


lC 

, and hand-
s and scientific 
nic audience, 
tions in engi-

1lems 

AB 

:cpress.com/ 

ting-�eries/ 

An Introduction to 

Num.erical Methods 
A MATLAB® Approach 

. ., 

FIFTH EDITION 

fflUtl'HOffi4ASJ'111nr.1u1r.,1�rnl'Hu CHIANG MAI UNIVE:RSITY LIBRARY

Dr. Abdelwahab Kharab 
Zayed University 

Professor Ronald B. Guenther 
Oregon State University 

0 CRC Press 
Taylor & Francis Group 

Boca Raton London New York 

CRC Press is an imprint of the 
Taylor & Francis Group, an informa business 

A CHAPMAN & HALL BOOK 

b1b+Oi511 
o 1l?7-i1 31
1 2.2t1b'7DQ



ks does not warrant the 
,are or related products 
I approach or particular 

� ....... , .....

(I 2566 
....... ••·······-· ..... 

• and publisher cannot
authors and publishers
I apologize to copyright
has not been acknowl-

,duced, transmitted, or 
tvented, including pho
out written permission 

.ght.com or contact the 
400. For works that are

; and are used only for 

Contents 

Preface 

Author Biographies 

1 Introduction 

1.1 ABOUT MATLAB and MATLAB GUI 
(Graphical User Interface) ....... . 

1.2 AN INTRODUCTION TO MATLAB .. 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

1.2.5 

1.2.6 

Matrices and Matrix Computation . 

Polynomials . . 

Output Format 

Planar Plots . . 

3-D Mesh Plots 

Function Files . 

1.2.7 Defining Functions 

1.2.8 Relations and Loops 

1.3 TAYLOR SERIES . .... 

2 Number System and Errors 

2.1 FLOATING-POINT ARITHMETIC 

2.2 ROUND-OFF ERRORS .. 

2.3 TRUNCATION ERROR . . 

2.4 INTERVAL ARITHMETIC 

3 Roots of Equations 

3.1 THE BISECTION METHOD 

3.2 FIXED POINT ITERATION 

3.3 THE SECANT METHOD . 

3.4 NEWTON'S METHOD 

3.5 

3.4.1 MATLAB's Methods 
CONVERGENCE OF THE NEWTON AND 
SECANT METHODS . . . . . . . . . . . . . . 

xi 

xv 

1 

1 

2 

2 

6 
7 

8 

9 

10 

1 1  

1 2  

1 5  

23 

2 3  
2 8  

3 2  

3 4

41 

42 

50 

5 7

62 

65 

72 

V 



Vl 

3.6 MULTIPLE ROOTS AND THE MODIFIED 

NEWTON METHOD ................... . 

3. 7 NEWTON'S METHOD FOR NONLINEAR SYSTEMS 

APPLIED PROBLEMS . . . . . . . . . . . . . . . . . . . . . . 

Contents 

7 4

80 

8 6

4 System of Linear Equations 93 

94 

97 

4.1 MATRICES AND MATRIX OPERATIONS ....... . 

4.2 NAIVE GAUSSIAN ELIMINATION .......... . 

4.3 GAUSSIAN ELIMINATION WITH SCALED PARTIAL 

PIVOTING ............... . 

4.4 LU DECOMPOSITION ........ . 

4.4.1 Grout's and Cholesky's Methods . 

4.4.2 Gaussian Elimination Method 

4.5 ITERATIVE METHODS . . . . . . . 

105 

118 

119 

12 2 

132 

4.5.1 Jacobi Iterative Method . . . 132 

4.5.2 Gauss-Seidel Iterative Method 134 

4.5.3 Convergence 137 

APPLIED PROBLEMS . . . . . . . . . . . 14 5 

5 Interpolation 153 

5.1 POLYNOMIAL INTERPOLATION THEORY. . . . . . . . 15 4 

5.2 NEWTON'S DIVIDED-DIFFERENCE INTERPOLATING 

POLYNOMIAL . . . . . . . . . . . . . . . . . . . . . . . . . 15 6 

5.3 THE ERROR OF THE INTERPOLATING POLYNOMIAL . 16 7 

5.4 LAGRANGE INTERPOLATING POLYNOMIAL . 17 2 

APPLIED PROBLEMS . . . . . . . . . . . . . . . . . . . . . . . . . 17 7 

6 Interpolation with Spline Functions 181 

6.1 PIECEWISE LINEAR INTERPOLATION. 18 2 

6.2 NATURAL CUBIC SPLINES 18 8 

6.2.1 Smoothness Property 194 

6.2.2 MATLAB's Methods 195 

APPLIED PROBLEMS . . . . . . 202 

7 Approximation of Continuous Functions 205 

7.1 REVIEW OF BINOMIAL THEOREM . 205 

7.2 SOME IDENTITIES AND THE BERNSTEIN 

POLYNOMIALS . . . . . . . . . . . . . . . . . 206 

8 Numerical Optimization 211 

8.1 ANALYSIS OF SINGLE-VARIABLE FUNCTIONS. 2 11 

8.2 LINE SEARCH METHODS . . 2 14 

8.2.1 Bracketing the Minimum 

8.2.2 Golden Section Search 

8.2.3 Fibonacci Search .... 

2 14 

2 15 

2 17 



Contents 

74 

80 

86 

93 

94 

97 

105 

118 

119 

12 2 

132 

132 

134 

137 

145 

153 

154 

NG 

156 

IAL. 167 

172 

177: 

181 

182 

188 

194 

195 

2 02 

205 

.L 2 05 

2 06 

211 

211 

2 14 

2 14 

2 15 

217 

Contents 

8.2.4 Parabolic Interpolation ........ 

8.3 MINIMIZATION USING DERIVATIVES 

8.3.1 Newton's Method 

8.3.2 Secant Method . 

APPLIED PROBLEMS . . . 

9 Numerical Differentiation 

9.1 NUMERICAL DIFFERENTIATION 

9.2 RICHARDSON'S FORMULA 

APPLIED PROBLEMS . . . . . . .

10 Numerical Integration 

10.1 TRAPEZOIDAL RULE 

10.2 SIMPSON'S RULE . . . 

10.3 ROMBERG ALGORITHM 

10.4 GAUSSIAN QUADRATURE 

APPLIED PROBLEMS . . . . . . . 

11 Numerical Methods for Linear Integral Equations 

11.1 INTRODUCTION . . .

11.2 QUADRATURE RULES ...... 

11.2.1 Trapezoidal Rule . . . . . .

11.2.2 The Gauss-Nystrom Method 

11.3 THE SUCCESSIVE APPROXIMATION METHOD 

11.4 SCHMIDT'S METHOD . . . . . . . . . . . . .

11.5 VOLTERRA-TYPE INTEGRAL EQUATIONS 

11.5.1 Euler's Method 

11.5.2 Heun's Method 

APPLIED PROBLEMS . . . 

12 Numerical Methods for Ordinary Differential Equations 

12.1 

12.2 

12.3 

12.4 

12.5 

12.6 

12.7 

12.8 

12.9 

EULER'S METHOD . . . . . . . . . . . . . . . . . 

ERROR ANALYSIS . . . . . . . . . . . . . . . . . 

HIGHER-ORDER TAYLOR SERIES METHODS. 

RUNGE-KUTTA METHODS .... 

MULTISTEP METHODS . . . . . . . . .

ADAMS-BASHFORTH METHODS .... 

PREDICTOR-CORRECTOR METHODS 

ADAMS-MOULTON METHODS ..... 

NUMERICAL STABILITY . . . . . . . ' 

12.10 HIGHER-ORDER EQUATIONS AND SYSTEMS OF 

DIFFERENTIAL EQUATIONS .......... 

12.11 IMPLICIT METHODS AND STIFF SYSTEMS .... 

vii 

2 2 0

2 2 7

2 2 7

2 2 8

2 31 

233 

2 33 

2 40 

2 46 

249 

2 50 

2 59 

2 70 

2 77 

2 88 

293 

2 93 

2 96 

2 97 

2 99 

306 

308 

310 

311 

312 

316 

319 

32 0 

32 6 

331 

335 

349 

350 

359 

360 

368 

371 

378 



viii Contents 

12.12 PHASE PLANE ANALYSIS: CHAOTIC 

DIFFERENTIAL EQUATIONS . 380 

APPLIED PROBLEMS . . . . . . . . . . . . . 38 6 

13 Boundary-Value Problems 393 

13.1 FINITE-DIFFERENCE METHODS 394 

13.2 SHOOTING METHODS . . 401 

13.2.1 The Nonlinear Case . 401 

13.2.2 The Linear Case . 406 

APPLIED PROBLEMS . . . . . . 4 13 

14 Eigenvalues and Eigenvectors 417 

14.1 BASIC THEORY . . . . . . 4 17 

14.2 THE POWER METHOD . 422 

14.3 THE QUADRATIC METHOD 42 5 

14.3.1 MATLAB's Methods . . . 4 32 

14.4 EIGENVALUES FOR BOUNDARY-VALUE PROBLEMS 4 3 4  

14.5 BIFURCATIONS IN DIFFERENTIAL EQUATIONS . 4 37 

APPLIED PROBLEMS . . . . . . . . . . . . . . . . . . . . . . . 4 42 

15 Dynamical Systems and Chaos 443 

15.1 A REVIEW OF LINEAR ORDINARY DIFFERENTIAL 

EQUATIONS . . . . . . . . . . . . . . . . . . . . . . . . . 4 4 4

15.2 DEFINITIONS AND THEORETICAL CONSIDERATIONS . 4 47 

15.3 TWO-DIMENSIONAL SYSTEMS 4 5 4

15.4 CHAOS . . . . . . . . . . . . 4 6 6  

15.5 LAGRANGIAN DYNAMICS 471 

APPLIED PROBLEMS . . . . . . 478 

16 Partial Differential Equations 481 

16.1 PARABOLIC EQUATIONS 482 

16.1.1 Explicit Methods . . 482 

16.1.2 Implicit Methods . . 48 6 

16.2 HYPERBOLIC EQUATIONS 493 

16.3 ELLIPTIC EQUATIONS . . . 500 

16.4 NONLINEAR PARTIAL DIFFERENTIAL EQUATIONS 506 

16.4.1 Burger's Equation . . . . . . . 506 

16.4.2 Reaction-Diffusion Equation . . . . 508 

16.4.3 Porous Media Equation . . . . . . . 509 

16.4.4 Hamilton-Jacobi-Bellman Equation 511 

16.5 INTRODUCTION TO FINITE-ELEMENT METHOD 5 13 

16.5.1 Theory ........... . 

16.5.2 The Finite-Element Method 

APPLIED PROBLEMS ......... . 

5 14 

520 

52 5 



.. . 

s 

lNS. 

Contents 

380 

386 

393 

394 

401 

401 

406 

413 

417 

417 

422 

425 

432 

434 

437 

442 

443 

444 

447 

454 

466 • 

471 

478 

481 

482 

482 

486 

493 

500 

506 

506 

508 

509 

511 

513 

514 

520 

525 

Contents 

1 7 Dealing with Large Sets of Data 

17.1 INTRODUCTION 

17.2 REGRESSION . . . . . . . .  . 

17.3 PROJECT . . . . . . . . . .  . 

17.4 GENERAL LINEAR REGRESSION 

1 7 .4.1 MATLAB 's Methods . . . . . 

17.5 NONLINEAR REGRESSION . . . .  

17.6 PROBABILITY AND STATISTICS 

17.7 PROBLEMS ARISING FROM OVERDETERMINED DATA 

APPLIED PROBLEMS . . . . . . . . . . . . . . . . . . . . . . . . . 

Bibliography and References 

A Calculus Review 

A.l Limits and Continuity 

A.2 Differentiation . 

A.3 Integration . . . . . . . 

B MATLAB Built-in Functions 

C Text MATLAB Functions 

D MATLAB GUI 

D.l Roots of Equations . . . . . 

D.2 System of Linear Equations

D.3 Interpolation .

D.4 Integration . . . . . . . . .  . 

D.5 Differentiation . . . . . . .  . 

D.6 Numerical Methods for Differential Equations

D.7 Boundary-Value Problems . .

D.8 Numerical Methods for PDEs . . . . . . . .  . 

Answers to Selected Exercises 

Index 

ix 

527 

527 

529 

530 

532 

535 

539 

542 

544 

548 

551 

557 

557 

558 

558 

561 

565 

567 

567 

569 

570 

570 

571 

572 

573 

573 

577 

611 


	20231129093438316_0001
	20231129093508873_0001
	20231129093530815_0001
	20231129093601085_0001
	20231129093617610_0001
	20231129093637634_0001
	20231129093652276_0001

