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Midterm Exam

1. Polarized medium (40 points)
A point charge qq is placed at £ = 0 in a polarizable medium.

a) Give the displacement field D(Z) (magnitude and direction) for Z # 0.

b) Measurements show that the electrostatic potential is spherically symmetric
and is given by

_ [ a/(dmeor) T <To
Vir)= {qo[rg + (r—ro)?|/(4meer3) , T >1p .

Determine the electric field E(Z) (magnitude and direction) for # # 0.
c) What is the bound surface charge o, at r = ry?

d) What is the bound charge density p;, for r > 4?7

2. Current flowing in a wire (40 points)

A uniform current density J = Jé&, flows down a long cylindrical wire of radius a. The
current density is uniform for 0 < s < a.

a) Find the magnetic field B(Z) (magnitude and direction) everywhere. (Use
the appropriate cylindrical orthonormal basis vectors €5, €5, and/or €.)

b) What is force per unit volume (magnitude and direction, as a function of
position) on the current in the wire?

¢) By whatever means you can think of, find the vector potential A(Z) (magni-
tude and direction) everywhere, with boundary condition A = 0 for s = 0.



Multiple Choice Questions (10 points each)

e

3. A sphere is uniformly polarized as shown in the diagram above. Circle the case below
that shows the correct electric field lines.

(@) (b) (c) (d)

4. A circular disk of radius R has uniform surface charge density ¢ and rotates like a
wheel about its central axis with angular velocity &. The magnetic field for » > R is
given by which of the following expressions?

(a)
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