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1 Electric potential everywhere

The potential outside of the sphere will include the potential due to a point charge which is given in
the text as equation (3.38), and a solution to the homogeneous equation (3.33). At a glance, it may
seem that the potential inside the sphere will be quite complicated because in the most general cases, a
dielectric can posess a non-zero charge density. However, in this case, the bound charge accumulates only
at the surface of the dielectric, so the charge density throughout the volume is still zero, and therefore,
the potential inside is just the standard solution to Laplace’s equation.
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I’ve taken some of the constants to be zero in the previous equations to meet boundary conditions at
the origin and at infinity. We have to solve these equations subject to the boundary contitions given as
equation (4.50).
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Evaluating these derivatives gives us two equations that constrain the values of the Al’s and Bl’s.
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It takes a decent amount of algebra to solve those, but eventually it comes down to
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Now we can write the complete forms of the electric potential.
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As a sanity check, it is useful to ensure that the two functional forms of electric potential have the
same value at the surface of the sphere, and ours do.
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2 Rectangular components near the origin

3 Limit of a conducting sphere

We want to confirm that our solution reduces to the expected result when the dielectric constant increases
to infinity, which is to say that the sphere becones a conductor. In the limit that ε
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→∞
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For the region inside the sphere, we must consider the general case l 6= 0 and the special case of l = 0.
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As we expected, the electric potential inside the conductor is constant but not zero (because Φ = 0
is infinitely far away from the sphere).
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