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Topics

I Basic Results from Model Atmospheres
I T -structure of the Sun
I T -structure of model atmospheres
I T , Pgas, Pe relations
I geometrical extension
I effects of chemical abundances
I Teff effects
I continua
I behavior of spectral lines

I chemical analysis
I micro-turbulence
I graphs from Gray (1989) and France’s PhD thesis
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temperature structure: Sun

I observations of limb darkening (LD)
I plus Eddington-Barbier relation
I LD depends on λ→
I Sλ varies with λ
I inferred T structures agree well with models
I inside the chromospheric T rise, of course!
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LD in the Sun
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T structure: Sun
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Model atmospheres

I typically computed in stages
1. initial guess of structure (grey)
2. continuum model
3. line model
4. NLTE model

I use scaled structures, too
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line blanketing

I lines drastically change T structure!
I cool outer layers
I heat inner layers
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line blanketing
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convection
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convection
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scaling relations

I scaled solar T structure quite useful

T (τ) = S0T�(τ)

I Pgas does not scale as T (τ) (hydrostatic equation)
I can be approximated in the form

Pgas ∝ gp

I p ≈ 0.57 . . . 0.64
I similar for Pe :

Pe ∝ gq

I q ≈ 0.45 . . . 0.3
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gravity effects
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T , Pgas, Pe relations
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geometrical depths of atmospheres

14 / 61



T , Pgas with convection
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T , Pgas with convection
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τ , Pgas relation
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τ , Pe relation
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effects of chemical composition

I solar type stars:
I most electrons provided by metals (Na!)
I → significant effect of metallicity
I hotter stars: H is most important electron donor
I → abundance effects smaller
I cooler stars:
I increasing metallicity increases number of free electrons
I opacity increases
I → decreasing Pgas at given τ
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effects of metallicity
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effects of metallicity
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effects of Teff

I inrease Teff →
I opacity increases →
I → decreasing Pgas at given τ
I changes as H ionizes
I Pe increases with Teff due to increasing ionization
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effects of Teff
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effects of Teff
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continua from model atmospheres

I significant deviations from BBs!
I examples use scaled solar T structures
I Balmer jump strongly Teff dependent
I less g dependent
I low Teff → H− dominates
I can be used to fit to observed ’continua’ (hotter stars

only!)
I use Teff dependence of Paschen continuum
I use g dependence of Balmer jump for given Teff

I also: use synthetic colors and BCs for quick and dirty
parameter estimates
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stellar continua
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stellar continua
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stellar continua
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stellar continua
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stellar continua
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bolometic corrections
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behavior of spectral lines

I line source function

Sν =
J̄ + ε(τ)Bν

1 + ε(τ)

I lines profile essentially maps Sν(τ)

I → use this to estimate T (τ) from lines
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lines
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contribution function

I LTE line profile:

Fν = 2π
∫ ∞

0
Bν(τν)E2(τν) dτν

= 2π
∫ ∞

0
Bν(τν)E2(τν)

dτν
dτstd

dτstd

= 2π
∫ ∞

0

[
Bν(τν)E2(τν)

χl + χc

χstd
τstd

]
d log τstd

log e

I expression in []→ contribution function
I approximately measures contribution of each layer to line

emission
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lines
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lines
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lines
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lines
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lines
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lines
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lines
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lines
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curve of growth
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curve of growth
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line shapes
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line shapes
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line profile comparisons
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line profile comparisons
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low resolution comparison
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higher resolution comparison
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chemical analysis

I typically uses curve of growth methods
I problem: divide between the various effects involved in

line formation
I Teff , g , convection, abundances, blending, turbulence,

rotation . . .
I CoG methods need accurate equivalent widths

measurements
I very difficult for heavy blending (UV)
I accurate atomic data are also needed
I differential analyses circumvent the last problem!
I this delivers relative abundances
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chemical analyses
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chemical analyses
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chemical analyses
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chemical analyses
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chemical analyses
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micro-turbulence

I comparison observed-theoretical line profiles
I → observed lines often broader than computed lines
I stars with higher L often have broader lines
I → turbulence in stellar atmospheres
I isotropic micro-turbulence → small scales
I large scale macro-turbulence
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micro-turbulence

I isotropic micro-turbulence →
I introduce micro-turbulent evelocity ξ
I Dopper width →

∆λD =
λ0

c

√
2kT
m

+ ξ2

I changes width and depth of a line →
I changes CoG
I ξ has to be determined line all other parameters
I different lines of the same element must give the same

abundances
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micro-turbulence
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micro-turbulence
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micro-turbulence
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