
Problem Set #2 / SXC Planets and Exoplanets
Assigned 19-Jan-2017

Due 26-Jan-2017 (start of class)
Show all work. Feel free to use python, etc

Some lovely and curious aliens are studying the solar system from their perch near the star 
Vega (distance = 25 ly).

1) They start looking for planets using transit measurements. Calculate the length and the 
depth of a transit which would be caused by each of the planets (*) passing in front of the 
Sun. (That is, individually calculate the length and depth by Mercury, by Earth, etc — in units 
of time, and percent). Of the planets, which one has the longest duration? Which one has 
the deepest?

You can assume that the plane of the solar system is aligned with the direction to Vega.  You 
can also assume circular orbits. [20 points]

2) The Vegans decide to move on to doppler radial velocity measurements. They build a 
telescope capable of resolving the radial velocity of the Sun to 0.5 meter/second. Of the 
planets in our solar system, which of them would be detectable from their radial velocity 
motions? [20 points]

3) The Hubble Space Telescope has an aperture size (i.e., mirror diameter) of 2.4 meters. It 
primarily works in the visible wavelength range (λ = 500 nm). [15 + 10 + 5 + 15 = 45 points] 

a) An enthusiastic astronomer on Earth proposes to use Hubble to search for life on the 
planet Proxima Centauri b, which at 4 ly away is the closest planet to our solar system. 
You are on the HST’s review board, and are a bit suspicious of whether they can see 
the aliens, or not. You do a calculation and tell them “No way! At that distance with HST, 
the only aliens you will be able to see are huge! You are crazy!” Do the calculation: how 
large (in km, or AU) must an alien be so that HST can image it at 4 ly, assuming HST’s 
diffraction limit.

b) The astronomer comes back and says, “OK, fine. I’m going to wait until the James 
Webb Space Telescope launches — then I’m sure it will work.” JWST is indeed an 
upcoming NASA space telescope, with a 6.5-meter mirror scheduled to launch in 2018. 
It operates in the infrared, centered on roughly λ = 10 microns. Calculate the smallest 
feature resolvable in the Proxima Centauri system with JWST at 10 micron. Will the 
launch of JWST help in this particular search?

c) JWST does have a broad wavelength range, from 0.6 micron to 28 micron. Any tips to 
give the applicant, if they want to optimize their resolution?

d) At most of its wavelengths, JWST’s spatial resolution will be worse than HST’s. But 
somehow NASA has justified spending $4 billion on it (25,000 lakh crore). Whatever 
for?? What are some of the reasons that JWST might be useful, despite not improving 
on HST’s resolving power. Give a couple of reasons, with a sentence or so for each.

4) Folklore says that an eagle can see a rabbit’s whiskers (diameter 1 mm) from 2 km away. 
Is this possible? For this to be the case, what diameter must the eagle’s eyes be, assuming 
they work at the diffraction limit? (NB: Animal eyes do not work as an interferometer — 
consider an eye individually, not as a pair.) [15 points]

(*) Nine is a lot of planets. Just do Mercury, Earth, Jupiter, Pluto, for both #1 and #2.


