Photonics

Lecturers:
Daniil Litvinov
Ilya Deriy

Assistants:
Olga Kushchenko

IP.anguafge: Educational Program:
CCKUN
4 . . Nanophotonics
Credit points: 1
cemecTp
6 3.e.
T T Computer Modeling of quantum and
onitoring type: i
nanophotonic systems
Exam / 9k3ameH 13
, 3 cemecTpbl

Quantum Materials
1, 3 cemecTpbl
Hybrid Materials

1, 3 cemecTpbl

Prerequisites:

dnekTpognHaMunKa
Lectures Practice Labs
(a.h)* (a.h) (a.h)
32 0 0

*1 academic hour = 45 minutes

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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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 bers 2
Part Il. Theory of resonators
2.1. S-matrix and its properties 2
2.2. Fabry-Perot resonator 2
2.3. Whispering gallery mode resonators 2
Part lil. 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. Coupled mode theory
4.1. Reciprocity theorem 2
4.2. Coupling between two parallel waveguides 2
4.3. Power exchange between two coupled parallel waveguides 2

1 cemecTp

dotoHukKa (Tpek HaHopOoTOHMKA)

CTpyKTypa Kypca

Paspenbl Nlexuun
(ak.u.)
YacTb |I. BonHoBOAbI
1.1. FeoMeTpuyeckas Teopuna BOJIHOBOLOB 2
1.2. Mnocko napannenbHbIi BOJIHOBOA C MEeTanndecknmm obknagkamm 2
1.3. MNnocko napannenbHbIi AU3STIEKTPUYECKNIA BOJIHOBOJ, 2
1.4. LnnnHppn4ecknin BOSTHOBOA, 2
YacTtb Il. Pe3oHaToOpbl
2.1. S-maTpuLa n ee CBONCTBaA 2
2.2. Pe3oHaToOp ®abpu-Mepo 2
2.3. Pe3oHaTopbl ranepen LwenvyLmx Mog 2

YacTts lll. PoTOHHbIE KpUCTaNnbl




3.1. T-maTpuua Ana MHOrOCN0NHON cpenbl 2

3.2. 1D hOTOHHbIE KPUCTa b 2
3.3. 3anpeLieHHas 30Ha 2
3.4. MNpubamxeHne achphekTUBHON cpenbl 2

YacTtb IV. Teopusa cBsi3aHHbIX MOA,

4.1. Teopema B3aUMHOCTK 2
4.2. CBA3b ABYX NapasiesibHbIX BOJIHOBOLOB 2
4.3. ObMeH 3Heprven mexay AByMS CBA3aHHbIMU BOJIHOBOAaMM 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;

Midterm attestation:

- Midterm attestation consists of discussion and task solution with lecturer or lecturer assistant and answering the questions of the
question list;

- Each student has two attempts to pass the midterm attestation;

Admission to final exam:

In order to admitted to the final exam you should have 70% of points for home tasks and pass the midterm attestation.

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 AMCUUMNJIMHBI: AOMAalUHee 3agaHne, KOJIJIOKBUYM, 3K3aMeH

JomMaluHue 3apaHua:

- MNocne Ka)koon nekumn CTyAeHT nony4yaeT AOMallHee 3afaHue;

- PelwéHHOe foMallHee 3aJaHMe OTNPaBAAeTCs aCCUCTEHTY JleKTopa A0 AelnaliHa;

- Y Kaxkporo [oMallHero 3afaHusa ecTb AefnanH (KpalHWM CpPoK cpayu). Ecnm cTypeHT He OoTnpaBui oMallHee 3ajaHue
ACCUCTEHTY NleKTopa L0 AefnaiiHa 6e3 yBa)KMTeNbHOW NPUYnNHbI, LOMallHee 3ajaHne CYATAETCA HEBbIMOJIHEHHbIM;

Konnoksuym:

- [pomexyTo4yHasi aTTecTauuMs COCTOMT W3 OTBETOB Ha BOMPOChbI U pelleHWe 3ajavy M3 cnucka u becelbl C JIEKTOPOM WK
aCCUCTEHTOM;

- Y KaXxJoro CTyeHTa eCTb ABe MOoMbITKM MPOATU NMPOMEXXYTOYHYIO aTTecTaumio.

Jonyck K 3K3aMeHy: /15 A0MNyCKa K 3K3aMeHy HeobxoaMMo ycrnewHo caaTb noayyinTs 6onee 70% 6annoB 3a AoMalUHME 3aaHus, a
TaK>Xe yCMneLwHo cAaTb KOJIJIOKBUYM.

JK3aMeH: MTOroBas OLEeHKa MO KypCy MOJIHOCTbI ornpenenseTcss 3K3aMeHOM, KOTOPbIA COCTOUT M3 OTBeTa Ha [Ba BoMpoca u3
CnuncKa, pelleHne 3agayd n 6ecelibl C 1€KTOPOM UM aCCUCTEHTOM.


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

