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NOTE: There might be errors in the solution. If you �nd something whi
h

doens't look right, please let me know

Partial solutions to problems: Le
ture 22

Problem 1

We will not show the details of the energy �ow here as you 
an easily �nd that

by studying the details in the text, but we I will fo
us on the most important

point to be learned in this exer
ise: The energy in the supernova explosion


omes mainly from gravitational potential energy. Che
k that you understand

why!

Problem 2

1. The derivation is identi
al to that of a white dwarf, ex
ept for me repla
ed

by mn. The radius (when inserted into the equation for the radius of a

white dwarf, but with mn instead) yields about 1km for a 1.4Msun star

whi
h is too small but gives a rough idea of the size of a neutron star.

More detailed 
al
ulations are ne
essary to obtain a more 
orre
t result.

2. The density of a neutron star of 1.4M⊙ with radius r = 10km is

ρ =
1.4M⊙

4/3π(10km)3
= 6.7 × 1017kg/m3

If we 
ompress the Earth to this density we �nd

6.7 × 1017kg/m3 =
MEarth

4/3πR3

giving R = 129m.

3. We use that M = 4

3
πR3ρ, or ρ = 3

4πR3 M . A uranium atom thus has

density

ρur =
3

4π
200mp(7fm)−3

∼ 2.3 · 1017kg/m3

quite similar to that of an neutron star.

4. We have that R = 10km/(G/c2) = 1.3 × 1031kg = 6.7M⊙ ≈ 5M whi
h is

very 
lose to the S
hwarzs
hild radius R = 2M . Hen
e GR is needed!

5. As L = Iω and I = (2/5)MR2 for a sphere, preservation of angular

momentum gives

Lbefore = Lafter → R2

beforeωbefore = R2

afterωafter

or in terms of periods Pafter = (Rafter/Rbefore)
2
∗Pbefore giving 2.6 minutes

for a Earth-size R = 6000km white dwarf and 4.4 × 10−4 se
onds for
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a R = 10km neutron star. The rotation slows down with time due to

energy/angulat momentum losses through the magneti
 �eld. The neutron

stars we observed have already been slowed down with respe
t to the

angular velo
ity they had immediately after the SN explotion.

6. With an orbital period of 1µs = 10−3s, what is the maximum radius of

an obje
t with this speed? The orbital velo
ity is given by ω = 2π/P ,

and the speed at the surfa
e is given as v = c = R · ω. Then R = c/ω =
c · 1µs/2π ≈ 48km.

Problem 3

1. The luminosity of a star is given as

L = σT 44πR2

letting R = s = v∆t, we obtain the desired result. The approximation

is given by assuming that the radius of the original star is zero, as its

supernova radius dominates 
ompletely (typi
ally : the radius of the sun


ompared to the radius of the solar system)

2. By dire
t insertion:

L = 2.9 · 109Lsun

3.

M = Msun − 2.5 log10(L/Lsun) = −18

4. From previous exer
ises, re
all that

d = 10 · 10
m−M

5 pc = 5.8Mpc

2


