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The unique diagnodics of the low frequency waves excited in magnetoplasma was tested on large “Krot” device. Method
is based on measuring the resonance curve frequency and amplitude modulation of a tiny double-wire probe caused by plasma
density variations. Depending on the operating point postion at the probe resonance characteristic we can measure density
fluctuations down to dn/n £ 10 . The possibility of harmonic and non-periodic density perturbation measurementsis shown in
experiments. We aso demonstrate the possibility of using the resonator probe as a noninvasive medicd tod to diagnose the

pathol ogi es and diseases accompanied by changesin tissue complex diglectric coefficient.

PACS: 52.70.-m.
1. INTRODUCTION

The resonant devices with distributed electrodynamics
parameters are widdly used in microwave probing of ma-
terias. [1]. The insertion of the tested materia into the
electromagnetic field of device (or probe) leads to probe
resonance curve modification (central frequency shifting
and Q-factor changing). The didlectric and magnetic
properties of the medium under study can be anayzed
using the parameters of such modifications. The simplest
microwave resonator represents a double-wire section.
Various probes designed using this basic element are of-
ten utilized for artificial and natural materials diagnostics

The microwave resonator probe of the double-wire
section is successfully used for localized plasma density
measurements and its variations detection [2]. In contrary
to the conventional Langmuir electrostatic probes, the
results of microwave resonator probe measurements in a
linear mode are determined only by plasma density, and
not affected by electron temperature value. In [3] the
nonlinear effects are studied, which are caused by pon-
deromotive action of the electric fields on the plasma par-
ticles surrounding the probe tips. In particular, it was
shown that the probe operated in a non-linear mode could
be used for eectron temperature measurements.

In present paper the microwave resonator probe
properties are studied in the context of diagnosing the
non-stationary processes in a magnetoplasma, which are
accompanied by weak plasma density perturbations
caused by eectrostatic fields excitation. We have studied
the spatial distribution of non-stationary electron density
variations, caused by loop antenna action in the low-
hybrid frequency range; experimental data were compared
with the numerical results. Also the plasma density oscil-
lations in an area of intense low-hybrid wave interaction
with plasma were observed.

2. EXPERIMENTAL ARRANGEMENT AND
MEASUREMENT TECHNIQUE

The experiments, in which the microwave resonator
probe was used for quasiperiodic plasma density perturba-
tions measurements, were performed on “Krot” plasma
facility [4]. Device represents a vacuum vessd 3 m in
diameter and 10 m in length (Fig.1). Plasma column is
created using radio-frequency inductive discharge
(=5MHz, t,=1ms, By,=80G) in argon under pressure
530 Torr. The experiments were performed in afterglow
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plasma, after the plasma source switching off. The charac-
teristic time of plasmadecay is of order of 10 ms.
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Fig.1. Schematic view of the “ Krot” facility (a);
ambient magnetic field distribution (b)

During experiments two shielded |oop antennas were used:
(i) Sngleturn, radius 1 cm, wire section 3 mm, and (i) double-
turn, radius 10 am, wire cross-section 2.5 cm. The loop plane
norma was ariented dong the lines of the ambient magnetic
field. The radio-frequency pulseswith thelength t =1ms were
applied to the loops. Electron densty fluctuations were meas:
ured using microwave resonator probe ingdled on a shaft
movablein theradiad direction.

The microwave resonator probe used for low-temperature
plasmadiagnogticsis shown schematically on Fg.2.
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Fig.2. Schematic view of microwave resonator probe: 1—
microwave resonator, 2, 3 — excitation and reception lines

The probe represents a quarter-wavelength section of
the double line, which is shortened at the one end, and is
opened at the opposite end. It was constructed from the
copper wire; probe tips length was 8 mm, wire cross-
section — 0.2 mm, the space between the tips — 2 mm.
Microwave resonator excitation and its response were
performed at the shortened end, by two loops with the
diameter 2 mm. The resonator frequency was F ~ 8 GHz,
its Q-factor was Q » 100. As it was shown in [2], the

resonance frequency weg Of the probe immersed into
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plasma is determined by density N of the plasma sur-
rounding the resonator: WrZ&G :Wg +Wpe- where Wpe- elec-
tron plasma frequency. Small plasma density perturbation
in the form dncos(wyyt) leads to periodic variations of
the probe resonance frequency. For the fixed frequency,
taken at the dope of the probe resonance curve, the peri-

odic variations of W, value can transform into the am-

plitude modulation of the signa at a perturbation fre-
quency; so, modulation index is proportional to the slope

gradient Vres
dw

If we take the operating point at the maximum gradi-
ent of the resonance dope for the analysis of non-
stationary density variations, then signal modulation in-
dex dU,s is connected with a plasma density perturbation
dn by the following relation

du res
/ / _ 1
2C1+
p

The limitations of dengty perturbation dn diagnodtic tech-
nique proposad are dipulated by perturbation frequency vaue
W, inversevalue of the latter could be higher then characteris-
tic resonant sysem responsetimein regpect of medium parame-
ters varidgions T = Q/wres,wr'nl >T ~240°s She
matic diagram of the measuring system is presented a Fg. 3.
Microwave ostillator is connected to the exditation line of the
probe. The sgnd after recaver loop is fed to waveguideto-
coaxid adapter, with subsequent detection, and pass to the nar-
row-band recaver input (DOf = 100 kHz), which is used for
modulation of the resonance curve andysis The autput of the
recaver isconnected with adigital osdlloscope and PC.
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Fig.3. Schematic diagram of the measurement system
for periodic plasma density perturbation sudy using
microwave resonator probe

3. EXPERIMENTAL RESULTS

In experiments the spatid dructure of the plasma densty
perturbation at the distance 1 cm from the loop antenna plane
with a radius R=1 cm was studied. The measurements were
peformed in plasma of density N=3:10"cm* and eedron
temperature Te=1.5 eV with ambient magneic fidd strength
Bo=80 G. The frequency of the sgnd fed to antenna was
80 MHz, its power was 60 W.

The typical resonance curve trace and the trace of the
amplitude modulation envelope obtained during studies of
the periodic eectron dendgty fluctuations in afterglow
decaying plasma are shown a Fig.4. The amplitude
modulation dU,e, and hence the amplitude of density
fluctuations, were proportiona to the strength of the cur-
rent in the loop antenna.

The Fig. 5 shows the radial distribution of density os-
cillations amplitude dn at a distance 1 cm from the of a
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loop antenna with radius R=1 cm. It can be seen the
minimum of dn at r=0, at the interval between 0 and R
the density perturbation monotonically increases, with the
subsequent decrease with ascale length ~R.
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Fig.4. Thetypical oscilloscope traces of the resonance
curve (1) and the amplitude modulation envelop (2)
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Fig. 5. Radial distribution of the dn at a distance 1 cm
from the plane of the loop antenna with radius 1 cm

4. NEAR-FIEL D NON-DESTRUCTIVE
DIAGNOSTICS FOR THE INHOMOGENEOUS
MEDIA

The near-field measuring system utilized for low-
conductance objects probing is shown schematically at
Fig.6a. The probe represents a microwave resonator de-
scribed above. This probe interacted with the material
under study by measuring part 4 of the resonator 1, repre-
senting a section of the double line shortened at the one
end, and opened at the other. The resonator free frequency
was 860 MHz; Q-factor of the resonant system was 150.
For the probing of the high-conductance objects the reso-
nator from half-wavelength section shortened at the both
ends was used, see Fig.6b.
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Fig.6. The measuring sysems used: a— probewith a quarter-
wavel ength resonator, b — probewith a half-wavelength reso-
nator: 1 —microwave resonator, 2 and 3 —excitation and re-
ception lines, 4 —the measuring part of the resonator. 5 —edec-
tric field digribution along the resonator

This scheme provides the minimization of the insartion
loss The measuring part of the resonator corresponds to the
dedric field minimum in thiscase Theresonator free frequency
was 860 MHz, its Q-factor was 200. The interaction of quas-
dedrodatic fidd of the probe with the inhomogeneous object
causesthe resonator frequency shifting, and changing of resona
tor Q-factor. The theory of miarowave resonator probe opera-
tion in respect of magnetized plasma dengty and temperature
diagnostics was developed in [3]. For this theary it is essentia




that the probe operating frequency is higher than a plasma fre-
guency. Didedtric condant of plasmain thiscaseisvery doseto
unity, so the iteration procedure can be used for cdculations of
capadtance pe unit length. In our case (Fig.6) microwavereso-
nator interacts with the object under sudy only by small part of
itdf, as a result a smdl parameter can be extracted, thus the
technique developed in [3] can be utilized.

The probe sengtivity was studied in the mode experi-
ments described b ow. The sample of homogeneous medium
with the linear dimensions much higher than measuring reso-
nator pat length d was chosen. We dudied the resonance
curve of the probe behavior versus distance h between the flat
sample surface and the measuring part of the resonator. FHg.7
shows the shift of the resonance frequency versus distance h
for two materias — teflon and glass. The trace shows thet fre-
quency shift is greatest in case of direct contact with the sam-
ple and isdiminishing with theinarease of the distance h. The
maximum probing depth hy matches with the gap between the
tips of the probe d=6 mmwith high accuracy.
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Fig.7. Resonance frequency shift Df versus disance h to the
sample aurfacewith ¢ = 6.75 (0lid line) and ¢=2 (dashed line)
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Fig.8. Resonance frequency shift Df of the probe verausits
lateral position during studiesof psoriatic papule with a di-
ameter 1 cm. Solid line— before the beginning of the therapy,
dashed line—after the therapy course beginning

Rdating to the bidogicd tissue patho ogies diagnodtics, the
near-fidd technique under devdopment was goproved in
Research Inditute of Dermatdlogy and Veneredlogy (Nizhniy
Novgorod, Russa) in sudies of the human skin affected by

psxiass It was discovered that didedric congtant and
conductivity of the affected tissue are amdler than in case of
hedthy skin. During the recovery period the dedrodynamics
parameters of the skin afected became doser to hedthy skin
parameters. Fg.8 shows the resonance frequency shift DF versus
position of the resonator measuring part center during studies of
the psoriatic papule of diameter 1 cm — before the beginning of
the thergpy course and during recovery period. The patients
examination during the course of trestment let us reved the
dynamics of their recovery a the dages which are not
characterized by visble changes of the skin affected by
psoriass Thusthe near-fie d technique of the psoriatic papules

CONCLUSIONS

The experiments performed have shown that the mi-
crowave resonator probe constructed from the double-
wire section can be successfully applied as a diagnostic
tool for the measurements of non-stationary processes in
magnetized plasma, accompanied by plasma density per-
turbations dn/n of order 10° —10°.

The possibility is shown of using the proposed reso-
nant system as a non-destructive diagnostics of the arbi-
trary dielectric media. Using the skin disease example, we
show the possibilities of measuring system with resonator
of double-wire section as a tool for near-field diagnostics
for pathologies of abiological tissue.
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VIBMEPEHUE HI3KOYACTOTHBIX ®JIYKTYAIIUA TJIOTHOCTH TIA3MBI 30H/I0M C CBY-PE3OHATOPOM

A.B. Kocmpos, A.H. Cmupnoe, A.B. Cmpuxosckuii, /[.B. Snun

Ha skcrepumventansHoM  creHne «Kpor» peami3oBaHa OpWTMHAIBHAS AMArHOCTHKA aMIUIMTYIbI HM3KOYACTOTHBIX  BOJH,
BO30Y)KIAEMBIX B 3aMarHUYEHHOH IU1a3Me. MeTos OCHOBAaH Ha FBMEPEHNH YaCTOThI M aMIUTHTYIIbI MOAYIBIIIMK PE30HAHCHON YacTOThI
MUHHATIOPHOTO TPOBQVIOYHOTO PE30HATOPA, BBBBIBAEMBIX (NTyKTYaIMel IDIOTHOCTH IUIa3MBL. V3MepsroTcst (IyKTyalmn IUIOTHOCTH
nopska AVN£10°. B KkadecTBe NPHJIOMKEHHS, MPOIEMOHCTPHPOBAHA BO3MOXHOCTh TPUMEHEHUS PE3OHAHCHOM CHCTEMbI Ui
JIMArHOCTHIKY HE TONBKO ITIA3MBI, HO M TIPOM3BOIBHBIX JUIEKTPHHUECKUX cpef 0e3 HapyIIeHNS NX HETIOCTHOCTH. AHATIMZUPYIOTCS TaKHe
BOMPOCH], KaK TTyOMHA 30HIMPOBAHMS, BO3MOXKHOCTH OIPEIEIECHHS TIPOCTPAHCTBEHHBIX M AJEKTPOIMHAMITYECKUX XapaKTEPUCTHK
HEOIHOPOIHOCTEH. JIeMOHCTPHpPYETCS BOBMOXKHOCTD IPUMEHEHHS METOIMKH B MEILIIHE.

BAMIP HU3bKOYACTOTHUX ®JIYKTYAIIA I'YCTAHHU IUIA3MHA 30HI0OM 3 CBY-PE3OHATOPOM

O.B. Kocmpos, A.1. Cmupnos, A. B. Cmpikoecokuit, /1. B. Anin
Ha excriepuvenTansaoMy creHni «Kpom» peani3oBaHa OPUTIHAIGHA [ATHOCTHKA aMIDTITYIN HA3BKOYACTOTHHX XBIJIb, TIOPYIITYBAHHX Y
3aMarHiveHii wa3mMi. MeTorT 3aCHOBaHMIA Ha BUMIpI YACTOTH I aMITTITYII MOIYIISIIIl PE30HAHCHOI YaCTOTH MIHIATFOPHOTO JIPOTOBOTO
PE30HATOPA, 1110 BAKIMKAIOTECS (IYKTYAITIERO TYCTHHH TUTa3MA. BaMipsroTsest uyKTyartii rycrum ropszaky ovin £ 107, Tlposemoncr-
POBAHO MOYKITMBICTB 3aCTOCYBAHHS PE30HAHCHOI CHCTEMH TS MIATHOCTHKY HE TUTHKH TUTa3MH, 7€ 1 JOBUTHHIIX JNEIEKTPHIHHIX CEPeio-
BHIIT O3 TOPYIIICHHS IXHBOI UTICHOCTI. AHATI3YFOTHCS TaKi IATAHHS, SK TIIFOMHA 30HTYBAHHS, MOYJIMBICTD BI3HAYCHHS TPOCTOPOBHIX i
QICKTPOIMHAMIYHHAX XAPAKTEPUCTHK HEOMHOPIMHOCTEH. JIeMOHCIPYETRCS MOXKIHBICT 3aCTOCYBAHHS METOAMKA B MCIHIIUHI.
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