Ast 622 The Interstellar Medium

4a.

4b.

Ha.

Problem Set 4

(assigned March 13, due April 39)

. Derive Jeans equation (8.15 in the book) by considering small perturbations to the

fluid equations with self-gravity for an isothermal equation of state.

Choose an object (does not have to be ISM-related!) and look up its size and ve-
locity dispersion. Give your citation(s). Calculate the virial mass and very briefly
discuss whether, and why or why not, your answer is reasonable.

Choose a supernova remnant and look up — with citations — its size and expansion
velocity, as best they are known. Estimate its evolutionary state and very briefly
discuss.

A gas cloud with mass M, is initially at rest relative to an O star. The stellar
radiation heats and ionizes the gas such that it evaporates, rocketing the cloud
away from the star. If the gas escapes at constant speed U relative to the cloud,
show that the cloud mass satisfies,

M(t) = Mye /Y,

where v(t) is the speed of the cloud away from the star at time ¢.

If the mass loss rate is constant, how far does the cloud move in its lifetime?

Half the grade for this problem set is for the solution and analysis of the Emden-
Chandrasekhar equation that results from consideration of gravity versus isothermal
pressure support in a cold molecular core,

1 d [ ,dy —y

i —Z ) =Y, 1

x? dz (x d.r) c (1)
Numerically solve this equation to determine y(x). You may choose any way to

do this but a simple way is to integrate outwards in small steps, Az, using Taylor
expansions,

y'(w) = eV =24/ () J
y(z + Az) = y(z) + ' (2) Az + y" (x) Az® /2 (2)
y'(z+ Az) = y'(z) +y'(2) Az,
where y' = dy/dz,y" = d*y/dx? and the boundary conditions are y = ¢y’ = 0,y" =
1/3 at x = 0.



5b.

5e.

Convert to physical units, r = (¢2/47Gpeen)'/?x, p = peene™¥ and plot density pro-
files, p(r), for a range of number densities, ng,cen = 10%,10%,10°,10%cm™ and
temperature, 7" = 10 K. Overplot the singular isothermal sphere solution derived in
class. You should get something like Figure 9.1 in the book.

Derive equation 9.11 in the book for the Bonnor-Ebert mass,
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where ., is the normalized radius where the density reaches the ambient value,
corresponding to Y(Zamb) = {n(pPeen/ Pamb)-

Use your solution from the earlier parts, i.e. y(z), to plot Mg as a function of
the central density contrast, peen/pPamb, and find the maximum mass and (finite)
contrast at which this occurs as plotted in Figure 9.2. The mass scale requires a
value for the ambient density which you should take as 800 Hy per cm? (this comes
from pressure balance with the CNM at temperature of 80 K and a density of 100
H, per cm?).



