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ASTRONOMY PROFICIENCY EXAMINATION 
GALAXIES AND THE UNIVERSE 

August 25, 2012,  10:00 AM – 12:00 PM                  
                                                                                        

                      
INSTRUCTIONS:  

- Answer ALL questions. 
- Read a problem carefully. Pause and think before you attempt to solve it. 
- Always obtain an algebraic answer first; then and only then an arithmetic one. BUT: if asked for, 

numbers are just as important as algebraic answers; do not skip them! 
- Specify your units. An arithmetic answer without units is a wrong answer. 
- Do NOT rename symbols given to you in a problem. 
- Explain briefly what you are doing; that way you may get credit even if your solution is wrong. If a 

grader cannot understand your reasoning, he/she may give you no credit. 
- Write LEGIBLY; illegible answers receive NO credit. 
- You may use the back of the exam pages for scratch work. 

 
 
TABLE OF USEFUL CONSTANTS AND SOME FORMULAE: 
 
 MSun  =  1.99 x 1033  g         G  =  6.67 x 10-8   dyn cm2 g-2  

RSun  =  6.96 x 1010  cm       1 pc  =  3.09 x 1018  cm 

 LSun  =  3.83 x 1033  erg s-1        1 yr  =  3.16 x 107  s 

 1 AU  =  1.50 x 1013  cm       c  =  3.00 x 1010  cm s-1 

kB  =  1.38 x 10-16   erg K-1       h  =  6.63 x 10-27   erg s 

 mp  =  1.673 x 10-24  g         me  =  9.11 x 10-28  g   =   0.511 MeV/c2 

 mn  =  1.675 x 10-24  g         mα  =  6.6445 x 10-24  g    

 e  =  4.80 x 10-10  esu  =  1.60 x 10-19  C   1 eV  =  1.60 x 10-12  erg 

 σSB  =  5.67 x 10-5  erg cm-2 s-1 K-4     1 J  =  9.87 x 10-3  L Ä atm   =  107  erg 

 1  m  =  102  cm  =  106  μm  =  109  nm   1 Å  =   10-8  cm  =  10-10  m  =  0.1  nm  

MV(Sun)  =  + 4.83  mag        MB(Sun)  =  + 5.48  mag 

 TSun  =  5,778  K         mV(Sun)  =  - 26.5  mag 

 REarth  =  6.37 x 103  km        RMoon  =  1.74 x 103  km 

 MEarth  =  5.97 x 1027  g       rEarth-Moon  =  3.84 x 105  km   

 MJupiter  =  1.90 x 1030  g       MVenus  =  4.90 x 1027  g 

 RJupiter  =  7.14 x 104  km       RVenus  =  6.05 x 103  km 

H0  =  100h  km s-1 Mpc-1       T  =  (0.290 cm)/λmax   K  
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1.  (25 points) Galaxy Rotation Curve 
 

For this problem, refer to the spider diagram below (the radial velocity contours are in km s-1), and 
assume the Hubble parameter value h = 0.75. 
 

 
 
a) What is the approximate systemic velocity (in km s-1) for this galaxy? 
 
b) What is the approximate maximum rotational velocity (in km s-1), ignoring inclination effects? 
  
c) In what sense is this galaxy rotating? 

 
d) What is the distance to this galaxy in parsecs? 

 
e) If this galaxy has an angular diameter of 10'30", what is its physical radius in parsecs? 

 
 
 
2.  (25 points)   Gravitational Lensing 
 

Congratulations! You have discovered an Einstein cross (four sources arranged in a cross pattern) 
within the Coma cluster. By using the NASA Extragalactic Database (NED), you know the redshift of 
the Coma cluster is 0.023, and you have observationally confirmed that the source quasar is at a 
redshift of 2.22. The four quasar images you can identify lie roughly in a circle of radius 17.5". 
Assume the Hubble parameter value h = 0.75. 
 
a) What is the approximate Einstein radius (i.e., the distance from the lens center at which you 

observe multiple sources) in kpc?  
 
b) The critical surface mass density (i.e., the projected 3D mass distribution that can give rise to 

multiple images) for a given lens mass is given by 
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 What is the critical surface density (in MSun pc-2) for your newly discovered lens? 
 
c) By using this critical surface mass density, calculate the projected mass (in solar masses) within 

the Einstein radius. 
 
d) What value would you expect to measure for the average velocity dispersion (in km s-1) of all 

galaxies that lie within this projected radius? 

 
3.  (25 points)   A High-Redshift Galaxy 
 

A typical luminous galaxy at low redshift has B-band luminosity of 2 x 1010 LB,Sun. For the purpose of 
this problem, assume that we live in an open universe with no dark energy, Ωm = 0.3, and Hubble 
parameter h = 0.75. The Mattig formula provides the comoving line-of-sight distance to an 
extragalactic source at large redshift when there is no dark energy: 
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 where 0Ω is the ratio of the present-day total matter-energy density and the critical density. 
 

a) What would be the distance measured by a photon traveling from this galaxy if its redshift is 4.5? 
  
b) If this galaxy has an angular diameter of 2.6", what is its physical diameter? 
  
c) What is its surface brightness (in LSun pc-2)? 

 
d) If there are 0.02 such galaxies per Mpc3 at low redshift, what is their expected density at this 

galaxy’s redshift (ignoring the effects of mergers) in units of galaxies per Mpc3? 
 
 
4.  (25 points)   Galaxy Mass-to-Light Ratio 
 

You observe a spiral galaxy at a redshift of 0.0100 to have a total V-band apparent magnitude of 13.2. 
You subsequently measure the HI distribution, finding that the gas has a velocity of 3280 km s-1 on 
one side of the galaxy at 3.5' from the center. You can safely ignore inclination effects in this problem. 
 
a) What is this galaxy’s absolute V-band luminosity (in units of LSun)?  
 
b) What is this galaxy’s rotational velocity (in km s-1) at 3.5' from the center of the galaxy? 
  
c) What is the total mass of this galaxy (in units of MSun) inside the 3.5' radius? 

 
d) What is this galaxy’s mass-to-light ratio (in units of MSun / LSun) inside this radius? 

 


