W W AA AA
o ALHL

-réy é\

$ ‘ef

TG

A AA
b b L,

T Ty Aaadad BRIAN H. HAHN
DANIEL T. VALENTINE

7

‘é““ g

..........................




Essential MATLAB

for Engineers and Scientists
Fifth Edition

2] napa

Brian H. Hahn

Daniel T. Valentine

ol
o
GIFT OF THE ASIA FOUNDATION
NOT FOR RE-SALE

QUA TANG CUA QUY CHAU £
KHONG BUQGC BAN LA!

AMSTERDAM ¢ BOSTON e HEIDELBERG ¢ LONDON
NEW YORK ¢ OXFORD e PARIS ¢ SAN DIEGO
SAN FRANCISCO e SINGAPORE e SYDNEY e TOKYO
Academic Press is an imprint of Elsevier




Academic Press is an imprint of Elsevier
2.25 Wyman street, Waltham, MA 02451, USA
Linacre House, Jordan Hill, Oxford OX2 8DP, UK

Copyright © 2013, Daniel T. Valentine. Published by Elsevier Ltd. All rights reserved.
MATLAB"® is a trademark of The MathWorks, Inc. and is used with permission.
The MathWorks does not warrant the accuracy of the text or exercises in this book.

This l?ook’s use or discussion of MATLAB® software or related products does not
constitute endorsement or sponsorship by The MathWorks of a particular
pedagogical approach or particular use of the MATLAB® software.

No par? of this publication may be reproduced, stored in a retrieval system, or
tIansrn_ltted in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of the publisher.

Permissions may be sought directly from Elsevier’s Science & Technology Rights
Department in Oxford, UK: phone: (+44) 1865 843830, fax: (+44) 1865 853333,
E-mail: permissions@elsevier.com. You may also complete your request online via
the Elsevier homepage (http:/ [www.elsevier.com), By 4electing “Support & Contact”
then “Copyright and Permission” and then “Obtaining Permissions.”

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress.

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

ISBN: 978-0-12-394398-9

For information on all Academic Press publications
visit our website at www.elsevierdirect.com

Working together to grow
libraries in developing countries

www.elsevier.com | www.bookaid.org | www.sabre.org

ELSEVIER BOOKAID  Sahre Foundation

International




Contents

PREFACE

Part 1
CHAPTER 1

1811
1v1.2
1913
1.1.4
15145
1.1.6
1517

1.2.1 Using the Editor and running a script
1.2.2 Help, publish, and view

CHAPTER 2 MATLAB Fundamentals
2.1 Variables

2.2.1 Adding commonly used constants

to the workspace




Contents

Arrays: Vectors and matrices

2.3.1 Initializing vectors: Explicit lists
2.3.2 Initializing vectors: The colon operator
2.3.3 The linspace and logspace functions
2.3.4 Transposing vectors

2.3.5 Subscripts

2.3.6 Matrices

2.3.7 Capturing output

2.3.8 Structure plan

Vertical motion under gravity

Operators, expressions, and statements
2.5.1

2.5.2 Data types

2.5.3 Arithmetic operators

2.5.4 Operator precedence

2.5.5 The colon operator

2.5.6 The transpose operator

2.5.7 Arithmetic operations on arrays

2.5.8 Expressions

2.5.9 Statements

2.5.10 Statements, commands, and functions
2.5.11 Formula vectorization

Repeating with for

2:7.1

222 Factorials].. . arnenere almemal. 8.k oot 59
2.7.3 Limit of a sequence

2.7.4

2.7.5 for in a single line

2.7.6 More general for

2.7.7 Avoid for loops by NOCLOTIZIDGIRANN. i 62
Decisions

2.8.1

2.8.2

2.8.3

2.8.4

2.8.5

2.8.6




CHAPTER 3

CHAPTER 4

CHAPTER 5

2.8.7. Nestedd s, avmm. bt aattnhd.... 5 ) 71
2.8.8 NV ECLOXIZIN I £87 R R TNE . F s et 72
2.8.9 The switch Statement .. A 0. it 72

2.9 COMDIEX NUMBETS.....o.oovoooooooooeoooeoeoeoeoeoeeoo 72
SUMMATY S i deeitmens. $ 08 i 4 74
L1000 5 (T T T o T 76
Program Design and Algorithm Development .............. 83
3.1 The program QeSIOT DIOCESS TS 84
3.1.1 The projectile Problem .........ovvvvvvoeoeeoooooooosoeon, 87

3.2 Programming MATLAB functions..................oooeoovoe. 94
3.2.1 Inline objects: harmonic oscillators .................. 94

3.2.2 MATLARB function: V=R X) i nnne i o 95
Summary':; LS BOHRIITGEIR 38 AW s ortieintorsied 98
ChapterexerCiSes S tin v s VOO SIab B Or  euniiamiesii 98
MATLAB Functions and Data Import-Export Utilities 101
2 COmMmMOn TUNCION St i =ie ayeiten i w oo 5 B LE I H 101
4.2 Importing and exporting data ..........oveeoveeveoeeoeeoorsns 106
4.2.1 The load and save COMMANGAS...........oo.oeovvern, 107

4.2.2 Exporting text (ASCII) data ......cooeverververerrsonno., 107

4.2.3 Importing text (ASCII) data ....cceovervevvevrerernnn, 107

4.2.4 Exporting binary data.........cccceeeveereeeeressersessnnnes 108
SUINMATY icecin:oioincishiatitviran arieke st SEPUITI S 108
Chapter.OXEICISES ue.k i, dada Bl enrn. A Ly 108
Logical vectors:: . R SO e e 114
S Examples .. N R RRE I R 112
O IS D iSCONtiNUOUS GIa DS . e et S 112

9.2 AV0iding diVISION'DY Zero A, o e 113

1 A Y 01 (T N T Oy e ter, T SO S e 114

5.1.4 Counting random NUMDETS.......ccocoeeervveerireerennnn. 115

SeomR O grdICe s st MM RSy e ot e 116

g AL OG 1 CallODeTatOLS s A S e 117
5.2.1"'Operator PIECEAENCE. .......ccoretrreessesnarsreesenssssaenesees 118

SHAPL G DE VT[S A raa B et e S AR S SR R 118

65.2.3 Logical operators and Vectors ...........ccecveevvevenennns 119

5.3 Subscripting with logical VECtOIS.......oovveeveveeeeeeeeeen, 120
HIARTOgiCallTUNGHION SRR L6 5 & St om . S o 121
5 Al IS INOEN AN B LLAR. orberivs i st ittt eins 122

5.5 Logical vectors instead of elseif ladders ..................... 122
SUNTN ALY/ WSt et G Shoes st v besmn b oo L 125

Contents @ji




Contents

CHAPTER 6 --Matrices and Arrays.2uhfesesit YRS ...oviivvan 129
6. 1:- - MATriCEs e MUK, DRI B 129
6.1.1 A concrete eXample.......cccccvrireereeniieiieesseeesieennns 129

6.1.2 Creating-matrices i B NN v v 131

6043 S S O P LS e e e oo 131

6:1.4 Transpose .« owvs. ARLIRXA IR v viaiins 132

6.1.5 4 The COlON OPETALOT, i ts, sasssacsstiense T TRINEEY o5 132

6.1.6 Duplicating rows and columns: tiling................. 135

6.1.7 Deleting rows and COIUMDNS .........ceevvverrirrerisiinenans 135

6.1.8 Elementary matriCes .......cccceerirmrissrreerssciineeeiiinnns 136

ORI SDecIalized MALTICES ittt e teiesstis.sstursievaraansaades 137
6.1.10 Using MATLAB functions with matrices............ 138

65151 1"Manipulating MALTICES .. vv.xaderassasmnisesereesianssssverass 138

6.1.12 Array (element-by-element)

operations on MatriCes......ccoovurerirvneerieiiinenereninns 139
GHIM3MMatricestand for it 2 Seb A0S, AR A 0N 139
6.1.14 Visualization of matrices.........ccccceervrvvernrienrcnnnenn 140
6.1.15 Vectorizing nested fors: loan repayment tables 140
6.1.16 Multi-dimensional aIrays.......cccccceveeeerisineeeeerennnns 142
b:2#sMatrix-operationsty. =i IR L Sl i 143
6.2: 1" Matrix multiplication .. 143
6:2:2Matrix'exponentiations... i . o nu s s 145

b3 @thermatrix:functions s RTINS i 145
6.4 Population growth: Leslie matrices .......cccoccevveeiinreinnennn 145
b DN AT KOV DI OCESS0S et v osih s tvmiyns fovatieinsssdion s SN A TINTERY 2 149
b I ARTANAOTN ALK it i s T s s sonibunssvonndvsensissans 149

B O IN E ATH O (U AT OT1E s s tessssiionsaie s fevts ciasanns si siusdssnsuiasvinanses 152
86 R N ATIABIS SOIULIONE R A o v 152

b6 2 T heiresiANal s as . Dbt iinivseavistins 153

6.6.3 Over-determined SYStEMS.........ccuevveriureieeiceernen. 154

6.6.4 Under-determined SyStems .........cccoeeviveviinviiinenns 154
b6 B conAILIONING B - o bt i B asvess cossaninaee 155
616 DM AT AIVISION sttt S verenns T ro 155

B S AT B O T B ]G . N T s, v st vesaioshisssvasassnsn 156
I T B T s e r 1 kLR AT 8358 R o sivdvonasnsnonassnisinnnane 159
(G AN VTG UIET 5y s ey e e T T T T T T, 159
CH AP T E R S NI TICEION VI-TI1O8 110 v 55 051 essrsesseroatebas s tarernsiisesasanessanaesane 161
7.1 Example: Newton's method again.........oceeevvevvneriinens 161
R 1 (T 11 O R e e  vervesresesnnrsness 163
a2 S 1IhMNCEIoNSieswes e VIRHBRDS 168
R TI At e TN L ON S e R O o ovriveserrsnnsns 168

A% 2% Y 20w MA e L



Contents

7.2.3 P-code files

7.2.4 Improving M-file performance
with the profiler
Function handles

CHAPTER 8

8.1.2 Update processes
8.1.3 Nested fors

8.2.1
8.2.2
8.2.3
8.2.4
8.2.5
8.2.6
8.2.7

CHAPTER 9

9.1.1

9.1.2

9.1.3

9.14

91,5

9.1.6

9.1.7

9.1.8

9.1.9

9.1.10 Plotting rapidly changing

mathematical functions: fplot

9.1.11 The Property Editor




)@ Contents

CHAPTER 10

9.2553-Diplots it et RN AR BN i i 206
0i200MPL Ot 3K e A N IS BN N saiiansiaiadiosdrsssnans 206
9.2.2 Animated 3-D plots with comet3 .......c.ocuviiiiiininns 207
9.2.3k.-MeshisurfacesHaie IEas LS s 207
9,24 . Cont U DIot s e I B i iiveniicsanneny 210
9.2.,5 Cropping a surface with NaNs.......cccccuviviinenninnnne 211
9.2.6.. Visualizingivectorifieldsmistiail .. K. oeevessctiaeis 211
9.2.7...Nisualizationiofimatrices s Lmm, . oo eieers 213
9.2:8.. Rotationfof8:Digraphs it e, 214

J.3-HandlelGraphics s iiastiR TR LN s 214
9:3:0s 4Getting handles s, v SIS, ... cei e 215
9.3.2 Graphics object properties

andihow to.change them......as e 8. 20 SR 216
013 .3 Aivectoriofithandles i imtata®. .. 28 ooiveciinneens. 218
9.3.4 Graphics object creation functions ..........ceceeeenn.. 219
9358 Parenting sehfnanaeliats . Db M oo ainessoeesianvisss 219
9.3 .68 POSItioniNg AgNITe s A e e eas 219

Qi B AitiNGDIOLS st mvintadhfii ik b Al s e St e 220
9.4 18 Plot edit MO e s tsmmfien £ .8 8o viiiivinmsisaisiins 221
914245 Property Editorps. oo o, MBS | 0 e e 221

9.5 SANIMALION et vttt o iy e SR 223
9.5.1 Animation with Handle Graphics .......c.ceeevveeunns 223

9.6 C 0loL etC s s i h et iesa bR R 226
96 Colormaps; han naiaiddemn . < 226
9:6:2 MColorof SUITACE DlOtSIsE . BB B ittt eesias 227
OISR TIIECOIOD i ..o ke 229

SR GhUNGIANd CATNOIA .. st st St el stnsassssistosns 229

9.8 Saving, printing and exporting graphsS........c.oeveevvvvnonnn, 230
9.8.1 Saving and opening figure fileS.........oovvevvevvenn.. 230
B P nntinglaigraphieeses oo oo 230
B R X DOT L T A T ADN e im st e st o e s 230

SIBEOTEEER UG i i e e 231

D T B T CIS O I e i ettt bt 232

Vectors as Arrays and Other

LI VGRS e oo s 237
e ot e R ST AO oo T R e e e e 237
B D I B BT O DS e o o viere s s ieoe e 238
g0 RN OR A UNIL TIMNG BLODE . ctisessirsisiisscsserererersermnnnnnr. 240
B R D RN CEION S e oo 242
L e e D e 243




CHAPTER 11

Part 2
CHAPTER 12

CHAPTER 13

10.2.1:A random walle f5 o s bt hd s 244

10.2.2 Histograms,....... 1 S aaset me i ot 246
10.3. SOURG &2, Je/iam  Sastorm ko AW ot ey 246

10.3.1 Bubble, 50Tt stsee Mt St fh s ossissennie 246

10.3.2 MATLAB'S SO ...cuvvervsionosssesiieeeeeeseeseeseseeseeese 248
10.4 Structurest: Bistneinad donar & fobae S o DL 249
10.5.Cell arraysismmaniame - Surkonr oo paior st REE el 251

10.5.1 Assigning data to cell arTayS Nt e 251

10.5.2 Accessing data in cell AITaYS rs i v Sy 253

10.5.3 USING CEIL AITAYS ....ieevreeiesteriotesessss st eeteeeeeeseeenas 253

10.5.4 Displaying and visualizing cell arrays................ 254
10.6 Classes and ODJECLS ...........ovvererroeseeeeoeeoeooeeeeeeseesoeeen 255
SUMMNATYaae tcmns fetr o oMb o b e oo 255
K EOIStanai Pt Al s B e e e 257
L S T LA X IOT OISR rtee.s ey SBBE 257

11.1.1 Incompatible VECtOr SiZeS .........ovoveoeeoeoooosronn. 258

RN A EThiding = e ek S I e 258
B O IO BT TOTS ot s neee: b FANEAAR Ol e = 258
B U QIO BITOL e ey eres oo L WL i 259
SUHIIT Ly N, e a LOBL 260
CHADterexXayCiSas . SORINES S i e 260
Applications: Iy T M 263
DyNamiCaliSySTeINs Ssssuidse s shse e Sl 265
12.1/Cantileverbeami. . atn e srodten o v o SUREL RS 267
2.2 IE1ECtTiCicurTents e ir £ nvmis oot Nt 269
IO-CRETEE fallinimymant o ntin: naamn Gl o0 W oL 272
(B o) B et ORI CEION e v o it et 281
SUMINATYSoetm sestsmpe e et L LTINS €8 iaa i 284
AT aT e X O CIS e e R b i 285
ST ATET 0 e s s e o SR S 287
13.1 Random number generation............ococeeveveveveess e, 287

I RS e e I O T AT (e e B 288
B S DILININTICOITIS BN ANEAE WY Wl - a0 288
HZI RO CRAICOMERI————————— Y S B Bh e 289
1 AN A Gt eT A1V IS OTI e e T L B8 - o 290
e N T ATIC] O T Y L e A O W) o e 290
e G T e B T o T L P S Ty 292
13.7 Normal (Gaussian) random numbers..............ooovovovenn... 295
SIUEEETE v ey om0 T PO T U 295

Contents




ntents

CHAPTER 14 Introduction to Numerical Methods .........oovevevevveeernnns 301
14, 1 Equationstwewn: SORIDRIRRL SN it 301
14.1.1 ‘Newton's method« weenee REIORRML. ... 301

14.1.2 The Bisection'method . 42808 ..cooiiniiiviiinines 304
14,143 zeroin R B B AR S BT it s 305
14,14 Yoot unstinmnitn AUBNIEG R OL i 306
442 dntegration s ssensnnaARRRR 80 BOL 306
14.2.1 The Trapezoidal TUIe ........c.ccevceeeeeereeeereeereeeennereens 306
R S I DSODISITUlE R S s 308
B Siquadme IR ILE W00 DEUR. Ll ininiiciainas 308
14.3 Numerical differentiation..........ccoceeeeveeereeesreeveessrnesresnenns 308
SR A R e geaant) 008 e 310
14.4 First-order differential equations ........ccceeeveeevevveeneennns 310
AIELAL Al TRE (SR 0112 A o L S e 310
14.4.2 Example: Bacteria growth........ccccceeeveveeeevveenenne. 311
14.4.3 Alternative subscript notation ...........eeeveeuvenenn.. 312
14.4.4 A predictor-corrector method......ccceceevvveeeenveeennnn, 314
14.5 Linear ordinary differential equations (LODES) S 315
1O RUNgE-KUtLAMETNOAS i i st iinassssse cieedonso siosnssnssiossssassase 315
14.6.1 A single differential equation............coveevvveevernn. 316
14.6.2 Systems of differential equations: Chaos........... 316
14.6.3 Passing additional parameters
10:aN'ODE SOIVEr mssunitaimtlorac . oo e 319
14.7 A partial differential equation ...........ccceeveeeeevveeeveeeeien P
(aTNRE eaticontuctionNeeme I il Y Bl B & 45 321
12 B O her nUM eXiCal TN e N O . e i cirssmiens 324
O AT T Ty e e el s 326
G 005 Y IO T v s e D e 326
AR H e S 1) A P T OC S S 1T (] o o et 329
D A T O G AN ALY S B e e e e e 330
A5 2 East Eonriertransiorm (FR T ). oo, 334
CHAPTERMBESIMILINK® I oolbox, o e o 341
16.1 Mass-spring-damper dynamic System.............oooovvvon.... 347
16.2 Bouncing ball dynamic SyStem.........c.cveevvvreeeeeeoessennnn, 349
(6 S T ha AN AT ROl O8CIIATOL, i vttt B e siesnesnmnesneeons 352
Ipldhenifingbscillator st oo e el 352
At OE RO CIEOE R e e 354

CHAPTER 17 Symbolics Toolbox
(8 VA (DT AR L 358




w4l Polynomials

........................................................... 359

17.1.2 Vectors ... sritama anpeuiss Sl il 361
17,1.3 Matrices: pts et ihar v dunmnd e Mo e o L5 362

17.2 Caloulus... arsimmed poiia g mtvaitn s hg LS 365
17.3 Laplace and Z transforms...............oooooooooooooo 368
17.4 Generalized FUNCHONS ........voooooooooooooooeo 369
17.5 Differential equations ... AL LT Rl il P 371
17.6 Implementation of funtool, MuPAD, and help............. 372
17.6.1.The funtool....... 8 st A BR . .o 372
17.6.2 The mupad Notebook* and Symbolic help......... 373
AT O IIEXCICISOE [ uv.viss.vrviions ot et o SO A 374
APPENDIX A Syntax Quick Reference ... 375
ShI ITOCET A SIS 375
U Gt Om M A leR -, e e e 375
5 (TRl I S et o e N 375
SN T AT S SRS TR e o S AT 376
ZSbRtorgandivhi Vet tiate.” WA sinth TR TN Gt o 377
BSORINDUL/ OULDUEEE MR LR L . 378
LN/ 0 ad/Eave i IS T i e T v 379
LB CIRVECTOTSIANA M ALIICES voituer et et i 379
APPENDIX B Command and Function Quick Reference............. . 381
B.1 General purpose COMMANGS .............ooeeruerrrsoonsooeoosn, 382
B.1.1 Managing COMmMAn Ss...........ccocceeceeerererssereensmsnnnne. 382
B.1.2 Managing variables and the workspace ............ 382
B.1.3 Files and the operating system..............o.o......... 382
B.1.4 Controlling the Command Window .................... 382
B.1.5 Starting and quitting MATLAB .........cocoovovovn. 382
BYZROiCalTUNCLIONSMMtatummis, oo in o i s e 383
B.3 Language constructs and debugging ........................... 383
B.3.1 MATLAB as a programming language................ 383
BiG 2mInteractivesnput, Sl tn v Sl it s iy 383

B.4 Matrices and matrix manipulation..................o.oooooon.. 383
B A EIOMONTATY TNALTICES 11everisivinsssarseiereroemsses s 383
B.4.2 Special variables and constants........................ 384
B L IE AN date e s i 384
B N A T X I AN DU A ION S st s st 384
OB DECIAlIZE TNALTICES .. e tiiiasiiers a0 384

BN athematiCAl UNCHIONS.,. ..\ 1h i reaisissesioesearareiasen il 385
B.6 Matrix functions
LT O R AR S e R T T e T Ve e b 386

Contents




ntents

APPENDIX C
APPENDIX D

B.8 Polynomial functions ........ccceveeeiiiiinieinine s, 386
B.9 Function functions..........cocvereeereeiienisiisisssssssnnssssenennneessn 386
B.10 Sparse matrix functions.......ccccoeverinuneeniineesinn, 386
B.11 Character string functions ...........ccceceeninn. 387
B.12 File /O functionsSiiiEil. .. i Siniidiildied hvsasasssenssssenanns 387
B.13 GIaphiCs vis.v. AiC IO, OOSNBIRNOEL B N L i sianins 387
B.1361:2-Diavueen: ROOTIRING IRERININI GN L onneeeassiossanes 387
B.13:2!3-D . loatasd Jer e SR ot B0 eeeenines 388
Bil3.3 Generalos st nt L L, 388

A S G CharaCteriCOdes ir et et eeetee i e e i 389
Solutions to Selected EXEICISES ........euevrmmmueninennnnnniannnnn. 391
OGN A DEETHINSSmle ot it e ot 400 Lo oo d Sy eres sdssadassss 391
S A D CT 2l e e ottt o odiass sas s s e vag i saroni s nusasssstieassonis 391
SN ADTOIEBE M b i ate s oereae s Lovyas s s sas s gse uins bassuosvs givas 394
S ADTETIL o = sre e, oo BT e s AR o s can ns daai i s 395
Chapteribi. . v Rt mrmin g et M o ot rertismnabeies 396
CRADIETI0 5, v chssssssts R ndte i cisvisi et asvaan 10 S s isesnine 396
O T B 396
Chapler 8'...4.vhm it v S el R A Dree O et L ot ot oo vl ds Soabeasaias 397
Chapter 3. ..usimiveds i s liet, phore S e, P WMwaede 205G 399
Chapter: 118 Roiid ) Ooraiia e Do, S S 399
Chapter:13 ... e A I Ll v ecennensen 400
Chapterd 4. Ranarran.RRmeaed LU ..o 400
.......................................................................................... 403



