LibreTextsw

7.14: Inductance of a Coaxial Structure

Let us now determine the inductance of coaxial structure, shown in Figure 7.14.1 The inductance of this structure is of interest for
a number of reasons — in particular, for determining the characteristic impedance of coaxial transmission line, as addressed in
Section 3.10.

z=0 z=| Figure 7.14.1 Determining the inductance of coaxial line.

For our present purpose, we may model the structure as shown in Figure 7.14.1 This model consists of two concentric perfectly-
conducting cylinders of radii a and b, separated by a homogeneous material having permeability p. To facilitate analysis, let us
place the +z axis along the common axis of the concentric cylinders, so that the cylinders may be described as the surfaces p = a
and p =b.

Below we shall find the inductance by assuming a current I on the inner conductor and integrating over the resulting magnetic field
to obtain the magnetic flux ® between the conductors. Then, inductance can be determined as the ratio of the response flux to the
source current.

Before we get started, note the derivation we are about to do is similar to the derivation of the capacitance of a coaxial structure,
addressed in Section 5.24. The reader may benefit from a review of that section before attempting this derivation.

The first step is to find the magnetic field inside the structure. This is relatively simple if we may neglect fringing fields, since then
the internal field may be assumed to be constant with respect to z. This analysis will also apply to the case where the length [
pertains to one short section of a much longer structure; in this case we will obtain the inductance per length as opposed to the total
inductance for the structure. Note that the latter is exactly what we need for the transmission line lumped-element equivalent circuit
model (Section 3.4).

To determine the inductance, we invoke the definition:

o
L= T (7.14.1)

A current I flowing in the +z direction on the inner conductor gives rise to a magnetic field inside the coaxial structure. The
magnetic field intensity for this scenario was determined in Section 7.5 where we found
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The reader should note that in that section we were considering merely a line of current; not a coaxial structure. So, on what basis
do we claim the field for inside the coaxial structure is the same? This is a consequence of Ampere’s Law (Section 7.14):
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If in this new problem we specify the same circular path C with radius greater than a and less than b, then the enclosed current is
simply I. The presence of the outer conductor does not change the radial symmetry of the problem, and nothing else remains that
can change the outcome. This is worth noting for future reference:
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The magnetic field inside a coaxial structure comprised of concentric conductors bearing current I is identical to the magnetic
field of the line current [ in free space.

We’re going to need magnetic flux density (B) as opposed to H in order to get the magnetic flux. This is simple since they are
related by the permeability of the medium; i.e., B = pH. Thus:
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Next, we get ® by integrating over the magnetic flux density
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where S is any open surface through which all magnetic field lines within the structure must pass. Since this can be any such
surface, we may as well choose the simplest one. The simplest such surface is a plane of constant ¢, since such a plane is a
constant-coordinate surface and perpendicular to the magnetic field lines. This surface is shown as the shaded area in Figure

7.14.1 Using this surface we find:
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Note that factors of I in the numerator and denominator cancel out, leaving:

wl b
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Note that this is dimensionally correct, having units of H. Also note that this is expression depends only on materials (through 1)
and geometry (through /, a, and b). Notably, it does not depend on current, which would imply non-linear behavior.

Wrapping up:

L2

To make the connection back to lumped-element transmission line model parameters (Sections 3.4 and 3.10), we simply divide by [
to get the per-unit length parameter:

’ o b
L = 27r1n( ) (7.14.2)

which has the expected units of H/m.

v/ Example 7.14.1: Inductance of RG-59 coaxial cable

RG-59 coaxial cable consists of an inner conductor having radius 0.292 mm, an outer conductor having radius 1.855 mm, and
polyethylene (a non-magnetic dielectric) spacing material. Estimate the inductance per length of RG-59.

Solution

From the problem statement, ¢ = 0.292 mm, b = 1.855 mm, and u = uy since the spacing material is non-magnetic. Using
Equation 7.14.2, we find L' = 370 nH/m.
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