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Astronomy 241 Problem Set #9 

Due 5 April 2005, in class 

Solo problems: 

N.  In problem L – done in the Team problems two weeks ago – you were asked whether the factor C in 
the polytropic pressure equation of state, ,P C γρ=  is really a constant in the application of 
polytropes to fully-convective stars. You concluded (I hope) that it is not; in general it changes from 
star to star.  
 
Now it has come to pass that the equation of state is polytropic for electron-degeneracy-pressure-
supported stars, too. Is the factor C in the white-dwarf equation of state a constant, or should it vary 
from star to star? That is, is the relation between C, M, and R a real mass-radius relation for white 
dwarfs? If not, explain why not. If so, give an expression for the mass-radius relation for 
nonrelativistic electron-degeneracy-pressure-supported stars, and plot the resulting circumference as 
a function of mass in the range 0.01 10 .M−  

O. As a result of Problem Set #7, everyone now has their very own stellar-structure code that works on 
polytropes. And, as we have shown, white dwarfs are polytropes. So… 
 
Use your Mathematica or Mathcad polytrope-structure document to calculate the values of density, 
pressure, and Fermi energy at the center; the radius R; and the density, pressure, and ,F kε  as 
functions of radius within the star, for a carbon-oxygen white dwarf of mass 0.5 .M  Plot the 
density, pressure, and F kε  against radius as well. Assume that the nonrelativistic equation of state 
will suffice, and that FT kε  everywhere within.   
 
Study your plot of F kε . Is a substantial portion of a real white dwarf’s mass likely to be non-
degenerate? Why or why not? 

Team problems:  

P. In class you derived expressions for the pressure equation of state of degenerate fermions in the two 
limiting cases v c  and v c→ . Now do the general case: starting with the pressure integral, derive 
the pressure equation of state for degenerate fermions, making no assumption about the magnitude 
of v, to show that 
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 Hints: Substitute sinhp mc θ=  in your integrals, and note that 
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Q. Plot the “cooling curve” – the luminosity as a function of effective temperature and time – for white 
dwarfs, in the mass range 0.1 1.1M− , and in the time range 0-10 Gyr in 1-Gyr steps. (By the way, 1 

Gyr = 910  yr.)  Ignore crystallization in your calculations. Plot on the same graph the luminosity and 
effective temperature for the stars in the third Gliese catalogue of nearby stars, which you can 
download from our Web site. And then answer the following questions: what mass range is typical 
for white dwarfs, and approximately how old is the Milky Way Galaxy? 

Homework teams:  

Team José is Grant Tremblay, Amanda LaPage, Rebecca Habas, and Chris Clark. 

Team Plácido is David Shepard, Russell Knox, Kevin Flaherty, and Dorothy Bauch.  

Team Luciano is Jarron Leisenring, Ed Hall, and James Dolen.  


