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Topics in Observational Astrophysics: Example Sheet 3 
 
1. The jet in M87, the central galaxy in the Virgo cluster, is inclined at 40° to the 
line of sight.  Superluminal motion, with vapp = 2.5c, has been observed by radio 
astronomers within the core of the jet.  Estimate the bulk velocity of the jet material and 
hence its Lorentz factor.  What angle to the line of sight would maximise the apparent 
velocity and how fast would material appear to be moving? 
 
2. If the energy density in radiation produced by quasars in the local universe is ~ 
10-30 Wm-3, estimate the mean black hole mass per galaxy if the density of galaxies is 
10-2 Mpc-3. 
 
3. One possible model for the emission line region in quasars involves a steadily 
accelerating, spherically symmetric outflow of low density ionised material.  Show that 
in this model the gas density,  ρ, and the velocity, v, at a distance r from the central 
source satisfy the condition ρvr2 = constant. 
 
The fraction of gas that is ionised depends on the ionisation parameter, U, which is 
proportional to the number of ionising photons per atom.  Suppose the broad line region 
consists of emission line clouds that are pressure confined and carried along by the low-
density outflowing medium.  Assuming the clouds and the outflowing medium are 
maintained at a constant (but different) temperature throughout the broad line region, 
show that the emission line clouds become more highly ionised as they get further from 
the central continuum source. 
 
4. Suppose the quasar luminosity function has the form φ(L)dL  ∝ L-3dL.  If the 
space density of quasars evolves as     n(z)dV = no(1+z)6dV , where no is a constant and 
V is volume, determine the redshift dependence of the number of quasars per unit 
redshift for a sample of quasars selected down to a fixed apparent magnitude.  Assume 
that space is Euclidian. 
 
5. Use classical Newtonian gravitational theory to show that the deflection angle for 
photons (assume them to be particles with mass) passing a point mass M with impact 
parameter b is α = 2GM/c2b (for α << 1).  How does this differ from the deflection angle 
for a photon passing a truncated singular isothermal sphere, of mass M and truncation 
radius rtr = b? 

 
Singular isothermal spheres are one of the simplest mass distributions that satisfy 

the condition of hydrostatic equilibrium.  Why is it necessary to use truncated isothermal 
spheres as models for galaxies and clusters of galaxies? 
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6. An earth-orbiting satellite can measure the positions of stars to an accuracy of 10 
milli-arcseconds.  What fraction of the sky has measurable gravitational light bending 
due to the Sun.  If the satellite were to be used to confirm the presence of a "free-floating 
black hole" located halfway to the Galactic Centre, estimate the angular scale in terms 
of the black hole mass over which the positional distortions in the background stars at 
the centre of the galaxy will be visible. 
 
7. (i)  Light from a source (located at distance DOS from the observer) is deflected 
by a point mass lens (located at distance DOL from the observer and DLS from the source).  
If the source lies exactly behind the lens, the resulting image is an "Einstein Ring" with 
angular radius θE = [ 4GM/c2D]½  where D = DOLDOS/DLS is the effective lens distance.  
Estimate θE for a star of mass 1M  at a galactic distance (D = 10 kpc) and a galaxy of 
1012 M  at a cosmological distance (D = 1 Gpc).  What is the mean surface density of 
the lens within θE for the two cases? 
 
(ii) A star in the Large Magellanic Cloud (LMC), distance 50kpc, is lensed by a 
compact object of mass 0.1M located halfway to the LMC and moving with a 
tangential velocity of v = 200 kms-1.  Estimate the duration of the lensing event and 
show that for a uniform mass density ρ of lensing objects in the halo of the Galaxy, the 
"optical depth" for lensing (i.e. the chance that the line of sight is within θE of a lens) is 
τ ~ GρD2

OS/c2.  Why is there no dependence on the mass of the lensing objects? 
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