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Partial solutions to problems: Part 3E

Exercise 3E.1

1. We have
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3. This is done by direct insertion: p > 7.03 - 108kg/m?3.

4. We have 4
M = g7rR3p
or RT
- (3)
dmp

with the density found in the previous question we obtain R ~ 8790km

5. Inserting the mass of the Earth instead of the mass of the Sun, we obtain
R ~ 126.6 km.

Exercise 3E.2

We will not show the details of the energy flow here as you can easily find that
by studying the details in the text, but we I will focus on the most important
point to be learned in this exercise: The energy in the supernova explosion
comes mainly from gravitational potential energy. Check that you understand
why!



Exercise 3E.3

1.

The derivation is identical to that of a white dwarf, except for m,. replaced
by my,. The radius (when inserted into the equation for the radius of a
white dwarf, but with m,, instead) yields about 1km for a 1.4M,,, star
which is too small but gives a rough idea of the size of a neutron star.
More detailed calculations are necessary to obtain a more correct result.

The density of a neutron star of 1.4Ms with radius r = 10km is

1.4Mg 17 3
=—= —=6.7x10""%k
P = 43 (10km)? X107 kg /m
If we compress the Earth to this density we find
MEarth
T x 10 kg/m? =
6.7 x g/m VAT

giving R = 129m.

We use that M = %ﬂ'R3p, or p = ﬁM. A uranium atom thus has
density
3
Pur = E2oomp(7fm)*3 ~2.3-10"kg/m3
quite similar to that of an neutron star.

We have that R = 10km/(G/c?) = 1.3 x 103kg = 6.7M, ~ 5M which is
very close to the Schwarzschild radius R = 2M. Hence GR is needed!

As L = [w and I = (2/5)MR? for a sphere, preservation of angular
momentum gives

2 2
Lbefore = Lafter — Rbeforewbefore = Ra'fterwafter

or in terms of periods Pagier = (Ratter/ Rbefore)? * Phefore g1ving 2.6 minutes
for a Earth-size R = 6000km white dwarf and 4.4 x 10~ seconds for
a R = 10km neutron star. The rotation slows down with time due to
energy /angulat momentum losses through the magnetic field. The neutron
stars we observed have already been slowed down with respect to the
angular velocity they had immediately after the SN explotion.

With an orbital period of 1us = 10735, what is the maximum radius of
an object with this speed? The orbital velocity is given by w = 27/P,
and the speed at the surface is given as v = ¢ = R-w. Then R = ¢/w =
¢ lus/2m = 48km.

Exercise 3E.4

1.

The luminosity of a star is given as
L =oT*ArR®

letting R = s = vAt, 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 completely (typically : the radius of the sun
compared to the radius of the solar system)



2. By direct insertion:
L =29-10°Lgy,

M = Msun - 2.5 loglo(L/Lsun) = _18
4. From previous exercises, recall that

m—M
5

d=10-10 pc = 5.8Mpc



