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1) The nucleus of a Seyfert galaxy, at redshift 
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a) Calculate the bolometric absolute magnitude of the galaxy’s nucleus, assuming that 
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b) Calculate the bolometric luminosity of the nucleus, assuming that for the Sun 
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c) Estimate a lower limit for the mass of the galaxy nucleus, in order that the Eddington luminosity is not exceeded.

d) If the bolometric luminosity is the result of mass accretion, with an efficiency 
[image: image6.wmf]1
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, calculate the mass accretion rate (in solar masses per year) onto the nucleus.

e) If the mass of the nucleus is primarily concentrated in a supermassive black hole, of Schwarzschild radius 
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, and its luminosity originates from the hot accretion disk surrounding the black hole, estimate the temperature of the disk at a radius of 
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2) The radio galaxy Centaurus A lies at a redshift of 
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 and delivers a flux density of 
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at a radio frequency of 1400 MHz.

a) Assuming that the radio spectrum of Centaurus A is a power law, 
[image: image11.wmf]6
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, estimate the total radio flux of Centaurus A in the frequency range 
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b) Hence determine the total radio luminosity of Centaurus A in this frequency range.  Compare your answer with the total radio luminosity and optical luminosity of the Milky Way.

c) If the total energy stored in each radio lobe of Centaurus A is 
[image: image14.wmf]J
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, estimate the time taken to radiate away this energy, given the radio luminosity of the galaxy.

d) Modelling each radio lobe as a sphere of radius 10 kpc, and assuming equipartition, estimate the strength of the magnetic field in the radio lobes of Centaurus A.

e) Hence estimate the Lorentz factor of electrons producing synchrotron radio emission from Centaurus A at the frequency of 1400 MHz.

3) Show that an AGN with luminosity 
[image: image15.wmf]Sun
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 corresponds to an energy output of 
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 per year.  As they age, stars like those in the solar neighbourhood eject about 1 solar mass per year of gas for every 
[image: image17.wmf]Sun
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 of stars.  If all the gas lost by stars in our Galaxy could be funnelled into the centre, and 10% of that mass of gas released as energy, how bright would the Milky Way’s nucleus be?

4) The cosmological 
[image: image18.wmf]k

-correction accounts for the change in apparent magnitude of a galaxy or quasar, observed through a particular filter, due to the redshifting of its spectral energy distribution.  For a ‘top hat’ filter between 
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 and 
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, the 
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-correction is given by the formula:
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where 
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 is the present day spectral energy distribution.

a) If a galaxy or quasar emits a power law spectrum, with 
[image: image24.wmf]a
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, show that the corresponding spectral energy distribution as a function of wavelength satisfies 
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b) Show that the 
[image: image26.wmf]k

-correction is given in this case by 
[image: image27.wmf])
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c) Explain why the cosmological 
[image: image28.wmf]k

-correction is small for many quasars.
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