ASTR 498N Stellar Evolution Spring 2014
Problem Set No. 1 Due Feb 6, 2014

1. We derived the free-fall timey 5, of a spherically symmetric mass distribution (equatich 1.
of the text).

(a) Find an expression for the velocity of the collapsingemnat when it has reached the
radius ofry/2 . Evaluate this velocity (in km/s) for the case of the sun (ig= R and

mgo = M@)

(b) What is the velocity when the material reaches the centen ? Explain.

(c) Find the timet it takes for the material to reach the half-way point= r,/2. Express
this as a fraction of the free-fall time; i.e., find wheret = ¢ tpp .

2. Do problem 1.2 of the Phillips text.

3. We saw that the expression for the gravitational poteefiargy of a star is

m=M
Egr = —/ G m(r) dm .
m=0 T
(a) Show that for a star of madg and radiusR this can be written as
GM?
Eer = — f 7

wheref is a dimensionless quantity depending on the internal tedstribution of the

star: (/M)
m
= d(m/M) .
£ = G Ao

(b) Evaluatef for a star of uniform densityp(r) = p = constant. (This turns out to be
the smallest valug can have.)

(c) A more realistic distribution of density that is stilhgple enough to allow evaluation is
the linear expression(r) = p. (1—x),wherex = (r/R) andp, is the central density.
(i) Find the mean densityy = 3M /47 R3 in terms of p.. for this linear distribution.
(i) Evaluate the parametgifor this linear distribution. Compare the valuesfofior the
uniform and linear density distributions. Comment on theataom of potential energy
with the degree of central condensation in stars which atiserhave the same mass and

radius.

4. “As the sun evolved towards the main sequence, it comttlacthder gravity while remaining
close to hydrostatic equilibrium, and its internal tempera changed from about 30 000 K,
Eq.(1.23), to aboub x 10° K, Eq.(1.31). ... Find the total energy radiated during tua-
traction.” (This is the first part of problem 1.3 in Phillipdhis problem is simple if you use
the stellar radii given in the text and the virial theorem.



