
ASTR398B (Spring 2017) Homework 8 

Supermassive Black Holes 

(Due at the start of class on the 18th April 2017) 
 
1. A recently discovered quasar known as SDSSJ0100+2802 (hereafter known as J0100!) is 

one of the most powerful objects known with a total luminosity of L=2×1041W. 
a. Using Eddington Limit arguments (and a formula from the notes), estimate the 

mass of the black hole in J0100.  Express your answer in solar masses. 
b. Explain the physical basis of the Eddington Limit (what happens if a source 

violates it?). Is your answer in part (a) an upper or lower limit to the black hole 
mass? 

c. If the black hole is 10% efficient at converting infalling matter into energy, what is 
the rate at which mass is falling into the black hole?  Express your answer both in 
kg/s and solar masses per year. 

 
2. The radio galaxy Cygnus-A has a spectacular jet with an estimated power of L=4×1039W.  

Suppose that the jet is powered by the spin of a very rapidly spinning supermassive black 
hole with a mass of 3×109Msun.  Using the fact that up to 30% of the mass-energy of a 
black hole can be in the form of spin energy and tapped to power the jet, estimate how 
long the black hole can drive a jet of this power.  Express your answer in terms of years. 

 
3. Theoretical models suggest that the quasar SDSSJ0100+2802 (the same object discussed 

above) has an accretion disk that, at optical wavelengths, should span about 2×10−6 (i.e. 2 
millionths) arcseconds on the sky.  If the wavelength of optical light is about 500 
nanometers, calculate the (effective aperture) diameter of the telescope that is needed to 
actually resolve and hence image this accretion disk?   Comment on your answer.  [You 
will need to recall that there are 60×60=3600 arcseconds in one degree.] 

 
4. The first accurate localization of a radio-emitting quasar was achieved by Cyril Hazard 

who used lunar occultation (i.e. timing the exact moment that the Moon blocks the 
emissions) to locate the quasar 3C273.  Why did he choose to use the Moon as opposed to, 
for example, one of the planets?  Similarly, why did he use the Moon rather than the Sun? 


