
Homework 3

To be submitted till 23/11/11 14:00

1 The Energy of a Charge Distribution:

1. Find the energy stored in a uniformly charged solid sphere of radius R and charge q. Do it four di�erent

ways:

(a) Use Eq. W = 1
2
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(c) Use Eq. W = ε0
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(d) Assemble the sphere layer by layer, each time bringing in an in�nitesimal charge dq from far away and

smearing it uniformly over the surface, thereby increasing the radius. How much work dW does it take

to build up the radius by an amount dr? Integrate this to �nd the work necessary to create the entire

sphere of radius R and total charge q.

(Gri�t, problems 2.32 & 2.33)

2. Read the section 2.4.4 �Comments on Electrostatic Energy� in �Introduction to electrodynamics� by David J.

Gri�ths. Consider two concentric spherical shells, of radii a and b. Suppose the inner one carries a charge q,
and the outer one a charge −q (both of them uniformly distributed over the surface). Calculate the energy

of this con�guration,

(a) using Eq. W = ε0
2
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(b) using the superposition principle.

(Gri�t, problem 2.34)

2 Conductors:

Read the section 2.5.2 �Induced Charges� in �Introduction to electrodynamics� by David J. Gri�ths.

1. A metal sphere of radius R, carrying charge q, is surrounded by a thick concentric metal shell (inner radius

a, outer radius b, as illustrated in the following �gure: ). The shell carries no net charge.

(a) Find the surface charge density a at R, at a, and at b.

(b) Find the potential at the center, using in�nity as the reference point.

(c) Now the outer surface is touched to a grounding wire, which lowers its potential to zero (same as at

in�nity). How do your answers to (a) and (b) change?

(Gri�t, problem 2.35)

2. Two spherical cavities, of radii a and b, are hollowed out from the interior of a (neutral) conducting sphere

of radius R, as illustrated in the following �gure: . At the center of each cavity a point charge

is placed - call these charges qa and qb.
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(a) Find the surface charges σa, σb and σR.

(b) What is the �eld outside the conductor?

(c) What is the �eld within each cavity?

(d) What is the force on qa and qb?

(e) Which of these answers would change if a third charge, qc, were brought near the conductor?

(Gri�t, problem 2.36)

3 The Method of Images:

Read the sections 2.5.3 �Surface Charge and the Force on a Conductor�, 3.2.1 �The Classic Image Problem�, 3.2.2

�Induced Surface Charge� and 3.2.3 �Force and Energy � in �Introduction to electrodynamics� by David J. Gri�ths.

1. Find the force on the charge +q in the following �gure: . The xy plane is a grounded

conductor. (Gri�t, problem 3.6)

2. A point charge q is situated a distance a from the center of a conducting sphere of radius R and potential

V0 (relative, of course, to in�nity), as illustrated in the following �gure: . Find the

potential outside the sphere. (Gri�t, problem 3.8)

3. A uniform line charge λ is placed on an in�nite straight wire, a distance d above a grounded conducting

plane. (Let's say the wire runs parallel to the x-axis and directly above it, and the conducting plane is the

xy plane.)

(a) Find the potential in the region above the plane.

(b) Find the charge density σ induced on the conducting plane.

(Gri�t, problem 3.9)

4. Two semi-in�nite grounded conducting planes meet at right angles. In the region between them, there is

a point charge q, situated, as illustrated in the following �gure: . Set up the image

con�guration, and calculate the potential in this region.

(a) What charges do you need, and where should they be located? What is the force on q?

(b) How much work did it take to bring q in from in�nity?

(c) Suppose the planes met at some angle other than 90°; would you still be able to solve the problem by

the method of images? If not, for what particular angles does the method work?

(Gri�t, problem 3.10)

5. Two long, straight copper pipes, each of radius R, are held a distance 2d apart. One is at potential V0, the

other at −V0, as illustrated in the following �gure: . Find the potential everywhere.

(Gri�t, problem 3.11)
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