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3. 1. (Präsenzübung: Legendre-Polynomials, 1+1 marks) The expansion of 1

|~r−~r′|
can be written in terms of

Legendre-Polynomials as
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for r > r′, where Θ denotes the angle between ~r and ~r′.

(a) Expand the following expression up to third order for r > r′ and compare the result with the above specified
representation in terms of Legendre-Polynomials:
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(b) First, write the vectors ~r and ~r′ in terms of spherical coordinates (r, ϑ, ϕ) and (r′, ϑ′, ϕ′), respecitvely. Then,
calculate cos(Θ) as a function of ϑ, ϕ und ϑ′, ϕ′.

3. 2. (homogeneously charged balls, 5 marks)

(a) (3 marks) Consider two homogeneously charged balls with charges q1 and q2 and radii R1 and R2. The
distance between the centres of the balls is given by |~r1 − ~r2| = r12 > R1 + R2. Calculate the electrostatic
self-energy.

(b) (2 marks) Calculate the electrostatic self-energy of the arrangement, if only the surfaces of the balls are
charged. (Assume that the surfaces are charged homogeneously.)

3. 3. (Charge distribution, 5 marks) The z-axis of a cartesian coordinate system is charged between z = −a und
z = a. The line charge density is given by λ.

(a) (3 marks) Calculate the potential φ(~r).

(b) (2 marks) Calculate the potential φ(~r) and the electric field ~E(~r) for a ≫ r. Compare the result for φ(~r)
to the results that you have obtained in exercise 2.3.!

3. 4. (dipole moment and δ-distribution, 4 marks)

(a) (3 marks) Calculate the electrostatic potential φ and the electric field ~E for the following charge distribu-
tion ρ(~r): (~p is an arbitrary constant vector)

ρ(~r) = ~p · ~∇δ(~r)

(b) (1 mark) Is there a condition such that the dipole moment does not depend on the choice of the origin of
the coordinate system? Prove your answer!

3. 5. (electric multipole, 4 marks) Expand the electrostatic potential φ(~r) given by the charge distribtion

ρ(~r) = q
[

δ(3)(~r − (a, a, 0)) + δ(3)(~r − (−a,−a, 0))

−δ(3)(~r − (a,−a, 0)) − δ(3)(~r − (−a, a, 0))
]

up to the first non-vanishing order for |~r| ≫ a.
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