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Question 1: Compactness Parameter of Active Galactic Nuclei
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The maximum possible luminosity for a spherically accreting compact object is given by balancing
the gravitational force acting on the accreted protons against the radiation force acting on the

accreted electrons,
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where S = L/4nr?. Show that this Eddington luminosity is given by

4TGM
Lpqq = ——2Mp¢ (w1.2)
oT
In the lectures the compactness parameter was introduced as
Lot
l= 1.1
Rmec? (s1.1)
Typical radii for compact objects are on the order of the Schwarzschild radius,
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Since L < Lgqq and R ~ rg, for typical sources ¢ < 4000.

The Compton power radiated by a higly relativistic electron through inverse Compton scattering
was found in the lecture to be
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Pcornpt = gJTC'YQﬁQUrad (Sll)
where Uyaq = S/c. Show that the time scale for energy loss due to the Compton loss of highly
relativistic electrons with energy F = ymec? is given by
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Since 37 ~ 10, for £ > 10 the Compton cooling time of highly energetic particles in the system is
shorter than their escape time (since tesc ~ R/c) and we would expect typical accreting systems to
have £ ~ 1.



