Skoltech Course Syllabus

Skolkovo Institute of Science and Technology

Course Title (in English) Path integral: Stochastic processes and basics of Quantum mechanics

Course Title (in Russian) DyHKUMOHaNbHbIV MHTerpan: CToxacTuyieckune NpoLEecchl 1 OCHOBbI KBAHTOBOW MeXaHNKN
Lead Instructor Andrew G. Semenov

Contact Person Andrew Semenov

Contact Person's E-mail semenov@Ipi.ru

Course Description

One of the most powerful methods of modern theoretical physics is the method of functional integration or path integration. The
foundations of this approach were developed by N. Wiener at the beginning of the 20th century, but it spread widely after R. Feynman,
who applied this approach in quantum mechanics. At present, the functional integral has found its application in the theory of random
processes, polymer physics, quantum and statistical mechanics, and even in financial mathematics. Despite the fact that in some cases its
applicability has not yet been mathematically rigorous proven, this method makes it possible to obtain exact and approximate solutions of
various interesting problems with surprising elegance. The course is devoted to the basics of this approach and its applications to the
theory of random processes and quantum mechanics. In the first part of the course, using the example of stochastic differential equations,
the main ideas of this approach will be described, as well as various methods for exact and approximate calculation of functional
integrals. Further, within the framework of the course, the main ideas of quantum mechanics will be considered, and both the operator
approach and the approach using functional integration will be considered. It will be demonstrated that, from the point of view of
formalism, the description of random processes and the description of quantum mechanical systems are very similar. This will make it
possible to make a number of interesting observations, such as, for example, the analogy between supersymmetric quantum mechanics
and the diffusion of a particle in an external potential. In the final part of the course, depending on the interests of the audience, various
applications of the functional integration method will be discussed, such as polymer physics, financial mathematics, etc.

AHHOTauus

OfHVM 13 MOLLHENLLNX METOL0B COBPEMEHHOW TEOPETNYECKON (PUBNKM SBNSETCS MeToh, (DYHKLUMOHAIbHOIO MHTErPUPOBAHNUS NN,
VNHTErpmpoBaHus no TpaektToprsiM. OCHOBbI JaHHOMO noaxofa 6biin 3anoxeHsl H. BuHepom ewwé B Havane XX Beka, ofgHako
HanbosbLLY0 N3BECTHOCTb OH MOJTy4YM NOcne Toro, kak P. ®eHMaH NpYMeHU AaHHbIN NOAXOA, B KBAaHTOBOW MexaHuke. B HacTosiLee
BpemMs (OYHKLMOHANbHBIN MHTErpan Hallen CBO& NprYMEHEHVEe B TEOPUM CllyYaiHbIX NPOLECCOB, (hU3NKE NONMMEPOB, KBAHTOBOW 1
CTaTUCTUYECKON MexXaHVke 1 faxe B (hHaHCOBOW MaTemMaTrike. HecMoTpsi Ha TO, YTO B psife Clly4aeB ero NPYMEHUMOCTb
mMaremaTnyecKn CTPOro noka He AoKasaHa, AaHHbI MeTo, MO3BOSISET C yANBUTENbHbIM N3SLLLECTBOM NOJTyYaTb TOYHbIE Y NPUBAVXKEHHbIE
peLueHnst pas3nuyHblX MHTEPeCHbIX 3apad. Kypc nocBsLWEH OCHOBaM AAHHOMO MOAXOAA U ero NPUIOXKEHUSM K TEOPUK ClyYariHbIX
NPOLIECCOB 1 KBAaHTOBOW MexaHvke. B nepBo YacTu Kypca Ha npumMepe CToxacTuiecknx auddepeHumansHbix ypaBHeHU 6yayT
pacckasaHbl OCHOBHbIE UAEeN AaHHOro Noaxoaa, a Tak Xe pasnnyHble Cnocobbl TOYHOTO U MPUBIVXKEHHOMO BbIYNCIEHUS
dyHKUMOHaNbHbIX UHTerpanos. [lanee B pamkax Kypca 6yayT pacCMOTPEeHbl OCHOBHbIE UAEN KBaHTOBOW MeXaHuKu, npuyem 6yaet
paccMOTPEH Kak ornepaTopHbIN MOAXOA, Tak M MOAXOMA C UCNONb30BaHNEM (YHKLMOHAIbHOMO HTErpupoBaHns. byaet
NPOAEMOHCTPUPOBAHO, YTO C TOYKM 3PeHNS hopmanama onmcaHmne CryyaHbix NMPOLLECCOB 1 ONMCaHNe KBaHTOBOMEXaHNYECKMX CUCTEM
BeCbMa NMoxoxke. 3T0 NO3BONUT cAenaTb P MHTEPECHbIX HABMIOOEHNI, TakMX KaK, Hanpumep, aHasiorno Mexxay CynepcrMmMeTpUYHON
KBaHTOBOW MexaHVKon 1 anddysmnen YacTulbl BO BHELLHEM noTeHuuane. B 3akno4nTenbHOM YacTu Kypca, B 3aBYICUMOCTU OT MHTEPECOB
ayguTopun, 6yaeT pacckasaHo O PasfnyHbIX MPUMEHEHMSIX MeToAa (DYHKLMOHANIbHOrO NHTErPYPOBaHUS, TaKMX Kak (hr3unka nonmmMepos,
(hrHaHCcoBas maTemaTvika u gp.

Course Academic Level Master-level
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A: 86

B: 76
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F: 0
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Students of Which Programs do You Recommend to Consider this Course as an Elective?

Masters Programs PhD Programs
Mathematical and Theoretical Physics Mathematics and Mechanics
Photonics and Quantum Materials Physics
Math
Course Tags Physics
Required Textbooks ISBN-13 (or ISBN-10)
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