
EXERCISE SET Lecture 2

1. Modified Growth of Structure
Consider the following linear Einstein equations for f(R) gravity
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where dots indicate derivatives w.r.t. conformal time. Set 𝛿𝑓𝑅 = 𝑓𝑅𝑅𝛿𝑅, take the
quasi-static limit (which also gives 𝛿𝑅 = 2𝑘2/𝑎2 (Ψ + 2Φ)), and derive the Poisson
equation, i.e.
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finding an explicit expression for 𝜇(𝑎, 𝑘) (in terms of the expansion history, 𝑓𝑅 and
𝑓𝑅𝑅) .

2. Degrees of Freedom
Consider the following action for gravity:
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where 𝒢 = 𝑅2−4𝑅𝛼𝛽𝑅
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𝛼𝛽𝛾𝛿 is the Gauss-Bonnet term. Will this theory
introduce ghost spin-2 fields? Derive the equations of motion for 𝑔𝜇𝜈 . Specialize
to the background and using 𝒢 = 24𝐻2(𝐻2 + 𝑑𝐻/𝑑𝑡)) and 𝑅 = 6
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derive the first Friedmann equation.

extra (involved calculation): Find the condition under which, regardless of the
background, there is only one propagating scalar degree of freedom.
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