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1. (25 pts total) Method of Images
TWO semi-infinite grounded conducting planes meet at right angles. In the region between them,
there’s a point charge ¢ situated as shown in the left sketch below.
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(a) (10 pts) To the right of the sketch above, make a careful sketch of the corresponding image-
charge problem. Indicate the position(s) and value(s) of the image charge(s).

(b) (7 pts) In terms of variables and constants given in the problem, find the potential in
the region (z > 0,y > 0).
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(c) (8 pts) In terms of variables and constants given in the problem, find the work done to bring
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2. (25 pts total) Spherical shell with non-uniform potential

A spherical shell of radius R has a non-uniform (but azimuthally symmetric) electric potential
Vo(8) = kcos?(6), where k is a constant and @ is the usual polar angle in spherical coordinates.
(a) (5 pts) What is the general solution V(r,6,¢) to Laplace’s equation for the region outside
the sphere, before applying boundary conditions at 7= R? Take the reference potential to be
zero at infinity and simplify as much as possible. ;
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(b) (8 pts) Expresé\ tghg sur"i‘a!‘ge gétentgl Vg(@) in terms of Legendre polynomials.
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(c) (8 pts) Apply the boundary condition at the sphere surface and solve for V outside the
sphere.
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(d) (4 pts) What is the electric dipole moment of the sphere around its center?
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3. (25 pts total) Spherical shell with non-uniform surface charge
The surface-charge density of a spherical shell of radius R is specified to be o() = oo cos(f)

where oy is a constant and 6 is the usual polar angle in spherical coordinates.
(a) (5 pts) What is the total charge on t:%e{:hell" Write down the integral and evaluate it.
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(b) (9 pts) Find the electric dlpole moment of the charge distribution aro|und the sphere center.
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(c) (3 pts) For r > R, what is the value of the potential on the mid-plane defined by 6 = /27 = }
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(d) (8 pts) Determme the potential for r>> R to leading order in (1/7)". P\ ave (Klj (?‘Cib{> .
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