Problem 3: Maxwell equations 4

Consider a medium with nonzero scalar conductivity o (Jy = ok is the current density),
permeability p, permittivity €, and with no free charge (p; = 0).

1. Write down the set of four differential Maxwell’s equations appropriate for this medium.
[2points]

2. Derive the wave equation for E in this medium. Highlight the additional term arising
from the non-zero Jy. [3 points]

3. Consider a monochromatic wave moving in the +z direction with £, given by
Ey = A ei(km*wt)

Show that this wave has an amplitude A which decreases exponentially. Find the
attenuation length Az, the distance after which the amplitude has decayed by a factor
of 1/e from its initial value, as a function of 0. Show that your solution correctly
predicts Az = 0 if o0 = 0. [5 points]
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