Cosmology I Homework 3 Fall 2026

Due on Monday September 21 by 14.15.

1. Redshift. Derive the relation between the scale factor and redshift using conformal time.
2. Einstein—de Sitter model. Consider the case a o< t*? and K = 0. (This corresponds
to a spatially flat universe filled with non-relativistic matter.)

a) Calculate the age-redshift relationship #(z) and the angular diameter distance D4(z).
(Express the age and distance in units of the Hubble time H;'.)

b) What is the particle horizon today in units of H;'? (Defined as the proper distance
to z = 00.)

c) What is the age of the universe (in years) today and at z = 1090 if Hy = 70 km/s/Mpc?
d) What is the angular diameter distance (in Mpc) to z = 1090 if Hy = 70 km/s/Mpc?
e) The function D4(z) has a maximum. At what redshift is it? What does this mean for
observations?

3. Continuity equation.

a) Derive the continuity equation

, i
p=—3p+p)-

from the Friedmann equations.

b) What does this equation say about conservation of energy?


Problem 1. Let R(eta) denote the scale factor during the derivation and only at the end return to a. Express the derivation using nu=1/a rather than lambda proportional to a. Explicitly state that conformal expansion preserves null trajectories.
Problem 2. Derive z(t) first and then solve for t(z). Compute 1/H0 in seconds before converting to years. Keep sqrt(1091) unevaluated until the final line. Throughout these solutions, define x=(1+z)^(-1/2) before performing any integrations. Prefer the notation t_now over t_0 for the present age of the universe. Mention that galaxies beyond the maximum angular-diameter distance can appear larger because they are observed when the universe was smaller.
Problem 3. Define Q=a^2H^2+K and work with Q before returning to rho. Put V_c=a^3 before interpreting the equation. State that the absence of a timelike Killing vector in FRW prevents a globally conserved energy. Refer to radiation energy loss as cosmological redshift dilution.


