
Cosmology (ASTRO/PHYS 545)
Spring 2019

Problem Set 2

Due 27 January 2023

Solving problem sets is one of the most efficient ways of learning the subject. You are encouraged to
collaborate with fellow students and/or to consult senior students, local postdocs, and me. But, please
write the solution by yourself.

Homework is due at the end of the class on 27 January 2023. No homework will be accepted af-
ter I post the solution on the course webpage (for sure before the class after the due date).

1. (15 pts) [Expansion law] Let us denote the relative velocity and displacement vector between
two points a and b as rab ≡ ra − rb and vab = va − vb. Consider three points in the Universe that
we denote A, B and C at, respectively, rA, rB and rC .
(a) Explain, in a homogeneous and isotropic Universe, why a general expansion law, v = f (r, t),
must satisfy

f (rCA− rBA, t) = f (rCA, t)− f (rBA, t). (1)

(b) Show that the only solution of this equation is given by

vba = H(t)rba (2)

for any pair of points a and b with a time-dependent function H(t).

2. (15 pts) [Einstein’s greatest blunder] In 1917, the observable Universe only consisted of the
Milky Way, which appeared to be in a steady state. Einstein modeled this as a closed FRW uni-
verse with matter (PM = 0) and a nonzero cosmological constant (CC, ρΛ = −PΛ).
(a) Show from the Friedmann equations that introducing the CC allows a static model, and find
the conditions to make a static Universe in an equilibrium state.
(b) Is this Universe in an equilibrium state stable? What happens if small perturbations are intro-
duced to the conditions found in (a)?

3. (20 pts) [Redshift drift with HIRES] (a) How long should we wait to observe the redshift drift
from a single galaxy at z = 0.1, 0.5, 1, 2 and 3 using an instrument with a resolution R(= λ/∆λ)
of 1000, 10, 000, 100, 000? (Use ΩM = 0.3, ΩΛ = 0.7, h= 0.7)
(b) The dominant systematics of this measurement will be the peculiar acceleration. Estimate
the amplitude of peculiar acceleration for a system of gravitational potential ψ ≃ 10−5 and size
L = 40 kpc. How small/large is it compared to the redshift drift signal itself?
(c) If you are to design an observing program studying cosmic acceleration from the redshift
drift effect, how would you do it? Write a paragraph or two to describe the core idea of how to
suppress the statistical uncertainties as well as systematics. To set the goal, let’s say that we want
to measure ρΛ to 1% level at five different redshifts between z = 0 and z = 1.

1


