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Abstract. As an alternative to the equation of radiative equfirst one uses the condition of constant flux (flux correction,
librium, the equation of thermal balance of electrons is used the differential form of radiative equilibrium), the second
in order to derive temperature structures in NLTE model stelne is based on the integral form of the condition of radiative
lar atmospheres. The calculations are accomplished for vari@ggilibrium. The flux correction method is useful at large opti-
stellar parameters comprising different stellar types, and bathl depths, since it ensures flux conservation. Its application to
methods are compared. It turns out that the application of tNETE model atmospheres calculations was described, e.g., by
electron thermal balance equation is superior to using the st@ustafsson (1971), Frandsen (1974), Hubeny (1988) andtKub
dard equation of radiative equilibrium in the outer, line formin¢1996).
parts of stellar atmospheres and beyond. The condition of radiative equilibrium is commonly used
for determining the temperature stratification throughout the

Key words: radiation mechanisms: thermal — methods: numdire forming regions and also in the optically thin part of the at-
ical — stars: atmospheres mosphere. First NLTE calculations of model atmospheres that
considered the equation of radiative equilibrium were performed
by Feautrier (1968) and by Auer & Mihalas (1969a). Subse-
guently, Auer & Mihalas(1969b) incorporated the equation of
radiative equilibrium into their method of complete lineariza-
The numerical modeling of a NLTE stellar atmosphere is a cofijon. It became standard for a variety of computer codes (e.g.,
plex task. In order to determine the atmospheric structure itNghalas et al. 1975, Kudritzki 1976, Hubeny 1975, 1988 for
necessary to solve for all variables throughout the atmospher® plane parallel static case; Mihalas & Hummer 1974, Gr-
i.e., temperature, electron density, population numbers, radigthinske 1978 for the spherically symmetric static case). The
distance, velocity fields, etc. All quantities have to be calcwew generation of codes based on the accelerated lambda it-
lated globally and simultaneously. Thus, it is natural to seek fgfation method (Werner 1986, Gabler et al. 1989, Hamann &
methods that enable to lower the computational costs necessgBssolowski 1990) also determines the temperature structure
both for the model calculation and for the solution of a particysing the equation of radiative equilibrium.
lar equation. The determination of the temperature structure (in The NLTE blanketing codes (e.g., Schmutz 1991, Dreizler
parallel with all other variables) of a stellar atmosphere is tigewerner 1993, Hubeny & Lanz 1995) solving for the temper-
most time consuming part of such a calculation. ature structure require an enormous amount of computational

The complicated interaction between radiation and atonjge (depending on the number of elements included and the nu-
population numbers causes drastic changes of temperaturepgsrical efficiency of the code), and are consequently well suited
pecially in the outer atmospheric layers. Although the computgnly for the analysis of individual stars or smaller subsets. For
tional time per iteration is almost the same as if the temperatyeyutine ana|ysis of |arger stellar Samp|eS, however, they are
were fixed (i.e., all variables except temperature are solveg),only limited practical use (see also Pauldrach et al. 1997,
the number of iterations necessary to obtain a converged s@liltier & Miller 1998). In order to tackle the latter problem,
tion is considerably Iarger when the temperature is solved fQé_nto|aya-Rey et al. (1997) decided to deve|0p an extreme|y
as well. The computer codes that are aiming at such a corrggt NLTE model atmosphere/line formation code. This was
temperature determination usually need a huge amount of cafRabled by several substantial approximations regarding tem-
putational time to find a consistent NLTE solution, and theyerature and density structure. The most severe restriction was
quickly become hardly usable forautineanalysis of a larger the assumption of a constant temperature in the outer parts of
number of stars. the atmosphere.

There are two commonly used ways of calculating temper- Keeping in mind the basic strategy of Santolaya-Rey et al.,
atures in the determination of NLTE model atmospheres. T{#@ made several attempts to find faster methods for the deter-
mination of the temperature structure than the one by using the

1. Introduction
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equation of radiative equilibrium. Here we report on first resul®&s2. Thermal balance of electrons

of applying the method of thermal balance of electrons. . . L I .
PPlyIng As an alternative to the equation of radiative equilibrium, it is

o possible to use the equation for the thermal balance of electrons.
2. Energy equilibrium in stellar atmospheres This equation considers heating and cooling of an electron gas

Let us assume that energy is transported through the steIIaubXt-.COIIISIOnS with atoms, by radiative ionization and recombi-

mosphere only via radiation, i.e., we neglect convection. Thefi@tion, and direct radiation heating and cooling via free-free

fore, we restrict our analysis to hot stars, where atmosphem%nig.'ons' h of . i Si the bi
convection is not so important. is approach, of course, is not new. Since the pioneer-

ing work by Hummer & Seaton (1963) and Hummer (1963), it
has been widely used for the study of planetary nebulae (e.qg.
2.1. Radiative equilibrium Williams 1967, Ferland & Truran 1981, see also Osterbrock
The condition of radiative equilibrium (see, e.g., Gl 1955, 1974 and Aller 1984). Neve.rthejless, its application to models
or Mihalas 1978) of stellar atmosphergs remains isolated. Some of the few exam-
ples are the calculations by Drew (1985, 1989), who used this
A /OO (ko Jy — ) dv = 0 1) method to determine wind temperatures of OB stc_";\rs, and more
0 vev v recently by Pauldrach et al. (1997) and Hillier & Miller (1998).

. .. The equation for the thermal balance of electrons follows from
became a standard equation for temperature determma‘uonaw Boltzmann kinetic equation, and for equilibrium we have

the outer atmospheric layersy < 2/3) in the course of con- e ; :
: . .g., Lifsh P ki 197
structing model stellar atmospheres both in LTE and NLTE. FSE% g., Lifshitz & Pitaevski 1979)

a discussion of various methods to calculate LTE radiative eqgif! — Q¢ = 0, (2)
librium model atmospheres, see Mihalas (1978). Here we shall ) )
consider only the NLTE case. where@" is the total amount of energy supplied to electrons

In Eq. (), , is the total opacityp, the total emissivity, (N€ating) adeC corresponds to the inverse process (cooling).
and.J, the mean intensity of the radiation field. This expressidrft US consider the physical mechanisms which control the ther-
accounts only for the radiative energy balance and simply stafiedl balance of electrons and radiative equilibrium in detail.
that the total amount of radiative energy absorbed at a particu-
lar depth {r f0°° k., J,dv) equals the total amount of emitted? 3. Free-free transitions

diati < n,dv). Th h f tak . o
;r)?alc?a I\\//veitr? rtf (;giﬁgr'g%l Zn el:;y ofeateoxr(r:1 Sa(r\}?: boouennde_ré;gur? d eajf&ee-free transitions transfer energy between the radiation field

Qd electrons. The total amount of energy transferred from ra-

bound-free transitions) and with the kinetic energy of eIectrofél tion to elect 2 ab tion (heat b d
(via bound-free and free-free transitions). iation to electrons via absorption (heating) can be expresse

Thus we have three dominant energy pools (radiation, i
';etlrjr:g.atomm energy, and kinetic energy of electrons tempgg p— ZNJ'/O o (v, T) T, dv 3)

In standard calculations of NLTE model atmospheres, the
equation of radiative equilibrium is being solved in parallel witwheren,. is the electron densityy; the NLTE population of
the equations of statistical equilibrium, radiative transfer and thee ionj, ag ; (v, T) is the free-free absorption cross sectidn,
equation of motion, which for static atmospheres reduces to gtands for temperature, atdis the mean intensity of radiation.
equation of hydrostatic equilibrium. Similarly, for the inverse process (cooling), the total amount of

Within this standard framework, however, our experiendeansferred energy is
shows that for some particular stellar parameters it is either o o3
almost impossible to obtain convergence towards the correg§ — 47meZNj/ ag (v, T) (Jy + ;/ > X
solution or thatthe convergence rate is rather slow. This indicates J 0 ¢
that the condition of radiative equilibrium may not be the best we—hv/kT g, (4)
formulation for certain combinations of basic stellar parameters.

The reason for the fault is simple. With respect to the tramhereh is the Planck constank; is the Boltzmann constant,
sitions included into the equation of radiative equilibrium, onlgnd ¢ is the speed of light. The free-free heating and cooling
bound-free and free-free processi®ectly affect the temper- terms also enter the equation of radiative equilibrium. Thus,
ature, whereas bound-bound radiative transitions have an dinbe-free radiative losses afh = QI and free-free radiative
indirect effect via the equations of statistical equilibrium.  gainsR§ = QS.

Thus, if the bound-bound transitions dominate the radiative
‘(‘er.\erg},/ balance, the rgal important transitions are numencaéll)a_ Bound-free transitions

killed” and the result is a slow convergence of temperature.
Bound-free transitions transfer energy between the radiation
field and both electrons and atoms. Since we are dealing with

J
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the thermal balance @flectronswe shall consider only the en-Heren}, b;, andw; is the LTE population, departure coefficient,
ergy transferred to electrons (and back), so that the part of #ed occupation probability for the lower levie{and similarly
energy transferred to atoms must be subtracted. The correspdadthe upper levein), andayy, 1 (v) = (me?/mec?) fimo (V).
ing expression for heating by ionization reads In the last expression,is the electron charge;. is the electron
mass is the speed of lightf;,, is the oscillator strength, and

Q= 47?27171911%/ e, i (V) (1 - @) dv. (5) ¢(v)is the line profile.
1k 0 v

Heren; is the LTE population of the lower bound levéljs the 2.6. Collisions

corresponding departure coefficiea, is the occupation prob- -jisions transfer energy between electrons and atoms, they
ability of the upper level (see Kt 1997) .y, is the frequency q ot affect the radiation field. For collisional deexcitation or

of.thef ionization edge, anﬂbf, iw(v) isthe Co”eSF?O”,di“Q pho- recombination (heating) we use the expression with occupation
toionization cross-section (note that below the ionization edg?obabilitieSw (see Kulat 1997)

at, 1k (v) = 0). Similarly, for cooling holds

. i % 2hv3
Qbf = 47Tan brwy abf,lk(V) Jy +
U,k 0

) QEI = Te Z bmn;kwmqlm (T)thm (11)
lm

(12
Hereq;,,(T) is the collision strength,denotes the lower level,
x e~ hv/kT (1 — @> dv. (6) andm is the index of the upper level. For cooling collisional
v terms (excitation and ionization), the following equation is
In this equationy; is the occupation probability of the lowervalid,
level. The atomic level occupation probabilities were introduced,, .
by Hummer & Mihalas (1988) to account for a more precidde = e Zbl”l Wi (T) Wi (12)
cutoff of the highest atomic levels than by standard methods. tm
Their implementation to model atmosphere codes is descriq@gte, thatQC = QY holds in LTE, sincey; = b,, = 1.
by Hubeny et al. (1994) and Kab (1997). For high gravity
stars (white dwarfs) with extreme dense lower atmospheres, o o
they are important. For low gravity stars with correspondirgy’- Total radiative equilibrium and thermal balance
lower densities, however, it is acceptable tosgt= 1 for all equations
explicit levels. _ Combining Egs[{3),[{4)[17)[18).X(9), and {10), we obtain the
On the other hand, the standard expressions for bound-ftgg| radiative equilibrium equatiofl(1). On the other hand, com-

radiative losses and gains are a bit different, since they concgifing Eqs.[(B),[4),[(5) [16)[{11), and {12), we obtain the total
the total radiative energy pool. The radiative losses are thermal balance equatiof (2).

Ry =4r Z ny bywg, / apt, 1k (V) S, dv. (7) 3. Comparison of radiative equilibrium
Lk 0 and thermal balance methods
and the radiative gains In order to investigate in how far an application of the elec-
tron thermal balance is appropriate, we compared it with the
o 2h13 i At Tk ; )
RS = 4n Z n} brw ane () (T, + % standard equation of radiative equilibrium. To this end, we cal
e ’ c? culated very simple static spherically symmetric pure hydrogen

and hydrogen-helium NLTE model atmospheres for several stel-

—hv/kT L .
xe dv. (8) lar parameters comprising different spectral types.

2.5. Bound-bound transitions 3.1. Model atoms

Bound-bound transitions transfer energy between radiation &adr hydrogen model atom consists of ten levels of pius
atoms. They concern only the radiative equilibrium, not the thetontinuum. The atomic data (for hydrogen) are as follows: The

mal one. The bound-bound radiative losses are oscillator strengths are after Wiese et al. (1966), lines were as-
0o sumed to have depth independent Doppler profiles. The pho-

Rﬁb = 4w2n2‘blwm/ abb, im (V) dy. (9) toionization cross sections are calculated using the standard
Lm 0 formula (e.g. Mihalas 1978, Eqgs.4-114). The free-free cross

section is calculated by means of Egs. 4-122 in Mihalas (1978).
Gaunt factors both for bound-free and free-free transitions are
a . oo 2hv3 evaluated using fits by Mihalas (1967). Collisional ionization
Ry, = 4”Z”mbmwl/o b, im () (Jv T2 ) X rates are determined using the polynomial fit by Napiwotzki

bm (1993). For calculation of collisional excitation rates, the ex-
xe /R qy, (10) pressions in Mihalas et al. (1975) were used.

and the radiative gains
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Table 1. Summary of the atomic data used for model atmosphere cal- soo00 — : | Telma0000K log g74.5. 1

culation thermal balance ——
radiative equilibrium -----

T T T

70000

radiative collisional i |
ion b-b  b-f ff b-b  b-f
~ 60000 Bl
Hi 1 2 3 5 4 €
Hetr 1 7 3 6 6 3
Henr 1 2 3 6 4 aéi 50000 i

Notes:1—Wiese et al. (1966); 2—Mihalas (1978) Egs. 4-114, Gaunt
factors after Mihalas (1967); 3—Mihalas (1978) Eqgs. 4-122, Gaunt 40000
factors after Mihalas (1967); 4 —Napiwotzki (1993) polynomial fit;
5—Mihalas et al. (1975); 6 — Mihalas & Stone (1968); 7 —Koester et al.
(1985) forn < 3, hydrogenic (2) for highen.

30000

T
!

-3 -2
log m (g/cm2)

Teff=40000K, log g=4.5, H
Our helium model atom consists of 29 levels of 1H&0 0 ' ' ' ' ' ' thermal balance —
levels of Heai plus Herr. All levels of Her up ton = 4 are radiative equilibrium -—-
considered separately, levels with< n < 9 are joined into two

levels for eachn, one for singlets and the second one for triplets.

The oscillator strengths are also after Wiese et al. (1966). The

o
c

Her photoionization cross sections far < 3 are calculated s
after Koester et al. (1985), for higherthey are assumed to be§
hydrogenic. The Hea photoionization cross sections are take#
as hydrogenic. The free-free cross sectionis calculated similagto
the case of hydrogen. All collisional rates for Hend collisional
excitation rates for Ha are calculated after Mihalas & Stone
(1968). Collisional ionization rates for Heare calculated using

the polynomial fit by Napiwotzki (1993). This set of atomic data ‘

. . . -5
is summarized in Tab 1. 0 20 40 60 80 100 120 140 160 180 200

iteration

Fig. 1. Temperature structuraugper panél and convergence of the
temperaturel¢wer pane) for the pure hydrogen NLTE model atmo-
We used the computer code described by &u1994, 1996, sphere with all lines considered @t = 40000K, log g = 4.5 and
1997) with the appropriate modifications allowing for the in = 15Ro-
clusion of electron thermal balance. It calculates temperature,
density, radius and population numbers assuming hydrostatic,
radiative and statistical equilibrium. These equations are sohiadhe inner part we have successfully ensured the conservation
using a linearization (Newton-Raphson) method, whereas thfeotal flux.
radiative transfer equation is solved by means of approximate
lambda operators.

We calculated two sets of models, the first one using tﬁég'l' O star model
equation of radiative equilibrium, whereas the latter was rBer a spherically symmetric O star model, we choose the fol-
placed by the equation of electron thermal balance in the secdowling basic parameters: luminosify = 5.2 - 10° L), radius
set. Although Newton-Raphson (linearization of temperaturB, = 15R), and, in order to enable the static approximation,
electron density and departure coefficients in parallel) was usbe rather unrealistic mastl = 260M. These parameters
in both cases, test calculations showed that the much simgate 7. = 40000K andlog g = 4.5.
approach of linearizing only the temperature terms works satis- We started our calculation from a converged LTE model
factorily as well. Note, that we always applied the flux correctidior the above parameters. The resulting temperature profiles are
method to determine the temperature structure in the opticgiptted in Fig[1 (pure hydrogen model) and Eig. 2 (hydrogen-
thick parts {r = 2/3) of the atmosphere. helium model). The method of using radiative equilibrium failed
to converge for the case of the full hydrogen-helium model with
all lines. Nevertheless, by putting the Hd.yman lines into
detailed radiative balance, we could compare the convergence
The results presented in this section concentrate on the outeraite of both methods also for hydrogen-helium models. The
mospherefr < 2/3), since by using the flux correction methodlifference between the models resulting from our alternative

3.2. Computer program

3.3. Results
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Teff=40000K, log g=4.5, He/H=0.1 Teff=20000K, log g=3.5, H

80000 T T T T T 40000 T T T T T r
thermal balance — ‘thermal balance —
radiative equilibrium —--- radiative equilibrium -----
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j=2] j=2}
o o
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iteration iteration

Fig. 2. Temperature structuraigper panél and convergence of the Fig. 3. Temperature structuraigper panél and convergence of the
temperaturel¢wer pane) for the hydrogen-helium NLTE model at- temperature [ower pane) for the pure hydrogen NLTE model at-
mosphere with all lines considered (dotted line) andiHgman lines mosphere with all lines except, considered (thd.,, line is set to
set into detailed balance (fully drawn and dashed lines)Ifgr = the detailed radiative balance) féks = 20000K, logg = 3.5 and
40000K, log g = 4.5 andR = 15R. The ratioNu./Nu = 0.1. R =10Rp.

energy equations is negligible both for the pure hydrogen Bsrboth models, the hydrogen Lymanine was setinto the de-
well as the hydrogen-helium model. tailed radiative balance. In addition, the hydrogen-helium mod-

The convergence rate for the pure hydrogen model is deds were calculated using the assumption of detailed balance in
played in the lower panel of Figl 1. Both methods converge wellg1r Lyman lines. They are optically thick throughout the at-
although the convergence for the electron thermal balance equasphere, and, in addition, their influence on the temperature
tion is significantly better. Similar conclusions can be drawn fatructure is negligible due to the weak radiation field at their
the hydrogen-helium models (lower panel of Eig. 2). Thus vieansition frequencies. The resulting temperature profiles are
may conclude that for the case of O stars the method of electaisplayed in Fig$.]3 arld 4. The difference between both of them
thermal balance is superior. is very small. The convergence of temperature is displayed in
the lower panel of Fig§l3 and 4.

In conclusion, for this B star parameter range the method
of using the electron thermal balance is much better suited than
We have chosen the following parameters for a “typical” B stathe standard radiative equilibrium approach.
luminosity L = 1.44 - 10*L, radiusR = 10R and mass
M :_11_.5M@, which yieldT.g¢ = 20000K andlog g = 3..5. 3.3.3. Hot white dwarfs models

Similar to the O-star case, we started our calculation from
a converged LTE model for the above parameters, and we hagan example for a hot white dwarf, we have chosen a star with
calculated both pure hydrogen and hydrogen-helium modélsminosity L = 1.48 - 10° L, radiuskR = 0.13R, and mass

3.3.2. B star model
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Teff=20000K, log g=3.5, He/H=0.1 Teff=100000K, log g=6.0
40000 T T T T T T T T 140000 T T T T T T T T T
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iati ilibrium ---—-- radiative equilibrium -----
55000 radiative equilibrium ] 130000 - |
120000 1
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E -
2 20000 £ 90000 1
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10000 1
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log m (g/cm2) log m (g/cm2)
Teff=20000K, log g=3.5, He/H=0.1 o Teff=100000K, log g=6.0, H
0 T T T T T T T T T T T T T T T T
thermal balance _thermal balance —
radiative equilibrium ----- radiative equilibrium -----
1t ]
[}
S g 2+ 1
s g
= 3]
© [
o 2
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o
4+ 4
5 ! ! L L L ‘\\\\\
S y y y y ’ ' ) ' ' 0 5 10 15 20 25 30 35 40
0 20 40 60 80 100 120 140 160 180 iteration

iteration
Fig. 5. The same as Fifgl 1 for the hot white dwarf model vifitix
élOOOOOK, logg =6.0andR = 0.13R.

Fig. 4. Temperature structureifper panél and temperature conver-
gence lower pane) for the hydrogen-helium NLTE model atmospher
with all lines considered (except hydrogen Lymatine and Her Ly-
man lines set into detailed balance) fiiz = 20000K, logg = 3.5
andR = 10R. The ratioNge /Nu = 0.1. again a typical white dwarf masg = 0.6M,. These param-

eters givel .,z = 30000K andlog g = 7.0.
For this model then and for thmure hydrogeratmosphere,
our findings are consistent with the above results for the hotter
M = 0.6M, (a typical white dwarf mass), yielding.z = star, i.e. identical temperature structures and a better conver-
100000K andlog g = 6.0. gence of the electron thermal balance method [[Fig. 7). A dif-
The hydrogen-helium models were calculated using the digrent situation applies for the hydrogen-helium model. Here,
sumption of detailed balance in the He.yman lines. The re- the use of radiative equilibrium resulted in divergence caused
sults are displayed in Fidd. 5 ahtl 6. Contrary to the case obB Heir Lyman continuum, whereas the electron thermal bal-
stars, no differences are visible and the models are almost idanee method converged relatively fast to a reasonable temper-
tical. ature structure (Fi@l8). The electron thermal balance method
Both models converge quickly for both methods, so that fovercomes the instability caused by this transition and is con-
hot white dwarf models the use of radiative equilibrium remairsequently better suited also in this case.
acceptable. Note, however, that even here the electron thermal

balance method converges faster. 4. Discussion

The results of the preceding section showed the supremacy of
calculations based on the electron thermal balance, compared
Aslightly different situation is encountered for the case of coolér the standard equation of radiative equilibrium, at least for
white dwarfs. As a representative example, we have choseauws model parameters. The better performance is more strik-
model with luminosityL, = 1.2L«), radiusR = 0.04R«), and ing in cases where strong optically thick lines exist in those

3.3.4. Cooler white dwarfs models
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Teff=100000K, log g=6.0, He/H=0.1 Teff=30000K, log g=7.0, H
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thermal balance —
it P thermal balance —
radiative equilibrium ----- A rhniar
L i radiative equilibrium -----
130000 45000 q ]
120000 B
40000 1
< 110000 B <
2 o 35000 1
5 5
& 100000 | 2
[ [
g g— 30000 1
£ 90000 4 k3]
25000 1
80000 B
70000 | i 20000 1
60000 L L L L L L L L L 15000 L L L L L L L L
-7 -6 -5 4 -3 -2 - 0 1 2 -8 -7 -6 -5 -4 -3 -1 0 1
log m (g/cm2) log m (g/cm2)
Teff=100000K, log g=6.0, He/H=0.1 Teff=30000K, log g=7.0, H
0 T T T T T T T T T 0 T T T T T T T T T
thermal balance — thermal balance —
radiative equilibrium ----- radiative equilibrium -----
1 i
3] [}
2 2
@ -2 1 3
= <
o o
(3] [
= =
= 8
o 3 i [
j=2] j=2}
o o
-4 4
5 L L L L L L L L 5 L L L L L L L L L
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
iteration iteration

Fig. 6. Temperature structuraugper panél and convergence of the Fig. 7. The same as Fifg] 1 faf.g = 30000K, logg = 7.0 andR =
temperaturelower pane) for the hydrogen-helium NLTE model at- 0.04R).

mosphere with all lines considered (exceptiHeyman lines set into

detailed balance) fdf.gx = 100000K, log g = 6.0andR = 0.13R).

The ratioYse /Yae = 0.1.

Teff=30000K, log g=7.0, He/H=0.1
T T

T T

thermal balance —
radiative equilibrium ---—--

atmospheric regions where the continuum is optically thin. The
basic difference between these two methods lies in the treatment
of lines. It must be emphasized that line radiative rates do not
explicitly depend on temperature. o

For optically thin continua and optically thick lines mosgéf
of the absorbed radiative energy is absorbed in line transitiofs.
Only a minor part is absorbed (and re-emitted) in the conti@-
uum. Since the electron thermal balance equation does not cBn-
sider radiative line processes at all, these strong lines do not
directly affect the temperature. On the other hand, the equation
of radiative equilibrium considers lines which may completely
dominate the radiative equilibrium balance in the extreme cases 1 1 1 1 :
of strong lines formation far outside the atmosphere. In conse- 0 20 40 0o 80 100 120
quence, radiative equilibrium is not able to extract the important

593

information from the bound-free and free-free rates, which af&- 8- Convergence of the temperature for the hydrogen-helium NLTE

d_model atmosphere with all lines considered (exceptiHgman set
i detailed balance) fof.x = 30000K, logg = 7.0 andR =
Rg. The ratioNu. /Nu = 0.1.

numerically “killed” by unimportant information from boun )
bound rates. (Note, however, that by a consistent use of tﬂé;
ALl-formalism also in the equation of radiative equilibrium,”
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