Homework 6

Question 1
Consider an Iron sphere of radius R that carries a charge Q and a uniform magnetization
~ = M ẑ. The sphere is initially at rest.
M
1. Find the electric and magnetic elds.
2. Compute the angular momentum stored in the electromagnetic elds.
3. Suppose the sphere is gradually (and uniformly) demagnetized (perhaps by heating it
up). Find the total angular momentum imparted to the sphere in the course of the
demagnetization.
4. Suppose instead of demagnetizing the sphere we discharge it, by connecting a grounding
wire to the north pole. Assume the current ows over the surface in such a way that
the charge density remains uniform. Calculate the angular momentum imparted to the
sphere in the course of the discharge. Hint: Recall that the Lorentz force on a single
~ + q~υ × B
~.
charged particle is F~ = q E

Question 2
A long cylinder of linear dielectric material (with radius a and susceptibility χe ) is placed in
~ 0 which is perpendicular to the axis of the cylinder.
an otherwise uniform electric eld E
Find the resulting eld inside the cylinder.
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Question 3
A coil in which a current I0 exp (−iωt) is owing, is wound around a wide plate which has
conductivity σ and magnetic permeability µ. The plate thickness is 2h, such that it is bounded
by the planes x = ±h.
ℎ

The number of turns of the coil (which are parallel to one another) per unit length is n
and the thickness of the coil is very small. Neglecting edge eects and using the quasi-static
approximation:
1. Determine the magnitude of the magnetic eld inside the plate.
2. Use the result of (1) to determine the behavior of the eld in the limiting cases of a
√
strong (δ  h) and weak (δ  h) skin eect (δ = c/ 2πµσω ).
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