Tabeaa 5.1 Cnenndukanuja npeaMera Ha CTYAUjCKOM MPOrpaMy T10KTOPCKHX CTyAHja

Ha3zus npeamera: KBanTHe TeuHocTH

HacraBHuk niau HactaBuunm: AHTyH banax, MBana Bacuh

Craryc npeamera: u300opHU

bpoj ECIIB: 15

YcaoB: KBantHa mexanuka 1 u 2; Cratuctuuka ¢usmka 1 n 2; KBantHa craTucTiuka Gu3uka

Iwb npeamera
Vro3HaBame CTyaeHaTa ca (PeHOMEHOIIOTHjOM M TEOPHjCKHM OIMHMCOM KBaHTHHX TedHOCTH (PepMu TeuHOCT,
cynepgurynaHoct, bo3e-AjHIITajH KOHIEH3a1Hja).

Hcxon npeamera

OmmagaBame TeopmjoM KBaHTHHX Pepmum u boze Tteunoctn. OrnamaBame Xaptpu-Pox-borossybos
amnpOKCHMAIIMjOM M TEOPHjOM CPEIbEr M0Jba M HEHOM HpUMeHOM Ha depMu TeyHOCT, CynepIynmaHOCT U
yJITpaxjIagHe KBaHTHE TacoBe.

Canp:kaj npeamera
Teopujcka nacmaea
1. deHomeHONOrMja TMOHAIIaKa KBAaHTHUX TEYHOCTH. XaMWITOHWjaH JApyre KBaHTU3alMje U
BaH/(MjaroHaJIHO JYrOJIOMETHO ypeheme.
2. T'punoBa ¢yHnkumje 3a uneanan @epmu rac. Kantna depmujeBa TeyHocT U nBOYecTHYHA ['prHOBa
¢byHKIHja.
3. CynepduynaHocT U eJIeMeHTapHe eKCIHTaluje KBaHTHe bo3e TeuHocTH. XUIpoaAnHAMUUKa TEopHja
cynepuIyHIHOCTH, TEOpHja IBE TEIHOCTH, IPBH U IPYTH 3BYK. PoTanuja n KBaHTH3aIMja BOPTEKCa.
4. boze-AjumTajH KoHAcH3anuja. XapTpu-Dok-borosrybos ampokcumanuja. Teopuja cpemmer mosba,
I'poc-Tluraecku jennaunHa u Tomac-Oepmu anpokcumanyja. KoinekTuBHe Moje ocIuIamnyja.

Ipaxmuuna nacmasa
PauyHcke BexOe. JleMoHcTpandja oCOOMHA KBaHTHHX TEYHOCTH Ha padyHapy KOpWIINEmeM HEKOT Off
moctojehux cophTBEpCKUX MaKeTa.

IIpenopyyena Jureparypa
1. A.J. Leggett, Quantum Liquids, Oxford University Press, 2006.
2. L. Pitaevskii and S. Stringari, Bose-Einstein Condensation, Clarendon Press, Oxford, 2003.
3. C.J. Pethick and H. Smith, Bose-Einstein Condensation in Dilute Gases, Cambridge University Press,
2002.

Bpoj yacoBa akTuBHE HacTaBe: 5 | Teopwujcka HacTaBa: 2 | [IpakTnyna HacTaBa: 3

Metone usBohema HacTaBe
[IpenaBama, pauyHCcKe BexOe, CEMUHAPH.

Ouena 3Hamwa (Makcumaanu Opoj moena 100)
AKTHUBHOCT TOKOM TipeaaBama: 10; momahu 3aganun: 20; cemunapu: 20; ucnur: 50




Table 5.1 Specification of subjects in the doctoral studies study program

Name of the subject: Quantum Liquids

Teacher(s): Antun Balaz, Ivana Vasi¢

Status of the subject: elective

Number of ECIIb points: 15

Condition: Quantum Mechanics 1 and 2; Statistical Physics 1 and 2; Quantum Statistical Physics

Goal of the subject
Introduction to phenomenology and theoretical description of quantum liquids (Fermi liquid, superfluidity,
Bose-Einstein condensation).

Outcome of the subject

After the course the student is familiar with the theory of quantum Fermi and Bose liquids. The student
understands Hartree-Fock-Bogoliubov approximation and mean-field theory and can apply them to Fermi
liquids, superfluidity, and ultracold quantum gases.

Content of the subject
Theoretical lectures
1. Phenomenology of quantum liquids. Hamiltonian of the second quantization and off-diagonal long-
range order.
2. Green's function for the ideal Fermi gas. Quantum Fermi liquid and two-particle Green's function.
3. Superfluidity and elementary excitations of the quantum Bose liquid. Hydrodynamical theory of
superfluidity, theory of two fluids, first and second sound. Rotation and quantization of vortices.
4. Bose-Einstein condensation. Hartree-Fock-Bogoliubov approximation. Mean-field theory, Gross-
Pitaevskii equation, Thomas-Fermi approximation. Collective oscillation modes.

Practical lectures
Problem solving exercises. Demonstration and exploring of properties of quantum liquids on a computer using
some of existing software packages.

Recommended literature
1. A.J. Leggett, Quantum Liquids, Oxford University Press, 2006.
2. L. Pitaevskii and S. Stringari, Bose-Einstein Condensation, Clarendon Press, Oxford, 2003.
3. C.J. Pethick and H. Smith, Bose-Einstein Condensation in Dilute Gases, Cambridge University Press,
2002.

Number of active classes: 5 | Theory: 2 | Practice: 3

Methods of delivering lectures
Lectures, exercises, seminars.

Evaluation of knowledge (maximum number of points 100)
Activity during lectures: 10; homework problems: 20; seminars: 20; exam: 50




