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Input Admittance of a Coaxial-Line-Driven
Cylindrical Cavity with a Center Dielectric Rod

Richard B. KeamMember, IEEE,and John R. Holdemylember, IEEE

Abstract—An expression for the input admittance of a coaxially
driven cylindrical cavity is presented. Two cases are presented:
first, where the coaxial-line transition is located on one of the flat
walls of an empty cavity, and secondly where there is a dielectric
rod located coaxially between the two flat walls of the cavity. A
comparison between the theory and measurements is presented
which shows that the model is capable of yielding a high level
of accuracy.

Index Terms—Coaxial-line junctions, cylindrical cavities, di-
electric permittivity properties, waveguide transitions.

I. INTRODUCTION

UNCTIONS between coaxial-line and waveguides have

been widely considered (for example, [1] and [2]) and find
application in a variety of microwave devices. The particular
case where a dielectric material is located in a coaxially
driven cavity has specific application in the area of permittivity
measurement and microwave heating.

In this letter the case where a thin dielectric rod is located
between the flat faces of a cylindrical cavity is considered
(see Fig. 1). An accurate model which gives the input admit-
tance of the junction between a coaxial-line and a variety of _ _ o L . .

. . . Fig. 1. Coaxially driven cylindrical cavity with a center dielectric rod.
waveguide/cavity environments has been developed [3] and
is applied here to find the admittance of a coaxial-line input
located on one of the flat walls of the cavity. where

A comparison between the theory and measurement is

jamk
presented to demonstrate that the model may be used to V(o) =— JIWQ(Z {ln(b/a)+(fo(qa)Ko(qb)
optimize the coupling between the input coaxial-line and a ¢*10 In*(b/a) Kolah) + Io(ah)S(e)
rod of low dielectric permittivity. LoDV K, olq olq o } 2
0((] ) 0((]@)) Ko(qa)—i—lo(a)S(a) ( )

and whereq = /a2 — k3,70 is the intrinsic impedance of
o ) ) o . free space (37%2),ky is the free-space wavenumber, and
Derivation of the input admittance of a coaxial-line (of INNeY, (), Ko(-), I,(-), and K1 (-) are zero- and first-order modified
conductor radius; and outer conductor radiug feeding & pgegsel functions of the first and second kind, respectively. It
radial-line waveguide (of height) for the case where the gpqiq he pointed out that the modified Bessel functions used
center conductor of the coaxial-line extends the full heigh,oye should be replaced by their corresponding Bessel and
across the radlal-lme_has be_en previously pubhshed [_3], apd nkel functions when their arguments are imaginary.
so only the results will be given here. The input admittance ; s relatively straightforward to extend (1) and (2) to the

Il. EXPRESSION FOR THEINPUT ADMITTANCE

can be shown to be given by cases where: 1) the center conductor of the coaxial-line in the
- cavity is surrounded by a dielectric sheath [4]; 2) the center

1 conductor only extends part of the way into the cavity [5]; and

Y= ﬁ{y(o) +2 Z y(mﬂ/h)} (1) 3) the center conductor spans the full width of the cavity and

m=t has an arbitrary gap [6].
In order to find the solution for any type of region outside
!\rAr?(:uasgtrﬁz)tr;eca?’ievevc\j/i@\u%ues;ﬁgH})?c?gm Associates Ltd, Auckland Nethe coaxial-lineft > b, all that is required is the “environment

Zealand. ' * “factor” 5 («). This factor is the average, with respect to angular
Publisher Item Identifier S 1051-8207(98)01454-8. variation, of the spatial Fourier transform (FT) with respect to
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the z axis of the inward-traveling wave normalized fg(qb) This expression for the total (FT) electric field is now be
caused by the environment external to the coaxial-line junctiexpressed relative to the center of the coaxial-line junction us-
when an axially symmetric outward traveling wave is assuméugy another well-known addition theorem for Bessel functions
to be present (Fourier-transformed quantities are hencefof@h, i.e.?
given in script). For example, for the case of a radial-line

. . . . total
where there is no inward-traveling wave, the environment £;°“(R, ¢, )

factor is S(a) = 0. o X

The fields inside the coaxial-line junction region are as- =Kn(qR)— > Y In(qR)Lwyp(ge)ln(ge)
sumed to be axially symmetric, but the fields outside the p=—oon=—o0
junction are not required to be axially symmetric. Environment . Ky (qd) cos @)
factors for two particular cases have been derived in the past, I.(qd) pe:

viz. for a coaxially driven rectangular waveguide [7] and for an
empty cylindrical cavity of radius = d with the coaxial-line
located in the centefe = 0) of the flat wall of the cavity [4].

In order to find the environment factor it is necessary to
find the average total (FT) electric field just external to the
junction atR = bT, with respect to angular variation around
the coaxial-line junction. It is straightforward to show that
the environment factorS(«), for the off-center coaxial-line

Consider a cylindrical cavity of radius= d and base height junction in an empty cylindrical cavity is given by
z = h which is excited by a coaxial-line port located at a
distancer = ¢ from the center (see Fig. 1). Consider first = K, (qd)
the case where the cavity is empty except for the coaxial-line Sa) =~ Z Ln(ge) I,(qd) (8)
port. The FT of the outward radiated electric field from the nETee
coaxial-line junction is assumed to be axially symmetric and ngte that (8) reduces to that given in [4] fer= 0.

lll. ENVIRONMENT FACTOR FOR THEOFFSETDRIVEN CAVITY

given by Now consider the case where there is a dielectric rod of
E(R, ¢, @) = Ko(qR) ©) radiusr = g (it is assumed thag < d) and complex dielectric
permittivity € g located at the center of the cavity extending the
where R is the radius relative to the center of the coaxiakull height between the top and bottom flat walls of the cavity.
line junction. While it is assumed that the junction is radiatingf the additional boundary conditions that the tangential (FT)
axially symmetrically outwards relative to its own center, thelectric and magnetic fields are continuous at the boundary of
reradiated fields reflected from the cavity wall are not axialthe rodr» = g is applied then a new set dB,, coefficients
symmetric and so the total field within the cavity will havemay be found. If the condition is applied that the dielectric
¢ dependence. Therefore it is advantageous at this pointréel radius is electrically small, i.eg < A, then it may
express (3) relative to the center of the cavity interms ahd be assumed that the field scattered by the rod and produced
¢ using a well-known addition theorem for Bessel functioniiside the rod may be approximated as axially symmetric
[8], ie.! (with respect to the center of the cavity) and so only g
o0 coefficient is influenced by the rod. Thus it can be shown that
EM(r, 0, a) = Z K, (qr)I,(ge) cosnb (4) the environment factof(«) for the rod case is given by (8)

n=—oo with the n = 0 term of the summation replaced by
wherel,,(-) andK,,(-) arenth-order modified Bessel functions X;  Ko(ge)
of the first and second kind. The (FT) electric field reflected Koo | X, T T
by the cavity wall may be given by So(@) = —I3(qe) olgd) | Xo  Io(ge)
Io(qd) | X1 | Ko(qd)
S Xz Io(qd)
evalliy g o) = B, I, (qr)cosnf 5 2 0
vall(r, 6, a) n;m (qr) (5) lad)  dolae)
Ko(gd) | Ko(qd) K
where B,, are a set of coefficients to be found by applying + K3(qe) IO((qd)) ggq ) % (oc(ge) 9)
the boundary condition that the total tangential (FT) electric o\d Yl + IO qd
field on the cavity wall is zero. By consideration of (4) and 2 o(gd)
(5) and solving for theB,, coefficients, it can be shown that,;are
the total (FT) tangential electric field relative to the center of
the cavity is given by X1 =qrlo(qrg)K1(q9) — gerl1(qrg)Ko(q9)
£y 9. ) X2 =qrlo(qrg)11(q9) — e rl1(qrg)10(q9)

S Kn(qd) and wherekr(= k./er) is the wavenumber inside the dielec-
= 1, (qe {Kn qr) — L.(qr }COSHQ. ) R ER
2 Inlae)q Knlar) (ar) I.(qd) tric rod andgr = /o2 — k.

6
( ) 2This expression is only valid foR < e, but since it will only be used
1This expression is only valid for > e, but since it will only be used to to evaluate the field near the coaxial-line junctidh,= b, its use here is
evaluate the field at the cavity wall= d, its use here is acceptable. acceptable.

n=—oo
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Fig. 2. Comparison of theory with measurements for a dielectric rod of radius 8 mm and relative permittivity;0.02.

IV. COMPARISON BETWEEN EXPERIMENTAL and offset from the center and where there is a dielectric rod
AND THEORETICAL RESULTS located coaxially in the cavity between the two flat walls. A
comparison between the theory and measurements shows that

Consider a cylindrical cavity of dimensioris= 296 mm, . Hie .
the model is capable of yielding a high level of accuracy.

d = 48 mm with a dielectric rod of radiug = 8 mm,
and complex dielectric permittivitg g = 1.5 — 70.02. It is
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