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The artificial dielectric model is used in creation of a material with the negative € and M and in describing elec-
tromagnetic wave interactions with vital tissues. The paper presents the theoretical study of the frequency properties
and electric field distributions in the spatial cubic lattice at sites of which 216 identical dielectric spheres are placed.
Basic oscillation frequencies in the lattice have been defined. Splitting of the frequency performance into bands cor-
responding to the resonance values of the negative or positive value of & is observed. The method for determining
the negative values of medium penetrations has been proposed.

PACS: 78.20.C1, 41.20.Jb, 42.70.Qs, 73.20.Mf

The artificial dielectric model is often used in differ-
ent theoretical considerations [1,2,3], though the sys-
tematic comparison between calculated and experimen-
tally measured values of effective permittivity had been
carried out only for the simplest lattices formed by infi-
nite thin ideally conducting discs [4].

In papers [2,3] it was shown that dispersive proper-
ties of an artificial dielectric formed by the regular lat-
tice of spherical particles can take any large positive and
negative values, .if dispersion is caused by the depen-
dence of a scattering coefficient on the frequency, val-
ues of €, and |, characterizing electromagnetic wave
scattering on spherical particles. It means that in the ar-
tificial dielectric lattice in cases when particles them-
selves have a high permittivity, the resonance frequen-
cies are possible, for that permittivity convert into infin-
ity. These frequencies are found from the following
transcendental equations

(1

where C is the particle concentration, €, is the permit-

tivity of a particle material, d;; are the components of
the tensor of penetrations of the spatial lattice formed by
spherical particles.

In this paper the dispersive performances of spatial
lattices formed by dielectric spheres, and the electrical
field distribution are experimentally studied. Firstly, the
simple method has been proposed to define the negative
value of effective permittivity.

The experimental research of electrodynamical pa-
rameters of cubic lattices at the sites of which there
were spherical dielectric scatters, was carried out. From
216 dielectric spheres in foam rubber holders the cubic
spatial structure of 6x6x6 elements is formed. The dis-
tance between spheres was chosen equal to 10 mm. The
dielectric sphere material is ceramics based on titanium
dioxide with the permittivity €=80, tgd=100~. Spheres
of about 10 mm in diameter were prepared with deflec-
tion from the sphericity =I1..2 pym. In the process of
sphere choice according to the frequency their tuning
was carried out by decreasing in diameter so that the
nominal frequency was equal to 3075 MHz with the ac-
curacy of choosing +2.5 MHz. The resonance frequency
was defined according to the maximal value of the re-
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flection coefficient of the Hiy wave from the sphere
placed in the center of the cross section of 32x72 mm
waveguide. The resonance frequency corresponded to
the first magnetic resonance and structure of TE,,, elec-
tromagnetic oscillations in the dielectric sphere. The
measuring section was placed between the waveguide
reflectometer and matched waveguide load. The power
supply was delivered from the high frequency generator
by the pin vibrator the axis of which was in the E vector
plane of excited in the structure oscillations correspond-
ing to TE 0, TMio1 and TMay modes of oscillations in
the separate sphere. The probe in the shape of the pin vi-
brator placed on the opposite lattice side recorded a sig-
nal.

The electrical field intensity distribution in the space
between dielectric spheres by scatters was measured us-
ing the small perturbation method [5]. The method is
based on the measurement of resonance wavelength in
the structure during introducing a perturbating body of a
small volume AT in the region under study. This shift of
a resonance wavelength is defined by the Slater pertur-
bation theorem that can be expressed by the equation
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where A Wg and A Wy are the variations of a stored
energy in the electrical and magnetic fields of the cavity
during introducing the perturbating body, Wep is the av-
erage energy stored in the cavity at a high frequency os-
cillation period, k is the proportionality factor defined
by the geometry and electromagnetic properties of the
perturbating body material (k- 1 for AT~ 0).

For the resonance structure with the positive value
of the effective permittivity the measured frequency
shift will be directed to the side of resonance frequency
decreasing. Fig.1,a shows the resonance curve shifted to
the left side F, - F;,; at introducing the perturbating body
in the "E-field region, and the signal amplitude at the
operating point 1 will increase (the arrow direction 1 - 1
"). On the high frequency slope at the operating point 2
the signal amplitude will decrease (2 —2'). If the effec-
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tive permittivity will vary its sign then the sign W, of
the stored energy in the electrical field of the

resonance structure will vary. It will result in the reso-
nance curve shift to the right side F, - F,, as it is shown
in Fig. 1b. The signal amplitude decrease will be ob-
served at the operating point 1 (1 - 1"), and the increase
will be at the operating point 2 (2 —2"). Thus, we shall
define resonance frequency bands with positive and
negative values of the effective permittivity.
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around it, therefore such oscillations have been named
“output” modes of oscillations of the dielectric cavity.
“Input” and “output” modes are intercollected and have
the similar structure of the electromagnetic field. They
do not exist separately. We observed it during measure-
ments of the amplitude — frequency performance of a
lattice. Each resonance splits into two ones correspond-
ing to “input” and “output” modes. These resonances
are without fail overlapped in the frequency providing

Fig.1. Resonance frequency shift F, of a structure during introducing a perturbating body in the E-field region: a —

the effective permittivity of a structure is positive, b — the eﬁ’e@‘?ﬂfé [permittivi

In our case for the reliable recording of the frequen-
cy shift we have used the perturbating body in a shape
of the thin copper cylinder 10 mm long and 3 mm in di-
ameter. The signal from the output probe was detected
and amplified by the correlated amplifier B8-6 and syn-
chronously with the movement of the perturbating body
recorded by the recorder.

The lattice passbands for the first magnetic reso-
nance corresponding to the TE o mode were defined in
the single spherical dielectric cavity. It is the band of
2960...3130 MHz. The amplitude — frequency perfor-
mance in this passband of a lattice is presented in Fig.2.
The second passband corresponding to the first electri-
cal resonance and TM,y mode in the single dielectric
sphere equals to 4328...4390 MHz. The third passband
corresponding to the TE, mode equals to
6040...6280 MHz.

In general case the dispersion equation for TE
modes of the single sphere has two groups of roots [3].
The first group of roots determines dielectric sphere
electromagnetic oscillations concentrated in the internal
sphere region. They have been named as internal or “in-
put” modes of oscillations. The second group of roots
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Fig.2. Amplitude — frequency performance of an artificial dielectric with the cubic structure of a lattice at sites of
these dielectric spheres of 10 mm in diameter and distance between them 10 mm are placed. Power supply is in
the E — field plane of the TE 1y, mode

determines proper dielectric sphere oscillations concen-

trated basically outside the sphere volume in the space Fig.3. Electrical field distribution in a cubic lattice be-

40 tween spheres along the Z coordinate at frequencies of
apexes of the double resonance curve: a,c — on high
frequency slope, b,d - on the low frequency slope. The
coordinate of the first sphere center is 18 mm



intermode coupling. Fig.3 shows the structure of an
electric field distribution in the lattice along the Z direc-
tion, when the cylinder axis of a perturbating body coin-
cides with the plane of the E — field of a single sphere.
Fields have been measured on slopes of apexes of the
double resonance with frequencies F,=3121.5 MHz and
F»=3123,3 MHz. Frequency values of an operating
point on slopes of the resonance curve without perturbat-
ing body are given in the figure. We observe the frequen-
cy increase during introducing the perturbating body both
on left — hand and right — hand apexes of resonances. The
signal decreases on low frequency slopes and increases
on high frequency ones. This is the evidence of the nega-
tive value of the effective permittivity of a spatial lattice
in this resonance band. Fields of all lattice resonances
shown in Fig.2 have been researched. Resonances in the
region | have positive values of € Resonances in the re-
gion |1l have negative values of €. Resonances in the re-
gion Il have both positive and negative values of €. at
various distances of the perturbating body motion, i.e. in
separate layers of the spatial lattice.

The thin copper disc has measured the direction and
value of magnetic fields in a lattice for one from reso-
nance bands of 3120...3123 MHz. Obtained values of
fields correspond to negative values of permittivity.
Since the permittivity of this band is also negative then
these preliminary results allow to say about the simulta-
neous existence of negative values of € and .

The electrical field distribution along the Z coordi-
nate has shown that together with modulation by
spheres there is the spatial modulation by structure
boundaries. Thus, for the resonance frequency of
3129 MHz there is one sinusoidal variation modulated
by six layers of a sphere. The double resonance
3121.5 MHz and 3123.3 MHz has two spatial variations
modulated by six layers of spheres, and so on. The max-
imum number of observed variants of a field equals to
six. There is such a number of double resonances in |
and Il frequency bands. There are three double reso-
nances in the frequency band I1.

The investigation of the electrical field distribution
between lattice spheres along X and Y coordinates has
shown that each resonance is due to basic resonances on
one from three mutually perpendicular planes and reso-
nances in two other ones. It is the evidence of

anisotropy of properties of the cubic lattice at sites of
that spherical dielectric scatters are placed.

Studies of the lattice fields for TMin and TEy
modes in the single sphere have also shown the pres-
ence of passbands with negative and positive values of €
or. In case if the number of spheres in a lattice increases
then the frequency spectrum is condensed and separate
resonances form one band.

Thus, studies of electromagnetic properties of a cu-
bic lattice at sites of which the resonance spherical di-
electric scatters are placed, where the TE ;o mode is ex-
cited, have shown that the lattice has passbands corre-
sponding to positive and negative values of permittivity.
Resonance bands have been defined, in which the alter-
nation of positive and negative values of permittivity is
observed in lattice layers. Preliminary measured results
demonstrating the simultancous presence of negative
values of € and [ have been obtained. These effects may
be used for the creation of novel artificial dielectrics
with negative € and [ and for researching electromag-
netic wave interactions with tissues in vivo, sells of
which form the regular spatial lattice, and their nuclei
are the resonance scatters. The simple and effective
method has been proposed to define the negative value
of medium penetrations.
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UCCJIEJOBAHUE CBOMCTB IPOCTPAHCTBEHHOM PEIIIETKH,
OBPA30OBAHHO#M PE3OHAHCHBIMM JUSJIEKTPHYECKUMHUA CO®EPAMHU

I'.A. Bpwizzanos

Mopenb HCKYCCTBEHHOTO JAMDJIEKTPUKA MCHOJIB3YeTCs IPU CO3JaHUH MAaTepPUaNIOB C OTPHULATENILHBIMU € M [, a TaKXKe IpH
OIMCAHUU B3aUMOJEICTBHUS ICKTPOMArHUTHBIX BOJIH C )KMBBIMH TKaHSAMH. DKCIIEPUMEHTAIBHO HCCIEAYIOTCS YaCTOTHBIE CBOW-
CTBa U pacHpeAeseHUe IEKTPUUYECKUX IOJIeH B MPOCTPAHCTBEHHONW KyOHMYecKOW pelieTke, M y3/lax KOTOpoi pa3merieHsl 216
OJZIMHAKOBBIX ITMANIEKTpHYecKHX cep. OmpeneneHpl YacTOThl OCHOBHBIX BUIOB KosebaHuii B pemerke. HabmonaeTces pacuieriie-
HHE YaCTOTHOW XapaKTEPUCTHKH Ha IOJIOCHI, COOTBETCTBYIOIINE PE30OHAHCHBIM 3HAYCHUSIM OTPULIATEIILHON WITH MOJIOKUTEIBHOIM
BEJINYUHEI €,¢. [IPEIUI0KEH METO]] OTIPEAEIeHNST OTPHUIATSIILHOTO 3HAYEHHS TPOHUIIAEMOCTEH CPEeIbl.

JOCJII)KEHHSA BJJACTUBOCTEM NPOCTOPOBUX PEIIITOK,
YTBOPEHUX PE3OHAHCHUMM MIEJEKTPUYHUMU COEPAMHU

I.0. Bbpuzzanoe

Mopens MTYYHOTO AieICKTPHKa BUKOPHCTOBYETHCS MPHU CTBOPCHHI MaTepiaiiB 3 HETaTUBHUMU € i |4, @ TAaKOXK NPH OIMHUCI
B3a€MOJIi{ €JEeKTPOMATHITHUX XBHJIb 3 JKUBMMH TKaHMHaMH. EKCIIEpUMEHTAbHO IOCHIIKYIOTBCS YAacTOTHI BIACTHUBOCTI i
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PO3IOAIT eNeKTPUYHUX MONIB B IHPOCTOPOBUX KyOIUHHMX IpaTKax, Y By3Jax Kol po3MilieHo 216 OJHAKOBUX Mi€NEKTPUYHHX
ctep. BuzHaueHi 4acTOTH OCHOBHMX BHUJIB KOJKBaHb B rpaTkax. CrocTepiraeThCs pO3IICILIIOBAHHS YaCTOTHOI XapaKTEPUCTHKU
Ha CMYTH, LIO BiJIOBiAIOTh PE30HAHCHUM 3HAUCHHAM HEraTUBHOI a00 IO3UTHUBHOI BEIUYMHH Epp. 3SAIPOINOHOBAHUN METOJ
BU3HAUCHHS HETaTHBHOTO 3HAYCHHS MPOHUKHOCTEH CepeioBHIIIA.
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