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Electrodynamics, Physics 321 Second midterm 8.20 am, November 19, 2004 
Autumn 2004 Instructor: David Cobden 
 
 
You have 60 minutes.  End on the buzzer at 9.20.  Answer all 11 questions. 
 
Write your name on every page and your ID on the first page. 
 
Write all your working on these question sheets.  Use this cover page for extra working (you might get credit 
for it.) 
 
It is important to show your calculation or derivation.  You won’t get full marks just for stating the correct 
answer if you don’t show how you get it. 
 
Watch the blackboard for corrections or clarifications during the exam. 
 
This is a closed book exam.  No notes allowed.  No calculators! 
 
Do not turn this page until I say GO! 
 
 
   P0(x) = 1      P1(x) = x     P2(x) = (3x2-1)/2       P3(x) = (5x3 – 3x)/2 
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I. A neutral conducting sphere of radius R is placed in a uniform external electric field E0 = E0 ẑ . 
1. [6] State the uniqueness theorem for Laplace’s equation, invoking Dirichlet and Neumann boundary 
conditions, which you should define. 
 
 
 
 
 
 
 
 
 
2. [6] Give the eigenfunction expansion of the solution of Laplace’s equation in spherical coordinates with 
azimuthal symmetry. 
 
 
 
 
 
3. [14] By applying the appropriate boundary conditions, use this expansion to find the potential V(r) outside 
the sphere. 
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4. [6] A charge Q is added to the sphere.  What is the potential V(r) outside the sphere now? 
 
 
 
 
 
 
 
5. [8] Sketch the electric field lines (solid lines) and equipotentials (dashed) around the sphere in the case Q = 
20ε0R2E0 . 
 
 
 
 
 
 

 
 
 
 
 
 
 
6. [10] Find the charge density on the surface of the sphere. 
 

E0 
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II. Mainly dipoles. 
7. [12] A positive point charge q and a negative point charge –q are separated by a distance b. 
A neutral conducting sphere of radius R < b/2 is placed midway between them.  By considering image 
charges, find the induced dipole moment in the sphere. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. [8] A point charge q is placed a distance a from the conducting plane z = 0.  What is the dominant term in 
the potential V(r) for r >> a and z > 0 ? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. [6] Show that the Legendre polynomials P1(x) and P3(x)  are orthogonal. 
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III. An infinite, straight tube with rectangular cross section of area ab is defined by the relevant parts of the 
planes x = 0, x = a, y = 0 and y = b.  The side y = b is held at potential V = V0 whilst the other sides are all 
held at V = 0.   

The potential inside the tube can be written in the form ( , , ) sin sinhn
n

n x n y
V x y z A

a a
π π

= ∑ . 

 
 
10. [12] Show that this solution matches all requirements except for one of the boundary conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
11. [12] Find the coefficients An from that remaining boundary condition. 
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