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Radiative transport

Radiative transport

Transfer equation

%—' — ol
ds I v
d/
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o emiss. coeff.: j, = jop +jin+Jsc | @ extinction coeff.: a = ap + ase

@ specific emissivity: Ju = pey @ opacity: a = pK
@ source function: S = JE @ optical depth: T=[ads
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Radiative transport

Local thermodynamic equilibrium (LTE)

Transport equation

T~Ty ase 00 J, =B,
dl,
— =B,(T) -1,
dr (7)

I,/(T) ~ Jpe T + B,/(To)(]. = e_T)
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Stellar interiors

Stellar interiors

Internal structure

@ mass conservation: M — arr2p
. _ Composition
@ hydrostatic equilibrium: %% — _%V’ ;
P(p, T

© thermal equilibrium: % = 4rr?pe €(p: T
Q energy transport: ke, T)

e radiative g = _% 2 47:Lr2

e convective % = %%%
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Stellar interiors

Hertzsprung-Russell diagram
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Thermal structure
Observable spectrum
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Thermal structure
Observable spectrum

Stellar atmospheres

Radiative transfer equation

- = |ncreasing optical depth

<

Observer Star's atmosphere

T

0 Tsec(#)

Spherical symmetry

1 dl, dlycos® dl, sinf

a)ds  dra@) dro@) "

Plane-parallel atmosphere

dl,

cos 6 =1,-5,

dr(v)
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Thermal structure

Observable spectrum
Stellar atmospheres

Analytical solution

Plane-parallel atmosphere

lin(r, 0 > / S, (t) e~ (t=m)secl sec ) dt

12V (7,6 < / S, (t) e~ (t=m)secl sec g dt

Thermal equilibrium

Procesos Radiativos Stellar atmospheres



Thermal structure

Observable spectrum
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Analytical solution

Schwarzschild-Milne equations

1
Q =4 f 1, dQ =1 [ S,(0) Ei(je — ) de
Q H, = ﬁ f 1, cos O dQ2 =1 [25,(t) Bt — ) dt — L [ S,(8) Balr — 1) dt
QO K, = % f l, cos? 6 dQ =1 2 5,(0) Ba(Je — ) de
En(x) = [{° € dw
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Thermal structure

Observable spectrum
Stellar atmospheres F

Approximate solution

Gray atmosphere
coséﬂ =/ — LT4 (7,0 < 7/2) = I(1,0) = I°“(7)
I(T,G > 71'/2) = /(7-77.‘.) = /in(T)

(/m Iout) — UTT4

1
-2

Q@ F=r (/v — i) = gT4
% (Im 4+ Iout) _ J/3
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Thermal structure
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Observable spectrum
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Thermal structure

bservable spectrum
Stellar atmospheres @ v P "

Limb darkening

Eddington-Barbier approximation

Su(1) = Su(10) + (7 — 7o)

ds,
1,(0,0) = S,(70) + (cos 6 — 7o) I (70)

~ B,[ T(T = cosf) |

v

Gray atmosphere + Eddington-Barbier

60~ (=*+5)

v
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Thermal structure

bservable spectrum
Stellar atmospheres @ v P "

Limb darkening

Gray atmosphere + Eddington-Barbier

05 (<0+5)
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Thermal structure
Observable spectrum

Stellar atmospheres

Absorption lines
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Thermal structure

bservable spectrum
Stellar atmospheres @ v P "

Absorption lines

Voigt profile

612 —— Gaussian ——Lorentzian [o.¢]
0.10 /\ V(X) = / G(X’) L(X — X,) dXI
0.08 //,\\\ -
2 7\ FWHM
o // \\ @ density, temperature,
0.02 ‘J k chemical composition
0.00 T T T .
20 o ; " 20 e velocity (thermal, turbulent,
2 2 * rotation)
Glxio)= 2 [(xi7) =~ .
' ov2r ' m(x2+?) @ surface gravity

@ magnetic field

A\
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Thermal structure
Observable spectrum
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Emission lines
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P-Cygni profiles

Flux
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