


CONTENTS

INTRODUCTIONxiii

1.INTEGRALEQUATIONS1

1.1.Generalremarks2

1.2.Preliminaryclassificationoflinearintegral
equations3

1.3.Linearequationsofvarioustypes6

1.4.Thesolvabilityoflinearintegralequations10

1.5.LinearoperatorsonafunctionspaceIT

1.6.Theoreticaldiscussionoftheeigenproblem28

1.7.Equationsofthesecondkind33

1.8.Equationsofthefirstkind4o

1.9.Elementaryfunctionalanalysis44

1.10.Differentialequationsandintegralequations56

1.11.Smoothnessofkernels68

1.12.Non-linearintegralequations77

2.NUMERICALANALYSIS85

2.1.Introduction86

2.2.Interpolation87

2.3.Errorinpolynomialinterpolation92

2.4.Least-squaresfitting95

2.5.Fourierseries97

2.6.Error"bounds99

2.7.GeneralizedFourierseries100

2.8.Closureandcompleteness101

2.9.Discreteweightedleast-squaresapproximations103

2.10.Approximationinmorethanonedimension104

2.11.Numericalintegration105

2.12.Repeatedquadraturerules109

2.13.ModificationsOfthetrapeziumrule113

2.l4.Classificationofquadraturerules123

2.15.Convergence124



2.l6.Preciseerrorbounds128

2.I7.Integrationofproducts131

2.18.Integrationinmorethanonedimension144

2.19.Asymptoticupperandlowerbounds147

2.20.Numericalmethods152

3.EIGENVALUEPROBLEMS167

3.1.Introduction168

3.2.Thequadraturemethod169

3.3.Amodificationofthequadraturemethod193

3.4.Product-integrationmethods198

3.5.Hammerlin'sapproximatekernelmethod202

3.6.Expansionmethods205

3.7.Thecollocationmethod206

3.8.TheGalerkinmethod2l4

3.9.Aleast-squaresmethod219

3.10.TheRayleighquotient220

3.11.TheRayleigh-Ritzequations222

3.12.Furtherremarks225

3.13.Theoreticalresults227

3.l4.Thequadraturemethodfordegeneratekernels231

3.15.Thequadraturemethodforgeneralkernels234

3.16.Errorboundsforcomputedeigenvaluesof
Hermitiankernels269

3.17.Aposteriorierrorboundsdependentonthe
localerror278

3.18.Adualapproach:Hermitiankernels287

3.19.TheroleofPeanotheory289

3.20.Asymptoticerrorboundsforsimple
eigenvalues293

3.21.Asymptoticexpansionsfortheerrorina
simpleeigenvalueandthecorresponding
eigenfunction297

3.22.Extensions314

3.23.Expansionmethods3l6

3.24.TheRayleigh-RitzmethodforHermitian
kernels3l6



3.25.ErrorboundsfortheRayleigh-Ritzmethod
forHermitiankernels322

3.26.Convergenceoftheeigenvaluesandeigen-
functions325

3.27.Afurthererrorbound329

3.28.TheRayleighquotient330

3.29.Galerkin'smethodandtheRayleigh-Ritz
method330

3.30.ConvergenceoftheGalerkinmethod336

3.31.Convergenceofthecollocationmethod340

3.32.Aproduct-integrationmethod346

3.33.AgeneralizedRayleighquotientandaleast-
squaressolution349

4.LINEAREQUATIONSOFTHESECONDKIND352

4.I.Introductoryremarks353

4.2.TheFredholmequationofthesecondkind353

4.3.Thequadraturemethod356

4.4.Amodificationtothequadraturemethod375

4.5.Afurthermodification379

4.6.Aproduct-integrationmethod380

4.7.Reductiontoadegeneratekernel385

4.8.Bateman'smethod388

4.9.Expansionmethodsandquadraturemethods389

4.10.Aninfinitesystemofequations391

4.11.Thecollocationmethod396

4.12.Ritz-Galerkintypemethodsandminimization
methods406

4.13.Linearprogrammingmethods416

4.l4.Furtherremarks;conditioning421

4.15.ThetheoryofmethodsforFredholmequations
ofthesecondkind423

4.l6.Analysisofthequadraturemethod432

4.17.TheAnselone-Brakhage-Mysovskihapproach457

4.l8.Asymptoticexpansions466

4.19.Deferredcorrection473

4.20.Themodifiedquadraturemethod477



4.21.Aproduct-integrationmethod479

it.22.Expansionmethodsl+8l

4.23.VariationalformulationoftheRayleigh-Ritz
method1+82

4.24.Collocation487

it.25.Ritz-Galerkin-typemethods496

it.26.TheclassicalGalerkinmethod500

it.27.TheGalerkinmethodsusingChebyshev
polynomials505

it.28.Themethodofleastsquaresandthemethodof
moments507

it.29.Projectionmethods509

5.FURTHERDISCUSSIONOFTHETREATMENTOFFREDHOLMEQUATIONS519

5.1.Introduction520

5.2.Linearequations521

5.3-'Mild'andweaksingularitiesinlinear
equations526

5.it.Themodifiedquadraturemethodappliedto
equationswithweaklysingularkernels534

5.5.Simpleproduct-integrationformulaefor
weaklysingularkernels539

5.6.Practicalproduct-integrationmethodsapplied
toweaklysingularkernels546

5.7.Expansionmethodsforweaklysingularkernels556

5.8.Theeigenvalueproblemforaweaklysingular
kernel563

5.9.Equationsofthesecondkindwhicharenot
uniquelysolvable570

5.10.Singularintegralequations577

5.11.Theoryofmethodsforcontinuousandweakly
singularkernels589

5.12.Anabstracttheory596

5-13.Convergenceofthemodifiedquadrature
method603

5.l4.Convergenceofthegeneralproduct-integration
method616

5.15.Fredholmequationsofthefirstkind635

5.16.Quadraturemethodsandexpansionmethods645



5.17.Aleast-squaresapproachandregularization
methods655

5.18.Non-linearintegralequations685

5.19.Thequadraturemethods686

5.20.Expansionmethods699

5.21.Collocation701

5.22.Galerkinmethods707

5.23.Variationalformulation709

5.24.Variations!methods717

5.25.Theoreticalstudyofmethodsfornon-linear
integralequations719

6.VOLTERRAINTEGRALEQUATIONS755

6.1.Introduction755

6.2.Thelinearequationofthesecondkindand
Volterratype759

6.3.Stabilityandill-conditioning788

6.4.Quadraturemethodsfornon-linearintegral
equations825

6.5.Startingvalues835

6.6.Runge-Kutta-typemethodsforVolterra
equations849

6.7.Ablock-by-blockmethodQ64

6.8.Product-integrationmethods885

6.9.Product-integrationtechniquesforsingular
linearandnon-linearequations892

6.10.Non-singularVolterraequations-Ithefirst
kind896

6.11.Product-integrationmethodsforequationsof
thefirstkindwithcontinuousorweakly
singularkernels915

6.12.Convergencepropertiesofnumericalmethods
forequationsofthesecondkind922

6.13.Convergenceofcertainblock-by-block
methods952

6.14.Convergenceofproduct-integrationmethods959

6.15.Convergenceofmethodsfornon-singular
equationsofthefirstkind963



6.16.Block-by-blockmethodsfornon-singular
equationsofthefirstkind974

6.IT.Theoryofproduct-integrationmethodsfor
firstkindequations979

REFERENCES985

INDEX1031




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

