
Physics 370 Homework 12 Due Wednesday, May 2, 2018

Solutions for this homework will be available on Wednesday, May 2 at noon.

Therefore, it will not be accepted late after that time.

Reading assignment: Griffiths pages 296-307 and 312-217 and 332-338.

Problem 1. A long cylindrical tube with inner radius a and outer radius b is made out of

linear material with magnetic susceptibility χm. It carries a constant free current density

~J = J0ẑ for a < r < b, where z is the cylindrical coordinate along the axis of symmetry and

r is the distance from that axis.

(a) Find (in whatever order is most convenient) the fields ~B and ~H and the magnetization

~M everywhere. (Hint: start with an appropriate version of Ampere’s Law.) You should give

answers for each of the regions r < a, a < r < b, and r > b.

(b) Find all of the bound currents ( ~Jb inside the material, and ~Kb on each of the inner and

outer surfaces).

(c) Check your answer for ~B for a < r < b by using Ampere’s Law in integral form for the

total current enclosed within r.

(d) Find the total current, and the total free current, being transported along the z direction.

(Express your answers in terms of J0, a, and b.)

Problem 2 In this problem we will study a typical magnet that you might find holding a

postcard on the front of a refrigerator. Our model for the magnet is a thin disk of radius 1.5

cm (0.015 m) and thickness 0.2 cm (0.002 m). The magnet is made out of a ferromagnetic

material. It has a uniform permanent magnetization due to the fact that it has 2.0 × 1028

lined-up electron spins per cubic meter. The spins are lined up parallel to the axis of

symmetry of the disk.

(a) Find the magnetization
⇀

M of the disk in units of Amperes per meter (A/m). (Recall

that the magnetic dipole moment of an electron is
⇀

m = 9.3× 10−24A ·m2 in the direction of

its spin.)

(b) Find the bound surface current density
⇀

Kb on the rim of the magnet.

(c) Find the total bound current Ib flowing around the rim. [Hint: You should find that

Ib is a very large current. Note that bound currents cannot be used to do useful things like

start a car or run a toaster.]

To do parts (d) and (e), you should treat the bound current on the rim of the magnet as a

thin circular current loop, with Ib as found in part (c). The magnetic field for this situation



was done in class, and in the book. This is a good approximation, since the disk is thin.

(d) What is the magnetic field
⇀

B inside the disk at the center? The magnetic field
⇀

B just

outside the disk on the axis of symmetry is not very different from this. Express your answer

in gauss. (1 gauss = 10−4 Tesla.)

(e) Find the magnetic field
⇀

B at points which are 1 cm and 1 meter from the center of the

disk on the axis of symmetry.

(f) Sketch the magnetic field (
⇀

B) lines for this magnet.

(g) What is the magnetic dipole moment of the whole magnet?

(h) Use your answer to the previous part to find the magnetic field 10 cm from the center

of the magnet, in the same plane as the disk.

Problem 3. Find the force between two magnetic dipoles ~m1 = m1ẑ and ~m2 = m2ẑ, if the

first one is at the origin and the second is at the point (x, y, z) = (a, 0, 0).


