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The course aims at giving the students the basics of modern photonics and consider the basic practical tasks in this area. The course
begins with a study of the theory of metallic and dielectric waveguides and optical resonators. The physical effects underlying the
control of electromagnetic radiation are examined in detail. We will study methods that allow us to analyze the capture of light in
resonators and its propagation in the simplest waveguide systems. Moreover, the course presents the basics of the theory of photonic
crystals, coupled modes approach and scattering theory including Mie-task.

Kypc HanpaBfieH Ha To, 4ToObl AaTb CTYAEHTaM a3bl COBPEMEHHOW (hOTOHUKM U PacCMOTPEThb OCHOBHbIE MpakTUYecKue 3ajayn u3
3Ton obnacTun. Kypc HauymHaeTCs C N3yYeHNs TeOpUM MeTalJInYeCKnX U ANINEKTPUYECKUX BOJIHOBOLOB U OMTUYECKUX PE30HATOPOB.
MoapobHO paccMoTpeHbl ursnyeckne 3PEEKTbl, NiexallMe B OCHOBE YNpaBieHUs 3JIEKTPOMArHUTHLIM U3yYyeHuem. Mbl 13y4um
MeToAbl, MO3BOMSIOLWME aHANM3UPOBaTL 3axBaT CBeTa B pe30HaTOpax M ero pacrnpocTpaHeHwe B MPOCTEMLNX BOJIHOBOAHbIX
cnctemax. Kpome TOro, B KypCe pacCKa3sbiBalOTCS OCHOBbI TEOPUU (DOTOHHbIX KPUCTAJINIOB, TEOPUWU CBA3AHHbIX MOA W Teopuun
paccesHus, BKOYas 3afavy Mu.
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http://physics.itmo.ru/en/study-program/2980
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http://physics.itmo.ru/en/study-program/2979
http://physics.itmo.ru/en/study-program/3936
http://physics.itmo.ru/ru/discipline/7050

Course content

1 semester

Photonics (Nanophotonics)

CTpyKTypa Kypca

Sections Lectures
(ac.h.)
Part 1. Waveguides
1.1. Geometrical theory of waveguides 2
1.2. Parallel plate hollow waveguide with metal claddings 2
1.3. Parallel plate dielectric waveguide 2
1.4. Cylindrical waveguides and optical fibers 2
Part Il. Theory of resonators
2.1. Genral theory of resonance systems 2
2.2. Fabry-Perot resonator 2
2.3. S-matrix and its properties 2
2.4. Whispering gallery mode resonators 2
Part lll. Photonic crystals
3.1. T-matrix for multilayer medium 2
3.2. 1D photonic crystal 2
3.3. Photonic band gap and quarter-wave condition 2
3.4. Effective medium approximation for multilayer structures 2
Part IV. Scattering theory
4.1. Vector harmonics 2
4.2. Mie problem for a sphere 2
4.3. General theory of scattering 2
4.4 Rayleigh scattering 2
Part V. Coupled mode theory
5.1. Reciprocity theorem 2
5.2. Coupling between two parallel waveguides 2
5.3. Power exchange between two coupled parallel waveguides 2

1 cemecTp

dotoHuKa (Tpek HaHodoTOHMKA)

CTpyKTypa Kypca

Paspensbl Nekuuu
(ak.u4.)

YacTb |I. BonHoBoAbl

1.1. TleomeTpunyeckas Teopusa BOJIHOBOLOB 2

1.2. Mnocko napannesbHbIN BOJIHOBOA C MeTaJIN4eCKnMm obknagkamm 2

1.3. MAnocko napannenbHbli AN3NEKTPUYECKNA BONTHOBOA 2

1.4. UnnvHAopun4ecknin BOJIHOBOA M ONTUYECKOE BOJIOKHO 2




YacTsb Il. Pe3oHaTopbl

2.1. Teopunsa pe3oHaHCHbIX CUCTEM 2
2.2. Pe3oHaTop Pabpu-Mepo 2
2.3. S-mMaTpuula 1 ee CBOWCTBa 2
2.4. Pe3oHaTopbl rajepen LwenvyLmx Mog 2

YacTs Ill. ®OTOHHbIE KpUCTaNbl

3.1. T-maTpuua Ans MHOTrOCJI0NHON cpenbl 2
3.2. 1D oTOHHbIEe KpUCTasJIbl 2
3.3. 3anpeLllieHHas 30Ha 2
3.4. NpubnunxxeHne 3chheKTNBHON Cpeabl 2

YacTtb IV. Teopusa paccesaHus

4.1. BeKTOpPHble rapMOHUKU 2
4.2. 3apayva Mu gnsa coepsl 2
4.3. O6wasn Teopus paccesaHmns 2

4.4. PaccesiHne Penes

YacTtb V. Teopus cBA3aHHbIX MO,

5.1. Teopema B3auMHOCTH 2
5.2. CBA3b ABYX NapasuieslbHbIX BOJIHOBOL0B 2
5.3. O6bMeH 3Hepruen mexxay ABYMs CBA3aHHbIMY BOJIHOBOLAMMU 2
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Grading Policy

Types of assessment in this course: hometask, colloquium, exam.

Home tasks:

- After each lecture you get a home task;

- The solved home task should be sent to the lecturer assistant by the deadline;

- Each home task has a deadline. If you didn’t send your home tasks to the lecturer assistant by the deadline without reasonable
excuse, the home task is accounted as failed;

- Homework scores can be increased at the midterm attestation (for homework with a deadline before the midterm attestation) and
before the exam (for other homework).

Midterm attestation:

- During the midterm attestation, students can correct their homework scores. To do this, the student should submit the corrected
work before the deadline and defend it at the midterm attestation;

- If the homework was sent after the deadline, the scores for it can not be increased.

Admission to final exam:
In order to admitted to the final exam you should have 70% of points for home tasks.


https://scholar.harvard.edu/files/schwartz/files/lecture19-diffraction.pdf
https://stepik.org/course/155/promo#toc
https://mipt.lectoriy.ru/

Final exam:
The final grade is completely determined by the final exam. The final exam consists of answering two questions of the question list

and discussion with lecturer or lecturer assistant.

OueHo4YHble cpeacTBa AUCUUNJIMHBI: AOMallHee 3agaHue, KOJIJIOKBUYM, 3K3aMeH

JomMmaluHuMe 3apaHua:

- MNocne Ka)kaon nekummn Bbl Nosiy4aeTe AOMallHee 3agaHue;

- PeweHHoe foMallHee 3afiaHne A0JIKHO BbiTb OTMNpPaB/I€HO aCCUCTEHTY J1IEKTOPa K YCTaHOBJIEHHOMY CPOKY;

- Ans Kakporo [AoMallHero 3ajaHus yCTaHOBAeH pAefflaiH. Ecan Bbl He OTNpaBuAM CBOM [AOMalUHME 3adaHMAa acCUCTEHTY
rnpenogaBaTesia B YCTaHOBJIEHHbIN CPOK 6e3 YyBaXXUTE/IbHON MNPUYNHbLI, AOMaLLHee 3a4aHne CYHATAETCH HEBbIMOJIHEHHbIM;

- Bannbl 3a foMallHWeE 3a4aHusa MoryT 6bITb yBeJInYeHbl Ha MPOMEXXYTOYHOM aTTecTaunm (3a AoMallHME 3aaHns, CPOK BbINOJIHEHNS

KOTOPbIX MCTEKaeT A0 NPOMEXXYTO4YHOW aTTecTaunn) n nepes 3K3aMeHoM (3a oCcTasibHble foMallHMe 3af4aHns).

NMpome>XyTouyHas aTrecTaums:
- Bo BpeMsi MpoMe)XKyTOYHOW aTTecTaumu CTyAeHTbl MOryT MCMpaBUTb CBOM OUEHKMW 3a AOoMaluHee 3adaHue. s 3TOro CTyfaeHT

LOJKEH OTMPaBUTb UCMPaBIeHHY paboTy A0 YCTAHOBJIEHHOrO AefJlaliHa U 3alUUTUTb €€ Ha NPOMEXXYTOYHON aTTecTauunu;
- Echm pomaluHee 3afgaHue 66110 0TNpaBaeHo nocsae aeanarda, 6annbl 3a Hero He MoryT ObiTb YBENIMYEHbI.

ﬂOI‘IyCK K UTOFrOBOMY 3K3aMeHYy:
onsa A0nyCckKa K NTOroBoMy 3K3aMeHYy Yy BaC OOJIXKHO ObITb He MeHee 70% 6an1/10B 3a BbIMNOJIHEHME AOMALUHMX 3a4aHWNNA.

WUTorosbin 3K3aMeH:
MToroBas oueHKa MOJIHOCTbIO onpefenseTcs UTOroBbIM
CNncKa Bonpocos n 06cy>K£l.eHI/Iﬂ C npenopaBaTesieM UMM aCCUCTEHTOM MpenonaBaTesnis.

3K3aMeHOM. WVTOroBbI 3K3aMeH COCTOUT M3 OTBETOB Ha [Ba BOMpoca u3



