
Electromagnetic Questions

Question 1. A spatially dispersive material has µ = µ0 and

ε(ω,k) = ε0 +
χ0

−ω2 + iλω + ω2
P + k2z

Calculate the dispersion relation for both Transverse E(t,x) = E(t, z)i and Longitudinal waves E(t,x) =
E(t, z)k in the z-direction. I.e. the relationship between ω and k such that Maxwell’s equations are solved
by E(t,x) = eiωt+k·xE0

Question 2. A solenoid and a cylindrical magnet are designed to produce the same B field in a vacuum
(As me to draw a picture).

If I place a rod of iron in the middle µ = 1000µ0 describe the resulting B field near the rod.

Question 3. (a) Show that the two Maxwell’s equations involving D and H are invariant under the
“gauge” transformation

H →H +∇ψ + Ψ̇ and D →D +∇×Ψ

(b) Are D and H measurable quantities.

Question 4.

W3. (a) The differential form of Ampere’s Law for a stationary current in vacuum is ∇×B =
µ0J. Use the vector identity ∇.(∇ × G) = 0 (for any vector field G) to derive a
condition for stationary currents written solely in terms of J.

(b) In the presence of non-stationary currents, the equation of continuity for charge

∇.J = −
∂ρ

∂t
(1)

expresses charge conservation, by relating the divergence of the current density J to
the net rate of change of the charge density ρ. It is possible to modify Ampere’s
Law in vacuum to read

∇ × B = µ0J + a
∂E

∂t
(2)

where E is the electric field and a is a constant scalar. Show that this new version
of Ampere’s Law, Eq. (2), is compatible with the equation of continuity, Eq. (1).
You will need to use the vector identity ∇.(∇ × G) = 0 and the differential form of
Gauss’s Law that relates E to ρ. Hence, express the constant a in terms of universal
constants.

W4. (a) (i) A straight wire of length L carries current I in a direction parallel to the unit
vector n̂. Write down an equation for the force, F, on the wire in a uniform
magnetic field B. Describe, using a sketch, the direction of F if the field, B, is
perpendicular to the direction of the wire, n̂.

(ii) Use the expression for the Lorentz force on a charge moving in a magnetic field
to describe the voltage induced between the ends of a straight wire of length L
when it is moved at velocity v through a uniform static field B. How does the
voltage depend on |v|, L and |B|, and on the direction of B relative to v and
the orientation of the wire?

(b) The figure below shows the end view of a rectangular loop with its top and bottom
sides each of length L perpendicular to the diagram and to the magnetic field, B.
The other sides are each of length D. The coil rotates with angular velocity dθ/dt.

(i) Adapt your answer in (a)(ii) [based on the Lorentz force] to find an expression
for the induced voltages in each of the four sides, and the net e.m.f. for the loop
as a function of B, D, L, and angle θ.

(ii) Use Faraday’s flux rule to calculate the net e.m.f. for the loop as a function of
B, D, L, and angle θ.
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(c) If the loop is now fixed at angle θ, and carries current I, adapt your answer in (a)(i)
to find an expression for the magnitude of the torque on the loop in terms of B, I,
D, L, and θ.
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