


Contents

Prefaceix

1Introduction

1.1Approximationwithunderstandingasitsgoal1

1.2Trialfunctionapproximation3

1.3Thequalitativesketch5

1.4Standardfunctions6

1.5Usefulaccuracy9

1.6Scopeandaimsofthebook10

2Mathematicalpreliminaries

2.1Conventionsandabbreviations12

2.2Definitionoftermsusedtodescribeordinarydifferential

equations13

2.3Exactsolutionsofsimplelinearfirst-orderordinary

differentialequations14

2.4Exactsolutionsofsimplelinearsecond-orderordinary

differentialequations16

2.5Dampedlinearoscillations18

2.6Freeoscillations19

2.7Inherentoscillations21

2.8Approximationsbasedonsmallness22

Problems25

3Estimationoftimeconstantsbyexponentialtrialfunctions

3.1Introduction29

3.2Exponentialriseandexponentialdecay29

3.3Thefallingstoneproblem31

3.4Collocation37

3.5Thebimolecularreaction38

3.6Checkingthetrialfunctionhypothesis*41

3.7Estimationofcompletiontimes*43

Problems45



4Estimationoflengthconstantsbyexponentialtrialfunctions

4.1Introduction49

4.2Thelengthconstantofalongcoolingfin49

4.3Thelengthconstantofafilamentlamp:theeffectofsymmetry52

4.4Long-rangeproblems57

Problems58

5Parabolictrialfunctions

5.1Introduction61

5.2Theshortfuse63

5.3Collocationofparabolictrialfunctions67

5.4Theshortcoolingfin68

5.5Theperiodofalarge-anglependulum70

Problems74

6Theqstfmethodforunforcedoscillations

6.1Realisticoscillatorequations78

6.2Cosinetrialfunctions79

6.3Nonlinearrestoringterm:thesmall-anglependulum80

6.4Residualminimisationbyharmonicbalance83

6.5Asymmetricrestoringterm:atomicvibrations84

6.6Nonlineardamping:maintainedoscillationsofavanderPol

oscillator86

6.7Theminimumresidualandtheresidualratiotest*87

Problems90

7Forcedoscillationandresonance

7.1Introduction97

7.2Theqstfmethodforforcedoscillations99

7.3Primaryresonanceofaweaklynonlinearoscillator:the

Duffingequation101

7.4Nonlinearresonance103

Problems106

8Exactsolutionofpartialdifferentialequations

8.1Introduction110

8.2.Separationofwaveequations:thevibrating-string111

8.3Spatialeigenfunctionsandeigenvaluesforavibratingstring113

8.4Normalmodesofavibratingstring114

8.5Exactsolutionsofdiffusionequationsbyseparation116

8.6Decaymodes118



9Estimationoflowesteigenvaluesbyparabolictrialfunctions
9.1Lowest-eigenvalueproblems120

9.2Estimationofthelowesteigenvalueofavibratingstring121
9.3Parabolictrialfunctionsasapproximateeigenfunctions123

9.4Thetidalperiodsinlakes125
9.5Thefluorescenttube:mathematicalmodel128

9.6Singularitiesatfictitiousboundaries130
9.7Maintainingvoltageofafluorescenttube132
9.8Thenonlinearpositivecolumndischarge135

9.9Bucklingofaverticalcolumn137
Problems141

10Theqstfmethodforconductionanddiffusionequations

10.1Introduction148
10.2Developmentoflaminarflowinapipe148

10.3Dopingofasemiconductor152
10.4Freezingofpeas156

Problems159

11Extendingtheqstfmethod
11.1Unfamiliarequations165
11.2Thecurrentgainofajunctiontransistor166
11.3Therangeofahigh-energyparticle169
11.4TheSchrodingerequationfortheharmonicoscillator172

11.5Thecrucialroleofthequalitativesketch176

11.6Epilogue177

References178

Appendix1Selectedfunctions179
Appendix2Series187
Appendix3Dedimensionalisationandreductionofparameters189

Appendix4Solutionofalgebraicequations193
Appendix5Coordinatesystems,Laplacianoperatorandimportant

partialdifferentialequations199

Appendix6TrigonometricrelationsandFourierseries202

Answers205

Index216


	page1
	page2
	page3
	page4

