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The premise of this problem is that introducing a dielectric into the region between the cylinders will
change the energy stored in the electric field in that region. Of course lifting the dielectric fluid will also
give it gravitational potential energy. The point where those two energies are equal to each other is the
equilibrium.

Taking the z-axis to be the axis of the concentric cylinders, the electric potential between the cylinders
is a solution to Laplace’s equation with no θ or z dependence. Φ = A ln(r) + B. We can find A and B
by using the boundary conditions Φ(a) = V , and Φ(b) = 0.
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Because the electric potential is the same both above the dielectric fluid and below it, we know that
the electric field will be the same both above it and below it.
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According to Jackson’s equation 4.92, we know that the change in energy by introducing a dielectric
into such a cylindrical capacitor that would previously have been empty is given by
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We can also write the gravitational potential energy that the dielectric fluid gains as

W = −ρgV h = −ρgh2π(b2 − a2) (8)

So now we can equate these two forms of the potential energy.
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So if we use the definition of susceptibility, χe = ε
ε0

− 1, we get the desired result.
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