' NUMERICAL ANALYSIS OF THE PERFORMANCE OF CYLINDRICAL CAVITIES AT

MICROWAYE FREQUENCIES.

A, O.AKALA A. B. ADELOYE andEO SOMOYE™
*Department of Physzcs Umverszty ofLagos Akoka, Yaba, Lagos, Nigeria
**Department of Physics, Lagos State University, Ojo, Lagos, Nzgerza_

ABSTRACT

This paper presents how numerical approach can be used to analyze the performance of cylindrical
‘cavities at microwave. frequencies. The thrust: of the paper is to provide a useful guide jfor the

>~; -engineering deszgns of high performance resonan, cavity., 1Bessel differential equation is used to

- Imicrowave components.

dzscuss the theory of cylindrical resonant cavity. The distribution of electric fields inside the cavity
was numerically. computed. Thereafter, numerical simulation for several excitation modes was
~ carried out. Overall, critical analysis of the results ﬁom the numerical computations and simulatioris
reveal that L/R>1.5 is a better scale for a robust resonant cavity. This scale shows reasonable
. consistency. with known values. Proper choice of modes (mode matching) is also a signific cant index
for deszgnmg a robusz‘ system. b 2ol

Keywords Cylindrical cavity; Bessel di ﬂerentml equanon, Resonant ﬁequency, Excitation mode.

NOTATIONS L o
& =Dielectric permittivity E=Electric field
‘" i = Permeability : - “B=Magnetic field

Jn(kr) =m-order Bessel function : . Onmp, =Qharactenstlc resonant frequencies
v kr = n-th root of the Bessel function of orderm :

‘L= The length of the cav1ty £
cav1ty v :
T = dlstance from centre to any point before .
~ the Wall of the cavity

d1stance from centre to the wall ofthe

Radial function
" Axial mode

' j;',.;.l.O INTRODUCTION ~ Their applications range from the use as
‘ ‘ - frequency metres and filters to tools fox
In recent times, scientific applications of - characterizing properties of materials (Ivh.,
- cylindrical cavities are rapidly evolving. . . 1974; Kean and Green, 1995; Raveendranath et
Cylmdncal cavities are simply short circuited - - al., 2000 Shao and Wang, 2007; Kandasan>
' waveguides at both ends (Tarmizi-Ali et al., - ..andOkamoto 2001).
© 2006), representing a very important group ‘of i, . Infinite numbers of resonant frequeniess .
o exist within a resonant cavity so that ech
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:-frequency is represented in its own mode. The
. lowest resonant. frequency is known as the

-ﬁmdamental mode while the rest are known as -

the higher modes (Jackson, 1974). Every single

"'mode of the cavity has in gederal its own

“distribution or form of field within the cavity.
This paper amalyzes the performance of a

cylindrical cavity at microwave freq-uencies,

- employing numerical approach. The thrust of

.;f;'-the paper is to provide a useful guide for the -

".engineering designs of high performance

" ..~resonant cavity. The study provides insights
~into Bessel differential equation and the theory -
. of cylindrical resonant cavity. The distribution.
the cavity was -
‘+-numerically computed. Thereafter, nume-rical
iisimulation for several excitation modes was

3

- of electric fields inside

.v-carried out.

fie Section 2.0 provides useful insights mto the
»--theory of cylindrical resonant cavity. The
. numerical results and the discussions are

. and then the Appendix.
+..20 THE CYLINDRICAL CAVITY
Flgure 1 ‘shows the geometry of a tyi)lcal

- cylindrical . resonant cavity. The "cavity is
% iz assumed to be homogenously corrugated with -

‘i material - of di electric pemnttlvny £, and -

permeablhty J73

Flgure I: Geormetry of a Typical Cylmdrzcal

" Resonant Caviry

 VxE=2B
c

presented in sections 3.0 and 4.0 respccuvcly :
The conclusion is finally drawn in section 5.0,

L 2y +
gy
© ' "Where,

g BEo?fdsp

and p is the axial mode number of the cavity, ©

- is-the speed of light. Equation (7) is a Bese1

- differential equation with solutions Jy(kr). he

satisfactory solution of Equation (4) in termss

Considering time dependent sinusoids e for
the fields inside the cavity (Jackson, 1974), the
Maxwell equations can be expressed as:

V:-B=0
J O 3)
VxB=-jug—E V-E=0 -

c

The fields obey the general wave equation so

that; V2E=1/c*8’E/6r*. In  cylindrical
coordinate system, and suppressing the angular
dependence, the wave equation can be
expressed as,
1o( 0E) O’E_10E
+—2—='-2——2 .................. (4)
ror 61' oz c¢° ot
The general solutions of Equation (4) are of the
- form;

s sm(__PL ) |
E=_-_E0(f ™) (pm e ... R )}
e cos '

e The wave is fed radially into the cavity, bit

* in z-direction. To this end, Equation (5) is
. subject to boundary conditions, z=0 and z=L at
- the initial time t=0 to time t=t when the waws
- emerge from the other end of the caviy.
- Consequently, the

solution- wih
cos(pmz/L)satisfies Equation (4) under tie

. above boundary and initial conditions. Hene,

the. solutlon with sin(pzz/L)is suppressed 1o

o that,
3 E=E.o.<f<r>)cos[%je""“

..... ER

- becomes the satisfactory solut10n Therefore,

d’E 1 dE

+E=0
kr d(kr)

27T2/L2

the m-order Bessel function is,

E=E,J, (k) cos(p—];ﬂz]e"'“” .................. (@
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In Equation (6b), kr is the n-th root of the
Bessel function of order m. Hence, ¢, =4, but

the function finally vanishes at &, =kR. Then,

from Equation (7), the characteristic resonant
frequencies can be expressed as:

p=m=012.3
n=123.c... e
The derivation ‘of Equatlon (8) is shown in
Append1xA

3.0 NUMERICAL RESULTS

The cylindrical cavity is assumed to have
dimensions R=300mm and L=450mm. These
dimensions are readily adjustable (tuneable) to
~achieve desirable chara-cteristic resonant
- frequencies. The excitation modes, represented
by TEump mode; where n and m are positive
- integers, defining the root and the order of
Bessel function respectively, and p is the axial
mode of the excitation are radially fed through
one of the opened ends of the cylinder so that
the output comes out through the other end. The
Bessel function shown in Equation (6b) was

‘numerically computed to finally determine the =
state of the electric field distribution for the

radial excitation. ‘The result of this computation
is shown below (Figure 2). -

The - characteristic resonant frequency

‘expression shown in Equation (8) was used to .. -

‘compute the - corresponding fundamental
‘resonant frequency. Since the initial éxcitation
is in TE11; mode, the first root of the 1st order
Bessel function was considered. Thereafter,
numerical simulation of other higher excitation
modes (i.e. TE132, TE13, TE14, TEns, TEe;
TEa11, TE212, TEs, TEaie, TExs and TEpe
.. 'were computed. T he results of the computations

“are presented by Figure 3 (a-d)). The associated
' characteristic resonant frequencies when the
“dimensions of the cavity are arbitrarily varied
. (in length-radius ratio) are also extrapolated.

Itk

Figure 2: Bessel functions showing the
radial excitation of the fields within the
resonator.
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Figure 3a: Plots of the Resonant Frequency
versus the Ratio of the Length of the Cavity 10
its Radius at T, E14, TE;;5, and TE ;6 Modes.
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Figure 3b: Plots of the Resonant Frequency

“versus the Ratio of the Length of the Cavity to
its Radius at TE;;;, TE;;,, and TE;;; Modes.
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Fzgure 3c: Plots ‘of the Resonant Frequency

versus the Ratio of the Length of the Cavity to

zts,giadzus at TEZ}],. TEz12 and TE2;3 Modes.
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Figure 3d: Plots of the Resonant Frequency
versus the Ratio of the Length of the Cavity to
its Radzus at TE;M, TEZ 15, and TE2;6 Modes.

DISCUSSION

AS The rad1a1 dlstnbutlon of the fields within
the: resonant cavity can be explained by the

Bessel functmn shown in Figure 2. Within the .

centre of the. cavrty (r—0), the field strength
attains max;mum rmagnitude and diminishes as
r—R: (around the wwvall of the cavity). In other
words, the distriburtion of the fields within the
cavity for any speci fic fundamental frequency is
uneven;

i. e. strong withinn the centre and diminishes
towards the walls - of the cavity. Homogenous
dlsinbutlon of . the fields can be attained by
msertmg relevant dielectric materials at the
centre. of :the cavity: with the view to
estabhshlnga hybnd_ modes (Orfanidis et al.,
*2007).

Following 2 different apptoach from the

techmque suggestecl by Orfanidis et'al: (2007)

the present study considers simulation of
several excitation modes for the overall interest
of selecting preferred mode (mode matching)
for any particular predetermined resonant
frequency of choice.

The characteristic resonant frequencies at
various modes (TEq1p) were computed using the
n-th roots of the Bessel function of order m that
are shown in Figure 2. The first step considers
n=1 and p=1, 2, 3,......6 at m=1; and the second
step con51ders n=2 and p=l, 2, 3,......6 at m=1.
The results of the calculated resonant frequency
for each mode at varying length-radius (L/R)

- ratio were plotted in Figures 3(a-d). All the

plots are quasi-linear and. similar in behaviour:
they are continuous with sharp descent in the
resonant frequency with respect to L/R ratio at
points less than 0.5. This descent becomes
relatively steady between 0.5 and 1.5, and near-
uniform variation at points greater than 1.5.
This point, where the cavity shows near-
uniform resonant frequency for TE,;, mode is in
reasonable agreement with L/R ratio of less
than 2.03 that was suggested by Tarmizi-Ali et
al. (2006).

- Another important observation from the
plots is the marked increase in the resonant
frequency with increase in the excitation modes
at L/R ratio less than 0.5, and grows towards
steadiness in variation as I/R move above 1.5.
Overall, it is important to highlight the
preference of L/R greater than 1.5, and better
choice of modes for a predetermined resonant
frequency as the significant indices for
designing a robust system. Besides, in order to
mitigate the effects of uneven distribution of
fields within the cavity, the possibility of
incorporating multiple feeders (i. e. multi-ple
waveguides) as the excitation source for the
overall improvement of the field distribution

~ within the cavity may be an excellent option.

~ 5.0 CONCLUSION

The performance of cylindrical cavities at
microwave frequencies was analyzed using
numerical approach, with the view to providing
useful guides for the engineering designs of
high performance resonant cavity.
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The distribution of electric fields inside the
cavity was numerically computed. Thereafter,
numerical simulation for several excitation
modes was carried out. Analysis of the results
from the numerical computations leads to the
conclusion that, L/R>1.5, and proper choice of
modes (mode matching) are the significant
indices for designing a robust system. The
present study intuitively suggests the possibility
of incorporating multiple feeders (i. e. multi-ple
waveguides) as the excitation source for the
overall improvement of the field distribution

_within the cavity so as to reduce the effects of
uneven distribution of fields within the cavity.
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APPENDIX A

- The satisfactory solution of Equation (4) is
given in Equation (6b). From Equation (6b), the
Bessel function of order m has roots for
different values of kr. However, at r=R (within
the walls of the cavity), the Bessel function

‘vanishes so that,

J,(kR)=0 (A1)

- Defining the n-th root of the Bessel function as

&, = kr, so that the function finally vanishes at
&, =kR . This implies that,

g
k=22
R (A2)
From Equation (7), k¥* has been defined as
B = [t pirt [ Therefore, k im

Equation (A2) can be substituted to obtain,
2

o’ &  p'a’
TR

(A3)

From Equation (A3), the characteristic equatiora

for the resonant frequency is,

1

cl(LY 2 nE
Oy =_L—{(_Ej gn +p27r2}




