
Exercises for week 3

Time scales for nuclear burning phases

The Sun will not be able to burn elements heavier then Helium, but heavier
stars are able to do so. The amount of time they will be able to do so is not the
same as the amount of time they will be able to burn hydrogen.

Calculate how long the Sun is able to burn hydrogen and Oxygen. Start
with hydrogen, assuming that the Sun consists of hydrogen only, and that the
Sun is able to convert it all into Helium, and that the Luminosity of the Sun is
constant through this burning phase.

Now do the same for the Oxygen burning phase, where the reaction is:
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As before, assume the whole Sun is made of Oxygen, and assume that the
mass and luminosity is the same as for the present sun and that it is able to
convert all its Oxygen into Silicon and Helium.

What is the ratio between these two timescales? Are you surprised? You
should now remember that we here made a number of strong simplifications. If
this calculation is done for a star that is actually able to burn hydrogen, then
it turns out that the effect is even more extreme. The times over which the
heavier elements can be burned becomes increasingly shorter. For example will
the burning of Oxygen in a 25 M⊙ star lasts only half a year and the burning
of Silicon into Nickel lasts one day.

Equation 2.19

Show that Equation 2.19 in Stix:“The Sun” can be found by using equations
2.17, 2.18, 2.13 and that FC = 0.

Thermal conduction

Thermal conduction is not considered important in the Sun. We will now try
to see why. Start by finding the average temperature gradient in the Sun. Then
use it to calculate the thermal conduction coefficient κc, for instance at the
surface of the sun. The equation for the energy transported by conduction is
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where Q is the transmitted energy pr unit area. Compare the result you find
with the coefficients for the very good thermal conductors steel (κ ∼ 100) and
diamond (κ ∼ 1000). Do you agree that conduction most likely is not very
important in the sun?

Prob 2.18 in Stix:“The Sun”
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