
Electrodynamics project
1. Magnetic field in a hollow sphere
In this problem we will solve the magnetic field in a dielectric hollow 
sphere in a constant external magnetic field.

Recall that since there are no external currents in the system, this problem 
reduces to solving ∇2ψ = 0 in regions 1, 2 and 3 separately and gluing the 
solutions together in a suitable manner. The magnetic field can then be 
computed from the scalar potential as B = -μ∇ ψ. The external magnetic field is 
B0 = B0 ex.
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After imposing rotational symmetry, asymptotic conditions and regularity, the 
solutions in different regions can be written as
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It turns out that all coefficients An(i) and Bn(i) vanish when n≥2 (set them to zero 
immediately).



1. Define the functions ψi(r, θ). Remember that super- and subscripts can be 
difficult sometimes (either handle them properly or just get rid of them).

2. Physical conditions at the boundaries are
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Use these equations to find equations for the remaining coefficients. Solve the 
system you obtained.

3. Compute the magnetic field from ψ(r,θ).

4. Plot the magnetic field on a y=0 slice using StreamPlot and see how the field 
changes when you increase the permeability μ.

5. Check that inside the cavity, the magnetic field vanishes in the limit μ∞.

Result should look something like this
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2. Test charge orbit
Now we’ll find the orbit of a test charge in the electric field 
produced by a charged ring.

The potential of a thin charged ring is
ϕ = Q

2π2 ϵ0

K(m)

ρ
,

where Q is the charge of the ring, ϵ0 is vacuum permittivity, R is the radius of the 
ring and K(m) is the complete elliptic integral (EllipticK) of the first kind and

m = 4 r R
ρ2 , ρ = (r +R)2 + z2 , r = x2 + y2 .

Our strategy is as follows. Calculate the electric field using E = -∇ϕ and then 
solve E = m a for the trajectory of the test charge with some initial conditions.

1. Define a function

ϕ[x_, y_, z_] = function body here

that returns the potential in Cartesian coordinates, use the above formulas in 
your replacements. Values of constants can be set to unity for simplicity 
Q = ϵ0 = R = 1.

2. Define a function

ℰ[x_, y_, z_] = function body here

that returns the electric field derived from ϕ(x,y,z). Remember, that in 
Mathematica, E is the Euler number so use something else as a function name.

3. Find the equations of motion and solve them with NDSolve. You have to set 
initial conditions for x(t = 0), y(t = 0), z(t = 0) and their derivatives 
x ' (t = 0), y' (t = 0), z' (t = 0). Plot your solution using ParametricPlot3D to see you 
get a sensible trajectory. Make sure to set the test and circle charges opposite, 
otherwise the trajectory is boring.

4. Create an animated or interactive graphic that shows the test charge position 
as a function of time and also shows where the charged ring is. Hint: you can use 
Show to combine graphics.
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Result should look something like this

In[43]:= Manipulate[getGraph[t], {t, 1, tmax}]

Out[43]=

t

26.6

3. Point charge and a conducting sphere
This time we’ll use the method of images to find the potential of a 
system of consisting of a conducting sphere and a point charge 
outside it.
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In the above figure, q is the point charge and q’ is the mirror charge. The idea is 
that by tuning the magnitude of q’ and b, we can come up with a potential that is 
constant on the surface of the sphere (potential has to be constant since the 
sphere is conducting). The potential of the system is
ϕ(r) = 1

4π ϵ0

q
r-d

+ q'
r-b

= 1
4π ϵ0

 q
r2+d2-2 r d Cos(θ)1/2 +

q'
r2+b2-2 r b Cos(θ)1/2 ,

where in the last line we have used spherical coordinates.

1. Solve the equations
ϕ(r = a, θ = 0) = 0
ϕ(r = a, θ = π) = 0
for q’ and b in terms of other parameters.

2. Check that with your solution for q’ and b, ϕ(r = a, θ) = 0 for all θ.

3. Transform φ to Cartesian coordinates and calculate the corresponding electric 
field. Remember to set q’ and b to the values you found above.

4. Plot the electric field lines to confirm that your field is perpendicular to the 
conducting sphere at its surface. Look into StreamPlot and remember to set 
ϵ0, a, d to some simple values.
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Result should look something like this
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