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1 Displacement current versus current

There are two possible sources for magnetic fields: current densities, J and time-varying
electric fields. The time varying electric field contributes via
OE
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which is the displacement current density. This generates a displacement current via the
usual surface integral.

One situation where the relative contributions of currents and displacement currents can
be illustrated is a coaxial cable. This consists of a straight wire surrounded by a co-axial
cylindrical shell with radius R. Suppose that current I(¢) flows down the wire and the same
current returns in the reverse direction down the outer cylinder.

We will consider the fields between the two.

a) Using Ampere’s law, determine the magnetic field produced by the current at all loca-
tions.

b) Now consider the induced electric field between the wire and cylindrical shell. Using

OB
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determine a set of differential equations for E. Suggest a possible direction for E, use
this to simplify the equations and solve these for the electric field.

¢) Determine an expression for the displacement current density and integrate this to obtain
and expression for the total displacement current, I; that flows between the wire and
cylinder.

d) In the case where I(t) = Iycos(wt) determine the ratio I;/I or a situation where the
radius of the cylinder is 1 mmpnd the frequency 60Hz (AC current). What does this
imply about the effects of the displacement current?

e) Check whether your expressions for the electric and magnetic fields satisfy Maxwell’s
equations in the region between the wire and the cylinder. Under what circumstances
are these correct?
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