
SPA 401: Properties and Physics of stars

Tutorial Questions Set 1 (Lectures 1-3)

Hand-in date: 4th November, 2015.

1. Calculate the mass fraction of hydrogen, helium, carbon, oxygen, nitrogen and neon in the
sun

2. In a star of mass M , the density decreases from the center to the surface as a function of the
radial distance r, according to

ρ = ρc
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where ρc is a given constant and R is the radius of the star.

(a) Find m(r).

(b) Derive the relation between M and R.

(c) Show that the average density of the star is 0.4ρc.

3. For a star of mass M and radius R, find the central pressure and check the validity of the
inequality
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for the following cases

(a) Uniform density and

(b) The density profile in (2) above.

4. Suppose that the greatest density inside a star is ρc at the center and let Pc be the corre-
sponding pressure. Show that

Pc < (4π)1/3 × 0.347×GM2/3ρ4/3c (3)

5. For a star of mass M and radius R, find the value of α in the expression for the gravitational
potential energy for

(a) A uniform density.

(b) Density profile in question (2).

6. Assuming that a star of mass M is devoid of nuclear energy sources, find the rate of contraction
of its radius if it maintains a constant luminosity L.
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7. Assuming a uniform value of β throughout the star and defining U =
∫

(ugas + urad) dm,

show that the Virial theorem yields: E = β
2 Ω = − β

2−β , in particular considering the limits
β → 1 and β → 0.

8. Show that the equation for hydrostatic equilibrium may be written in the form

dP

dr
=
g

k
(4)

where g is the local gravitational acceleration.
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