
Homework 4

To be submitted till 30/11/11 14:00

1 The Method of Images:

1. A point charge q is located in between two grounded conducting planes which intersect at the angle α = 600,

as illustrated in the following �gure: . Set up the image con�guration, and calculate the potential

in this region.

2 Laplace's Equation - Cartesian Coordinates:

1. Two in�nite grounded metal plates lie parallel to the xz plane, one at y = 0, the other at y = a.

(a) The left end, at x =0, is closed o� with two metal strips: one, from y =0 to y = a
2 , is held at a constant

potential V0, and the other, from y = a
2 to y = a, is at potential −V0, as illustrated in the following

�gure: . Find the potential in this in�nite slot.

(b) The left end, at x =0, is closed o� with a metal strip at constant potential V0, as illustrated in the

following �gure: . Determine the charge density σ (y) on this strip.

(Gri�t, problem 3.12 & 3.13)

2. A rectangular pipe, running parallel to the z-axis (from −∞ to∞), has three grounded metal sides, at y = 0,
y = a, and x = 0. The fourth side, at x = b, is maintained at a speci�ed potential V0 (y).

(a) Develop a general formula for the potential within the pipe.

(b) Find the potential explicitly, for the case V0 (y) = V0 (a constant).

(Gri�t, problem 3.14)

3. A cubical box (sides of length a) consists of �ve metal plates, which are welded together and grounded, as

illustrated in the following �gure: . The top is made of a separate sheet of metal, insulated

from the others, and held at a constant potential V0. Find the potential inside the box. (Gri�t, problem

3.15)
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3 Laplace's Equation - Spherical Coordinates:

Read the section 3.3.2 �Spherical Coordinates � in �Introduction to electrodynamics� by David J. Gri�ths.

1. The generating function for Legender polynomials is given by: g (x, t) = 1√
1−2xt+t2 =

∞∑
n=0

Pn (x) t
n.

(a) Calculate ∂
∂tg (x, t).

(b) By using the result in (a) show that:
(
1− 2xt+ t2

)∑
n
nPn (x) t

n−1 + (t− x)
∑
n
Pn (x) t

n = 0

(c) By using the result in (b) show that: (2n+ 1)xPn (x) = (n+ 1)Pn+1 (x) + nPn−1 (x)

(d) Show that the result in (c) is valid for Legender polynomial P1 (x).

(e) Use ∂
∂tg (x, t) and

∂
∂xg (x, t) to show that:

(
1− x2

)
∂
∂xPn (x) = (n+ 1)xPn (x)− (n+ 1)Pn+1 (x)

2. Use the Rodrigues formula to calculate the following integrals:

(a)
´ 1
−1 xpn (x) pm (x) dx

(b)
´ 1
−1 x

2pn (x) pm (x) dx

3. Calculate the coe�cients an (n = 0, 1, 2, 3) for the equation |x| =
∑
n
anpn (x), where −1 < x < 1.

4. The potential at the surface of a sphere (radius R) is given by V0 = k cos 3θ, where k is a constant. Find the

potential inside and outside the sphere, as well as the surface charge density σ (θ) on the sphere. (Assume

there's no charge inside or outside the sphere.) (Gri�t, problem 3.18)

5. Suppose the potential V0 (θ) at the surface of a sphere (radius R) is speci�ed, and there is no charge inside or

outside the sphere. Show that the charge density on the sphere is given by σ (θ) = ε0
2R

∞∑
l=0

(2l + 1)2ClPl (cos θ)

where Cl =
´ π
0 V0 (θ)Pl (cos θ) sin θdθ.(Gri�t, problem 3.19)
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