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5. 1. (Präsenzübung: spherical harmonics and homogenous polynomials, 1+1 marks) Construct the spheri-
cal harmonics for l = 2 and l = 3 by means of traceless tensors of second and third order, respectively. Construct
these tensors using homogenous polynomials of the coordinates.
Remarks: Use the construction method which was introduced in the lecture. Note that the spherical harmonics
obtained with this method are not normalized. However, a normalization is not demanded.

5. 2. (spherical harmonics and potentials, 6 marks)

(a) (1 mark) The Laplace-Equation in spherical coordinates (r, θ, φ) reads
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is a solution of the Laplace-Equation in spherical coordinates. Use the following relation

−

(

1

sin(θ)

∂

∂θ
sin(θ)

∂

∂θ
+

1

sin2(θ)

∂2

∂φ2

)

Pl(cos(θ)) = l(l + 1)Pl(cos(θ)) .

(b) (5 marks) Two conducting (metallic) hollow hemispheres with radius R are separated by an isolated,
infinitesimal thin ring along the equator (x-y-plane). On the upper hemisphere, the potential takes the
value φ0; on the lower, it takes the value −φ0. Calculate the potential φ(r, θ) inside and outside of the
hollow ball.
Hints: Use the solution of the Laplace-Equation given in exercise 5.2.(a) and
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(for odd l) .

In order to calculate the coefficients Al and Bl, make use of the fact that the Legendre-Polynomials are
orthogonal. Furthermore, apply the conditions that φ(r, θ) is not singular at the origin and that φ(r, θ)
vanishes in the limit r → ∞.

5. 3. (mirror charges II, 7 marks) Consider a charge q in a hemispherical cavity in a grounded conductor. The
charge is located on the symmetry axis of the hemisphere with distance a from the plane boundary of the
hemisphere. (see sketch)

(a) (3 marks) Calculate the potential φ(~r) inside the cavity. Solve the problem by means of mirror charges!
Give also the corresponding Green’s function!
Hints: First, look back on your solution of exercise 4.4.: How did you fulfill the boundary condition on
the sphere? Then think of the fact that you have to fulfill an additional boundary condition at x = 0.
Altogether, you will need three mirror charges.

(b) (4 marks) Calculate the influence charge on the plane conducting boundary and on the remaining con-
ducting boundary, respectively.
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5. 4. (capacity coefficients, 5 marks)

(a) (3 marks) Calculate the capacity coefficients for an arrangement consisting of two concentric conducting
hollow balls with radii R1 and R2 and charges q1 and q2.
Hints: First, calculate the potential in the three domains defined by r > R2, R1 < r < R2 and r < R1.
Then determine the value of the potential on the surfaces of the balls in order to determine the capacity
coefficients.

(b) (2 marks) Give the ’capacity’ if the charges of the two balls are given by q1 = −q2 (spherical capacitor),
and for a free-standing isolated conducting ball?


