Physics 801 Problem Set 1 Suggested Solutions
1.

The derivation of the Friedman equations follows directly from computing the Christoffel symbols in the {¢,r,0, ¢}
coordinates and the necessary derivatives. Given the form of the metric, it is easy to show
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where here we are not summing over any repeated indices. The ten 12,,,, can thus easily be computed as
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Hence, the Ricci Scalar is
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which is the Friedmann equation.

2.

Start with the metric on the 3-sphere

Since the 3-sphere is defined by
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Hence, we arrive at
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3.

Taking the functional variation, we have
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Hence, we find

2 08
V9 091 (x)
= z[a[uXsz] 8[VX)\H]9)\69K¢ + a[aXuv] 6[6Xun]gaﬁgﬁ’y + a[OtX"/V] a[BXAu]gaﬁgAv

12X Xv59"” + M X AuXaw 9] = G {010 X1 05X 0m 97 9 9™ + mP XX}

= 2[30,x00) 0 Xan 979" + 2 Xy X0 597"

— 9 {01 X401 015X 97 9 " + M Xapx 7}

Ty (z) =

4.
The age of the universe for a matter dominated universe is given by
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Plotting this, one obtains
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Most of the age of the current universe has been accumulated in the matter dominated regime. It is important to
note that the time scale of cosmology is thus billions of years and this fact is not extremely sensitive to the amount of
matter in the universe.



