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Task 1 (60 points)
(a) Do a personal recap of the Maxwell equations. Show that the divergence of the Ampere–Maxwell law
gives the time derivative of Gauss’s law. Present your notes.

(b) Then, starting from the derive the differential as well as the charge conservation law, show how to
obtain the integral form for the charge conservation law,

~∇ · ~J(~r, t) = − ∂

∂t
ρ(~r, t) ⇔

∫
∂V

~J(~r, t) · dA = − d

dt

∫
V

ρ(~r, t)dV , (1)

and vice versa (both directions!). Present a complete derivation! (You may consult lecture notes for
PHYSICS 6111.) (Symbols are defined as in the lecture (notes).)

(c) Which equation results for the for a time-independent charge density? Intuitively speaking, what
kind of a (nonvanishing) current distribution is compatible with a time-independent charge distribution?
Draw a sketch!

Task 2 (20 points) Explain in your own words, but in complete English sentences, why the case εr →∞
for the relative permittivity corresponds to a “perfectly polarizable medium” in the static limit.

Task 3 (20 points)
Show that

~∇·
[
~E (~r, t)× ~H (~r, t)

]
= − ~E (~r, t) · ~∇× ~H (~r, t) + ~H (~r, t) · ~∇× ~E (~r, t) (2)

by reference to the Levi-Civita tensor εijk.

Task 4 (20 points)
Show the necessity to introduce the displacement current term in the Ampere–Maxwell Law,

~∇× ~B (~r, t) =
1

c2
∂

∂t
~E (~r, t) + µ0

~J (~r, t) , (3)

by reference to a test area A with boundary ∂A, that encircles a wire feeding a capacitor, with the area
A either penetrating the wire or the area between the capacitor plates. You may have to transform the
Ampere–Maxwell Law to integral form first.

The most important homework, never announced but always due, is to read and understand the lecture
notes, and the material covered in the lecture, so that questions on them can be answered at the beginning
of each session. The tasks are due on Tuesday, 30–AUG–2022.


