Tabesaa 5.1 Cneundukanija npeaMera Ha CTYIHjCKOM MPOTPaMy JOKTOPCKHX CTYIHja

Ha3zus npeamera: CI/IMeTpI/Ija HUCKOAUMCH3HOHAJTHUX CUCTCMA

HacraBauk wim HacTapHunm: Veanka Munomesuh, boxxunap Hukonuh, Cama JImutposuh

Craryc npeamera: u30opHU

bpoj ECIIB: 15

Yciaos:

Iwb npeamera
ORJajaBame KOHIICTITOM U TSXHUKaMa CUMETPUje KOl HUICKOJAMMCH3UOHATHUX CUCTEMA M pa3yMEBamke ca lhuMa
MoBe3aHUX (U3UYKUX OCOOMHA.

Hcxon npeamera

[lo3HaBame cuMeTpHja KBa3H jeTHOAMMEH3MOHAIHHX W KBa3HIBOIMMEH3MOHANHUX cHcTeMa (HaHOTYOe,
MTOJIMMEPH, TaHKW CJOjeBH UTH.) W Qm3UUKUX nociennna. CIocoOHOCT NMpHMEHe CHUMETpHje Y MPEIUKIIHjH
0coOMHA OBAaKBUX CHCTEMA.

Canp:kaj npeamera

Teopujcka nacmasa

1. Huckonumensunonanau cuctemu (1/1): monmumepn, HaHOTYOe, HaHOXHIlEe 2. HUCKOTMMEH3MOHATHI CUCTEMH
(21): rpaden (MJIT, BJIT, ...), M0S2 ciojeBH, XeTepOCTPYKTYpE, CII0jeBUTH MaTEpH]jajH, TAHKH (HUIMOBH,
ypehenu Hu3oBu HaHOTYOa UTA. 3. CHMeTpHUja HUCKOAUMEH3UOHAIHUX CUCTEMa: TPYIe CUMETPHje U Pas3JIkKe y
OJHOCY Ha TpoAuMeH3uOoHaIHe. CaMepJbUBOCT U HECAMEPJBUBOCT.

4. CtpykTypa cuCTeMa: eieMCHTapHa B cuMepHjcka henuja, 0MHOC MaJie TpyIIe U MyHe rpyma CUMETpHje.

5. BiioxoB TeopeM, rpyITHHA NPOjeKTOPH, MOIU(PHUKOBAHN TPYIHH MPOjeKTOpH. 6. CHMETPH]jCKH 3aCHOBaHE
ocoOMHe: KBaHTHH OpOjeBH (XEMUKaIHN U JIMHEAPHH), CEIEKIMOHA MIPaBHiIa, CHEPTeTCKE 30HE, IeTeHepallyja.
7. Knacngukanuja enekTpoHCKUX U (POHOHCKHX CTama, JeTeHepalija CHepreTCKUX HUBoa. 8. MIHBapuajHTHH
TIOTEHIIM]jaJIH, IOTEHNINjall nHTepakuuje, Jan-Tenepos edekat. 9. OnTruka, PamanoBa u nH}ppa-1pBeHa
aktuBHOCT. 10. /IBocTpyke u MmaraeTHe cyonepuoamune rpyme (10 u 2/1). 11. Cneunduyan peHomeHH (Be3aHH
3a MCTpa)XKMBamke KaHAUIaTa, HIIP. TEJIECKOICKU eheKaT KOJI IBOCIOjHUX HAaHOTY0a, ne)opMaIiioHe 0coOHHe).

IIpenopy4ena auteparypa

1. M. Damnjanovic and I. Milosevic, Line Groups in Physics, Theory and Applications to Nanotubes and
Polymers, Springer, Berlin Heidelbreg 2010)

2. E. B. Barrosa, A. Jorio, G. G. Samsonidze, R. B. Capaz, A. G. S. Filho, J. M. Filho, G. Dresselhaus, M. S.
Dresselhaus, "Review on the symmetry-related properties of carbon nanotubes”, Physics Reports 431 (2006)
261 —302

3. Kopsky V and Litvin D (ed) 2003 International Tables for Crystallography vol E Subperiodic Groups
(Dordrecht: Kluwer)

4. Daniel B. Litvin, Magnetic Group Tables, International Union of Crystallography (2013)

Bpoj uacoBa akTuBHe HacTaBe | Teopmjcka Hactasa: 15 | Mpakriuna HacTasa:

Metone usBohema HacTaBe
[IpenaBama, KOHCYNTaNHje, ToMahn 3a1any, ceMUHap

Ouena 3Hamwa (Makcumasanu Opoj moena 100)
Ycmenu ucnut 50, Cemunap (ca 3apaTkom) 50

Haumn npoBepe 3Hama MOTy OWTH pasnu4uTH : (MMMCMEHW HCIHMTH, YCMEHM HCIT, IPEe3eHTanuja IpojeKTa,
CEeMHHApH UT/L......

*MakcumaiHa aykHa 1 crpanuna A4 ¢opmara

Table 5.1 Specification of subjects in the doctoral studies study program

Name of the subject: Symmetry of low-dimensional systems

Teacher(s): Ivanka Milosevi¢, BoZidar Nikoli¢, Sasa Dmitrovi¢

Status of the subject: optional




Number of ECIIB points: 15

Condition:

Goal of the subject
Adopting the concepts and basic techniques of symmetry used for low-dimensional systems and
understanding of related physical properties.

Outcome of the subject

Understanding symmetries of subperiodic sysytems (nanotubes, polymers, layered crystals, thin
films...) and their physical consequences. Ability to usage of symmetriy for system properties
analisys.

Content of the subject

Theoretical lectures

1. Low-dimensional systems (1D): polymers, nanotubes, nanowires

2. Low-dimensional systems (2D): graphene (MLG, BLG, ...), MoS2 layers, heterostructures, layered materials,
thin films, allined nanotubes etc. 3. Symmetries of low-dimensional systems : symmetry groups and
differences in comparison to space groups. Commensurable and incommensurable systems.

4. System structure: unit cell and symmcell, relation between stabilizer and full symmetry group.

5. Bloch's theorem, Wigner's group projectors, modified group projectors. 6. Symmetry based properties:
quantum numbers (helical and linear), selection rules, bands, degeneracy. 7. Classification of the electronic and
phonon states, degeneracy of energy levels. 8. Invariant potentials, interaction potential, Jahn-Teller. 9. Optical,
Raman and infrared activity. 10. Double and magnetic subperiodic groups (1D and 2D). 11. Particular
phenomena from student research field.

Recommended literature

1. M. Damnjanovic and I. Milosevic, Line Groups in Physics, Theory and Applications to Nanotubes and
Polymers, Springer, Berlin Heidelbreg 2010)

2. E. B. Barrosa, A. Jorio, G. G. Samsonidze, R. B. Capaz, A. G. S. Filho, J. M. Filho, G. Dresselhaus, M. S.
Dresselhaus, "Review on the symmetry-related properties of carbon nanotubes”, Physics Reports 431 (2006)
261 — 302

3. Kopsky V and Litvin D (ed) 2003 International Tables for Crystallography vol E Subperiodic Groups
(Dordrecht: Kluwer)

4. Daniel B. Litvin, Magnetic Group Tables, International Union of Crystallography (2013)

Number of active classes | Theory: 15 | Practice:

Methods of delivering lectures
Lectures, seminars, projects.

Evaluation of knowledge (maximum number of points 100)
Seminars (projects) 50 points, final exam 50 points.

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

*maximum length 1 A4 page




