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Partial solutions to problems: Lecture 20

Problem 1
1. We use that M o T2, that is,
M = CT?

where we obtain C by using what we know about the sun: C' = M/T? ~
6 - 1022. The small star with M = 0.5M,,,, has temperature

T =+/0.5%x M/C ~ 4000K
while the larger star M = 5M,,

T=+5%xM/C =~ 13000K
and the largest star M = 40M gy,

T = \/40 x M/C ~ 36000K

2. We use Wien’s displacement law 7' = 2.9 - 10°vmK /A = 14400K. From
this, M = CT? = 6.2Myn.

Problem 2

We use that the radiation pressure is given as PT* such that the hydrostatic
equation reads

dP _ dPdT 3T M2
dR _ dTdr " R™IP™ R
in other words,
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using the fact (equation 2 in the lecture notes) that
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Problem 5

1. The hydrostatic equation says that

dP M?

dar T RS

but assuming that P o< r™ for any n, we find that

dP w1 R" P
o S TR xR
such that
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2. For an ideal gas,
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3. The efficiency of the pp-chain is

epp = €0.pp X7 pTe ~ 0.005
while
cono = eo,cnoXuXenopTy® ~ 0.009
so the CNO-cycle dominated this star
4. For the triple-a process to occur, we need a helium-abundant core, that
is, Xpe = 1. In this case, we find
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where we used that Ty = T5/100. Solving for Ty yields

- <€OCN0XHXCN0
Ts =

1/41
-100%1 - 1820) ~ 131 millionK  (0.2)
€03ap

5. We use that M )

Rx—=C =

T T
for M constant when the core is contracting and C is a constant. We
determine C' by using what we know about the star on the main sequence
(R = 0.2Rsun, Tsun = 18MK), so C = RT. For a core temperature to

reach 131 million K, the radius of the core needs to be

C 1
=—==02 sunl — = 0.02 sun
R T 0.2R 8131 0.0275R



6. A more suitable density can be found as such

Poefore (02Rsun)3 = Pafter (00275Rsun)3

such that 0.2
. 3
after — Pbefore = 4 efore
Paft Poef (0.0275) 384 ppe

Using equation (0.2) we obtain a new core temperature of T & 114 million
K.



