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Exam No. 02 (Fall 2013)

PHYS 520A: Electromagnetic Theory I
Date: 2013 Oct 24

1. Show that the effective charge density, peg, and the effective current density, e,

pet = —V - P, (1)

7]
jeﬁzap—i—VXM, (2)

satisfy the equation of charge conservation

d . .
apeff +V Jeft = 0. (‘3)
2. Consider the charge density
p(r) = —d- V¥ (r). (4)

(a) Find the total charge of the charge density by evaluating
/ dr p(r). (5)

(b) Find the dipole moment of the charge density by evaluating

/dsrr/)(r). (6)

3. The response to an electric field in the Drude model is described by the susceptibility
function

Plot [Rex(w)] as a function of w.

4. Consider a circular loop of wire carrying current I whose magnetic moment is given by
(= [An, where n points perpendicular to the plane containing the loop (satisfying the
richt hand sense) and A is the avea of the loop. Consider the case n = x. What is
the magnitude and direction of the torque experienced by this loop in the presence of a
uniform magnetic field B = By. Describe the resultant motion of the loop. (Hint: The
torque experienced by a magnetic moment 4 in a magnetic field Bis 7= pu x B.)



5. A simple model for susceptibility is

w -
L 4+ imwid(w — wo),

X(w) = srop—

where wo and wy represent physical parameters of a material.

(a) Note that

- and [Imy(w)] = mwd(w — wo).

[Rex(w)] =

Wy — W
(b) Plot [Rex(w)] and [Imx(w)] with respect to w.

(¢) Evaluate the right hand side of the Kramers-Kronig relation

[Rex(w)] = lim / Cii;[lmxwl)] QRG{;"———_(lﬂi—fS)}

0—0+ | oo &N

for this simple model.
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