
Updated Cosmology

with Python
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Homework

Using the FRW metric.

1.- Show that adding �abc to �bac gives

gab,c = �abc + �bac. (1)

2. Show that the derivative of the determinant g, of gab, is

g,c = ggabgab,c,

= 2g�a
ac. (2)

3. Show the validity of the 1st Bianchi identity

Rabcd +Radbc +Racdb = 0, (3)

and 2nd Bianchi identity

Rabcd;e +Rabde;c +Rabec;d = 0. (4)

4. Show that

Ra
acd = 0. (5)

5. Show that raGab = 0. with Gab ⌘ Rab � 1
2g

abR.

6. Show the conservation of the energy-momentum tensor, rµTµ
⌫ = 0, leads (⌫ = 0) to the

continuity equation:

⇢̇+ 3
Ṙ

R

⇣
⇢+

p

c2

⌘
= 0. (6)

7. For a Schwarzschild black hole of mass M , show the Kretschmann scalar is

K =
48G2M2

c4r6
.
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