Experimental investigation of the spectral characteristics of open resonance systems for
r adiospectr oscopy

1. Experimental investigation of spectral, field, energy and polarization characteristics of
open resonant systems

Responsible: V. N. Derkach (Ph.D. in Phys. and Ma®. V. Golovashchenko (Ph.D. in Phys. and
Math.), A. S. Plevako

Results of investigation

1.1. Open resonators

On the base of study of the properties of open nvimer resonators (OR) it is designed and
created:

» resonance cells for radiospectrometers and pungysigms of polarized nuclear targets;
 differential method of measurement of parametet&joid dielectrics.
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1.2. Open barrel-shaped resonators

On the base of the study of properties of openebatraped resonators (OBR) it is designed and
created:

* multichannel resonance cells for diagnostics ofipla-beam systems;

* hygrometers of paper tape, gaseous and free-flowmeglia.

1.3. Open disk dielectric resonator s with whispering gallery modes

Main properties of multimode disk dielectric restmma (DDR) with whispering gallery modes
(WGM) are experimentally investigated. The resoeancells for the low-temperature
radiospectrometer and cells for dielectric measergmare design on their basis.

DDR with WGM are made with optical precision froadiotransparent materials (quartz, sapphire,
CVD diamond and others) and their spectral, figld power characteristics are investigated. The
results are used to solve practical problems.




1.4. Coupled disk dielectric resonators. Controlled structures on the base of coupled DDR
The possibility of design of controlled structu@s the base of coupled disk dielectric resonators
(DDR) in the millimeter waveband is shown. The wark two-channel selective splitter are

demonstrated.
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Experimental equipment
Computerized test benches for investigation of attaristics of OR and diffraction fields in the

millimeter waveband.

» Computerized stand: 3-axis scanning device endblesove the passive (active) probe in the
volume of 25@25%250 mnt with the minimum step of 0.1 mm and a maximum eigjo of

5 mm/sec on an arbitrary trajectory, which is deieed by software. It is used to measure spectral,
field and energy characteristics of OR in the gegahfrequency band.

» Computerized stand for measuring the spatial chexiatics of scattering fields of the millimeter
waveband by fractal and plane-chiral resonancetstres in free space.

The resonance cell for the cryogenic radiospecttemi@ ORNADQO” and the radiospectrometer of
guantum liquids; cuvettes for the measurement odirpaters of liquid dielectrics are designed on
the base of DDR.
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2. Dielectrometry of low-loss semiconductor and dielectric materialsin the temperature range
of 0.5K <T <300K

Responsible: V. N. Derkach (Ph.D. in Phys. and Ma®. V. Golovashchenko (Ph.D. in Phys. and
Math.), S. I. Tarapov (Corresponding member of N#&Jkraine), S. V. Nedukh (Ph.D. in Phys.
and Math.), Ye. M. Ostryzhnyi

Methods and equipment

A cryogenic complex for radiospectroscopic measgr@si— cryodielectrometer “TORNADO” — is
designed for low-temperature measurements of drelggarameters of materials with low loss in
the millimeter waveband and temperature range B@80-K. Functionally cryodielectrometer is the
constituent element of the scientific object “Natb Treasure of Ukraine”,
http://www.ire.kharkov.ua/en/national-treasure.html
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The parameters of the cryogenic radiospectrometer:
» frequency range — 60 GHz — 150 GHz;

* measurement technique — resonator technique (tkgicttic resonator (DDR)) with whispering
gallery modes (WGM));

« temperature range — 0.8 K — 300i¢), 0.5 — 30 (*He);
« cooling system — "Top-loading" refrigerator withatilation of*He or®He;
« volume of the working chamber — 50 tm

Measuring and calibrating units of the radiospeuotter

The main results

2.1. The electrophysical parameters of such diantikedmaterials as semiconductors: Si, Ge, GaP,
InP, GaAs and other diamond-like materials are oweaisin wide frequency band (60 — 150 GHz)
and temperature range (0.5 — 300 K) for the firsét

On the base of the obtained experimental datartblysis of loss mechanisms for some diamond-
like structures is carried out and the contributadrthe basic loss mechanisms is clarified in the
microwave band. The approximation dependencess(tanvhich describes the experimentally

registered losses (points-diamonds), caused byiquatlitum mechanism of intrisic losses i)

and Debye mechanism of non-intrinsic lossess@anfor samples of InP and CVD diamond.
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2.2. Temperature dependences of loss tangent efvder of natural radiotransparent materials
(topaz, agate, chrysoprase, jadeite, rhodonitesitealfluorite, carnelian, chalcedony, etc.) is
measured by using the technique of the disk dietetsonator with whispering gallery modes. As
it can be evident from the figure, these dependemce nonmonotonic for some minerals. Their
behaviour is caused, probably, by competition ofrgn loss mechanisms, which is proper for
composite dielectrics with a complex structure. Thegue characteristics of topaz associated with
low level of losses closed to loss in artificiaystal materials are demonstrated.
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Temperature dependence of loss tangent of soméokswratural minerals (experiment)

2.3. The interaction of electromagnetic fields wilementary excitations in superfluid helium is
demonstrated by use of the designed disk dielec#sonators and by use of technique of
measurement of the absorption of electromagnegoggnn the media surrounding the DDR [5,6].
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3. Experimental study of the spectral characteristics of fields of diffraction by fractal and
resonance structures

Responsible: V. N. Derkach (Ph.D. in Phys. and Math N. Salogub, Ye. M. Ostryzhnyi

Results of investigation

3.1. The theoretical calculation of the parametérgre-fractal structures is carried out on theebas

of mathematical theory of self-similar fractals hiise of the integral equation method, Carleman-
Vekua numerical-analytical regularization methodl alirect method of mechanical quadratures.
Pre-fractal diffraction gratings of the second stafithe generation are investigated.
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The experimentally measured radiation patternshef transmitted E-polarized electromagnetic
wave is qualitatively consistent with the resulisained theoretically.

3.2. The efficient compact polarizers of electronetg radiation for gigahertz and terahertz
frequencies that can rotate the angle of polaomain the frequency bandwidth of 10% from the
center frequency on the arbitrary predeterminedeangth losses of electromagnetic energy not
more than 0.1 dB are designed and developed obatie of theoretical studies in the Department
of computational electromagnetics and our expertalemvestigation. It is shown that the
composite plane-chiral two-slot irises (CPCI) (fowaveguide) and lattices of plane-chiral two-slot
irises (for beam guide and free space) demondtnatg@roperties of a giant "optical activity" and
lead to a rotation of the polarization plane withcliange of ellipticity.
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Electric- and magneto-controllable polarizers a#l a& frequency selective filters and polarization

filters and other devices can be made on the bla8®GI. The gaps between CPCI can be filled by
ferrite, ferroelectric, piezoelectric or multiferco Such devices may find wide use in antenna
technique, telecommunication and microwave techesqut is also shown that CPCI lattices

possess focusing properties and can be used #sritats.
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