Tabesaa 5.1 Cneundukanija npeaMera Ha CTYIHjCKOM MPOTPaMy JOKTOPCKHX CTYIHja

HasuB npeamera: Bumm kypc Mmaremarnuke pusnke

HacraBuuk nian Hactasaunm: Tatjana Bykosuh, Cama JImutpoBuh

Craryc npeamera: u30opHU

bpoj ECIIB: 15

YcaoB: Marematuka 1 u 2, KBantHa Mexanuka, Marematnuka ¢gusuka 2

b npeagmera

ORajaBame CI0KCHUJUM MATEMATHYKUM KOHIICITUMA 3HAYAJHUX Y CABPEMEHO] (PM3UIM U MPUMEHA mparehnx
TEXHWKAa Ha KOHKpETHHM cucTtemuMa. CaBpeMEHU HHBO W WHTCH3MTET HHTEpaKiuje (U3MKE U MaTCMAaTHKE
IOCTaBJba BHCOKE 3aXTEBE MpeJ CTYAEHTEC W CHENHjalncTe KOjuMa Cy OBE TEXHHKE HeomxomHe. Llwm je
0CTI0CO0JbaBamkE CTYNEHTA 332 CaMOCTAaJlaHO KopHIIheme MaTeMaTHYKAX METOJa, OCIIOCO0JhaBame 3a paja Ha
KOHKPETHUM IIPUMEPHMa B CaMOCTAITHO Tpahemke TuTeparype.

Hcxon npeamera

KonnenryanHo u cucreMaTndHO Bul)elbe MaTEMaTHIKUX OCHOBa (opMalin3aMa KOjH c€ KOPUCTE y Pa3IuduTHM
obnmacTuMa KBaHTHE (U3MKE W (H3UKE KOHACH30BAHOT CTama MaTepHje. ONepaTHBHOCT y KOpHIINEHY OBHX
(dbopmanmzama.

Canp:kaj npeamera

Teopujcka nacmasa

1. Cumempuja u epyne mpancgopmayuja y gusuyu: 00 Xamurnmonujana xa epynu cumempuje.
2. Cumempuje kpucmana — npocmopme u cybnepuoouune zpyne. Jlunujcxe zpyne.

3. Cnunopcke penpesenmayuje u 08ocmpyke zpyne.

4. Buenep Exapmog meopem u npumene.

5. brnoxosa cmarea, enekmponcke u hoHOHCKe 30He KOO KpUCmand.

6. Teopeme o (ne)npeceyarvy 3oua: Buenep ¢hon Hojman, Jlanoay. Besa ca Bepujesom gpazom.
6. Teopuuja 6eno penpezenmayuja: cumempujcku UHOUKAMOPU U MONOIOWKA KEAHMHA XeMujd.
7. Bpemencka uneepsuja u kopenpesenmayuje. Buenep-/lajconose xnace, ,, 3-fold way .

8. Vuympawmwe cumempuje, kupanne u bozomybos-oe Kenose knace.

9. Knacuguxayuja komnamubunnux Xamuimonujana: oo epyne ka mo2yhium Xamunmouujanuma.
10. ,, 10-fold way “.

Hpakmulma Hacmaea

IIpenopy4yena Jureparypa
1. S.L.Altman, "Induced Representations in Crystals and Molecules", Academic Press, London, 1977.
2. R. Evarestov,V.P. Smirnov, ,,Site Symmetry in Crystals - Theory and Applications, Springer, 1997.
3. J. Cano, B. Bradlyn, Band Representation and Topological Quantum Chemistry, Annual Review of
Condensed Matter Physics, 2020.
4. Peter Woit, ,,Quantum Theory, Groups and Representations®, Springer-Verlag, 2017.
5. Gregory Moore, “Quantum Symmetries and Compatible Hamiltonians”, lecture notes, 2014.

Bpoj uacoBa akTHBHe HacTaBe | TeOpHjcKa HACTABA: | Hpakriuna HacTasa:

Metone usBohema HacTaBe

Koncynranuje, mpezeHranuje

Ouena 3Hama (MakcuMaJHu 0poj moena 100)
aKTHUBHOCT y TOKY npemaBama 10, cemunapu 40, ncrmr 50

HaunH mpoBepe 3Hama MOTy OWTH pasziauyuTH : (MMCMEHHM WCIUTH, YCMEHHW HCIT, NpPE3CHTalHja IMpojeKTa,
CEMMHAPH UT/......

*MakcuMalHa aykHa | crpannma A4 gopmata

Table 5.1 Specification of subjects in the doctoral studies study program




Name of the subject: Advanced course in mathematical physics

Teacher(s): Tatjana Vukovié¢, Sa§a Dmitrovic¢

Status of the subject:

Number of ECIIB points:

Condition:

Goal of the subject

Getting acquainted with modern mathematical concepts and methods used in physics. Contemporary
level of interactions of physics with these area is very high and technically demanding. The objective
is to attain the needed level of understanding of the general theory and to enable student for concrete
applications.

Outcome of the subject
Working knowledge of advanced mathematical techniques and ability to apply them in physics.

Content of the subject

Theoretical lectures

1. Symmetry groups in physics: from Hamiltonian to group of symmetry.

2. Symmetries of crystals - spatial and subperiodic groups. Line groups.

3. Spinor representations and double groups.

4. Wigner Eckart's theorem and applications.

5. Bloch states, electronic and phonon zones in crystals.

6. Theorems on band (non)crossing: Wigner-von Neumann, Landau. Adiabatic theorem and Berry
phase.

6. Band representation theory: symmetric indicators and topological quantum chemistry.
7. Time inversion and co-representations. Wigner-Dyson classes, "3-fold way".

8. Internal symmetries, chiral and Bogoliubov-de Genness class.

9. Classification of compatible Hamiltonians: from symmetry group to Hamiltonians.

10. "10-fold way".

Practical lectures

Recommended literature
1. S.L.Altman, "Induced Representations in Crystals and Molecules", Academic Press, London, 1977.
2. R. Evarestov,V.P. Smirnov, ,,Site Symmetry in Crystals - Theory and Applications, Springer, 1997.
3. J. Cano, B. Bradlyn, Band Representation and Topological Quantum Chemistry, Annual Review of
Condensed Matter Physics, 2020.
4. Peter Woit, ,,Quantum Theory, Groups and Representations®, Springer-Verlag, 2017.
5. Gregory Moore, “Quantum Symmetries and Compatible Hamiltonians”, lecture notes, 2014.

Number of active classes | Theory: | Practice:

Methods of delivering lectures
Lecturing, consultations, exercises, animations and computer demonstrations (where applicable).

Evaluation of knowledge (maximum number of points 100)
Coursework 10, seminars 40, exam 50

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

*maximum length 1 A4 page




