
FY3451 Astrophysics II Home Exam 28.09.–09.10.2023

Formalities.

Solutions should be handed in Monday 09.10., latest 14.00 via inspera. If inspera is not
working, send your solutions either by email, put them in my mailbox (in D5-166) or hand
them in before the lectures.

1. Summary.

Write a 2 pages executive summary of the lectures concentrating on radiation, stars and
stellar structure.

2. From fluid to stars.

Show how the hydrostatic equilibrium equation follows as a special limit from the equations
of fluid dynamics.

3. Lane-Emden.

a.) Write a simple ODE solver (using e.g. the Runge-Kutta method) and find numerically
the solution of the Lane-Emden equation for n = 1.5 and 3. Plot the solutions together
with the analytical one for n = 0, 1 and 5.
b.) The cases n

a
= 1.5 and n

r
= 3 are good approximations for MS stars with adiabatic

and radiative energy transport. Explain why n
r

> n
a

is expected.
c.) Show that the total mass of the n = 5 solution is finite (although R5 → ∞).

4. StatStar.

a.) Choose a mass M in-between the values in the attached table. Calculate and plot
M(r), T (r), L(r) and P (r) as function of r for a star with a homogeneous composition
given by X = 0.7, Y = 0.292 and Z = 0.008. Repeat this for X = 0.7, Y = 0.29 and
Z = 0.01. For a “HR diagram” with the appropriate boundary conditions for the two cases
see the attached tables. [Note: The program was by purpose written as simple as possible.
This implies that the convergence is sub-optimal – don’t expect it too work on the first
try. Also the values in the innermost layer may be unreliable.]
b.) Which model has the higher central temperature? Density? Why?
c.) Which model has the largest energy production in the core? Why?
d.) Which model has the lower effective temperature and luminosity? Why?




