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Question 1

An electromagnetic wave is described by (in spherical coordinates).
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1 Draw a sketch that illustrates the propagation of the wavefronts. Indicate the direction
of the electrical field on the sketch.

For notational convenience, let (kr − ωt) ≡ u and note that the chain rule gives
∂
∂r

cos u = −k sin u, ∂
∂r

sin u = k cos u, ∂
∂t

cos u = ω sin u, and ∂
∂t

sin u = −ω cos u.

2 Show that Gauss’s law is obeyed.

3 Show that Faraday’s law is obeyed.

4 Which other Maxwell equations must be obeyed?

5 Find the Poynting vector S.

6 By averaging, S, over a full cycle one can find the intensity which is time independent and

is given by : I = 〈S〉 =
E2

0
k sin

2 θ

2µ0ωr2 r̂. Comment on the r-dependence and the direction
seen in this expression.
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Question 2

There is an infinitely long cylindrical hole of radius R in the conductor with its axis along
the z-axis perpendicular to the E-field. (Imagine that the conductor extends to infinity in
all directions).

There is an electric field, which is given by E0 = E0x̂ far away from the cylinder.

A stationary current is flowing in the conductor. Because the conductor is ohmic there is
proportionality between the electric field and the current density: j = gE.

The permittivity and permeability both inside the conductor and in the cylindrical hole have
the vacuum values, ǫ0 and µ0.

It is in most cases easiest to use cylindrical coordinates (s, φ, z) in the following.
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y

vacuum

conductor

1 Show that ∇ · j = 0 in the conductor.

2 The electrostatic potential, V, is given by Laplace’s equation both outside and inside the
cylindrical hole. Explain why.

3 Determine the boundary conditions for the electrostatic potential.

4 Show that the electrostatic potential is given by:

V (s, φ) = V1(s, φ) = −E0s cos(φ) − E0

R2

s
cos(φ) s > R

V (s, φ) = V2(s, φ) = −2E0s cos(φ) for s < R

5 Find the electric field inside the cylinder and in the conductor.

6 Find the surface charge density at the surface of the cylinder.

7 Make a sketch of the charge and the electrical field in the x-y plane.
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