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Instructions

• There are 3 questions on 6 pages.
• Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

Permittivity of free space ǫ0 = 8.85 × 10−12 C2/Nm2

Permeability of free space µ0 = 4π × 10−7 N/A2

Charge of an electron e = −1.60× 10−19 C

Charge of a proton e = +1.60× 10−19 C



Question 1

Two spherical conductors are arranged as illustrated (viewed
along their axis). The radius of the inner conductor is a and
of the outer conductor is b. A spherical dielectric material
with radius c and permittivity 1.5ǫ0 partly fills the region
between the conductors. The inner cylinder carries a total
charge Q and the outer cylinder carries total charge −Q.

b
c

a) Determine the electric field at all locations beyond beyond
the inner conductor.

Question 1 continued . . .
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b) Determine the bound surface and volume charge densities throughout the dielectric
material in terms of Q.
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Question 2

An infinitely long cylinder with radius a carries a current I

along the length of the cylinder. The cylinder is surrounded
by a cylindrical linear material with radius b. The arrange-
ment is illustrated as viewed down the axis of the cylinder
with the current in the cylinder pointing out of the page.

a) Suppose that the permeability of the material is µ > µ0.

Describe the direction of the bound surface currents on
the inner surface of the material surrounding the rod.
Explain your answer.

b) Suppose that the permeability of the material is µ < µ0. Describe the direction of the
bound surface currents on the inner surface of the material surrounding the rod. Explain
your answer.
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Question 3

An infinitely long straight wire along the z axis carries a uniform current with magnitude I

(this is such that the charge density along the wire is zero). A spherical shell with radius R
is centered at the origin and carries a stationary charge Q that is uniformly distributed along
its surface.

a) Determine the electric and magnetic fields produced by these charges and currents at
all locations. Determine the Poynting vector at all locations. Describe the direction in
which electromagnetic energy flows.

Question 3 continued . . .
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b) Describe the sign of the work done by the electric field on the current (at various
locations). Verify that this is consistent with the direction of energy flow.
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