
A few words on quasinormal modes

In the problem of general relativity, you are asked to compute the spectrum of a pertur-
bation of a metric in an asymptotically AdS space.

Before we go into that, let’s discuss some easier topics. AdS stands for Anti de Sitter
and it is the solution of Einstein field equations with a negative cosmological constant,

Rµν +
1
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Rgµν + Λgµν = 0, Λ = −(d− 2)(d− 1)

2L2
, (0.1)

where L is the radius of curvature. Here, d is the dimension of the spacetime. The so called
Poincar solution without a black hole is

ds2 =
dr2L2

r2
+ r2
−dt2 + d~x2
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. (0.2)

Equivalently, we could use the metric

ds2 = 2dv(dr − A(r)dv) + r2
d~x2

L2
, (0.3)

where we could move back to the original metric with dv =
√
h(r) r dt

L
√

2A(r)
+ dr

2A(r)
and by

defining A(r) = r2

2
h(r), resulting in

ds2 =
dr2L2

h(r)r2
+ r2
−h(r)dt2 + d~x2

L2
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We introduced the function h which is known as the blackening factor. In our original metric,
we had h(r) = 1. The first zero of h marks the location of the event horizon. We see that at
such points, the dr2 component of the latest metric would blow up but no such thing happens
in the (v, r) coordinates in (0.3). These are known as the Eddington-Finkelstein coordinates
(not originally discovered by either) and are useful because of their non-volatile nature. It
is your task to compute both h and A such that the Einstein equations are satisfied.

We then wish to add a plane wave perturbation to our metric, to the (x, y) component,
to be exact.

δgxy = ηei(qz−ωt)
L2

r2
f(r). (0.5)

We then expand the resulting Einstein equations to linear order and find an equation for
f . It turns out that for given q, only discrete values of ω allows a solution for f . These
are known as quasinormal modes. The physical interpretation is that these are vanishing
solutions of the Einstein equations and discribe dissipation of energy. In our situation, we
first perturb a black hole and then see it return to its perfect spherical form.

This project is based on a similar exercise by L. Yaffe which is based on the research
paper by Kovtun and Starinets [1].
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