
Kibble & Berkshire Chapter 9 Problem 16

Problem

A uniformly charged sphere is spinning freely with angular velocity ω in a uniform magnetic field B.
Taking the z-axis in the direction of ω, and B in the xz-plane, write down the moment about the
centre of the magnetic force on a particle at r. Evaluate the total moment of the magnetic force on
the sphere, and show that it is equal to (q/2M)J×B, where q and M are the total charge and mass
respectively. Hence show that the axis will precess around the direction of the magnetic field with a
precessional angular velocity equal to the Larmor frequency (ωL = qB/2M). What difference would
it make if the charge distribution were spherically symmetric but non-uniform?
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For a particle charge q, velocity v at r, taking B in the direction of
the y-axis, the force on the particle is given by

F = q v×B = −qvBsinϕk

The moment about the centre of the sphere

J̇ = r× F

= qvBrsinθsinϕ ϕ̂

= qBωr2sin2θsinϕ ϕ̂

Since v = ωrsinθ.

And where ϕ̂ = −sinϕ i + cosϕ j

——————

A sphere of radius a and uniform charge density ρ will therefore
experience a total moment of magnetic force given by

J̇ = ρBω

∫
V

r2sin2θsinϕ ϕ̂ dV

= ρBω

∫ 2π

0

∫ π
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∫ a

0

r2sin2θsinϕ ϕ̂ (r2sinθ drdθdϕ)

= ρBω

∫ 2π
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∫ π

0

∫ a

0

r4sin3θsinϕ ϕ̂ drdθdϕ

=
ρBωa5
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∫ 2π

0

∫ π

0

sin3θsinϕ ϕ̂ dθdϕ

=
ρBωa5
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∫ 2π

0

[
cos 3θ − 9cos θ
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]π
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sinϕ ϕ̂ dϕ

=
ρBωa5
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sinϕ ϕ̂ dϕ

=
4ρBωa5
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∫ 2π

0

sinϕ(−sinϕ i + cosϕ j) dϕ

=
2ρBωa5
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∫ 2π

0

(cos2ϕ− 1) i + sin2ϕ j) dϕ
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=
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= −4πqBωa5
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Since ρ =
q
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3πa
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J̇ = −qBωa
2
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Since J = Iω = 2
5Ma2ω

J̇ = −qBJ
2M

i

=
q

2M
J×B

Hence the sphere will continue to rotate with angular velocity ω, but will precess around the magnetic

field with angular velocity ωL =
qB

2M
.

If the charge distribution remains spherically symmetric but is non-uniform the sphere will still precess,
but with a different angular velocity than the Lamor frequency.

——————
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