
Table of Contents

Author’s Preface......................................................11

Chapter 1 Functions of One Variable
1.1 The concept of a function.....................................13
1.2 Limits of functions ..........................................14
1.3 Properties of limits..........................................15
1.4 Continuous functions........................................17
1.5 Derivative of a function......................................18
1.6 Differentials................................................19
1.7 Geometrical interpretation of a differential....................19
1.8 General results..............................................21
1.9 Derivative of a function of a function.........................21
1.10 Derivative of an inverse function.............................22
1.11 Leibniz’s theorem............................................23
1.12 Some important theorems of the differential calculus...........24

1.12.1 Rolle’s theorem.........................................25
1.12.2 The mean-value theorem................................26
1.12.3 Geometrical interpretations .............................26

1.13 Cauchy’s formula............................................27
1.14 Indeterminate forms................................... 28
1.15 Taylor’s theorem............................................31
1.16 Maclaurin’s theorem.........................................33
1.17 Extreme values of functions of one variable ...................33

1.17.1 Concavity and convexity................................35
Exercises 1 .......................................................36

Chapter 2 Complex Numbers2.1 Introduction.................................................37
2.2 The Argand diagram ........................................39
2.3 The Exponential and De Moivre’s theorem ....................45
2.4 Hyperbolic functions.........................................48

2.4.1 The graphs of coshr and sink*...........................51
2.5 Differentiation of hyperbolic functions ........................52



6 Table of Contents

2.6 Inverse hyperbolic functions..................................52
2.7 The Logarithmic function....................................54
Exercises 2 .......................................................55

Chapter 3 Integration
3.1 Introduction.................................................58
3.2 Methods of integration.......................................59

3.2.1 Integration of rational algebraic functions................59—
3.2.2 Integration of irrational fractions of the

form (px + q)/(x 2 + bx + cj /l .............................64
3.2.3 Standard forms.........................................65
3.2.4 Integration by substitution or change of variable..........66
3.2.5 Trigonometrical integrals...............................72
3.2.6 Integration by parts ....................................79

3.3 Definite integrals: area beneath plane curves..................84
3.4 Definite integrals: limit of a sum.............................86
3.5 Improper integrals...........................................88
3.6 Further properties of definite integrals........................89
3.7 An important definite integral: ƒ’ sin m 9 cos n 0 d0...............91
Exercises 3 .......................................................93

Chapter 4 Infinite Series
4.1 Sequences ..................................................96

4.1.1 Monotonic sequences....................................98
4.2 Infinite series...............................................99
4.3 Series of positive terms.....................................100
4.4 Tests for convergence.......................................101

4.4.1 Comparison tests......................................101
4.4.2 d’Alembert’s ratio test.................................102
4.4.3 Cauchy’s test..........................................103

4.5 Absolute convergence of series ..............................103
4.6 Alternating series test......................................104
4.7 The Taylor and Maclaurin series............................105
4.8 Power series...............................................107
4.9 The uniform convergence of series...........................109
Exercises 4......................................................112

Chapter 5 Matrices and Determinants
5.1 Basic concepts..............................................115
5.2 Algebra of matrices.........................................116



Table of Contents
7

5.3 Determinants ..............................................127
5.4 Cramer’s rule..............................................134
5.5 The inverse of a matrix.....................................136
5.6 Eigenvalues and eigenvectors...............................141
5.7 Diagonalisation of matrices.................................145
5.8 Quadric surfaces...........................................149
Exercises 5......................................................151

Chapter 6 Vector Algebra6.1 Introduction ...............................................154
6.2 Representation of a vector ..................................155
6.3 Addition of vectors.........................................156
6.4 Multiplication of vectors by scalars..........................158
6.5 Vector and Cartesian descriptions...........................159
6.6 Vector multiplication........................................162

6.6.1 Scalar products........................................162
6.6.2 Vector products........................................172

6.7 Linear dependence .........................................179
6.8 Reciprocal vectors..........................................182
6.9 The index notation.........................................185
6.10 Differentiation of vectors with respect to scalars..............192
Exercises 6......................................................195

Chapter 7 Functions of Several Variables7.1 Introduction ...............................................198
7.2 Partial derivatives .........................................198
7.3 The chain rule.............................................199
7.4 Homogeneous functions.....................................202
7.5 Taylor’s theorem for a function of several variables...........203
7.6 Extreme values of functions of several variables..............204

7.6.1 Lagrange multipliers..................................207
Exercises 7......................................................210

Chapter 8 Ordinary Differential Equations
8.1 Introduction ...............................................213
8.2 Differential equations of the first order and first degree.......214
8.3 Linear equations of the first order...........................218
8.4 Linear equations with constant coefficients...................220
8.5 Miscellaneous equations.......... 227
8.6 Series solutions of ordinary differential equations.............229



8 Table of Contents

8.7 Laplace transforms.........................................234
8.7.1 Solution of constant coefficient equations................239
8.7.2 More properties of Laplace transforms...................241
8.7.3 Solution of more constant coefficient equations...........243

Exercises 8......................................................245

Chapter 9 Line, Surface and Volume Integrals
9.1 Scalar and vector fields.....................................248
9.2 Orthogonal curvilinear coordinates..........................249
9.3 Line integrals..............................................252

9.3.1 Change of variable ....................................255
9.4 Surface integrals...........................................256

9.4.1 Change of variable ....................................260
9.5 Volume integrals...........................................262

9.5.1 Change of variable.....................................264
Exercises 9......................................................265

Chapter 10 Vector Analysis
10.1 Gradient of a scalar field....................................266
10.2 Conservative fields.........................................270
10.3 The curl of a vector field....................................272

10.3.1 Stokes’theorem.......................................275
10.4 The divergence of a vector field..............................277

10.4.1 The divergence theorem................................280
10.5 Green’s theorem in the plane................................281
10.6 Further properties of curl and div ...........................285
Exercises 10.....................................................287

Chapter 11 Fourier Series
11.1 Fourier series..............................................290

11.1.1 Odd and even functions................................293
11.1.2 Sine and cosine series..................................294

11.2 Fourier series expansions in the range (— 1,1) .................296
11.3 Differentiation of Fourier series.............................296
11.4 The Fourier integral theorem ...............................297
Exercises 11.....................................................299

Chapter 12 Partial Differential Equations12.1 Introduction ...............................................301



Table of Contents 9

12.2 Classification of equations ..................................303
12.3 Boundary conditions........................................308
12.4 d’Alembert’s solution of the wave equation...................309
12.5 Separation of variables .....................................310
12.6 Transform methods.........................................319
Exercises 12.....................................................323

Chapter 13 Some Special Functions
13.1 The gamma function........................................327
13.2 Laplace’s equation..........................................330

13.2.1 Simple solutions of Laplace’s equation...................330
13.3 Laplace’s equation in spherical polar coordinates .............331

13.3.1 Legendre’s equation ...................................333
13.3.2 Generating function for Legendre polynomials...........336
13.3.3 Orthogonality of Legendre polynomials..................337
13.3.4 Expansion of polynomials in terms of Legendre

polynomials...........................................338
13.3.5 Recurrence relations for Legendre polynomials...........340
13.3.6 Application of Legendre polynomials....................341

13.4 Laplace’s equation in cylindrical polar coordinates............343
13.4.1 Bessel’s equation.......................................344
13.4.2 Differentiation and recurrence formulae for Bessel

functions..............................................347
13.4.3 An integral form for J n{x) ..............................352
13.4.4 Approximations for small and large arguments..........353
13.4.5 Zeros of Bessel functions...............................354
13.4.6 Orthogonality property.................................354

13.5 Some other special functions................................359
Exercises 13.....................................................360

Chapter 14 Functions of a Complex Variable
14.1 Introduction ...............................................363
14.2 Complex integration........................................366
14.3 Cauchy’s theorem..........................................367
14.4 Cauchy’s integral...........................................369
14.5 Power series...............................................370
14.6 Zeros, poles and residues of an analytic function..............371
14.7 The residue theorem........................................375
14.8 Integrals of the form <f>(cos0, sin0)d©.......................377
14.9 Integrals of the form ƒ ^/(x)dx..............................378
14.10 Integrals of the form ƒ _ e jm*/(x)dx...........................380



10 Table of Contents

14.11 Many-valued functions......................................384
Exercises 14.....................................................388

Chapter 15 Tensors
15.1 Basic concepts..............................................390
15.2 Contravariant vectors and tensors...........................391
15.3 Covariant vectors and tensors; mixed tensors.................392
15.4 Further properties of tensors................................393
15.5 Tensor detection............................................394
15.6 Some results in tensor calculus..............................395
15.7 Cartesian tensors...........................................399
Exercises 15.....................................................400

Answers to Exercises................................................402

Bibliography........................................................412

Index 413


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


