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Question 1.

This problem is about the acceleration equation and the deceleration parameter.

(a) Using the Friedmann and fluid equations,(
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, ρ̇+ 3H(ρ+ p) = 0, (1)

Derive the acceleration equation

ä
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= −4πG
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(ρ+ 3p). (2)

(b) Show that the deceleration parameter

q0 = − ä(t0)

a(t0)H2
0

(3)

for a universe with both matter (Ωm) and dark energy (ΩΛ) is given by

q0 =
Ωm

2
− ΩΛ. (4)

Argue that for a spatially flat universe (ΩK = 0) with the above energy content, this implies
that acceleration is only possible for ΩΛ > 1/3.
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