Electrodynamics in Materials Problem Set 1 - Refresher and Dipoles Winter Semester

1. Show that E, E , and B are all perpendicular to each other for our solution to the EM wave equation:
E:EOCOS [wt—E-F+¢O] )

Sketch the behaviour of E and B as a function of position for some value of %, ¢o = 0 and wt =
0,m/4,7/2.

2. Starting from V x E=—-0,Band Vx B = ,uoj—i— /Loe()@tﬁ show that
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By comparing this with the continuity equation 0;p = —V-J+o interpret the above equation. S = ExH
is called the Poynting vector.

3. Consider two infinitely large perfectly conducting parallel plates in the z-z plane. One at y = 0 and one
at y =d.
e What are the boundary conditions for the electric and magnetic fields on the plates?

e Find a solution to the wave equation for this system for k = (0,0,k).

e Find a solution to the wave equation for this system which is made from two waves with ki =
k(0,sin 6, cos @) and ky = k(0, —sin 6, cos ).

Which property of the wave equation, and Maxwells equations more generally ensures that the sum
of two solutions is still a solution?

4. Show that the energy of a simple dipole p’ in an electric field EisU = —p- E.

5. Starting from the potential for a dipole p = pZ find the electric field produced by a dipole. Find a
coordinate free representation.



