Phys 311
Fall 2025

Electromagnetic Theory I: Class Exam II
13 November 2025

Name: Total: / 50

Instructions

e There are 7 questions on 10 pages.
e Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

Permittivity of free space €0 = 8.85 x 10712 C2/Nm2
Charge of an electron e=—-1.60x10"C

Integrals
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Question 1

Two hollow spherical conducting spheres are concentric and carry
equal and opposite charge. The outer sphere with radius b has charge b
—(@ and the inner sphere with radius a has charge +@). The electric
field produced by this is: v a
0 ifr<a
E= © 5 g <r<b
4dmegr?
0 if r > 0.
a) Determine the potential difference between the shells and the capacitance of this ar-

rangement.

b) Suppose that the radius of the outer sphere can be varied. As the radius increases, does
the capacitance increase, decrease or stay constant? Explain your answer.
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Question 2

Answer either part a) or part b) for full credit. If you answer both, each will be graded
and you will be awarded the highest score that you obtained for one of the parts.

a) Consider the illustrated distributions of point charges.

Case A Case B Case C
—Q +Q 12 | +2q —Q +Q
........ @W(Ja ®m® @m@
+Q -Q +Q +Q -Q +Q
........ ®W@ ®m® @m@

For each distribution describe whether the electric dipole moment is zero or non-zero.
If it is non-zero describe its direction. Explain your answer. Note: You do not have to
actually calculate the dipole moment.

Question 2 continued ...



b) Consider two perfect conductors with spherical
cavities. The cavities have the same radius but
are centered differently. The same point charge is
located at the center of each cavity. The conduc-
tors are isolated from each other.

i) Consider the charge density on the inner sur-
face of each cavity. For each case, are these
charge densities uniform or not? Explain your
answer.

ii) Suppose that another negatively charged particle is held outside the conductor in
case B. Does the presence of this external change the charge density on the inner
surface of the cavity for case B? Explain your answer.

iii) Suppose that another negatively charged particle is held outside the conductor in
case B and is moved closer to the conductor. Does the charge density on the inner
surface of the cavity for case B depend on the location of the external charge?
Explain your answer.
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Question 3

A circular ring with radius R carries fixed charge that is uniformly distributed. The ring
lies in the xy-plane with its center at the origin. It rotates with constant angular velocity w
about the z-axis.

a) Suppose that the ring is placed in a magnetic field B = Bz where B is a constant. Is
the force exerted by the magnetic field on the ring zero or not? Explain your answer.

b) Suppose that the ring is placed in a magnetic field B = B cos ¢z where B is a constant
(these are cylindrical coordinates). Is the force exerted by the magnetic field on the ring
zero or not? Explain your answer.
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Question 4

A cylindrical wire of radius R and length L has
charge, @, distributed uniformly over its surface. The
charge is fixed relative to the surface of the wire. The
cylinder moves with velocity v along the direction of
its axis.

a) Determine an expression for the surface current

density K for any point on the wire. \

b) The wire moves through a region in which there is a uniform magnetic field, B, that
points in a direction perpendicular to the axis of the cylinder. Determine the net force
exerted by the magnetic field on the wire.
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Question 5

A infinitely long beam of charged particles moves with constant velocity v = vz. The beam
extends out to infinity with a current density that approaches zero infinitely far from the z
axis. The current density in the beam is, in cylindrical coordinates,

I(r') = Joe=' /2
where a > is a constant with units of m and Jy > 0 has units of A/m?.

a) Determine the total current in the beam (flowing in the +2Z direction). Note that it is
not infinite.

b) Determine the magnetic field produced by the beam at all points. Express the result in
terms of the total current.

Question 5 continued ...
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Question 6

Two circular disks each carry uniformly distributed
charge and rotate about an axis through the center of
the disk and perpendicular to the disk. They rotate
with the same angular velocity and the total charge
on each disk is the same. The radius of B is twice
that of A. How does the magnetic dipole moment of
B compare (larger, smaller, ...) to A? Explain your
answer.
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Question 7

A current produces magnetic vector potential, in Cartesian coordinates,
A =B (y°% +2%9)
where 3 > 0 is a constant.

a) Determine the magnetic field that is associated with A.

b) Determine the current density that produces this magnetic field.
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