Methods of computer simulation

JleKkTOpbI:
> faculty of
Roman Savelev PHYSICS
Zarina Sadrieva I
ACCUCTEHT:
Artem Larin
E'BbII'KL O6pa3soBaTesibHas NporpaMMa:
nglis
9 Nanophotonics
TpyAoOeMKOCTb:
2 cemecTp
6 3.e.
Hybrid Materials
dopMa KOHTpons:
2 cemecTp
dK3ameH
Quantum Materials
2 cemecTp
Computer Modeling of quantum and
nanophotonic systems
2 cemecTp
MpepekBU3nTHbI:
Photonics
Computational Electrodynamics |
Jlekuum MpakTuyeckue 3aHATUA JlabopaTopHble 3aHATUSA
(ak.yac)* (ak.uac) (ak.4ac)

32 32

*1 akapeMMu4yeckum 4yac = 45 MUHYyTaM

The aim of the course is to provide a general overview as well as some specific details of solving different problems in the area of
nano-optics and electrodynamics with commercial software packages “CST Microwave Studio” and “Comsol Multiphysics”. The
program of the course focuses on such basic problems in nano-optics as - calculation of eigenmodes of optical waveguides, optical
resonators, including open resonators, and various periodic nanostructures; - calculation of scattering properties of nanoparticles,
resonators and metasurfaces under external far-field excitation; - calculation of emission properties of dipole sources placed near
optical nanoantennas, waveguides and cavities. Part of the problems are solved in both CST and Comsol packages, which provides an
opportunity to compare them in terms of simplicity of the construction of numerical models, speed and accuracy of the obtained
results, and also qualitative difference between the programs. The physics of the considered problems is discussed in other courses,
which, on one hand, helps to focus on the aspects of numerical simulation itself, and on the other hand, to improve the understanding
of the physical essence of the considered problems during the process of modelling. In order to successfully finish the course, students
need to solve by themselves several problems on the considered topics and to perform an accurate simulation of the
resourceconsuming task based on one of the suggested papers.

Kypc paeT npeacTaBiieHME O BO3MOXKHOCTAX YUCJEHHOro pelleHUs pPas/iMyHbiX 3a4ady HaHOOMTUKU U 3NeKTPOAUHAMUKN B
KOMMepyecknx naketTax momenupoBanus CST Microwave Studio n Comsol Multiphysics. B Kypce 4ucneHHo pelatotcs psf 6a3oBbix
3aZlay HaHOOMTUKM, TaKUX Kak Monck cobCTBEHHbIX MOA ONTUYECKUX BOJIHOBOLOB, ONTUYECKMX PE30HATOPOB, B TOM YMCe OTKPbITOro
TUMa, N NepuoanYecknx HaHOCTPYKTYp, pacHeT B3auMOOENCTBUSA 3/IEKTPOMArHUTHOrO U3Jly4eHUs € HaHoYacTuLamMun, pesoHaTopamu
N MEeTanoBepPXHOCTAMU, PacHeT XapaKTEPUCTUK OUMOJIbHLIX MCTOYHUKOB MNPV UX B3aUMOLENCTBUWU C OMTUYECKUX HAaHOAHTEHHaMW,
BOJIHOBOJAMW N pe3oHaTopamMu. YacTb 3ada4 pellaeTcs Kak B nakete CST, Tak n Comsol, 4TO faeT BO3MOXHOCTb CPaBHEHUS 3TUX
OBYX MNPOrpaMM C TOYKW 3pEeHMA MPOCTOTbl MOCTPOEHUA HYUCIEHHbIX Mofesier, CKOpPOCTW pacveTa W TOYHOCTWU MOoJlyHaeMmblX
pe3ynbTaToB, @ TakXXe HaJnyua Ka4yeCTBEHHbIX Pas/iMynii 1 ocobeHHOCTEN AaHHbIX NMporpamMM. dusmyeckas CyTb 6OsbLIEN YacTu
3apay obcyxpaeTcs B APYruMx Kypcax, 6Gnarofaps 4emy 4YuUC/IeHHOe MOAeNIMpoBaHWe MPOUCXOAUT C MOHUMaHMeM 6a30BbiX
ONTUNYECKNX MPOLLeCCOB, MPOUCXOAALLMX B pacCMaTpMBaeMbIX CUCTEMax, U CMOCOBCTBYeT UX Jy4lleMy yCBOeHUo. [as yCcrnewHoro
MPOXOXKAEHNA Kypca CTyOeHTbl AOJ/DKHbI BbIMOJHUTL 3ajaHWs MO pacCMaTpMBaeMbiM TemaM, a TakXe B TeyeHue cemecTpa
Ka4eCTBEHHO M TOYHO BbIMNOJIHUTL AOCTATOYHO CJIOXKHbIA YUCNEHHbIV pacyeT, OCHOBaHHbLIA Ha OOHOW W3 npepjaraeMbix cTaTen no
HaHooMTUKe.
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CTpyKTypa Kypca

Ne Topic Lectures Practices
* P (ach) | (ach)

Scattering of plane waves at plane interfaces. Reflection and

1 transmission of a plane wave from a single plane interface 2 2
between two isotropic dielectric media or a parallel dielectric

plate.
5 Optical waveguides. Calculation of eigenmodes and their > >
excitation.

3 1D and 2D photonic crystals: calculation of band structure; 2 2
Calculation of transmission and reflection from a PhC plate.

4 Light scattering by nanoparticles (dielectric particles, plasmonic 5 5

particles, microcavities).

5 Dielectric grids. Excitation of controlled modes by gratings. 2 2

6 Coupling of dipoles with nanoantennas, waveguides and cavities. 2 2

7 Metasurfaces and multipole decomposition for controlling > 5

propagating waves.
8 Multiphysics aspects: calculation of heat transfer and second 2 2
harmonic generation. Integration with Matlab.
No Tema Jlekunn MpakTnku

(ac.h.) (ac.h.)

PaccesHne Nnockux BOJIH Ha MJIOCKMX FpaHuLLax pasgena.
OTpakeHne N NpornyckaHmne NA0CKON BOJIHbI OT € AUHCTBEHHON
1 MJIOCKOW FpaHuLLbl pasgesna Mexxay ABYMS N30TPOMHbIMU 2 2
OVN3NEeKTPMYECKMMN CpelaMun Uan napassiefibHon

OMN3N1EeKTPUYECKON NNACTUHOM.

OnTunyeckne BoJIHOBOAbI. PacyeT cobCTBEHHbIX MO U UX

2 2 2
B0O36y)XaeHue.
3 1D 1 2D hoTOHHbIE KpUCTaJibl: pacyeT 30HHOW CTPYKTYpbI; 2 2
PacyeT nponyckaHus n otpakeHns ot PhC nnacTtuHbl.
4 PaccesHue cBeTa HaHoYacTULaMn (AU3NEeKTPUYECKMEe HYacTuLbl, > 5
NAa3MOHHbIE YaCTULLbl, MUKPOPE30HATOPbI).
5 LOunsanekTpuyeckmne peleTkn. Bo3byxaeHve ynpasnisembix Mog 2 2
pelieTKamu.
6 CBA3b Amnonen ¢ HAHOAHTEHHaMW, BOJTHOBOAAMW U MOJIOCTAMM. 2 2
7 MeTanoBepxHOCTU U MyNbTUMOJILHOE pa3JloXXeHne A1 2 2
yrnpasJieHNS PacnpoCTPaHALWNMUCA BOIHaMU.
8 MynbTudnsnHeckme acnekTbl: pacyeT Tersonepenayn v 2 2

reHepauun BTopon rapmoHukun. iHTerpauusa c Matlab.

NMonunTuka oueHnBaHusA

Final mark is based on the results of the work during the semester:

5 - completed and passed no less than 12 tasks, and defended course work.

4 - completed and passed 12 tasks (of 16) OR Completed and passed 12 tasks (of 16) and defended course work.
3 - completed and passed 8 tasks (of 16).

n/a - completed and passed less than 8 tasks (of 16).

OueHKa BbICTaBJIeTCA Mo pe3ynbTaTaM paboThl B Te4eHne cemecTpa:
5 - BbIMOJIHEHO N CAAHO He MeHee 12 3ajaHui, 3aWmileHa KypcoBas paboTa.
4 - BbINOJIHEHO M cAaHo 12 3agaHuii (u3 16) UM BuinonHeHo n caaHo 8 3adaHuin (13 16) n 3awmuieHa Kypcoas paboTa.



3 - BbIMOJIHEHO N cAaHOo 8 3afdaHunin (13 16).
H/a - BbIMOJIHEHO N CAaHO MeHee 8 3afaHunin (13 16).



