2008 Porter Prize Problem
Gravitational Lensing?
   Did you know that a light ray emitted horizontally near the earth’s surface follows a curved path?  Your challenge is to calculate its trajectory.  
a. Calculate the radius of curvature of the light ray, emitted horizontally near the earth’s surface, taking into consideration the density variation of the atmosphere due to gravity which causes the beam path to curve.  For a numerical solution, assume the air temperature is constant at 300K and that the refractive index of air is 1 + n, where n is proportional to the air density  and n = 3 × 10-4 at the earth’s surface.  Make (and briefly explain) any other data you might need to introduce.
b. A light ray is emitted horizontally from a position 1.00 m above the surface of Planet X.  Calculate horizontal distance to the point where the beam strikes the surface (which is locally flat).  Planet X has a dense atmosphere whose refractive index is given by 
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 where y is the distance above the surface and h = 1.00 m.
(Note: Gravitational lensing actually refers to optical effects due to gravitation warping space itself.  You can ignore such effects in this problem, which are much smaller than the lensing effect due to atmospheric density variation.)
*The Porter Prize

The Porter Prize is funded by Carroll Porter, '32, and is awarded annually for the best solution to a complex physical problem by the use of iterative techniques.  Any student at Knox may enter.  Solutions should be turned in to Prof. Thomas Moses, D110 SMC by 4 p.m. on Monday May 5.  The prize will be awarded to the student having the best adequate solution--a partial solution may be ok.  Your submission should include a description of the method of solution, a documented listing of any computer code you develop for the solution, and any relevant computer printouts or plots.
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