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Plasmonics studies the physical phenomena that occur when light interacts with metal or highly doped semiconductor structures.
Oscillations of free charge carriers in such structures (plasmons) can interact with an external electromagnetic field. This leads to the
appearance of plasmonpolaritons — waves, whose energy is made up of the plasmon energy and the photon energy. Unlike
conventional electromagnetic waves, plasmon-polaritons possess a strong spatial localization at optical frequencies, which potentially
allows the creation of optoelectronic devices, sensors and subwavelength lasers. In the framework of the course, the fundamental
principles of the light interaction with material’s plasma oscillations will be considered, and methods for describing the plasmon
properties of single metal nanoparticles and their arrays will be discussed.

MnasMoHrka u3y4YaeT (uU3NYecKUe SBIEHUS, BO3HUKAOWME TPV B3aMMOAENCTBUM CBETA C METa/UIMYECKUMU WU  CUJIbHO
JIerPOBaHHLIMY MOJTYMPOBOAHMKOBLIMU CTPYKTypamu. CobcTBeHHble KonebaHns cBoBOAHbLIX HOCUTENEN 3apsAfa B TaKUX CTPYKTypax
(N1a3smMoHbI) MOTYT B3aMMOLENCTBOBATL C BHELIHUM 3/1€KTPOMArHUTHbLIM MoJieM. TO NPUBOAUT K MOSIBIEHMIO M1a3MOH-MOJISPUTOHOB -
BOJIH, SHEPrusi KOTOPbIX CKJIAAbIBAETCS U3 SHEPruy MAasMOHOB U SHEPrun (POTOHOB. B OT/aMYME OT OBbIYHLIX 3/1EKTPOMArHUTHBIX
BOJIH, MJIa3MOH-MONSPUTOHBLI 06/1aal0T CUILHOM MPOCTPAHCTBEHHON JIOKANM3auMen Ha ONTUYECKUX 4acTOoTax, YTO MOTEHLMaNbHO
Mo3BOJNIIET CO34aBaTb OMTO3/IEKTPOHHbIE YCTPOWCTBA, CEHCOPbl W sasepbl Cy6BONMHOBOrO pa3Mepa. B pamkax kypca O6yayT
paccMoTpeHbl (DyHAAMeHTaslbHble OCHOBbI B3aWMOAENCTBUS CBETA C MIA3MEHHbIMU KoJIeGaHUAMN BELecTBa, W3JI0XKEeHbl MEeTOonbl
OMMCaHNUSA MIa3MOHHbIX CBONCTB OANHOYHbLIX METAIMYECKMX HAHOYACTNL, U X MAacCHBOB.
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Copep>xaHue Kypca

2 semester / 2 cemecTp

Nanoplasmonics
CTpyKTypa Kypca
Topic Lections
(ac.h.)
Part I. Optical properties of metals
Maxwell's equations 2
Drude Mod 2
Interaction of electromagnetic waves with metals 2
Part Il. Surface plasmon-polaritons
Surface plasmon-polaritons 2
Excitation of surface plasmon-polaritons 2
Plasmonic waveguides. Bulk plasmon-polaritons 2
Part Ill. Localized surface plasmon resonance
Resonances in small metal nanoparticles: quasistatic approximation 2
Fabrication and optical characterization of plasmonic structures 2
Resonances in small metal nanoparticles: complex shapes and structures 2
Light scattering on metal nanoparticles: beyond quasistatic approximation 2
Part IV. Plasmonics applications
Nanoparticle ensembles for light localization and guiding 2
Plasmonics applications for light emission enhancement 2
Plasmonics for sensing, nonlinear optics, and optomechanics applications 2

Paspenbl Jlekuum
(ak.4.)
Yactb |I. OnTHYecKkue CBOMCTBa MeTaJlJiIoB
1.1. YpaBHeHUs MakcBenna 2
1.2. Mopenb Opyne 2
1.3. B3auMogencTBmne 31IeKTPOMarHUTHbIX BOJIH C MeTannamum 2
YacTtb Il. MoBepXHOCTHbIE MNJ1a3MOH-MOASAPUTOHBI
2.1.MNMoBepXHOCTHbIE MAAa3MOHbI-MOSISPUTOHbI 2
2.2.MeToabl BO3OYXAEHNS MOBEPXHOCTHbIX MJ1a3MOHOB 2
2.3.Mna3MoHHbIe BOJIHOBOAbI. OB beMHble M1a3MOHbI-NONSPUTOHBI 2
YacTs lll. JlJokannsoBaHHbIA N1IA3MOHHbIA PEe3OHAHC
3.1. Pe30HaHChI B MajbiXx MeTa/sIMY4ECKMX HaHOYaCTULLaX: KBa3ncTaTu4yeckoe npubnmxeHmne 2
3.2.®abpukauns 1 onTU4ecKas xapakTepmsaumns naasMoHHbIX CTPYKTYP 2
3.3.Pe30HaHChl B MabiX MeTasIM4eCKMX HaHOYaCTULLax: CTPYKTYpPbl CJIOXKHOW reoMeTpumn 2
3.4.PaccesiHne cBeTa Ha MeTaJlInYeCKUX HaHOYaCTULax: BHE PaMOK KBa3nCTaTUYECKOro nNpnbnanxeHms 2

YacTsb IV. MpunoxxeHns njaasMOHUKHU




4.1.AHcambnun HaHoYaCcTuWL, ANs NoKaAn3aunn 1 yrnpaBaeHnsi CBETOM 2

4.2.TIpUNoXKEHNS NNa3MOHNKWN 1 YCUSIEHUS SMUCCUN CBETA KBAHTOBbLIMM NCTOYHUKaMU 2

4.3.Mna3MoHMKa ons AeTeKTnpoBaHnA, HEeJINHEeNHOW ONTUKN N ONMTOMEXaHNYeCKUX I'IpI/IJ'IO)KeHI/II7| 2
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Monutuka oueHuBaHus

OueHKa 3a KypC BbICTaAB/ISIETCS Ha OCHOBE BbIMOJIHEHHbIX AOMAlLUHUX PaboT U OTBETE Ha 3K3aMeHe. MaKCuMMasbHO 33 KypC MOXXHO
HabpaTb 100 6annos: 50 6annos 3a 3k3ameH, 50 6annoB 3a AoMalwHue paboTbl. VTorosas oLeHKa BbICTaBAAETCA UCXOOSA W3
KonmyecTBa HabpaHHbIX 6annos.:

oT 90 po 100 6annos. - oueHka 5

oT 80 no 89 6annos - oLeHka 4

oT 70 po 79 - oueHka 3

69 1 MeHbLUe - oueHKa 2

Course grade is based on completed homeworks and exam performance. You can score a maximum of 100 points for the course: 50
points for the exam, 50 points for homework. The final grade is given based on the number of points scored:

from 90 to 100 points - score 5 (excellent)

from 80 to 89 points - score 4 (good)

from 70 to 79 - score 3 (satisfactory)

69 or less - score 2 (unsatisfactory)

Tun caMocToATeNbHbIX 3a8aHU

Tasks examples:

1) Let's imagine that we arrange all atoms contained in 1 cm3 of gold and arrange them in a linear chain. Find the length of this chain
L. How many times N is it more than the distance between the Earth and the Sun?

2) Plot the dependence of the penetration depth of normally incident planewave into thick gold/silver/aluminium foils on the
wavelength.

3) Find the condition when polarizability of a core-shell particle equals to zero. It provides “invisibility” of core-shell nanostructures.

MpuMepsbl 3a8au4:

1) NpencTaBuM, 4TO Mbl YNIOPSAA0YNIM BCE aTOMbI, CoOAepKalmecs B 1 cm3 30/10Ta, B JIMHENHYIO Lernoyky. Bo ckonbko pa3 N oHa
OJINHHee, YeM paccTosHue oT 3emaun o ConHua?

2) HapucyiTe rpadmkm 3aBUCMMOCTY FyOnHbI MPOHUKHOBEHWS HOPMaJslbHO MajatoLlen MNJOCKON BOJIHbI B MJIEHKY
30n0Ta/cepebpa/antoMHNS OT OJIMHbBI BOJIHbI BO3OY>XXAAOLWEro N3ay4YeHuns.

3) HanpguTe ycnosus, npu KOTOPbIX NOASPU3YEMOCTb YacTuLbl BUAA «34p0-060/104Ka» paBHa HyJIl0. 9TO COOTBETCTBYET Ciyvato
HEeBMAVMOCTW TaKOM YacTuLbl.

JdonoJsiHuTesibHbIe KOMMEeHTapum

Additional notes: In accordance with these lectures online course «Plasmonics: From Fundamentals to Modern Applications» based on
edX platform is working (https://www.edx.org/course/plasmonics-fromfundamentals-to-modern-applications). All students have access
to it. This course can be considered as a base for self-education and preparing of the homework.


https://www.edx.org/course/plasmonics-fromfundamentals-to-modern-applications

B COOTBETCTBUM C NeKUMAMN AaHHOMO Kypca 3anyLlleH oHnanH-Kypc «Plasmonics: From Fundamentals to Modern Applications» Ha
6a3e edX (https://www.edx.org/course/plasmonics-fromfundamentals-to-modern-applications). 3ToT Kypc foCTyneH ona cCTyaeHToB
JNIEKLIMOHHOI 0 Kypca 1 MOXKET paccMaTpuBaTbCs Kak 6asa Ans NoOAroTOBKM K AOMALUHMM 3aaHUsM.


http://www.edx.org/course/plasmonics-fromfundamentals-to-modern-applications

