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A uniform linear dielectric sphere with relative permitivity εr and radius R is placed in an
otherwise uniform electric field E = E0ẑ.

1. The electric field E = E0ẑ is the gradient of what potential?

2. Write a general expression for the potential outside the sphere consistent with the
boundary condition at r →∞.

3. Write a general expression for the potential inside the sphere consistent with the
boundary condition at r → 0.



4. What is the boundary condition at the surface of the sphere? Use it to solve for
Al (the expansion coefficients for V in) in terms of Bl (the expansion coefficients for
V out) and E0.

5. There is no free charge on the sphere and the surface free charge density σf = 0.
The boundary condition for the electric displacement at the surface of the sphere is
D⊥

above −D⊥
below = σf .

What can you conclude about the relationship between

∂Vout
∂r

|R and
∂Vin
∂r
|R?

6. Use the relationship between the derivative of the potentials at the surface of the
sphere (that you found in part 5) to solve for Bl in terms of E0, εr and R.



7. What is the polarization P inside the sphere? (Hint: Since it is a linear dielectric we
know that P = ε0χE and ∇ ·P = ε0χ∇ ·E)

8. What is the surface bound charge density?


