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We found the general solution of Laplace’s equation in spherical coordi-

nates to be:
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If the potential is specified as V0(θ) on the surface of a sphere, and there
are no charges inside or outside the sphere, we can use the relations between
the potential and the surface charge density to find that charge density on
the sphere. Since the electric field is discontinuous across a charge layer,
we have
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and the field is related to the potential by
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we can use the radial symmetry of the problem to deduce that, at the surface
of the sphere where r =R,
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For this problem, we know that inside the sphere, Bl = 0 and outside the
sphere, Al = 0. So we have
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At the boundary, we must have
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However, since the potential is also continuous across a charge layer, we
must have
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Since the Legendre polynomials are orthogonal, these two series must be
equal term by term, so we get
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Multiplying 8 both sides by Pm(cosθ)sinθ and integrating from 0 to π,
we get, using the orthogonality of the polynomials
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Putting this back into 7 we get
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We can apply this result to find the charge distribution for the case where
V0 = k cos3θ. By using trig identities, we can expand the cosine and express
V0 in terms of the Pl:

V0(θ) =
k

5
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From here, we see that σ has contributions only from l= 1 and l= 3, and
we get from the above formula for the Cl coefficients:
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