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The course is designed for first-year master students enrolled in the master's program "Nanophotonics and Metamaterials". The main
subject under study is the characteristics of the radiation of quasi-point sources placed near optical nanostructures. The classical
description of the interaction of radiation sources with optical nanostructures is considered, emission properties of the sources
interacting with such model objects as layered systems, waveguide structures, nanoparticles and metamaterials are considered; their
common features and main differences are discussed. During the course, students must perform numerical calculations of the
characteristics of some of the systems under consideration. In the case of the simplest structures, one will have to write their own
code in the programming language of their choice, and in the case of more complex structures, one will have to build a numerical
model in one of the software packages.

Kpr pacC4nTaH Ha CTyAeHTOB MNepBOro roga MarumcrtpaTypbl, OGy‘-IalOLLI,I/IXCFI Ha MarVICTepCKOVI nporpamme <<HaHOCpOTOHI/IKa n
MeTaMaTepunaibl». OCHOBHbIM npegMmeToMm n3yHeHus B Kypce ABIATCA XapPaKTeEPUCTUKN N3NyHeHNA KBa3UTOHYEYHbIX NCTOYHUKOB Mpu
X pacrnonoXXeHunn B6M3M ONTUYECKMX HaHOCTPYKTYP. PaCCManVIBaeTCﬂ KJlacCU4eckoe ornncaHne B3auMOLencTBUS UCTOYHUKOB
n3nyyeHma ¢ oNnTUYeCKNMMN HaHOCTPYKTYpaMu, 06Cy)K,EI,alOTCﬂ obuime qDI/I3I/I‘-IECKI/Ie 0COBEHHOCTN 1N OCHOBHbIE pa3nnyna B XapakTtepe
n3nyyHeHmna WMCTOYHUKOB, PacCnosiIoXeHHbIX BOM3N TakmMx MoJLesibHbiX OOBbEeKTOB Kak nnockonapansenbHble CIOUCTblE CUCTEMBI,
BOJIHOBOAHbIE CTPYKTYpPbl, HaHO4YaCTWULbl N MeTaMaTepuasbl. B npouecce OGyHeHMﬂ CTyAeHTbl OO0JIKHblI BbIMOJIHUTL YUCNEHHbIE
pacHeTbl XapaKTepUCTUK HEKOTOPbIX W3 pacCMaTpuBaeMbiX CUCTEM. B cnydae I'IpOCTeVILLIVIX CTPYKTYpP Tpe6yeTcn HanncaTb
COBCTBEHHbIN KOA Ha Bbl6paHHOM NMMWUN A3blKe MpOorpaMmMmmpoBaHund, B Clydae 6onee CNOXHbIX CTPYKTYP - NOCTPOUTb HYUCIIEHHYIO
Moaesib B O4HOM M3 NPOrpaMMHbIX MakKeToB.
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Copep>xaHue Kypca

Detailed content and structure with sectioning of lectures/seminars:

CTpyKTypa Kypca

Ne Topic Hours
1 Interaction of quantum emitters with nanophotonics structures: classical description. Modification of emission properties 4
due to interaction with environment: nanoantennas and Purcell effect.
5 Dyadic Green'’s function: general derivation, near-field and far-field, angular distribution, emission power, electric and 6
magnetic dipoles, duality theorem.
3 Modification of dipole emission near layered structures: general formulation. Calculation of total emission rate for a 6
dipole near an interface.
4 Modification of dipole emission near a dielectric/metal interface. Calculation of total emission rate for a dipole near an 4
interface. Calculation of the power fraction coupled to plasmon. Lossy surface waves. Numerical examples.
5 Calculation of emission rate into cavity or waveguide modes. Example of a plasmon. 2
6 Modification of radiation patterns. Radiation pattern of a dipole near an interface. Numerical examples. 6
7 Emission properties of an arbitrarily polarized dipole coupled to different structures. Bianisotropic response induced by 4
substrate.
8 Arrays of scatterers, summation techniques, discrete dipole method. Coupling of a dipole to nanoparticle arrays. 4
Ne Tema Yachbl
1 B3aumMopencTtBre KBaHTOBbLIX SMUTTEPOB CO CTPYKTYPaMU HAaHO(OTOHMKIN: KJacCUYeCcKoe onncaHme. ismeHeHne 4
CBOWICTB U3JTy4eHUS 3a CHET B3aMMOAENCTBUA C OKPY>KaloLLlel Cpefon: HaHOaHTeHHbI 1 3ddekT Mapcenna.
2 OunapHasa dyHKUMS [puHa: obwmii BeiBoA, 6anXKHee 1 fanbHee NoJie, yrioBoe pacnpefesneHne, MoWHOCTb N3JyYeHus, 6
3/1eKTPMUYECKME N MarHUTHbIE ANMNOAN, TeopeMa ABONCTBEHHOCTW.
3 N3MeHeHue n3nyyeHns aunons B6am3n ComcTbix CTPYKTYp: obwas thopMyanposka. PacyeT nosaHOM CKOPOCTHr 6
n3yyYeHus aunons B6am3n rpaHuLbl pasgena.
N3MeHeHMe nsnyyeHns gunons B6M3n rpaHuubl pasfena gnuanekTpuk/mMeTana. PacyeT nosHoW CKOPOCTU U3y4YeHus
4 avnons B6,M3n rpaHnubl pasgena. PacyeT f0M MOLWHOCTM, CBSAI3aHHOW C NJ1a3MOHOM. [TOBEPXHOCTHbIE BOJIHbI C 4
notepsamu. Mpumepsl.
5 PacyeT CKOpOCTU U3sly4eHnsa B MOObl pe3oHaTopa uan sBoaHosoAa. lNMpumep niasmoHa. 2
6 N3MeHeHne anarpaMm HanpaBaeHHOCTU. [luarpaMma HanpaBAeHHOCTM Aunons B6nM3n rpaHnubl pasgena. MNpumMepsit. 6
7 SMUNCCUOHHbIE CBOMCTBA ANMOJIA MPOUN3BOJIbHOM NOAAPU3ALINKN, CBA3AHHOMO C Pa3INYHLIMU CTPYKTYypaMu. 4
BuaHunsoTponus.
8 MaccuBbl paccenBaTesnen, METOAbl CYMMUPOBAHWSA, METOA AUCKPETHbIX annonen. CoeanHeHne oMnonas ¢ MacCnuBamm 4
HaHoYacTUL.
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NMonunTuka oueHnBaHuA




Grading policy: Final grade is based mostly on the final exam; the maximum mark for the exam is affected by the results of the
homework problems and the pre-exam test.

OueHka 3a KypC onpegensdaeTcd no pesysbTaTaM CcOavdl 3K3aMeHa, MaKCUMMalJibHasd OuUeHKa 3aBUCUT OT pe3yJsibTaTOB BbIMNOJIHEHUA
3ajaHu 0N CAaMOCTOSITENIbHOIO peLIJeHI/IVI n coayvym nToroeoro TecTa.



