Group Theory for Physicists
Exam questions (2024)

1. Definition of the group. Operations on group elements, subsets, and their properties.
Multiplication table and its properties.

2. Subgroups, properties, Lagrange's theorem. Normal subgroup, quotient group. Conjugate
classes. Direct product of groups.

3. Mappings within and between groups. Homomorphism theorem.
Group action, orbit, stabilizer: definitions and properties. Orbit—stabilizer theorem.

Most frequent symmetry operations and point groups** in physics, the Schoenflies symbols

and-Hermann—Mauguin-symbels™* (international notatien™ ™). Point groups compatible with

crystals**,

6. Representations. Regular representation. Equivalence of representations. Reducible and
irreducible representations. Maschke's theorem™**.

Schur's lemmas.

Fundamental/Grand orthogonality theorem (Schur orthogonality relations): orthogonality and
dimensions of irreducible unitary representations.

9. Completeness of (unitary) irreducible representations, and their dimensions.

10. Characters, character tables. Orthogonality of characters. Number of irreducible
representations.

12. Reduction of representations. The P, projection operators into the irreducible subspaces, and
their properties. The definition of the I7/* “smart projection” operators and their properties.

14. The consequences of symmetries in harmonic motion: degeneracies and their resolution by
perturbation. Selection rules: symmetry aspects of exciting normal modes (showing some
simple examples is enough).

15. The consequences of symmetries of a physical system on the quantities describing it:
Neumann's principle (general idea and some non-trivial examples on (pseudo)scalar,
(pseudo)vectorial and (pseudo)tensorial quantities, for e.g. Csy, C3, D3p, Tq symmetries).

*If you tell me mark 4 is enough for you before getting the exam questions, you do not need to present the proof of this item.
**You do not need to present the proof of this item.

***If you tell me mark 4 is enough for you before getting the exam questions, you do not need to know this.
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Csoportelmélet fizikusoknak
Tételsor (2024)

1. Csoport fogalma. Csoport elemein és részhalmazain értelmezett miiveletek. Szorzotabla és
tulajdonsagai.

2. Részcsoportok, tulajdonsagaik. Lagrange-tétel. Normaloszto, faktorcsoport. Konjugalt
elemosztalyok. Csoportok direkt szorzata.

3. Csoportok dnmagukra és mas csoportokra valo leképezései. Homomorfizmus-tétel.
Csoporthatas, palya, stabilizator. Palya—stabilizator-tétel.

Fizikaban gyakran el6forduld szimmetriamiiveletek és pontcsoportok™**, Schoenflies-

szimbolumok;-nemzetkézit ¥t (Hermann—Mauguin-féle)jelélés. Kristdly szimmetriaival

kompatibilis pontcsoportok**.

6. Abrazolasok. Regularis abrazolas. Abrazolasok ekvivalencidja, felbonthatosaga, irreducibilis
abrazolasok. Maschke-tétel**.

Schur-lemmak.

Az abrazolasok fundamentalis ortogonalitési tétele: uniter irreducibilis dbrazolasok
ortogonalitasa és dimenzidszdma.

9. (Uniter) irreducibilis abrazolasok teljessége, dimenzidszama.

10. Karakterek, karaktertablak. Irreducibilis karakterek ortogonalitdsa. Irreducibilis abrazolasok
szama.

12. Abrazolasok irreducibilis felbontasa (kiredukélasa), az ezekhez tartozo invarians alterekbe
vetitd P, operatorok*. A I1,/* , okos operatorok™ definicioja és tulajdonagal
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14. Harmonikus mozgésegyenlet szimmetridinak kovetkezményei: degeneraciok és feloldasuk
perturbacioval. Normalmodusok gerjeszthetdsége adott szimmetriaji perturbacioval (elég
néhany egyszerii példaval szemléltetni).

15. Egy fizikai rendszer szimmetridinak kovetkezményei a rendszert leir6 mérhetd mennyiségekre:
a Neumann-elv (altalanos elv €s specidlisan a (pszeudo)skalar, (pszeudo)vektoridlis,
(pszeudo)tenzorlahs mennyiségek, nehany nem trivialis peldaval pl. Cav, C3, D3p, Ta).

*If you tell me mark 4 is enough for you before getting the exam questions, you do not need to present the proof of this item.
**You do not need to present the proof of this item.

***If you tell me mark 4 is enough for you before getting the exam questions, you do not need to know this.
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