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Remember to describe any assumptions you make, and to provide references.

3. Active Galactic Nuclei
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(a) What is a Seyfert galaxy? What is the difference between a Seyfert 1 and Seyfert 2

galaxy? In your answers, make reference to the terms AGN, NLR and BLR. What is a
BL Lac object? Show an example of the optical spectrum of each class of Seyfert galaxy
and of a BL Lac object, accompanied by a brief description.
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(b) Draw a sketch of a radio galaxy with an AGN. Indicate in your sketch the dust torus,

BLR and NLR, jet and radio lobes. Briefly justify the locations of these components.
Also indicate under what angle one would see a Seyfert 1 and similar for a Seyfert 2 and
for a BL Lac, accompanied by a brief justification.
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(c) In reverberation mapping, the time delay is measured between a change in bright-

ness of the nucleus and the change in brightness of another component in reaction to the
change in the nucleus. Estimate the time delays that one would expect to measure in the
various components of the radio galaxy. Show an example of such reverberation mapping
experiment, and briefly describe the results that were obtained from it.
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(d) About 10 per cent of a particle’s rest mass can be converted into radiation by accretion

onto a black hole. What is the typical luminosity of an AGN? How does the viewing angle
affect the apparent luminosity of an AGN? Estimate the mass accretion rate required to
fuel a typical AGN. About 10 per cent of the accreting matter is diverted into a bipolar
outflow. How much mass would be accreted into the black hole in 100 Myr? Compare
this with the mass of the central black hole in the Milky Way galaxy.
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(e) Explain the coincidence of AGNs with starburst galaxies. Explain why starburst

galaxies are never found to be elliptical galaxies. Explain the coincidence of AGNs with
massive elliptical galaxies. At what redshift were AGNs most common? Compare this
quasar epoch with the Madau diagram for the star formation history in the Universe.
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(f) AGN feedback heats the Intra Cluster Medium (ICM) in galaxy clusters, preventing it

from cooling and collapsing to form galaxies/stars. Estimate the maximum mass of ICM
gas that can be heated to the observed temperature of TICM ∼ 5 × 106 K if the heating
occurs through illumination by the AGN, or through shocks between the AGN outflow
and the ICM. Allow for an AGN lifetime of 100 Myr and ignore cooling of the ICM.
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