Legendre polynomials and linear dielectrics
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A sphere of homogenous linear dielectric is placed in an otherwise uniform field E_O. Our goal is
to find the potential everywhere

We need to impose the following boundary conditions:
1) The potential is continuous in r = a
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2) The component of the electric displacement perpendicular to the surface of
the sphere is continuous
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3) Very far away from the dielectric sphere one should have
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The problem has azimuthal symmetry. One can expand the potential in Legendre

polynomials
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From the condition (i) one finds
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From the condition (i) one finds
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One can then finally write the potential
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The field inside the sphere is uniform and directed along z
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The potential outside the sphere can be interpreted as the superposition of a
constant field along z and a dipole. Indeed remember that
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The polarization per unit volume inside the sphere is
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The bound charge on the surface becomes then
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The polarization inside the sphere lowers the value of the electric field inside the
sphere, since



