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Accretion disk.

Consider accretion disk around a black hole of mass M . Compute:

(1) The surface temperature Ts(r). Find the location of the temperature maxi-
mum, rmax. Plot Ts versus r/RS in logarithmic scale, i.e. log Ts vs. log(r/RS). Here
RS = 2GM/c2.

(2) Assuming that the disk locally emits as a black body with intensity described by
Planck function Bν(Ts), compute the disk spectrum as seen by a distance observer.

(3) Compute the Thomson optical depth to the disk midplane, τ0(r) for r∗ < r < rout,
and the ratio H/r. Compute the ratio Pgas/Prad = 2nkT/(aT 4/3) as a function of radius.
Plot H/r, τ0, and Pgas/Prad versus r/RS in log scale.

For numerical evaluations, take M = 10M�, inner disk radius r∗ = 3RS, outer disk
radius rout = 105RS, accretion rate ṁ = Ṁc2/LEdd = 1, where LEdd = 2πRSmpc

3/σT
is the Eddington luminosity, α = 0.01. Assume the disk inclination to the line of sight
i = 30o.

For analytical work consider dimensionless variables x = r/RS, and scale all other
variables using some typical values, e.g. l(r) = l(r)/

√
GM�RS.

For all calculations use Newtonian and pseudo-Newtonian potentials, and compare the
results.


