& Final Exam (Fall 2014)

\Y
%‘3 PHYS 520A: Electromagnetic Theory I
Date: 2014 Dec 10

1. (20 points.) A point dipole p, stationary at position rg, is described by the charge
density

p(r,t) = —p - V¥ (r — ry). (1)
Determine the force on the point dipole in an electric field E(r, t).
2. (20 points.) Evaluate the integral -
1
/1 dz 5(3_ — 2z) [89:2 + 2z — 1]. (2)

Caution: Notice and take into account the limits of integration.

3. (20 points.) A plane wave is described by electric and magnetic fields of the form

E = eoezk'r—zwt, (3)
B = boezk-r—wt, (4)
where e and by are constants. Assume no charges or currents.

(a) Using Maxwell’s equations evaluate
k-E, k-B, kxE, and kxB. (5)

(b) Further, using Egs. (5), derive the relations
ck =w, k x ey = cby, ck x by = —eg, and chy = e, (6)

where eguo = 1/c2.

(c) Evaluate the energy density

1 2 1
. — B 7
U 260E -!-2,0 (7)

and the momentum density
G =¢E x B. (8)

Then, determine the ratio U/G.
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