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A pure magnetic dipole has a curious property when it is placed in a
uniform magnetic field: there is a sphere surrounding the dipole which is not
crossed by any magnetic field lines. To see this, we start with the equation
for the field of a dipole with dipole moment m:
µ0
[3 (m · r̂) r̂ − m]
4πr3
We’ll align the dipole so that it points along the negative z axis: m =
−m0 ẑ and apply the magnetic field also along the z axis: Bext = B0 ẑ. Then
the total field is
Bdip =

(1)

B = Bdip + Bext
µ0
=
(3)
[−3m0 cos θ r̂ + m0 ẑ] + B0 ẑ
4πr3
If there is a sphere which is not crossed by field lines, then B must be
tangent to the sphere everywhere on that sphere. In other words, B is perpendicular to the surface normal vector, which for a sphere is just r̂. So we
look for a solution of B · r̂ = 0. We get
(2)

(4)

B · r̂ =

µ0
[−3m0 cos θ + m0 cos θ ] + B0 cos θ = 0
4πr3

m0 µ0
= B0
2πr3


m0 µ0 1/3
(6)
r=
2πB0
Presumably the field lines inside this sphere resemble those of the pure
dipole; that is, they emerge outwards from the north pole of the dipole and
loop round to converge on the south pole. Outside the sphere the field lines
far from the sphere are straight lines, while closer to the sphere they diverge
around the sphere, just like water flowing around an obstacle in a stream.
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