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Problem C6.1 Estimate the redshift corresponding to matter-radiation equality (p,, = praa) for Qmoe = 0.27,
assuming that photons are the only form of radiation. What is the corresponding temperature of the photons

in eV? Today, we have that Q,,qh? = 4.18 x 1077, is the radiation content today only made of photons?

Problem C6.2

Problem H6.1

Give the age of the universe as a function of temperature during radiation domination.
Primordial nucleosynthesis started at 7' ~ 1 MeV and ended around 7" ~ 10 keV, how old was the universe
during that time? Using your estimation of the temperature of the photon at matter-radiation equality from
above, how old was the universe then?

In the lecture the particle number densities were computed neglecting chemical potentials
and masses assuming . Now expand the phase space densities for first order in p; and compute Show that

for T' > m;, u; the difference of the number densities of particles and their antiparticles is

Hint:

Problem H6.2 Compute the entropy of a thermal bath of non-relativistic particles.
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