
Radiative energy transfer



Radiatre Energy Transfer

Extinction coefficient

When a radiation pass through a medium
,
it can be attenuated

in propetion of IV and cotumn density Pds

Conviden Er(o) going through ds of density P

Gr = opacity

/Fol
[kr] = cm2g - 1

The amount of absorbed radiation : dIv = -EuPIds

We shall see that fir results from different physical processe-

I wait for next chapters... (
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Mean free path :: 1 = 1 Fr(s) =Irls)et
KP

stellar interiors : 0 . 01 11 cm.

After travelling a length I ,
the entenvity is decreated by

a factor C

1
hm at the center of 0

-

1 em at T = 25000K

1 km at T = 10000K

100 km at T = 6000K

103km at T =Book red grants

Optical depth and stellar thickness

Optical depth To = /KrPds Irl=Fre
T
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extinction include a part of absoption and a part of scattering

Kyot = Est + Nahs

For a radiation with incident angle O

Absorbed energy du / dir) du do cos0 dedt

= Er Pirds dr dT woOdldt

PdsdT = muss element
=
du [ light crossing dm]

ahKr Ir du da de dt

Scattered light scattered In direction O
scat

duseat k Er da dudedt [A pattu
paift- phase function such that Intd

I Mie phase function
p= (1 +w0)isotropic scattering
p = 1
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Visual
domain



Albido : av=difa
=> du diffdien

z

Alsaption = conversion of radiatre energie in themat energy

Scattering = no conversion of energy , photons changes direction

Emission coefficient
A mass element can emit light (photons) per production
of nuclear energy or as a black body (temperature(

↑

soit par production d'énergie
~

de type corps wir ArtemFerativity
du = Au dr da de dt

[jr] = WEg- stiradian H2
-

on can write dir = Ju Pds
in analogy with di-Er[r) Ads



the Kirchhoff law

We consider a closed cavity ,
with walls

,

at temperature T

The system is at theimat equitibrium

A each frequency there is equitibrium between emitted and absorbed energy

TT si le système at a &

#In ce qu'il flucra fac
I

isole
,
le rayonnement emis =

Il
le rayonnement rega.

irreversible transformation

-
l the loi de Kirchhoff he fent the guinue fouchon
défendante de la température

Equilibrium between emission and absorption

du Ku Ir du dan de dt
du

em

r = ju dr du de dt

=> KrIr = jp Ir=
Ky

independant of medium



Transfert equation

In all celestial bodies , there is transfert of
from the center to the surface
irrespective of the source of internal energy· ex : gravitational collapse (proto *)

fusion (*) 1 fission (earth)

variation of enegy in at : dUr = dIr dTdr dedt

Emitted energy du = Ir Pdrds dr drdt

Absorbed energy
du = KvIr PdNds du drdt

Balance : dUr = duve-dUrahs

dir = P(I-Fr
Equation of radiative transfert

Spheical geometry :

V

dPrad + 1/3Prad n)+ 0
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Transfer equation in stellar interiors
V

LTE = Locat Thermodynamic Equiltrium

= At each depth , the radiation field only depends

p

on local T Iv = Bu(t)

LTE is satisfied if t , photon mean free path
.

↳ scate of temperature variation
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provided one isITE is verified 1 deep enough in the
atmosphere

(Indeed & T= 6000K by> 1000 km )



Stellar interiors : one can show that anisotropy is very weak

·

Let's develop I in power of cosO &

#(0) = 10 + In 100 + F2 50+ --
zu -
-

isotropy deviation from isotopy negligeable

· Equation of transfer foralane-paratlet atmosphere (hegtogihhenture)
ds

= -
=P

Replacing I by its diveloppement , one shows :

( will be don ( th =-P for my 0during exercises

=> FPI1
The series couvages rapidety

I = lo + Is wso




