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1. The atmosphere has scale height zp = kgT'/(mg). While careful calculation is possible
the essential content (only some numbers will be different,and not by much) is that the size

of the atmosphere is

VA = 47TR22T. (1)
The density of gas in the atmosphere is approximately p(0) = mN/V where N/V =
P(0)/(kgT). Thus

My = p(0)Vy = 4wR2@

. ~ 5 x 10* grams. (2)

The mass of the earth is Mg ~ 6 x 10*” grams. Annual emission of carbon into atmosphere

by US is 2 x 10*® grams.

2. With the equation of state of the material the equation of hydrostatic equilibrium is
1 a 2 ap 4 2 I 2
22 Zp = —kK%p, 3
r28r<rar p+rp nr (3)

where k? = 471G p2/ Py. A possible way to solve this equation is with the substitution p = Q/r
(often used in QM for D=3 problems, but not always). Find

"

Q =-rQ. (4)
This equation has solutions in terms of sin kr and cos kr. At the star radius, r = R, we have
P =0 and from the EOS p = 0. So choose

sink(R —r)

r

p=A (5)

Note: that if kKR > 7 it is possible that the star will have negative density. Is that OK?

Fix A by requiring that the total mass of the star be M. Thus
R
M:A47T/ rsink(R —r) dr. (6)
0

It is useful to scale r by R and p by p = M/Vy (Vg = 47R3/3) here, possibly earlier or

later. For example

A= Map ! (1)
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a=0.1,0.3,0.6,0.9
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FIG. 1: In(p(x)) as a function of x for 4 values of «

where & = kR. Find A and rearrange

*

b= a  sina(l — :U) (8)

3(1—5,) x

D

where S, = sina/a. See Fig. 1.

3. Start with Egs. (33)=(35) in linear form, equilibrium at (pg, Fo, 6o, ug = 0) and first order
terms (0p, 0P, 60, u):

5p+poV-u = 0, (9)



1 D
u=——VioP+ ?"V(V ‘) + Vu, (10)

Po
: 0
80 = ==V -u+ D, V%0, (11)
Cy
0P = A,6p+ Ngdb, (12)
where A, = 0P/0z. Use
dp = Aexpik-x—wt), (13)
30 = Bexp ik -x—wt), (14)
0P = H expi(k-x —wt), (15)
u = Cexpilk- -x—wt). (16)
(17)
and find
—iwA + pyik - C = 0, (18)
H D
—iwC = —ik— — —"k(k - C) — k*D,C, (19)
po 3
7
—iwB = ——~ik-C — D,k*B, (20)
Cv
H = A A+ NgB. (21)
Solve Egs. (10) and (12) for use in Egs. (13) and Eq. (11)
H Aoby w k-C , k-C
= — (A = — 22
00 ( +pvaw+ik2D,§> w (W) w (22)
k-C D
iwC =ik *(w) —— + ?"k(k -C) + k°D,C. (23)
w
Dot this equation with k, remove k - C and re-arrange
1 D
iw = ik? ¢ (w) -+ ?”kQ + k2D, (24)
4D
w? =k? A(w) — iTnkQM. (25)

We are not done yet because ¢?(w) is complicated and complex. Sort it into a real and

imaginary parts
k2D,
2 2 . 2 w
() = clw) —ickg ——= =5 (26)
14 (E2x)
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where

where 2 = (9p/dp)r is the isothermal sound speed and

Ayl

2 ov0

Chp = . 28

B poCy (28)

Finally
4 k2D,

w® = k* ¢j(w) —i-k*® D, w — ik*c}, — = k* c(w) — iR, — iR,. (29)

3 1+ (k fn)

Note

1. (w). Asw — 0, ¢ — c%, the isothermal sound speed. As w — +00, 3 — & + c%,
which must be the adiabatic sound speed. The thermal diffusivity and (k,w) control

the trasition from isothermal to adiabatic.

2. Damping. There are two damping terms, one involving the viscosity and a second
involving the thermal diffusivity. The damping when both terms are present is the
sum of two independent damping terms. They do not interfere with one another. The
damping processes are addative. This is like resistors in series. Resistors in parallel
interfere with one another. For two resistors in parallel the current through one can

only be learned when you know the size of the second.



