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1. JIekTopsl: Auapeit bornmanos, Muxawi [lerpoB, Kcenust bapsimankosa
Accucrentnl. Kupuin Komenes

Lecturers: Andrey Bogdanov, Mihail Petrov, Kseniia Baryshnikova
Assistants: Kirill Koshelev

2. KpaTkas anHoTaAmMsI:

[Ina3monuka u3yyaer Gpu3MUECKUe SBJICHHs, BOZHUKAIOUIME IPU B3aMMOJIECHCTBUM CBETA C
METAJUIMYECKUMU WJIM CHJIBHO JIETUPOBAHHBIMM IOJIYIIPOBOJHUKOBBIMU CTPYKTYpaMH.
CoOcTBeHHbIE KOeOaHUsl CBOOOJHBIX HOCHUTENIEH 3apsaaa B TAKUX CTPYKTypax (IJIa3MOHBI)
MOTYT B3aUMOJICHCTBOBaTh C BHEIIHUM 3JIEKTPOMAarHUTHBIM THOJEM. OTO NPUBOIUT K
IMOSABJICHUIO IINIA3SMOH-IIOJAPHUTOHOB - BOJIH, SQHCPIrHUA KOTOPBIX CKJIAABIBACTCA U3 DHCPIrUH
IIa3BMOHOB W JHEPruu Q)OTOHOB. B otminune oTr OOBIYHBIX OJICKTPOMAardMuTHBIX BOJIH,
IUIa3MOH-TIOJIAPUTOHBI  00JIaAl0T  CUJIBHOW  IPOCTPAHCTBEHHOM  JIOKalM3alMed Ha
ONTUYECKUX YAaCTOTaX, YTO IOTEHUUAIbHO MO3BOJIIET CO3[aBaTh ONTORIEKTPOHHbIE
YCTPOICTBA, CEHCOPHI U JIa3epbl CYOBOJIHOBOIO pa3mepa.

B pamkax kypca OyayT paccMOTpeHbl (hyHaMEeHTalbHbIE OCHOBBI B3aUMOJICHCTBHUS CBETA C
IUTa3MEHHBIMU KOJIE0aHUSMU BEIECTBA, N3JI0KEHbBI METO/1bI OMTMCAHUS MJIAa3MOHHBIX CBOUCTB
OOMHOYHBIX MCTAINIMYECKUX HAHOYACTHUIl U UX MACCHUBOB.

Abstract:

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 plasmon-
polaritons — 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.

3. Ha3Banue mporpamMmbl M cemecTp: Marucrparypa «HaHOpOTOHHMKa W MeTamaTepuaibly,
2ii cemMecTp.

Study program and semester: master program «Nanophotonics and metamaterialsy,
semester.
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4. JleTaqibHOE OIMCAHKME Kypca ¢ pa30MeHneM 110 JIeKIHAM/CeMHHAPAM/NIPAKTHKAM

Ne ‘ HasBanmue Tun ypoka
Yactsb |. OnTHyecKkHe CBOIiCTBA METAJLIOB
1 YpaBaenus MakcBesia Jlexuust
2 Monens Jpyne Jlexmust
3 B3anMozeicTBre 31€KTPOMArHUTHBIX BOJIH C METaJUIAMH Jlexuus
Yacts Il. [TloBepxHOCTHBIE VIA3MOH-NIOJISIPUTOHBI
4 IToBepXHOCTHBIE NIIA3MOHBI-TIOJISIPUTOHBI Jlexuus
5 MeTo/161 BO30YKICHHUS TOBEPXHOCTHBIX IJIA3MOHOB Jlexuust
6 IIna3MOHHBIE BOJIHOBOJBI. Jlexuust
O6beMHbIe MIa3MOHBI-TOJISPUTOHBI
Yacrs |11, Jlokaan3oBaHHbIN NJ1a3MOHHBII pe30HAHC
7 Pe3onaHChl B MAJTBIX METAIIIMYECKUX HAHOYACTULIAX Jlexuus
KBA3UCTaTHUECKOE MPUOIIIKEHUE
8 dabpuKaius U ONTUYECKas XapaKTepu3amus Ia3MOHHBIX Jlexuus
CTPYKTYP
9 Pe3onaHChl B MAJIbIX METAIIMYECKUX HAHOYACTULIAX Jlexuus
CTPYKTYPBI CIIO)KHOW T€OMETPUHU
10 PaccestHue cBeta Ha METaNIMYECKUX HAHOYACTHUIIAX: Jlexuus
BHE PAMOK KBa3UCTaTHYECKOTO MPHUOIMKECHUS
Yacre |V. [IpunoxkeHus mJIa3sMOHUKH
11 AHcamM065I1 HAaHOYACTHIL JIsI IOKAJIU3AIMH U YIIPaBJICHUS CBETOM Jlexuus
12 [IpunosxeHust mIa3MOHHUKY JJISI YCUIICHUSI SMUCCUU CBETA Jlexums
KBAHTOBBIMH HCTOYHUKAMU
13 [ma3sMoHuKa JU1s1 AETEKTUPOBAHUS, HEJIMHENHON ONITUKHU U Jlexknusa

OIITOMCXaHHYCCKHX HpHJ’IO)KCHI/Iﬁ

Detailed content and structure with sectioning of lectures/seminars:

Ne | Topic | Classes type
Part I. Optical properties of metals
1 Maxwell's equations Lecture
2 Drude Model Lecture
3 Interaction of electromagnetic waves with metals Lecture
Part Il. Surface plasmon-polaritons
4 Surface plasmon-polaritons Lecture
5 Excitation of surface plasmon-polaritons Lecture
6 Plasmonic waveguides. Lecture
Bulk plasmon-polaritons
Part I11. Localized surface plasmon resonance
7 Resonances in small metal nanoparticles: Lecture
quasistatic approximation
8 Fabrication and optical characterization of plasmonic structures Lecture
9 Resonances in small metal nanoparticles: Lecture
complex shapes and structures
10 Light scattering on metal nanoparticles: Lecture
beyond quasistatic approximation
Part 1V. Plasmonics applications
11 Nanoparticle ensembles for light localization and guiding Lecture
12 Plasmonics applications for light emission enhancement Lecture
13 Plasmonics for sensing, nonlinear optics, and optomechanics Lecture

applications







5. PekoMeH/10BaHHAsl JUTEepaTypa:

1. Crpoarron . A. u ap. Teopus snekrpomaraetusma /Mocksa. — 1948.

2. Kimmmos B. B. Hanomnasmonuka. — @usmariaut, 2010.

3. Maiiep, C.A. Ilnazmonuka: Teopus u nprioxenus //M.-Nxesck: HULI,
«Perymnsipuas u xaornueckas ruHamuka. — 2011,

4. bopen K. @., Xadpwmen Jl. P., Tatapckuii B. U. [lornomenue u paccesHue cBeTa MaJlbIMU
yactuiamu. — Mup, 1986.

5. bept Xexrt, Jlykac HoBotHsi. OcHOBBI Hanoontuku. M.: ®usmatiut, 2009.

6. Geddes C. D. (ed.). Reviews in Plasmonics 2010. — New York : Springer, 2012.

Textbooks:

1. Stratton J. A. Electromagnetic theory. — John Wiley & Sons, 2007.

2. Klimov V. Nanoplasmonics. — Pan Stanford, 2014.

3. Maier S. A. Plasmonics: fundamentals and applications. — Springer Science & Business
Media, 2007.

4. Bohren C. F., Huffman D. R. Absorption and scattering of light by small particles. — John
Wiley & Sons, 2008.

5. L. Novotny and B. Hecht, Principles of Nano-Optics. Cambridge University Press, 2012.

6. Geddes C. D. (ed.). Reviews in Plasmonics 2010. — New York : Springer, 2012.

6. [IpenBapuTe/LHO NPOiiIeHHBIE KYPChl, HEOOXOAMMBIE 1/l H3YYeHUsI peAMeTa:
OnexrpoauHamuka, @oToHuKa, MaTeMaTu4eckue METOIbI B (hU3HKE

Course prerequisites:
Electrodynamics, Photonics, Mathematical Methods in Physics

7.3ananus:

- B Kypce 3ariannpoBaH HUKIJI JOMAIIHUX 3aJaHUN U1 WILTFOCTPALMU U JIy4YIlIero OHUMaHUs
OCHOBHOT'O Marepuaia Kypca (okoio 40 3a1a4 pa3jIMyHON CIIOKHOCTH).

- B pamMkax HEKOTOPBIX 3aHATUN CTYIEHTHI CAMOCTOATENIBHO PEIIAIOT 3a7a41 B Ay AUTOPHUH.

ITpumeps! 3amau:

1) IpecTaBuM, UTO MBI YTIOPAAOUYMIN BCE aTOMBI, cofiepkauecs B 1 ¢M? 30710Ta, B TuHElHHYIO
nenouky. Bo ckonbko pa3 N ona jymaHee, yeM pacctosaue oT 3emun 10 ConHia?

2) Hapucyiite rpaguku 3aBUCUMOCTH ITyOWHBI IPOHUKHOBEHHSI HOPMAJIbHO MaJatoIiei MmIocKoi
BOJIHBI B IJIEHKY 30J10Ta/cepedpa/antoMUHUS OT AJIMHBI BOJIHBI BO30YK/IAI0IIEro U3IyYSHHUS.

3) HaiiauTe ycioBHs, MpU KOTOPBIX MOJSIPU3YEMOCTh YAaCTHIBI BUJA «IAPO-000JI0YKa» paBHA
HYJTIO. DTO COOTBETCTBYET CIyJar0 HEBUAMMOCTH TaKOW YaCTHIIHI.

Assignments:

- There is a set of home tasks aiming to help students in mastering the course (about 40 problems
of different level).
- During classes the students are supposed to solve problems in class.

Tasks examples:

1) Let's imagine that we arrange all atoms contained in 1 cm?® 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.



8. Onenka ycneBaemoctu no kypcey / Grading policy

Assessment:
Type %
Final exam 40
Homeworks 40
Tests 20

100 on 5 points projection:

100 g
<60 failed
60-74 3
75-89 4
90-100 5

9. lonoiHUTEIbHbIE KOMMEHTAPHH

B cooTrBercTBMM ¢ JIEKIMSMH JaHHOTO Kypca 3amylleH oHiaiH-kypc «Plasmonics: From
Fundamentals to Modern Applications» ua 6a3e edX (https://www.edx.org/course/plasmonics-from-
fundamentals-to-modern-applications). DToT Kypc HOCTYyIEH s CTYACHTOB JICKIIMOHHOTO Kypca U
MOXET pacCMaTPUBATHCS Kak 0a3a Jisl MOATOTOBKHU K IOMAITHUM 3aaHUSIM.

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

