Contents

1 Infinite series 1
I. The geometric series, 1
2. Definitions and notation, 3
3. Applications of series, 4
4. Convergent and divergent series, 4
5. Testing series for convergence; the preliminary test, 6
6. Tests for convergence of series of positive terms; absolut €

convergence, 7
7. Alternating series, 11
8. Conditionally convergent series, 12
9. Useful facts about series, 13
10. Power series; interval of convergence, 14
11. Theorems about power series, 16
12.  Expanding functions in power series, 17
13. Techniques for obtaining power series expansions, 19
14. Questions of convergence and accuracy in computation,
23
15. Some uses of series, 25
16. Uniform convergence, 31
Problems, 32

2 Complex numbers 43
1. Introduction, 43
2 “Keal and'imaginary parts of a complex number, 44

Xt



xiv CONTENTS

3. Thecomplex plane, 45

4. Terminology and notation, 47

5. Complex agebra, 48

6. Complex infinite series, 51

7. Complex power series; circle of convergence, 52
8. Elementary functions of complex numbers, 54
9. Euler's formula, 55

10/ Powers and roots of complex numbers, 57

11.  The exponential and trigonometric functions, 58
12. Hyperbolic functions, 60

13.  Logarithms and complex powers, 61

14. Complex roots and powers, 62

15.  Inverse trigonometric and hyperbolic functions, 63
16. Some applications, 65
Problems, 68

3 Determinants and matrices

1.

©CONDUTAWN

Introduction, 76

Cramer’s rule, 78

Laplace’'s Development, 79
Some useful theorems about determinants, 82
Matrices, 84

Linear dependence and linear independence, 86
Rank of a matrix; sets of linear equations, 90
Operations with matrices, 96

Specia matrices, 104

Problems, 109

4 Partial differentiation and multiple integrals

O WM -

~N o

10.

Introduction and notation, 121

Power seriesin two variables, 123

Total differentials, 126

Approximate calculations using differentials, 130
Chain rule or differentiating a function of a
function, 131

Implicit differentiation, 133

More chain rule, 135

Application of partial differentiation to maximum and

minimum problems, 140

Maximum and minimum problems with constraints;

Lagrange multipliers, 142
Endpoint or boundary point problems, 150

76

121



CONTENTS

11. Change of variables, 155

12. Differentiation of integras, Leibniz’ rule, 159

13. Applications of integration; single and multiple
integrals, 163

14.  Change of variablesin integrals; Jacobians, 171

Problems, 179

5 ‘ector analysis

Introduction and notation, 195

Vector addition, 196

Unit vectors, 200

Multiplication of vectors, 201

Triple products, 208

Linesand planes, 214

Differentiation of vectors, 222

Fields, 226

9. Directiona derivative, gradient; normal derivative, 227
10. Some other expressions involving V, 231

111 Line integrals, 234

12.  The divergence and the divergence theorem, 242
13 Thecurl and Stokes' theorem, 251

14 Surface integrals, 265

Problems, 268

6 Fourier series

1. Introduction, 281

2. Simple harmonic motion and wave motion; periodic
functions, 281

Applications of Fourier series, 285
Average vaue of afunction, 288
Fourier coefficients, 290

Dirichlet conditions, 294

Complex form of Fourier series, 296
Other intervals, 298

Even and odd functions, 301

10. An gpplication to sound, 306

11. Parseva’s theorem, 308

Problems, 311

7 Ordinary differential eguations

1. Introduction, 321
2. Separable equations, 325

XV

195

281

321



Xvi CONTENTS

. Linear first-order equations, 328
Other methods for equations of the first order and first
degree, 330
5. Second-order linear equations with constant coefficients
and zero right-hand side, 332
6. Second-order linear equations with constant coefficients
and right-hand side not zero, 339
7. Other second-order equations, 350
Problems, 354

B~ w

8 Calculus of variations 368

1. Introduction, 368

2. The Euler equation, 370

3. Geodesics, 374

4. The brachistochrone problem; cycloids, 377
5. First integrals of the Euler equation, 381

6. Several dependent variables, 383

7. lsoperimetric problems, 387

8. Variationa notation, 390

Problems, 392

9 Gamma, beta, and error functions, asymptotic series;, Stirling's
formula; dliptic integrals and functions 397

1. Introduction, 397
2. Thefactorial function, 397
3. Definition of the gamma function; recursion relaion, 398
4, The gamma function of negative numbers, 400
5. Some important formulas involving gamma
functions, 400
6. Beta functions, 401
7. The relation between the beta and gamma

functions, 402
8. Thesimple pendulum, 403
9. The eror function, 404
10. Asymptotic series, 406
11, Stirling's formula, 409
12. Elliptic integrals and functions, 410
Problems, 417

10 Coordinate transformations; tensor analysis 423

1. Introduction, 423
2. Linear transformations, 424



CONTENTS XVii

w

Orthogond transformations, 426

4, Eigenvalues and eigenvectors ; diagonalizing

matrices, 428

Applications of diagonalization, 435

Curvilinear coordinates, 441

Scale factors and base vectors for orthogonal

systems, 443

8 Genera curvilinear coordinates, 445

9. Vector operators in orthogona curvilinear
coordinates, 446

10. Tensor anaysis-introduction, 449

11. Cartesian tensors, 451

12. Usesof tensors; dyadics, 456

13.  Genera coordinate systems, 458

14. Vector operations in tensor notation, 462

Problems, 463

~No o

11 Functions of a complex variable 477

1. Introduction, 477

Analytic functions, 478

Contour integrals, 485

Laurent series, 488

The residue theorem, 491

Methods of finding residues, 493

Evaluation of definite integras by use of the residue
theorem, 495

8. The point at infinity; residues at infinity, 506
9. Mapping, 508

10. Some applications of conforma mapping, 514
Problems, 521

Noghrwd

12 Series solutions of differential equations; Legendre polynomials;
Bessd functions, sets of orthogonal functions 538

1. Introduction, 538

2. Legendre’'s equation, 540

3. Leibniz’ rule for differentiating products, 543

4. Rodrigues formula, 543

5. Generating function for Legendre polynomials, 544
6. Complete sets of orthogonal functions, 550

7. Orthogonality of the Legendre polynomias, 553

8. Normalization of the Legendre polynomias, 554
9. Legendre series, 555



Xviii CONTENTS

10/ The associated Legendre functions, 557

11. Generalized power series or the method of
Frobenius, 557

12. Bessd’s equation, 559

13. The second solution of Bessel’s equation, 562

14. Tables, graphs, and zeros of Bessel functions, 563

15. Recursion relations, 564

16. A generd differentia equation having Bessel functions as
solutions, 565

17.  Other kinds of Bessel functions, 566

18. The lengthening pendulum, 567

19. Orthogonality of Bessel functions, 570

20. Approximate formulas for Bessel functions, 573

21. Some general comments about series solutions, 573

Problems, 577

13 Integral transforms 501
1. Introduction, 591
2. The Laplace transform, 592
3. Solution of differential equations by Laplace]

transforms, 596
4. Fourier transforms, 601
5. Convolution; Parseva’s theorem, 607
6. Inverse Laplace| transform (Bromwich integral), 613
7. The Dirac ddlta function, 615
Problems, 622

14 Partial differential equations 629

1. Introduction, 629
2. Laplace's eguation; steady-state temperature in a rec-
tangular plate, 631

3. Thediffusion or heat flow equation; heat flow in a bar or
slab, 636

4. The wave eguation; the vibrating string, 640

5. Steady-state temperature in a cylinder, 644

6. Vibration of a circular membrane, 648

7. Steady-state temperature in a sphere, 650

8. Poisson’s equation, 653

9. Solution by use of Laplace transforms, 660

10. Solution by use of Fourier transforms, 662
Problems, 664



CONTENTS Xix

15 Probability 673

Introduction; definition of probability, 673
Sample ga¢ 675

Probability theorems, 679

Methods of counting, 687

Random variables, 694

Continuous distributions, 699

Binomial distribution, 703

The normal or Gaussian distribution, 708
. The Poisson distribution, 712

10. Applications to experimental measurements, 714
Problems, 718

Some suggested references 733

©OoNOUPWNE

Answers to Sdected Problems 739
Index 757



