Contents

1. INErOdUCEION ..uiiieiiiiiiiiiiiiiiieiiieteieetientenesternsesensosnscannsonanses 1
1.1 For whom this book was Written ........cccoeiiiiiiiiiiiiiiiniiiiiennneenns 1
1.2 ThE OAL «euuenteniit ettt et et e eet et eeaeaneaneanaannanns 1
1.3 Why we should care about MUPAD .........ccouiiiniininiieneennneennneeannnns 2
1.4 What iS iNSTAE «.uenneentiiiit it e e eeee e eeeeeneaeenees 3
1.5 Style CONVENTIONS ..viinneiieeitieeteerteeeneeeneeeeneeanneraneeanneeanneennes 4
1.6 WIiting "Detween” ... e e et eeeeeeeeeneaeanans 4
2. A Quick Introduction to MUPAD .....ccccviiiiiiiiiiiiineeeeiinneeecennecenes 7
2.1 The Very First LOOK .....eueenteiniiteetiiiiiteeietieeeeneeneeaneaneennennns 7
2.2 Getting Started ...c.vevenriiiiiii e eii e et e et e eaeeeaaaaaaaas 9
2.3 A Quick Look at MUPAD’S INterface .......ceeeeeueinieneennenneennenneannnns 13
2.4 Formatting Documents in MUPAD .......ccciiiiiiiiiniiinneennneennneennnns 16
2.5 GettiNg HelP voieriiiiiiiiitii i et ei et et eeeneeeneeeaneeanaenn 19
2.6 Chapter SUMMAIY ..ceueeeneeeeneeeneeeaneeenneeaneeeneeennessneeenneesnaennns 21
2.7 REVIEW EXEICISES t.uutiinntiitiiitiiitiiteiiteineeienteenneeeneesanaeannens 22
3. Programming in MUPAD - Declarations.........c.cccevveeiiarinrcecinnannees 25
3.1 Writing Formulae in MUPAD ........couiitiiiiiiiitiiiiieneeaneaneeanennens 25
3.2 Declaring Variables and ConStants ......cceeeeueieneeieneeenneeenneeaneeannes 27
3.3 Declaring Functions and Operations .......ccceeeveeieieeenneennneennneennns 31
3.4 Writing More than One Line of Code ....c.vvvviiiiiinnniiineieeneeannnnnns 34
3.5 The Basics of the Domain CONCEPL ...vvvriiiiiiiniiiiiiiieiieinieeenas 36
3.6 Chapter SUMMANY ...ueeeeneiereeeeeeeneeeaneeeaneeaneeeaneeenneeonneanneeanees 41
3.7 REVIEW EXEICISES . .uttnneiitiiiiiitiiiiiiitiiteiieeenteeaneeanaeaannenns 43
4, Programming in MuPAD - Control Structures .......ccccceeveeeenerennnnnns 45
3 I D<ot 1 o] L PPN 45

4.1.1 MuPAD Syntax: the "if" Statement ........cccceevviiiiiiiniinnnennnns 47

4.1.2 Indentation in MUPAD .......ccciiiiiiiiiiitiiiiiiiitiiieiieneeanennes 48

4.1.3 Quadratic Equation EXample .....ccoveeiiriiiininneinneeeeneeanneenns 49

4.1.4 Formatting Output and INpUt .....covieiiiiiiiiiiiiiiiiiieieneenns 52

4.1.5 "elif" a Useful ShortCut .....covvviiiiiiiiiiiiiii i iiiieiieeeeees 55



Vi MuPAD Pro Computing Essentials

4.2 Programming Iterations in MUPAD ...........ccoiiiiiiiiiiiiiiniiiinennnnnn. 56
4.2.1 THE "fOr" LOOP «eveeueeieneenneeeeeenneeenneaaneeesneeenneesneeennesanaes 56
4.2.2 MUPAD Syntax: the "for" LOOpP «...covvvutiiuiiniiniiiinnienninennnnn. 57
4.2.3 The "while" and "repeat” LOOPS ....ccveereueeenuereeennneeaneeeanenns 58
4.2.4 MUPAD Syntax: the "while" and "repeat” LOOpPS .....cevvvveeneennnn 59

4.3 What is Wrong with my Loops and Conditions .........ccccceeveeeeneennnen. 60

O =] (<Tet 4 (o] PP PP 64
4.4.1 MUPAD Syntax: the "case” Structure ..........cceevviviiviennennnnenns 67

4.5 Chapter SUMMAIY ....ceueeententeteenteteaeeeneeneeaneaneeaneancaneeaneancnns 67

4.6 Programming EXEICISES «.uueeeueeenueeeneeenneeaneeeeneeanaeeeneeesnasannenns 69

5. Programming in MUPAD - Procedures .......c.ccccceceiiiiinininenenncncnne. 75

5.1 What iS @ ProCedUre ....ceeueiintiiitiiieeenneianeeeaneeanneeaneeesneeonnennns 78

5.2 Examples of Procedures .........oeueeieeeeieiiieneeineinieneeeneaneenneannns 78

5.3 Getting Output from Procedures ........cceeeeiieneineneinnneeeneeenneennnns 85

5.4 Returning Unevaluated or Symbolic Expressions ..........ccccevveieennn. 88

5.5 Shall We use Global or Local Variables? ........cccceeieieiiiieinnneennnnn. 90

5.6 Introduction to Types and DOMAiNSs .....couveiieeieniiiieeiiieeieeennneennns 93

5.7 Using MUPAD Types and DOMAINS ....ccvueeeueeenneeeneeanneeaneeeeneeanneenns 96

5.8 Using Procedures to Produce Data Structures ...........cccceeeeenennennn. 101
T T BT =T [ =] Lol < Pt 102
R I A R S PP 104
o T T T < - PP 105
5.8.4 SEIINGS <. eeeetiinieteet et ettt ettt e ettt eeaeeeeaeeaneaneeaaanes 105
5.8.5 Vectors and MatriCes ....covuereneirneeieneeenneennneeenneeaneeannnennns 107

5.9 Procedures with a Variable Number of Input Parameters .............. 111

5.10 ReCUrSiVE ProCeAUIES ..uuuienneietteeneeenneeaneeeaneeanneeaneesaneeannens 114

5.11 USING LIDrari€s «...eeeueiieeiiitiiiiiiitiieeiiieeeaneeeneeeaneeanneeanaenns 117

5.12 User Defined Libraries of Procedures .........cceeveiiveiiineinnnnennnnn. 122

5.13 Final Comments on MuPAD Coding Guidelings ........c.cccevveeveneennn. 126
5.13.1 Magic NUMDEIS ...conriitiiitiiiiiiieieiieeeeeeneeeaneeannens 126
5.13.2 COMMENTS ..nniiiniiiteiitiiitiiiteiieteeteaneetaneeenneeannaanns 127
5.13.3 Brates «ouueienneeneeeenteenteeneeenneeaneeeaneeanneesnneanneesneeennens 128

5.14 Chapter SUMMAIY ..ouiiiieiiiittiiteieiaieeeeeeeaneeanaeeaneeenneeannenn 130

5.15 Programming EXErCiSes ....ueiiieentiiieiniieiineeeiennneeeeennneeeaannnes 134



6. Introduction to MUPAD GraphicCs .....ccceeeiieniiieeieinrenensennccennccnns 137
6.1 Obtaining QUICK PLOLS ...vineeeeeieitiiiieeieeeinteeneeeeeeanneeanaeenens 137
6.1.1 Procedure plotfunc2d ......cceiiieiiiiiiiiiiiiieiinieeeeeeannanns 137
6.1.2 Your First Animation with MUPAD .............cooiiiiiiiiiiiinann.n. 142
6.1.3 Procedure plotfunc3d ......cceiiiiiiiiiiiiiiiiiiiieieieeannanns 144
6.2 General Concept of MUPAD PLOES ....uvieneiiineeeininieennneeaneeaaneennns 145
6.2.1 Object Attributes & Options ......ccevvveiiiiiiiieiiiiiiiieenieeenns 150
6.3 Canvas, Scene and Coordinate System Options ........cceeveeeneennn.n. 155
6.3.1 Options fOr CANVAS «..ueieueiineteeeeenneeeneeeaneeeeneeeneeenneeannanns 158
6.3.2 Options fOr SCENE2A ...cuviiintiireirateaneeeaeeanneeaneeenneeaneenns 163
6.3.3 Options for SCENE3d ...ivuviiiiiiiiiii i it iie e eeeneeanaenns 164
6.3.4 The Coordinate Systemin 2Dand 3D .......coevvveniiiiniinneennnnn. 167
6.4 Options Related to Primitives ......cccoviiiiiiiiiiiiiiiiiiiiiiiiiieenenn 170
6.4.1 Basic Options for Primitives .......ccceveeeieiiieienneenneernneennnenns 171
6.4.2 Working With Color ....couuieeiiniiiiiiiiiiiiiiiniietieeeneaeennes 173
6.4.3 Mesh and Other OptioNns .....coevuiiiiieiiiiiiiniiieeneeaneennns 174
6.5 Operations on Graphical ObJects .....cceevveiiiiiiiiiiiiiienieieneeennnnn 178
6.5.1 Operation MOdify «.ooueeereeiiieirniiiieeieieneeeeeeeneeraneeannenns 178
6.6 Chapter SUMMAIY «uueiietiittiiteiieeeeieeeneeeaneeeaneeanaeeanaeennaennes 179
6.7 Programming EXEICiSES ...eueeeuuereneeenneeaneeeaneeenneeaneeaneeennaenness 186
7. Interactive Graphics & Animation with VCam ........ccccvveeiiinnnnne 189
7.1 Learning the Virtual Camera Environment .........cccccvviviiieneennnnnnn. 189
7.2 Using VCam to Improve 2D Graphs ......coceeeiiiieiiniiniinninneinneanenns 195
7.3 Using VCam to Improve 3D Graphs ......ccceeeeiiiiiiieiineienneennnnnn. 199
7.4 Interactive Development of ANiMations .........cceeeiiiieiiiineennenns 206
7.5 Saving MUPAD Graphs ...cccueeereiiineiennteeneeeaneeenneeaneeeaneeenneeanens 212
7.6 Chapter SUMMANY ...c.eoeiiiitiiiiiteteieeenteneeaneeneeneeaneaneaneennes 215
A A = 112 215
8. Exploring Mathematical Curves and Surfaces .......c..cccceeveinvennnnns 219
8.1 Plots in 2D Space & Plot TYPes ......cceovuiiiiiininiiiiiiiiiiiiiiiienns 219
8.1.1 Class FUNCLION2d ....eneinniiiiiiiiiiieiteieaiteeeeeeaneeaeeanennes 219
8.1.2 Class CUMNVE2d ......euuiiniiiniiiiiiiii it eeeeaenne 222

8.1.3 Developing Polar PLOtS ...c.ueveeiiiieiiieiiieiiieeiineeeieeannaeannns 224



Vil MuPAD Pro Computing Essentials

8.1.4 Developing IMplCit PlOS ...vviireiiiiiiiiiiiiiiiiiiiiiieeeeaes 226
8.2 PLOtS iN 3D SPACE +euutiinntieneeernteaeeraneeanneaaneeaneeaneeeneeaneeennes 233
8.2.1 Class FUNCEION3d ..uuinneineiiiitiieiiiieieeieeeeereeeeeeeaeeeennes 233
8.2.2 Class SUMACE ..ueiineiietiiitiiiteeeeeeneeeaneeanneeeneeanneeaneeennens 239
8.2.3 Class SPheriCal «..ueieeiiintiiit i iii e it eeeeeieeeenaeannans 242
8.2.4 Class CylindriCal c..eeeueeeeerineeenneeneeenneeeneeenneeaneeeaneeannenns 245
8.2.5 Class IMPLICIt3d .ouueeineiiiiiiiiii i eiieeeeieeeeeennneeanaes 247
8.2.6 Classes Curve3d and TUDE .......eveeiriniiiiniiiinniiienneeaneenns 249
8.3 Chapter SUMMAIY «.uueiinttiittiit ettt eeieeeieeeaneeeaneeanaeeanaeannaeanes 252
8.4 Programming EXEICiSES ...eueeeuueieneeenneeenneeaneeeneeeneeanneeenaeenness 253
9. A Few Applications of MUPAD Graphics .......ccceeeieieneiniacecnnnnnns 259
9.1 CalCULUS GraphiCs cuueeeueeieneeenneeeeeeaneeenneeeneeeaneeanaeeoneeesnesaness 259
9.1.1 Plotting CONTOUIS ..euueneiiitieiiiateeeeateateaneaneennenneanens 259
9.1.2 Developing Density PLOtS ....ccueeeeiriueeeneirnneeeneeanneeaneeannns 264
9.1.3 Vector Fields «..ceuueiniiniiiiiiiitii it eeeeneeaeeans 265
9.1.4 PlOtEiNG Ar€as «euvvieneieeneienntieneeeeneeanneeaneeenneeanneeaneeennnens 267
9.1.5 Surfaces of Revolution .........cooeiieiiiiiiiiiiiiiiiiiiiiieineennens 272
9.2 Presentation GraphiCs ......ceeeueieieeieneeenneeeneeeeneeenneeeneeeaneeennens 274
9.3 Working with Geometry ObjJects ...c.vvviiiiiiiiiiiiiiiiiiiiiiiieeennen 279
9.4 Transformations of Graphical Objects ........ccevveiiiiiiiniiinnninnnnnnn. 295
9.5 Turtle Graphics & L-SYStEMS ...cvvutiieiiieiiieeineenneeraeeenneeanaeenns 298
9.5.1 Turtle Graphics iN MUPAD .......cccoeiiiriiieiinneennnenaneennneennns 298
9.5.2 Plotting L-SYStemMS ...uueniintiiniiieieieeinteneeaneeneeaneaneaneennes 304
9.6 Chapter SUMMANY ....ueieneeeeeenneeereeeaneeaneeeaneeanneeaneeennaeanneanns 309
9.7 Programming EXErCiSeS ....oouuiiniiiietiiiiiitiineeiantiinneeaneeannnennns 312
10. Exploring Numbers with MUPAD ........ccciieiiiiiineeeieeeneneenaeenns 317
10.1 Integers in MUPAD ......coouiiniiiiiiiiiiiiiiii it iei i eeneeenenes 317
10.2 Rational Numbers in MUPAD ......cccueiiiiiiiiiiiiiiieneeeneeanneeanns 326
10.3 Real Numbers in MUPAD ........ccciiiiiiiiniiiiiiiiiiiiiintieeaneeneennes 330
10.4 Complex Numbers in MUPAD .......c.coiitieieiieneinnneeaneeeaneeannaenes 335
10.5 Chapter SUMMAIY .....cieiiiitiiiiitertiiert et eeeeneeeneaneeneeananns 340

10.6 Programming EXEICiSES ...ceuueeeueeenneeeneeeaneeanneeeneeanneeanneeanaenns 342



11. Elementary Algebra and Trigonometry in MuPAD ................... 347
(I I T 01/ o 11 = 1 PP 347
11.2 Rational EXPreSSiONS .....ceeeententiententeneeenteneeaneeneeaneanaeaeeanenns 354
11.3 Algebraic EXPressions ...c.eeeeeeeereieneeeneeeneeeneeeeneeanaeeeneeannens 358
11.4 Trigonometric and Other FUNctions ..........ccccoieiiiiiiiiiniininnnn. 359
11.5 Solving Equations and Inequalities .......ccceeeveieiiireneennneieneeennen. 365
11.6 Chapter SUMMAIY .....ceetiieiiiitee ettt eeneeteaeeeneeneeaeeanaaneanns 372
11.7 Programming EXEICiSES ...eeuueeeueeenneeeneeeaneeanneeenaeesneeanneeannenns 373
12. Working with Sets and Sentences MUPAD..........c.ccccoveveeinninnee. 377
12.1 LOGIC iN MUPAD ....iinneiintiietiiteeneeeaneeaeeeenaeanneeaneeanneeannenns 377

12.1.1 Polish Notation ......ccoceiiiieiiiiiiiiiiiiiiiiiiiiieeeeaeenenns 380
12.2 Working With Sets ....coueiiiiiiiiiiiiiiiiiiiiiiieiieeeeeeneeanneeanees 386
12.3 Chapter SUMMAIY .....oieeiiniitiiiiienteeeeteateaneeeeaneaneaneeanenns 396
12.4 Programming EXErciSes .....c.oeeeuiiuiiitiiuiiiiiiiiiiiiieieineenaenns 397
13. Exploring Calculus with MUPAD ......cccceiiiiiiiiiiiniiinicnnccenncnns 401
S 0 T 5 1 PP 401
13.2 DEIIVATIVES .uueintiitiieiiit ittt eteteeneeteteenaeeaeeeaneeannenns 409
13.3 Working with Integrals ......ccoeiiiiiiiiiiiiiiiiiiiiieiieneeeneeannens 419
13.4 Infinite Series and Products ..........cocceviiiiiiiiiiiiiiniiniinennnnnnn. 428
13.5 Calculus of TWo Variables .......cccevveiiiiiiiiiiiiiiiiiiiiiiennenee. 433

13.5.1 Limits of Functions of Two Variables .........cccccccveeiinennnn... 434

13.5.2 Partial Derivatives ......ccccciiiiiiiiiiiiiiiiiiiiiiieiieieenee, 435
13.6 Chapter SUMMAIY .....cooeiiiitiiiiieetieteteaneeeeneeaneaneenneananns 438
13.7 Programming EXErCiSes .....ceoeeiuiiuiiiiiniiiiiiiiiiineeieineenaenns 439
14. A Short Introduction to Linear Algebra .......ccccceveeiiiniiiinienannns 445
14.1 CheCKing RESOUICES ....eiuueiennereneinnneeeneeaaneeaneeeoneeanneeeneeennanes 445
14.2 Solving Linear EQUAtIONS .....couiutiniieiiiniiniiiieieiniieieeneinenene. 446
14.3 Matrices and Operations on MatriCes ........cceeveeeenneeenneeeneeennnns 449

14.3.1 Declaring Matrices in MUPAD .........cceiiiiiiieniiniinneenennennns 449

14.3.2 Global Operations on MatriCes ........eeeeevuereneernneennneeannenns 455

14.3.3 Local Matrix Operations ........ceeeeeeeeueeneenneeneeneeaneeneennenns 464

14.4 DEtermMINANES «uvvreetteiiiiiiiiiieeeeeeeeeesennnnnneseseseseeseesennnnnns 469



X MuPAD Pro Computing Essentials

14.5 Chapter SUMMAIY «..uiiinetiitiiittieieieieieeeaeeeneetaneeanneeanaeanns 474
14.6 Programming EXEICiSES ...eeuueeeueeeneeeneeeaneeanneeenneaaneeenneeannenns 476
Appendix 1: MuPAD Libraries and Procedures.........cccceeiieeiennnnennns 481
A1.1 MUPAD Libraries (ver. 3.0, 21/02/2004) ....ccuveerueeenneeanneeanneennns 482
A1.2 Operators Represented by Symbols .........cccceviiiiiiiiiiiiiiinnianann. 483
A1.3 MuPAD Standard Collection ........ccceveeiiiiiiiiiiiiniineiiennennnnn. 483

A1.3.1 Procedures in Standard Collection ..........cccoeeeeiineinennnnnn.. 483

A1.3.2 Functions in Standard Collection ..........ccccvveiiiiiinennnen... 490
A1.4 Library ’adt’ — Abstract Data TYPeS «..cvvviiiiiiiiiiiiiiiiiieinnnennnns 492
A1.5 Library ’Ax’ — Basic Axiom CONSEIUCTOrS ....eevueerneeeneeeeneeanneenns 493
A1.6 Library ’Cat’ — Category Constructors ........ceeveeiiieeiieeenneennnnn. 493
A1.7 Library ’combinat’ — Combinatorial Functions ..............c........... 494
A1.8 Library ’detools’ — Methods for Differential Equations ............... 496
A1.9 Library ’Dom’ — Domain Constructors ........c.coeeeeeeenneeeneeannnnns 497
A1.10 Library ’fp’ — Utilities for Functional Programming ................. 498
A1.11 Library ’generate’ — Generate Foreign Formats ...................... 499
A1.12 Library ’Graph’ - Utilities for Directed and Undirected Graphs ....499
A1.13 Library ’groebner’ — Utilities for Groebner Bases .................... 502
A1.14 Library ’import’ — Utilities for Reading Data ..........c.ccceeunen.... 502
A1.15 Library ’intlib’ — Definite and Indefinite Integration ................ 502
A1.16 Library ’linalg’ — the Linear Algebra Package .............c.......... 502
A1.17 Library ’linopt’ — Tools for Linear Optimization ..................... 505
A1.18 Library ’listlib’ — Operations on Lists ......ccoceeeeiiniiieneenneannnn. 506
A1.19 Library ’matchlib’ — Pattern Matching Tools ..........cccceeeneennn.n. 506
A1.20 Library ’'module’ — Module Management ToolS ........ccccceueennenn. 506
A1.21 Library ’numeric’ — Tools for Numerical Methods .................... 507
A1.22 Library numlib’ — Elementary Number Theory ....................... 508
A1.23 Library ’orthpoly’ — Orthogonal Polynomials ..........cceevennneen.. 510
A1.24 Library ’output’ — Tools for the Output of Data ..................... 510
A1.25 Library ’plot’ — 2D and 3D Graphical Objects ........ccccevveneennn... 511
A1.26 Library ’polylib’ — Tools for Polynomials ..........cccoveieeiineinnnnn. 515
A1.27 Library ’prog’ — Programming Utilities ........ccevveeiiiniienninnnnnn. 516

A1.28 Library ’property’ — Properties of Identifiers .........cccoeevvenaenn. 517



A1.29 Library ’RGB’ — Color Names and Color Functions ................... 517
A1.30 Library ’Series’ — Tools for Series EXpansions .........c.ccceeeeeneenn. 519
A1.31 Library ’solvelib’ — Tools for Solving Equations ...................... 520
A1.32 Library ’stats’ — Statistical Functions .........c..cceeveeieieinnnnnnnnen. 520
A1.33 Library ’stringlib’ — Tools for String Manipulation ................... 524
A1.34 Library ’student’ — the Student Package ........ccccceveviiennnnn... 525
A1.35 Library ’transform’ — Integral Transformations ...................... 525
A1.36 Library 'Type’ — Predefined TYPES «...eveueireneinnneinneieeneeannennns 525
A1.37 MuPAD Environmental Variables ..........ccoeeiiiiiiiiiiiniiaiineennenns 527
Appendix 2: MUPAD RESOUICES......cevrererneeenerenaecesaccenacennscenascnnes 529






2 Springer
http://www.springer.com/978-3-540-21943-9

MuPAD Pro Computing Essentials
Majewski, M.

2004, X, 538 p. 921 illus,, Softcover
ISBN: 278-3-540-21943-9



