
PHYSICS 717 PROBLEM SET 10due: Monday, April 13, 2009, at the beginning of le
tureProblems(1) Big bang singularity:(a) Show that a di�eomorphism invariant s
alar made of 
urvature tensor diverges for the FRW
osmology with a equation of state w = 1/3 for a perfe
t �uid.(b) Show that the singularity is spa
elike.(2) Show that the spatial part of the FRW metri
 for K = 1 
orresponds to the metri
 of a 3-sphereembedded in Eu
lidean 4-spa
e. (i.e. Equation for a 3-sphere in Eu
lidean 4-spa
e is
R2 = x2
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4where R is the radius of the 3-sphere.)(3) Be
ause ele
trons 
ombined with protons to form neutral hydrogen at temperature of about 0.3 eV,majority of the 
osmi
 ba
kground photons that we see last s
attered o� of 
harged parti
les at thattemperature. This is 
alled the �last s
attering surfa
e.� (All answers should be a

urate at least toan order of magnitude.)(a) Given that the temperature of the 
osmi
 ba
kground photon today is about 2.3 × 10−4eV,
ompute the redshift z∗ at the last s
attering surfa
e.(b) Compute the physi
al distan
e (on the homogeneous spa
elike hypersurfa
e today) from Earthto the last s
attering surfa
e. (i.e. The last s
attering surfa
e o

upies a �xed 
oordinatedistan
e with respe
t to us today. Compute the physi
al distan
e between that surfa
e and uswhere the spatial metri
 is de�ned on the homogeneous spa
elike hypersurfa
e today.)(
) How far 
an a photon travel from the time of big bang singularity to the time of the lasts
attering surfa
e? If you 
all that distan
e X , a 
ausally 
onne
ted volume region at the timeof last s
attering surfa
e is X3 (assuming 
ausal pro
esses started at the big bang singularity).(d) About how many 
ausally dis
onne
ted pat
hes are there at the last s
attering surfa
e. [Useresults of part 
).℄(4) Find a solution to the Einstein's equations if the stress tensor is dominated by a 
osmologi
al
onstant. Write the solution in the form
ds2 = −dt2 + gijdxidxjand �nd gij .(5) Show that a self-gravitating over density relative to an average ba
kground density 〈ρ〉, i.e.

δ(x) ≡
ρ(x) − 〈ρ〉

〈ρ〉will grow linearly with the expansion of a matter dominated universe.
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