
CONTENTS

1 Use of Symmetry in Quantum Mechanics 1

1-1 Groups and their properties 1

1-2 Group representations 5

l-2a Definitions and basic theorems 5

l-2b Rules for constructing the character table of a group 8

l-2c Further relationshipsamong representations 12

1-3 Representations and eigenfunctions 15

1-3a Classificationof the eigenstates 15

l-3b Projection operators and orthogonality theorems on partner functions 17

l-3c Further relationships between representations and basis functions 19

1-4 Rotation and rotation-inversion groups 20

l-4a Irreducible representations of rotation and rotation-inversion groups 20

1-4 b Decomposition of the irreducible representations of the rotation-inversion group

into irreduciblerepresentations of finitegroups 22

1-5 Spin dependent functions and double groups 23

1-5 a Transformation of spin functions under proper and improper rotations 23

l-5b Irreducible representations of double groups 26

l-5c Decomposition of the statesof a simple group into the statesof a double group 30

1-6 Time reversal symmetry 31

1-6a The time reversal operator 31

l-6b Essential degeneracies due to time reversal symmetry 35

1-7 Selectionrules 38

References and notes 39

2 Symmetry Properties of the Electronic States in Crystals 41

2-1 Translation group and Brillouin zone 41

2-2 Space groups 46

2-2a Irreducible representations of the space groups 46

2-2b Additional irreducible representations of the space groups and spin-orbit splitting 56

2-3 Additional degeneracies required by time reversal symmetry 58

2-4 Selection rules 63

2-4a Selection rules at a given point of the Brillouin zone 63

2-4b Selection rules connecting differentpoints of the Brillouin zone 64

References and notes 66

3 Methods of Calculating the Electronic Band Structures of Crystals 67

3-1 The basic approximations 67

3-2 The tight binding method 71

3-2a Description of the method 71

3-2b Matrix elements of the secular equation appearing in the tight binding method 72

3-2c Symmetrized combinations of Bloch sums 75

3-2d Discussion of the tight binding method 76

3-3 The orthogonalized plane wave method 77

3-3a Description of the method 77

3-3 b Matrix elements of the secular equation appearing in the OPW method 78

3-3c Use of crystalsymmetry in the OPW method 79



3-3d Discussion of the OPW method 80

3-3e Perturbative approach to the OPW method 81

3-4 The pseudopotential method 83

3-4a Formulation of the pseudopotential method 83

3-4b Pseudopotential approximation 85

3-5 The cellularmethod 86

3-5a Description of the method 86

3-5b Relevant aspects of the cellularmethod 87

3-6 The augmented plane wave method 89

3-6a Description of the method 89

3-6 b Discussion of the APW method 90

3-7 Green's function method 91

3-8 The quantum defect method 93

3-9 The k・p method 94

3-10 Relativisticeffects 97

3-10a General considerations 97

3-1Ob Relativisticeffectsin atoms 98

3-10c Relativisticeffectsin crystals 100

References and notes 102

4 Electronic Band Structure in some Crystals 104

4-1 Energy bands of isoelectronicsemiconductors with the diamond and zincblende structure 104

4-1 a Symmetry properties of the diamond lattice 104

4-1 b Electronic statecalculationsin diamond, silicon,germanium, and grey tin 108

4-1c Symmetry properties of the zincblende lattice 115

4-1d Electronic statesin isoelectronicsemiconductors with zincblende structure 117

4-2 Energy bands of layer type crystals 120

4-2a Symmetry propertiesof graphite and hexagonal BN in the two-dimensional approximation 120

4-2b Electronic state calculationsfor graphite and BN in the two-dimensional approximation 125

4-2c Electronic statesof graphite and BN in the three-dimensional case 129

4-2d Considerations on other layer structures 130

4-3 Energy bands of linear chain type crystals:selenium and tellurium 134

4-3a Symmetry properties of the selenium structure 134

4-3 b Energy bands for selenium and tellurium 137

4-4 Considerations on the band structure of some large gap insulators 138

4-5 Considerations on the band structure of some molecular crystals 142

4-6 Considerations on the band structure of simple metals 143

References and notes 146

5 Interband Transitions and Optical Properties 149

5-1 General theoreticalanalysis of band-to-band optical transitions 149

5-1a Basic approximations 149

5-1b Quantum theory of band-to-band transitions 150

5-1c Connection with the opticalconstants 153

5-2 Structure of the opticalconstants at criticalpoints 155

5-2a Theoretical discussion 155

5-2b Experimental evidence. Two examples: germanium and graphite 160

5-3 Multiphoton transitions 164

5-4 Indirect band-to-band transitions 168

5-4a General remarks and electron-phonon interaction 168

5-4 b Properties of indirect transitions 170

Appendix 5 a Matrix elements of one-electron and two-electron operators between determinantal

states 172



Appendix 5b Koopmans' approximation 174

Referencesand notes 176

6 Excitons in Crystals 177

6-1 General considerations 177

6-2 Tightbindingexcitons 178

6-2a Tightbindingexcitonsin a two-band model 178

6-2b Relevant aspectsof the tightbindingexcitontheory 182

6-2c Opticaltransitionswithexcitoneffects 183

6-3 Weak bindingexcitons 184

6-3a Weak bindingexcitonsin a two-band model 184
6-3b Examples of solutionof the effectivemass equation 187

6-3c Opticalpropertieswithexcitoneffectsin a two-band model semiconductor 190

6-3d Excitonsat the edge of degeneratebands. Two examples 196

6-4Intermediatelybound excitons 201

6-4a Theory and generalconsiderations 201

6-4b An example: solidargon 203

6-6c Comments on polarizationscreening 204

6-5 Two-photon excitontransitions 205

6-6Indirectexcitontransitions 206

6-7Interband mixing and high energy excitons 210

Appendix 6a Evaluation of matrix elementsappearingin the tightbinding excitontheory 211

Appendix 6b Effectivemass equationfor weakly bound excitons 213

Referencesand notes 216

7 Impurity Statesin Insulators and Semiconductors 218

7-1Introduction 218

7-2 Tightlybound impuritystates 219

7-2a Generalremarks and classificationof the states 219

7-2b Many-electronstates 223
7-2c Computation of thesplittings 225

7-2d Selectionrulesfor opticaltransitions―Ligandfieldmixing 230

7-3 Shallowimpurity states 231

7-3a Introduction 231

7-3b General formulationof theimpurityproblem 232

7-3c Effectivemass approximation and applications 235

7-3d Intervalleymixing and degeneratebands 240

7-3e Band mixing and resonantstates 244

7-4Intermediatelybound impurity states.Isoelectronicimpurities 248

7-5 Considerationson opticaltransitionprocessesinvolvingimpurities 251

Referencesand notes 253

8 Effects of External Perturbations 255

8-1Introductionand generalremarks 255

8-2Effectof hydrostaticpressureand alloying 256

8-3Effectof uniaxialstresses 263

8-4 Electronicstatesand opticalconstantsof crystalsin an electricfield 267

8-4a Generalremarks 267
8-4b Theory of electricfieldeffectson interbandtransitions 269



8-5Electronicstatesand opticalconstantsin a magneticfield 276
8-5a Generalremarksand effectivemassformulation 276
8-5b Magneticquantumlevels 277
8-5c Interbandtransitionsin a magneticfieldand selectionrules 281
8-5d Degeneratebandsandinterbandcoupling 284

8-6Excitonsin a magneticfield 286

Appendix8a Electronin a uniformelectricfield 291

Referencesand notes 292

Subjectindex 295


	page1
	page2
	page3
	page4

