Ay 124 – Homework #2

Posted on Sunday, Jan. 30  – Due by 5 pm on Friday, Feb. 4 (directly to the TA)

1.  [24 points]  Read carefully about the derivation of Oort’s formulae, and then derive them yourself, without looking at the books, notes, etc.

2.  [38 points] Assume that the rotation curve of our Galaxy is flat, with the circular speed Vc = 220 km/s.  Ignore the contribution of the visible stuff.   Assume that we are at R( = 8 kpc. 

a. What is the total mass of the Galaxy within the Solar circle? What is it within a 100 kpc radius, assuming that the flat rotation curve extends that far?  [7 points]

b. What is the density of the dark halo in this neck of the woods, in g/cm3 and M(/pc3?  [7 points]

c. If the dark matter consists of axions with mc2 = 1 GeV, how many are there per cm3? If it consists of brown dwarfs with Mbd = 0.05 M(, how many are there per pc3?  How far on average should be the nearest one?  [6 points]

d. What should be the line-of-sight velocity dispersion of the dark halo particles, whatever they are?  (Assume no rotation for the halo.)  Would in be the same for the halo stars? [6 points]

e. What should be the radial dependence of this halo velocity dispersion? [6 points]

f. What are the total kinetic and binding energies for the halo? [6 points]

3.  [38 points]  Assume that the Galactic thin disk has the scale length 2.5 kpc, and is truncated at the Galactocentric radius of 25 kpc.  Assume a flat rotation curve with Vc = 220 km/s, velocity dispersion components {(u, (v, (w}thin = {35, 20, 15} km/s, constant in radius.  The thin disk has an estimated total mass Mthin = 6 ( 1010 M(.  Assume that the thick disk has the same scale length (not really, but it simplifies the problem!), the total mass Mthick = 2 ( 1010 M(, and the velocity dispersion components {(u, (v, (w}thck = {60, 45, 40} km/s.

a. What are the rotational and random components of the kinetic energy of the thin disk? What is its total binding energy? [8 points]

b. What is its total angular momentum? [8 points]

c. What should be the rotational speed of the thick disk (assuming also the flat rotation and velocity dispersion curves)? [8 points]

d. What are its rotational and random components of the kinetic energy, and the angular momentum? [7 points]

e. Compare with the numbers you evaluated in problem 2(f) for the dark halo, and think what it all means. [7 points]

