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Abstract. The centre-to-limb behaviour of the first four lines of the Balmer,
Paschen, and Brackett series of atomic hydrogen at selected distances from
the line centre, i.e. at AA = 5, 10, 20 and 30 A has been theoretically investi-
gated in three photospheric models. The results have been compared with
observations of David (1961) for the Balmer lines, the corresponding
observations for Paschen and Brackett lines not being available in published
sources. After a detailed comparison of the computed results with the
~observations, it is concluded that limb-darkening data in the wings of
hydrogen series lines can distinguish amongst the various photospheric
models.
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1. Introduction

In an earlier paper (Bondal & Gaur 1986) we reported our computed results on
the behaviour of the line profiles in the Balmer, Paschen, and Brackett lines (alpha
to delta) in the solar disc centre and compared them with the available observations
for some of the lines. The photospheric models chosen for these calculations were
of Holweger & Muller (1974 = HM 74) and of Vernazza, Avrett & Loeser
(1976, 1981 = VAL 76, VAL 81). The comparison showed that at disc centre VAL
76 model yields the best fit with observations, followed by HM 74, and by VAL 81.
However, no single model can explain all the hydrogen series lines equally well.
Limb darkening observations of Ha, HB, and Hy lines near the line centre
up to 4-1 A have been made by White (1962) who compared his results with the
observations of de Jager (1952) and David (1961). The continuum limb-darkening
parameters of Pierce & Waddell (1961) have been used by White (1962) in the
conversion of residual intensities relative to the continuum at disc centre. White
(1962) found good agreement between his observations and those of David (1961).
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The centre-to-limb (CL) behaviour of these Balmer lines in the far wings up to
430 A where Stark broadening plays a very dominant role in the line formation have
been reported by David (1961) alone. Here, in this paper, we present computed
CL behaviour of the first four lines of Balmer, Paschen, and Brackett series of
atomic hydrogen at four selected distances from the line centre, i.e. at AX = 5, 10,
20, and 30 A. The photospheric models are HM 74, VAL 76, and VAL 81. The
problem has been taken up to see whether limb darkening data in the hydrogen line
wings can distinguish amongst various photospheric models and can also help in
improving the existing models.

2. Computational procedure

Following the method outlined in Bondal & Gaur (1986), the residual intensities.
for the chosen Balmer, Paschen, and Brackett series lines at selected Als from the
line centre were computed for HM 74, VAL 76, and VAL 81. The selected CL
positions were sec 6 = 1, 1.77, 2.0, 2.5, 3.0, and 4.0. The residual intensities were
then converted into intensities in units of continuum intensity at sec 8 == 1, so as to
obtain the limb darkening behaviour of a given line ata given AA value. For
converting David’s (1961) residual intensities of Balmer series lines into intensities
in units of continuum at sec 6 = 1, the continuum limb darkening parameters of
Pierce & Waddell (1961) were used. Intensities in units of continuum intensity at
sec 0 = 1 for the four Balmer series lines at AX = 5, 10, 20 and 30 A are given as a
function of cos 0 (=u) in figure 1. For the Paschen and Brackett series lines
computed limb darkening data are given in table 1. The results obtained by us
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Figure 1. Observed and computed limb darkening values at four wing points Ax = 5, 10, 20 and
30 & for Ha, HS, Hy, and H3 lines in three photospheric models. Each box contains
two curves of a given line at two Ax values where the right-hand side ordinate corres-
ponds to the upper curve.
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cannot be compared with observations as observational data in the far wings of
these series lines are not available.

3. Results and discussions

From figure 1, we find that the computed intensities for the Ha lines at the selected
AXs agree best with VAL 76 followed by HM 74 and then by VAL 81. For the HB
and Hy lines HM 74 model agrees best with the observations, followed by VAL
81, and by VAL 76. For HS line, the best fit is attained by VAL 81, followed by
HM 74. Here, VAL 76 shows maximum deviation.

The deviations that occur at different centre-to-limb values at a given wing
point could be due to model effect, such as atmospheric inhomogeneities. These
inhomogeneities differently affect the core of the lines and the wings, even in the
same model (Basri et al. 1979). An account of the three photospheric models has
been outlined earlier (Bondal & Gaur 1986), where we had calculated the depths.
of formation of the Ha and the HS lines in HM 74 and in VAL 76. These depths
were found to increase from Ha to HJ as the opacity decreases. We had found
that VAL 76 explains the H« line wing better than does HM 74, which is confirmed
by the present investigation.

The computed intensities of HB, Hy and H3$ lines in HM 74 and VAL 81 are
closer to observational values, while those of VAL 76 show considerable departure.
The deviation is the largest in HS, which is in agreement with our earlier result
(Bondal & Gaur 1986). As we move from centre to limb the deviation of the
computed intensities from the observed values decreases, showing that the higher
layers in the models represent the observations better than the deeper ones. For
the Paschen and Brackett series lines, observations in the wings of these lines are
needed for comparison. Mitropol’skaya (1965) has reported her observations for
the Brackett v line (A 2.1655 pm) at different CL points, but as she has not tabulated
her results and the profiles are plotted on an unsuitable scale, we have not used her
observed profiles for comparison with our calculated ones. We therefore tabulate:
our results for these series lines (table 1).

From our results, we conclude that limb darkening data in the wings of the
hydrogen series lines can distinguish amongst the various photospheric models and
so these lines can be used as a diagnostic tool to improve the existing photospheric
models.
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