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This is the list of questions from which the ~10 questions in the final exam will be 
taken.

Please, answer to the questions correctly, precisely and to the point (digressions, incorrect 
statements and sloppy answers will result in loss of points). No “yes or no” answer, always 
elaborate on your statement while remaining correct, precise and to the point. The answer 
to an exercise requires some clear and correct text with an explanation : it should be clear 
that you have understood the meaning of the calculation and you are not quoting from 
memory.

Appreviations: neutron star: NS; black hole :BH; white dwarf :WD; equation of state: EoS

All questions give the same number of points except those marked with ** which give 
double points.

1) how do you define a compact object? What is the compactness parameter and what is 
its physical interpretation ? Say what is the value of the compactness parameter for the 
typical WD,NS and BH.

2) what is the nature of compact objects’ main energy reservoir and how can it be detected  
?

3) what is the formation scenario for a neutron star (be exhaustive, progenitor mass, 
impact of metallicity, etc…)?

4) what is the formation scenario for a white dwarf (be exhaustive, progenitor mass, impact 
of metallicity, composition, etc…)?

5) what is the formation scenario for a solar mass black hole?
6) Exercise: a) given the formation mechanism of NS and WD, estimate their magnetic 

field if the progenitor star has a filed of 155 Gauss. b) Comment on the result.
7) Exercise: a) The Sun rotation period is ~24.5 day, assuming no losses of any kind , 

what would be the rotation period of the resulting WD ? b) Comment on the result.
8) Describe the main steps in the history of discovering, theoretically describing and 

observing WDs
9) a) define what is an “equation of state” and b) exhaustively describe the simplest 

possible one for WDs. c) Comment on its validity : does it allow us to match 
observations? 

10) Exercise: a) for a cold degenerate electron gas derive how the normalised Fermi 
momentum PF/mc depends on the total matter density \rho and the electron fraction Ye. 
b) Are electrons relativistic for a typical WDs with Ye =0.5 and average matter density 
\rho~106 g/cm3   ?

11) Exercise: a) what does it mean that a gas of particle is degenerate? Show that 
electrons in WDs are fully degenerate but protons aren’t.

12) Exercise: The typical electron pressure in WDs is of the order of 5 10^22 Ba, how does 
it compare with a) the gas thermal pressure and b) the average pressure needed to 
ensure hydrostatic equilibrium? c) Comment on the result. 

13) **a) define what is the stellar structure of a stellar object; b) Given an EoS for WDs, 
how does one derive their stellar structure? c) complete the answer to b) by writing the 
main relevant equations in spherical symmetry, ignoring rotation and magnetic field. d) 
Use a compactness argument to support the assumption that a Newtonian framework 
(equations) is sufficient.

14)**What is the Chandrasekhar’s mass ? a) explain the assumptions needed to derive the 
Lane-Emden equations. b) State and use for your discussion the results from the 
relevant Lane-Emden equations and draw by hand a mass versus matter density plot : 
be quantitative and precise about the mass and density ranges.
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15)**What is the Chandrasekhar’s mass ? give a simple argument based on equilibrium of 

forces.
16)Describe the main steps in the history of discovering, theoretically describing and 

observing BHs
17) **a) What is the Schwarzchild radius? b) what are its properties (physical 

interpretation) for a non-rotating black hole (i.e. in the classical Schwarzchild’s solution)
18) What is the Ergosphere of a black hole?
19) give a simple descriptions in words of what are gravitational waves
20) **Given an equal mass black hole binary, describe a) the main dependence of the 

wave amplitude, b) the frequency at which the object emit c) the gravitational wave 
luminosity

21) Exercise: a) calculate the frequency of a back hole binary at merger as a function of its 
total mass. Take an equal mass black hole binary.  b) What is the typical merger 
frequency for a binary composed of two million solar mass black holes?c) What is the 
typical merger frequency for a binary with two ten solar mass black holes? d) which one 
between binary b) and binary c) will be detected by the Laser Interferometer Space 
Antenna (LISA)?

22) Exercise: derive the a-dimensional strain magnitude “h” at merger for GW at merger 
for GW150914: i.e. use a distance d = 410 Mpc  and equal black hole masses M1= 30 
Msun = M2

23) **Exercise: derive the dependence of the rate of change of the frequency (=df/dt) as a 
function of frequency (f) and total mass

24) Describe the main steps in the history of discovering, theoretically describing and 
observing NSs
25) Exercise: Show that there is little alternative to a NS to explain a pulsar: in particular 
consider a pulsar rotating with angular frequency Omega = 0.1 ms-1  (ms= millisecond)
26)  **a) define what is the stellar structure of a stellar object; b) Given barotropic EoS for 
NSs, how does one derive their stellar structure? c) complete the answer to b) by writing 
the main relevant equations in spherical symmetry, ignoring rotation and magnetic field. d) 
Use a compactness argument to support the assumption that a Newtonian framework 
(equations) is not sufficient.
27) **a) what are the theoretically expected electromagnetic counterparts to a NS-NS 
merger and b) on which timescales? c) at which wavelengths?
28)Describe the steps that brought to the localisation of the host galaxy of GW170817: you 
should mention both the role of the GW detectors as that of the gamma-ray detectors. 
29) **discuss the importance of the historical detection of GW170817 and its 
electromagnetic counterparts
30) **Exercise: given the equation of energy conservation below, the “one zone model” 
and radiative diffusion derive: a) the light curve of a kilonova b) the peak luminosity; c) the 
peak time d) evaluate b) and c) for GW170817 i.e. ejecta velocity v=0.3 c; gas opacity 
k=0.1 cm2/g; neutron star radius Ro=10 km; ejecta mass Meje =0.01 Msun
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31) Derive the accretion luminosity Lacc onto a) a generic object of radius R b) a non-
spinning BH c) a maximally spinning BH
32)** For a geometrically accretion disc in hydrostatic equilibrium in the vertical direction 
use the momentum equation to a) derive the azimuthal and vertical velocity and b) to 
answer the following: is the azimuthal velocity sub-sonic? Consider now the radial motion 
of matter towards the accreting object c) what is this flow due to ? d) write explicitly an 
expression for the radial velocity and e) compare it with the local sound speed.
33) What is the “trapping radius”? a) Derive it and b) explain its physical meaning.
34) In an optically thick, geometrically thin disc a) what is the predicted temperature radial 
profile ? b) using this prediction, derive in which frequency range we expect i) a WD; ii) a 
NS; and iii) a one-million-solar mass BH to emit.
35) derive the Eddington limit


