
ASTR398B (Fall 2015) Homework 8 

Supermassive black holes 

(Due at the start of class on the 20th November 2015) 
 
1. The Event Horizon Telescope (EHT) is an international project that aims to image the 

event horizon of the supermassive black hole at the center of our Galaxy.  By referring to 
the relevant formula from Class 16, explain why this project needs to (i) link together 
radio telescopes from across the Earth, and (ii) operate those telescopes at the shortest 
possible wavelength (which turns out to be λ=0.7mm).  Estimate the resolution of the 
EHT, expressing your answer in units of arc-seconds (recall that there are 3600 arcseconds 
in a degree). 

 
2. A recently discovered quasar called SDSSJ0100+2802 (hereafter known as J0100!) is one 

of the most powerful objects known, with a total luminosity of L=2×1041W. 
a. Use Eddington Limit arguments to estimate the mass of the black hole in J0100. 
b. Briefly explain the physical basis of the Eddington Limit (what happens if a source 

violates it?).     Is your estimate of black hole mass from part (a) an upper or lower 
limit. 

c. If the black hole is 10% efficient at converting infalling mass into energy, at what 
rate is mass falling into the black hole in J0100?  Express your answer both in 
terms of kg/s and solar masses per year. 

 
3. Our galaxy has about 100 billion stars that collectively put out a total luminosity of 

5×1037W.  It also hosts a 4 million solar mass black hole at its center. Calculate the total 
(lifetime) energy output of our Galaxy by (a) the stars, and (b) the central black hole.  
[Assume that the Galaxy was born about 10 billion years ago and had a constant stellar 
luminosity ever since.  Also assume that accretion into the black hole radiated energy with 
10% efficiency.  If you need to make other assumptions, state them explicitly]. 

 
4. Using an energy argument, explain why you might expect AGN feedback to become 

more, not less, important in low mass galaxies as compared with high mass galaxies.   
 
5. Suppose a non-scientist friend asks about the evidence for the existence of supermassive 

black holes.   Summarize, in your own words and avoiding jargon, the evidence for a 
supermassive black hole at the center of our Galaxy. 


