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AHHOmMauusi — PelleHa 3ajada paccesiHusi NasepHoro BOf-
HOBOIO Myyka Ha AWUANEKTPUYECKOM LMnuHApe ¢ notepsimu. Mpo-
BEAEH YMCMNEHHbI pacyeT MPOCTPaHCTBEHHOTO pacrnpeaeneHns
paccesiHHOro Nonsi BHyTPY M BHE UUNMHAPA U BbISIBMEH addekT
PE30HAHCHOrO MOTOLLEHNS! NOIS.

|. BBepeHue

K uncny BaxHbIX A MPaKTUYECKUX NPUIOXEHUA B
OMNTO3MEKTPOHUKE, Na3epHO TEXHNUKE OTHOCATCS 3a4aum
paccesiHus NOCKUX BOSH U BOMTHOBbIX NAKETOB pasnuny-
HbIMK oObekTaMu, obnafatLLmMx GONbLLIMMU OMUYECKU-
MK notepsmMu. K Takum, B 4aCTHOCTU, OTHOCHATCS MeTarn-
NIMYECKUA UM OUINEKTPUYECKUA UMNUHAPLI C noTepsi-
MW, C MOMOLLBIO KOTOPbLIX MOXHO U3MEpsTb aMnnutyay
nagatowero nonsi, HanpuMep, NasepHoOro M3ny4yeHusl B
MeCTe pacnorioXXeHUsi BbICOKOOMHOIO npoBoAa no Benu-
UYMHE TEeKyLLero no npoBoAy HaBEAEHHOro MOoSieM ToKa
[1,2]. B paHHOM coobLieHun pelleHa 3agada pacces-
Hus E -nonsipusoBaHHOro rayccoBoro BOMHOBOMO Myyka
(nasepHoro ny4yka) Ha OUSNEKTPUYECKOM LMIUMHAPE C
OMUYECKMMU MOTEPSMU ANS NPOU3BOSIbHBIX COOTHOLLIE-
HUI Mexay pagumycoM LunuHapa, ANVMHON BOMHbI U LUK-
PVHOI BOMTHOBOTO MyyKa.

Il. OcHoBHasA YacTb
PaccmoTpum Bo30yxaeHne OuanekTpuyeckoro uunm-

HApPa Kpyrrnoro nonepe4yHoro ceYyeHna C notepamum E.
nonAapun3oBaHHbIM rayCCOBbIM  MYy4YKOM. OI'paHVI‘—WIMCFl
ABYMEPHbLIM clyYaeM M HopMalibHbIM nageHunem ny4dka
Ha uunnmHgp. McxogHoe none Nna3epHoro ny4dka npepn-
CTaBuM B Bue:

A 2,,2
Ey(y.—2) = Ege ™/ (1)
rne E, — amnnutyma nyuka, S =a+ib, BenuumHa
W2 = g2 XapaKkTepuayeT paanyc BOMHOBOIO Nyuka, na-

pameTp b onpegensieT KpMBU3HY BOMHOBOrO (YpPOHTA
nyyka.

[nsi HaxoXaeHUsi paccesiHHOro LmnuHapom nonst E;

HeobXoauMO pelnTb ypaBHeHue enbmronbLUa ¢ CooT-
BETCTBYIOLMMY TPAHWUYHBIMK YCMOBUSIMK AN1A NONs B
[BYyX 06nacTsix — BHE LUMNUHAPA WM BHYTPU UMnuHapa. B
camom ofLieM cryyae 3TO pelleHue MOXHO NpeacTa-
BUTb B BuAe uHTerpana dypbe

©
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34ecb kO = WA\ HyEéy — BOINHOBOE 4UCNO cBobOAHOrO

npocTpaHcTBa. CrnekTpanbHasi KOMMOHeHTa Ans UCXOA-
HOro BOJTHOBOTO Myyka HaxoamTcs Yyepes obpaTHoe npe-
obpasoBaHue dypbe.

dakTnyeckn BbipaxeHue (2) npepcrtasnseT cobon
HenpepbIBHbIA CNEKTP MIIOCKUX BOJMH C ONpeaeneHHbIMU
amnnutyaamu. MoaTomy ecnu M3BEeCTHO pellueHne 3aaa-

UM O paccesiHUM NIOCKUX BOMH Ha UUMHAPE, TO 3ajadva
paccesiHusA BOMHOBOMO Ny4vka C U3BECTHbLIMU CnekTpanb-
HbIMX aMnnUTygaMn MOXeT Takke OblTb npegcTaeneHa
uHTerpanom ®dypee TMNa (2).

PelwweHne 3agaum paccesHVs MIOCKMX BOJH Ha UM-
nvHgpe yaobHoO npeacTtaBuTb B LUNMHAPUYECKOW CUC-
Teme koopauvHaT. [nsi BHYTPEHHEN M BHellHewn obnac-
TeN uMnNuHOpa C y4eTOM COOTBETCTBYIOLUMX MPaHUYHbLIX
YCINOBWIA A1 3NEKTPOMarHUTHbIX NOMen nonyvyaem:

E>l< (p! (P) = EO Z.O: Wn1A1i7n+16inw‘]n (ko\/zp) ’ (3)
EZ(pp) =E, D WZAI™e™H (k,p). (4)

3pecs W', W’ — koadhdnLMeHTbI, BblpaxaeMble Yepes
KOMBUMHALMN LUNMHAPUYEcknX (pyHKUMA, A — BecoBble

KO3 PULNEHTBI.

[MonyyeHHoe pelueHne MO3BOMSET NPOBOAUTL aHa-
N3 NPOCTPaHCTBEHHOIO pacnpeaenieHns nons BHyTpU u
BHE AM3MEKTPUYECcKOro UMnNuHApa AN pasfuyHbIX 3Ha-
YeHWU mMaTepuanbHbIX NapaMeTpos, T.e. paccMaTpuBaTh
Kak cyrybo amnanekTpuyeckme cpepbl (MMHUM nepedayn),
Tak 1 6nuskve K MeTannnyeckum NpoBOAHMKAM CO 3Ha-
YUTENbHBIM 3aTyXaHWeM BOJIH B HUX.

lll. YucneHHble pe3ynbTaTbl U UX aHanNu3

UncneHHbIN aHanu3 3neKTPOMarHUTHbIX Monen, pac-
CeAHHbIX AUINEKTPUYECKUM LMNMHAPOM MPOBOAMIICA MO
dopmynam (3), (4) ANa pasHbIX 3HAYEHWUI BELLECTBEHHON
1 MHUMOW YacTen ANaneKTpru4eckon NpoHULAeMocTu
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Puc. 1. AMnnumydQa paccesHHoz20 nons
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Fig. 1. Scattered field amplitude
£=¢&' +ig", pasnUUHbIX COOTHOLLEHUSIX MEXOY paauny-
COM UMNUHApPa a W ONMHOM BOMHbI A najarowero us-
Ny4YeHns1, MECTOMOJIOXKEHNEM UCTOYHMKA Z, U Paaunycom
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Puc. 2. MakcumarnbHasa amnnumyda nons sHympu
yunuHdpa ¢ nomepamu.

Fig. 2. Maximum field amplitude within the lossy
cylinder

KPUBM3HbI (ha30BOro PPOHTa MCXOLHOrO BOSTHOBOTO My4-
ka. Kpome atoro paccmartpvBanucb criydan nageHust Ha
UMMUHAP BOSHOBOIO My4yka W NIOCKoW BOmHbIl. B kayecTBe
obbekTa wuccnegoBaHus BblbuMpanuch: pacnpeneneHust
nons B [OW3NEKTPUYECKOM UWMNMHAOPE, AMarpamma  Ha-
NPaBNEeHHOCTN BHE UMNMHAPA, 3aBUCMMOCTU MaKkCUMarib-
HOW aMnnMTyabl MOMs BHYTPU LUNMHAPA OT COOTHOLLEHNS
paavyc uMnuHapa — AnnHa BOMHbI U Ap.

Ha puc. 1 nokasaHbl pacnpegeneHusi nomns BHE U
BHYTPY UMNUHAPA AN PasfUyHbIX 3HaYEHUA OMINEKTpu-
Yeckon npoHuuaemocTu. Makcumym amnnuTyabl peanu-
3yeTca BONM3M NoBepxHOCTU uunuHapa. O4eBngHo, YTo B
JaHHOM Cryyae BOMHOBOZ SIBNSIETCS MHOrOMOZOBbIM.

PesynbtaTel pacyeToB MaKCMManbHOMO 3Ha4YeHUs
amMnnuTyabl Mons BHYTPU UWMAMHAPa C NoTepsMu Ans
pa3snMyHbIX COOTHOLLEHUA MEXAyY ANaMeTpoM LUmMnMHapa
W ONUMHOW BOMHbI U3MNy4YeHnsl NpeacTaBeHbl Ha puc. 2.

YBenuueHve NpoBOAMMOCTM UMMUHAPA NPUBOAMUT K
3aMETHOMY MOBBILLIEHMIO YPOBHSI KOHLEHTPALMKN SHEPTUN
B HeM. AHanM3 nokasbiBaeT, YTO B OQHOMOAOBOM PEXM-
M€ TOHKOro LMIMHApa MakcumarnbHOe 3Ha4YeHne amnnum-
TyAbl NONSA peanu3yeTcs Ha ero ocu. YBenuyeHue nno-
LWaau nonepeyHoro CeYeHuss LunuHapa ConpoBoXaaeT-
CAl CHMXXEHUEM YPOBHS KOHLEHTpauuu SHEPrUM U, Kak
CNeAcCTBME, YMEHbLUEHNMEM MaKCMMarbHOM amninTyabl
nons. Ona sHadyeHuin napametpa a/ A, MeHbLWMX ONTH-
MarnbHOro, NPOUCXOANT CHUXEHUE 3¢hEKTUBHOCTU BO3-
Oy>xaeHnss cobCTBEHHON BOMHbI UunuHAapa. B aton cu-
TyauuMm MakcumarnbHas aMmnnuTyga nossi yMeHbLluaeTcs,
a ee pacnpegeneHue no CeYeHU UnnMHapa CTaHOBUT-
CS NPaKTUYECKN OAHOPOLHBIM.

Ill. 3akntouyeHune

MpoBedeH aHanu3 nonei AnNs AWINEKTPUYECKOTO
UMNMHAPA € NOTEepsIMU 1 YCTaHOBIEHO, YTO CYLLECTBYIOT
Takue 3HauyeHusi NapamMeTpoB AU3NEKTPUKa Y pa3mMepoB
BOMHOBOZA, MPU KOTOPbIX HabMoaaeTcs KOHLEHTpaLums
(chokycupoBka) monsi 3a LWUNUHAPOM MO OTHOLLEHMIO K
napatowemy nomo. Kpome aToro npu onpegeneHHbIX
COOTHOLLEHUSIX MapameTpoB 3aaaqun HabnogaeTcs Mak-
CUMYM aMnnuTyapl nonsi B obnactu BOMHOBOAA, UTO
MOXET NPUBOAUTL K ONTUManbHOMY MOTTIOLLEHUI0 3Hep-
UM MOMS UMIMHAPOM C MOTEPSIMU.
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Abstract — The problem of laser wave beam scattering on the
lossy dielectric cylinder is solved. Numerical calculation of scat-
tered field spatial distribution inside and outside the cylinder is
carried out and resonant field absorption effect is detected.

|. Introduction

The problems of plane waves and wave packets scattering
by different ohmic lossy objects are important for the practical
applications in optoelectronics, laser technology, etc. Metal or
dielectric lossy cylinders allow measuring amplitude of the inci-
dent field (for example, laser radiation) in the location of a high-
ohmic wire by measuring current, induced by field in the wire [1,
2]. In this report the problem of the E-polarized Gaussian wave
beam (laser beam) scattering on the lossy dielectric cylinder for
arbitrary relations between cylinder radius, wavelength and
wave beam width is solved.

Il. Main Part

Excitation of lossy round dielectric cylinder by polarized
Gaussian beam is considered. We shall be limited by two-
dimensional case and normal beam incidence on the cylinder.
In order to obtain the scattered field it is necessary to solve the
Helmholtz equation with appropriate boundary conditions for the
field in two zones - outside and inside the cylinder. The solution
obtained allows to carry out the analysis of field spatial distribu-
tion inside and outside dielectric cylinder for different values of
material parameters.

Field spatial distributions for different permittivity values are
shown in Fig. 1. Amplitude maximum is located near the cylin-
der surface. It is clear that in this case waveguide is multimode.

Field amplitude maxima inside the lossy cylinder for different
relations between the cylinder diameter and radiation wavelength
are shown in Fig. 2. The analysis displays that in single-mode
field amplitude maximum is located on cylinder axis. Cylinder
cross-section increase results in the energy density level de-
crease. Hence the field amplitude maximum also decreases. For

the values a/ A lower than optimum, efficiency of the cylinder

eigen mode excitation decreases. In this case the field amplitude
distribution within the cylinder cross-section is quasi-uniform.

lll. Conclusion

Fields analysis for the lossy dielectric cylinder is carried out.
Maximum of the field amplitude within the waveguide is deter-
mined for particular relations of system parameters. This phe-
nomenon can result in optimum electromagnetic energy absorp-
tion by the lossy cylinder.
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