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Véronique Pierron-Bohnes and Tarik Mehaddene

4.1 Introduction: The Binding and Atomic Interaction Energies 119
4.2 Elasticity of Crystalline Lattices 124
4.2.1 Linear Elasticity 125
4.2.2 Elastic Constants 125
4.2.3 Cases of Cubic and Tetragonal Lattices 127
4.2.4 Usual Elastic Moduli 128
4.2.5 Link with Sound Propagation 130
4.3 Lattice Dynamics and Thermal Properties of Alloys 132
4.3.1 Normal Modes of Vibration in the Harmonic Approximation 133
4.3.1.1 Classical Theory 133
4.3.1.2 Diatomic Linear Chain 136
4.3.1.3 Quantum Theory 138
4.3.1.4 Phonon Density of States 141
4.3.1.5 Lattice Specific Heat 143
4.3.1.6 Debye’s Model 144
4.3.1.7 Elastic Waves in Cubic Crystals 146
4.3.1.8 Vibrational Entropy 147
4.4 Beyond the Harmonic Approximation 149
4.4.1 Thermal Expansion 150
4.4.2 Thermal Conductivity 151
4.4.3 Soft Phonon Modes and Structural Phase Transition 153
4.5 Experimental Investigation of the Normal Modes of Vibration 156
4.5.1 Raman Spectroscopy 156
4.5.2 Inelastic Neutron Scattering 157
4.6 Phonon Spectra and Migration Energy 160
4.7 Outlook 165

References 168

5 Point Defects, Atom Jumps, and Diffusion 173
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