
Lecture 12

Stellar atmospheres
prof. Marcos Diaz

treasure map:

Gray: 254, 423, 458
H&M: pg 617
Bohn-Vitense: pg 124, 125
Rutten: pg 125,123

(from Salewski 2015)



Microscopic Line Broadening  

V. Microturbulence

The macroscopic to thermal energy cascade

with a symmetric (ξ2 = ξ2
x +  ξ2

y  + ξ2
z) gaussian vel. field: 

gaussian convolution with thermal core

→ most important line transfer effect: unsaturate lines and increase EW

Δ lk ≲ lν
Δlk = isokinetic coherent scale, l


 = mean free path 

N (v)dv =
1

π
1/2ξ

e−(v /ξ )
2
dv



from Gray 2005



FWHM(ξ)

(from Gray 2005)



Macroscopic Line Broadening  

I. Stellar rotation

the rotation kernel for spherical stars

v⃗ = Ω⃗×R⃗∗

Ωx=0
Ωy=Ω sin(i)
Ωz=Ωcos(i)

vrad = -vz  = -xΩ sin (i)  

v rad
c

=
xΩsin(i)

c
= Δλ

λ

R∗Ωsin (i)

c
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ΔλL
λ

(1)

x = Δλ
λ

c
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= Δλ
ΔλL

R∗



non-rotating case:

rotating case:

Fλ

F c
=
∫H (λ) Ic cos (θ)dω∗

∫ I c cos(θ)dω∗

Fλ

F c
=
∫H (λ−Δ λ) Ic cos (θ)dω∗

∫ I c cos(θ)dω∗

with  (λ – ΔλDopp) = λobs

Hλ =  Iλ  /  Icont

(Intensity integral over stellar surface)
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G(Δ λ) =
2

R∗ΔλL
∫
0

y 1

dy / ∫ cos(θ)dω∗ =
2 y1

R∗ΔλLπ

Fλ

F cont
= ∫

−ΔλL

ΔλL

H (λ−Δλ)G (Δλ)dΔλ

with  G(Δλ) = 0 for |Δλ| > ΔλL

Fλ

F cont
= H (λ)∗G(λ)

ℱ [H (λ)∗G(λ)] = ℱ [H (λ) ] .ℱ [G(λ)]



The line profile

monochromatic line H (λ)=−δ(λ−λ0)

Fλ

F cont
= −δ(λ−λ0)∗G (λ) = −G(λ−λ0)
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-ΔλL ΔλL

elliptical kernel ->elliptical profile
for narrow Voigt

(from Bohn-Vitense 1989)



from Bohn-Vitense 1989
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