
Index

Absolute convergence, 197, 201
Accumulation point, 23
Alternating current circuit, 33

phasor, 34
Analytic continuation, 233, 246
Analytic functions, 70
Analyticity in a domain, 70
Apollonius family of circles, 383
Argument, 2

Bernuolli law, 295
Bernoulli numbers, 221, 243
Bernoulli polynomials, 243
Bessel functions, 213, 229
Bilinear transformations, 375, 415

circle-preserving property, 378
circle-to-circle, 396
mapping of symmetry points, 387
one-to-one mapping, 376
symmetry-preserving property, 381
triples to triples, 376
upper-half plane onto circle, 391
upper-half plane onto itself, 390

Blasius laws, 295, 310
Boundary point, 24
Boundary value problems, 311

Dirichlet problems, 316, 319, 348
Neumann problems, 324, 350

Bounded set, 27
Branch cut, 120, 353
Branches of a multi-valued function,

47
principal branch, 47, 105

Branch points, 119
Bromwich integrals, 330, 355
Bromwich line, 331

Cauchy criterion, 195
Cauchy-Goursat theorem, 143

Cauchy inequality, 155
Cauchy integral formula, 151

generalized form, 154
Cauchy integral theorem, 142
Cauchy principal value, 285, 288,

294, 308
Cauchy product, 215, 230
Cauchy residue theorem, 256
Cauchy-Riemann relations, 64, 90

polar coordinates, 68
Chebyshev polynomial, 39
Circle of convergence, 206
Circle theorem, 192
Circulation, 165
Closed region, 27
Closed set, 24
Closure, 24
Compact set, 27
Comparison test, 197, 238
Complex acceleration, 64
Complex conjugate, 3
Complex functions, 46

conformal property, 63, 360
continuity, 58
differentiation, 61
domain of definition, 46
limit, 54
range, 46

Complex infinity, 29
Complex numbers, 1

additive inverse, 6
argument, 2
complex conjugate, 3
complex infinity, 29
Gaussian integer, 11
imaginary part, 2
modulus, 2
multiplicative inverse, 6
polar representation, 6, 38
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Index 435

real part, 2
root of unity, 16
vectorial representation, 3

Complex number field, 1
Complex plane, 2

extended complex plane, 29
imaginary axis, 3
real axis, 3

Complex potential, 168, 178
fluid, 168, 404, 412
electrostatic, 178, 407, 418

Complex sequences, 194
absolute convergence, 197
Cauchy criterion, 195
conditional convergence, 197,

240
convergence tests, 197

Complex series, 200
region of convergence, 200
uniform convergence, 202, 239
Weierstrass M test, 202

Complex velocity, 63, 169
Conditional convergence, 197, 240
Conformal mappings, 358

angle-preserving property, 360
behavior around a critical point, 363
bilinear transformations, 375, 415
one-to-one property, 362
scale factor, 361
Schwarz-Christoffel transformations,

399, 416
Conjugate complex variables, 69, 181
Connected domain, 28
Connected set, 27
Conservative fields, 166

potential function, 166
Continuity equation, 163
Continuity of a function, 58

uniform continuity, 60
Contour, 135
Contour integral, 136
Control volume, 81
Convergence tests, 197

comparison test, 197
Gauss test, 197
ratio test, 197, 208
root test, 197, 208

Convolution, 279, 329
Fourier transform, 279
Laplace transform, 329

Cosine function, 98
Coulomb law, 175

D’Alembert formula, 357
Darcy law, 373
De Moivre theorem, 7, 37, 39
Deleted neighborhood, 23

Derivatives of contour integrals, 153
Differentiation, 61
Dirac function, 282, 305, 328
Dirichlet condition, 280
Dirichlet problems, 316, 319, 348

circular arc, 349
Domain, 27
Domain of univalence, 118, 131
Doublet, 49, 173

Electric circuit, 33
capacitor, 35
inductor, 35
resistor, 34

Electric potential, 177
Electrostatic fields, 176

complex potential, 178, 407, 418
cylindrical conductors, 181, 317
electric potential, 177
equipotential lines, 167
flux function, 178
line charge, 178
semi-circle, 317
semi-infinite strip, 366
two semi-infinite rods, 407, 418

Entire function, 71
Equipotential lines, 167
Essential singularity, 249, 254
Euler formula, 7
Euler numbers, 241
Exponential function, 53, 93

generalized function, 115
mapping properties, 97

Exponential order, 327
Extended complex plane, 29
Exterior point, 24

Fluid flows, 162
Blasius laws, 295, 310
circle theorem, 192
circulation, 165
complex potential, 168, 178
complex velocity, 63, 169
continuity equation, 163
doublet, 49, 173
hydrodynamic force, 295, 310
hydrodynamic moment, 295, 310
incompressibility condition, 167
irrationality condition, 164
Kutta-Joukowski theorem, 299
seepage flow, 372, 412
sink, 49
source, 48, 171, 298
stream function, 310
streamlines, 167
velocity potential, 167
vertical step, 404
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436 Index

Fluid flows (cont.)
vortex, 85, 172
vortex patch, 191
vorticity, 166

Fluid source, 48, 171, 298
velocity function, 48

Flux lines, 83
Fourier cosine transform, 281, 304
Fourier integrals, 285, 305
Fourier series, 315
Fourier sine transform, 281
Fourier transforms, 278, 304, 345,

356
convolution, 279
Dirichlet condition, 280
inversion formula, 279
Parseval identity, 281, 304

Gauss mean value theorem, 158, 190
Gauss test, 197
Gaussian integer, 11
Goursat theorem, 143
Gravitational fields, 179

potential, 180
vertical gravity, 180

Gravity dam, 372
Green theorem, 150

conjugate complex variable
formulation, 181

Harmonic conjugate, 75, 90, 325, 347
Harmonic function, 74, 190, 312, 318,

322, 347, 350
maximum and minimum value principles,

161, 317
Harmonic series, 196
Heat conduction, 69, 337, 354

earth’s surface, 354
finite rod, 339, 355
infinite rod, 338, 356
semi-infinite rod, 339, 355

Heat flux, 83, 106
Heat source, 94, 115
Heaviside function, 109, 284, 328
Hodographic transformations, 372
Holomorphic function, 70
Hydrodynamic force, 295, 310
Hydrodynamic moment, 295, 310
Hyperbolic functions, 99

inverse function, 111

Impedance, 34, 45
Incompressibility condition, 164
Initial-boundary value problems, 336
Integration, 133

contour integral, 136
line integral, 135

modulus inequality, 137
primitive function, 144
real variable of integration, 134

Interior point, 24
Inverse Laplace transform, 332
Irrationality condition, 164
Isolated singularity, 248, 300
Isometry, 85
Isothermal curves, 82, 92, 369

Jacobian of transformation, 92, 364
Jet flow, 412
Jordan arc, 28
Jordan lemma, 285, 294, 352
Joukowski mapping, 123, 411, 413

inverse, 125, 132

Kutta-Joukowski theorem, 299

Laplace equation, 74
invariance property, 111, 364

Laplace transforms, 326, 351, 355
convolution, 329
derivatives, 328
Dirac function, 328
exponential order, 327
inversion, 332, 352
shifting, 328
step function, 328

Laurent series, 221, 244, 265
principal part, 222

Laurent series theorem, 222
Lemniscate, 20
Limit of a function, 54

limit at infinity, 56
Limit point 23, 44
Limit superior, 196
Line charge, 178
Liouville theorem, 159
Logarithmic function, 104, 120, 130

branch, 120
Riemann surface, 121

Longitudinal oscillations, 341

Maclaurin series, 215, 219
Mapping properties, 50

conformal, 358
isogonal, 409

Maximum modulus theorem, 159, 162,
189

Maxwell equation, 177
Mean value theorem, 158, 190
Meromorphic function, 250
Method of images 191, 298
Mixed Dirichlet-Neumann problem, 350,

368
Modulus, 2, 36
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Index 437

Modulus inequality, 137
Morera theorem, 157

Neighborhood, 23
complex infinity, 30

Neumann problems, 324, 350
compatibility condition, 324

Newton’s law of universal gravitation,
179

Open region, 27
Open set, 27
Order field, 7

Parseval identity, 281, 304
Partial sums, 196
Perturbation series, 232
Phasor, 33
Picard theorem, 251
Pointwise convergence, 200
Poisson equation, 84, 91
Poisson integral, 148
Poisson integral formula, 312

Fourier series expansion, 314
Poisson kernel, 38, 314

Pole, 249, 292, 300
order, 252

Potential flows,
jet flow, 412
past a circle, 175, 309
past a perturbed circle, 232,

245
past an obstacle, 230, 411
right half-plane, 298
seepage, 372, 412
vertical step, 404

Power function, 116, 241, 263
Power series, 211

circle of convergence, 207, 211
Maclaurin series, 215, 219
radius of convergence, 207
Taylor series expansion, 214

Principal branch, 47, 105

Radial acceleration, 64
Radius of convergence, 207
Ratio test, 197, 208
Real number field, 1
Reflection principle, 100, 236
Region, 27
Region of convergence, 200
Regular function, 70
Regular point, 248
Removable singularity, 249
Residues, 255

computational formulas, 257
evaluation of real integrals, 268

Residue at complex infinity, 267
Residue theorem, 256
Riemann mapping theorem, 398
Riemann sphere, 29, 44

stereographic projection, 30
Riemann surfaces, 118

logarithmic function, 121
power function, 119

Riemann zeta function, 205
Root of unity, 16
Root test, 197, 208

Schwarz-Christoffel transformations,
399, 416

Schwarz integral formula, 319, 349
first quadrant, 321
Schwarz kernel, 319, 321

Seepage flows, 372, 412
Simply connected, 24
Sine function, 98

mapping properties, 102
inverse function, 111, 113

Singular point, 70
essential singularity, 249,

254
isolated singularity, 248
pole, 249, 292, 300
removable singularity, 249

Smooth curve, 135
Stereographic projection, 30
Stokes theorem, 166
Stream function, 167
Streamlines, 167
Symmetric points, 17, 387
Symmetry-preserving property,

381

Tangential acceleration, 64
Taylor series, 215
Taylor series theorem, 216
Temperature distributions, 80

buried pipe, 384
first quadrant, 110
infinite strip, 129, 411
inside a channel, 405
inside a circle, 308
sectorial domain, 369
source, 106
upper-half plane, 108

Temperature fields, 82
flux lines, 83, 92
isothermal curves, 82, 92,

369
Triangle inequalities, 14, 40
Trigonometric functions, 53,

97
inverse functions, 112
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438 Index

Uniform continuity, 60
Uniform convergence, 202, 239

power series 211
Univalent, 118, 131

Velocity potential, 167
Vertical gravity, 180

circular cylinder, 193
horizontal cylinder, 181, 193

Von Neumann polynomial, 11

Vortex, 85, 172
Vortex patch, 191
Vorticity, 166

Wave propagation, 341
D’Alembert formula, 357
finite rod, 343
semi-infinite rod, 343

Weierstrass-Casorati theorem, 250
Weierstrass M test, 202
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