Homework No. 12 (2020 Fall)

PHYS 320: ELECTRICITY AND MAGNETISM I
Due date: Friday, 2020 Dec 4, 2:00 PM, on D2L

1. (20 points.) A monochromatic plane electromagnetic wave is described by electric and
magnetic fields of the form

E = Eoeik-l‘—iwt’ (1&)
B = Boeikr—iwt’ (lb)

where Ey and B are constants. Assume no charges or currents.

(a) Using Maxwell’s equations show that

k-E =0, (2a)
k-B =0, (2b)
k x E = wB, (2¢)
w
where eqpuo = 1/c2.
(b) For non-trivial cases (Eg # 0 and By # 0), using Egs. (2), show that we have
ck =w. (3)
Then, deduce the relations
E*-B =0, (4)
1 .
E* x B = k- |E|* = kc|B|*. (5)
c
Thus, we have
E = ¢B. (6)
(c¢) Evaluate the electromagnetic energy density
U—lp" . E+iB.H (1)
2 2
and the electromagnetic momentum density
G = D" x B. (8)

Then, determine the ratio U/G. What is the interpretation?



