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Resonant Cavity - Dielectric Sheet Perfurbation

Abstract

Dielectric sheet perturbation to the dominant TE111 mode resonant frequency
of a circular cavity is studied and presented in this project. The dielectric sheet is
placed at the middie of the air-filled cavity, introduces discontinuities and disturbs the
configuration of electromagnetic fields in the cavity. For fixed dimensions of cavity
and fixed thickness of the loading dielectric, the dominant resonant frequency varies
quite linearly with the permittivity of the dielectric, in the range of frequency and
permittivity value studied. This quasi linear relationship is plotted using Maple
software and verified using 3D simulations. Two probes are used in the simulation for
wave excitation into and from the cavity. The best length of probe is found to be 3
mm, giving the closest resonant frequency to the one calculated using Maple. A total
of fourteen different dielectrics of permittivity varying from 1 fo 12.9 are tested one by
one in the simulation. The works show very close agreement between the resuils
from Maple and the simulation. A constant difference of 0.04 GHz is found between
the resonant frequencies collected during simulation and the ones from Maple. The
success of this project leads than to the possibility of using the middie loaded cavity
at TE111 mode as a microwave non-destructive testing of materials.
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Chapter 1
Introduction

1.1 Background

Uniform cross sectional cavities are simply short circuited waveguides at both
ends. Representing a very important group of microwave components, their
applications are vast and range from the use as frequency meters and filters, to tools
for material characteristics measurements. The use of cavity for measuring properties
of dielectric materials has been reported in 1968 by Stinehelfer and it has been
improved by Moh in 1974 [1]. The simpiicity of cavity design has been applied in
microwave filtering even in a complex synthesis of elliptical filter [2]. The use of
dielectric of high permittivity as a resonator is advised in reducing the loss and the
dimensions of the filter. It is then interesting to analyze the dependency of the cavity
on a dielectric perturbation as this can be used in the filtering application and the
microwave non-destructive testing of materials.

Nowadays electromagnetic cavity has been one of the most popular tools in
measuring materials’ properties. Various techniques have been invented in using
cavities for this purpose in the last 30 years and yet the more and more models and
improved methods are presented. This is mainly due to the existence of infinity of
resonance frequencies in a single cavity, representing every one of them its own
mode. The mode with the lowest resonance frequency is called the fundamental mode
and the rest are called the higher modes. Every single mode of the cavity has in
general its own distribution or form of fields in the cavity, giving birth to infinity of
possibilities in introducing the material whose properties are to be measured. One of
the most popular approaches is by using the bottom loaded cavity, where the material
to be tested is inserted at one end of the cavity [3 — 15]). Open resonator/Cavity has
been used in the precision permittivity and loss-tangent measurement at very high
frequencies [8-9]. An even more interesting technique is to use a coaxial resonator
cavity where properties of liquid materials have been measured by Raveendranath et



