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PROBLEMS

A light ray travels from point A = (0, a) in the air to point B = (L,−b) in the water, crossing a
planar interface at y = 0. The velocity in the air is v1 and the velocity in the water is v2. According
to Fermat’s Principle, a ray of light will travel from a point A in the air to a point B in the water
by a path APB that minimizes the time taken.
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Q1) (4 points) For any P (x, 0), write the travel time t as a function of x ∈ [0, L]. Find the first
and second derivatives of t.

Q2) (3 points) It is known that the function t has at least one critical point in the interval [0, L].
Show that this is in fact the only critical point t can have in [0, L].

Q3) (3 points) Show that minimizing the travel time t with respect to x ∈ [0, L] leads to
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where θ1 (the angle of incidence) and θ2 (the angle of refraction) are as shown. This equation
is known as Snell’s Law.
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