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LIST OF SYMBOLS

Quality factor of the cavity.

Angular freguerncy.

Relative dielectric constant = Eon.
Permittivity and permeability of free space.

Electric field component along x, ¥ & z direc-

tions.

Magnetic field component along %, ¥ & z direc-

tions.

Cross sectional dimensions of the rectangular

cavity a = 22.86 mm, b = 10.16 mm.
Thickness of the dielectric slab.

Phase constant.

Resonant freguency of the empty cavity.
Resonant frequency of the loaded cavity.
Real part of the dielectric constant.

Loss factor {imaginary part of the dielectric

constant).

Transverse propagation constants in the x-
directicen in the air and dielectric regions

inside the cawvity.

Transverse propagation constants in the y-
directicn in the air and dielectric regions

inside the cavity.
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INTRODUCTION

The determination of the complex permittivities of
dielectric materials are focund to be of a great interest
from many authors either by using cavity perturbation method

or the exact solution of the dielectric loaded waveguide.

Cavity perturbation method is considered as an approx-
imative technigue which leads to acceptable results 1f the
dlelectric sample in the cavity is wvery small compared with
the wavelength in the material. It can be highly accurate in
determining dielectric c¢onstants and small loss tangents
{tan ﬁel. The measurements can be performed for dielectric
samples of waricus shapes as spheres, rods, discs, slabs;...

ete,

For developing microwave components such as microwave
filters, phase changers and matching transformers, rectang-
ular waveguldes containing a dielectric slab in the E- or
H-plane are of interest and have been treated exactly. From
the c¢haracteristic equations of the warious structures the
dielectric constant can be evaluated, if the rescnance freg-
uency of the rectangular dielectric loaded cavity is measured,
In spite of the computation difficultles with this method,

it leads to a very high accuracy in the dielectric constant,

This thesis is a study of four different structures
of a rectangular cavity with a dielectrie slab placed at the

centre or at one side of the cavity elther parallel to the

NN
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E-plane or H-plane. It is the aim teo f£ind out the accuracy
limits for the applicaticn of the cavity perturbation method
by comparing the results of the exact sclution with those
of the cavity perturbation method. This has been done £for

various values of the dielectric constant.

Additional measurements for the same cavity structures
have been performed at X-band frequencies in order to f£ind
the measuring accuracy of rescnator method by comparing

measured and calcunlated values of relative freguency shift.

The work has been extended to the cavity of =square
cross section. In case of very thin samples degenerate modes
can be used for measuring the dielectric constant, and dis-
assembling of the cavity during the measuring process can
be avoided. The accuracy limitation of the perturbation
method for this case has also been found out, and measure-
ments forlthe dielectric loaded cavity have been performed.
The measured and calculated results have been compared in

order to find again the measuring accuracy.
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CHAPTER (1)

EXACT SOLUTION FOR A RECTANGULAR CAVITY LOADED
WITH A LOSSLESS DIELECTRIC SLAB
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In this chapten, the exacit scfution fon a zectangulan
cavity fogded with o dielecinic siab s presentied. The
diefectric sfad iz placed al the centfre on el one side of
the capity eithen poraflef on peapendicufan fo the E-plane.
The transcendental eguation Fon each sfructure s desdived
and Lormufated, Vhe noamalized FZrequency shifts are defea-
mined taking in considenation the approximations due fo fthe
zelalive natio fetween the sfed thickness and cavity dimen-

EVL.Y W

I-1) Case (1) : Dielectric Slab Placed at the Centre of a

rectangular cavity parallel to the E-plane [H1un~model.

Fig. (I-1a) representa a cross sectional view for a
dielectric slab placed at the centre of a rectangular cavity
parallel to the E-plane. The exact sclution can be obtained
by considering the propagating wave as HTUn
- Hz field components and no variation in the fields along

~-mode with Ey, Hx

the y-direction, therefore E§§-= 0. Since the slab is non

magnetic, Hz and Hx are unaltered. Thus the solution must

have HY = Ex = Ez = 0 and no variation along the y-direction.

The wave eguations for this structure are given by [1]
{vz + K })HE=0 in the air
t X
2 1 - » » N
{?t + K2} H, =0 in the dieleccuric

where
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Fig. (I-11 Cross sectional wview of the dielectric

slab Joaded rectangular cavity.
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(I-1)

and B is the phase constant.

In the three regions I, II, III the sclutions can be written

in the forms

Hz = A Ccos [Kxx] in7?T
= B cas (K;x} + C sin {K;x} in II
= D cos (Kx{x-a)} in ITII

where A, B, C & D are constants. The other fleld components

are given from the relations

3y

2 b
K, = -3 3%
2 BHz
KEY=1“’“01T;

where K is either K _ or K; depending on the region. In all
field componenés the factor exp {(jwt) and exp (-}Bz) are
omitted for simplicity. From the boundary conditions, Hz and
EY must be continuous at the air-dielectric interfacss i.e.
at x = 3 & x = t, £t = s+d. Applying these boundary conditions

four equaticns in A, B, € & D are obtained as
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rE' sin {k 8} -K sin (E's) X cos (K's} o] 1 a7 r o
x x x x x x
sy _ ' ,
o} Kx51ntﬂxt] Kxcos(th] K;blﬂ(sz} B 0
cog{K g) ~cos{E's) -gin(K's) o] c ]
X x X
0 cos {K't) sinf(K't) -zoa(K s) D )
L. X b4 x - J L~ 4

Equating the determinant of these equations teo zero, the
characteristic egquation of the structure 1s obtained as

2

2 [} T 1
§C08 {sz} sin{de) + ZKxszin{sz} cos{sz} cos{de}

K
' 2 2 ' _
- Kx sin (sz} sin{Ede =0

In terms of the half angles and dividing by sinzﬂsz] cosz_(K;_%}

the eguation can be simplified to

Kx cot (sz} = Ki tan {K; arz) (I-2})

This equation represents the transcendental equation of the
structure which is 1in agreement with R. Collin {2] and P.H.

vartanian [3].

For very small slab thickness (4 + 0), egquation (I-2)

vields to an approximated eguation as

When d + 0, tan {K;{ arzy » K;: a/z2

& cot {Kx s8] + -4 K, alf2 + K, a/2

where 6K =K - X __, o = r/la.

Then tha transcendental equation {I-2) can be written as
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2
r — -
R} df2 = K, ﬁKx a2z + L a/2

r 2 2 _
[Kx - Kx} a/2 = -KxﬁKx

Using equation {I-1}

2 2
(e, - The ug d/2 = -y Eouoﬁtufw
Bw o _(e_-1) d/a {1I-3}
W r

When the slab thickness is very large (d +a), the transcen-

dental equation (I-2) can also be simplified with some

approximation as

- 1
Kx oot {sz} = Kx tan {K; as2)

a
< i} K;[(tan KK; -2-'} - tan {K;; s)}
36" 1+ tan (X' 2) tan (K's)
sz + Kx _? + “on x 2 an xs
Kx . N x; {1 - tan {K; 8] cot tK; %})
-3 g - a
sz + Kx 5 cot {K::: 5—) + tan(K;: g)
cot {‘K;: af2y = .cot {n/f2

+8 K, a/2) v -8R, a/f2

and since 8 is small, then

[}
tan {Kx 5) cot {K; af2y << 1

i 13 3 3
Kx{-GK;[ al/z + K:': s + K}'{ 87 /3) = K;: (Rx 3°/3) + sz

02 2, .3 g
(K,” - K.) s7/3 =(§K, /K ). a/2
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