
Arizona State University, Physics 311
EXAM 2, 2014-03-26

Instructions: The exam is closed book and timed. Show all intermediate steps. Pace yourself. Save
integrals until the end. Circle alternate problems you wish to be graded. [55 pts maximum]

[10 pts] 1. A cylindrical rod of height d and radius a from the z-axis is centered on the origin and
has polarization P = P0ẑ.
a) Calculate the bound charge density ρb inside the rod and σb on the surface of the rod.
b) Calculate the total dipole moment p of the bound charge and explain how it relates to P .

[10 pts] 2. Essay question: explain the meaning and purpose of all three vector fields in the equation
D = ε0E + P . How are each similar and different? Explain the physical/geometric significance of
the flux and source of each field and how they relate to each other. Use these concepts to explain
what happens when a dielectric is placed in an electric field.
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[15 pts] 2. Calculate the first non-zero term (of the gen-
eral solution) for the the electric potential V (x, y) in the
region 0 < x < a and 0 < y < ∞, with the boundary
conditions V (0, y) = V (a, y) = 0 and V (x, 0) = −1. Plot
this solution.
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[20 pts] 3. Calculate the electric potential inside and outside a
dielectric sphere of electric susceptibility χ and radius R centered
about the origin in a constant external electric field E0 = E0ẑ.
What is the total dipole moment of the sphere? Draw the ε0E,
P , and D field lines and the equipotentials.

Alternate problem [10 pts]: Calculate V (r, θ) inside and outside
a spherical (surface) charge distribution σ(R, θ) = σ0 cos θ.
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