Final Exam PH314
08 December 2006

Good luck! Don’t sweat!
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In Figure 25 37 using the rotation curve of M31 (the Andromeda Galaxy),
calculate the mass within a 17 diameter of the center of the galaxy Write vour
answer in solar maszses. Use the formula F{centripetal) = F{ gravity) and assume

all the mass in located in the center. Note that the Figure has real data, so that yvou
must roughly estimate the average rotation amplitude.

The Virial Theorem states that E(kinetic energy) = -1/2 Uf gravitational pﬂteutial
energy). Show that this implies that for a relaxed cloud of stars. the vinal mass 1s
M{vinal) = = §+R*c~/G where R is the radius of the cloud. Remember that the
measured velocity dispersion o 13 related to the total velocity dispersion as o =
v+ v +vr . (Remember problem 14.5 which vou did mn the homework!).
Calculate the virial mass of the black hole in M31 azznming that all the mass
within 0.17 of the center iz due to the black hole using Figure 25.37. Give the
answer in solar masses.

Show that if every piece of space expands at a constant rate, vou must have a
Hubble law vit) = Hyer(t) where w(t) 13 the velocity bebween two galaxies, 1{t) 1z
the distance between the galaxies at a given time, and Hp 15 a constant of
proportionality. Can v(t) > ¢, the speed of light?

The local value of the Hubble constant is 71 km 5™ Mpc™. Find the distance in
mega-parzecs to the Coma cluster of galaxies at a redshift of z=0.024.

The Virgo Cluster of palaxies iz located at 20 Mpc. The observed velocity of the
cluster 15 Vb= 1170 km 3. Compare thiz to the expected velocity from the
Hubble law, vigppe. Give an explanation why these numbers are not the same and
Why Vgbs < Vigobhle- (Hint: Consider the sign of the velocities for the expansion of
the Universe and the gravitational attraction of nearby galaxies).

Azsuming that the Universe has a constant expansion over all time, uze the
Hubble constant to estimate the age of the Universe. Give the answer in billions
of years.

!. Derve the equation ((t) =1 + ku:z-"{dE_-"dt]: for a one-component universe of

pressureless dost. Use the Friedmann equation 29 10 and the definintion of Lt
given in 2018 Using the Friedmann equation again (29.11), show that az R= 0,
dB./dt =¥ oo, What happens to £2(t) az dR/dt = =7 What does this say about the
nature of the early universe, that 13, the geometry and velocity? Note: since dE/dt
= () today, you can assume that dR/dt > (} as B=2 0.



§. Consider equation 29.53 where R°0 ™ ep = py. Show that if w < -1, as the
Umniverse expands with B{t) increazing. the density p(t) must alzo increaze. Now
consider equation 20 51. Using the equation of state (29.52), show that, given w<-
1. the acceleration must be positive and increasing as the Universe expands. (Hint:
consider the product R{t)*p(t) in equation 29 51 Explain in simple words what
the fate of the Universe will be under these circumstances.

9. The pressure of a photon gas 13 P=1/3*up4 where t=a-T", the energy densify of a
photon gas. Since :Efmn:z, one can think of the photon energy density as
(mc”/volume). or pe”. Thus, according to equation 29.52, w=1/3 for a photon gas.

Use equation 29.53, R* ™« =py to show that R(t) » T(t) = Tp. What was the

temperature of the Universe at recombination when z=10897 Hint: don’t forget

eqn 29.4.

10. What is the present phasze of the moon?



