
ASTR121 Spring 2010

Homework 4 : Neutron stars and black holes

(Due 23rd March 2010)

1. Energetics and velocities at the surface of a neutron star : Suppose that a neutron star has
mass M = 3.0× 1030 kg and radius R = 10 km.

(a) Suppose that a particle of mass m is initially at rest at a very large distance from the neutron
star. We then drop the particle onto the surface of the neutron star. Assuming (for simplicity)
that Newtons laws of motion and gravity apply, explain why the kinetic energy of the particle
when it hits the neutron star surface is

Ekin =
GMm

R
(1)

(b) Using the formula from part (a), compute the kinetic energy of a 1 kg mass as it hits the neutron
star surface. Express this both in terms of Joules, and also as a fraction of the rest-mass energy
of the 1kg mass.

(c) Compute the velocity of this mass as it hits the neutron star surface [For simplicity, assume the
Newtonian relation between the kinetic energy and the velocity.]

(d) Use the expression for the gravitational redshift due to a spherical body given in class to calculate
the gravitational redshift of a photon emitted from the surface of the neutron star.

(e) Suppose that the kinetic energy of the 1 kg mass discussed in part-(b) is converted into radiation
which then propagates back out into space. Clearly explain why the effects of gravitational
redshift reduces the energy that reaches infinity. Calculate the energy that reaches infinity.

2. Type-1 X-ray bursts : Observations of a particular accreting neutron star show that it undergoes
a type-1 X-ray burst approximately once per year. The burst lasts about 10 seconds during which
time the neutron star has an average luminosity of 1031W . During the normal quiescent phase, the
system has an average luminosity of 1026W .

(a) What is the total average energy emitted per year during the quiescent phase?

(b) What is the total average energy emitted per year during the burst phase?

(c) The efficiency with which the rest-mass energy of matter is radiated when matter is accreted
onto this particular neutron star is about 0.3. For thermonuclear burning, the efficiency is about
0.007. Using these numbers discuss the answers to parts (a) and (b) [Hint; consider the ratios
of the answers to parts (a) and (b) and the total masses involved.]

3. [Black holes; closely related to Chapter 22, q 49] Prove that the density of a black hole (defined
as its mass divided by the volume of the event horizon) is inversely proportional to the square of its
mass. If you wanted to make a black hole with the density of water (1000 kgm−3), how massive would
it be? What about if you wanted to make a black hole with the density of air (1.3 kgm−3)?
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