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"Nonlinear Photonics" is an advanced lecture course focusing on the principles and applications of nonlinear optical phenomena. The
course covers a range of topics including linear pulse propagation, ultrashort lasers, terahertz radiation, and pulsed terahertz
spectroscopy. Students will learn about ultrashort pulse stretchers, compressors, amplifiers, and various generation techniques for fs
lasers. The course also delves into advanced pulse characterization, spatio-temporal couplings, and nonlinear effects in optics.
Applications of nonlinear photonics in science, industry, and biomedicine will be explored, along with practical seminars and journal
club sessions for in-depth discussion and analysis.

HenvHenHas (poTOHMKA — 3TO yraybNeHHbI KypcC JIeKLUWA, MOCBSILLEHHbIA MPUHLMMNAM 1M NPUMEHEHUIO HEIMHENHbIX ONTUYeCKUX
ABneHnin. Kypc oxBaTblBaeT psafd TeMm, BK/OYas JIMHENHOe pacrnpocTpaHeHne MMMYNbCOB, Y/bTPakoOPOTKUE fla3epbl, TeparepLoBoe
N3ly4eHne 1 UMMYJIbCHYIO TeparepuoBylo criekTpockonuio. CTyLeHTbl y3HaloT 00 paclumpuTensx YyibTPakoOPOTKUX WMMY/bCOB,
KoMMpeccopax, YCWIMTensx W pas3/inyHblX MeTodax reHepauun ¢c-nasepoB. Kypc Takxke yrnybnsetcs B paclUMpeHHble
XapaKTepPUCTMKU MMMYSIbCOB, MPOCTPAHCTBEHHO-BPEMEHHbIE CBA3M U HeNUHeHble 3hheKTbl B ONTUKE. ByAyT U3y4yeHbl NpuMeHeHns
HeNMHEeNHOW (OTOHMKU B HayKe, MPOMbILLIEHHOCTU U BMoMeAuUUHe, a TakXXe MNponayT MNpakTUYeckMe CeMUHapbl U 3acepaHus
»KYPHaJibHbIX Ky6oB Ans yrnybneHHoro obcyxaeHmsa n aHanmsa.


https://physics.itmo.ru/en/personality/nikolay_petrov
http://physics.itmo.ru/en/personality/elizaveta_tsiplakova
http://physics.itmo.ru/en/study-program/2980
http://physics.itmo.ru/en/discipline/3028
http://physics.itmo.ru/en/discipline/3043

Course content

1 cemecTp

Nonlinear optics

CTpyKTypa Kypca

Ne Topics Class type
) . . 1 lecture,
1. Time intervals available to humans
1 . ) . ) 1 labwork,
2. Linear pulse propagation & diffraction 4ah
L ) 2 lectures,
2 3. Progress on ultrashort lasers. Q-switching and mode locking 4ah
1 lecture,
3 4. Ultrashort pulse stretchers & compressors. Pulse amplifications 1 labwork,
4 a.h.
4 5. Generations of fs lasers: dye, vibronic crystals and fiber lasers 2 lectures,
6. Pulsed terahertz radiation: generation and detection 4 a.h.
1 lecture,
5 7. Terahertz time-domain spectroscopy and holography 1 labwork,
4 a.h.
8. Ultrashort pulse parameters measurements: energy, spectrum, duration 2 lectures
6 (electronic & optical) 4ah !
9. Spatio-temporal couplings; Advanced pulse characterization techniques o
1 lecture,
7 10. Nonlinear effects in optics-l. Second harmonics generation lab 1 labwork,
4 a.h.
1 lecture,
8 11. Nonlinear effects in optics-Il. Supercontinuum generation lab 1 labwork,
4 a.h.
9 12. Applications in science: Laser cooling & Bose-Einstein condensation; 2 lectures,
frequency combs & atomic clocks; Inertial confinement fusion 4 a.h.
10 13. Applications in industry 2 lectures,
14. Applications in biomedicine 4 a.h.
. . 2 seminars,
11 15. Practical seminars. Journal club
4 a.h.
. . 2 seminars,
12 16. Practical seminars. Journal club si a ha s
Ne Tema Tun 3aHATNA
1 nekuus,
1. NHTepBanbl BpEMEHU, AOCTYMHbIE YENOBEKY
1 . 1 nabopaTopHas,
2. JlnHenHoe pacnpocTpaHeHne n Andpakumsa uMnynbca 4 aK.y
2 3. Mporpecc B CO34aHUN YIbTPAKOPOTKMX Jla3epoB. Q-nepeksoyeHme n 2 nekuwum,
610knpoBKa pexnma 4 aK.M
1 nekuyuns,
4. PaclumpuTenn n KoMNpeccopbl CBEPXKOPOTKMX UMMYNbCOB. YCUneHue
3 1 nabopaTopHas,
MMMYJIbCOB
4 aK.u.
5. MokoneHns c-nasepoB: Ha KpacuTensx, BUBPOHHbIX KpucTanaax n 2 neKun
4 BOJIOKOHHbIX Jlazepax 4 a;q !
6. IMNynbCcHOe TeparepuoBoOe N3NyvyeHne: reHepauns n obHapyxeHue '
1 nekuyuns,
5 7. TeparepuoBas BpeMeHHas CNeKTPOCKonusa 1 roaorpadus. 1 nabopaTopHas,
4 aK.u.
8. I3mepeHne NnapamMeTpoB YIbTPAaKOPOTKNX NMMYbCOB: SHEPIUN, CNEKTPa,
6 ONNTENbHOCTU (3/IEKTPOHHbIE U ONTUYecKue) 2 nekuum,
9. MNpocTpaHCTBEHHO-BPEMEHHbIe CBA3Y; MNepefoBble MeTOAbl onpefesieHuns 4 ak.y

XapaKTepucTtuk nMmnynbCa




o o 1 nekuus,
10. HennHewHble athekTbl B onTuKe-l. JlabopaTopumsa reHepauum BTOpon
7 PP patop pau P 1 nabopaTopHas,
rapMOHUKMN
4 aK.u4.
1 ne ,
8 11. HennHenHblEe 3¢)CbEIZTI;IIeB 22:::E-II.MJla60paTopm reHepauuun 1 na62p::2;Haﬂ,
ynep vy 4 aK.u.
12. MpunnoxxeHUs B Hayke: nasepHoe oxJiaxkxaeHne n 603e-aNHLLITENHOBCKas 2 neKun
9 KOHAEeHCcaLMs; YacToTHble rpebeHKN 1 aTOMHbIe Yacbl; MHEePLMOHHBIN 4 all-lq '
TepMosAepHbIA CUHTE3 '
10 13. MpuMeHeHve B NPOMBbILLIIEHHOCTM 2 nekuun,
14. MpunoxxeHusa B bomegnumnHe 4 ak.v
2 )
11 15. MpakTnyeckne cemmnHapsbl. XKypHasbHbIA Ky6 J;e:ll-l‘l:ll/l
o 2 nekuwum,
12 16. MpakTuyeckne ceMmnHapbl. XKypHasbHbIn Kny6 4 a|:lq
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7. Every year, students are given review articles on a course topic no older than 5 years to prepare a report in the Journal Club. /
Kakabih rog cCTyaeHTaM BblAaloTCcs 0630pHble CTaTby MO TEME Kypca He cTaplue 5 ieT Ana NoAroToBku foknaga B Journal Club.

Grading Policy

1. Exams: Regular exams will be conducted throughout the course to assess students' ability to solve problems related to ultrafast
optics and nonlinear photonics. (20%)

2. Assignments: Assignments will be given to students to assess their ability to critically evaluate literature and research in the field of
ultrafast optics and nonlinear photonics, as well as their ability to present their findings in a clear and concise manner. (10%)

3. Laboratory reports: Students will be required to submit laboratory reports that demonstrate their ability to design and execute
experiments related to ultrafast optics and nonlinear photonics, as well as their ability to analyze and interpret experimental data.
(20%)

4. Individual projects: Students will be required to prepare and presentations and their abstract-synopsis on various topics related to
ultrafast optics and nonlinear photonics, which will be evaluated based on their ability to communicate complex concepts clearly and
effectively. The presentations will be given in a “Journal club” seminars in the end of the course. (50%)

1. Dk3aMeHbl. Ha npoTs>xeHun Bcero kKypca 6yayT NpoBOANTLCA PerynspHble 3K3aMeHbl 15 OLEeHKN CMOCOBHOCTM CTYyAEeHTOB peLlaTh
3a4a4yun, CBA3aHHble CO CBEPXObICTPOM ONTUKOM N HENMHENHON (hOTOHMKON. (20%)

2. 3apaHusa: CtypeHTam 6yayT OaHbl 3a4aHUs OJ19 OLEHKU UX CMOCOBHOCTU KPUTUYECKN OLLeHUBATb MTepaTypy U UCCIef0oBaHus B
0651acTn cBepXObICTPON ONTUKN U HEJIMHENHOW (DOTOHUKN, @ TakXXe UX CMOCOBHOCTM NPeacTaBfsiTb CBOU BbIBOAbI B AICHOW U KPaTKOMN
topme. (10%)

3. JlabopaTopHble oTYyeTbl. CTyAeHTbl AO/DKHbI OyayT npenctaBuTb NlabopaTopHble OTHETbI, AEMOHCTPUpPYOLLME UX CMoCcobHOCTb
nAaHUpoBaTb M MPOBOAUTb SKCMEPUMEHTbI, CBA3aHHbIE CO CBEpPXObICTPOM OMTUKON W HENMHENHOMW (OTOHUKOW, a TakXe Uux
CNocobHOCTb aHaNM3NPOBaTh N UHTEPNPETUPOBATL IKCNEepUMeHTallbHble AaHHbIe. (20%)

4. NHomBmAayanbHble npoekTbl: CTyAeHTbl AOJ/DKHbI OyAyT MOArOTOBMTbL Mpe3eHTauuMM UM KOHCMEKTbl MO PassinyHbiM Temam,
CBSI3@HHbLIM CO CBEPXObLICTPON ONTUKOM U HENMHENHON (HOTOHUKOM, KOTOopble ByAyT OLEeHMBAaTbLCS Ha OCHOBE MX CMNOCOBHOCTU YEeTKO U
3hheKTUBHO nepefaBaTb COXKHbIe KoHUuenuuu. MNMpeseHTaunm 6yayT NPOBOAUTLCS Ha CceMUHapax «KypHasbHOro knyba» B KOHLEe
Kypca. (50%)



