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82.18 Möbius Transformations . . . . . . . . . . . . . . . . . 1118
82.19 w = z1/2, w = ez, w = log(z) and w = sin(z) . . . . . . 1119
82.20 Complex Integrals: First Shot . . . . . . . . . . . . . . 1121



XXIV Contents Volume 3

82.21 Complex Integrals: General Case . . . . . . . . . . . . 1122
82.22 Basic Properties of the Complex Integral . . . . . . . . 1123
82.23 Taylor’s Formula: First Shot . . . . . . . . . . . . . . . 1123
82.24 Cauchy’s Theorem . . . . . . . . . . . . . . . . . . . . 1124
82.25 Cauchy’s Representation Formula . . . . . . . . . . . . 1125
82.26 Taylor’s Formula: Second Shot . . . . . . . . . . . . . 1127
82.27 Power Series Representation of Analytic Functions . . 1128
82.28 Laurent Series . . . . . . . . . . . . . . . . . . . . . . . 1130
82.29 Residue Calculus: Simple Poles . . . . . . . . . . . . . 1131
82.30 Residue Calculus: Poles of Any Order . . . . . . . . . 1133
82.31 The Residue Theorem . . . . . . . . . . . . . . . . . . 1133
82.32 Computation of

∫ 2π

0 R(sin(t), cos(t)) dt . . . . . . . . . 1134
82.33 Computation of

∫∞
−∞

p(x)
q(x) dx . . . . . . . . . . . . . . . 1135

82.34 Applications to Potential Theory in R
2 . . . . . . . . . 1136

83 Fourier Series 1143
83.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . 1143
83.2 Warm Up I: Orthonormal Basis in C

n . . . . . . . . . 1146
83.3 Warm Up II: Series . . . . . . . . . . . . . . . . . . . . 1146
83.4 Complex Fourier Series . . . . . . . . . . . . . . . . . . 1147
83.5 Fourier Series as an Orthonormal Basis Expansion . . 1148
83.6 Truncated Fourier Series and Best L2-Approximation . 1149
83.7 Real Fourier Series . . . . . . . . . . . . . . . . . . . . 1149
83.8 Basic Properties of Fourier Coefficients . . . . . . . . . 1152
83.9 The Inversion Formula . . . . . . . . . . . . . . . . . . 1157
83.10 Parseval’s and Plancherel’s Formulas . . . . . . . . . . 1159
83.11 Space Versus Frequency Analysis . . . . . . . . . . . . 1160
83.12 Different Periods . . . . . . . . . . . . . . . . . . . . . 1161
83.13 Weierstrass Functions . . . . . . . . . . . . . . . . . . 1161
83.14 Solving the Heat Equation Using Fourier Series . . . . 1162
83.15 Computing Fourier Coefficients with Quadrature . . . 1164
83.16 The Discrete Fourier Transform . . . . . . . . . . . . . 1164

84 Fourier Transforms 1167
84.1 Basic Properties of the Fourier Transform . . . . . . . 1169
84.2 The Fourier Transform f̂(ξ) Tends to 0 as |ξ| → ∞ . . 1171
84.3 Convolution . . . . . . . . . . . . . . . . . . . . . . . . 1171
84.4 The Inversion Formula . . . . . . . . . . . . . . . . . . 1171
84.5 Parseval’s Formula . . . . . . . . . . . . . . . . . . . . 1173
84.6 Solving the Heat Equation Using the Fourier Transform 1173
84.7 Fourier Series and Fourier Transforms . . . . . . . . . 1174
84.8 The Sampling Theorem . . . . . . . . . . . . . . . . . 1175
84.9 The Laplace Transform . . . . . . . . . . . . . . . . . . 1176
84.10 Wavelets and the Haar Basis . . . . . . . . . . . . . . 1177



Contents Volume 3 XXV

85 Analytic Functions Tool Bag 1181
85.1 . . . . . . . . . . . . . 1181
85.2 The Cauchy-Riemann Equations . . . . . . . . . . . . 1181
85.3 The Real and Imaginary Parts of an Analytic Function 1182
85.4 Conjugate Harmonic Functions . . . . . . . . . . . . . 1182
85.5 Curves in the Complex Plane . . . . . . . . . . . . . . 1182
85.6 An Analytic Function Defines a Conformal Mapping . 1183
85.7 Complex Integrals . . . . . . . . . . . . . . . . . . . . 1183
85.8 Cauchy’s Theorem . . . . . . . . . . . . . . . . . . . . 1183
85.9 Cauchy’s Representation Formula . . . . . . . . . . . . 1183
85.10 Taylor’s Formula . . . . . . . . . . . . . . . . . . . . . 1184
85.11 The Residue Theorem . . . . . . . . . . . . . . . . . . 1184

86 Fourier Analysis Tool Bag 1185
86.1 Properties of Fourier Coefficients . . . . . . . . . . . . 1185
86.2 Convolution . . . . . . . . . . . . . . . . . . . . . . . . 1185
86.3 Fourier Series Representation . . . . . . . . . . . . . . 1186
86.4 Parseval’s Formula . . . . . . . . . . . . . . . . . . . . 1186
86.5 Discrete Fourier Transforms . . . . . . . . . . . . . . . 1186
86.6 Fourier Transforms . . . . . . . . . . . . . . . . . . . . 1186
86.7 Properties of Fourier Transforms . . . . . . . . . . . . 1187
86.8 The Sampling Theorem . . . . . . . . . . . . . . . . . 1187

87 Incompressible Navier-Stokes: Quick and Easy 1189
87.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . 1189
87.2 The Incompressible Navier-Stokes Equations . . . . . . 1190
87.3 The Basic Energy Estimate for Navier-Stokes . . . . . 1191
87.4 Lions and his School . . . . . . . . . . . . . . . . . . . 1192
87.5 Turbulence: Lipschitz with Exponent 1/3? . . . . . . . 1193
87.6 Existence and Uniqueness of Solutions . . . . . . . . . 1194
87.7 Numerical Methods . . . . . . . . . . . . . . . . . . . . 1194
87.8 The Stabilized cG(1)dG(0) Method . . . . . . . . . . . 1195
87.9 The cG(1)cG(1) Method . . . . . . . . . . . . . . . . . 1196
87.10 The cG(1)dG(1) Method . . . . . . . . . . . . . . . . . 1197
87.11 Neumann Boundary Conditions . . . . . . . . . . . . . 1197
87.12 Computational Examples . . . . . . . . . . . . . . . . 1199

References 1205

Index 1207

Differentiability and Analyticity



http://www.springer.com/978-3-540-00891-0




