Advanced quantum mechanics
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Computer Modeling of quantum and
nanophotonic systems

1st and 3rd semesters

Quantum Materials

1st and 3rd semesters

Prerequisites:

Quantum mechanics

Lectures Practice Labs
(a.h)* (a.h) (a.h)

32 25 0

*1 academic hour = 45 minutes

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 quantum 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.
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Course content

CneuvanbHble pa3genbl KBaHToBoW MexaHuUkU/Advanced Quantum Mechanics

OpHo4YacTUYHbIE 3a8a4M B KBAHTOBOU MeXaHukKe

CTpyKTypa Kypca

JNlekuun | MpakTukKun
Paspenbl
n (ak.4.) (ak.4.)
YacTtb 1. OgHOoYacTU4YHbIE 3a4a4M B KBAHTOBOM MexaHuKe
1.1 MNpubnnxxeHne cnbHOM cBA3M. CNEKTPbl KPUCTANOB. 4 4
1.2. NMepunoamnyeckune Bo BpemMeHn Bo3MyLLeHns (meTton droke) 2 2
1.3. KoHuenumnsa TornoJIorMm B KBaHTOBOW MexaHuKe. IhdeKkTbl Xosa B KBaHTOBON MexaHuke (0b6blYHbIN, 4 4
aHOMaJIbHbIN, NCMUHOBLIN). TONOMIOrNYECKNE NHBaAPUAHTI.
1.4. MaTpuua NAOTHOCTU. YNCTbIE N CMeLLlaHHble KBaHTOBbIE COCTOSHUSA. 2 2
1.5. BpeMeHHble npeacTaBnenuns B KM. MNMpenctasneHune LpennHrepa, MeiiseHbepra n B3anMonencTens 2 2
1.6. Teopusa nMnHenHoro oTkanka. ®opmyna Kybo. dnekTpuyeckas n MarHMTHas BOCMPUMMYNBOCTH 4 4
KBaHTOBOW CUCTEMbI
YacTtb 2. BBeaeHue B MeToabl MHOroyacTuyHon KM
2.1. Btopn4yHoe KBaHTOBaHMe. ®opMaan3M Ynucen 3anosiHeHNs. BonHoBble (hYHKLNM MHOMO4YacTUYHOWN 2 2
CUCTEMbI 1 ONEepaTopOB B NPeACTaB/IEHNUN YUCEN 3aMNOJHEHNS.
2.2. MeTop cpegHero nons. ®a3osble nepexonbl. 4 2
2.3. OCHOBbI ANarpaMMHON TeXHNKN. MeToh YacTUYHbIX CyMM. MpubnnxeHne XapTpu-Poka n ciyyanHom 4 2
hasbl 4NA B3aMOLENCTBYIOLMNX 3JIEKTPOHOB.
2.4. MeTo (hyHKLMOHaNbHbBIX MHTErpaaoB. KorepeHTHble COCTOAHUA. FTapMOHUYECKNI OCLIMINSATOP Ha 4 4
A3blke YHKLUMOHaNbHbIX MHTerpanos. NpeobpasosaHue CTpaTaHOBUYA. AHFAPMOHUYECKUIA OCLMIASATOP.
Topic Lections | Seminars
p (ac.h) (ac.h)
Part 1. Single particle QM methods
1.1. Tight binding approximation. Crystall energy spectra. 4 4
1.2. Time-periodic perturbation. Floquet theory. 2 2
1.3. Topology concept in QM. Quantum Hall effects (conventional, anomalous, spin etc...). Topological 4 4
invariants.
1.4. Density matrix. Pure and mixed states. 2 2
1.5. Time evolution pictures. Schrodinger, Heisenberg and interaction pictures. Series expansion of time
evolution 2 2
operator in interaction picture
1.6. Linear response theory. Kubo formula. Electric and magnetic permeabilities of quantum systems. 4 4
Part Il. Introduction to many-body problems in QM
2.1. Second quantization. Occupation number formalism. Many body wavefunction and operator 5 >
representations.
2.2. Mean field theory. Phase transitions. 4 2
2.3. Basics of diagramm technique. Partial summation. HartreeFock approximation for interacting electrons
and its 4 2
relation to mean field. Random phase approximation
2.4. Basics of path integral approaches. Harmonic oscillator on the language of path integrals. Stratonovich
transformation. 4 4

Anharmonic oscillator.




Recommended resources

1. ).). Sakurai, Modern Quantum Mechanics
2. P. Coleman, Introduction to Many body physics
3. H. Bruus, K. Flensberg, Introduction to many body quantum mechanics.

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.



