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Spring 2013-14 Electricity and Magnetism (414-2)
Mini-Test 7

Apr. 7, 2014

Give reasons for all answers, and show enough work that I can follow your reasoning.

1 (15 points). A metal box in the shape of a cube of side a acts as a cavity resonator.
The EM fields in one of the resonant modes are given by (in the Gaussian system)

where k = 7/a, and w = v/2kc. The origin is taken at the center of the cube.
(a) Show that energy is locally conserved, i.e., the continuity equation for energy is obeyed.

(b) Sketch the energy flow at an instant when it is not zero everywhere. Mark and label
your sketch informatively.
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1 (15 points). A monochromatic light beam along the +Z direction is reflected from a
large ideal mirror (100% reflectivity) in the xy plane, i.e, the z = 0 plane. Approximating
the beam as a plane wave, the electric field in the incident wave is given by

Eipc(r,t) = Egsin(kz — wt + a) %
where w = kc, and o is an arbitrary phase. (The light is x-polarized.)

(a) Given that at the mirror the boundary condition is E; = Ey, = 0, find the electric field
in the reflected wave, E ., and the total field E(r,t) = B, (r, t) + B (r, t).

(b) Find the total magnetic field in the light wave.
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