Tabesaa 5.1 Cneundukanija npeaMera Ha CTYIHjCKOM MPOTPaMy JOKTOPCKHX CTYIHja

Ha3zus npeamera: KBanTHa MexaHUKa CI0KEHUX CHCTEMA

HacraBuuk nin Hactapuunm: AutyH banax, 3opan [lonosuh, Camra JImurposuh

Craryc npeamera: u30opHU

bpoj ECIIB: 15

YciioB: KBantHa MexaHuka (noaumin) , CTaTUCTHUKA MeXaHHUKa (JOAMILT)

Iwb npeamera

Jla ce Hayde OCHOBHE METOJ€ ONUCHBAaKA PA3IMUUTUX CIOKEHUX KBAHTHUX CHUCTEMA, KA0 U TPaHCIOpPTa KO
HAHOCTPYKTYpa.

Hcxon npeamera

CnocoOHOCT MpUMEHE Hay4eHNX METOJa IPH IIPOydaBamy JUHAMHIKE KOHKPETHUX CUCTEMA.

Canp:kaj npeamera

Teopujcka nacmasa

1. Tomosoruja 30HAIHE CTPYKTYPE KOJ KPUCTAIA.

a) JudepeHuujaqHO TEOMETPHjCKM TpUCTyN: bepujeBa KoHekcwja, BuicoHoB omeparop,
UepHoBu OpojeBy.

b) Cumerpujcku IpUCTYI: peanuje KOMIATHOMIHOCTH, eJIEMEHTapHe 30HAIHE perpe3eHTallHje,
padyH U knacudukanuja, JoKaau3annuja 1 aTOMCKH JIUMUT, 0OCTPYHCAHH JINMHT, TOIOJIOIIKE
¢aze, mymrre.

2. Keaatau tpancnopt. IIpoBognoct, KynonoBa 6Omokanma/Konmo pe3oHaHIMja, camoycarjiameHO
MoJbe, PaBHOTEKHA MaTpHUIla TYCTHHE, 30HCKAa CTPYKTypa M CIHMH-OPOUT MHTEpakiyja, KBaHTHE
Tayke, jaMe, HAaHOXKHIIE, PABHOTE)KHA MaTpulla TycTuHe. KOHTaKTH, KOXEPEHTHH M HEKOXEPEHTHU
TpaHCIOPT, jenHauymHe TpaHcmopTta, OmoB 3akoH. Kopemammone ¢yHKIMje W HEpaBHOTEXHA
MaTpHIla TYCTHHE.

3. Ommc ynTpaxjaJHUX KBaHTHHX TacoBa y GopManu3My Jpyre KBaHTu3anuje. KoHraktHa u aumoi-
IUTION WHTepaknvja. BaHmuwjaronamHo myromomeTHo ypeheme. bose-AjHIITajH KOHIEH3aIHja.
Xaptpu-®ok-borospy0oB Teopuja u Teopwja cpemmer moJsba. Komarc cucrema, KBaHTHE
(daykryanuje u mnojaBa KBaHTHUX aporuiera. Cynepconuano crame. [Ipenas u3 cynepdiayuane y
cyriepconunHy $hazy u Kapakrepuzaiuja dasa.

Hpakmulma Hacmaea

IIpenopy4ena aureparypa
1. R. Evarestov,V. P. Smirnov, Site Symmetry in Crystals - Theory and Applications, Springer, 1997.
2. J. Cano, B. Bradlyn, Band Representation and Topological Quantum Chemistry, Annual Review of
Condensed Matter Physics, 2020.
3. S. Datta, Quantum Transport: Atom to Transistor, Cambridge University Press, 2005.
4. C. J. Pethick, H. Smith, Bose-Einstein Condensation in Dilute Gases, Cambridge University Press,
2008.

BpOJ JyacoBa aKTHBHEC HAaCTaBC | TeOpI/IjCKa HacTaBa: I HpaKTI/I‘IHa HacTaBa:

Mertone u3Bohema HacTaBe

HpeaaBa}La, KOHCYJ'ITaIII/IjC " CTYACHTCKU CEMUHAPU

Onena 3Hama (MakcuMaJHu 6poj moena 100)
AKTHBHOCT Y TOKY
npenaBama 10, cemunapu 40, ucriut 50

Haunn mpoBepe 3Hama MOTy OWTH pasziawyuTH : (MMMCMEHHW WCIUTH, YCMEHHW HCIT, NMpPE3CHTalHja IMpojeKTa,
CEMMHAPH UT/......

*MakcuMaliHa nykHa | crpannma A4 gopmata




Table 5.1 Specification of subjects in the doctoral studies study program

Name of the subject: Quantum mechanics of complex systems

Teacher(s): Ivanka Milosevi¢, Antun Balaz

Status of the subject: elective

Number of ECIIb points: 15

Condition: 1) quantum mechanics (undergrad); 2) statistical mechanics (undergrad)

Goal of the subject
To learn the basic methods of description of open and complex quantum systems, and quantum
transport in nanostructures.

Outcome of the subject

Ability to apply the methods of quantum open systems theory and time-dependent approach to
guntum dynamics in studies of particular models of interest. Student should be able to apply the bsics
if the theory of quantum transport to some specific nanostrucutres.

Content of the subject

Theoretical lectures

1. Topology of band structures of crystals.

a) Differential geometry approach: Berry connection, Wilson operator, Chern numbers.

b) Symmetry approach: compatibility relations, elementary band representations, computations
and classifications, localization and atomic limit, obstructed limit, topological pahases,
pumps.

2. Quantum transport. Quantum of conductance, Coulomb blockade/Kondo resonance, self-consistent

field procedur, Basis functions and equilibrium density matrix. Band structure and effect of spin—orbit

coupling, Quantum wells, nanowires, quantum dots, and nanotubes, Contacts, Coherent and non-
coherent transport. Quantum transport equations . Physics of Ohm’s law. Correlation functions. Non-
equilibrium density matrix.

3. Description of ultracold quantum gases in the second quantization formalism. The contact and the
dipole-dipole interaction. Off-diagonal long-range order. Bose-Einstein condensation. Hartree-
Fock-Bogoliubov theory and mean-field theory. Collapse of the system, quantum fluctuations, and
emergence of quantum droplets. Supersolid state. Transition from the superfluid to the supersolid
phase and their characterization.

Practical lectures

Recommended literature
1. R. Evarestov,V. P. Smirnov, Site Symmetry in Crystals - Theory and Applications, Springer, 1997.
2. J. Cano, B. Bradlyn, Band Representation and Topological Quantum Chemistry, Annual Review of
Condensed Matter Physics, 2020.
3. S. Datta, Quantum Transport: Atom to Transistor, Cambridge University Press, 2005.
4. C. J. Pethick, H. Smith, Bose-Einstein Condensation in Dilute Gases, Cambridge University Press,
2008.

Number of active classes | Theory: | Practice:

Methods of delivering lectures
1) presentations 2) consultations 3) student projects

Evaluation of knowledge (maximum number of points 100)

Weays of testing the knowledge may vary: (written tests, oral exam, project presentation, seminars

*maximum length 1 A4 page




