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Abstract. The success of asteroseismology lies in the correct iden-
tification of the star’s normal modes of oscillation. Winget et al.
(1994) identified the normal modes of a helium white dwarf pulsator,
GD 358, through the frequency distribution of the pulsation. Robin-
son et al. (1995) described a new mode identification method by com-
paring the pulsation amplitudes in the ultraviolet and optical ranges.
In order to cross-calibrate the two mode identification methods, we
decided to apply the method used by Robinson et al. to GD 358. In
August 1996, the Hubble Space Telescope took time-series spectro-
scopic data of GD 358 using the Faint Object Spectrograph. We also
obtained nearly simultaneous ground-based optical data necessary to
apply the method of Robinson et al. At this stage, we can only rule
out the possibility of £ = 3 for the three modes we analyzed, but
cannot determine to which £ value the modes correspond.
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1. INTRODUCTION

We study the pulsating white dwarfs (hereafter WDs) because
they are one of the very few types of stars from which we can
learn their internal structure by asteroseismology. Their investiga-
tion gives a possibility to learn about physics under the extreme
pressure, temperature and density values and to understand evolu-
tion both prior to and during the WD stage (mainly the cooling
process), so that we can use white dwarfs as reliable chronometers
of the Galaxy.
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Fig.1l. A comparison of the observed ultraviolet spectrum and the
model spectra by Koester. All spectra are normalized at the reddest wave-
length bin. All models have log g = 8.0 and the effective temperatures of
24500 K (dotted line), 25500 K (solid line), 26 500 K (short dash line),
27500 K (long dash line), 27500 K (dot and short dash line), 28 500 K
(dot and long dash line), 29500 K (short dash and long dash line).

The success of asteroseismology hinges on the correct identifica-
tion of the normal modes of oscillation which can be represented by
three integers: radial overtone number k, spherical harmonics index £
and the azimuthal quantum number m. Winget et al. (1994) identi-
fied GD 358’s normal modes through their period distribution (here-
after referred to as the period spacing method). Recently, Robinson
et al. (1995) have demonstrated another way to identify the £-value
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Fig. 2. The 423 s mode optical amplitude change in August. The
HST observations took place between the dotted lines, an-0040 and an-
0041 are obtained from observations at McDonald, bao-0027 and bao-0028
are from observations at Beijing and suh-59 are from obsertvations at Mt.
Suhora.

of pulsation mode by comparing the pulsation amplitudes at differ-
ent wavelengths: UV and optical (hereafter, the relative amplitude
method). Due to limb-darkening effects combined with geometric
cancellation of the spherical harmonics, the pulsation amplitude has
strong £ dependence in UV compared to the optical wavelength (see
the top panel of Fig. 4). The relative amplitude method will be very
useful for the pulsating WDs which do not show as many modes
as GD 358 or PG 1159-035 since the success of the period structure
method used for these stars replied upon the abundance of detected
normal modes (Winget et al. 1991, 1994). Robinson et al. (1995)
have applied the relative amplitude method to a pulsating WD with
the hydrogen atmosphere (DAV) G 117-B15A and concluded that its
215 s pulsation is a £ = 1 mode. So far, nobody has tested if the
mode identification made by these two methods is the same or not.

The goal of this project is to cross-calibrate the two mode iden-
tification methods. We use GD 358 since the period spacing method
has already been successfully applied to it, and since it is the bright-
est helium variable (DBV) we know. Winget and Kepler have ap-
plied for time to observe GD 358 with the HST for obtaining the
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Fig. 3. Fourier Transform of the optical data obtained in August 1996
and the ultraviolet data obtained by HST.

ultraviolet data, necessary for the relative amplitude method, and
have been granted eight orbits in August 1996. The Faint Object
Spectrograph (FOS) was used for obtaining the time series spectra
of GD 358. Fig. 1 shows the average UV spectrum along with the
model spectra provided by Koester.

In order to apply the relative amplitude method, we must have
both ultraviolet and optical amplitudes of the pulsation modes. With
the help of our Polish and Chinese colleagues, we obtained the opti-
cal data but due to poor weather during the runs, the data are not
of sufficient quality. This is a serious problem since we found that
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Fig. 4. The top panel shows the relative amplitude calculated for
the Teg = 25500 K, logg = 8.0 DB model. The £ = 1,2,3,4 modes
are shown by solid, dotted, short dash and long dash lines, respectively.
The amplitude is normalized to 1.0 at 5500A. The second, third and forth
panels show relative amplitudes of 423 s, 464 s and 775 s modes in the UV,
respectively. Dots are the relative amplitudes normalized to the reddest
UV bin, and triangles are the relative amplitudes normalized using the
optical amplitude determined for the whole August 1996 optical data set.
The amplitude modulation during the HST observations has not been
accounted for in these figures; likely we have overestimated the amplitude
of the modes when using the whole August 1996 data. The lines shown in
these panels are identical to the top panel.
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GD 358 showed very large amplitude variations during the HST ob-
servations. We can easily see this in Fig. 2 which shows the optical
amplitude of the 423 s mode around the time of the HST observa-
tions. The 423 s and 464 s modes were the most dominant during
the observations in August 1996. Fig. 3 shows the Fourier Transform
of the data taken both from the ground and from the HST. Com-
parison with the previously published data on GD 358 (Winget et al.
1982, 1994, Nather 1995, Hill 1985, 1987) shows how different are
the amplitudes in August 1996. Until now, the most dominant was
the 770 s mode, and there were many modes with amplitudes larger
than those of the 423 s and 464 s modes.

Fig. 4 shows the relative amplitudes vs. wavelength calculated
for the Koester model with Teg = 25500 K and logg = 8.0 and for
£ =1,2,3,4 modes. Dots show the relative amplitudes normalized
to the amplitude at the longest wavelength bin in the ultraviolet
and then scaled to the corresponding relative amplitude expected
for Koester’s model. Triangles show the relative amplitude normal-
ized using all the optical data. They seem to show that the optical
amplitude is overestimated. Even in such case, we can conclude that
none of the modes presented are £ = 3 modes.

2. DISCUSSION

Although the results presented here are preliminary, we can con-
clude that the three modes we studied here are not £ = 3. In order
to determine the £-value definitely, we are currently working on the
following problems.

(1) Interpolation of the optical amplitude to estimate its value
at the time of the HST observation. Reliable optical amplitude esti-
mates are essential for the relative amplitude method.

(2) Application of the x? fitting technique to estimate the £, Tog
and log g values for each mode using the relative amplitude method.
We will then have a quantitative estimate of the physical parameters
and evaluation how well the relative amplitude method works.

(3) Application of the x? fitting technique to estimate the Teg
and log g from the ultraviolet continuum. This will be an estimate
independent from asteroseismology.
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