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Exercise 6

A dielectric sphere with the relative permittivity εin and the radius RK is brought into a
homogenous electrostatic field with Ehom = E0ez. The sphere is surrounded by a homogenous
medium with the relative permittivity εout.
The electric potential outside of the sphere is then given by

Φout(R) = −E0R cos ϑ

{
1 −

εin − εout

εin + 2εout

R3
K

R3

}
R > RK

and inside the sphere by

Φin(R) = −E0
3εout

εin + 2εout

R cos ϑ 0 < R ≤ RK

a) Calculate the electric field strengths Eout and Ein outside and inside of the dielectric
sphere.

b) Show that Eout and Ein are source free.

c) Calculate the closed surface integral 	
SK

E · dS

where SK is the surface of a sphere with the radius R = 1
2
RK .

d) Calculate the closed surface integral 	
SK

E · dS

where SK is the surface of a sphere with the radius R = 2RK .

Hint: Use the spherical coordinate system and the substitutions:

α =
εin − εout

εin + 2εout

R3
K , and β =

3εout

εin + 2εout


