
Contents 

Preface•@ v 

CHAPTER 1 

Oscillatory Phenomena•@ 1 

Introduction•@ 1 

1.1. Harmonic Motion•@ 1 

1.2. Forced Oscillations•@ 7 

1.3. Combination of Wave Forms•@ 11 

1.4. Oscillations in Two Dimensions•@ 14 

1.5. Coupled Oscillations•@ 16 

1.6. Lagrange's Equations of Motion•@ 19 

1.7. Formulation of the Problem of Small Oscillations for 

Conservative Systems•@ 22 

1.8. The Eigenvalue Equation•@ 25 

1.9. Similarity Transformation and Normal Coordinates•@ 28 

CHAPTER 2 

The Physics of Wave Propagation•@ 34 

Introduction•@ 34 

2.1. The Conservation Laws of Physics•@ 37 

2.2. The Nature of Wave Propagation 38 

2.3. Discretization•@ 40 

2.4. Sinusoidal Wave Propagation•@ 41 

2.5. Derivation of the Wave Equation•@ 43 

2.6. The Superposition Principle, Interference Phenomena•@ 45 

2.7. Concluding Remarks•@ 49 

CHAPTER 3 

Partial Differential Equations of Wave Propagation•@ 50

Introduction•@ 50 

3.1. Wave Equation as an Equivalent First-Order System•@ 52 

3.2. Method of Characteristics for a Single First-Order Quasilinear 

Partial Differential Equation•@ 54



3.3. Second-Order Quasilinear Partial Differential Equation•@ 61 

3.4. Method of Characteristics for Second-Order Partial 

Differential Equations•@ 63 

3.5. Propagation of Discontinuities•@ 68 

3.6. Canonical Form for Second-Order Partial Differential Equations 

with Constant Coefficients•@ 70 

3.7. Conservation Laws, Weak Solutions•@ 73 

3.8. Divergence Theorem, Adjoint Operator, Green's Identity, 

Riemann's Method•@ 76 

CHAPTER 4 

Transverse Vibrations of Strings•@ 84 

Introduction•@ 84 

4.1. Solution of the Wave Equation, Characteristic Coordinates•@ 84 

4.2. D'Alembert's Solution•@ 86 

4.3. Nonhomogeneous Wave Equation•@ 93 

4.4. Mixed Initial Value and Boundary Value Problem, Finite String•@ 96 

4.5. Finite or Lagrange Model for Vibrating String•@ 101 

CHAPTER 5 

Water Waves•@ 108 

Introduction•@ 108 

5.1. Conservation Laws•@ 109 

5.2. Potential Flow•@ 116 

5.3. Two-Dimensional Flow, Complex Variables•@ 118 

5.4. The Drag Force Past a Body in Potential Flow•@ 122 

5.5. Energy Flux•@ 127 

5.6. Small Amplitude Gravity Waves•@ 129 

5.7. Boundary Conditions•@ 134 

5.8. Formulation of a Typical Surface Wave Problem•@ 135 

5.9. Simple Harmonic Oscillations in Water at Constant Depth•@ 137 

5.10. The Solitary Wave•@ 143 

5.11. Approximation Theories•@ 148 

CHAPTER 6 

Sound Waves•@ 159 

Introduction•@ 159 

6.1. Linearization of the Conservation Laws•@ 159 

6.2. Plane Waves•@ 162 

6.3. Energy and Momentum•@ 163 

6.4. Reflection and Refraction of Sound Waves•@ 169 

6.5. Sound Wave Propagation in a Moving Medium•@ 176 

6.6. Spherical Sound Waves•@ 180 

6.7. Cylindrical Sound Waves•@ 183 

6.8. General Solution of the Wave Equation•@ 186 

6.9. Huyghen's Principle•@ 188



CHAPTER 7 

Fluid Dynamics•@ 192 

Introduction•@ 192 

Part I. Inviscid Fluids•@ 194 

Introduction•@ 194 

7.1. One-Dimensional Compressible Inviscid Flow•@ 194 

7.2. Two-Dimensional Steady Flow•@ 209 

7.3. Shock Wave Phenomena•@ 220 

Part II. Viscous Fluids•@ 237 

Introduction•@ 237 

7.4. Viscosity, Elementary Considerations 237 

7.5. Conservation Laws for a Viscous Fluid 239 

7.6. Flow in a Pipe, Poiseuille Flow•@ 250 

7.7. Dimensional Considerations•@ 252 

7.8. Stokes's Flow•@ 255 

7.9. Oscillatory Motion•@ 262 

7.10. Potential Flow•@ 268 

CHAPTER 8 

Wave Propagation in Elastic Media•@ 274 

Introduction•@ 274 

Historical Introduction to Wave Propagation•@ 275 

8.1. Fundamental Concepts of Elasticity•@ 280 

8.2. Equations of Motion for the Stress Components•@ 296 

8.3. Equations of Motion for the Displacement, Navier Equations•@ 297 

8.4. Propagation of a Plane Elastic Wave•@ 299 

8.5. Spherically Symmetric Waves•@ 303 

8.6. Reflection of Plane Waves at a Free Surface•@ 304 

8.7. Surface Waves, Rayleigh Waves•@ 309 

CHAPTER 9 

Variational Methods in Wave Phenomena•@ 312 

Introduction•@ 312 

9.1. Principle of Least Time•@ 313 

9.2. One-Dimensional Treatment
, Euler's Equation•@ 314 

9.3. Euler's Equations for the Two-Dimensional Case•@ 316 

9.4. Generalization to Functionals with More Than One 

Dependent Variable•@ 319 

9.5. Hamilton's Variational Principle•@ 322 

9.6. Lagrange's Equations of Motion•@ 324 

9.7. Principle of Virtual Work•@ 324 

9.8. Transformation to Generalized Coordinates•@ 328

9.9. Rayleigh's Dissipation Function•@ 332 

9.10. Hamilton's Equations of Motion•@ 334 

9.11. Cyclic Coordinates•@ 338



9.12. Lagrange's Equations of Motion for a Continuum•@ 340 

9.13. Hamilton's Equations of Motion for a Continuum•@ 345 

9.14. Hamilton-Jacobi Theory•@ 351 

9.15. Characteristic Theory in Relation to Hamilton-Jacobi Theory•@ 358 

9.16. Principle of Least Action•@ 364 

9.17. Hamilton-Jacobi Theory and Wave Propagation•@ 368

9.18. Application to Quantum Mechanics 373 

9.19. Asymptotic Phenomena•@ 375 

Bibliography•@ 381 

Index•@ 383


