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Problem 1.
The full general relativistic expression for the energy momentum tensor is
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P 0

fi(−→x ,−→p , t),

where Pµ is the four-momentum and gi is the number of spin states for
species i. It holds even in the presence of metric perturbations. Use this
expression to show that, with scalar perturbations to the metric, the phase
space integral for the time-time component reduces to the form

T 0
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And show that the contribution from species α to T 0
i is

T 0
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Note the extra factor of a.

Problem 2.
Compute the time-space component of the Einstein tensor. Show that, in
Fourier space,

G0
i = 2iki

(
Φ̇

a
−HΨ

)
.

Combine with the energy-momentum tensor derived in problem 1 to show
that

Φ̇− aHΨ =
4πGa2

ik
[ρdmv + ρbvb − 4iργΘ1 − 4iρνN1] .

The time-space component of Einstein’s equations adds no new information
once we already have the two equations derived in the text. Deciding which
two to use is a matter of convenience.
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