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Astronomy 241 Problem Set #7 

Due 22 March 2005, in class 

Solo problems:  

G.  Using Mathcad or Mathematica, solve the Lane-Emden equation for polytrope indices 
3 2  and 3.n = Plot your results (y against x), and determine to six-place precision the values of x for 

which y first becomes zero.  
 
Hint. Use the fourth-order Runge Kutta solver built into either program. Note that R-K solvers work 
on first-order differential equations, so you will have to turn the second-order Lane-Emden equation 
into a system of two first-order ODEs.   

H. Integrate the mass-conservation equation for a star with a polytropic equation of state with index n, 
to determine a relationship between mass, radius, and central density. Calculate the central density 
for a star with solar mass and radius.  
 
Hint: express the integral in dimensionless form, and use the Lane-Emden equation itself to simplify 
it.  

J. From the result of problem H and the equation of state for a polytrope with index n, obtain 
expressions for the central pressure, central temperature, and the constant C in the pressure equation 
of state ( P C γρ= ), all as functions of stellar mass, radius, and mean molecular mass.  

K. Plot the density, pressure, and temperature as functions of radius for a fully-convective star made of 
an ideal gas (n = 3/2), with  and .M M R R= = Compare your results to the stellar interior models 
from Chapter 11 in the book.  

Team problems:  

L.  In problem H, the expression derived for the constant C in the equation of state appears to be a 
relationship between stellar mass and radius. Is this constant likely to be universal? That is, will all 
convective stars have the same value of C (in which case this is a mass-radius relation) or will the 
“constant” C change from star to star? 

M. Convective main sequence? Make the rash assumption that C is indeed a constant, calculate its value for 
 and ,M M R R= =  and use this value in the equation of state for n = 3/2 to calculate the 

luminosity as a function of effective temperature for fully-convective stars. You will need to integrate 
the energy-generation equation numerically in order to get the luminosity. Plot this on the same 
graph as your previous results for the StatStar main sequence, and the HR diagram for binary stars.  

Homework teams:  

Team Brahma is David Shepard, Chris Clark, and Ed Hall. 

Team Shiva is Dorothy Bauch, Kevin Flaherty, Rebecca Habas, and Jarron Leisenring. 

Team Vishnu is Russell Knox, Amanda LaPage, Grant Tremblay, and James Dolen.  


