ASTR 3830: Problem Set 3
(due in class Monday March 17th)
1) Consider two equal mass stars, each of mass m, moving toward each other with a
velocity (at very large separation) of v / 2. The initial trajectory has impact parameter b.
At closest approach, the separation is r and the velocity V, as shown in the diagram
below.

Write down an expression for the conservation of energy (kinetic and potential) between
the initial state (when the stars are at `infinity’) and the moment of closest approach.
Write down a similar expression for the conservation of angular momentum.
By eliminating the velocity at closest approach V from these expressions, derive an
expression for the distance of closest approach r in terms of v, m and b.
˙ . The luminosity
2) Consider a black hole of mass M that accretes gas at a rate M
produced is:
˙ c2
L = εM

€
(a) If the accretion rate is such that L is always the Eddington limit, show that the black
hole mass grows according to the equation:
€
dM
= kM
dt

…and determine k.

€ hole of mass M0 at time t=0.
(b) Solve this equation for a black
c) If the efficiency ε=0.1, calculate how long it will take for the black hole to grow in mass
from 10 Solar masses to 108 Solar masses?

3) Observations (e.g. Haering & Rix, ApJ, 604, L89) show that there is a relationship
between the mass of the supermassive black hole MBH and the mass of the bulge of the
galaxy Mbulge that the black hole is in. The relationship is:
M BH = 10−3 M bu lg e .

Suppose that when the black hole formed, the efficiency with which rest mass spiraling
into the hole generated radiation was ε = 0.1. The fusion of hydrogen to helium in stars
liberates a fraction ε = 7 x 10-3 of€the rest mass involved.
(a) Calculate the factor by which the energy radiated by stars in the bulge (integrated
over the stellar lifetimes) exceeds that radiated by the accreting black hole during the
time over which it is forming.
(b) Why then, does light from the nucleus of a quasar enormously outshine the light from
the stars in its host galaxy?

