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Fig. 10. Comparison of the computed and measured circuit characteristics.
(Solid curves: computed; dots: measured.)

about 2.5 s when 10 x 10 modes were considered in each

segment. (The computer used was a HITAC-8800.) However,

by decreasing the number of considered modes to a reasonable

one (for example, 8 x 3), the required time will easily be

reduced below 0.7 s. On the other hand, when we used the

contour-integral method [1], the estimated time required for the

corresponding accuracy was about 5 s.

Generally speaking, comparison of the previous two methods

is rather difficult. However, in many cases reduction of the

computer time by almost an order of magnitude was possible

by the segmentation method without great loss of accuracy as

compared with the contour-integral method.

VI. CONCLUSION

The principle, and computation procedure of an efficient

method for analyzing a planar circuit, the segmentation method,

was presented. To show the usefulness of the proposed method,

its application to the trial-and-error optimum design of a hybrid

circuit was demonstrated.

The application of the same principle to the short-boundary

planar circuit, which has mainly been dealt with by contour-

integral analysis [4], will be another interesting task in near

future.
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Temperature Compensation of TEO ~~-Mode Circular Cavities

ALI E. ATIA, MEMBER, IEEE, AND

ALBERT E, WILLIAMS, MEMBER, IEEE

Abstract—This short paper describes a novel method for temperature

compensation of TEo 1l-mode circular-waveguide cavities. Implementa-

tion aad experimental results on a single cavity are presented.

INTRODUCTION

Temperature compensation of TEOI ~-mode circular cavities

has been attempted previously for applications related to wave-

meter construction (see [1, sees. 6.22 and 6.25 ]). The basic

idea of temperature compensation is to provide opposite changes

in cavity length and diameter with temperature changes so that

the resonant frequency remains constant. For cavities intended

for operation at a fixed center frequency, it is easily shown that

compensation is feasible. The resonant frequency of a cylindrical

cavity excited in the TEImn mode is given by

‘“la’+(a’ (1)

where c is the speed of light, XIM. is the proper root of the Bessel

function corresponding to the mode under consideration, and

L and D are the length and diameter of the cavity at temperature

To, respectively. The incremental change Af in the resonant

frequency f due to changes AL and AD in the cavity dimensions

is obtained from (1) by taking its total differential

Af = _ (xcl~JrD)2(AD/D) + (cn/2L)2(AL/L) -.

f
(2)

This change will be zero if

(AL/L)

()

2xl~nL z— .— _ .
(AD/D)

(3)
nrcD

Fig. 1 shows a possible implementation of the temperature

compensation scheme. The noncontacting tuning plunger is

constructed from two disks of the same cavity metal (having

linear temperature-expansion coefficient ac) sandwiching a

material with a higher thermal coefficient of expansion (aP) and

a thickness t at the ambient temperature. It can easily be seen

that, for the TEOI ~ mode, (3) is satisfied if the linear temperature

coefficients of expansions aP and a= are related by

5=’+($){l+FWa=
(4)

EXPERIMENTAL RESULTS

An experimental TEO ~~-mode circular cavity has been con-

structed with the tuning plunger designed as in Fig. 1. The

cavity material is aluminum and the high-expansion material is

a commercially available silicone resin (LZPx 30ac). The experi-

mentally measured resonant-frequency shifts of the uncompen-

sated and compensated cavities with temperature are shown in

Fig. 2. It can be seen that the 12-GHz compensated cavity has a

maximum shift of about 1.5 MHz in a temperature excursion of

100”C. This shift is less than that which would be obtained from

a corresponding uncompensated Invar cavity.
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Fig. 1. Construction of tuning plunger for temperature compensation.
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CONCLUSIONS

A method for temperature compensation of TEO1 ~-mode

circular cavities is described and excellent frequency stability

of a temperature-compensated aluminum cavit y is demonstrated.

These results should enable lightweight thermally stable bandpass

filters to be constructed from aluminum instead of Invar and/or

graphite-reinforced fibers. Significant savings in weight and cost

of fabrication should therefore reachieved.
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Experimental Development of Simnlated Biomaterials for

Dosimetry Studies of Hazardous Microwave Radiation

AUGUSTINE Y. CHEUNG, MSMBER, IEEE, ANO
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Abstract--simulated biotissues have been developed which are appro-
priate for dosimetry studies at X-band frequencies and for S-band

modeling experiments which would use miniature phantoms at X-band
fi’equencies. A short-circnited waveguide system has been built and tested

for the precise measurement of the dielectric properties of the simulated
tissue. Modifications of composition for varying the dielectric properties
over a w’ide range have been found. The specific heats of the materials
have been measared and are approximately the same as the tissues they
represent.
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I. INTRODUCTION

The increasing use of microwaves in radar, ovens, high-

frequency communications systems, and new medical and

industrial devices has subjected the human population to appre-

ciable levels of short-wavelength electromagnetic radiation.

Biological effects of microwave radiation have been reported on

many occasions but there is still much uncertainty about the

hazards stemming from exposure and the mechanisms, thermal

or nonthermal, responsible for the observed effects.

Most analyses on microwave field-related hazards are based

on a plane-wave approximation, which may be valid only for

far-field regions. However, most hazardous exposure often

occurs in the near-field zone, where the field lines may be curved

and exhibit strong power gradients. In this region, the human

body may interact with and modify the incident radiation field

[1]. Unlike ionizing radiation, which travels in essentially

straight paths within the body, microwave radiation is modified

by reflection, refraction, and diffraction effects, due to the

geometrically varying dielectric and absorption properties of

tissues. As a result, theoretical analysis of microwave dosimetry

is a complicated problem and it is difficult to relate external

radiation-field strengths to the actual power density within the

body. An alternate approach to quantify hazardous fields is to

perform experimental measurements inside artificial tissues or

phantom materials which simulate the electrical properties,

specific heat, and the size and shape of a human. Guy has

developed materials simulating human tissues at S-band fre-

quencies (~ N 2450 MHz) [2]. In order to set a wide-band safety

exposure standard, measurements must also be made in other

frequency ranges, specifically the higher X band (~ -9 GHz)

which is widely used in radar systems.

II. SCIENTIFIC OBJECTIVES

One goal of our research has been to develop phantom

materials which have a range of dielectric properties and specific

heat similar to those of tissues within the human body in the

X-band frequency range at 20”C. We studied the intlttence of

composition on properties at frequencies of 8.5 and 10.0 GHz

for two types of materials, one corresponding to tissues of high

water content (muscle) and the other for bone and fatty layers.

Table I summarizes the dielectric properties of human tissue at

X- and S-band frequencies as reported by Schwan at 37°C [3].

In addition to developing artificial tissue for X-barld studies,

it is also our goal to simulate S-band total body radiation using

smaller and more convenient scale-model phantoms at X-band

frequencies. If the model is to be reduced in size from the full

scale by a linear factor S, then it can be shown that electro-

magnetic scaling is achieved if [4]

@m = Sti

l%=llf

e’= e,’rm

tan & = tan 6 or Uw = So

with the subscript m denoting the model.

Examination of Table I shows that the materials needed for

the scaling of quarter-sized models to simulate S-band exposure

by X-band measurements are not greatly different from phantom

materials required for full-scale X-band studies. In attempting

to produce suitable phantom materials, we employed. materials

based on the previous work of Guy [2], which had been success-

ful for making S-band phantoms at 20”C, and varied the com-

position to obtain the desired X-band properties. Muscle is


