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The magnetic analog to the electric dielectric constant is the magnetic

permeability. In a linear magnetic material, the magnetization is directly
proportional to the auxiliary field, so we have

M = χmH (1)

where χm is the magnetic susceptibility. Given this proportionality, the field
is also directly proportional to H:

B = µ0 (H+M) = µ0 (1+χm)H ≡ µH (2)

where µ is the magnetic permeability. In a vacuum, the magnetization is
always zero, so χm = 0 in this case, and the permeability becomes µ= µ0,
which is known as the permeability of free space.

The permeability is a property of the material so different substances
have different permeabilities. In general, H can be found without knowing
anything about the material, but in order for B to be found, the permeability
must be known.

Example 1. We have two infinitely long concentric tubes (hollow cylin-
ders), with the inner tube having radius a and carrying current I ẑ and the
outer tube having radius b and current −I ẑ. The space between the cylin-
ders is filled with a material with susceptibility χm.

Using the right-hand rule, the magnetic field due to the inner current is
(using cylindrical coordinates) in the +φ̂φφ direction (that is, circumferential
around the z axis). The magnetization of the material between the cylin-
ders will therefore also be in the +φ̂φφ direction. Thus B, H and M are all
proportional to φ̂φφ so we can use Ampère’s law:

˛
H ·d`̀̀ = If (3)

where If is the free current enclosed by the path of integration. Choosing a
circular path of radius r between the two cylinders we get
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2πrH = I (4)

H =
I

2πr
φ̂φφ (5)

B = µ0 (1+χm)H (6)

= µ0 (1+χm)
I

2πr
φ̂φφ (7)

We can also find the magnetization and resulting bound currents. We
have

M = χmH =
Iχm
2πr

φ̂φφ (8)

Jb = ∇×M = 0 (9)

Kbi = M× n̂ =
Iχm
2πa

ẑ (10)

where Kbi in the last line is the bound surface current density on the inner
cylinder, where the normal vector points inwards since we’re in the region
between the cylinders, so n̂ = −r̂. Having determined the bound currents,
we can work out B from these currents (and the free currents) without wor-
rying about the magnetization. Since the field due to a wire carrying a total
current It is (from Ampère’s law):

B =
µ0It
2πr

φ̂φφ (11)

and the total bound current flowing on the inner cylinder is 2πaKbi = Iχm
the field due to the combined free and bound currents here is

B =
µ0 (1+χm)I

2πr
φ̂φφ (12)

in agreement with the earlier calculation. Note that the outer cylinder has
no effect on the field between the cylinders since the path of integration
excludes this current. If we go outside the outer cylinder, the net free current
is zero so we get

2πrH = 0 (13)
H = 0 (14)

so B = 0 here as well. The bound current on the outer cylinder is

Kbo = M× n̂ =−Iχm
2πb

ẑ (15)
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since here the normal to the surface points outwards, so n̂ = +r̂. The total
bound current on the outer cylinder is thus 2πKbo = −Iχm so the total
bound current from both cylinders is zero, making the total current zero.
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