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4 Abstract

The course focuses on Computational Electromagnetics numerical methods (volume integral equation in the coordi-
nate and in the reciprocal space) being alternative to the Finite Element and Finite Difference methods, which are
widely used in commercial software packages. The methods appear to be superior to the named ones and can provide
an additional physical insight into sertain classes of problems in nanophotonics. Students will be given theoretical
lectures, and will be offered several projects, which include both coding and analysis of physical phenomena.

Kypc nocssiien HEKOTOPbIM METOaM BbIYUCIUTEIHHON 3/IeKTPOHAMUKY (OObEMHBIE MHTEPAJIbHBIE YPABHEHUSI
B KOODJIMHATHOM ¥ COIPSI?KEHHOM MPOCTPAHCTBAX ), SBJISAIONMMUCS AJbTEHATUBAME METOJAM KOHEYHBIX 3JIEMEHTOB
¥ KOHEYHBIX PA3HOCTEH, KOTOPBIE TMUPOKO UCIOIB3YIOTC B KOMMEDUYECKUX MaKeTax. PaccMarpuBaeMbie METObI s
OIIPEJICIEHHOTO KJTACCA 33429 OKA3bIBAIOTCS PENOYTUTEIbHBIME U TO3BOJISAIOT TIy0Ke NPOAHATU3BATD (PU3UIECKUE
CBOWCTBRA M3y4vaeMbIX HAHOMOTOHHBIX cucTeM. [Ipe/mosaraioTces, 9ToO CTYAEHTHI TTPOCIYIIAIOT TEOPeTHIecKIe JeKITHN
¥ BBIMOJHST DSl TPOEKTOB, BKJ/IIOYAIONINX B CeDs KAk 33/Ja9M HA MPOrPAMMWPOBAHUE, TaK W HA WCCIEIOBAHUN
PUBNIECKUX STBIICHMIA.

5 Prerequisites

General physics, quantum mechanics, electrodynamics, numerical analysis, mathematical physics, complex variable
function theory / obmias dusnka, KBAaHTOBas MEXaHUKA, JETPOJMHAMUKA, UMCICHHBIE METO/bI, MATeMATHIECKAs
dusunka, reopusi GYHKIUH KOMILIEKCHOIO ITEPEMEHHOTO



6 Lecture topics

| # | Topic

Hours

Discrete Dipole Approximation (DDA). Coupled
dipoles. Projections methods for linear algebraic
equation systems. Fast Fourier Transform.
[Mpubsuzkenne nuCKpeTHbIX aumnojeit. CBsa3aHHbIe
gumonu. [Ipoeknmnonnbie Meroabl. beicTpoe
npeobpazoBanue Pypne.

Scattering matrices. Analytical properties of
scattering matrices. 1D, 2D and 3D examples.
Scattering matrices of resonant structures.
Marpuiipl paccesHus u uxX aHAJIUTHIECKUE
cBoiictBa. Ilpumepnl. Pe3onancHbie CTPYKTYPHI.

Eigenvalues problems. Fourier space methods for
analysis of photonic crystals.

Sagaun Ha cobcTBeHHbBIE 3HaYeHusA. Dypbe-MeTo/bl
aHaan3a (POTOHHBIX KPUCTAJIIOB.

VIE method in the reciprocal space. Periodic
structures — gratings and photonic crystal slabs.
Fourier methods. Fourier Modal Method.
Analytical solutions for thin grating slices.
Meton 00beMHBIX HHTErPAJIbHBIX YDABHEHU B
COnpsizKeHHOM mpocTpancTBe. Oypbe-MOIATBHBIH
MeTO/. AHATMTUYIECKUE PEIeHus s PEIleTOK.

Poles of scattering matrices and resonances.
Calculation of zeros and poles. Analysis of resonant
behavior of periodic structures.

[Tomroca u pe3onancel. Beraucimenne mysiei n
MOJTIOCOB. AHAIN3 pE30HAHCHBIX CBONCTB
epuoaNnIeCKUX CTPYKTYDP.

True Modal Methods (TMM). Rytov solutions.
Modal basis. Quasinormal modes. Resonant
decomposition.

MeToabl COOCTBEHHBIX MO/ B KOODIUHATHOM
npocrpancTee. MoganbHbIil 6a3uc.
Ksasunopmanbabie Moabl. Pe3onamncHoe
pasJiokenue.

Discussion of projects
O6cyxk1eHre TPOEKTOB

7 Course projects

Students will be split into groups of 2-3 persons, each group will be given a separate project. Within each project
students shall write a code, make computations, and analyze both numerical solutions and physical effects. Codes
can be written in any language, usage of third-party libraries should be discussed separately. The projects shall
be presented and discussed by whole group in the last class of the course. Students are expected to answer all
the subtasks, which will be given in project descriptions, to be ready to give explanations to their codes, and to
demonstrate understanding of the methods and effects they use and analyze. Each project will be accompanied

with a detailed description. Project topics are:

1. Effective properties of multilayer structures and photonic crystal slabs. Comparison of rigorous numerical and

approximate analytical solutions.




2. Resonant dielectric gratings simulated by the FMM. Simulation of the bound states in the continuum. Cal-
culation of resonances.

3. Resonant metallic gratings simulated by the FMM. Simulation of the enhanced transmission effect.

4. Scattering properties of nanoparticles. Benchmarking of the DDA versus the Mie theory. Applicability of the
dipole approximation.

5. Band structures of 2D photonic crystals. KKR versus plane wave decomposition methods.
6. TMM for 1D photonic crystal slab. Pole and zero trajectories in complex plane. Perfect absorbers.

1151 BBITTOSTHEHNS TIPOEKTOB CTYIEHTHI OyAyT pa30UThl HA MAJIbIe TPYIIHI IO 2-3 9e/I0BeKa, U KazK1as rpyIma Oyaer
BBIIIOJIHATD CBOH IPOEKT. B paMKax KaxK0ro IpoeKkTa CTYyIeHThI JOJIZKHbBL HAIIUCATD KOJI, BHIIIOJHUTD C €10 IIOMOIIBLIO
BbLIYMCJICHUS, W IIPOBECTH AHAMM3 KAK YHMCJICHHDLIX PelleHuil, Tak M npejiaraemblx (pusmdeckux apiaennii. Kon
MOXKET OBITH HAIMCAH HA JIIOOOM S3BIKE, MCIOJb30BAHNE CTOPOHHUX OMOMIMOTEK JOJIZKHO O0CYKIATHCS OTIEIHHO.
Ha mocjennem 3aHATHE KaxK1asd TPYNNIA JOJZKHA, MPEICTABUATH MPE3EHTAIWIO 110 CBOEMY MPOEKTY Jisi O0CY K I€HUS
Beeli rpynmnoii. CTyaeHTbl J0KHBI OyIyT OTBETHTb Ha BOIPOCHI, KOTOPbIE OYIAyT JAHBl B ONUCAHMM IIPOEKTOB,
JIOJIZKHBI ObITh I'OTOBBI IIOSICHUTH CBOM KO/, a TaKyKe IPOJEMOHCTPHPOBATH IIOHMMAaHHUE HMCIIOJIb3yEeMbIX METOIOB.
Tembr TpOEKTOB:

1. 9ddekTuBHBIE CBONCTBA MHOTOCIONHBIX CTPYKTYP U CPE30B OAHOMEPHBIX (DOTOHHBIX KpucTajioB. CpaBHeHme
CTPOrUX PeIreHuil ¢ MPudINKEHHBIMHE.

2. MogaenmpoBanue pe30HAHCHBIX IUIIEKTPUIECKUAX PEIIETOK € MOMOIbI0 Dyphe-MoganbHoro merona. CBsa3aHHbIE
COCTOAHUSA B KOHTHUHYYME.

3. MoaenupoBanre pe30HAHCHBIX METAJIMYECKHAX PEIIETOK € MOoMOIbi0 Pypbe-momaabHOro Meroga. Jddert
YCHJIEHHOT'O IIPOIIYyCKAHMSI.

4. Paccesuue na Hanoudacrunax. Cpasuenne DDA u Teopun Mu. IIpuMeHUMOCTH JUIOIBHOTO MPUOJINIKEHUS .
CrexTpsl.

5. 30HHAsS CTPYKTypa ABYMEPHBIX (DOTOHHBIX KPUCTAJLIOB.

6. Metonm ncTuHHBIX MO/, TpaekTopun TMOIOCOB 1 Hysei. VmeaabHbI MOTIOTHTEN.

8 Grading policy

e 70% course projects
e 30% final exam (theoretical questions)

Course projects: student can describe a code (20%), students answered the questions on their project (30%),
students prepared and made a presentation (20%)

o 70% TPOEKTHI

o 30% sk3aMeH (TeOpeTHYecKre BOIPOCHI)

Omuenka O TPOEKTaM CKJIIBIBAETCA W3: CTYAEHT MOMKET IaTh JeTajbHble NosicHeHust K komy (20%), CTymeHThI
OTBETHUJIM HA BOIPOCHI 110 cBoemy npoekty (30%), crymentsl noaroroBusu u caenanu npesenranuio (20%)

9 Grading

e > 90 — “excellent”
e > 70 —“good”
e > 50 — “satisfactory”

e < 50 — “unsatisfactory”
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