Contents

1 Introduction to Continuum Mechanics 5 1.1 The Continuum Postulate . . . . . . . . . . . . . . . . . 6 1.2 The Goal of Continuum Mechanics (in Geophysics) . . . 7 1.3 Decomposing Newton’s Second Law . . . . . . . . . . . . 11

2 Force, Traction, and Stress 15 2.1 Whence Stress . . . . . . . . . . . . . . . . . . . . . . . . 16 2.2 There is a Stress Tensor . . . . . . . . . . . . . . . . . . 19 2.3 Invariants . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3 Displacement, Deformation, and Strain 29 3.1 Whence Strain . . . . . . . . . . . . . . . . . . . . . . . 30 3.2 Some Properties of Strain . . . . . . . . . . . . . . . . . 33 3.3 Compatibility . . . . . . . . . . . . . . . . . . . . . . . . 34

4 Constitutive Relations 35 1

5 Mathematical Preliminaries 39 5.1 Gauss Theorem (A Review) . . . . . . . . . . . . . . . . 40 5.2 Flux Across a Surface . . . . . . . . . . . . . . . . . . . . 42 5.3 Kinematics: Material and Spatial Descriptions . . . . . . 43 5.4 Material Derivatives . . . . . . . . . . . . . . . . . . . . 45

6 Conservation Relations 47 6.1 Conservation of Mass . . . . . . . . . . . . . . . . . . . . 48 6.2 More Conservation of Mass . . . . . . . . . . . . . . . . . 49 6.3 Reynold’s Transport Theorem . . . . . . . . . . . . . . . 50 6.4 Conservation of Linear Momentum . . . . . . . . . . . . 52

7 Equations of Motion for the Earth 55

8 Adiabatic versus Isothermal 61

9 Elastic Wave Equations 63 9.1 Gravity versus Elasticity . . . . . . . . . . . . . . . . . . 64

10 Wave Equations 67 10.1 The Elastic Wave Equation . . . . . . . . . . . . . . . . 68 10.2 Scalar Wave Equations . . . . . . . . . . . . . . . . . . . 71

11 Traveling Waves 73 11.1 Particular Forms . . . . . . . . . . . . . . . . . . . . . . 74

11.2 The Sommerfeld Radiation Condition . . . . . . . . . . . 76 11.3 Reflection . . . . . . . . . . . . . . . . . . . . . . . . . . 77 11.4 Cartesian Harmonic Waves . . . . . . . . . . . . . . . . . 80 11.5 Phase Velocity, Group Velocity, and Dispersion . . . . . 81

12 Ray Theory 87 12.1 The Eikonal Equation . . . . . . . . . . . . . . . . . . . 88 12.2 Rays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 12.3 Fermat’s Principle and Other Topics . . . . . . . . . . . 93

13 Normal Modes 99 13.1 Particulars . . . . . . . . . . . . . . . . . . . . . . . . . . 100 13.2 Generalities and Rayleigh’s Principle . . . . . . . . . . . 110