X

Table of Contents

Chapter |

Fundamentals on Semigroups, Groups and Representations

1

Groups and group action (P. Kramer) . ................c...vuiiunn. 1
1.1 Preliminaries . ... ....... ... .. .. . ... .. ... 1
1.2 Algebraic composition, semigroupsand groups . .................. 4
1.3 Transformationgroups ........................ ... ........ 6
Examples of groups (P. Kramer) . ... ....... ... .. ... . .. iu.oo.. 9
2.1 ThesymmetricgroupS(n) ................. ... 9
2.2 Matrix (semi-)groups and innerproducts . ...................... 11
2.3 Inhomogeneous MatriX GroupPS . . ... ... ... iiviinnneenennnn 13
Subgroup structures of groups and semigroups (M. DalCin) . ............. 14
3.1 Preliminaries: complexes and lattices . . ........................ 14
3.2 Subgroupdiagrams . . .. .. ... ... ... 15
3.3 Morphismsand subgroups . ............. . ... .. ... 19
3.4 Direct and semidirectproducts . ................. ... ......... 20
3.5 Subnomalchains .. ........ ... ... 23
3.6 Subgroupsof semigroups .. .......... .. ... ... ... ... ... 25
Groups and topology (G. John) ... ....... ... ... 0. 26
4.1 Topological groups . . .. ......... ..ttt 26
42 Liegroups ... .. ... 30
4.3 Invariant measures . ... ............ ... 45
Representations of groups (P. Kramer) . . ........... ..o . 47
5.1 General properties of representations . .. ....................... 47

5.2 Irreducible representations of the symmetricgroup ................ 50

5.3 Finite irreducible representations of the general lineargroup .......... 53
54 Group algebras and representations . .......................... 57
5.5 Induced and subduced representations . ........................ 58
Induced representations of the Poincaré group (K. Scheerer) . ............ 60
6.1 Poincaré transformations . . .. ....... ... ... .. ... ... .. ...... 60
6.2 Representations . ... ...................... .. . . .. 61

6.3 Inducedrepresentations . ................. ... .. ... .. ..... 62
6.4 UIR’s of the Poincaré group
6.5 The Dirac equation

References 67



Table of Contents Xl

Chapter ||

Fundamentals of Algebraic Quantum Theory
(A. Rieckers)

Introduction . ....... ... . . ... e 69
1 Algebraofobservables . .............. .. ... ... .. ... 70
N - 76
3  Symmetry transformations . .......... ... .. ... ... . . . .. 85
4 Represented systems and symmetries . ... ......................... 92
S Dynamical symmetries and equilibriumstates .. ..................... 98
Appendix: Jordan homomorphisms . .................. ... . ... ....... 105
References . .......... ... ... i e 115

Chapter 11
Pauli Principle and Indirect Exchange Phenomena in Molecules and Solids

1  Permutation symmetry and chemical bonding in molecules and solids (L. Jansen,

R W.J RoeLR Block) .......... .. 117
1.1 Permutation symmetry and exchange interactions ................. 117
1.2 Exchange interactions and chemicalbonding . . ... ................ 121
1.3 The Heisenberg (effective spin-) Hamiltonian approach to exchange interac-
HOMS . .. e e 123
References . .. .. .. ... . . . e 126
2 Group-theoretical aspects pertaining to the quantum-mechanical N-particle
system (R.W.JLROED) .. ... ... . . . . . e 127
2.1 Introduction .. ... ... .. ... L e 127
2.1.1 Hamilton operator and Hilbert space . ..................... 127
2.1.2 Symmetry and Wigner’s theorem. The irreducibility postulate, the
identity postulate and the Pauli postulate . .................. 128
2.1.3 The spin free Pauliprinciple . ............. ... .. .. ....... 131
Appendix A
The Schur-Weyltheorem . . ........... ... . ... . ... . ... 132
Electron spin and permutation symmetry . ...................... 135
2.2 Symmetry adaptation . ........... ... . 135
221 Matrichases .. ... ... e 135
2.2.2 Some fundamental expressions pertaining to matric bases . ....... 137
2.2.3 Some special choices of matric bases, G=Sy ................ 140
2.2.4 Symmetry adaptationof Vo ®N toSy .. ... ... 141

2.2.5 Antisymmetrization ............ ... ... i 143



Xil

Table of Contents

3

Appendix B
Sequence adaption. Double coset decomposition of unitary matric bases . . 148
Appendix C
Tableau operators .. .......... ... ... ... ..., 153
Invariance groups for tableaux operators . .. .................... 156
2.3 Matrix elements and theirevaluation .. ........................ 157
231 Introduction . ..... ... ... ... e 157
2.3.2 Matrix elements over Young-Yamanouchi N-electron spin (S, M)
eigenfunctions . . ... ... .. .. .. .. 158
2.3.3 Matrix elements of a spin-free observable over sequence-symmetry-
adaptedbases . ... ... .. .. ... .. 160
2.3.4 Matrix elements of the spin-free N-electron Hamilton operator over
Young unil-type YA-projected N-electron bases. Pauling numbers . ..172
2.3.5 Summary andDiscussion . ... ......... ... ... 175
Appendix D
The triple double coset symbol, double cosets, DC . .. .............. 179
References . ........ .. ... ittt 198
Appendix E
The canonical double coset symbol . ... ...... ... ... ... ... ... 198
References ... ...... ...ttt 213
Appendix F
Generalreferences . ... ......... ... .0ttt 214
Appendix G
Special references . ... ... ... . ... ... 214
The effective electron model: Applications (L. Jansen, R. Block) .......... 215
30 Introduction .. .. ... ... . .. ... e 215
3.2 Effective-electron model for weak chemicalbonding ............... 216
3.3 Applicationsofthemodel . ................................ 217
3.3.1 Indirect exchange interactions in magneticsolids .............. 217
3.3.2 Stability of rare-gas halides: A case of selective valence . ......... 221
3.3.3 Rotational barriers in simple molecules .................... 223
3.3.4 Magnetic structures of the manganese pyrites . ............... 227

References . ...... ... ..t e 228



Table of Contents Xl

Chapter IV
Groups and Semigroups for Composite Nucleon Systems
{P. Kramer)
1 INtroGUCHOM . o v ot e oot e ie e e et ee s e e 229
2 Exchange and double cosets of the symmetric group . ... ... e 229
3 Orbital symmetry and the representation of the symmetric and general linear
BIOUDPS . . ot oe e e s e e 231
4 Weyl operators, linear canonical transformations and Bargmann Hilbert space . .232
5  Canonical transformations for interacting n-body systems . .............. 236
6 Interaction of composite particles . . ... ...... e 238
7 Configurations of simple composite particles . ... .....coovnverereen e 240
8 Composite particles with a closed-shell configuration ............c.o--- 241
O CONCIUSION -« v o o seee e e m s 244
REfEIONCES . - . o o ooe e e es e 245
Chapter V

An Algebraic Approach for Spontaneous Symmetry Breaking in Quantum
Statistical Mechanics
(Gérard G. Emch)

1 IOArOQUCHION . . v v vv oo aeemm e 246
2 General thEOTY ... ...« coornneersoseosrs st 248
2.1 Finite statistical MECRANICS .« v oo vvveesmrsmm s 248
2.2 Thermodynamical Hmit . . ...« coooeeerormrmems sy 249
2.3 KMS and thermodynamical stability . .......oocoorcrrmer s 253
2.4 Properties Of KMS States .. ...« cococosssosrsomtr i innnn 256
2.5 What is a pure thermodynamical phase? . . ... ... 259
2.6 Cluster properties and ergodic theory ... «..cooeeemsemrrmr ety 259
27 Uniform CRUStETNG . « <« v« ovveomresrmrs s 264
2.8 Symmetry-breaking and decomposition theoTy ... ......ceoereee 267
3 Exactly solvable models . .. ... -occsss T 270
3.1 The BCSOdEl v vvvvvcrrmmrssssmses s rrnnnnns 271
3.2 The WeissIsing (anti-) ferromagnet . ........ccoco-orrorommrnoss 272
3.3 Ising and Heisenberg T 3’;‘31

3.4 CONCIUSION . .o v v v oerreremmrss s mnes



X1V Table of Contents

4  Existenceofcrystals . ... .. .. .. ... ... e

4.1 Ageneraltheory . .......... .. ... @it
4.2 Physical interpretation . ............ . ... ... ... ...
4.3 Relatedtheories . .......... ... .. ... ...

References . .. .. ... e

Chapter VI

Dynamical Groups for the Motion of Relativistic Composite Systems

(A. O. Barut)

Introduction . . ... .. ... . .. e
The general framework . ... .. .. .. ... ... ... ..
Composite systems and reducible representations . .. ..................
The method of induced representations from dynamical groups . ..........
Electron-positroncomplex . ............. .. .. . . . . . ...
Composite systems. Inductiveapproach ... ........................
Dynamical algebras, their contraction and generalizations . ..............

Passage to relativistic waveequations . .. ..........................

O 0 93 N B W

Principles on the choice of infinite component wave equations . ...........

—
[=]

The Majorana “particle” ... ......... ... . ... .. .. .

f—
——

Aninverseproblem . ... .. ... ...

—
N

The class of composite systems based on conformalgroup ...............

—
w

Electromagnetric interactions of composite systems . ..................

—
H

Other interactions of composite systems .. ........................

15 A characteristic property of relativistic composite systems: Space-like states . . .

Appendix A: List of unitary irreducible representations of SO(2, 1) ~SU(1, 1)
Appendix B: List of most degenerate unitary irreducible representations of SO(4,2) . .

References . .... ... ... .. .t e



Table of Contents XV

Chapter Vil

New Representation Spaces of the Poincaré Group and Functional
Quantum Theory

(H. Stumpf)

Introduction . . ... ... ... 319
1 Quantum theoretical fundamentals ............... ... ... ... ....... 320
2 Poincaré group representationsin fieldtheory .. ..................... 324
3 Functionalmap ............ ... i e 330
4 Functional calculationmethods .............. . ... ... ... ... ... 337
5 Noncanonical quantization and unitarization . ...................... 344
References . ......... ... .. ittt 347
Chapter VIil

The Algebraic Theory of Automata
(M. Dal Cin)

Introduction .. ... ... ... . . .t 348
1  Systems, automata and switching networks . ........................ 348
1.1 Input-outputsystems . ............cccoinnmnnnii.. 348
1.2 Automata . ... .ottt e e e e 349
1.3 Sequential switchingnetworks .. ........... ... ... L. 352
2 Transformation monoidsand cascades .. ............... ... ... .. 354
2.1 Simulation of automata and covering of transformation monoids . ...... 354
2.2 Cascadesand wreath products .. ............ ... oty 355
3 Structures of finite aULOMAtA . . . . .« oot it 357
3.1 Simulation of group automata .. ......... ...t 357
3.2 BXaMPIES . ..o ioi e e 359
3.3 The Krohn-Rhodes-Eilenberg decomposition of finite automata . ....... 359
3.4 Realizationsof group automata . ....... ... 360

R OreNCes . . . . . et e 361



XVI Table of Contents

Chapter IX

On the (Internal) Symmetry Groups of Linear Dynamical Systems
(Michiel Hazewinkel)

Introduction and statement of the main definitions and results . . . ... ...... 362
2 Complete reachability and complete observability .. ............. .. .. . 369
3 Nice selections and the local structure of L% np/GLa(R) . ... ... ... .. .. 372
4 Realizationtheory ................ ... ... ... .. .. ... ... 375
5  Feedback splits the external description degeneracy ................. .. 383
6 Description of L2, (IR)/GL, (IR). Invariants . ..................... 393
7 On the (non-)existence of canonical forms .. .................... .. . 395
8  On the geometry of M7, (IR). Holes and (partial) compactifications . . . . . . 398
References ....... ... .. ... .. .. . ... . ... . 403



