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A.YU.PANCHENKO, N.I. SLIPCHENKO, O.B.ZAICHENKO, LN.BONDARENKO

Kharkov National University of Radioelectronics
oleksandr.panchenko@nure.ua

COAXIAL APERTURE SENSOR FOR ASSESSING THE STATE OF BIOLOGICAL
OBJECTS

Water is the main substance that makes living organisms. The state of any bioobject is characterized by the total
amount of water in it and its distribution. In biological matter, water can be in two states, in the form of free water and
water, associated with its macromolecules. The distribution of free water and water associated with molecules of biological
matter determines its state. Therefore, the task of rapid assessment of water distribution is topical. The water molecule has a
low mass and in the free state the molecules have a high relaxation frequency, which lies in the microwave range. The dipole
moment of water has a high value. Therefore, at frequencies below the relaxation frequency, water has a high value of the
dielectric constant. In the bound state, its electrophysical properties of water depend on the properties of the macromolecule
in which it is embedded. Therefore, microwave methods and electrodynamic measurement sensors are effective means of
operative measurements. They have a high speed, simple measurement procedure, do not require special preparation of
samples, they allow performing non-destructive testing. Therefore, under certain conditions, they have advantages over other
methods. However, the problems of using electrodynamic methods are caused by the indirect nature of the data obtained and
the rather complicated process of determining the transfer function of the microwave sensor. The report presents a scheme of
the microwave sensor, in which the generatrix coincides with the coordinate surfaces. For such a scheme, you can create a
rigorous analytical model. Solving the task of describing fields in the working area of such a sensor allows determining the
transfer function of the sensor. The presented scheme allows a principled possibility of further development. For example, in
the presence of a mathematical model of changes in the properties of a bioobject under external influence. This will allow a
numerical evaluation of the sensor parameters at the theoretical preparation stage. Such an approach will significantly
reduce time costs and reduce the cost of design, prototyping and experimental development of specific designs.

Keywords: aperture, capacitance, coaxial line, boundary conditions, eigenfunctions, bound water, free water,
electromagnetic field components.

0.10. IIAHYEHKO, M.I. CJIMITYEHKO, O.b. 3BAYEHKO, .M. BOHIAPEHKO

XapbKOBCKUII HALIMOHAJIBHBIN YHUBEPCUTET PaIO3TEKTPOHUKH
oleksandr.panchenko@nure.ua

KOAKCIAJIBHU ATIEPTYPHHMIL CEHCOP CEHCOP JIUISI OLIIHKU CTAHY BIOJIOT TYHUX OB'EKTIB

Y donogidi Hasedena cxema HBY ceHcopa, y siko20 meipHi 36i2aromucst 3 KOOpOUHAMHUMU NOBEPXHAMU. /]/151 mMaKoi cxeMu MONHCHA
cmeopumu cmpozy aHaaimuy4Hy modesb. PiwleHHs1 3a80aHHS onucy nosie y po6ouili o61acmi makozo ceHcopa 00380.5€ 8U3HAYUMU
nepedasasnvHy @yHKyito ceHcopa. Haeedena cxema npunyckae npuHyunosy Moscausicms nodaabwiozo possumky. Hanpukaad, npu
HasigHocmi mMamemamu4Hoi Modesai 3MiH eaacmuegocmeli 6i006'ekmy nid 308HiwWHIM enaugom. lle do3goums damu vuceaAbHy OYIHKY
napamempam ceHcopa edxce Ha emani meopemuyHoi nideomoseku. Takuil nioxid cymmeso ckopomumu Yacosi eumpamu i 30euwiesums
emanu NnpoeKmy8aHHs, MaKkemyeaHHs: ma eKcnepuMeHma/ibHo20 8i0npayoeaHHs KOHKPeMHUX KOHCMPYKYIll.

Knawuoei caosa: anepmypa, emHicmb, KoakcianbHa JiHis, epaHuyHi yMmMosu, eadcHi yHKyii, 38's13aHa eoda, eiabHa eoda,
KOMNOHEHMU e/1eKmpoMazHIMmHO20 NOASL.

In the study of biological objects, electrodynamic methods are often used. They allow to explore objects in
vivo, have a high speed of information obtaining, can be used outside laboratories. The primary information in
electrodynamic means of measurement is a complex dielectric constant. Its value depends to a large extent on the
distribution of free water and water associated with its macromolecules of biological matter [1,2]. On the other hand,
the state of the bioobject is characterized by the distribution of free water and water.

The water molecule has a low mass (18 u) and a significant
dipole moment (p = 1.84 D). In the free state, the molecules have a
relaxation frequency of about 10 GHz. Below this frequency water
has a high dielectric constant. In the bound state, the properties of
water depend on the properties of the macromolecule into which it
is embedded. Therefore, electrodynamic measuring devices
operating in the microwave range allow a significant amount of
information to be obtained to estimate the distribution of free and
bound water.

Two types of microwave converters are used: waveguide and
resonator. The most suitable type of microwave converter is a
quarter-wave resonator (QR) with a sensor in the form of an open
coaxial measuring aperture (CMA) (Fig. 1).

It has a number of advantages. A significant part of the antinode
of the electric field, as shown in Fig. 1, is outside the main
resonating volume. Therefore, with some loss of sensitivity, the
working region can be located outside the resonator. The coupling
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of the field of the resonator with the sample is carried out through the CMA (section z1).

CMA can be equipped with dielectric inserts, rings, which allow changing the transfer
function. Dimensions of the CMA can be substantially smaller than the wavelength. Therefore,
the volume of biological samples can be minimal. QR allows a change in operating frequency
over a wide range. To do this, it is sufficient to change its inductive, shorted part (Az, in Fig. 1).
Another advantage of this sensor is that it is possible to obtain a rigorous mathematical
representation of the EMF components in the entire volume of the QR [3,4]. Using certain
approximations, the final expressions can be not too cumbersome. In particular, it is possible to
specify a source in the form of an electric field in the plane of the aperture [5].

When E (z,,r)=U, Or'_l , on the basis of the known tensor Green's functions of the Maxwell equations for

cylindrical regions, one can obtain an expression for the magnetic field H 0 (z,,7). It can be taken into account

that the sample is multilayer one, as shown in Fig.1. Using the representations for the Poynting vector, one can
obtain expressions for the reduced capacitance in the CMA plane:

R
~ —idr ¢~
C = H (z,r"dr' .
: C()Uolnz(Rz/Rl);!: e
Conclusion

The selected sensor circuit does not require a large sample volume, permits to influence on the object under
test during the measurements, simultaneously ensuring the repeatability and definiteness of their conditions, allows
for the principle possibility of the holding of all stages of the theoretical calibration. Especially it should be noted
that this sensor can operate in a wide range of frequencies, from the relaxation frequency of free water to,
practically, zero.
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