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Problem $8 .
(a) Maximum occurs when dR/dt = 0. You should find that this occurs when z = , giving:

RI’I’L(ME

T 0o -1

(b) If pg = 2p,, then y = 2, giving Rpee = 2.

That is, the universe would expand to twice its current “size” before beginning to contract. Since
Rynas Occurs at z = 7, this corresponds to a time of ¢ = wiy or t = 7w/ Hp, giving the time between
the “Big Bang” and the “Big Crunch” of tgc = 2mty;. Note that in this case of {3y = 2, the present
time is £y = (w/2 — 1)tg, so that the Uinverse would currently be about 10% through its evolution
to the Big Crunch.

Problem 4 (|
The time at which the energies of particles in the Universe were ~ 103GeV, is given by,

T(t) = (1.52 x 10K s'/2)7V/2,
where, T'(t) is given by,

102eV

— = 1.2 x 10"°K
863 % 10-5eV/K 8

E=FK" =

giving:
1.52 x 100 K s/2
Vi= x 10" Ks
1.2 x 108K

Since our knowledge of particle physics becomes somewhat uncertain at energies higher than about
103GV (for example the electroweak symmetry is broken {giving rise to the masses of the funda-
mental particles) around this energy, the mechanism for which we are not yet sure of — the Higgs
mechanism being one possibility — and which is one of the things we're currently trying to understand
at the highest energy particle accelerators (at Fermilab and CERN) which produce collision energies
of around 10°GeV).....anyway, it means the certainty in our knowledge of the Universe is currently
limited to times greater than about 107*%s.

t=1.6x 1071%s

Problem 4% \)_
Should find: # =~ 230s, R(f) = 3 x 107, and, z = 4 x 10®




