
Contents

Preface v

Introduction 1

1 Nonlinear mathematical models of continuous media 7

1.1 Nonlinear theory of continuous media 7

1.1.1 Basic principles 7

1.1.2 Constitutivetheory 11

1.2 Mathematical models 15

1.2.1 Auxiliary assumptions 15

1.2.2 Mathematical models in differentialform 16

1.2.3 Mathematical models in integralform 23

1.2.4 Matrix form 25

2 Preliminary analysisof wave propagation 26

2.1 Nonlinear effects 26

2.1.1 Transient waves 26

2.1.2 Shock formation and Riemann invariants 30

2.1.3 Equivalent analysisin Eulerian and Lagrangian

systems of coordinates 31

2.2 Effectscaused by finitevelocityof heat propagation 34

2.2.1 Mathematical model 34

2.2.2 Harmonic waves 36

3 Ray method in theory of nonlinear waves 40

3.1 Basic equations and propositions 40

3.1.1 Statement of the problem 40

3.1.2 Partialproblems 46

3.2 Noncoupled evolution equations 50

3.2.1 One-dimensional waves 50

3.2.2 Multi-dimensional waves 55

3.2.3 Properties of evolution equations 59



3.3 Coupled evolutionequations 63
3.3.1 Coupled systems 63
3.3.2 Interactionof waves 65

4 One-dimensioualwaves in an elasticmedium 68
4.1 Longitudinalwaves 68

4.1.1 Propagationoflongitudinalwaves 68

4.1.2 Interactionof longitudinalwaves 71
4.2 Longitudinaland transversewaves 73
4.3 Cylindricaland sphericalwaves 76

5 One-dimensional waves in viscoelasticand fhennoelastic
media 78

5.1 Evolutionequationsin a viscoelasticmedium 78
5.2 Evolutionequationsin a thermoelasticmedium 81
5.3 Solutionof evolutionequations 83

5.3.1 Analyticalsolutions 83
5.3.2 Numerical solutions 89

6 One-dimensionalwaves in a dispersivemedium 93
6.1 Evolutionequations 93

6.1.1 Medium with a microstructure93
6.1.2 Geometricaldispersion 95
6.1.3 Medium with relaxation 97

6.2 Solutions 104

6.2.1 Steadywave solutions 104
6.2.2 Transientsolutions 108
6.2.3 Dispersion 117

7 One-dimensionalwaves in an inhomogeneous medium 124
7.1 Evolutionequations 124

7.1.1 General theory 124
7.1.2 Continuous medium 126
7.1.3 Rod of variablecross-section130

7.2 Solutionsof evolutionequations 131
7.2.1 Analyticalsolutions 131
7.2.2 Numerical solutions 135

8 Two-dimensional waves 139
8.1 Evolutionequations 139

8.1.1 Descartes'coordinates 139
8.1.2 Cylindricalcoordinates 144
8.1.3 General forms of two-dimensional evolution

equations 147



8.2 Solutionsof evolutionequations 149
8.2.1 Analyticalsolutions 149
8.2.2 Numerical solutions 155
8.2.3 Dispersion 156

9 Shock waves 164

9.1 Basicequations 164
9.1.1 Kinematicaland dynamical conditions 164

9.1.2 Constitutiveequations 165
9.1.3 Velocity 167
9.1.4 Descriptionof discontinuities168

9.2 One-dimensionalwaves 169
9.2.1 Nonlinearelasticmedium 169
9.2.2 Nonlinear thermoelasticmedium 170
9.2.3 Nonlinearrelaxingmedium 172

9.3 Multi-dimensionalwaves 176

9.3.1 General equations 176
9.3.2 Asymptotic analysis 178

10 Applications 184
10.1 Waves in layeredmedia 184

10.1.1 Evolutionequations 184
10.1.2 Interactionofincidentand reflectedwaves 190

10.2 Inverseproblems 192
10.2.1 General theory 192
10.2.2 Examples 195

10.3 Electromagneticwaves 204
10.3.1 Remarks on generaltheory 204
10.3.2 Hodgkin-Huxley equations 206
10.3.3 Hyperbolicequationsforsignaltransmissionin

nerve fibres 208

References 212

Index 219


	page1
	page2
	page3

