
PHYS 480/581
General Relativity

Extra Problems #9

Question 1.

Consider the action of a massive free scalar field φ

Sφ =

∫
d4x
√
−g
[
−1

2
gµν(∇µφ)(∇νφ)−

1

2
m2φ2

]
, (1)

where m is the mass of the field and g is the determinant of the metric.

(a) Using the definition of the stress-energy tensor,

Tµν = −2 1√
−g

δSφ
δgµν

, (2)

compute Tµν for the scalar field φ. You may find the identity ln (detM) = Tr(lnM) useful
(where M is a square non-singular matrix).

(b) Show that this stress energy tensor satisfies the dominant energy condition (Tµνtµtν ≥ 0 and
TµνT

ν
λt

µtλ ≤ 0 for all timelike vectors tµ), and thus the weak (Tµνtµtν ≥ 0) and the null
energy (Tµν lµlν ≥ 0 for null vectors lµ) conditions.
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