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Summary 

We present a brief review of the basic properties of white dwarf 
atmospheres) convection zones and corona models emphasizing qualitative 
and intuitive aspects. 

1. Atmospheres: We restrict our discussion essentially to very 
hot and very cool atmospheres since these are especially interesting. 
With regard to the first type of objects we study the fundamental 
differences between DA and non-DA models and between their surface 
fluxes. We discuss the important role of electron scattering in 
determining the EUV spectra of these objects. The differences between 
DAs and non-DAs with regard to backwarming effect and surface cooling 
are summarized. 

In our discussion of very cool non-DA atmospheres we emphasize 
the importance of the additional energy transport mechanisms con
vection and conduction which should both be very effective for 
Teff < 400OK and which lead to a very flat temperature gradient. This 
small gradient must lead to a rather featureless surface flux. 

2. Convection Zones. After a survey of the basic numerical 
results in this field we investigate the question whether convection 
in white dwarfs has the same basic properties as convection in other 
stars. We find that contrary to intuitive expectations the Rayleigh 
number in very cool non-DAs is higher than in the sun (indicating 
very turbulent convection). The Prandtl number in these objects is 
6 to 7 orders of magnitude higher than in the sun. 

3. Coronae. The basic methods of the calculation of coronae 
for white dwarfs are very briefly discussed. We present some results 
for DA and non-DA stars from unpublished work by D.O. Muchmore and 
the author. It uses revised values for the emissivities. Only 
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non-DA coronae are of practical interest. DA coronae have much lower 
densities and temperatures. White dwarf coronae do not generate a 
stellar wind. 

I. Introduction 

In this paper we Intend to present a broad and essentially quali
tative or semi-qualitative overview of the structure of white dwarf 
atmospheres and envelopes as a function of Teff and chemical composi
tion. We shall try to emphasize the intuitive explanation and under
standing of effects predicted by model atmosphere and convection zone 
calculations. 

I feel strongly that such a qualitative understanding is Important 
and necessary and that it is less developed for envelopes and atmo
spheres of white dwarfs than for other stars. This is probably due 
to the fact that at the time when serious discussions of white dwarf 
atmospheres were initiated fairly sophisticated model atmosphere 
computer programs were already available. This led to attempts to 
explain observed details for individual stars almost immediately and 
it sometimes seems that we never found the time to develop the basic 
understanding of white dwarf atmospheres with the same depth as it 
is undoubtedly available in the case of many other types of stellar 
atmospheres. This may be especially dangerous since we may overlook 
the possibility of unexpected physical effects resulting from the 
high surface gravity and/or the unusual chemical composition of white 
dwarfs. In order to indicate the type of question which we should 
study let me simply state two completely arbitrary examples: 

1. Does convection in, say,cool white dwarfs with their extremely 
small scale heights (̂ lOm) really have the same basic properties 
(like extremely large Rayleigh number and extremely small Prandtl 
number) which are typical for the usual stellar convection zones? 

2o What is the physical explanation of the secondary maximum of 
the surface flux F (0) at EUV or soft X-ray frequencies which occurs 
in certain hot white dwarf models but not in others? Which selection 
of parameters makes this secondary peak especially strong ? 

It is obvious that an answer to questions of this type would not 
only be of didactic value but could also have considerable practical 
Importance. 

The plan for my presentation is as follows. In section II I 
shall present a very brief summary of our knowledge of the chemical 
composition of white dwarf atmospheres. I can be very brief here 
since we have heard quite a number of talks at this conference in 
which this topic has been addressed. In sections III and IV I shall 
discuss the atmospheres and convection zones of white dwarfs. In view 
of our own interests I shall add to this a chapter V in which we 
shall consider briefly certain semi-quantitative estimates of the 
properties of predicted coronae for non-DA and DA white dwarfs. This 
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chapter will certainly be more academic" and also more controversial 
than the other ones. However, these results are also interesting and 
merit further discussion. 

II. Chemical Composition 

The distinction between DA (consisting of almost pure H) and non-
DA white dwarfs (consisting of almost pure He) is well known. Very 
low upper limits for the H abundance in non-DAs and for the He abun- , 
dance in hot DA's have been set and are typically of the order of 10~ 
or lower. Liebert (1977) has been able to determine a hydrogen 
abundance of 3 x 10"^ in the non-DA star R640. Elements like Ca, Fe, 
Mg, Na seem to show abundances between 10" •* and 10~* of the solar value 
e.g.in van Maanen 2.R640, L745-46H(see Wegner 1972, Grenfell 1974), but 
there is also the case of G165-7 (Wehrse and Liebert 1979) in which 
these abundances are about 3 x 10~2 of the solar value. C, N, 0 
abundances are usually not well determined and only some not very 
restrictive upper limits can be given. Upper limits of the order of 
1 x 10~4 (corresponding to <v0.1 of the solar value) are typical and 
are often determined indirectly from the number of free electrons in 
the atmosphere (cf. Wegner 1972, Grenfell 1974). However, it has also 
been stated that C, N, 0 are strongly underabundant (Fontaine and 
Michaud 1979). It has been remarked repeatedly that the depletion 
factors for the individual metals are not very different from each 
other. 

Some aspects of these results are illustrated in fig. 1 where we 
show the abundances (and upper limits of abundances) in some selected 
non-DA stars, namely van Maanen 2 (Weidemann I960, Wegner 1972, 
Grenfell 1974), Ross 640 (Liebert 1977), G165-7 (Wehrse and Liebert 
1979) and the X4670 star G47-18 (Bues 1973) and compare them to solar 
abundances. The diagram shows the apparent similarity of the rela
tive distribution of the elements Na to Fe in different non-DA's 
(which have rather different absolute metal abundances) and the simi
larity of all these distributions to the relative metal abundances in 
the sun. This fact somewhat simplifies the discussion of the influ
ence of the abundances in white dwarf envelopes. 

It is interesting to note that recently Koester, Liebert and 
Hege (1979) have found definite evidence of H/He abundance ratios 
in DO stars which are intermediate between DA and non-DA abundances. 
In HZ 21(Teff ^4.8 x 10* K) they find N /N ^ 6, in HZ 34 (Teff 

^ 5. x 10^K) the result is 2 x 10~2. TfiSugH the error bars still 
correspond to approximately one power of ten in each direction, the 
result is highly interesting since (especially in the case of HZ21) 
it excludes a typical DA as well as a non-DA composition. 
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Fig. 1. Element abundances in a number on non-DA stars compared 
to solar abundances (open circles). The symbols have the following 
meaning: R = Ross 640 (Liebert 1977), G = G165-7 (Wehrse and Liebert 
1979), A = G47-18 (Bues 1973), VI, V2 - van Maanen 2 (Wegner 1972, 
Grenfell 1974). 

An intriguing problem is presented by the X4760 stars, non-DA 
stars with a somewhat enhanced carbon abundance (Rues 1973, Grenfell 
1974) which also have a C/0 ratio of at least 12 (Bues 1973). Though 
the carbon abundance in these objects differs only slightly (if at 
all) from the solar value (fig. 1) the fact that we have an additional 
electron source (in comparison to other white dwarfs in the same Teff-
range) is of great interest and may lead (depending on the exact value 
of the C abundance) to considerable changes in the atmosphere and con
vection zone structure (Muchmore and BBhm 1977) which may even have 
some noticable influence on the cooling times of these objects. 

This very brief and somewhat superficial review of the white 
dwarf abundance problem should suffice as a starting point for the 
following discussion of atmospheres convection zones and coronae 
of white dwarfs. 

White Dwarf Atmosphere Structure 

General Remarks. Our discussion will be based on the assumption 
that the most interesting problems presently occur in connection with 
relatively hot (say Teff K 3. x 10*K) and for very cool (say Teff < 
6. x lO^K) white dwarfs. In view of the space limitation for this 
article and in view of our own interest it may be useful to adopt 
this point of view though the philosophy behind it may be contro
versial. Our approach should in no way distract from the great 
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practical importance of the studies of white dwarfs in the middle 
range of Teff. We shall only mention the classical work by Weidemann 
(1963), Terashita and Matsushima (1969), Bues (1970), Strittmatter and 
Wickramasinghe 1970 and the modern work by Grenfell (1974), Wehrse (1971, 
1974, 1976a,b), Koester, Schulz and Weidemann (1979). The special 
properties of white dwarf atmospheres and convection zones are due 
to their high surface gravity and their unusual chemical composition. 
Though these two effects cannot be clearly separated it is well known 
that drastic high density effects are essentially restricted to very 
cool white dwarfs and among these especially to the cool non-DAs. The 
typical properties of hot white dwarfs are (within certain limits) 
strongly determined by their peculiar chemical composition. It is 
well-known that in this context the lack of continuous absorption at 
small wavelengths in hot DA stars leads to a number of interesting 
effects which do not occur in other stars. We shall now first discuss 
the atmospheres of very hot white dwarfs (with, say, 3. x 10^ £ Teff 
^ 7. x 104K) and then consider briefly the intriguing problems connect
ed with very cool white dwarf atmospheres. 

Atmospheres of Hot White Dwarfs. Model atmospheres for hot white 
dwarfs have recently been calculated by a large number of authors 
including Auer and Shipman (1977).Shipman (1976), Koester, Liebert 
and Hege (1979), Wesemael (1978, 1979) Weidemann and Koester (1979), 
BHhm and Kapranidis (1979). One of the more impressive aspects of 
these results is the great difference of the model atmospheres and 
surface fluxes Fv(0) for DAs and for non-DAs indicating the im
portance of the chemical composition. In order to separate surface 
gravity and composition effects Bflhm and Kapranidis (1979) have cal
culated model atmospheres and F (0) for white dwarfs with DA, non-DA, 
some intermediate as well as solar abundances always using the same 
method. Though our method is based on Lucy's temperature correction 
procedure and does not usually achieve the same degree of accuracy 
as calculations based on the complete linearization combined with 
the variable Eddington factor method (Auer and Mihalas 1969, 1970) 
we shall base the following qualitative discussion on these models. 
Our main argument is that for a qualitative understanding of the 
basic effects a very high accuracy in the radiative transfer (and 
radiative equilibrium) equations is not required but that a large 
set of models with different compositions is very important for the 
present discussion. These non-gray L.T.E. models have been iterated 
to a flux constancy of 0.5 to 1% in the interval 0 1 T - 10.0. 
A weak convection zone in these layers appears only in non-DA models 
with Teff < 5. 104K. We find fundamental differences between DA, 
non-DA models and models with normal composition. An essential part 
of these differences is attributable to the fact that hot DA atmos
pheres are very "peculiar" in the sense that their absorption 
coefficient for A « 912A is very small leading to a great impor
tance of absorption edges even of trace elements and of electron 
scattering effects in the EUV. It is very interesting to note that 
electron scattering is important (in this sense) for white dwarfs 
though we normally assume that electron scattering is typical for 
low density situations. Electron scattering leads (at least in our 
own models) to the intermediate maxima in the surface flux which 
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Fig. 2. Frequency dependence of the surface flux in hot DA stars. The 
broken line corresponds to the black body radiation for T - Teff. 
(From BBhm and Kapranidis 1979). 
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Fig. 3 . Surface flux for hot non-DA stars. Analogous to fig. 2. 
(BBhm and Kapranidls 1979). 
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Fig. 4. Surface flux for (fictitious) hot white dwarfs with solar 
composition (see text). Analogous to fig. 2, but note the different 
effective temperature for the upper part of the diagram. 
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have played such an important role in the photospheric interpretation 
of the EUV radiation from hot white dwarfs like Sirius B and HZ 43 
(cf. Shipman 1976, Cash et al. 1978). From our calculations we deduce 
that the enhanced radiation in the EUV range which occurs in a wide 
range of Teff (see fig. 2) is due to the following effect: In the 
ultraviolet part of the spectrum (i.e. for wavelengths which are far. 
shorter than the one corresponding to the maximum of the Planck function 
Bv becomes an extremely steep function of the optical depth. This 
has the consequence that in the upper layers of the atmosphere the 
mean inensity I (T ) becomes very much larger than B (T ). This 
effect increases with increasing v and reaches several orders of 
magnitude. As the ratio of the scattering coefficient a to the 
absorption coefficient K increases with increasing v the source 
function S is more and more influenced by I leading to an increase 
in Sv with v. This increase is then reflected in an increase of 
F (0) with v leading to the secondary maxima shown in fig. 2. As 
shown in fig. 3 (referring to non-DA stars) and in fig. 4 ("normal 
composition" stars) there is no such effect in non-DA and normal 
composition stars. In these stars electron scattering is unimportant 
and the EUV radiation always remains below the corresponding black-
body radiation, an effect well-known from the study of central stars 
of planetary nebulae. One of the curiosities resulting from the facts 
discussed above and from the relatively low density in hot DA atmos-
peres is the fact that the Hell Lyman edge is more pronounced in a 
DA star of 30000K than in the corresponding non-DA star provided the 
He abundance in the DA star is at least 10"^. The very different be
havior of the atmospheric densities at T - 0.1 and T = 1.0 as a 
function of Teff for DA and non-DA stars is illustrated in fig. 5. 
The density increase with Teff for DA stars is obviously a consequence 
of the decline £f the opacity Tc with increasing temperature. The deep 
minimum in the T_=I.O density curves for non-DAs between, say, Teff = 
4. x 10^K and Teff = 7. x 10*K is obviously a consequence of the very 
strong Hell absorption in this range. 

In order to obtain an overview over the basic properties of hot 
white dwarf atmospheres without a real listing of model atmospheres 
we have drawn diagrams of the backwarming and surface cooling effects 
in DA, non-DA and normal composition stars as a function_of Tgff. We 
have simply done this by plotting Tĵ /Tgfj (with ̂  = T (T = 1) and 
Tp/Teff (with TQ = surface temperature) as a function of Teff. It 
should be noted that these effects are due to the extreme non-gray-
ness of the continuum only since line blanketing has not been taken 
into account. As an example of the types of results which are ob
tained we show the backwarming effects for all three compositions in 
fig. 6. We find a very strong similarity between DA white dwarfs 
and high gravity stars with "normal" (solar) composition. This indi
cates that the backwarming is essentially controlled by the hydrogen 
absorption edges in both cases though between 4 x 1 0 % and 6 x 105K 
there is a slight lowering of the backwarming in DA stars due to the 
essential absence of absorption edges of NIII, CIII, OIV, NIV and 
the reduced importance of the Hell Lyman edge. 
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Fig. 6. A comparison of the backwarming effect (due to the nongray 
continuum only) for DA's, non-DA's and for fictitious white dwarfs 
with solar composition (NC). See text. 

The backwarming effect in hot non-DAs looks very different. In 
the range 3 x 10* £ T e f f £ 4 x 10*K it is considerably smaller than in 
DA stars because of the fact that all important absorption edges occur 
essentially outside the frequency range which contains the largest part 
of the radiative flux. Around 50000K the backwarming becomes large be
cause the maximum of the flux is now shifted into the frequency region 
of the Hel Lyman edge and consequently the atmosphere becomes highly 
non-gray. Eventually for Teff * 6 x 104K the backwarming becomes 
"negative" (i.e. T l/T eff is smaller than for a gray atmosphere). This 
type of basic effect has been discussed by Unno (1963, see also BHhm 
and Deinzer 1966). This occurs if a considerable part of the "non-
grayness" occurs in the "red" part of the spectrum (i.e. at wavelengths 
which are longer than that for the maximum of the flux)and can be 
understood in a purely qualitative way. It is interesting to note that 
this effect does not occur in hot DA stars. A number of other impor
tant properties of hot white dwarfs have been discussed in the same 
qualitative way by Btihm and Kapranidis (1979). 

Atmospheres of Very Cool non-DA White Dwarfs. In view of the 
great importance of understanding the final cooling phases of white 
dwarfs a study of the atmospheres of very cool white dwarfs is of great 
interest. There are a number of reasons for starting such an investi
gation by looking first at non-DA stars: 

1. There is a very good chance that because of convective mixing 
at fairly low Teff (Koester 1976) the fraction of non-DA's among the 
cool white dwarfs will be considerably higher than for hot degenerates. 
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2. From a theoretical point of view the study of cool non-DAs is 
less complex since there is no complex chemistry involved. 

3. The interesting physical effects connected with extremely high 
pressure in the atmosphere occur already at a higher Te££ in non-DAs 
than in DAs. 

Atmospheres, convection zones and internal temperatures of these 
very cool (Te£f < 6000K) non-DA stars have first been studied by BBhm, 
Carson, Fontaine and Van Horn (1977). It was found (see also BBhm, 
1976) that such atmopsheres are almost completely convective. (Con
vection starts at T ^ 0.01 and higher). The convection is extremely 
effective. At T ^ 1.0 approximately 60% of the energy is transported 
by convection. Obviously this value is very much higher than in any 
other stellar atmosphere and is also higher than anything considered 
possible some time ago. Densities in these atmospheres reach values 
of the order of 1 g cm-3 near 4000K. Below Te£f % 3800K pressure 
ionization and partial degeneracy becomes important' in the atmosphere 
and the physics becomes very different from that of normal stellar 
atmospheres. The calculation of the equation of state, the opacities, 
the energy transport, line broadening and line formation should in 
principle be completely reconsidered. At the present time this has 
not yet been done. However, we consider this as one of the important 
white dwarf atmosphere projects for the future. Even in order to find 
out whether white dwarfs with Teff £ 4000K exist (see Liebert et al. 
1979 for an observational discussion of this problem) or not it will 
b e necessary to know something about their atmosphere theory. Only 
with this information shall we know what to look for. 

A first small step in this direction is being done by Bdhm, and 
Muchmore (unpublished) by studying the energy transport and tem
perature stratification in very cool non-DA atmospheres. Using an 
equation of state and opacity calculations based on the hot Thomas-Fermi 
model calculations by Carson (unpublished) as in BBhm et al.(1977) 
we are trying to construct model atmospheres taking into account 
radiative, convective and conductive energy transport due to partially 
degenerate electrons simultaneously. Some very preliminary results 
for an extreme atmosphere of Te££ = 3000K are shown in fig. 7. The 
results are still very unsatisfactory since the total flux is constant 
only to within somewhat more than 10%. Nevertheless it may be useful 
to consider these results as a qualitative description of the struc
ture of such a very cool atmosphere. In this model the convective 
flux rises monotonlcally, starting almost at the surface. The gradient 
of the convective flux increases rapidly near T ^ 1.0 as a conse
quence of the decreased radiative exchange in the optically thick 
layers. The conductive flux first increases rapidly as a function of 
T because of the rapidly increasing density, the resulting increasing 
pressure ionization and the resulting increasing degeneracy. Below 
T ^ 0.7 the conductive flux F , decreases again though the conducti
vity continues to increase. This is due to the rapid flattening of 
the temperature gradient as a consequence of the rapid increase in 
the effectiveness of convection. In the right hand part of fig. 7 we 
compare the temperature stratification for 1. pure radiative 
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equilibrium, 2. radiative plus convective energy transport, and 
3.radiative + convective + conductive energy transport. The transition 
from 1. to 2. to 3. leads of course to an increased flattening of the 
temperature stratification. In the case 3. the temperature strati
fication is so flat that we have an almost isothermal atmosphere, 
meaning that if we have L.T.E. (which must be true at these very high 
densities) the surface flux can deviate only slightly from black-body 
radiation and lines should be extremely shallow even if we would ignore 
the extreme pressure broadening effects. Note that the total varia
tion of the temperature between T = 0 and T = 1.8 is only of the 
order of 200K. 

Convection Zones. It is well known that the basic possibility of 
convection in white dwarfs was first considered by Schatzman (1958). 
The relevance of the convection zone to the cooling problem was first 
considered and detailed numerical models of convection zones were first 
calculated by BHhm (1968, 1970), Greenstein (1969), Van Horn (1970), 
BBhm and Cassinelli (1971a), B8hm and Grenfell (1972)' and Koester 
(1972). The great importance of white dwarf convection zones in 
connection with the mixing of elements was first emphasized by Stritt-
matter and Wickramasinghe (1971). The acoustic noise generation in 
white dwarf convection zones and its relevance to the formation of 
coronae in non-DA stars has first been discussed by Btihm and Cassinelli 
(1971a, b). The most detailed and complete study of chemically homo
geneous convection zones in DA, non-DA stars and in almost pure carbon 
layers was carried out by Fontaine (1973) and Fontaine and Van Horn 
(1976),(see also Fontaine et al. 1974). These papers gave us an ex
cellent overview over the presence of convection zones in different 
types of white dwarfs and have continued to supply us with important 
data about these convection zones. We have learned from this and 
more recent work that atmospheric convection vanishes for Teff % 16500K 
in DA and for Tgf£ % 50000K in non-DA stars. It was also found that 
convection zones in carbon layers are thinner than expected since only 
a transition through low ionization stages leads to a convective in
stability. As soon as a sizeable density of free electrons has been 
built up the strong heat conduction by degenerate electrons lowers 
the temperature gradient so much that the convective instability 
disappears. 

The calculations of convection zones were put on a new basis by 
the work of Koester (1976) who calculated convection zones using a 
Henyey code and taking into account the original hydrogen-helium 
stratification and convective mixing effects. Related calculations 
have been carried out by d'Antona and Mazzitelli (1975, see also 1979). 
This work shows the possible strong suppression of convection by the 
presence of rapid variations of the molecular weight and opacity due 
to the transition from the He-rich to the H-rich zone. The most im
portant result is that the possibility of the conversion of a DA 
to a non-DA star occurs only well below Teff *v 10

4K for practically all 
reasonable thicknesses. Similar calculations for stratified carbon-
helium envelopes have been carried out by d'Antona and Mazzitelli 
(1979) and by Vauclair and Fontaine (1979) in connection with the 
question whether the existence of X4670 stars can be explained by 
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4.0 4.2 

">9 Teff 

Fig. 8. The Rayleigh number (Ra) and the PrandtL number (a) for non-DA 
convection zones as a function of Te f f. The numbers have been cal
culated for the layer in which the convective velocity reaches its 
maximum. Solid curves are based on convection zone models by BBhm 
et al. (1977), broken curves on those by BBhm and Cassinelli (1971). 
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reduced by more than ten powers of ten in comparison to the sun. 

The Prandtl number for cool non-DA convection zones is much higher 
than for the sun and in this sense the convection is really slightly 
more similar to the laboratory case than in other astrophysical cases. 
Nevertheless a is still small and we still have a "typically astro-
physical" situation. For high Teff the Prandtl number decreases rapid
ly and is only one power of ten higher than in the sun for Teff ^ 
3. x 10*K. 

White Dwarf Coronae 

In this chapter we shall restrict ourselves to "classical corona 
formation". This means that the mechanical (acoustic) energy flux 
generated by the turbulence in the convection zone according to Light-
hill's theory (cf. 1955) (see also Biermann and LUst 1960) is the main 
energy source for the corona formation. It is well-known from solar 
physics that the real situation is, at least, much more complicated. 
Nevertheless it is useful to consider the predictions from this type 
of theory for stars other than the sun. This should be done using the 
Kuperus-Ulmschneider approach (cf. Kuperus 1965, Ulmschneider 1967, 
De Loore 1970). A simpler but more controversial approach is the use 
of the minimum flux method (Hearn 1975). This method has been applied 
to a number of stars of different spectral type and luminosity by 
Hearn (1975) and by Mullan (1976). Muchmore and BBhm (1978) have 
applied it to non-DA white dwarfs. This requires some modifications 
in the method in order to take into account properly effects of the 
high gravity and the unusual chemical composition. Hearn's method 
has recently been criticized by Antiochos and Underwood (1978). Though 
their criticism is basically justified it is not yet clear whether 
results derived from Hearn1s method are really not useable as crude 
qualitative approximations especially since the numerical results al
ways look intuitively reasonable and since the acoustic fluxes which 
enter into the theory are very uncertain anyhow. 

Very recently Muchmore and BBhm have repeated the calculations 
for non-DA stars and also carried out analogous computations for 
DA stars using in both cases improved values of the emissivities. The 
results are presented in fig. 9 and 10, showing the coronal base 
pressure and the coronal temperature as a function of the effective 
temperature for non-DAs (fig. 9) and DA's (fig. 10). The temperature 
of a non-DA corona at Teff ^ 2.2 x 10* is now 4.5 x 10

6K and at 
Teff ^ 3. x 10^ we find a coronal temperature of 5.2 x 10^K. As we 
might have expected, coronae of DA stars occur(if at all) only on 
a very narrow Teff range between 10000 and 11000K. The coronal tempe
rature hardly reaches 4 x 10^K. These calculations show that while it 
should be basically possible to detect "classical" non-DA coronae in 
the effective temperature range 1.7 x 10^ £ Teff £ 3 x 10^ DA coronae 
seem to be of no practical interest. 
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CDRBNRE - n o n - I R 
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0 0 " 0 0 0 110.00 
T.'I'lJlDl " " • ^ B » * '»••' 

Fig. 9. Coronal temperature (upper part of diagram) and base pressure 
for non-DA models as a function of T £„. 

eff 
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Fig. 10. The same as fig. 9 for DA models. 

It should be noted that because of their very small scale height 
white dwarf coronae do not lead to a stellar wind. 

This study has been supported by NSF grant AST 78-20542. 
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