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AHHOmMauusi — Wccnegyrotcsi nonsipusaumnoHHble XapakTe-
PWCTMKN raycCOBOrO BOMHOBOrO My4Ka, PacCesHHOro Ha mnnoc-
KOM OAHOPOAHOM Croe U3 matepuana ¢ oTpuuaTeNbHbIM Noka-
3aTenem npenomneHusi. NokasaHa BO3MOXHOCTb Mpeobpaso-
BaHMA 3a4aHHON NoNsipM3aummn NagaoLLero Ha Crovi BOMHOBOIO
nyyka B MIIOCKYIO U KPYroByio.

|. BBepgeHue

MHTeHCMBHbIE TeopeTudeckme W IKcnepumeHTanb-
Hble MCCneaoBaHWUs MaTtepuanbHblX Cped, UMELNX
oTpuuaTenbHbIA MoKasaTenb NpernomiieHns B onpee-
NIEHHOM YacTOTHOM AuanasoHe, 0OyCcrnoBneHbl B NEPBYHO
oyepeab HEOObIYHLIMM 3aKOHOMEPHOCTSIMU B3auUMOEeN-
CTBUS 3M1IEKTPOMArHUTHOrO MOSISi C TAKUMU CTPYKTYpaMMu.
OcHoBHble a(hdeKTbl, CBA3AHHbIE C MPOXOXAEHVEM
3NEeKTPOMarHUTHbIX BOMH Yepe3 Tak HasbiBaemble «rie-
Bble» cpefbl, 6a3npyloTCa Ha B3aMMOCBA3aHHbLIX MOHS-
TMAX OTpUUaTEeNbHON TPYNMNoOBOWM CKOPOCTU, XapakTep-
HOM Ans 06paTHbIX BOMH B NEPUOAMYECKUX CTPYKTypax,
W OTpULATENbHOrO MPEeroMieHns Ha rpaHuue pasgena
aByx cpeg [1, 2]. NameHeHne HanpasneHws pacrnpo-
CTPaHEHUs MPEeNoOMIEHHbIX BOJMIH 32 CYET WU3MEHEHWs
3Haka nokasaTensi NPenoMIieHust No3BonsieT pa3paba-
TbiBaTb HOBblE YCTPOWCTBA ANsl YNpaBneHns pasnunyHbl-
MW XapaKTepUCTUKAMWN INEKTPOMAarHUTHOTO M3MNy4YeHus.
CoBpeMeHHbI YpOBEHb TEXHOMOMMIN MO3BOMseT co3aa-
BaTb Takme YCTPOWCTBA Ha OCHOBE TOHKOMIEHOYHbIX
CTPYKTYp B TeparepLioBOM M ONTMYECKOM Avana3oHax. B
CBSI3W C 3TUM MCcregoBaHWe 3aKOHOMEpPHOCTEW B3au-
MOJENCTBMS pa3HOOOpa3HbIX BOMHOBbLIX 0Opa3oBaHuUi
CO CrouUCTbIMWU cpefaMu, UMEKLLMMM OTpuLaTenbHbIN
nokasatenb MNPenoMIIEHUN, SIBMSIETCA akTyarnbHbIM B
nnaHe NpPMMeHEeHNs1 B aHTEHHON U Na3epHOM TEXHUKE.

B naHHom paboTe paccmaTpuBaeTCca OOUH M3 acnek-
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Puc. 1. Snnuncel nonsipuzayuu 8 crydae
ucxo0HoU annunmuYeckouU rosspusayuu.

Fig. 1. Polarization ellipses for initial elliptic
polarization

TOB AaHHOW npobnembl — npeobpasoBaHue nonsipusa-
LUK rayccoBOro BOJSTHOBOMO My4ka, najawLero Ha nno-
CKUI OQHOPOAHbLIA CMON MeTamaTepuana ¢ oTpuuaTenb-
HbIMW 3HAYEHNSIMM MaTepurarbHbIX NapaMeTPOB.

Il. OcHoBHasA 4yacTb

BsanmogencTeme BOMHOBbLIX Ny4yKOB C 3J1E€KTpPOAMHa-
MUYECKUMU cUCTEMaMM OObIYHO aHanusnpyeTca Ha ocC-
HOBE CneKkTpanbHOro metoaa ¢>ypbe, KOTOprIZ no3Bons-
eT npeacraBnUTb BOMHOBOW NakeT B BUAE cynepnos3numnn
MNOCKMX BOJSTH C onpeperieHHbIM CrnekTparibHbIM napa-
MeTpoM. Takum 06pa30M 3ajadvya CcBOAUTCA K aHanunisy
pacnpocTpaHeHUs MOHOXPOMaTUYEeCKOW MMOCKOW BOSI-
Hbl MPOM3BOSILHOM NONsipMU3auUnn Yepes crnon ¢ oTpuua-

TelNbHbIM NOKasaTenem npenomMmrneHns N =./gu , KoTo-

pbin B obwem crniydae MOXeT 3aBUCeTb OT 4acCTOThbl.
nOCKOﬂbe aMmnnutyga nonda CUMMMEeTPUYHOro raycco-
BOro ny4yka n3meHseTcqa B ero nonepe4yHomMm ce4vyeHum no
3aKOHY:

X+
E~exp ————|,
w

roe X, Y — nonepeyHble KoopauHatbl, W — paguyc

«MNATHa» Monsl, TO NOMSPM3aLNOHHbIE NapaMeTpbl TakKe
ABMSATCA (YHKUMSIMU KOOpAuHaT. B aTtom cmbicne
MOXHO FOBOPUTE O MPEUMYLLECTBEHHOW MNonsipu3aLmm
BOMHOBOrO My4ka, kKoTopasl onpefensieTcs JOMUHUPYHO-
WyMM  MapakcuanbHbIMU - COCTaBSAWMMM  YIIIOBOTO
cnekTpa.

[nsi nonsi Npou3BONbHONW MONsipU3auMM AOCTAaTO4MHO
paccMOTpeTb ABE BOMHbI CO B3aVIMHO-NEPrEHAUKY-
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Puc. 2. dnnuncel noaspu3ayuu 8 cry4yae
ucxo0HoU nnockol rnonspusayuu.

Fig. 2. Polarization ellipses for initial plane
polarized mode

2009 19th Int. Crimean Conference “Microwave & Telecommunication Technology” (CriMiCo’2009). 14-18 September, Sevastopol, Crimea, Ukraine
© 2009: CriMiCo’2009 Organizing Committee; CrSTC. ISBN: 978-966-335-244-2. IEEE Catalog Number: CFP09788 567



NSIPHLIMU NIIOCKOCTSIMK nonsipu3auun. CriefoBaTenbHo,
B obLlem cnyyae HeoBGXOAUMO yuuTbiBaTb BCE LUECTb
KOMMOHEHT 3MEKTPOMarHUTHOrO MoMsi C COOTBETCTBYIO-
WuUMKU has3oBbIMU caBUramu. AMNAMTYAbl NAOCKMX Nap-
LmanbHbIX BOMH B pasnoxeHun ®Pypbe onpepensorcs
CMeKTpanbHOWM NMOTHOCTbLIO rayCCOBOro My4ka:

2
1 B wk,
F(kX)_cosweXp (2005(0)

roe @ — yron nageHud nydka Ha NSIOCKMIA CrOW, kx —

CneKTpanbHbl napameTp (MonepeyHoe BOMHOBOE YMC-
no). Torga NpoCTpaHCTBEHHOe pacnpegerneHne ortpa-
XXEeHHOoro uvnu npouwealwero 4epes Crnon nons MOXHO
onpegenuTb Yepes obpatHoe npeobpasosaHue Pypoe:

62 :i];cé{?(kx)F(kx)exp(i(kXX+kyy))dkx

rae A% u AM® _ koMnoHeHTLI oTpaXeHHoro 1 npo-

weauwero nona ona oByx B3anMHO-NneprneHOnKynAapHbIX

nonsipusaumit, C&? u CH? — komnnekcHble koaddu-

UMEHTbl OTpaXkeHWs U MPOXOXAEHUS 4yepe3 Ccrow Ans
nonen gaHHbIX nonapusauui [3].

Ha puc. 1 npeacrtaBneHbl pesynbTatbl pacyeta no-
NSAPU3ALMOHHBLIX 3MUMNCOB ANS Nafalollen, OTpaXeH-
HOM W1 npollefwen Yyepes croi BonHbl (kpuBble 1 — 3
COOTBETCTBEHHO). B paHHOM cnydae annunTuyeckas
nonsipusauma nagaroLlero manyyeHus npeobpasyeTtcs
Npv NPOXOXAEHUN Yepes Cron B KPYroByto, a npu oTpa-
XXEHUM — MpakTUyeckn B Nrockyto. Ana apyrnx Habopos
napamMeTpoB CUCTEMbI MPOMCXOOUT Takke npeobpaso-
BaHWe SNMMNTUYECKOW MNONsApuU3aumMm npu OTPaKEHUN
UM MPOXOXAEHWUN Yepes Cron B NMAOCKY UMW SNAMNTyH-
YeCKyH, MOBEPHYTYH OTHOCUTENBHO UCXOOHOMN.

Ha puc. 2 nonsipnsaunoHHble XxapakTepucTUkL npea-
CTaBneHbl Ans NAOCKOW nongpu3aumy nagaroLlero us-
ny4venuns. 3gecb Takke HabnwgaeTcs U3MeHeHne nons-
pu3aumm nyyka npu paccesHum Ha cnoe. OTpaxeHHoe
OT CMoSA W3Ny4YeHUe WUMeeT KPYroBylo MNonsipusaumio,
npuyem Ans AaHHoro Habopa napamMeTpoB MPOMCXOOUT
[JOBOSBbHO cUMbHOE OTpaxeHue oT cnos. [Mpoweawnii
Yepe3 Crol My4yoK OKa3blBAETCS MONSPU30BAHHBIM MO
ANNUMCy, rmaBHasi OCb KOTOPOro pacriofioXeHa nepnex-
OVKYNSIPHO MIOCKOCTU NafeHus.

CnepoBaTenbHO, CUMHa3sHble KOMMOHEHTbI Mafato-
Lero nomnsi Co B3aMMHO-NEPNEHANKYISAPHbIMU MIOCKO-
CTAMYW nonsipusaummn npuobpeTaloT hasoBbIA CABUT NpU
OTPaXEHWU OT CIOS U MPOXOXAEHMN Yepes Hero.

Ill. 3aknoyeHue

YcTaHoBNEHbl OCHOBHbIE 3aKOHOMEPHOCTU npeobpa-
30BaHNsl NONsipU3aLuMy rayccoBOro nydka npu oTpaxe-
HUM OT CMoS C OTpULATESIbHBIMU MaTepuasribHbIMU na-
paMeTpaMu, a Takke MPU MPOXOXAEHUN Yepes HEro.
PesynbTaTbl pacyeToB CBUAETENLCTBYOT O BO3MOXHO-
CTW yMnpaBreHusi NonsipUM3auMoHHbIMK XapakTepucTuka-
MM BOITHOBbIX My4YKOB C MOMOLLbIO CIIOUCTbIX CTPYKTYp U3
mMeTaMaTepuaros.
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Abstract — Polarization characteristics of the Gaussian beam
that scattered on the left-handed material uniform plain layer are
investigated. Opportunity of the transformation of the incident
wave beam polarization into plane and circular one is shown.

|. Introduction

The intensive theoretical and experimental researches of
negative index metamaterials in a particular frequency range
are caused by unusual mechanisms of the electromagnetic field
interaction with such structures. The main effects that associ-
ated with passing of the electromagnetic waves through the so-
called "left-handed" media are founded on interdependent con-
cepts of the negative group velocity and negative refraction on
the two media interface [1, 2]. The changing of the refracted
wave propagation direction due to change of the refraction in-
dex sign allows developing new devices for control of the differ-
ent waves characteristics. The modern level of technologies
allows creating such devices on the basis of thin-film structures
in terahertz and optical bands. Hence the research of interac-
tion regularities of different wave formations with stratified nega-
tive index media is important for application in the antenna and
laser technology.

In this report polarization transformation of the Gaussian
beam that incident on the plane negative index metamaterial
layer is considered.

Il. Main Part

The interaction of the wave beams with electrodynamic sys-
tems is normally analyzed on the basis of a spectral method of
Fourier, which allows presenting a wave packet as a superposi-
tion of plane waves. Thus the task is reduced to the analysis of
monochromatic plane wave propagation through the negative
index layer. Amplitude of the symmetric Gaussian beam field
varies in its cross-section under the law:

2 2
E~ exp _% ,
W

where x, y — transversal coordinates, w — beam radius.

Hence the polarization parameters also are functions of coordi-
nates. In this sense it is possible to speak about preferential
beam polarization which is defined by dominating paraxial com-
ponents of the angular spectrum.

Fig. 1 shows the polarization ellipses for incident, reflected
and transmitted fields (curves 1 — 3 accordingly). In this case
elliptic polarization of incident radiation will be converted at
passing through the layer in circle one, and at reflection —
practically in plane one.

In Fig. 2 polarization characteristics represented for plane
polarization of incident radiation. Reflected field has circle po-
larization and transmitted field has elliptic one.

lll. Conclusion

The main regularities of the Gaussian beam polarization
transformation are obtained at reflection from the negative in-
dex layer and also at passing through it. The calculations re-
sults indicate the possibility of the wave beams polarization
characteristics control with using of stratified metamaterial
structures.
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