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ABSTRACT
.;

.This pap~r presents how numerical approach can be used to analyze the performance ofcylindrical
:~/}cavitiesCat'microwavefrequencies. The thrilstf 6f~t1feip'aper·is to provide a useful guide for the

..~t:;;~ngine~ringdes{ir!sofhigh performance r~~(&'£titi~*~,t:iytty.i.':J1esseldifferential equation is used to
.\ discuss 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
".'carriedout. Ove·y.al!,critical analysis of the resultsfromthe numerical computations and simulations
"reveal thatE/R> 1.5 is a better scale for arobustresonant cavity. This scale shows reasonable

. ";consistencywtth known values. Proper choice o/-modes.'(mode matching) is also a simijicant index
.: designing "robust system <.: (,~Z.1%~/" . .

.':;;' Keywords: Cylindrical cavity; Bessel differentialequation; Resonant frequency,' Excitation mode.
~-_;-J~':--';_. "."' . -:'. .: ," .' <", :; "!:',--h,' .>:>~:- . 'c.

,:~~:~·~~1~~~:pennittivity;·;1;~~l1?~:9i~~~6~Cfield
..!> jl == Permeability - .-~.'-:·:t,lB~Magneticfield .
·~;i~1Jm(lcr)=m-.or~erBessel function;;;Q)nmp:~:;~~~acteristic resonant frequencies

.. )t",;~kr~n-th rootof the Besse~ function of order m.f~~~im>t~;rf~v~rse electric field . .
,,:L= The length of the cavIty' 'J==;'>"'l{ ....distancefrom centre to the wall of the:
,::::cavity
,.l· ==distancefrorn centre to any point before,., .. ,,~X{ ...-RlIdial function

the wall' of the cavity ,"c,},', :,"\l~·p":t~.AXialmode
.....;. : -j~~-~:

. ,.:it,loO INTRODUCTION /' Their applications range from the use as
-, =. - frequency .metres and filters to tools fox
;;d1n recent tinies, scientific applications .of characterizing properties of materials (I1[)~
:,'~'cylindrical cavities are rapidly evolving. !; . c' ·197:1-;'Kean and Green, 1995; Raveendranatl e-t
~:i~;C~lin~cal cavities are ,simply short circuited -·:~·'atPI.2bOO; Shao and Wang, 2007; Kandasan.j-'

'.;,waveguides at both ends (Tarmizi-Ali et al:,' .f,an(fOkamoto, 2001).
}'!}.2~06),'representing a very important grOUP'·o.r.:,i~~:i.)!:~I~~lIIlfi~t~numbers of resonant frequencies
:: ;".1 microwave components. .;;';i exist within a resonant cavity so that eacb
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J -frequency is represented in its own mode, The Considering time dependent sinusoids e-io: for
",.lowest r~sonant, frequency is known as the the fields inside the cavity (Jackson, 1974), the
"'fund~ental mode while the rest are known as .Maxwell equations can be expressed as:
;'?1hehigher modes (Jackson, 1974). Every single ' tta
, .mode of the cavity has in general its own V x E =-; B

; distribution orform of field within the cavity. m
, rfi f VxB = -ill&-E

':'f This paper arialyzes the pe ormance 0 arc
cylindrical cavity at microwave freq-uencies,' The fields obey the. general wave equation so
employing numerical approach. The thrust of "that; V2E = 1/c2 a2E/ at2 , In cylindrical

?i"the paper is to provide a useful guide for the
. coordinate system, and suppressing the angular
t7~i;engineeting designs of high performance i. dependence, the wave equation" can be

. "1 :~;resonant cavity. The study provides insights
:.", 1 diff ial . d th thee . expressed asinto Besse l erenti equation an e eory .' . ,

'.of cYlin.'drical resonant cavity. The distribution, . .!.~(rBE)+ a2~ =-;. a2~ (4)
". : of electric .fiel ds inside the cavity was.' ,Br Br 8z c at
·'i:,:.ilumerical.1ycomputed. Thereafter, nume-rical . ,The general solutions of Equation (4) are of the

"!:\~~:n1~::~~.::::::es ::::i:::10:: ;,form; !Sin( pnz )) ..

:;..'.•;'.'..•..•;.;theory .. of cylindrical resonan~ ca~ty. The,..•..:.•.-.'.-.;'..~..·{.'.'.:..;.:E.' =· ....•........E-. o(./(r) ( L1lZ) e-
1aJt

(j),\;<numenQc;tl results and the dISCUSSIOns[are,,>.:.., cos L .
<... ' d'· . 3' '0 d 4 O' . 1 -.:~:.,t·,.:. ,:., . L/):;;,(presente.,.m sections' . '.an . respectively; ';j;,~:i:':f' '

·t,.t;;:J'heconclusion is finally, drawn in section 5,O"A:':':~;LThewave is fed radially into the cavity, rut
1"fdandthen the Appendix. " .. '.•.<=2 In-z-direction. To this end, Equation (5) is
, .: . ' subject to boundary conditions, z=0 and z=L at

i.y.;>2.0 THE CYLINDRICAL CAVITY theinitial time t=0 to time t=t when the waves'~~",.',"

;;::~jtemerge from the other end of the caviy.
;~;;",Figure I,'shows the geometry of a typical+r. Consequently, the solution' wih

. . cylindrical, resonant cavity. The 'cavity is. z cos{P1lZ/L) satisfies Equation (4) under the,
{tjij.[jasswp.ed,to be bomogenously corrugated with.: above boundary and initial conditions. Heae,
~';)Jmaterial,of dielectric permittivity e , and .,:thesolution with sin{Pnz/L)is suppressed 10

.;;.j'Cpermeability f-l • .' .. .that,

<:~~:gin or;.'y . ,::E= Eoc!cr»cos(PLnz)e-iaJl
I~pradilllly ' (6a)
,T~:, ' . becomes the satisfactory solution. Therefore,
~~3.:; ,d2E 1 dE

·Z:. ,,' +----+E=O
d\kr)l kr d(kr) (7)

'where, ,
. :k~!:=:=.OJVc2

., p2;r2 / L2

arid P is the axial mode number of the cavity c
.' . is the speed of light. Equation (7) is a Bese 1

differential equation with solutions Jm(kr). 1e
,satisfactory solution of Equation (4) in termsof
the m-order Bessel function is,

E=EoJ m (kr) cos(p;} =tcat ••••••••••••••••• ('11:)

V·B = O} (3)
V·E=O .

•

l~

'Ftgure.I: Geometry of a Typical Cylindrical
Resonant Cavity " .
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In Equation (6b), kr is the n-th root of the
Bessel function of order m. Hence. ;n = kr • but
the function finally vanishes at ~n = kR. Then.
from Equation (7). the characteristic resonant
frequencies can be expressed as:

1

{( )
2 '}2C L2 2 2

OJ =- - .; + p 'ff
nmp L Rn ..

p = m = O,1,2,3, } . (8)-123 .n - , , •.................
The derivation 'of Equation (8) is shown in
AppendixA.

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 TEnmp mode; .where n and ID 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 showri in Equation (8) was used to

"f compute the . corresponding fundamental
'resonant frequency. Since the initial excitation
is in TElll'mode,. the first root of the 1st order
Bessel function was considered. Thereafter.
numerical simulation of other higher excitation
modes (i.e. TE1l2, TEll3, TE1l4, TEll5, TE1l6;

TE21h TE212, TE213, TE214, TE215 and TE216
..' were computed. The results of the computations

:are presented by Figure 3 (a-d)). The associated
"characteristic res-onant frequencies when the

dimensions of the cavity are arbitrarily varied
". " (in length-radius ratio) are also extrapolated.

1 -'-i ·---··T··-··--···r-·-··-····~···
0.8 -"---"i---'-::JO(I<r);--- ----.;--.-
0.6 ----j---:::::;;::..:ii(l<;:~·- --. f .

~ ~:~ -~-~t-~~-::-~=~·-·=}~=~~·~-t.. --==;
EO i~-~_~t_r=l~~~E~:f/~lr

kr

Figure 2: Bessel functions showing the
radial excitation of the fields within the
resonator.

o 0.5 1 1.S 2
L/R

Figure 3a: Plots of the Resonant Frequency
versus the Ratio of the Length of the Cavity to
its Radius:at TE114, TE115, and TE116 Modes.

o 0.5 1 1.5 2
L/R

Figure 3b: Plots of the Resonant Frequency
versus the Ratio of the Length of the Cavity to
its Radius at TEll], TEI12, and TEzI3 Modes.
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FJ~l,I.re3c: Plots of the Resonant Frequency
ytrr,~.usthe Ratio of the Length of the Cavity to
its.Radius. at TE2li. TE2l2,andTE213 Modes.
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Figure 3d: Plots of the Resonant Frequency
versus the Ratio oJ the Length of the Cavity to
its:'j{adiusat TE214, TE2i5,andTlius Modes.

0;'; ·:DISCUSSION

:\:The radial distribution of the fields within
th~,;'iesonant .}~avity can be explained by the
Besse! function shown in Figure 2. Within the
centre .of tht:Ccavi~' (r~O), the field strength
att~s maximum rnagnitude and diminishes as
r-+R~(aroundthe -wall of the cavity). In other
wor.d$,the distribu:tion of the fields within the
caV}.tyJorany-speed.fie fundamental frequency is.: . ~,.. . ..••
uneven;
i. 6,.~1strongwithin the' centre and diminishes
to¥{~ds thewalls . of the cavity. Homogenous
?ism~ution ,q~:W~ .~elds ~an' be ~ttainedby
inserting relevant. dielectric matenals at the
centr~:;:of ;the' cavity" with the view to
estab~ishing!.hybricl; modes (Orfanidis et al.,

'2007).
"Following. a different approach from the

tec¥que suggested by Orfanidis et "at: Cf,007),
'. ':. . " 'll : .

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 (TEnlp) were computed using the
n-th roots of the Bessel function of order ID that
are shown in Figure 2. The first step considers
n=l and p=l, 2, 3, 6 at m=I; and the second
step considers n=2 and p=l, 2, 3, 6 at m=l.
The results of the calculated resonant frequency
for each mode at varying length-radius (LIR)
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 LIR 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-
unifomi resonant frequency for TEnlp mode is in
reasonable agreement with LIR 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 LIR ratio' less than 0.5, and grows towards
steadiness in variation as LIR move above 1.5.
Overall, it is important to highlight the
preference of LIR 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 CL e. multi-pIe
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
Besse1 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,

r; {kR}= 0 (At)
. Defining the n-th root of the Bessel function as

~n = kr , so that the function finally vanishes at
. C;n ,;; kR. This implies that,

k= Sn
R (A2)

From Equation (7), J! has been defmed as
e ;"oi / c2

_ p2:rr2
/ L2 Therefore, k m

Equation (A2) can be substituted to obtain,
0)2 q-2 27C2_=_n_+_P __

..c2 R2·. L2

(A3)

From Equation (A3), the characteristic equatlo rr

for the resonant frequency is,
1

. m.mp =~ {(!)'q; +p'1f' r
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