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Abstract

This paper presents the forced resonant characteristics of an electrically small cavity partially filled with dielectric material. The
method of moments with Galerkins procedure is used to determine the forced resonant characteristics of the small cavity. In order to
obtain the equations of the external reactance gives rise to the forced resonance at a given frequency, the cavity with external reactance
can be treated as two-port network which has the admittance parameters. Numerical results show that the forced resonance, series or
parallel resonance, can be obtained by the controlling the external reactance. To verify the availability of the theoretical analysis,
experiments are carried out for the bakelite as the material by measuring the length of external reactance at operating frequencies.

I. Introduction

Previously, work has been done on the analysis and applica-
tion of the forced resonance characteristics for an electrically
small cavity with external loaded reactance. The forced
resonance of the electrically small cavity is very useful for mea-
suring dielectric properties especially at low frequencies. In
fact, small sized cavity is enough to measure dielectric
constants, since resonant condition can easily be achieved by
controlling the external reactance. In this paper, the analysis of
forced resonant characteristics is extended to the electrically
small cavity partially filled with dielectric material for easy set-
ting of the material. The method of moments with Galerkin's
procedure is used to determine the probe current from which the
general characteristics of the small cavity with the externally
connected reactance element is calculated. To derive the deter-
mining equation for forced resonances, the cavity with external
reactance can be treated as two-port network which has the
admittance parameters. From this procedure, we can obtain the
equations of the external reactance gives rise to the forced
resonance at a given frequency.

Numerical results show that the forced resonance can be
easily obtained by controlling the externally connected reactance
element for the series resonance as well as for the parallel
resonance. These resonant characteristics are conformed by the
calculation and experiments of the input impedance. In order to
verify the availability of the theoretical analysis, the length of
external reactance was measured for the bakelite as the dielectric
material at given frequencies.
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II. Formulation of Problem

Fig. 1 shows the geometry of the electrically small cavity
with connected external reactance. A cavity with a cross section
axb and depth u is partially filled with a dielectric material.
The excitation post of radius », is located at x=d and z=s. The

post and cavity walls are assumed to be perfect electric
conductors. The extemnal reactance of length / is connected to
the excitation post. This reactance is used to enforce the reso-
nance of the electrically small cavity partially filled with the
dielectric material.

The cavity dimensions are chosen as the cross section of the
cavity axb corresponds to the cutoff condition of the
waveguide with the cross section axXb when the cavity is
empty. For this reason we named it cutoff cavity.

The resonant condition of the cutoff cavity shown in Fig. 1
is given by

Im {Z,(¢,.f,X(1)}=0 (1

where Im represents the imaginary part of the complex
quantity. From this resonant condition, we can determine the
forced resonant characteristics of the cutoff cavity partially filled
with dielectric by adjusting the length of the external reactance.
In (1), the input impedance Z, is the impedance looking to the
electrically small cavity partially filled with dielectric material.

The cutoff cavity is excited at y=0 with a voltage ¥ by a
delta-function generator. We assume a similar delta gap voltage
at the loading position y=b. Then the integral equation govern-
ing the current distribution on the excitation post and the aper-
ture electric field distribution on the dielectric material surface
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(z=c) can be written as
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and 7 is a unit dyadic. Moreover, ¥ indicates a unit vector in
the y direction, 9(*) is the Dirac delta-function k;, and w
represent the free space wave number and the angular frequency,
respectively. And position vectors » and »* are for the obser-
vation and source points, respectively. The J(»’) represents the
surface current density, dS” is an element of area on the surface
of the excitation post, and J(b) represents the current at the
loading position of the external reactance jX. The time depen-
dence exp (jw?) is assumed and omitted throughout this paper.

If the radius », of the post is sufficiently small, the current
density may be considered to be uniform around the periphery
of the post. Thus the integral equation (2) is simply represented
as the y direction integral only since JK»') = yI(y")/2nr, -
In (2) the dyadic Green function of the electric type for the
cavity is given by [3]
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The integral equation (2) for the unknown current J(y’) and the
aperture electric field E, can be solved numerically by the method

of moments with Galerkin's procedure. Let j(y*) and E, are
expanded in a series of cosine functions as

L
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where the I,, E,,, and E,,, are complex expansion coeffi-

cients. Substituting (19) and (20) into the integral equation (2)
and (3) we obtain

[Z”] Biipg Byrog {11} {V,}

[C;’q’l] x;’q’pq Yy;’q’pq }Exmk = {0} : 24

c’ Y’ Y E {0}

P'ql *P'q'pq w'q'pq P4
The elements of the matrix are represented at appendix.

M. Resonant Lengths of External Reactance

The cutoff cavity shown in Fig. 1 can be treated as a
two-port network which has the following admittance
representation

(iz) =( Yul&,f) "Y12(5nf))(v1>
I = Yul&,f)  yal&.f)/\v, 25
We choose port 1 and 2 as the driving point and the

externally loaded reactance point, respectively. Loading the
reactance jX imposes the following constraint on port 2:

vV,

L= —‘Jy (26)
Combining (25) and (26) yields the following input imped-
ance

- Y22 +(jX)_1
" Vil Yo +( jX)-J} - )’122 @n

The input impedance on the port 1 is the impedance looking to
the cavity partially filled with dielectric material.

To derive the determining equation for forced resonances, we
split the components y; in (27) into the real and imaginary
parts. Then substituting (27) into (1), we obtain the following
equation for the external reactance:

X7y, -X"'E-F=0 (28)
where
E=2yyn+(y5) -(y) (29)
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Fig. 1. Configuration of an electrically small cavity partially
filled with dielectric material.

Fmyo(yn ) =yu(y5) = yiu(yn )
~yu( Y5 ) +2Y5yhyn (30)

and y,® and y,’ represent the real part and imaginary part of
v, , respectively. For calculation of these admittance parame-
ters, we can use the method of moments as described previous-
ly.

The solution of (28) is simply obtained as follows:

E +.JE’ +4y/F

X'=
2y, 3y

Now we use the short-circuited transmission line of length /
and characteristic impedance Z. as a external reactance com-
ponent. In this case the reactance can be expressed as X=Z,
tan(kel). Substituting this relation into (31), then (31) can be
expressed as

I
tan( k) = 2Yu : (32)
Z(E=\E*+4yF)

From this equation, we can obtain the equations of the
lengths of the external reactance gives rise to the forced
resonance at a given frequency as follows:

7
I, =k;' tan -1( 2V : (33)

Z [E =\[E* + 4yl F]

As is evident from (33), two independent lengths of the
external reactance satisfy the resonant condition for the dielectric
constant of the material at the same operating frequency. The
plus sign in (33) corresponds to the series resonance and the
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Fig. 2. Forced resonant characteristics as a parameter of
frequency. (a) f=100 MHz, (b) =300 MHz
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Fig. 3. The length of external reactance vs. the distance A.

minus sign to the parallel resonant. These resonant characteris-
tics are conformed by the calculation and experiments of the
input impedance.

IV. Numerical and Experimental Results

Fig. 2 shows the relation between the dielectric constant
(e,’,tan 8) and the length of external reactance / giving the
resonance calculated by using (33) in the case of 100 MHz and
300 MHz. In Fig. 2, as mentioned above, we represent /, for the
series resonance and /, for the parallel resonance, respectively.
As shown in Fig. 2 the cavity can be resonated at the given
frequencies at two independent fixed lengths. For example, in
the Fig. 2(b), the length of 7, = 41.099 cm is resonated at the
frequency of 300 MHz as a series resonance when ran & = 3.
And the length of /, = 24.179 om is also resonated at 300 MHz
as a parallel resonance when tan 6=35. It is found from these
results that the dielectric constant can be determined easily by
controlling the length of external reactance.

Fig. 3 shows the effect of the distance % (= ¢ — 5) between
the post and the dielectric material in the case of 100 MHz. The
result shows that the cavity resonant is independent on the
dielectric material above A= 1cm(=0.0034). And the effect of
the distance s between the post and the cavity wall is also
independent on the input impedance above s=(.372. These are
very important things for the forced resonant characteristics with
a reduced structure parameter.

Fig. 4 represents an example of the current distribution on the
driving post for the series resonance. The phase of the current
is a constant along the post, but the amplitude of the current is
a approximately constant.

Fig. 5 shows an example of the electric field distribution on
the z = ¢ for the series resonance at the same structure parame-
ters as shown in Fig. 4. The electric field intensity is a strong
at the loading point. From the electric field distributions, the
effect of the dielectric material for the forced resonance
characteristics is mainly affected by the electric field around the
loading position.

In order to verify the availability of the theoretical analysis,
the length of external reactance was measured for the two cases
of the air and bakelite as the dielectric material at given fre-
quencies. The air is very good dielectric material for experi-
ments because it has a unit value (1.0006 at atmospheric
pressure) of the dielectric constant.

A measurement setup comprised of an HP-8753D vector
network analyzer and an electrically small cavity partially filled
with dielectric material is shown in Fig. 6, and the variable
reactance made by Nihonkosyuha Co. (model No. SS-SP-91, Z,
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=50Q) was used as the external reactance. For searching the (b)
resonant length, we adjust the variable reactance to enforce
cavity resonance(Im{Z,}=0) at given frequency. One difficulty

in resonant length measurement is the errors caused by the

Fig. 7. Theoretical and experimental resonant lengths for the
air (a) and bakelite (b).
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measurement setup. These errors are known as systematic errors
which can be removed by an external calibration procedure.

Two types of cavity were used for experiments. For the
specimen of air, we have used the cavity size of 7.6 x3.8 x40
cm which is a commercial A/ size. And for the bakelite
specimen, we have used the other type of cavity made of Cu
plate of which dimension is 4x1x12 cm, and operating
frequencies varies from 300 to 500 MHz.

Figs. 7(a), (b) show the measured and calculated resonant
lengths of the air and bakelite materials over the frequency
range 300-500 MHz, respectively. It is shown that the
measured lengths of the external reactance at given frequencies
are almost equal to calculated ones based on the theory
presented in this paper.

V. Conclusion

We have analyzed the forced resonance characteristics of the
electrically small cavity partially filled with dielectric material.
To derive the determining equation for forced resonances, the
cavity with external reactance can be treated as two-port
network which has the admittance parameters. It is demonstrated
that the forced resonance characteristics of the cavity by the
externally loaded reactance element. This resonant characteristics
can be applied- especially for measuring the complex dielectric
constant at low frequencies, since it has the resonant condition
on small sized cavity by the externally controlled element.
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Appendix

The expressions for the elements of the matrix appered in Eq.
(24) are as follows.

ZI'I =

jcf)a ﬂ;fj;'lr”(y)y'i:v(r”’) "YE(y')dS'dS  (A-1)

Buivg = ~[Joffy, Fr( 309 Ken(r:7')-5C (x'JS (v dS[dS

(A-2)
By = [[ I Er(9)9 Kon(1r') 55 (x')C,( v )dS}dS
(A-3)
Citn = [[,_[JL(9Cs (XS4 (3) 55, (x)C,(y)
Ky (r.r') F(y')dS'dS,) (A-4)

X,y —_ 1 v
i = 5 GG 08,0035, o, )

TR (rr ) RO (r,r)]- $C,(X)S,(y' )dS,dS,|
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X,y — - 1 5
yyp'q'Pq - m‘ffsb,ﬂ;; ( prr ( x)S"' (y)- )’ESP' (x)Cq' (y))

IR ()4 RE(rr )] 58,(x')C,(y)dS;ds,|
(A-6)
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