Preliminary Exam: Electromagnetism, Thursday August 25, 2016. 9:00-12:00
Answer a total of any THREE out of the four questions. For your answers you can use either the blue
books or individual sheets of paper. If you use the blue books, put the solution to each problem in a
separate book. If you use the sheets of paper, use different sets of sheets for each problem and sequentially
number each page of each set. Be sure to put your name on each book and on each sheet of paper that you
submit. If you submit solutions to more than three problems, only the first three problems as listed on the
exam will be graded.
1. Two concentric conducting spherical shells, the inner with radius a and outer with radius b, carry
charges +Q and −Q respectively. The empty space between the shells is filled with a dielectric varying
as  = 0 + 1 cos2 θ where θ is the polar angle and 0 and 1 are constants.
(a) Write down an expression for the electrostatic potential in terms of Legendre polynomials, and
hence find the electric field everywhere between the shells. In this problem the electric field is radial.
Can you either prove or justify this?
(b) Find the surface charge density on the inner shell.
(c) Find the capacitance of the system.
2. (a) An insulator in the shape of a very long cylinder with radius R and volume charge density ρ spins
with (angular) frequency ω around its axis. What is the magnetic induction B at a point on the axis?
(b)E&M
How would your answer change if all the charge were concentrated on the surface?
(c) How would your answer change if all the charge were not just concentrated on the surface, but
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