
ASTR 680

Problem Set 3

Due Thursday, March 12, 2009

1. 8 points Assume you have a black hole of initial mass M0 and some specified initial spin,

and that it accretes matter at the innermost stable circular orbit. Write a computer program

to calculate the dimensionless spin parameter j = a/M = J/M2 of the hole as a function of its

current mass M . For this I’ll need an e-mail copy of your code, which must be able to compile and

run on the astro machines (I’m not going to install anything!). I’ll also need hardcopy of graphs

showing j versus M for the two cases below.

(a) If it starts with j = 0 and always accretes matter in the prograde direction, then to within

0.1% how much mass does it accrete to get to j=0.5, 0.9, and the extremal value 1.0?

(b) Suppose you start with a near-extremal Kerr hole (j = 0.999) and accrete matter in retrograde

orbits at the innermost stable circular orbit. To within 0.1%, how much mass does it accrete to

get to j=0.99, 0.9, 0.5, and 0?

For this problem you need the following formulae. The specific angular momentum (i.e., per

unit rest mass) of a particle in a circular geodesic at radius r around a black hole of mass M and

spin parameter a = jM is
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Here the upper sign is for prograde orbits and the lower sign is for retrograde orbits. The specific

energy of a particle in that same circular orbit is
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where again the upper sign is for prograde orbits and the lower sign is for retrograde orbits. The

radius of the innermost stable circular orbit is
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where once again the upper sign is for prograde and the lower is for retrograde. Here we use
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