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the dimensions of the sample and of the resonator, the

resonator resonant frequency and Q-factor, as well as [3]
those resulting from assymetry of various kinds, is pre-

sented by the authors in [4], together with methods for a

minimalization of these errors.
[4]
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1. MEASUREMENT APPARATUS

A. Resonator

I

N THE EXPERIMENTAL part of this work, a reso-
nator tunable by capacitance and inductance adjust-

ment was used (Fig. 1) with functional dimensions: rl =

14 mm, rz=48 mm, L1 = 32–42 ~ L=57–500 mm,

d= 0– 10 mm. As a result of the aforementioned adjust-

ments, measurements at a wide range of frequencies

200– 1000 MHz were possible.
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Fig. 1. Tunable reentrant cavity.

B. Q Factor and Resonant Frequency Measurement System

Measurements of the Q factor and resonant frequency

were carried out by utilizing a Wobbulator, whose operat-

ing principle is shown in the block diagram (Fig. 2)

This apparatus makes it possible to obtain an accuracy

of 1 percent on the Q-factor measurement, and 10–3
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Fig. 2. Block diagram of the system for measuring the resonant
frequency and the Q factor.

percent on the resonant frequency. The construction and

principles of this system are elaborated in [2].

C. Materials

To test the method, samples of the following materials

were used: polytetrafluoroethylene, quartz glass, alundum,

ceramics N-47, rutile ceramics, and barium titanate

ceramics E-300. The solids were chosen to represent a

wide range of permittivity (d= 2–300) as well as various

levels of dielectric losses. All samples had a cylindrical

shape of 2–28-mm diameter and 0.6– lo-mm length,

II. MEASUREMENT ERRORS ANALYSIS

The sample permittivity t is a function of the following

parameters: 1) dimensions of the resonator and of the

sample: r,, r2, rP, L, L1, and A and 2) resonant frequencies

and Q factors of the resonator with and without the

dielectric sample: ~, Q, jo, and QO, respectively.

Any measurement error of the above parameters has an

effect on the final error of the sample permittivity. More-

over, facts not taken into account in the algorithms, whose

influence can only be estimated experimentally, can have

an effect on the accuracy of the : measurement. The

differences between the real configuration of the resonator

and its ideal mathematical model, the eccentric placement

of the sample in the cavity and the possible presence of air

gaps between the sample and the core of the cavity, all

belong to the above facts.

A. ‘%e Znj7uence of the Accuracy of Parameter on the Final

Value of 2

The dependence of the sample permittivity ~ on the

aforementioned values (rP, rl, r2, L, Ll, d, j, fo>Q, and Qo)
is so complicated, that the influence of the accuracy of the

measurement of any partial variable cannot be evaluated

by simple algebraic analysis. That is why the numerical

analysis was applied for about 80 measurements. The

cases were selected to cover a wide range: resonator

properties, material permittivity, sample radii, and relative
tuning of the resonant frequency by the sample.

The results of this analysis are illustrated in Figs. 3–6.

To check which method of permittivity determination

(absolute or differential) provides better accuracy, in Figs.

4 and 5, points marked x * X obtained from a differential

algorithm analysis are plotted against points marked AO ❑
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Fig. 3. Ratio of transformation error of the sample radius b on the
permittivity error.
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Fig. 4. Ratio of transformation error of the core radius r, on the
electic susceptibility (c’- 1) error.
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Fig. 5. Ratio of transformation error of the resonator radius rz and of
the sample length don the electric suseeptibifity (6’ – 1) error.
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Fig. 6. Ratio of transformation error of the resomtor length L and of

the resonant frequency~on the electric susceptibility (e’ – 1) error.
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obtaked from the analysis described in Part A. The

fomer method (differential) is based on the determination

of one of the resonator dimensions defined by the empty

cavity resonant frequency fw

From these results the following conclusions can be

drawn.

1) Measurement error of the sample radius ~ transfers

into an error in describing permittivity, with the factor of

proportionality t(rp)< – 2.
2) Measurement errors of the parameters rl, rz, L, d,

and f transfer into an error of permittivity determination,

and the greater the factor of the transformation (as far as

the modulus is concerned) the smaller is the resonator

frequency shift by the sample.

3) The factors transforming the errors rl, rz, and d into

&’ m-e much more suitable for the differential method,

especially for small tuning of the resonator (f; fo-+ 1).

As shown in many measurements, the effect of

measurement error ~, rl, rz, L, d, and f on the error of

determination W’ is negligible in comparison with the

effects of the measurement errors of the Q factor. As in all

resonators, so in this case, the change in the Q factor

caused by the introduction of the sample into the resona-

tor is decided by the transformation factor t@ on &“.

B. Departures of the Real Resonator from the Accepted

Mathewtical Model

h this section, special attention is given to the follow-

ing causes of measurement error, which were not analyzed

in the previous section: 1) the effect of eccentric place-

ment of the sample in the resonator; and 2) the effect of

air gaps between the core of the cavity and the sample. It

was decided to explore these problems experimentally.

Ehming the investigation of ? in the function of

eccentric placement of the sample in the resonator, it was

found that this effect is not large. Table I shows the errors

W, resulting from many measurements.

Measurement errors of imaginary part of the permittiv-

ity were not able to be evaluated because differences were

much smaller than the resolution of the apparatus (~Q = 1

percent].

R can be seen from the Table I that the error of

eccentric placement of the sample is sma~er as resonator

length increases. Even in the worst case (the shortest

cavity) this error, in practical measurements, is negligible

without using additional instrumentation, because as seen

during expea-irmmts, the eccentric placement of the sample

in the resonator does not exceed 0.8 mm.

From a technical point of view, an analysis of the

effects of air gaps poses a more difficult problem. The

cause of this is the practical need to place the sample in

the resonator without air gaps.

In order to evaluate the effective thickness of the air

gap d,, occurring between the sample and the resonator

core, comparison measurement were made on ceramic

samples, first without electrodes and then with electrodes

on the frontal planes of the samples. These conducting

electrodes were made by depositing silver-plated copper
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Fig, 7. Dependence of measuring vslue c“ ceramics N-47 on force with

which the cores are pressed on to the sample.

TABLE I

MEAN MRASURSMENT ERRORS OF psltbl~ &’(PRRcEm)
CMTSBD LIY ECCENTRIC PLACmmNT OF THIS SAMPLES (~: r, < 0.2)

lb DISTANCE B?mwER~ ‘mE AXIS OF THE SAMPLR AND THAT OF

THE bSONATOR – a, ISA MEASURB OF THS kCENTRIC

hACEMSNT OF THE SAMPLE

&E!!
56

100

150

200

250

300

2

-0,06

-0,03

-0,02

-0,01

0

0

5

-0,35

-0,17

-0,09

-0,06

-o fo4

-0,03

10

-1,40

-0,67

-0,37

-0,24

-0$16

-0,12

TABLE II
TnR EFFECT OF THE h! GAP ON THE t’ MILWJREMSNT OF A

Cm.wac ~ER Wrm A %mm DIAMETER

liame of [d
material

Jnd

s teati te 2
aemuni.c

4

7

2

N-47 4

7

2

%.300 4

7

6,62 ] 6,66

6,58 i 6,61

34,11 ~ 37,82

34,85 I 37, !$7

*
198,3 ~ 28’7$9

[m%]

0,00.46

0,0045

0,0053

0,0059

0,0097

0,0047

0,0092

0,0065

0,0044

1,3

0,6

094

9,8

8,2

2,4

56,3

31,1

15,0

where x

&~l ~- the pexznltti it~ Y of the Sample, without and

with conducting electrodes, respectively.

powder suspended in lacquer with a resistivity of p = 8.8 x

10-E Q. m, after drying.

IXuing the experiments, phenomena were observed for

which a mathematical formula is hard to find, but which

have an important practical meaning.

1) It can be seen from the example results found in

Table H that with an increase in the height of the samples,

the effects of the air gap on the measurement E’ decreases,

however for c’> 10 it is significant. The effective thickmess

of the gap, naturally, depends on the strength with which
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the cores are pressed on to the sample. The results pre-

sented in Table II were obtained using small axis pressure

P= 600 N. With an increase of pressure in the range of

600-6000 N, the gap ~ decreased to about half its size.

2) An interesting dependence was obtained in investi-

gating the imaginary part of permittivity of metalized and

nonmetalized samples as a function of pressure. As an

example of these measurements, one sample (of ceramic

N-47) is presented in Fig. 7.

On the basis of the c“ measurement as a function of

pressure, it can be established that a more accurate

measure of material losses can be obtained for nonmet-

alized samples due to the elimination of a significant

portion of the contact resistivity (core-metalized layer) in

the dissipation of energy. In general, with a metalized

layer the c“ results are overestimated; without it they are

underestimated. In order to increase accuracy, it is neces-

sary to use significant pressure P, which, however, must

be smaller than the force which can destroy the sample.

Associated with this is the need to use a hard material for

the contact surface of the core, so that it will not be

damaged by the hard ceramic sample.

III. SUMMARY

In Part A, a theoretical analysis of the measurement

method was present while in Part B, an experimental

analysis of measurement error showed that the author’s

proposed measurement method for thin samples in a

reentrant cavity allows for 2 measurements in a wide

range of materials (e’= 2–300, tan~ = 10–5– 10– 1, with an

adequate technical accuracy &’< 1 percent, i3(tan8) <5

percent +5X 10-5.
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Wave Propagation through Weakly Anisotropic
Straight and Curved Rectangular

Dielectric Optical Guides
B. B. CHAUDHURI, STUDENT rmmmE~ mEE

Ahtnrct-Wave propagation through weiddy ankolqdc .s@afgMand
carved diefectrfe nwanguh gufdesfs studiedusfn gaeouptedmode
appmuh. ‘flm pmpsgatfon constant thus fouo~ can be mmputed very
easfly ff MMCdfi’S rlpfKoxfroste field ex$m!dons for sn fSOtZ@C gldde

ammed.’fle redtfortheoniaxbd easeean tbenbeextended for the
bfaxbd crystaf to the first order of approximation.

I. INTRODUC’HON
?

D

ELECTRIC WAVEGUIDES of different shapes

ave found wide use in integrated optics and optical

communication systems. The basic structures that have

been studied extensively for optical applications are, in

general, isotropic slabs, rectangular and circular cylindri-

cal guides. However, in many diverse applications, such as

dielectric cavity resonators (DCR), laser and masers, ESR

spectroscopy, nonlinear optical devices, etc., the interac-
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tion may involve an anisotropic dielectric medium. Sym-

metrical [1], [2] as well as hybrid [3], [4] mode propagation

in a uniaxial anisotropic rod have been extensively

studied. The theory has since been extended to the weakly

anisotropic case [5], biaxial rod [6], and hollow axially

anisotropic structure [7] with possible applications in reti-

nal receptor modeling, crystal-core guides, and gas laser

resonating structures, respectively.

The work on planner structures, however, seems incom-

plete. The effect of anisotropy on a slab tide [8], [9] and

mode coupling in general anisotropic guides [10] have

been studied recently, but no reported result for rectangu-

lar guides is known to the present author. The difficulty in

obtaining an exact analytical solution for the propagation

constant for a simpler isotropic rectangular guide lies in

matching boundary conditions everywhere. A lengthy

numerical method [11] may be used, but an approximate

solution [12], [13] offers better insight to the propagation

and field behavior of the modes.
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