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Towards the  
Model Photosphere 



Radiation Pressure, Pr 
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 Radiation may also have an effect on the pressure. 
Radiation is an inefficient carrier of momentum 
(velocities have the highest possible value), but 
when a photon is absorbed or scattered by matter, it 
imparts not only its energy to that matter, but also its 
momentum h/c.  
 

 Let’s now recall the definition of the K-integral and 
Eddington approximation (Lectures 3 and 5). 
 



Lecture 3 Lecture 5 
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K-integral & Eddington approximation 



Radiation pressure & early-type stars 
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Combining 
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In a grey (frequency independent opacity, so J=S), LTE atmosphere 
(S=B(T)), integrating this gives the total radiation pressure PR 
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Radiation pressure can be neglected for Solar-type stars, but becomes  
very important for early-type stars due to the T 4 sensitivity.  
Energy is a scalar quantity, whilst momentum is a vector quantity – almost 
all star light is coming from the same direction so it pushes the outer regions 
of the star outward, producing a wind.  
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Effect of radiation pressure 
6 

For stars in which radiation pressure plays a non-negligible role we can write the 
extended hydrostatic equation as: 

 
Again, from the RTE:  
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Therefore, the “effective gravity” is:   

 

 

 

 

)()()( rrg
dr

dP
rg

dr

dP
eff

Rg
 





0

1
)(   dF

c
grgeff

  













 d

ds

dK
d

d

dK
dF 44

 
 dFdFd

ds

dK
 4



Effect of radiation pressure 
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In deep layers (≫ 1): 
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The “effective gravity” is:   

 

 

The atmosphere is no longer static – it is expanding due to radiation driven winds. 
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Stellar Winds 
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Hot Stars possess dense 
outflows, or stellar 
winds, which are 
produced via radiation 
pressure which 
influence their 
subsequent evolution – 
e.g. Wolf-Rayet Star 124. 



Eddington parameter 
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 We can estimate the radiative acceleration, grad in an early-type star by 
considering only Thomson (electron) scattering, T as opacity, with the 
number of free-electrons per atomic mass unit, q (q=1 for a completely 
ionized H atmosphere, q=0.5 for a completely ionized He atmosphere) 
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 We can write the ratio of radiative acceleration due to electron 

scattering vs surface gravity as e (Eddington parameter) 
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Eddington limit (1) 
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For the Sun, e =2x10-5 ≪1, but early-type stars approach the limit e
Max =1 since for 

massive stars LM 3. For a given stellar mass there exists a maximum luminosity – no 
stable stars exist about the Eddington limit, LEdd and there is a limit on stellar mass 
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Eddington limit (2) 
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We can write the Eddington parameter, e, in terms of Teff and gravity – the 
Eddington limit (corresponding to e

Max =1) then becomes a straight line in the 
(log Teff, log g) diagram:  
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Summary 
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 Hydrostatic equilibrium – Pg changes by a factor of e=2.71 over the scale 
height. 

 Pg(ρ) scales with g 1/2 in Solar-type stars (n=1 approx if H- dominant 
opacity source). Dwarfs have high Pg & high mean opacities (thin 
atmospheres) whilst (super)giants have low Pg  and low mean opacities 
(deep atmospheres). 

 Increased Pe in Solar-type stars from readily ionized metals versus pure H 
case. Ratio of electron to gas pressure is strong function of T. 

 

 Radiation pressure (T 4) unimportant for Solar-type stars, but very 
important for hot stars. Ratio of radiative acceleration (due to e.s.) versus 
surface gravity is Eddington parameter e, with maximum value e=1 
(hence maximum L for a  star of mass M, Eddington limit, and maximum 
possible stellar mass of 150 solar masses). 



Lecture 4 
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Back to Model photospheres 



Model photospheres 
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Cecilia Payne-
Gaposchkin 
first proposed 
the presently-
accepted 
composition 
of stellar 
atmospheres 

The first theoretical 
spectrum  
(McCrea W. H., 1931) 



Model atmospheres 
15 

Many grids of models have been published. 
Famous models: 
Kurucz (1979) - the O- to G-star models. 
Many other exist, however, older models should 
be used with some care:  
• Improvements in the hydrogen opacity 

sources over the last two decades produce a 
few per cent change in the model 
parameters. 

• Better continuous opacity for the metals can 
make significant differences, especially for 
4000 A. 

• The improvements in treating line 
blanketing can amount to hundreds of 
degrees in T, with dramatic alterations in 
the spectrum.  

• In many cases you may find it more useful to 
compute your own models (Tlusty, etc). 


