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1 Magnetic dipole in a field with a gradient

Suppose that B = B(z)Z where B(z) is the field magnitude which depends on z only. A
magnetic dipole is propelled along the % direction and then enters this field. Determine the
force exerted on this particle and describe how the process of observing the trajectory of the
particle as it traverses the field can be used to determine a component of its dipole moment.
This is the basic idea behind the famous Stern-Gerlach experiment.
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2 Magnetized cylinder

Consider a cylinder with radius R and axis along Z. Using a cylindrical coordinate system
with origin at the center of the ¢ylinder, the magnetization is

M(r") = M(s)z
where M(s) > 0 has units of A/m.

a) Suppose that M(s) = My > 0 which is independent of radial distance. Sketch a collec-
tion of dipoles that could produce this. Use your sketch to predict whether the bound
surface and volume current densities are zero, and if not what their directions are.

b) Determine expressions of the bound surface and volume current densities, Do they agree
with your answer to the previous part?

¢) Suppose that M(s) = as where a > 0 has units of A/m?. Sketch a collection of dipoles
that could produce this. Use your sketch to predict whether the bound surface and
volume current densities are zero, and if not what their directions are.

d) Determine expressions of the bound surface and volume current densities. Do they agree
with your answer to the previous part?

Suppose that the magnetization is
M(r') = My cos ¢2

e} Determine expressions of the bound surface and volume current densities. Do they agree
with what a sketch would predict?
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