PHYS 431/531: Galactic Dynamics
Fall 2011

Solutions to Homework #2

1. (a) From the definitions of A and B,
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Hence A+ B=-V', A— B=V/R.
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the mass inside radius R is
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The squared circular orbital speed then is
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from which it follows that
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The expressions for A and B follow, but are messy and not very edifying. Looking at the

limit R > a, using the fact that tan™'z ~ %ﬂ' — 1/x for large z, and retaining only leading

terms, we have
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2. (a) The Jeans length and mass are given by
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where the density here is p = 1.2 kg/m? and the sound speed is vs = 330 m/s. Hence
A; =6.54 x 10" m = 65,400 km, My = 1.76 x 10?3 kg = 8.78 x 1078 M.



(b) The dispersion relation is
w? = v2k? — 4nGp.

For a sound wave with A = 1m, k = 2rm™! and the two terms on the right-hand side of the
above relation are w3 = 4.3 x 105 and 1.0 x 10~ respectively, where the zero-gravity angular
frequency is wg = vgk = 2.01 x 103s~!. The change in frequency is
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s0 0f = —bw/2m = —3.86 x 1074 Hz.

(c) If X = Ay, then k* = 4k% = 167Gp/v?. Substituting this value of k into the above
dispersion relation, we find
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Hence w = \/gvsk:, f= \/gvs/)\ = 0.866 vs /A, and 0f/f = 0.134.

. (a) For a particle moving within a homogeneous sphere of mass M and radius a, the mass
inside radius 7 is m(r) = 37M(r/a)?, so the equation of motion is

The solution satisfying the initial condition r = a,7 = 0 is
r = acost,

where Q2 = GM/a3. Obviously r = 0 at time ¢t = t; = 7/2Q = %\/% = ,/é’—gp.

(b) If instead the entire sphere is collapsing, then for a point on the surface, m(r) = M, so
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Writing the energy per unit mass as £ = %7’“2—GM/7* = —GM/a, we have 7> = 2GM (% — %),

so the collapse time is
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Substituting r = asin®#, we find
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. In virial equilibrium, the (3-D) rms velocity of stars is
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so for R = 100 kpc and M = 10'? solar masses, we have (v2)1/? = 147 km/s. If this speed is

representative of the gas, with %kT = %m(fu2>, the corresponding temperature is

m(v?)  GMm
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T= =8.7x 10°K.




