
PX387 Astrophysics Problems Classes

Boltzmann’s constant, kB = 1.38×10−23JK−1

Speed of light, c = 3.00×108ms−1

Mass of the proton mp = 1.67×10−27kg

Mass of the electron me = 9.11×10−31kg

Gravitational constant G = 6.67×10−11m3kg−1s−2

Planck constant h = 6.63×10−34Js

Avogadro’s number NA = 6.02×1023mol−1

Wien constant b = 2.90×10−3 mK

Electric charge e = 1.60×10−19C

Stefan-Boltzmann constant σ = 5.67×10−8Wm−2K−4

Permeability of free space µ0 = 4π×10−7NA−2

Parsec 1 pc = 3.09×1016m

Mass of the Sun M⊙ = 2.0×1030kg

Radius of the Sun R⊙ = 7.0×108m

Luminosity of the Sun L⊙ = 3.8×1026Js−1

Thomson scattering cross section σT = 6.65×10−29m2

1. An accreting source has a luminosity of 1033Js−1. Assuming that it is accreting at the Eddington

rate, what type of object is this. What is the accretion rate?

2. Sketch the optical design of a Cassegrain focus, and briefly discuss the properties of this focal

position.

3. What is internal/total reflection? Illustrate your answer with a sketch, and give the critical angle

for total reflection between water (n ≈ 1.33) and air (n ≈ 1).

4. What is the critical angle for photons of E = 10 keV on 77
192Ir? The density of iridium is ρ =

22650kgm−3.

5. The Hubble Space Telescope has a mirror of d = 2.4 m. What is the spatial resolution HST

achieves in the galactic center (8 kpc) at ultraviolet wavelengths (λ = 120nm)? Explain why

observations at that wavelength may not be the best choice. What resolution does the world’s

biggest single radio telescope (Aricebo, ⊘ = 300 m) achieve in the galactic center, at 21 cm?

Express the spatial size of the potentially resolved objects in light travel time.

6. Sketch a CCD pixel, and how it is read out. Why is the use of CCDs in the infrared a technological

challenging? What attractive feature does the use of CCD at X-ray wavelengths offer?

7. Which of the following three binary stars are ondergoing mass transfer? (1) A neutron star plus

an A0V main sequence star with an orbital period of 22.8h; (2) A white dwarf plus an M5 main

sequence star with an orbital period of 3.6h; (3) a black hole of 12 M⊙ and a B5 main sequence

star with an orbital period of 37.1h.

8. Define what stable and unstable mass transfer means. In which of the systems from the question

above is the mass transfer stable?

9. Sketch a detached, semidetached, and contact binary.



10. Under what condition will a binary star composed of two main sequence stars undergo a com-

mon envelope evolution? What happens during the common envelope? What are the possible

products of a single common envelope phase?

11. What are the main-sequence progenitor masses for (1) a white dwarf, (2) a neutron star, and (3)

a black hole? What are the maximum masses for (1) a white dwarf, (2) a neutron star, and (3) a

black hole?

12. The image above shows the Galactic centre observed in the K-band (2.2µm) using adaptive

optices, and is practically diffraction limited. Estimate the size of the telescope that has been

used for these observations.

13. An accreting source displays a double-peaked Hα line with a full width at zero intensity (FWZI)

of 4050 kms−1. The system is eclipsing. What type of object is the accreting star?

14. The observed spectrum of the accretion disc in a YSO (young stellar object) displays a slope

∝ ν1/3 over a wide range in wavelength. What does this tell us about the geometry of the disc?

15. What is the maximum FZWI that you would expect in an emission line from a disc around a black

hole (ignore special relativistic and general relativistic effects)?

16. The observed spectrum of an accretion disc peaks at 0.67 nm. Could the accreting object be a

white dwarf? If not – why not?

17. The boundary layer around a white dwarf has a temperature of 70000 K. From independent

observations, an accretion rate of ṁ = 1.6× 10−10M⊙yr−1 is determined. What is the spin

period of the white dwarf?

18. Radio observations of the galactic X-ray source GRO 1655–40 reveal the ejection of a jet with

a proper motion of 62 milli-arcseconds per day. The distance is estimated to be 3.2kpc. What

is the apparent velocity of the jet? What is the minimum ejection velocity? What type of central

object does GRO 1655–40 harbour? Justify your answer.



19. What is the Alfén radius of a neutron star (M = 1.4M⊙, R = 10 km, B = 108 T) that is accreting

at a rate of 1.6×10−9M⊙yr−1? The neutron star is in a binary with a main-sequence companion

of M2 = 0.3M⊙ and an orbital period of 3 h. How does this system differ from the accreting white

dwarf binary discussed in the lecture? Draw a sketch of the system.

20. In the lectures, we derived the Alvén radius from Pram = PB =⇒ ρv2 = B2/2µ0. An alternative

approach is to say that the magnetic energy density, Um = B2/2µ0 equals the kinetic energy

density, Ukin = 1/2ρv2. Derive the Alvén radius under the assumption Um = UB, by how much

does it differ to the one we derived in the lectures?

21. HS 1023+3900 is a binary with an orbital period of 167 min in which a magnetic white dwarf

accretes from a main sequence star. Shown below is a trailed spectrogram of this object – what

can you infer about the field strength at the magnetic poles? What is the spin period of the white

dwarf?

22. Derive an estimate for the temperature in the post-shock plasma of an accretion column on a

magnetic neutron star. What is the characteristic energy of the photons in that plasma?

23. Nuclear fusion of the carbon/oxygen mixture found in a typical white dwarf into iron pro-

duces ∼ 7.3 × 1013Jkg−1. Calculate the amount of carbon/oxygen material that needs

to be processed into iron to gravitationally unbind a Chandrasekhar mass white dwarf

(M= 1.4M⊙, R= 1600km). What will be the average expansion velocity of the supernova rem-

nant if the entire white dwarf mass is processed into iron?

24. A white dwarf has accreted an envelope of 10−4M⊙. The envelope is of solar composition. Cal-

culate how long this envelope could power the Eddington luminosity of the white dwarf through

the fusion of hydrogen, where 0.7% of the hydrogen rest mass are converted into energy.

25. SN 1987A in the Large Magellanic Cloud produced a short, but intense burst of neutrinos. As-

suming that a total energy of 5×1045J went into the neutrino luminosity of SN1987A, and a

distance of 50 kpc to the LMC, estimate the neutrino flux (νem
−2) on the Earth, and the energy

flux of the neutrinos at Earth (Jm−2).

26. The binary pulsar PSR J0737–3039 has the following properties: Po = 0.102251 d, e = 0.0877,

M1 = 1.34M⊙, M2 = 1.25M⊙, DM= 4.89×107m−3pc, and d ≃ 500 pc. Calculate the expected

period derivative assuming that the only energy loss from the orbit is due to gravitational wave

radiation.



27. What is the time scale on which PSR J0737–3039 will merge? What will be the result of this

merger?

28. Assume that the merger of PSR J0737–3039 will radiate all the released energy within 1 s. What

is the energy flux per m−2 on the Earth – how does that compare to the energy flux received

from the Sun? Speculate about the consequences.

29. The frequency and frequency derivatives of the two pulsars are ν1 = 44.05 Hz and ν̇1 =
−3.4× 10−15s−2 and ν2 = 0.3606 Hz and ν̇2 = −0.116× 10−15s−2. Estimate the magnetic

field strengths of the neutron stars, as well as their characteristic ages. Which of the progenitor

stars was more massive? Describe a possible scenario for the formation of this system.

30. What else should you know for the exam? You should be familiar with the derivations we have

seen, i.e. you should be able to work through them, typically not entirely from scratch but with

some help / hints. You should be able to provide qualitative explanations for the physical phe-

nomena we discussed. You will need to know the basic physics that we made use of throughout

the course (e.g. what are kinetic energy, thermal energy of a particle, Keplerian velocity, etc. –

this is not a complete list, but should give you an idea of what I mean by ”basic” physis). And

finally, make sure that you think carefully about the correct units in any numerical application.

Here are a few random example questions that you can test your knowledge against: Under

what conditions does a binary star undergo stable mass transfer? Why do we typically only see

one jet in AGN? Would you know how to derive that T (r) ∝ r−3/4 in an accretion disc? Given

the exact dependence of T (r), would you know how to derive the maximum temperature in an

accretion disc? What is meant by the circularisation radius? Why can accretion discs undergo

a quasi-periodic cycle of outbursts? Why is the Ansatz for the viscosity chosen by Shakura &

Sunyaev, ν = αcsH, physically meaningful? What is Doppler imaging (tomography)? You should

be able to qualitatively explain in a paragraph things like ”what is a gamma ray burst?”, ”what are

the possible progenitors of supernovae type Ia?”.


