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The Exact Field Representation in Cylindrical Cavity
Resonators with Concentric Dielectric-rod
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Abstract

The exact electromagnetic fields in cylindrical cavity with concentric dielectric rod is analyzed. Resonant
frequency of dielectric loaded cavity is calculated by analyzing the characteristic equation. The characteristic
equation is solved by using the ContourPlot graph of Mathematica. As the result of comparing calculation value
and experimental value of resonant frequencies, we know that the field representation of travelling mode is exact.
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Fig. 1. The cylindrical cavity resonators with con-
centric dielectric rod.
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olg A FAA Fof WAF Wl g T3
Foge] HsE At F4A 5 sample
BEz1 o] 2 mmoj A 7.92 mm7tA WA &S 747
Imm#¥ Z7HA719 THE AFEAh. FAAE
teflon (¢,=2.06)% ol &3IAY, o] wole 45
& 3271 WRe 019 dAEHA 3tk ol &
A7) Rl 49 13 99 29 AxA Y st
Z U g e 23, g oddke) diaA
OE dsdeE 24 st AAA 288 vR
371 fsiAMolth. 7N E TE REY TM R
EE Ads) ARG & 194 B 2& TE, RE
S TMpR 2o thst 48 3kt Al 3ol v 2

B 1. TEon RES SAT Ado st gAFH
Table 1. The measured and calculated resonant
frequencies of TEq;; mode.

o A Eeo =7 Al

g | o | @ | <1
0 25.150 25173 0.091

2 24475 24.565 0.367

3 22,675 22.701 0.114

4 20.625 20.667 0.203

5 19.025 19.036 0.057
18.000 18.039 0216

7 17.550 17.602 0.296

792 17.488 17.538 0.285

1404

B 2 TMow 229 S35 AN A% FAFse
Table 2. The measured and calculated resonant fre-
quencies of TMgip mode.

FRA B 4% Az ©3H%)
HHA] & (mm) (GHz) (GHz)
0 14.490 14.499 0.060
2 12.956 12.969 0.101
3 11.881 11.875 0.054
4 11.075 11.055 0.179
5 10.550 10.524 0.247
6 10.256. 10.231 0.257
7 10.119 10.116 0.024
7.92 10.125 10.102 0.237

Zol2, 19 59 19 6 I3 g T8 = ol
At 4% FRAFAFE A8 kG oF 0.4% w)
gHe] Apol & BolY 9t o] QA= TI¥ 59 13
6= B & 7 Axel 227t 7= A% 0 mm
A 7.92 mm7tA] YAG HF 9 2aE HojFo)
JBEE o] QA o4 4dd IV A
A A4 32719 +2F Zol2 A% 24
< ¢ F Utk AAE AF9) A" TR
248l ZA719E= 24 Coupling ProbeE 2o
F71 9 FHo] EAgict ol APFY A
7b o849 FA7EG t AXE EFHE AL

Frequency[GHz]
26 T T J "
254 e 1
24 1
23 ]
22 ]
214 )
204 ]
194 1
184 T g ]
17 4 ]
4 6 3
Radius{mm]
~e—calculated

3 5. TEmZES) 243 A2 98 2AFTS
Fig. 5. The measured and calculated resonant fre-
quencies of TEq;; mode.



A KA —‘1°l e

Frequency[GHz]
15 T T T T T

144 ' |

) 2 4 6 1]
—a—measured Radius[mm]
—e--calculated

O3 6. TMOIORES) 543 AN 98 327

2~
e

Fig. 6. The measured and calculated resonant fre-
quencies of TM010 mode.

A Bt o8 BAH Fud AT FAFoFe
qZo] 7hsit gL L

tion method)s} 7+ HIH-&

9tk =S o] L35 ok AR 2345 £
o)A 2k Bessel 3427} =3® AxA) FHS
3} °l UR—"r i%}ﬁl]%h:} HAEPE o)L

FHojoF gk

& &
FAAE AE 9853 371N BgE A
AAE EHHT B2 =FA o] 2HNE &%
EEE 7MY 280l /A Y vigdEH 2]
w2tA B2 Aozt U AL A3 £ER
B9 AAA 22 HFAE] € 3 AL &
14*1]7} 158 TA7E A ARE AF A= A
= GASGAY 1FA FF Arde FRAEA
Uehe 24 Edde ¢ 5 Aok whdd A
PR RUG AAA FRL S AAA B
S U9 F Ak
olF g HlxE 7 AAA EHAA

3¢ AN FAFAEE ALIL 12 A

=
-
ik

7% B4

4EF 3719 g AAHA 29

4 23 MEsE 39S B4 B3T 5 9a
40 olele SAURAE ANsE Py
Mathematica®] ContourPlot graph& o©}-&3}= W

< AR

b

og
A
rok

i

{11 S. B. Cohn, K. C. Kelly, “Microwave Me-
asurement of High-Dielectric-Constant Mater-
ials”, IEEE Trans. on Microwave Theory and
Techniques, vol. MTT-14, no. 9, pp. 406-410,
September, 1966.

[2] M. M. Taheri, D. M. Syahkal, “Computation of
Q-factors of dielectric-loaded cylindrical cavity
resonators”, IEE Proceedings, vol. 137, Pt. H,
no. 6, pp. 372-376, December, 1990.

{31 Y. Kobayashi, M. Katoh, “Microwave Me-
asurement of Dielectric Properties of Low-Loss
Materials by the Dielectric Rod Resonator
Method”, IEEE Trans. on Microwave Theory
and Techniques, vol. MTT-33, no. 7, pp.
586-592, July, 1985.

[4] D. Kajfez and P. Guillon, Dielectric Reson-
ators, Artech House, 1986.

[51 S. Y. Lee et al, “Use of a Dielectric-loaded
Cylindrical Cavity in Measurements of the
Microwave Surface Resistances of High-Tc
Superconducting Thin Films”, IEEE Transa-
ction on Applied Superconductivity, 1997.

[6] K. A. Zaki and A. E. Atia, “Modes in dielec-
tric-loaded waveguides and resonators”, IEEE
Trans. Microwave Theory Tech., vol. MTT-31,
pp. 1039-1045, 1983.

[7] D. M. Pozar, Microwave Engineering, Addison-
Wesley, 1990.

[8] R. F. Harrington, Time Harmonic Electro-
magnetic Fields, McGraw-Hill, 1961,

1405



BEEMKPERGE £ 118 F 85 20005 125

19933 24: AU ety AAFs
HZEAD

1995 24 ASd gy qFgd
AAFHHF G

2000 29: A Y
AA-Z S IHF A

F 4Ry el ¥ Ak
g, o]F5A4, vlelazy I AA 5

19983 29 YFUSL AATH
HF A

20009 29: AFUHL B A
A - BUFNFHHF RN

| 20009 ~84: AFARL 8k

| A% AREATES B

| (7 2azen oy 2 Anas,

vholZE % 32 A, wlelazs 4% §

[ 19819: M &0 AR KT
stah
19839: AL oY AR

LE TR
N 1991 LTS ey BAE
| sHHE

B @7 2398 34 Zusa

23 24
[F HARH dE 2 AR, o225} 24,
REEE PSR

1406

19794: FeURT FHEATE
HEEA

1989%: Aok ooy WAT
RETCE

19974: AZY T kY ART
EEICLL)

A BT A7 - W3

| 19799 29: Henim 29es
(o184

19844 129: 0]F 230]2 F3
WL B8t MS.

19874 124: 0]F Q3}o) 2 F

et PhD(HE LA )3 A

&)

A A= AL S P 4 dR2AEYY ¥
ol

[F BdEel] L2XAEAY rlolazsgasd 2 5
397, LERAEA-FAA HRE o4 IFHL
2§84, L& ZAEA vt g 3F Lt A



