacities, we express the effect in terms of the change in the age (in Gyr) of the galactic
disk as determined using the coolest white dwarfs and cooling models. The new opacities
are, on average, slightly larger than the old opacities at the temperatures and densities of
interest. We use a simple model of white dwarf cooling (one which assumes radiative
transport in the outer layers) to find an upper limit for the effect that slightly larger opacities
have on the cooling age of white dwarfs. For an increase in opacity of 25%, the simple
cooling models indicate that the cooling age would increase by up to 0.5 Gyr. However,
using much more realistic cooling calculations by Wood (1991), we show that the increase in
the cooling age is only 0.1 to 0.2 Gyr. Similar calculations by D’Antona and Mazzitelli
suggest that the effect of such an opacity increase would only increase the age by 0.05 Gyr.
Our conclusion is that the new opacities have negligible effect on theoretical models of white
dwarf cooling and the results from their comparison with the observed white dwarf
luminosity function.

The main need in the use of the new opacities in modeling cooling white dwarfs is
phase-space coverage. The opacity of stellar matter at low temperatures and high densities,
as pointed out by D’Antona and Mazzitelli (1990), is very important for white dwarf models.
Unfortunately, the OPAL opacity general distribution does not cover the conditions found
over a significant portion of white dwarf envelopes. Such data would be extremely welcome.

The new opacities result in little or no differences in the pulsation properties of DO
or DB white dwarfs. Both the adiabatic (pulsation periods) and nonadiabatic (growth rates
and damping times) properties of the models are slightly altered. However, with the new
capabilities of the atomic physics collaborations, a significant improvement in the accuracy of
these calculations is possible. The pulsation properties are influenced by a sensitive balance
between equation of state properties and opacity. At this time, most computations of
variable star pulsation and structure use a different formulation for the equation of state
than the producers of opacity tables. Key quantities are the opacity derivatives and the
adiabatic gradients. Stellar structure calculations use opacities from the tables, numerical
opacity derivatives using the tables, and equation of state derivatives from their own
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individual formulations. Thus there is a fundamental inconsistency (however small) between
the opacities and equation of state quantities that are essential for pulsation analysis.

This problem could be removed if the opacity groups could provide the equation of
state data that they used in construction of the opacity tables. Similarly, separate tables with
opacity derivatives would give far more stable and self-consistent pulsation results if those
derivatives are provided as primary quantities and not as derived by numerical differentiation
from the supplied tables.
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