
Table of contents

Preface xi

1 Using microcomputers to solve numerical problems

1.1 The impact of the microcomputer 1
1.2 Computer languages on the microcomputer 3
1.3 Numerical processes and error analysis 4
1.4 How computers store numbers 6
1.5 Computation using floating-point numbers 8
1.6 Function evaluation on the computer 10
1.7 Horner’s method for evaluating polynomials 12
1.8 Richardson’s extrapolation 14
1.9 Computational complexity 15
1.10 Some notes on the history of numerical analysis 16
1.11 The reliability of computer programs . 18

Non-linear algebraic equations

2.1 Introduction 19
2.2 Method of bisection 21
2.3 Simple iterative or fixed point methods 24
2.4 Convergence of simple iterative methods 26
2.5 Convergence and order of an iterative method 28
2.6 Newton’s method 29
2.7 The secant method 31
2.8 Aitken’s method for accelerating convergence 33
2.9 Dealing with the problem of multiple roots 34
2.10 Numerical problems 36
2.11 The method of Brent 39
2.12 Comparative studies 40
2.13 Bairstow’s method 41
2.14 The quotient-difference algorithm 46
2.15 Laguerre’s method 51
2.16 Moore’s method 54
2.17 Problems encountered when solving polynomials 58
2.18 Solving systems of non-linear equations 58



vi Table of Contents

2.19 Broyden’s method for solving a system of non-linear equations 62
2.20 Conclusions and summary 63

Problems 64

3 Solving linear algebraic equations

3.1 Introduction 68
3.2 Equation systems 69
3.3 Determinants and matrix inversion 72
3.4 Gaussian elimination 74
3.5 Numerical difficulties 76
3.6 Pivoting procedures 78
3.7 Additional refinements 82
3.8 Gauss-Jordan elimination 83
3.9 Matrix inversion by elimination 84
3.10 Ill-conditioned equations 87
3.11 Measuring the degree of ill-conditioning 89
3.12 Triangular decomposition 91
3.13 Systems with sparse and tridiagonal matrices 96
3.14 Introduction to iterative methods 101
3.15 Jacobi and Gauss-Seidel iteration 101
3.16 Convergence criteria 102
3.17 Successive over-relaxation 107
3.18 Systems with complex coefficients 108
3.19 Some examples 110
3.20 Over-determined systems 114
3.21 Summary and conclusions 116

Problems 117

4 Numerical integration

4.1 Introduction 121
4.2 The trapezoidal rule 122
4.3 Simpson’s rule 125
4.4 Truncation and rounding errors 127
4.5 Newton-Cotes formula 128
4.6 Romberg integration 128
4.7 Gaussian integration formulae 131
4.8 Infinite ranges of integration 135
4.9 The Curtis-Clenshaw method 139
4.10 Problems in the evaluation of integrals 141
4.11 A general problem in numerical integration 142



Table of Contents vii

4.12 Test integrals 143

4.13 Filon’s sine and cosine formulae 144

4.14 Patterson’s method 149

4.15 Repeated integrals 153

4.16 Simpson’s rule for repeated integrals 154

4.17 Gaussian integration for repeated integrals 159

4.18 Summary 162

Problems 163

5 Numerical differentiation

5.1 Introduction 166

5.2 Approximating formula 166

5.3 Approximations for higher order derivatives 168

5.4 Obtaining higher accuracy derivatives 170

5.5 Applying the Richardson extrapolation 171

5.6 Use of approximating functions with observed data 173

5.7 Conclusions and summary 174

Problems 174

6 The solution of differential equations

6.1 Introduction 176

6.2 The initial value problem 177

6.3 The Taylor’s series method 179

6.4 Euler’s method 180

6.5 The modified Euler method 182

6.6 Runge-Kutta methods 186

6.7 Some useful Runge-Kutta techniques 186

6.8 Predictor-corrector methods 190

6.9 Hamming’s method and the use of error estimates 196

6.10 Error propagation in differential equations 198

6.11 The stability of particular numerical methods 199

6.12 Systems of simultaneous differential equations 201

6.13 Special techniques 206

6.14 Extrapolation techniques 211

6.15 Stiff equations 213

6.16 Boundary value problems 216

6.17 Shooting methods for boundary value problems 217

6.18 Finite difference approximations 219

6.19 Single variable boundary value problems 220

6.20 Two variable boundary value problems 226



viii Table of Contents

6.21 Conclusions and summary 235
Problems 235

7 Approximating functions efficiently

7.1 Introduction 239
7.2 Simple polynomial approximations 239
7.3 The minimax polynomial approximation 241
7.4 Chebyshev polynomials 243
7.5 Chebyshev polynomial approximations 246
7.6 Economisation of power series approximations 248
7.7 Changing the range of an approximation 250
7.8 Computing economised approximations 251
7.9 Evaluating approximations in Chebyshev form 253
7.10 Padé approximation 255
7.11 Maehly’s method of rational approximation 257
7.12 Chebyshev summation 260
7.13 The method of Hastings 263
7.14 Conclusions and summary 263

Problems 264

8 Fitting functions to data

8.1 Introduction 265
8.2 Collocation and interpolation 266
8.3 Linear interpolation 266
8.4 The method of undetermined coefficients 266
8.5 Lagrange’s formula 269
8.6 Aitken’s procedure 270
8.7 Osculating functions 274
8.8 Piece-wise curve fitting: the cubic spline 275
8.9 Using the cubic spline 279
8.10 Approximating functions 281
8.11 Weighted least squares criterion 281
8.12 Least squares using a linear combination of functions 283
8.13 Least squares using polynomial functions 286
8.14 Least squares using non-linear functions 288
8.15 Some examples of curve fitting 292
8.16 Least squares using orthogonal polynomials 298
8.17 Approximations in two dimensions 303
8.18 The minimax criterion 307
8.19 Fourier analysis of discrete data 315



Table of Contents ix

8.20 Finite Fourier series in complex exponential form 317
8.21 The fast Fourier transform 318
8.22 Truncating the finite Fourier series 324
8.23 Using the finite Fourier series 324
8.24 Conclusions and summary 327

Problems 328

9 Monte Carlo integration

9.1 Introduction 332
9.2 Random numbers 333
9.3 Tests for randomness 334
9.4 Monte Carlo integration 337
9.5 Reducing variance by mirror image functions 343
9.6 Removal of part of the function 345
9.7 Repeated integrals 346
9.8 Repeated integrals with variable limits 353
9.9 A nominally more difficult example 356
9.10 Conclusions and summary 357

Problems 357

10 The algebraic eigenvalue problem

10.1 Introduction 359
10.2 Background theory 361
10.3 Finding the dominant eigenvalue by iteration 364
10.4 Rate of convergence of the iteration 366
10.5 Shifting the origin of eigenvalues 369
10.6 Rayleigh’s quotient 372
10.7 Subdominant eigenvalues by Hotelling’s method 378
10.8 Deflation: an alternative procedure 385
10.9 Inverse iteration 388
10.10 Complex eigensolutions 393
10.11 Eigensolutions of the Hermitian matrix 397
10.12 The perturbed symmetric eigenvalue problem 399
10.13 Reducing eigenvalue problems to standard form 400
10.14 Some examples 402
10.15 Conclusions and summary 407

Problems 408



X Table of Contents

11 Testing microcomputers

11.1 Introduction 411
11.2 Simple tests of accuracy and computing speed 412
11.3 Tests using procedures with a fixed number of operations 418
11.4 Tests using procedures where the number

of operations depend on the convergence criteria 420
11.5 Software libraries and spreadsheets 421
11.6 Program portability 422

References 425

Solutions to problems 430

Program Index 444

Index 446


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]
	[Seite 6]


