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LOSSY PARALLEL-PLATE TRANSMISSION LINES

If the parallel-plate conductors have a very large but finite conductivity ¢, (which
must not be confused with the conductivity o of the dielectric medium), ohmic power
will be dissipated in the plates. This necessitates the presence of a nonvanishing axial
electric field a,E, at the plate surfaces, such that the average Poynting vector

P,, =ap, =3Rea,E, x a, HY) (9-24)

has a y-component and equals the average power per unit area dissipated in each of
the conducting plates. (Obviously the cross product of a E, and a, H, does not result
in a y-component.)

We note in the calculation of the power loss in the plate conductors of a finite
conductivity ¢, that a nonvanishing electric field a,E, must exist. The very existence
of this axial electric field makes the wave along a lossy transmission line strictly not
TEM. However, this axial component is ordinarily very small in comparison to the
transverse component E,. An estimate of their relative magnitudes can be made as

follows:
[Eo| _ IncH| _
E,|  |nH \[l i

wep,
po, o,

where Eq. (8—54) has been used. For copper plates [o, = 5.80 x 107 (S/m)] in air
[€ = €, = 107°/36n (F/m)] at a frequency of 3 (GHz),

|E.| =~ 5.3 x 107%|E,| < |E,).

Hence we retain the designation TEM as well as all its consequences. The introduc-
tion of a small E, in the calculation of p, and R is considered a slight perturbation.
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