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1. In the derivation of the field equations satisfied by the perturbations of the inflation field, we dis-
carded a term proportional to the perturbations of the metric. Now we will look at it in more detail

a) Evaluate this term, expressing it in terms of background tensors, e.g. covariant derivatives of
the background metric.

b) Argue why this term can be neglected in the early inflationary era

2. In this problem you will explore some limits of the Bunch-Davies vacuum (BDv), determined
by the corresponding single particle wave function.
a) Check that the BDv coincides with the conformal vacuum for the conformal case m = 0, ξ = 1/6.

b) In the massless, minimally coupled case, m = 0, ξ = 0, show that the 2 point function 〈φ(~x, t)2〉
suffers from an infra-red divergence. How is this divergence cured by adding a non-zero mass?

c) Obtain the leading behaviour at large k of the quantity |hk(t)|2, relevant for the computation of
the power spectrum of the inflation fluctuation.

3. Here we will discuss in more detail the adiabatic approximation to the wave equation. Consider
a conformally flat space-time,

ds2 = C(η)[dη2 − d~x2] (1)

where C is a smooth function.
a) Consider a mode of the form φ = ei

~k·~xC(η)αχk(η), and show that the minimally coupled Klein-
Gordon equation implies
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where α is a constant that you should determine.
b) Solve this equation using the WKB approximation, by expressing the formal solution in the form
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where Wk satisfies the appropriate non-linear differential equation that you need to determine.

c) Treat the ODE for W in perturbation theory for slowly varying functions. To this end, you
might want to make the change of variables η → η/T and consider the expansion near T → ∞.
In this way, evaluate the first two non-trivial terms in the expansion (these are O(1) and O(T−2),
respectively) in terms of ωk and its derivatives.

d) Use this procedure to compute the first two terms in the expansion of the wave function in a
spacetime with C = 1 + eaη.
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