
Appendix A: Performing the Computer
Experiments

The computer experiments are realized as Java programs which can be run on any
platform if a Java runtime environment (JRE) is installed. They are written in a
C-like fashion which improves the readability for readers who are not so familiar
with object oriented programming. The source code can be studiedmost conveniently
with the netbeans environment which is open source and allows quick generation of
graphical user interfaces. The screenshot in Fig.A.1 shows an example.

After downloading and unzipping the zipped file from extras.springer.com you
have two options.

Run a Program Directly

Open the directory CP-examples in your file manager. If the JRE is installed properly
you can start any one of the programs by simply clicking onto it. Under Linux, you
can alternatively start it in a console window with e.g.

java -jar CPexample.jar

FigureA.2 shows a screenshot from computer exercise 23.4 (ladder model for expo-
nential decay).

Open a Program with the Netbeans Environment

If you have the netbeans environment installed, you can import any of the pro-
grams as a separate project by opening the corresponding folder in the directory
CP-examples/NBprojects/. You may have a look at the source code and compile and
run it
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Fig. A.1 Screenshot of the source code
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Fig. A.2 Screenshot of computer experiment 23.4



Appendix B: Methods and Algorithms

Purpose Method Comments Pages
Interpolation Lagrange polynomial Explicit form, easy to evaluate 19

Barycentric Lagrange
polynomial

For evaluation at many points 19

Newton’s divided
differences

New points added easily 21

Neville method For evaluation at one point 22
Spline interpolation Smoother, less oscillatory 22
Rational interpolation Smoother, less oscillatory,

often less coefficients necessary
28, 32

Pade approximation Often better than Taylor series 29
Barycentric rational
interpolation

Easy to evaluate 30

Rational interpolation
without poles

Alternative to splines,
analytical

34

Multivariate
interpolation

Multidimensional 35

Trigonometric
interpolation

Periodic functions 132

Differentiation One-sided difference
quotient

Low error order 39

Central difference
quotient

Higher error order 41

Extrapolation High accuracy 41
Higher derivatives Finite difference methods 43
Partial derivatives Finite difference methods 45
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Purpose Method Comments Pages
Integration Newton-Cotes formulas Equally spaced points 49

Trapezoidal rule Simple, closed interval 49
Midpoint rule Simple, open interval 50
Simpson’s rule More accurate 49
Composite
Newton-Cotes rules

For larger intervals 50

Extrapolation
(Romberg)

High accuracy 51

Clenshaw-Curtis
expressions

Suitable for adaptive and
multidimensional
quadrature

53

Gaussian integration High accuracy if
polynomial approximation
possible

53

Monte Carlo integration High dimensional integrals 202
Linear equations Gaussian elimination

(LU reduction)
Standard method for linear
equations and matrix
inversion

64

QR decomposition Numerically more stable 69
Iterative solution Large sparse systems 78
Richardson iteration Simplest iterative method 79
Jacobi relaxation Iterative matrix-splitting

method, converges for
diagonally dominant
matrices, parallel
computation possible

80

Gauss-Seidel relaxation Iterative matrix-splitting
method, converges for
symmetric positive definite
or diagonal dominant
matrices, no extra storage

81

Chessboard (black-red) Two independent subgrids,
especially for Poisson
equation

402

Damping and
Successive
over-relaxation

Speeds up convergence for
proper relaxation parameter

81
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Purpose Method Comments Pages
Multigrid method Fast convergence but more

complicated
402

Conjugate gradients
method (CG)

Krylov space method for
symmetric positive definite
matrices, preconditioning often
necessary

86

General minimum
residual method
(GMRES)

Krylov space method for
nonsymmetric systems

89

special LU decomposition Tridiagonal linear equations 75
Sherman-Morrison
formula

Cyclic tridiagonal systems 77

Root finding Bisection Reliable but slow continuous
functions

98

Regula falsi (false
position)

Speed and robustness between
bisection and interpolation

99

Newton-Raphson Continuous derivative necessary,
converges fast if starting point is
close to a root

100

Interpolation (secant) No derivative necessary, but
slower than Newton

101

Inverse interpolation Mainly used by combined
methods

102

Dekker’s combined
method

Combination of bisection and
secant method

106

Brent’s combined method Combination of bisection, secant,
and quadratic inverse
interpolation methods, very
popular

107

Chandrupatla’s combined
method

Uses quadratic interpolation
whenever possible, faster than
Brent’s method, especially for
higher order roots

109

Multidimensional root
finding

Newton-Raphson Needs full Hessian 124

Quasi-Newton (Broyden) Hessian not needed, no matrix
inversion

125

Function Minimization Ternary search No gradient needed, very simple,
for unimodal functions

115

Golden section search
(Brent)

Faster than ternary search but
more complicated

116
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Purpose Method Comments Pages
Multidimensional
minimization

Steepest descent Simple but slow 122

Conjugate gradients Faster than steepest descent 124
Newton-Raphson Fast, if starting point close to

minimum, needs full Hessian
124

Quasi-Newton (BFGS,
DFP)

Hessian not needed, very popular 125

Fourier transformation Görtzel’s algorithm Efficient if only some Fourier
components are needed

136

Fast Fourier transform Much faster than direct discrete
Fourier transform

138

Time-Frequency
Analysis

Short Time Fourier
Transform (STFT)

Constant resolution for all
frequencies, often used for audio
signals

145

Gabor transform STFT with Gaussian window
represents signal by elementary
signals localized in time and
frequency

156

Discrete STFT Reduced redundancy, still
invertible

153

Continuous Wavelet
transform

Constant relative frequency
resolution, better time resolution
for high frequencies,very time
consuming convolution integral

158

Discrete Wavelet
Transform

Uses orthogonal or biorthogonal
wavelets, fast scalar product

Multiresolution analysis Represents a signal by a basic
approximation and a series of
details with increasing resolution

164

Fast wavelet transform Recursive filtering, very fast 178
Random numbers Linear congruent

mapping (LC)
Simple pseudo-random number
generator

197

Xorshift Fast, maximum possible period 197
Multiply with carry
(MWC)

Similar to LC but uses a varying
carry

198

Complementary multiply
with carry (CMWC)

Improves MWC, passes many
tests

199
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Purpose Method Comments Pages
RN with given distribution Inverse of cumulative distribution

function needed
199

Random points on unit
sphere

Random directions 200

Gaussian RN (Box-Muller) Gaussian random numbers 201
Thermodynamic
average

Simple sampling Inefficient 206

Importance sampling Samples preferentially important
configurations

207

Metropolis algorithm Generates configurations
according to a canonical
distribution

207

Eigenvalue problems Direct solution Only for very small dimension 214
Tridiagonal matrices Explicit solutions for some

special tridiagonal matrices
217

Jacobi Simple but not very efficient 214
Power iteration Finds dominant eigenvector 225
QL and QR Efficient power iteration method

for not too large matrices,
especially in combination with
tridiagonalization by
Householder transformations

228

Lanczos Iterative method for very large
matrices or if only a few
eigenvalues are needed

230

Singular value
decomposition (SVD)

Generalization for arbitrary
matrices

242

Data fitting Least square fit Fit a model function to a set of
data

236

Linear least square fit with
normal equations

Simple but less accurate 237

Linear fit with
orthogonalisation

Better numerical stability 239

Linear fit with SVD Expensive but more reliable, also
for rank deficient matrices

248

Low rank matrix
approximation

Data compression, total linear
least squares

245
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Purpose Method Comments Pages
Discretization Method of lines Continuous time, discretized

space
261

Eigenvector expansion
Finite differences Simplest discretization, uniform

grids
259

Finite volumes Partial differential equations with
a divergence term (conservation
laws), flux conservative, allows
unstructured meshes and
discontinuous material
parameters

265

Finite elements Very flexible and general
discretization method but also
more complicated

277

Spectral methods Expansion with global basis
functions, mostly polynomials
and Fourier sums, less expensive
than finite elements but not as
accurate for discontinuous
material parameters and
complicated geometries

273

Dual grid For finite volumes 265, 409
Weighted residuals General method to determine the

expansion coefficients
270

Point collocation Simplest criterion, often used for
nonlinear problems and spectral
methods

271

Sub-domains More general than finite volumes 271
Least square Popular for computational fluid

dynamics and electrodynamics
272

Galerkin Most widely used criterion, leads
often to symmetric matrices

273

Fourier pseudo-spectral
method

Very useful whenever a Laplacian
is involved, reduces dispersion

273

Boundary elements If the Green’s function is
available

286
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Purpose Method Comments Pages
Time evolution Explicit forward Euler Low error order and unstable,

mainly used as predictor step
292

Implicit backward Euler Low error order but stable, used for
stiff problems and as corrector step

295

Improved Euler (Heun,
predictor-corrector)

Higher error order 296

Nordsieck
predictor-corrector

Implicit method, has been used for
molecular dynamics

298

Gear predictor-corrector Optimized for molecular dynamics 300
Explicit Runge Kutta
(2nd, 3rd, 4th)

General and robust methods, easy
step size and quality control

301

Extrapolation
(Gragg-Bulirsch-Stoer)

Very accurate and very slow 305

Explicit Adams-Bashforth High error order but not
self-starting, for smooth functions,
can be used as predictor

306

Implicit Adams-Moulton Better stability than explicit
method, can be used as corrector

306

Backward differentiation
(Gear)

Implicit, especially for stiff
problems

307

Linear multistep
predictor-corrector

General class, includes
Adams-Bashforth-Moulton and
Gear methods

309

Verlet integration Symplectic, time reversible, for
molecular dynamics

310

Position Verlet Less popular 312
Velocity Verlet Often used 313
Stoermer-Verlet If velocities are not needed 313
Beeman’s method Velocities more accurate than for

Stoermer-Verlet
315

Leapfrog Simple but two different grids 317, 317, 471
Crank-Nicolson Implicit, stable, diffusion and

Schroedinger equation
486, 474

FTBS, Lax-Friedrich simple methods for advection 434, 436
Lax-Wendroff Hyperbolic differential equations 472
Taylor-Galerkin
Lax-Wendroff

highly accurate for advection 449

Two-step Differential equation with second
order time derivative

464
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Purpose Method Comments Pages
Reduction to a first order
equation

Derivatives treated as additional
variables

467

Two-variable Transforms wave equation into a
system of two first order
equations

470

Split operator Approximates an operator by a
product

490, 311,
533

Unitary time evolution Rational approximation Implicit,unitary 526
Second order differencing Explicit, not exactly unitary 530
Split operator Fourier Low dispersion, needs fast

Fourier transformation
533

Real space product formula Fast but less accurate, useful for
wavepackets in coupled states

534

Rotation Reorthogonalization Restore orthogonality of rotation
matrix

293

Quaternions Optimum parametrization of the
rotation matrix

343

Euler angles Numerical singularities 343
Explicit method Low accuracy,

reorthogonalization needed
335

Implicit method Higher accuracy, orthogonal
transformation

338

Molecular dynamics Force field gradients Needed for molecular dynamics 361
Normal mode analysis Small amplitude motion around

an equilibrium
364

Behrendsen thermostat Simple method to control
temperature

371

Langevin dynamics Brownian motion 395
Many body quantum
systems

Variational Quantum
Monte-Carlo method
(VQMC)

Calculates energy for non
separable trial wavefunctions

205, 577
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Composite trapezoidal rule, 51
Computer experiments, 605
Concentration, 479
Condition number, 93
Configuration integral, 205
Conjugate gradients, 86, 124
Conservation law, 257, 427, 445
Conservative schemes, 447
Continuity equation, 428, 452
Continuous logistic model, 502
Control parameter, 500
Control volumes, 265
Coordinate system, 325
Correlation coefficient, 193
Coulomb interaction, 357
Courant, 437
Courant number, 464
Covalent, 587
Covariance matrix, 193
Crank–Nicolson, 444, 445, 474, 486, 529
Critical temperature, 380
Crossing point, 553
Cubic spline, 25, 37
Cumulative probability distribution, 187
Cusp condition, 579
Cyclic tridiagonal, 77, 221

D
D’Alembert’s, 429
Damped string, 477
Damping, 376, 469, 573
Data fitting, 235
Data reconstruction, 160
Davydov, 594
Debye length, 413
Dekker, 106
Density matrix, 291, 518, 555
Density of states, 550
Detailed balance, 207
Details, 176, 179
Determinant, 337
Dielectric medium, 400, 408
Differential equations, 256
Differentiation matrix, 218
Diffusion equation, 491
Diffusive motion, 376
Diffusive population dynamics, 511
Dihedral angle, 353
Dimer, 592
Direction set, 122
Discontinuity, 416

Discontinuous ε, 407
Discrete Fourier transformation, 130, 141,

155, 273
Discrete wavelet transform, 164
Discretization, 256
Disorder, 234
Dispersion, 433, 458, 462, 464
Divided differences, 21
Dressed exciton, 593
Dual grid, 266

E
Effective coupling, 549
Effective force constant, 395
Eigenvalue, 213
Eigenvalue problem, 576
Eigenvector expansion, 262, 461
Electric field, 348
Electrolyte, 411
Electron correlation, 577
Electron-electron interaction, 582, 583
Electrostatics, 399
Elliptical differential equation, 257
Elliptic coordinates, 579, 581
Elongation, 465
End to end distance, 390
Energy function, 210
Ensemble average, 520
Equations of motion, 289
Equilibria, 208, 501
Error accumulation, 315
Error function, 192
Error of addition, 9
Error of multiplication, 10
Error propagation, 10
Euler, 433
Euler angles, 342
Euler–McLaurin expansion, 51
Euler parameters, 345
Euler’s equations, 337, 341
Expectation value, 189
Explicit Euler method, 292, 294, 335, 337,

483, 526
Exponential decay, 548, 550, 572
Exponential distribution, 200
Exponent overflow, 5
Exponent underflow, 5
Extrapolation, 41, 51, 305

F
Fair die, 190, 200
Fast Fourier transformation, 138
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Fast wavelet transform, 178
Few-State systems, 537
Filter, 179, 181
Filter function, 137
Finite differences, 39, 259
Finite elements, 277
Finite volumes, 265, 445
Fixed point equation, 499
Fixed points, 494
Fletcher-Rieves, 124
Floating point numbers, 3
Floating point operations, 7
Fluctuating force, 395
Fluid, 427
Flux, 268, 447, 479
Force, 395, 398
Force extension relation, 398
Force field, 351, 355
Forward difference, 39, 435
Fourier analysis, 145
Fourier transformation, 462
Free energy, 395
Freely jointed chain, 389, 393
Free precession, 562
Free rotor, 341
Friction coefficient, 396
Friction force, 395
Frobenius matrix, 65
FTBS, 434, 441, 443, 448
FTCS, 260, 436, 441
Functional response, 505

G
Gabor, 159
Gabor expansion, 156
Gabor transform, 158
Galerkin, 273, 282, 576
Gaussian distribution, 192, 201, 387
Gaussian elimination, 64
Gaussian integral rules, 58
Gaussian integration, 56
Gauss-Legendre, 56
Gauss–Seidel, 81, 402
Gauss’s theorem, 287, 408, 414
Gear, 300, 308
Givens, 71
Global truncation error, 15
Glycine dipeptide, 354
GMRES, 89
Godunov’s method, 447
Goertzel, 136
Golden section search, 116

Gradients, 358
Gradient vector, 121
Gram-Schmidt, 69, 89
Green’s theorem, 420
Grid, 290
Groundstate energy, 576
Gyration radius, 392
Gyration tensor, 392, 397

H
Haar wavelet, 172, 180
Hadamard gate, 571
Hamilton operator, 539
Hamming, 147, 154
Hann, 147, 154
Harmonic approximation, 364
Harmonic potential, 397
Heitler-London, 587
Helium atom, 582
Helium ion, 579
Hessian, 121, 125, 367
Heun, 297, 302
Higher derivatives, 44
High pass, 181
Hilbert matrix, 95
Hilbert space, 519
Histogram, 188
Holling, 505
Holling-Tanner model, 506
Hookean spring, 393–395, 398
Householder, 71, 223
Hund-Mulliken-Bloch, 587
Hydrogen molecule, 586
Hyperbolic differential equation, 257

I
Implicit Euler method, 295
Implicit method, 443, 485
Importance sampling, 207
Improved Euler method, 296, 398
Inertia, 334
Inevitable error, 12
Inhomogeneity, 509
Initial value problem, 256
Integers, 15
Integral equations, 414
Integral form, 258
Interacting states, 540
Interaction energy, 404, 421
Intermediate state, 546
Intermolecular interactions, 357
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Internal coordinates, 352
Interpolating function, 17, 133
Interpolating polynomial, 19, 22, 45
Interpolation, 17, 101
Interpolation error, 23
Intramolecular forces, 355
Inverse interpolation, 102
Inverse wavelet transformation, 181
Ionic, 587
Ising model, 378, 380, 381
Iterated functions, 494
Iterative algorithms, 12
Iterative method, 402
Iterative solution, 78

J
Jacobi, 80, 214, 402
Jacobian, 112
Jacobi determinant, 294
Jastrow, 578
Jastrow factor, 588

K
Kinetic energy, 342, 523
Krylov space, 83–85, 231

L
Ladder model, 550, 572
Lagrange, 19, 45, 48
Lanczos, 231
Landau–Zener model, 553, 573
Langevin dynamics, 395
Laplace operator, 46, 490
Larmor-frequency, 562
Laser field, 543
Lax-Friedrichs-scheme, 436, 438, 441, 443
Lax-Wendroff scheme, 438, 442, 443, 449,

472
Leapfrog, 317, 439, 442, 443, 468, 471
Least square fit, 236, 253
Least squares, 272
Legendre polynomials, 57
Lennard–Jones, 357, 370
Lennard–Jones system, 381
Linear approximation, 246
Linear equations, 64
Linear fit function, 238
Linear least square fit, 237, 248
Linear regression, 238, 241
Liouville, 310, 521
Ljapunov-exponent, 496, 500

Local energy, 580, 585
Local truncation error, 15
Logistic map, 497
Lotka–Volterra model, 503, 513
Lower triangular matrix, 67
Low pass, 181
Low rank matrix approximation, 245
LU decomposition, 68, 75

M
Machine numbers, 3, 7
Machine precision, 15
Magnetization, 380, 559
Markov chain, 207
Matrix elements, 539
Matrix inversion, 92
Matrix splitting, 80
Mean square displacement, 376
Mesh, 278
Method of lines, 261
Metropolis, 207, 378
Mexican hat, 161
Meyer wavelet, 176
Midpoint rule, 50, 296
Milne rule, 49
Minimization, 114
Minimum residual, 84
Mixed states, 518
Mobile charges, 411
Modified midpoint method, 305
Molecular collision, 349
Molecular dynamics, 351
Molecular orbital, 578, 587
Molecular systems, 577
Moments, 189
Moments of inertia, 334
Monochromatic excitation, 563
Monte-Carlo, 187, 202, 378
Morlet, 159, 161
Mortality rate, 503
Mother wavelet, 159
Multigrid, 402
Multipole expansion, 421
Multiresolutin analysis, 164
Multiresolution approximation, 165
Multistep, 306
Multivariate distribution, 192
Multivariate interpolation, 35

N
N-body system, 320
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Neumann, 521
Neville, 22, 43
Newton, 21
Newton–Cotes, 49
Newton-Raphson, 100, 111, 124, 593
NMR, 562
Nodes, 278
Noise filter, 143
Nonlinear optimization, 210
Nonlinear systems, 494
Nordsieck, 298
Normal distribution, 191, 194
Normal equations, 237
Normal modes, 364
Nullclines, 508
Numerical diffusion, 430
Numerical errors, 7
Numerical extinction, 7, 40
Numerical integration, 202
Nyquist frequency, 162, 184

O
Observables, 522
Occupation probability, 548
Omelyan, 346
One-sided difference, 39
Onsager, 421
Open interval, 50
Optimized sample points, 53
Orbit, 494
Orthogonality, 337
Orthogonalization, 69, 89
Orthogonal projection, 165
Orthogonal wavelets, 164
Orthonormal wavelet basis, 171
Oscillating perturbation, 543
Overlap integral, 580

P
Pade, 578
Pair distance distribution, 375
Parabolic differential equations, 257
Pattern formation, 509
Pauli-gates, 570
Pauli matrices, 343, 558
Period, 496
Period doubling, 500
Periodic orbit, 496
Phase angle, 567
Phase space, 290, 294, 310
Phase transition, 380

Pivoting, 68
Plane wave, 458, 463, 512
Point collocation method, 271
Poisson–Boltzmann-equation, 411
Poisson equation, 399, 414
Polarization, 413
Polymer, 382
Polynomial, 19, 22, 45, 214
Polynomial extrapolation, 306
Polynomial interpolation, 19, 37
Population, 497
Population dynamics, 501
Potential energy, 351
Potential energy curve, 581
Power iteration, 225
Predation, 503
Predator, 503
Predictor-corrector, 296, 298, 300, 309, 438
Pressure, 371
Prey, 503
Principal axes, 334
Probability density, 187
Pseudoinverse, 249
Pseudo random numbers, 196
Pseudo-spectral, 523
Pseudo-spectral method, 273
Pure states, 518

Q
QR algorithm, 228
QR decomposition, 69
Quadrature mirror filter, 181
Quality control, 304
Quantum systems, 518
Quasi-Newton condition, 113, 125
Quasi-Newton methods, 113, 125
Quaternion, 343, 345, 346
Qubit, 569
Qubit manipulation, 569

R
Rabi oscillations, 544
Random motion, 395
Random numbers, 187, 196, 199
Random points, 200
Random walk, 385, 397
Rational approximation, 526
Reaction-Diffusion systems, 509
Real space product formulae, 534
Rectangular elements, 280
Rectangular scaling function, 169
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Recurrence, 497
Reflecting walls, 371
Regula falsi method, 99
Relaxation, 559
Relaxation parameter, 402
Reproduction rate, 497
Residual, 402
Resolution, 152
Resonance curve, 573
Resonant pulse, 566
Richardson, 79, 85
Riemann problem, 447, 453
Rigid body, 333, 334
Romberg, 51, 53
Romberg integration, 61
Root finding, 98
Roots, 97
Rosenbrock, 123, 127
Rotational motion, 325
Rotation in the complex plane, 13
Rotation matrix, 326, 335
Rotor, 334
Rotor in a field, 348
Rounding errors, 3
Runge–Kutta, 301, 540

S
Sampling theorem, 134
Scaling function, 164
Schroedinger equation, 519, 521, 522, 572
Secant method, 101
Second order differencing, 530
Self energy, 421
Self-trapped state, 598
Semiclassical, 551
Semi-discretized, 262
Sherman-Morrison formula, 77
Shifted grid, 409
Short Time Fourier Transform, 145
Signal reconstruction, 154
Simple sampling, 206
Simpson’s rule, 49, 303
Simulated annealing, 210
Singlet, 583
Singular values, 242, 243
Slater-Jastrow ansatz, 584
Soliton, 598
Solvation, 407, 408, 413, 423
Solvation energy, 423
Solvent, 421
Specific heat, 253
Spectral methods, 273

Spectrogram, 151
Spin, 378
Spin flip, 568
Spin vector, 558
Spline interpolation, 24
Split operator, 311, 490, 533
Splitting methods, 454
Stability analysis, 12, 260
Standard deviation, 190
Statistical operator, 521
Steepest descent, 122
Step size control, 304
Stoermer-Verlet method, 313
Sub-domain method, 271
Subgrids, 440
Successive over-relaxation, 81
Superexchange, 545
Superposition, 518
Surface charge, 419, 421, 423
Surface element, 200, 418
Symmetric difference quotient, 41, 432
Symmetric differences, 439

T
Taylor-Galerkin scheme, 450, 451
Taylor series method, 298
Ternary search, 115
Tetrahedrons, 279
Thermal average, 521
Thermodynamic averages, 205
Thermodynamic systems, 369
Three-state system, 572
Tight-binding model, 234
Time derivatives, 259
Time evolution, 291
Transmission function, 137
Transport processes, 427
Trapezoidal rule, 49, 135
Trial function, 575, 576, 587
Trial step, 209
Trial wavefunction, 583
Triangulation, 278
Tridiagonal, 74, 217, 465, 473, 483, 528
Trigonometric interpolation, 132
Truncation error, 14
Two variable method, 470
Two-state system, 292, 540, 543, 555, 572
Two-step method, 464

U
Ultra-hyperbolic differential equation, 257
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Unimodal, 115
Unitary transformation, 71
Update matrix, 113
Upper triangular matrix, 66
Upwind scheme, 430, 448

V
Valence-bond, 587
Van der Waals, 357
Variable ε, 406
Variance, 190, 576
Variational principle, 575
Variational quantum Monte Carlo, 205, 577
Vector model, 556
Verhulst, 497
Verlet, 310, 312, 313, 370
Vertex, 266, 279
Virial, 373
Virial coefficient, 374

W
Wave equation, 458
Wavefunction, 519, 522
Wavelet, 164, 176, 179
Wavelet analysis, 158
Wavelet synthesis, 160
Wave packet, 536, 572
Waves, 455
Weak form, 258
Weddle rule, 49
Weighted residuals, 270, 539
Weight function, 258
Windowing function, 135, 145
W-matrix, 328

Z
Z-matrix, 354
Z-transform, 137, 179, 182
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