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Preface 

Our purpose in writing this monograph is twofold. On the one hand, 

we want to collect in one place many of the recent results on the exist­

ence and asymptotic behavior of solutions of certain classes of singularly 

perturbed nonlinear boundary value problems. On the other, we hope to 

raise along the way a number of questions for further study, mostly ques­

tions we ourselves are unable to answer. The presentation involves a 

study of both scalar and vector boundary value problems for ordinary dif­

ferential equations, by means of the consistent use of differential in­

equality techniques. Our results for scalar boundary value problems 

obeying some type of maximum principle are fairly complete; however, we 

have been unable to treat, under any circumstances, problems involving 

"resonant" behavior. The linear theory for such problems is incredibly 

complicated already, and at the present time there appears to be little 

hope for any kind of general nonlinear theory. Our results for vector 

boundary value problems, even those admitting higher dimensional maximum 

principles in the form of invariant regions, are also far from complete . 

We offer them with some trepidation, in the hope that they may stimulate 

further work in this challenging and important area of differential equa­

tions. 

The research summarized here has been made possible by the support 

over the years of the National Science Foundation and the National Science 

and Engineering Research Council. We offer each agency our sincerest 

thanks for their generosity and consideration . We also wish to thank our 

colleagues and students who have shared their knowledge of and curiosity 

about singular perturbation theory with us, especially Bob O'Malley, 
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Adelaida Yasil'eva and Wolfgang Wasow. This monograph is but a small 

token of our appreciation of their friendship and support. 

K. W. Chang 
Calgary 

F. A. Howes 
Davis 



Contents 
Page 

PREFACE v 

CHAPTER I. INTRODUCTION 

Notes and Remarks 4 

CHAPTER II. A'PRIORI BOUNDS AND EXISTENCE THEOREMS 6 

2.1. Scalar Boundary Value Problems 6 
2.2. Vector Boundary Value Problems 13 
Notes and Remarks 17 

CHAPTER III. SEMI LINEAR SINGULAR PERTURBATION PROBLEMS 18 

3.1. The Dirichlet Problem: Boundary 
Layer Phenomena 18 

3.2. Robin Problems: Boundary Layer Phenomena 27 
3.3. Interior Layer Phenomena 32 
Notes and Remarks 34 

CHAPTER IV. QUASI LINEAR SINGULAR PERTURBATION PROBLEMS 37 

4.1. The Dirichlet Problem: Boundary 

CHAPTER V. 

CHAPTER VI. 

Layer Phenomena 37 

4.2. Robin Problems: Boundary Layer Phenomena 49 
4.3. Interior Layer Phenomena 55 
Notes and Remarks 59 

QUADRATIC SINGULAR PERTURBATION PROBLEMS 

5.1. Introduction 
5.2. The Dirichlet Problem: Boundary 

Layer Phenomena 
5.3. Robin Problems: Boundary Layer Phenomena 
5.4. Interior Layer Phenomena 
Notes and Remarks 

SUPERQUADRATIC SINGULAR PERTURBATION PROBLEMS 

6.1. 
6.2. 
6.3. 
6.4. 
6.5. 
6.6. 

Introduction 
A Dirichlet Problem 
Robin Problems: Boundary Layer Phenomena 
Interior Layer Phenomena 
A General Dirichlet Problem 
A General Robin Problem: Boundary and 
Interior Layer Phenomena 

6.7. A Comment 
Notes and Remarks 

61 

61 

61 
76 
83 
90 

91 

91 
93 
95 
96 
98 

101 
104 
105 

CHAPTER VII. SINGULARLY PERTURBED SYSTEMS 

7.1. Introduction 

106 

106 
106 
III 
114 
121 

7.2. The Semilinear Dirichlet Problem 
7.3. The Semi linear Robin Problem 
7.4. The Quasilinear Dirichlet Problem 
Notes and Remarks 

vii 



viii 

OiAPTER VIn. EXAMPLES AND APPLICATIONS 

Part I - SCALAR PROBLEMS 

REFERENCES 

AUlHOR INDEX 

SUBJECT INDEX 

8.1. Examples of Semi linear Problems and 
Applications 

8. 2. Examples of Quasilinear Problems and 
Applications 

8. 3. Examples of Quadratic Problems and 
Applications 

8. 4. Examples of Superquadratic Problems and 
An Application 

Part II - VECTOR PROBLEMS 

8.S . Examples of Semilinear Systems and An 
Application 

8.6 . Examples of Quasilinear Systems and An 
Application 

Page 

123 

123 

123 

132 

141 

ISS 
161 

161 

l6S 

171 

177 

179 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Perceptual

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /sRGB

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions false

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /Warning

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /Warning

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /Warning

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /PDFA1B:2005

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>

  >>

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice





