
ASTR340 (Fall 2013) Homework 6 

Dark matter, dark energy, structure formation and 
inflation 

(Due at the start of class on the 12th December 2013) 
 

1. Give a clear and concise explanation for why we believe there is a tremendous 
amount of dark matter around galaxies and galaxy clusters that is not “normal” 
baryonic matter.  Write this explanation as if you were trying to explain it to a 
friend who doesn’t know much science (even better, try it on a non-scientist 
friend of yours and see if they are convinced!). 

 
2. FMC Q13.7 

 
3. FMC Q15.3 

 
4. Before it explodes as a type-1A supernova, a white dwarf has a mass of 1.4Msun.  

During the explosion, all of the matter in the white dwarf is converted from 
helium to iron; this process converts mass to energy with an efficiency of 
approximately 0.1%.  Calculate how much energy is released during this 
explosion.   You will need to know that Msun=2x1030kg, and that c=3.0x108m/s. 

 
5. The “binding energy” of a galaxy is the energy required to completely disrupt the 

galaxy and disperse its constituent components.  The binding energy of the Milky 
Way (including the Dark Matter) is approximately 1x1052J.   At the center of the 
Milky Way is a MBH=4x106Msun black hole.    In principal, was enough energy 
released in the formation of the central black hole to disrupt the galaxy?   Assume 
that 10% of the rest mass energy of the black hole was released during its growth. 

 
6. Consider a galaxy with total mass (including dark matter) M and characteristic 

radius R.   The binding energy of the galaxy is given approximately by E=GM2/R.  
Now, suppose that every galaxy contains a black hole with a mass that is a fixed 
fraction of the galaxy’s mass (MBH=fM), and that the formation of the black hole 
releases 10% of the rest mass energy of the black hole.  Purely from an energetic 
point of view, will the importance of the black hole increase or decrease as we 
consider a sequence of galaxies with successively greater masses (assume that the 
characteristic radius of a galaxy is approximately the same irrespective of its 
mass).  Clearly state your reasoning.  [If you want a bit of extra fun, calculate the 
galaxy mass at which the energy released from the black hole equals the binding 
energy of the black hole, assuming f=0.0001 and R=300,000 light years.] 

 
7. [Double points] In your own words, briefly describe the four puzzles of standard 

cosmology and how the theory of inflation solves them. 


