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1) Exoplanet Detection Methods. We have discussed in detail three different techniques 
for detecting exoplanets: Direct imaging, radial doppler velocity, and transits. They are each 
complementary with each other. For each one, indicate which quantities can be determined 
from each technique. Then, indicate what the particular bias of an observation is, if any (e.g., 
is it particularly sensitive to planets of a particular type, etc). 
 
Assume that you already know the parameters of the central star (its mass, luminosity, and 
temperature). [30 points] 
 

2) Impacts. After years of searching, astronomers have finally found life in space. It is the 
year 2033, and researchers at the TMT have found — bizarrely — a giant steam locomotive 
passing thru the Solar System, at v = 20 km/sec.

a) If it hits the moon, what size (i.e., radius) crater will it make?
b) If it hits India, what size crater will it make?

When an impactor hits a small body such as an asteroid, in some cases the body can be 
shattered entirely. This happens, roughly, when the crater radius is equal to the body radius.

c) Calculate what radius asteroid would be completely shattered by the impactor.
 
You should do a simple-but-justified estimate of the mass of a locomotive — more than a 
guess, but don’t spend a page on it.

To estimate the crater size, you can do what we did in class: assume the crater ejecta has a 
velocity of ~1 km/sec, and assume that 10% of the incoming energy is converted to kinetic 
energy of the ejecta (the rest being lost as heat). Use an appropriate density for the targets. 
[20 points]

3) The Next Mission. You are the director of Isro’s space operations, and it is your job to 
pick the next interplanetary mission destination. Your trusty advisors have narrowed it down 
to Enceladus, Mars, or Titan. It is your job to decide which one. Which do you choose, and 
why? You may pick any of them, but you must justify your choice. Be specific in your 
reasoning, and be quantitative. Assume that the cost is similar and that both missions are 
technically feasible (that is, focus on the science issues, not the engineering or budget 
ones). 
 
List the pros and cons of each destination in a table, *and* write a page or so summarizing 
which one you choose, and why.

Feel free to do external research on this. But do not write down anything you can’t defend 
and explain. [50 points]


