
Lecture 13

stellar atmospheres

prof. Marcos Diaz

treasure map:

Gray: 458
Böhm-Vitense: pg 125
Rutten: pg 123

(from Gray 2005)



Macroscopic Line Broadening  

I. Stellar rotation (cont.)

The rotation profile in reciprocal space

=>  broad boxing envelope times the Fourier 
transform of the rotation kernel (elliptical function).

ℱ [H (λ)∗G(λ)] = ℱ [H (λ) ] .ℱ [G(λ)]

|ℱ [G(λ−λ0) ]| = g(σ)

with zeros @   i/ΔλL     i ∈  ℤ

ΔλL=
λ
c
vrot sin(i)

ℱ [H (λ)∗G(λ)] = ℱ [H (λ) ] .ℱ [G(λ)]
(from Gray 2005)



Macroscopic Line Broadening  

I. Stellar rotation (cont.)

The rotation profile 
in reciprocal space

(from Gray 2005)



Combined multiple line profile analysis

advantage:  Parceval theorem (efficient flux → Ω constraint)

disadvantage: Mix lines with different broadening contributions

ℱ [H (λ)∗G(λ)∗I (λ)] = ℱ [H (λ) ] .ℱ [G (λ)] .ℱ [ I (λ) ]

d (σ) = g(σ) .h(σ) . i(σ)

D(λ) = H (λ)∗G(λ)∗I (λ)



(from Gray 2005)



(from Gray 2005)



II. Macroturbulence
A path to asymmetric profile formation

Δ lk > lν
→ local profile shifted by the medium velocity

Similar to rotation kernel convolution 
–>  with a gaussian distribution of macroturbulent velocities ζ 

over the stellar atmosphere.

Θ(Δλ) = AradΘrad(Δ λ)+A tangΘtang(Δ λ)

ζ
2

= ζ tang
2

+ ζrad
2 ; Δλ = −

ζλ

c

ζT=
ζ tangλ

c
; ζR=

ζrad λ

c



and  flux integral over the visible hemisphere:

where          cos(θ) = μ 

macroturbulent velocities increase with temperature and luminosity class



(from Gray 2005)



from Rutten and Schrijver (1994)





(from Gray 2005)



(from Gray 2005)
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