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Adjoint, 84, 85

Annihilator, 15

Arzela-Ascoli, 354

Avoidance of crossing, 141

Basis, 5

ordered, 326

orthonormal, 80

Bellman xiv, 240

Bohnenblust, 240

Bounded set, 195

Caratheodory’s theorem, 195

Cauchy:

matrix, 308

sequence, 92

Cayley-Hamilton theorem, 67

Cayley’s Theorem, 305

Characteristic polynomial, 61, 63

Characterstic value see Eigenvalue

Chebyshev:

iteration, 252

polynomial, 253

Closed set, 193, 218

Codimension, 16

Commutator, 355

Commuting maps, 74

Compactness of unit ball, 352

Compactness local, 92, 93

Completeness, 92

Condition number, 248

Conjugate gradient, 246, 256

Convergence, 92

rate of, 252, 254, 260

Convex set, 187

extreme point, 195

gauge function, 188

hull, 194

interior point, 188

support function, 193

Cooley, 333

Coset see Quotient space

Cross product, 99

Deift, 269, 276

Determinant, 45, 65

Cauchy, 303

Cramer’s rule, 54

integral formula for, 157

Laplace expansion, 52

multiplicative property of, 49

of positive matrices, 154, 156

Vandermonde, 302

Difference equations, 23

Differential equations, see Vibration

Differentiation:

of determinant, 127

rules of, 122

Dimension, 5

codimension, 16
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Domain space, 19

Dot product, see Scalar product

Doubly stochastic matrix, 197

Dual:

lattice, 318

norm, 221, 231

space, 14

Duality theorem, 206

economics interpretation of, 208

Eigenvalue, 59, 60, 262

of anti-selfadjoint map, 112

index, 72

multiple, 68

of selfadjoint map, 106

simple, 129

smallest largest, 113, 114, 166

of unitary map, 113

variational characterization, 113

Eigenvector, 59, 60

expension, 64

generalized, 69

Energy see vibration

Error, 248

Euclidean structure, 79

complex, 95

Euler’s theorem, 172

Exponential function, 111, 127, 128

Farkas-Minkowski theorem, 203

Fast matrix multiplication, 320

Fast Fourier transform, 328

Fibonacci sequence, 62

Finite Fourier transform, 119, 328

Fischer, 116

Flaschka, 269

Fluid flow, 177

curl, 179

divergence, 180

Francis, 263

Frequency, 180

Friedland, Robbin and Sylvester, 327

Frobenius theorem, 243

Function of selfadjoint mappings, 111

analytic, 140

monotone, 151

Fundamental theorem, 20

Game theory, 209

min max theorem, 210

Gauge function, 188

Gauss, 246

Gaussian elimination, 39

Gershgorin’s theorem, 323

Givens, 246, 269

Google, 242

Gram matrix, 152, 316

Gram-Schmidt procedure, 81

Hadamard, 157

Hahn-Banach theorem, 191

complex version, 226

Halmos-Berger-Pearcy, 369

Hamiltonian equation, 312

Helly’s theorem, 199

Herglotz, 152

Hermitean symmetric, 101

Hestenes, 246

Hilbert-Schmidt norm, 99

Holder inequality, 215

Householder, 246, 266

Hyperplane, 187

separation theorem, 190, 192

Inner product, see Scalar product

Interpolation, 22

Inverse, 25

Isometry, See also orthogonal

and unitary matrix, 87

Isomorphism, 3

Iteration:

Chebyshev, 252, 253

conjugate gradient, 256

iterative methods, 248

steepest descent, 249

Jacobi, 246

Jacobian, 177

Jordan form xii, 366

Konig-Birkhoff theorem, 198

Krein-Milman theorem, 199

Lanczos, 246

Lattice, 317

dust, 318

integer basis, 318

Law of Inertia, 105

Lax, 325

Liapunov’s Theorem, 358
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Linear:

bilinear, 79

combination, 4

dependence, 5

function, 13

independence, 5

operator, 20

space, 1

subspace, 4

system of equations, 39

transformation, 20

Linear mapping(s), 19

algebra of, 24

invertible, 25, 233

norm of, 89, 230

transpose of, 26

Loewner, 151

Lorentz

group, 343

transformation, 342

Matrix, 33

anti-selfadjoint, 112

block, 38

column rank, 37

diagonal, 38

Gram, 152, 316

Hermitean, 101

Hessian, 102

identity, 38

Jacobian, 177

multiplication of, 34, 35, 320

normal, 112

orthogonal, 89

positive, 237

positive selfadjoint,

117, 143

row rank, 37

selfadjoint, 101

similar, 38

symmetric, 101

symplectic, 309

transpose, 36

tridiagonal, 38

unimodular, 318

unitary, 96

valued function, 122

Minimal polynomial, 72, 73

Minmax principle, 116, 118

of game theory, 210

Monotonic matrix function, 151

Minkowski metric, 342, 349

Moser’s Theorem, 273

Muraki, 142

Nanda, 269

Non-Euclidean geometry, 347

Norm(s), 89

equivalent, 217

Euclidean, 79

dual, 90

of mapping, 230

of matrix, 89

Normal mode, 184

Normed linear space, 214

complex, 225

Nullspace, 20

Numerical

radius, 367

range, 367

Orientation, 44

Orthogonal, 80

complement, 82

group, 89

matrix, 89, 108

projection, 83

Orthonormal basis, 80

Parallelogram law, 227

Permutation, 46

group, 34, 46

matrix, 197

signature of, 47

Perron’s theorem, 237

Pfaffian, 305

Polar decomposition, 169

Polynomial,

characteristic, 61, 63

minimal, 72

Population evolution, 242

Positive definite, see Positive

selfadjoint

Positive selfadjoint mapping, 117, 143

Principal minor, 131, 162

Projection, 30

orthogonal, 110

Phythagorean theorem, 80
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QR algorithm, 263

Quadratic form, 102

diagonal form, 103

Quadrature formula, 17

Quotient space, 8

normed, 225

Random, 200

Range, 20

Rank see row and column rank

Rayleigh quotient, 114

Reflection, 89, 226

Rellich’s theorem, 140, 353

Residual, 249

Resolution of the identity, 110

Riesz, F, 152, 220

Rigid motion, 172

angular velocity vector, 176

infinitesimal generator, 174

Rotation, 172

Rounding, 247

Scalar, 2

Scalar product, 77, 79

Schur factorization, 335

Schur’s theorem, 153, 316

Schwarz inequality, 79

Selfadjoint, 106

anti-selfadjoint, 112

part, 112

Similarity, 29, 55

Simplex, ordered, 44

Singular value, 170

Solving systems of linear equations,

Chebyshev iteration, 252

optimal three-term iteration, 256

steepest descent, 249

three-term Chebyshev

iteration, 255

Gaussian elimination, 39

Spectral Theorem, 70

of commuting maps, 74

mapping theorem, 66

redius, 97, 334

resolution, 110

of selfadjoint maps, 106

Spectrum of a matrix:

anti-selfadjoint, 112

orthogonal, 86, 113

selfadjoint, 106

symplectic, 309

unitary, 113

Square root of positive matrix, 145

Steepest descent see iteration

Stiefel, 246

Stochastic matrix, 240

Strassen, 320

Subspace, 4

distance from, 84, 223

Support function, 193

Symmetrized product, 148

Symplectic matrix, 309

group, 309

Target space, 19

Tensor product, 313

Toda flow, 269

Tomei, 269

Trace, 55, 65

Transpose:

of linear map, 26

of matrix, 36

Triangle inequality, 80, 215

Tukey, 333

Underdetermined systems of linear

equation, 21

Unitary:

map, 96

group, 96

Vandermonde matrix, 302

determinant, 302

Vector, 1

norm of, 79, 214

valued function, 121

Vector space see Linear space

Viberation, 180

amplitude, 180, 182

energy, 180, 182

frequency of, 180

phase, 180

Volume, 44

Signed, 45

von Neumann, 213, 246

and Wigner, 141

Wieland-Hoffman theorem, 164
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