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1.HasBaHue: OnTnKa TBEPAOrO TENA
Course title: Solid State Optics

2. Nlektop: AHApei JIMNoBCKUi
Lecturer: Andrey Lipovskii

3. KpaTtKasa aHHoOTauumsA:

PaccmaTpmuBaloTca pacnpocTpaHeHWe ceBeTa U
ONTUYECKME ABNEHUA B AUINEKTpUKax. MNocne
ypaBHeHWIW MakcBenna M BOJIHOBOrO YypaBHEHWA paccmaTpuBatoTcs ¢U3MKA MNoKasaTens
npenomeHMa BeLW,ecTBa, CooTHoweHne Kpamepca-KpoHura, JlopeHuoBckaa Monaenb
OVINEeKTPUKA, W MOr/NOWEHMe U YCUNEHUEe 3SNEKTPOMArHUTHOTO W3/yYeHUA BeLLEeCTBOM,
BbIBOAATCA OCHOBHble COOTHOLLUEHMA, OMMUCbIBAlOLWME NPUHUMNBLI Na3epoB. AHanM3MpyeTcs
CBA3b MMKPO- M MAKPOCKOMUYECKMX CBOMCTB MaTepumanoB. M3yyaerca pacnpocTpaHeHue
3/1eKTPOMArHUTHOTrO M3/ly4eHUA B aHU3OTPOMHbIX CPeax, rPagMeHTHbIX cpedax U ONTUYECKUX
BO/IHOBOZAX, OAIOTCA OCHOBHble NPeACTaB/NEeHMA O BOJOKOHHOW W WMHTErpasbHOM ONTUKe.
PaccmatpuBatotca  ¢oTtoynpyrun  apdekT M HOTOH-POHOHHOE  B3aMMOAENCTBUE,
3N1EKTPOONTUYECKOE B3aMMOLENCTBUE, A TaKKe HETMHENHO-ONTUYECKME ABNEHUS.

Short annotation:

The propagation of light and optical phenomena in dielectrics are considered. After the
Maxwell equations and the wave equation, the physics of the refractive index of the substance,
the Kramers-Kronig relation, the Lorentz model of a dielectric, and the absorption and
amplification of electromagnetic radiation are considered, the basic relations describing the
principles of lasers are derived. The relationship of micro- and macroscopic properties of
materials is analyzed. The propagation of electromagnetic radiation in anisotropic media,
graded index media and optical waveguides is studied, and the basic concepts of fiber and
integrated optics are given. The photoelastic effect and the photon-phonon interaction, the
electro-optical interaction, as well as nonlinear-optical phenomena are considered.

4. HazBaHue nporpammbl u cemecTtp: Pusnka NoNyNpoBOAHUKOB, 214 cEMeCTp
Study program and semester: Physics of semiconductors, 2"¢ semester

5. letanbHOe onucaHune Kypca C pa36MeHMEM no I'IEKU,MHM/CGMVIHapaM/I'IpaKTMKaM:

Yactb I. 3]16KTpOMEII'HMTHbIe BOJIHbl B AN3/1EKTPUKE

1 YpaBHeHna MakcBenna v BONHOBOE ypaBHEHWE B OJHOPOAHON cpese. NlekunA
lNoKkasaTenb NnpenomaeHus selectsa. [ornoweHne nsnyyeHus

2 CooTHoweHue Kpamepca-KpoHura. JIopeHU0BCKaa moaenb Anan1eKTpuKa. neKkuymsa

3 MWKpPO- 1 MaKPOCKONMMYECKNE CBOMCTBA ANINEKTPMKOB. KOMNO3UTHbIE cemunHap

onTn4yecKkne matepumasnsbl.

Yactb Il. YeuneHue snekTpomarHUTHbIX BOIH U J1a3epbl

4 B3anmopgencTeme M3ny4eHumn c ABYXYPOBHEBOW Cpeaoit, MHBEPCHUS nekyma
HacefleHHOCTH, obLme NpeacTaBieHUA O la3epe, MeToAbl CO34aHuA




WMHBEPCHOM HAaceNeHHOCTU, ONTUYECKNE PE30HATOPbI.

5 KBa3mKknaccnyeckoe paccCMOTPEHME ONTUUYECKUX YCUAUTENEN N TEHEPaTOPOB | NeKUuUs

6 HectaunoHapHaa nasepHan reHepauma nekymsa

7 TeepaoTenbHble nasepbl cemuHap

Yactb lll. OnTKKa aHM3OTPONHbIX Cpes, rPagMeHTHana U MHTerpasibHan ONTUKa

8 PacnpocTpaHeHuMe CBETOBOro U3/ly4eHMA B aHU30TPOMNHbIX cpeaax, nexkums
cobCcTBEHHbIE MOAbI, pa30BanA M rpyNnoBas CKOPOCTU, ypaBHeHUe PpeHens.

9 MpoTponus, cobcTBeHHbIE MOAbl CBETOBbLIX BOJIH B TMPOTPONHOM cpeae nexkums

10 | ugKne Kpucrtannol cemunHap

11 | PacnpocTpaHeHue U3ny4yeHusa B cpeae C rpaiMeHToOM noKasaTens nekums
npenomneHua

12 | NHTerpanbHada M BONOKOHHAA ONTMKA nexkuma

13 | TyHHenunpoBaHue cBeTa. bparrosckoe oTpaXkeHue. cemuHap

Yactb IV. doToynpyroctb, akyCcTo- U 3/IEKTPOONTUKA

14 | ®oToynpyrum apdekT, PoTOH-GOHOHHOE B3aMMOLENCTBUE U nekyma
aKycToonTMyeckaa andpakumsa.

15 | dneKktpoonTuyeckme addeKTbl. YCTPONCTBA yNpaBaeHUA CBETOBbIM cemuHap
N3ny4yeHnem.

Yactb V. HennHelHaa onTuka

16 | HenuHeHo-onTuyeckue addeKTbl BTOPOro nopsAaKa: reHepaums BTOpoi nekuusa
rapMOHMKM, CYMMapPHOM M PA3HOCTHOM YacToT, MapameTpUYecKoe ycuneHune
W reHepayms

17 | HenuHenHo-onTuyeckue adpdeKTbl TPETLErO NOPAAKA: reHepauma TPETbEN nekuusa
rapMoHMKK, onTudeckuin apdeKT Keppa, 4eTbipeEXBO/THOBOE CMELLEHUNE U
obpauleHne BONHOBOro GPoHTa

18 | CkaTue cBETOBbIX MMMNYIbCOB.ONTUYECKME CONUTOHbI HennHenHoe cemMmnHap
onTU4YecKoe noraoleHme

Detailed content and structure with sectioning of lectures/seminars:

Part I. Electromagnetic waves in dielectrics

1 Maxwell's equations and the wave equation in a homogeneous medium. lecture
The refractive index.. Radiation absorption

2 The Kramers-Kronig relation. Lorentz’s model of dielectrics lecture

3 Micro- and macroscopic properties of dielectrics. Composite optical seminar
materials.

Part Il. Amplification of electromagnetic waves and lasers

4 Interaction of radiation with a two-level medium, population inversion, lecture
general principles of lasers, methods for creating population inversion,
optical resonators.

5 Semiclassical consideration of optical amplifiers and oscillators lecture

6 Non-stationary lasing lecture

7 Solid state lasers seminar

Part Ill. Optics of anisotropic media, graded index and integrated optics

8 Propagation of light in anisotropic media, eigenmodes, phase and group lecture
velocities, Fresnel equation.

9 Gyrotropy, eigenmodes of light waves in a gyrotropic medium lecture

10 | Liquid crystals ceMuHap

11 | Propagation of light in graded index medium lecture




12 | Integrated and fiber optics lecture

13 | Tunneling of light. Bragg reflection. seminar

Part IV. ®oToynpyroctb, akyCcTo- M 3/IEKTPOONTUKA

14 | Photoelastic effect, photon-phonon interaction, and acousto-optic lecture
diffraction.

15 | Electro-optical effects. Light control devices. seminar

Part V. HennHeliHaa onTtuka

16 | Second-order nonlinear optical phenomena: second harmonic generation, lecture
sum and difference frequency generation, parametric amplification and
generation

17 | Third-order nonlinear optical phenomena: third-harmonic generation, lecture
optical Kerr effect, four-wave mixing, and optical phase conjugation

18 | Compression of light pulses. Optical solitons. Nonlinear optical absorption seminar

6. PekomeHAOBaHHaA anTepartypa:
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KBaHTOBas M onTUYecKasa 3NeKTPOHMKa: ydebHoe nocobue / T. /1. Kucenes. — U3a. 2-e, ucnp. u
pon .— CNe. : Uspatenbctso "MaHb", 2011 .— 313 c.

Textbooks:

A. Yariv, P. Yeh, Optical Waves in Crystals: Propagation and Control of Laser Radiation, Wiley,
2002, 620 pp

O. Svelto, Principles of Lasers, 5th edn., Springer, 2010, 620 pp.

M. Young, Optics and Lasers, Including Fibers and Integrated Optics, Springer, 2013, 273 pp.
G.L. Kiselev, Quantum and Optical Electronics, 2" edition, St.-Petersburg, Lan’, 2011, 313 pp.
(in Russian).

7. NpeaBapuTenbHO NpogeHHbIe Kypcbl, Heobxoaumble ANA U3ydeHUsa npegmerTa:
Ob6uas ¢p13nKa, INeKTpoaMHaMUKa, maTeMaTuyeckas ¢p1smka

Course prerequisites:
General Physics, Electrodynamics, Mathematical Physics

8. Tun camocToATeNbHbIX 3aAaHUA:

— OnuwuTe NPOXOXKAEHME CBETOBOM BOJIHbI Yepe3 OAHOPOAHbIM 3a30p NPU NOSHOM
BHYTPEHHEM OTpPaXKeHuUu

— [okaxuTte popmanbHOe COBNageHWe ypPaBHEHWNI PacnpOCTPaAHEHMA NyYei B
rpaguMeHTHoOM cpede M ypaBHEHMN HbloTOHa

— BbiBeaguTe ycnosume yCTOMYMBOCTU ONTUYECKOTO pe30HaTopa co chepruyeckumm
3epKanamu

— [MonyunTe BbiparkeHue, ONUCbIBatOLWEEe U3MEHEHNE OObIKHOBEHHOTO MOKa3aTens
NpPenoMaeHUA TPUTOHAZIbHOTO KPUCTANNA Nog, AeACTBMEM SNeKTpuyeckoro noas E,
HanpaB/JIEHHOr0 BAO/Ib €10 ONTUYECKOW OCH.

Assignments:




— Describe the propagation of a light wave through a uniform gap under full internal
reflection.

— Prove the formal coincidence of the equations of ray propagation in a graded index
medium and Newton's equations

— Derive the stability condition of the optical resonator with spherical reflectors

— Derive the expression describing the change of the ordinary refractive index of a
trigonal crystal under electric field E directed along its optical axis.

9. Kak oueHuBaeTca ycneBaemocTb No Kypcy:

MaKcumanbHoe KonmdecTBo 6an/108B 3a Kypc 100
MaKcumanbHoe Konundectso 6an1/108B 3a pelleHue 3aaad 10
MaKcumanbHoe Konunyectso 6an1/10B 33 BbICTYM/IEHUA Ha CEMUHapax 20
MaKkcumanbHoe Konundectso 6a1108 33 PUHANbHbBIN YCTHLIN 3K3aMeH 70

Grading policy:

Highest final grade for the course 100
Highest final grade for the problem solving 10
Highest final grade for the talk at the seminar 20

Highest final grade for the final oral exam 70




