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1. The estimation of radiation fluxes of stars can be obtained by assuming that each star
radiates like a black-body. The Planck’s function for a black-body radiator is given by

Bν(T ) =
2hν3
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(a) Show that the previous function when written as a function of wavelength becomes

Bλ(T ) =
2hc2

λ5
1

e
hc
kTλ − 1

[ergs−1Hz−1sr−1]

.

(b) Derive Wien displacement law using dBλ/dλ = 0.

(c) Derive an approximate expression for Planck’s function Bν(T ) for a high frequency
regime hν/kT � 1 – Wiens distribution

(d) Derive an approximate expression for Planck’s function Bν(T ) for a low frequency
regime hν/kT � 1 – Rayleigh-Jeans limit

2. Characterize the main properties of stars shown in the figure 1:

(a) Identify the different spectral types of stars (from A to G) using the spectra shown
in the left panel in the figure 1.

(b) Give the location in the H-R diagram of the different stellar luminosity classes.

(c) Identify the location of main sequence, giant and super giants stars.

(d) Give the qualitative location of the different stars (from A to G) in the H-R diagram
(in terms of luminosity and effective temperature). Can you explain in simple terms
their location ? Use a H-R scheme to locate the stars.

(e) Compute the radius of stars located in the H-R diagram in position 1, 2 and 3.

(f) What are the expected ”colours” of stars located in position 1, 2 and 3. (I expect a
numerical argument).

(g) Can you explain the difference between the spectrum of the different stars (from A
to G) (including continuum and line formation) ?

(h) Explain the properties of main sequences stars, in particular explaining the difference
between low mass stars and high mass stars.

(i) Can you explain why so many stars are found around L ∼ 1 − 10L� and consider-
ately less for larger and smaller luminosities.
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Figure 1: (left panel): Hertzsprung–Russell diagram computed from data of the Hipparcos
satellite. (right panel): A compilation of actual spectra from stars of different spectral types.
Each spectrum is shifted vertically by an arbitrary amount to separate it from its neighbours
(data from Pickles 1998).

3. Isothermal spheres of an ideal gas: This corresponds to a polytrope with (the poly-
tropic index) n =∞, such P = Kρ1+

1
n .

(a) Express the density as a function of the gravitational potential in the case of an
isothermal model. In the derivation of this result use the Poisson’s equation and the
Hydrostatic equilibrium equation:
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)
= 4πGρ (1)

dP

dr
= −g(r)ρ (2)

In the computation of the density use the boundary condition that Φc = 0 and ρ = ρc
for r = 0.

(b) Using the following transformation of variable z = Ar and Φ = Kw, determine the
”isothermal” Lane-Emden equation. Determine the values of A and K.

(c) Describe the behaviour ofw(z) near the centre (w(z) up to z2). Assume thatw(0) =
w′(0) = 0.
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(d) Can you suggest an astrophysical case where the previous equation applies ? (op-
tional)

4. In 1902 Sir James Jeans provides a criteria to determine the gravitational collapse of a
molecular cloud.

(a) Consider that the molecular cloud is an ideal gas with a molecular weight µ, pressure
P and density ρ. Using dimensional analysis, show that the Jeans mass reads

MJ = C

(
T 3

µ3ρ

)1/2

(3)

where C is a constant. Hint: we can use the following relation MJ = P aGbρc,
where a, b, c are constants.

(b) Consider two molecular clouds A and B of 50 M�, the first one of diffuse Hydrogen
(H I) and the other one with molecular hydrogen (2H) with the following character-
istics: cloud A: T∼ 50 K and nH ∼ 5× 108 m−3 with µH = 1 ; cloud B: T∼ 10 K
and nH2 ∼ 1010 m−3 with µH2 = 2; Can you identify if these clouds are stable or
unstable to gravitational perturbations ? Use the previous Jeans mass relation with
C = (5k/GmH)3/2(3/(4π))1/2. Note that the density of these clouds are computed
as ρH = mHnH and ρH2 = 2mH nH2 .

(c) Explain in simple terms how the conservation of angular momentum can affect the
gravitational collapse of a molecular cloud ?

5. Choose only one of the following topics to discuss in some detail the astrophysical
implications. If needed use diagrams, schemes and graphs to illustrate your points.

(a) The evolution of a low star like the Sun from the pre-main sequence to the red giant
phase.

(b) The solar dynamo and implications for space weather.

(c) The impact of the pp chain, CNO cycle and other nuclear reactions in the evolution
of stars.

(d) Compute the Virial Theorem for a star composed by a perfect mono-atomic gas (γ =
5/3). Hint: Use the equations of conservation of mass and hydrostatic equilibrium.


