CneumanbHble pa3aenbl KBAHTOBON MEXaHUKM
Advanced Quantum Mechanics
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3. KpaTKaa aHHOoTauuA:

Llenbio Kypca siBASETCA 3HAKOMCTBO CTYAEHTOB C 63a30BbIMM KOHLEMUUAMN N TEOPETUYECKUMM
MEeToA4aMM, WCMNOJIb3YIOWMMCA B 3a4a4yaX COBPEMEHHOM KBAHTOBOM MEXaHUKU U PU3IMKK
TBEPAOro Tena.

Kypc pa3geneH Ha aBe yacTu. B nepBoit 4acTu, Mbl NOAPOBHO M3y4YMM TEOPETUYECKUM METOAbI
peleHnn 04HOYACTUYHbIX 33434 B KBAHTOBOW MeXaHWKe: NpUBAUMKEHME CUABbHOW CBA3U ANA
HaXOMAEHUA SHEePreTUYECKOro CNeKTpa KPUCTaNN0B, Pas3/iniHble METOAbl TEOPUU BO3MYLLEHWN,
3aBUCALMX OT BPEMEHW ONA ONMUCAHUA ONTUYECKMX CBOMCTB KBAHTOBbIX cucTtem. Kpome Toro,
Mbl MO3HAKOMMMCA C KOHLLENUMEH TONOOrMM B KBAHTOBOW MeXaHMKe.

Bropas u4acTb noceslweHa 6a30BbiIM  METOAOM  UCCNEAO0BAaHMA  MHOFOYaCTUYHbIX
B3aMMOZENCTBUI B KBAaHTOBOM MexaHMKe. Ha npumepax npocTeiimx 3agay Mbl NO3HaKOMUMCA
C KpanHe 3pPeKTUBHbIMU TEOPETUYECKMMM METOoZ4aMM, TaKMMU KakK MeTofd CpefHero nons,
AnarpammHan TeXHMKa, U OCHOBbI meToda GYHKLMOHAbHbIX MHTErPanos.

Short annotation (500-700 characters, in plain and simple language):

The aim of the course is the introduction to the basic concepts and theoretical methods used in
the problems of modern quantum mechanics and condensed matter physics.

The course is divided in two parts. In the first part, we will thoroughly study the theoretical
methods of solving single-particle problems in quantum mechanics: tight-binding
approximation for finding the spectrum of periodic systems such as crystals, different methods
in time-dependent perturbation theory to study optical properties of quantum systems.
Moreover, students will get acquainted with the concept of topology in quantum mechanics.

The second part is dedicated to the basic methods of studying many-body interactions in
guantum mechanics. Using the basic problems as examples, we will discuss the simplest yet
effective methods of the mean field approximation, diagrammatic technique and path integrals.

4. HasBaHue nporpammbl 1 cemecTtp: HaHodoToHMKa U meTamaTepuanbl/KBaHTOBbIE
MmaTepuanbl, Nepsbin cemecTp

Study program and semester: Nanophotonics and metamaterials/ quantum materials, 1*
semester.



5. [leTanbHoe onucaHue Kypca ¢ pazbreHrem no nekumam/cemmHapam/npakTMKam:

\ Tema

‘ Tun 3ansaTuii

Yacrs |. OI[HO‘-IaCTI/I‘{HBIC 3aJlayd B KBAHTOBOM MEXaHUKE

1 [Tpubmmxenne cuiibHOM CBs3U. CIIEKTPhl KPUCTAIIIOB Jlexuus (2) + cemunap (2)

2 ITepuoauueckue Bo BpeMeHu Bo3MyieHus (merog ®noke) | Jleknus + cemMuHap

3 Komrmermnius Tomoaoruyu B KBaHTOBOM Mexanuke. Dpdektol | Jlekuus (2) + cemunap (2)
XoJu1a B KBAaHTOBOM MeXaHUKE (OOBIYHBIN, aHOMaJIbHBIMH,
cnuHoBbIN). Tomnonornueckre MHBapHaHTHI.

4 Martpuna miotHocTu. UucThle 1 CMEIaHHbIE KBAHTOBBIE Jlexuus + cemuHap
COCTOSTHUSL.

5 Bpemennnie nipencrasnenus B KM. Ilpencrasienue Jleknusa + cemunap
[penunrepa, ['efizenOepra v B3auMoICHCTBUS

6 Teopus nuneitnoro otkianka. ®opmyna Kyo6o. Jlexuus (2) + cemunap (2)
DNeKTpudecKass U MarHUTHAs BOCTIPUUMYHBOCTH
KBaHTOBOI CHCTEMBI

Yacts |l. BBenenne B MeToasl MHOrouyactuaHoi KM.

7 Bropuunoe kBantoBanue. ®opmanusm ymcen 3amnonHenus. | Jlekius + cemunap
BoHOBBIE QYHKIIMM MHOTOYaCTUIHOW CUCTEMBI 1
OIIepaTOPOB B NMPEACTABICHUH YNCEN 3aM0THEHHUS.

8 Merton cpennero mosisi. DazoBbie EPEXOIbI. Jlekuus (2) + cemunap

9 OCHOBBI THarpaMMHOM TEXHUKH. MeTOo YacTHYHbIX cyMM. | Jlekius (2) + cemunap
[Mpubmmxenne Xaptpu-Doka u cirydaitHON ¢a3sl 115
B3aMMOJICHCTBYIOIUX JICKTPOHOB.

10 Merton pyHKIMOHANEHBIX HHTErpasioB. KorepeHTHBIE Jlexuus (2) + cemunap (2)

COCTOSIHUSL. | ' apMOHMYECKHN OCLIMIUIATOP Ha A3bIKE
GbyHKIIMOHAIBHBIX HHTErpasioB. [IpeobpazoBanue
CrparaHoBrYa. AHTAPMOHUYECKUIA OCHUILISITOP.

Detailed content and structure with sectioning of lectures/seminars:

\ Topic

\ Class type

Part 1. Single particle QM methods

1 Tight binding approximation. Crystall energy spectra Lecture (2) + seminar (2)
2 Time-periodic perturbation. Floquet theory Lecture + seminar
3 Topology concept in QM. Quantum Hall effects Lecture (2) + seminar (2)
(conventional, anomalous, spin etc...). Topological
invariants
4 Density matrix. Pure and mixed states. Lecture + seminar
5 Time evolution pictures. Schrodinger, Heisenberg and Lecture + seminar
interaction pictures. Series expansion of time evolution
operator in interaction picture
6 Linear response theory. Kubo formula. Electric and Lecture (2) + seminar (2)
magnetic permeabilities of quantum systems.
Part Il. Introduction to many-body problems in QM
7 Second quantization. Occupation number formalism. Many | Lecture + seminar
body wavefunction and operator representations.
8 Mean field theory. Phase transitions. Lecture (2) + seminar
9 Basics of diagramm technique. Partial summation. Hartree- | Lecture (2) + seminar
Fock approximation for interacting electrons and its
relation to mean field. Random phase approximation.
10 Basics of path integral approaches. Harmonic oscillator on | Lecture (2) + seminar (2)

the language of path integrals. Stratonovich transformation.
Anharmonic oscillator.




6. PekomeHa0BaHHan nuTepaTypa:
Textbooks:
1. J.J. Sakurai, Modern Quantum Mechanics
2. P. Coleman, Introduction to Many body physics
3. H.Bruus, K. Flensberg, Introduction to many body quantum mechanics.

7. NpeaBapuTenbHO NPoAEHHbIE KYPCbl, HEObXoAMMble ANs U3YYEHUA NpeameTa:
Course prerequisites: Quantum Mechanics (standard two-semester course)

8. Tn camocToATeNbHbIX 3a4aHWUA:
Assignments: attached.

9. KaKk oueHunBaeTca ycneBaemMocCTb MO Kypcy:

Grading policy:

Final grade is based solely on the final exam. Solution of the homework problems is strongly
recommended to be able to solve the problems at the exam.



