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BROADBAND PROPERTIES OF DIELECTRIC ANTENNAS COMPARED WITH
METALLIC ANTENNAS

J. Bach Andersen

The usual thin, metallic dipole antenna is characterized by rapid
variations in impedance as a function of frequency. This puts a basic
limitation on the frequency range over which the antenna can be adegquately
matched to a transmission.line, or put differently, the gain-bandwidth
product is small and tends to zero, when the thickness of the rod tends to
zero. Physically this is due to the transmission line like character of
metallic antennas with only little radiation from the travelling waves
along the rod and large reflection from the end.

It will be shown that this situstion can be significantly improved by
replacing the metal with a dielectric of proper permittivity. Especially
in the microwave regicn this looks like a very proaising technique since
sultable low loss materials exist.

The dispersion characteristics of the waves on the infinite cylinder
are most easily understood as a coupling between two simpler systems, an
external wave on a perfectly conducting cylinder (|e| = =) and an internal
wave in a waveguide with a magnetic wall. When the phase velocities of the
uncoupled waves are equal, a coupling takes place, which results in a
surface wave and a leaky wave. As the frequency increases the modal
spectrum oscillates between a not too slow surface wave and a fast lesky
wave, when the excitation is external to the surface. At the cut-offs of
the surface waves the external fields are identical to those of a metal
cylinder, below cut-off the leaky wave is present, sbove cut-off the
surface wave. The influence of the different wave types on the admittance
of the infinite cylinder 1s discussed.

It turns out that the conductance of the infinite cylinder is almost
equal to that of the metal over an apprecisble frequency band in the leaky
wave region, while the decay rate along the cylinder is much larger. Thus
the effect of the end reflection is reduced and the gain-bandwidth product
increased.

Experiments in L and S band on dielectric rods with a permittivity
of 15 verify the general ideas and the detailed calculations. In the
surface wave region the influence of the end is increased and the band-
width is decreased. This deficiency is overcome by using a conical in-
stead of a cylindrical shape, whereby most of the energy will radiate
before returning to the feed. An experimental result shows an input ad-
mittance, which is constant within 10% over a 3:1 frequency range, a
metallic antenna of the same dimensions has a 300% variation over the
same frequency range.
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