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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 Diamagnetic effects

An electron in an external uniform magnetic field will orbit in a circle. Suppose that the field
points in the Z direction and the electron moves with speed v.

a) Determine an expression that relates the orbital speed to the radius of orbit and the
magnitude of the field.

The orbiting electron does not exactly provide a steady current, but we will consider a simple
approximate model which associates an effective current with the electron and the current
magnitude is

F_®
T
where 7' is the orbital period of the electron.

b) Determine an expression for the effective magnetic dipole moment of the orbiting electron
in terms of the external magnetic field. Which way does the dipole moment point? What
happens to the dipole moment as the field increases?

The magnetic field produced by a current loop (of radius r) at its center has magnitude

B = tol
2r

¢) Determine an expression for the magnetic field produced by the orbiting electron. Which
way does this field point?

d) Determine an expression for the ratio of the magnetic field produced by the orbiting
electron to the external field.
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