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Astronomy 241 Problem Set #6 

Due 1 March 2005, in class 

Solo problems:  

F.  The quadratic stellar model. In the same spirit as the linear stellar model, assume that the interior of a 
star is described by the following mass density distribution: 
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where Cρ  is the central density and R is the radius of the star. (You will find it helpful throughout the 
problem always to express polynomials in r as polynomials in x = r/R.)  

a.  Derive an expression for the mass enclosed by radius r, and for the central density Cρ , both in 
terms of the total mass M and stellar radius R.  

b.  Derive an expression for the pressure as a function of radius, again in terms of the total mass M 
and stellar radius R. 

c.  Derive an expression for the temperature as a function of radius, in terms of the total mass M, the 
stellar radius R, and the mean molecular mass Hmµ . Note that 
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d.  Assume that the following Kramers opacity is an adequate approximation for the stellar interior: 
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 and that we are dealing with solar abundances (X = 0.7, Y = 0.292, Z = 0.008). Using r = R/2 as 
the point at which to match the temperature derivatives, derive an expression for the total 
luminosity of the star, in terms of the total mass M, the stellar radius R, and the mean molecular 
mass Hmµ . 

e.  Derive an expression for the effective (photospheric) temperature, again in terms of the total 
mass M, the stellar radius R, and the mean molecular mass Hmµ . 

f. Ignoring the R-dependence (that is, take it to be a constant, say, the radius of the Sun), plot your 
results for luminosity and effective temperature along with those same parameters for binary 
stars compiled by Malkov (1993). In a short paragraph, compare the fit of your results to the 
observed main sequence, and to that achieved by the linear stellar model discussed in class.  

Team problems: 10.19 and 10.20 in Carroll and Ostlie. For each of these problems, each student is 
responsible for one of the following masses: 0.5, 0.6, 0.7, 0.8, 0.9, 2, 3, 4, 6, 8, and 10M . A missing 
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member of this series, 1 ,M  is done for problem 10.19 in Appendix I. When the instructions say 
“compare,” make a plot. There is only one team this week, which we will call Team Rhinos.  


