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Atmospheric structure of K dwarfs
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Abstract

A representative model atmosphere is presented for a K dwarf with an
effective temperature of 4000° and a log surface gravity of 4.5. The
model is non-gray and radiative flux constancy is enforced to within
1 per cent. Ten sources of opacity and scattering are included, but
water vapor opacity is omitted.

I. INTRODUCTION

DURING THE PAST FEW YEARS there has been a growing interest in cool stars
as is evidenced in the colloquium edited by M. Hack (1967). Kumar (1964)
and Gingerich, Latham, Linsky, and Kumar (1967) began the work of
computing accurate non-gray and flux-constant radiative models for late-type
stars. During the past year a computer program for model atmospheres has
been written and tested at the University of Virginia.

This paper presents a representative model of a late dwarf in radiative
equilibrium. The radiative atmosphere computation is one aspect of a
general investigation of radiative, convective and scaled solar atmospheres
for dwarfs. Twelve strong-line profiles have been computed for each one of a
grid of model atmospheres for comparison with observation. Recently several
authors have published one or more profiles derived from high dispersion
plates for each of 4 early K dwarfs and one M2 dwarf. We have acquired a
few additional profiles at the Kitt Peak National Observatory, The differences
between the various atmospheres and the resulting profiles are being dis-
cussed and compared with available observations (Hershey 1969).

The model atmosphere presented here has an effective temperature of
4000° and log g = 4.5. This corresponds closely to generally accepted values
for a K5 dwarf (Allen 1963). The composition is the same as given by Gold-
berg, Miiller, and Aller (1960), with the exception that the He/H ratio was
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taken to be 0.1 by number instead of 0.2. A total of thirty elements are
included. A list of these elements and abundances may be found in the paper
of Gingerich et al. (1967).

The equation of state procedure includes five states of hydrogen, H, H*,
H-, Hot and Ha. Only first ionizations have been included for the 28 metals.
No molecules other than Ha have been included; in particular, water vapor
has not been included in the model. The equilibrium functions and the method
for solving the equation of state are taken from Mihalas (1967).

The method of numerical integration of the differential equation of
hydrostatic equilibrium, dP/dro = g/xo, is the same as used by Gingerich
et al. and is described by Ralston and Wilf (1960). The reference wavelength
adopted was 10000 A which lies much nearer to the wavelength of maximum
surfaee flux than do wavelengths in the visible region.

The initial pressure was found by a method similar to that described by
Mihalas (1967). This method assumes an electron pressure by trial and error
which corresponds to a point well above the first optical depth of the model
atmosphere and then integrates down to the first point. This in effect starts
the integration above the first point in the table and provides a self-consistent-
starting value for the solution of the differential equation.

II. OPACITIES

The opacities given here are not listed in order of importance. The impottance
of individual opacities often varies strongly with wavelength and depth in an
atmosphere. The behavior of the opacities at 7o = 1 can be seen in Figure 1.

1. Hydrogen. The bound—free and freefree absorption are the well known
expressions given by Menzel and Pekeris (1936). Hydrogen is an insignificant
opacity source in cool stars,

2. Negative Hydrogen [on. This ion is the dominant opacity source in
K dwarfs. Paiynﬂmiats:'giveniby Gingerich et al. (1964) for the bound-free
and free—free components have been used.

3. Positive Molecular Hydrogen lon. The expression used includes a
polynomial fit to the tables given by Mihalas (1967).

4. Negative Molecular Hydrogen Ion. No bound state is known to exist.
Free—free opacity due to Hs~ is important, but no accurate cross sections are
available. A recent suggestion by Vardya (1966) has been followed, which is
to set the Ha— cross section per Hz molecule equal to twice the cross section
of Hy~ per H atom.

5. Rayleigh Scattering from Hydrogen and Ha. Gingerich (1964) has given
a simple expression for the hydrogen scattering cross section per neutral H






