Contents

Mathematical Foundation for Wave Physics ................... 1
1.1 Introduction to the Concepts ............ccoviuiiiiniennen. 1
1.2 Important Integrals .......... ... ... ol 5
1.3  Complex NUmMbEIS . .......oiniuiiniuniniiinenenenennn 7
1.4 The Dirac Delta Function ............ .. ..o, 9
1.5  Fourier Analysis ..........c.iiiiiiiiiiiiiiiiiiiinaian, 11
Problems . .......iiiii i e 23
Further Reading ........ ... .. i 30
Oscillations of Mechanical and Electrical Systems .............. 31
"2.1 The Systems and Their Equations ......................... 31
2.2 Natural Motion of Systems ........... ... ... il 34
23 Forced Motion ...........coiiiiiiiiiii 38
24 OsCillators . ...ootinit i 42
25 SUMMATY ...ttt e 44
Problems . ........iiiiii i e 46
Further Reading .......... ... i, 50
Waves on Stretched Strings  ................. . ..ol 51
3.1 Equation of Motionof a String .................. ... ... .. 51
3.2 Natural Motion of a String  .......... .. ...l 54
33 The Normal MOAES .....vvvvimmeeeee i 56
3.4 Forced Motion of a Stretched String  .............. ... ... 63
Problems ... ... e 67
Further Reading .......... ..o 72
Electromagnetic Waves ...............cc.oiiiiiiiiinneaannn. 73
4.1 Maxwell’s Equations in Integral Form ..................... 73
42  Maxwell’s Equations in Differential Form .................. 74
43  Plane Electromagnetic Waves in Free Space ................ 78
4.4 Distributed Electromagnetic Systems — Cavities ............. 84

45  The Vector Potential and Related Solutions
of Maxwell’s EqQUations ............cceeeeeeeieeiennaann.. 89

4.6 Dipole Radiation . ...........ovueeneneenerainarnanainns 94



XII Contents

Problems . ... .
4.A Appendix
Further Reading

5. Light — Physical Optics, Refraction ...........................
5.1 The Nature and Generation of Light
52 Diffraction ..........iiii
53 XorayDiffraction ....... ... i
54 EM Waves in Dielectrics. Refraction
Problems . ... ...
5.A  Appendix
Further Reading

6. WaveMechanics ................ ... ... ...
6.1  Origin of Schrodinger’s Wave Equation
6.2  Postulates of Wave Mechanics
6.3  Motion of a Free Particle.

The Heisenberg Uncertainty Principle .....................
6.4  Wave—Particle Duality and Loss of Determinism
6.5 Scope of Quantum Mechanics
Problems

....................

7. Nonlinear Waves on Water — Solitons
7.1 Linear Surface Waves on Water
7.2  Dispersion. Group Velocity
7.3 Nonlinear Waves
T4 SOLtONS .ttt e
7.5 Inverse Scattering
Problems

......................................
..................................................

8. Nonlinear Phenomena - Chaos ..............................
8.1 Nonlinear Physics — Chaos and Order
By Andrei V. Gaponov-Grekhov and Mikhail I. Rabinovich
Further Reading
8.2 Quantum Chaos
By Martin C. Gutzwiller
Further Reading

Hints for Solution

Subject Index



