


CONTENTS

Prefacepagexxiii

CHAPTER1.INTRODUCTION

1.1Thecompositionoftheionospherei

1.2Planewavesandsphericalwaves.Thecurvatureoftheearthi

1.3Effectofcollisionsandoftheearth'smagneticfield2

1.4Relationtootherkindsofwave-propagation2

1.5Thevariationofelectrondensitywithheight.TheChapman

layer3

1.6Approximationstotheelectrondensityprofile5

1.7Thevariationofcollision-frequencywithheight6

1.8Thestructureoftheionosphere7

1.9Horizontalvariationsandirregularities10

CHAPTER2.THEBASICEQUATIONS

2.1Units11

2.2Harmonicwavesandcomplexquantities12

2.3DefinitionsofelectricintensityEandmagneticintensityH13

2.4ThecurrentdensityJandelectricpolarisationP14

2.5TheelectricdisplacementDandmagneticinductionB15

2.6Maxwell'sequations16

2.7Cartesiancoordinatesystem16

2.8Progressiveplanewaves17

2.9Planewavesinfreespace19

2.10ThenotationHandH20

2.11Theenergystoredinaradiowaveintheionosphere20

2.12Theflowofenergy.Poynting'stheorem21

2.13ThePoyntingvector22



CHAPTER3.THECONSTITUTIVERELATIONS

3.1Introductionpage24

3.2Free,undampedelectrons24

3.3Electroncollisions.Dampingofthemotion25

3.4Effectoftheearth'smagneticfieldonmotionofelectrons26

3.5Theeffectofthemagneticfieldofthewaveonthemotionof

electrons28

3.6Thesusceptibilitymatrix29

3.7TheLorentzpolarisationterm30

3.8Theeffectofsmallirregularitiesintheionosphere31

3.9Theeffectofheavyions31

3.10Theenergystoredinaradiowaveintheionosphere

(continued)33

3.11Theprincipalaxes35

CHAPTER4.PROPAGATIONINA

HOMOGENEOUSISOTROPICMEDIUM

4.1Definitionoftherefractiveindex38

4.2TheMaxwellequationderivedfromFaraday'slaw38

4.3Isotropicmediumwithoutdamping39

4.4Isotropicmediumwithcollisiondamping40

4.5Thephysicalinterpretationofacomplexrefractiveindex41

4.6Evanescentwaves41

4.7Inhomogeneousplanewaves42

4.8Energyflowininhomogeneousplanewaves44

4.9ThecasewhenX―1,n=o45

CHAPTER5.PROPAGATIONINAHOMOGENEOUS

ANISOTROPICMEDIUM.MAGNETOIONICTHEORY

5.1Introduction47

5.2Thewave-polarisation47

5.3Thepolarisationequation48



5-4Propertiesofthepolarisationequationpage49

5.5Alternativemeasureofthepolarisation.Axisratioandtilt-

angle51

5.6TheAppleton-Hartreeformulafortherefractiveindex52

5.7Thelongitudinalcomponentoftheelectricfield53

5.8Theflowofenergyforawaveinamagnetoionicmedium54

5.9Theeffectofheavyionsonpolarisationandrefractiveindex56

Examples57

CHAPTER6.PROPERTIESOFTHE

APPLETON-HARTREEFORMULA

6.1Generalproperties.Zerosandinfinityoftherefractiveindex59

6.2Collisionsneglected60

6.3Frequencyabovethegyro-frequency60

6.4LongitudinalpropagationwhenY<160

6.5TransversepropagationwhenY<161

6.6IntermediateinclinationofthefieldwhenY<162

6.7Frequencybelowthegyro-frequency64

6.8LongitudinalpropagationwhenY>164

6.9TransversepropagationwhenY>165

6.10IntermediateinclinationofthefieldwhenY>165

6.11Effectofcollisionsincluded66

6.12Thecriticalcollision-frequency67

6.13Longitudinalpropagationwhencollisionsareincluded69

6.14Transversepropagationwhencollisionsareincluded70

6.15Intermediateinclinationofthefield72

6.16The'quasi-longitudinal'approximation76

6.17The'quasi-transverse'approximation77

6.18Theeffectofheavyions78



CHAPTER7.DEFINITIONOFTHEREFLECTION

ANDTRANSMISSIONCOEFFICIENTS

7.1Introductionpage85

7.2Thereference-levelforreflectioncoefficients85

7.3Thereference-levelfortransmissioncoefficients87

7.4Thefourreflectioncoefficientsandthefourtransmission

coefficients88

7.5Thesignconvention88

7.6Thereflectioncoefficientmatrix90

7.7Alternativeformsofthereflectioncoefficients90

7.8Sphericalwaves91

Examples94

CHAPTER8.REFLECTIONATASHARPBOUNDARY

8.1Introduction96

8.2Theboundaryconditions96

8.3Snell'slaw97

8.4DerivationoftheFresnelformulaeforisotropicmedia98

8.5GeneralpropertiesoftheFresnelformulae100

8.6TheFresnelformulaewhentheelectricvectorisintheplane

ofincidence101

8.7TheFresnelformulaewhentheelectricvectorishorizontal105

8.8ReflectionwhenX=1,Z=o,n=o106

8.9Normalincidence108

8.10Homogeneousionospherewithparallelboundaries108

8.11Normalincidenceonaparallel-sidedslab112

8.12Reflectionatnormalincidencewhentheearth'smagnetic

fieldisallowedfor114

8.13Earth'smagneticfieldhorizontal.Normalincidence115

8.14Earth'smagneticfieldvertical.Normalincidence116

8.15Reflectionwhentheearth'smagneticfieldisincluded.

Approximateformulaeforobliqueincidence116



8.16Thevalidityoftheapproximationspage119

8.17Reflectionatobliqueincidence.TheBookerquartic120

8.18SomepropertiesoftheBookerquartic123

8.19Reflectionatobliqueincidencefornorth-southor

south-northpropagation124

8.20Reflectionatobliqueincidenceinthegeneralcase126

Examples127

CHAPTER9.SLOWLYVARYINGMEDIUM.

THEW.K.B.SOLUTIONS

9.1Introduction128

9.2Thedifferentialequations128

9.3Thephasememoryconcept130

9.4Loss-freemedium.Constancyofenergy-flow131

9.5DerivationoftheW.K.B.solution131

9.6ConditionforthevalidityoftheW.K.B.solutions133

9.7PropertiesoftheW.K.B.solutions134

9.8Thereflectioncoefficient136

9.9Couplingbetweenupgoinganddowngoingwaves137

9.10Extensiontoobliqueincidence138

9.11Thedifferentialequationsforobliqueincidence140

9.12TheW.K.B.solutionsforhorizontalpolarisationatoblique

incidence140

9.13TheW.K.B.solutionsatobliqueincidencewhentheelectric

vectorisparalleltotheplaneofincidence142

9.14Theeffectofincludingtheearth'smagneticfield143

9.15Raytheoryand'fullwave'theory144

CHAPTER10.RAYTHEORYFORVERTICAL

INCIDENCEWHENTHEEARTH'SMAGNETIC

FIELDISNEGLECTED

10.1Theuseofpulses146

10.2Thegroupvelocity147

10.3Theequivalentheightofreflectionh'(f)149



10.4The'trueheight'andthe'phaseheight'page150

10.5Theequivalentheightofreflectionforalinearprofileof

electrondensity150

10.6Theequivalentheightofreflectionforanexponential

variationofelectrondensity151

10.7Equivalentheightforaparabolicprofileofelectron

density152

10.8Equivalentheightforthe'sech2'profileofelectron

density156

10.9Twoseparateparaboliclayers157

10.10Theeffectofa'ledge'intheelectrondensityprofile158

10.11ThecalculationofelectrondensityN(z),fromh‘(f)data160

10.12SolutionwhenN(z)ismonotonic161

10.13PartialsolutionwhenN(z)isnotmonotonic163

10.14Theshapeofapulseofradiowaves166

10.15Theeffectofelectroncollisionsongrouprefractiveindex170

10.16Theeffectofcollisionsonequivalentheighth'(f)andphase

heighth(f)171

10.17Relationbetweenequivalentheight,phaseheightand

absorption172

Examples174

CHAPTER11.RAYTHEORYFOROBLIQUE

INCIDENCEWHENTHEEARTH'SMAGNETIC

FIELDISNEGLECTED

11.1Introduction.Theraypath175

11.2Wave-packets177

11.3Theequationfortheraywhentheearth'smagneticfieldis

neglected178

11.4Theraypathforalineargradientofelectrondensity179

11.5Theraypathforexponentialvariationofelectrondensity180

11.6Theraypathforaparabolicprofileofelectrondensity182

11.7Theskipdistance183



11.8TheequivalentpathP'atobliqueincidencepage185

11.9BreitandTuve'stheorem.Martyn'stheoremfor

equivalentpath186

11.10Theequivalentpathatobliqueincidenceforalinear

gradientofelectrondensity188

11.11Theequivalentpathatobliqueincidenceforaparabolic

profileofelectrondensity188

11.12Thedependenceofsignalonfrequencynearthemaximum

usablefrequency190

11.13Thepredictionofmaximumusablefrequencies.Appleton

andBeynon'smethod191

11.14Thecurvatureoftheearth192

11.15Thepredictionofmaximumusablefrequencies.Newbern

Smith'smethod194

11.16Theabsorptionofradiowaves.Martyn'stheoremfor

absorption195

11.17Theeffectofelectroncollisionsonequivalentpath197

Examples197

CHAPTER12.RAYTHEORYFORVERTICAL

INCIDENCEWHENTHEEARTH'SMAGNETIC

FIELDISINCLUDED

12.1Introduction199

12.2Magnetoionic'splitting'199

12.3Thegrouprefractiveindex―collisionsneglected200

12.4Theeffectofcollisionsonthegrouprefractiveindex204

12.5Theequivalentheightofreflectionh'(f)―collisions

neglected205

12.6Theh'(f)curveswhencollisionsareneglected206

12.7Thepenetration-frequenciesfortheordinaryand

extraordinarywaves208

12.8Theequivalentheightforaparaboliclayer209

12.9Twoseparateparaboliclayers210



12.10Theeffectofa'ledge'intheelectrondensityprofilepage212

12.11Theeffectofcollisionsonequivalentheighth＼f)212

12.12Thepolarisationofwavesinawave-packet214

12.13ThecalculationofelectrondensityN(z)fromh'(f)215

12.14Exampleoftheuseofthemethod218

12.15Otherversionsoftheforegoingmethod221

12.16FailureofthemethodwhenN(z)isnotmonotonic222

12.17Theuseofh'x(f)fortheextraordinaryray223

Example224

CHAPTER13.RAYTHEORYFOROBLIQUE

INCIDENCEWHENTHEEARTH'SMAGNETIC

FIELDISINCLUDED

13.1Introduction225

13.2Thevariableq225

13.3DerivationoftheBookerquartic226

13.4Thetransitiontoacontinuousmedium228

13.5Thepathofawave-packet229

13.6Thereversibilityofthepath230

13.7Thereflectionofawave-packet230

13.8Asimpleexampleofraypathsatobliqueincidence231

13.9FurtherpropertiesoftheBookerquartic233

13.10TheBookerquarticforeast-westandwest-east

propagation236

13.11TheBookerquarticfornorth-southandsouth-north

propagation238

13.12TheBookerquarticinthegeneralcasewhencollisionsare

neglected244

13.13Lateraldeviationatverticalincidence246

13.14Lateraldeviationforpropagationfrom(magnetic)eastto

westorwesttoeast248

13.15Lateraldeviationinthegeneralcase250



13.16Calculationofattenuation,usingtheBookerquarticpage250

13.17The'refractiveindex'surfaceinahomogeneousmedium252

13.18Thedirectionoftheray253

13.19Therayvelocityandtheraysurface255

13.20Whistlers256

13.21DeterminationofraydirectionbyPoeverlein'sconstruction258

13.22Propagationinthemagneticmeridian.The'Spitze'260

13.23Therefractiveindexsurfacesfortheextraordinaryray

whenY<1262

13.24Therefractiveindexsurfacesfortheextraordinaryray

whenY>1266

13.25Thesecondrefractiveindexsurfacefortheordinaryray

whenY>1268

Examples270

CHAPTER14.THEGENERALPROBLEM

OFRAYTRACING

14.1Introduction271

14.2Equationsoftherefractiveindexsurfaceandtheraysurface272

14.3TheEikonalfunction274

14.4Thecanonicalequationsforaray,andthegeneralisationof

SnelPslaw276

14.5Otherrelationsbetweentheequationsfortheraysurface

andtherefractiveindexsurface278

14.6Fermat'sprinciple279

14.7Equivalentpathandabsorption279

14.8Theproblemoffindingthemaximumusablefrequency281

Examples282

CHAPTER15.THEAIRYINTEGRALFUNCTION,

ANDTHESTOKESPHENOMENON

15.1Introduction283

15.2Lineargradientofelectrondensityassociatedwithan

isolatedzeroofq283



15.3Thedifferentialequationforhorizontalpolarisationand

obliqueincidencepage285

15.4TheStokesdifferentialequation286

r5-5QualitativediscussionofthesolutionsoftheStokes

equation287

15.6SolutionsoftheStokesequationexpressedascontour

integrals288

15.7SolutionsoftheStokesequationexpressedasBessel

functions291

15.8TablesoftheAiryintegralfunctions291

15.9TheW.K.B.solutionsoftheStokesequation292

15.10TheStokesphenomenonofthe'discontinuityofthe

constants'292

15.11Stokeslinesandanti-Stokeslines293

15.12TheStokesdiagram294

15.13DefinitionoftheStokesconstant295

15.14Furry'sderivationoftheStokesconstantsfortheStokes

equation296

15.15Asymptoticapproximationsobtainedfromthecontour

integrals297

15.16Summaryofsomeimportantpropertiesofcomplex

variables297

15.17Integrationbythemethodofsteepestdescents300

15.18Applicationofthemethodofsteepestdescentstosolutions

oftheStokesequation302

15.19Integrationbythemethodofstationaryphase307

15.20MethodofstationaryphaseappliedtotheAiryintegral

function309

15.21Asymptoticexpansions310

15.22Therangeofvalidityofasymptoticapproximations310

15.23Thechoiceofafundamentalsystemofsolutionsofthe

Stokesequation312

15.24Connectionformulae,orcircuitrelations313

15.25Theintensityoflightnearacaustic313



CHAPTER16.LINEARGRADIENTOF

ELECTRONDENSITY

16.iIntroductionpage319

16.2Purelylinearprofile.Electroncollisionsneglected319

16.3Applicationtoaslowlyvaryingprofile322

16.4Theeffectofelectroncollisions.Theheightzasacomplex

variable326

16.5Constantcollision-frequency.Purelylinearprofileof

electrondensity327

16.6Theslowlyvaryingprofilewhencollisionsareincluded.

Derivationofthephaseintegralformula329

16.7Discussionofthephaseintegralformula331

16.8Effectofcurvatureoftheelectrondensityprofile333

16.9Reflectionatadiscontinuityofgradient334

16.10Lineargradientbetweentwohomogeneousregions336

16.11Symmetricalionospherewithdoublelinearprofile340

16.12Thedifferentialequationforobliqueincidenceapplicable

whentheelectricvectorisparalleltotheplaneofincidence343

16.13Thebehaviourofthefieldsnearazerooftherefractive

indexfor'vertical'polarisationatobliqueincidence346

16.14Thegenerationofharmonicsintheionosphere347

16.15Thephaseintegralformulafor'vertical'polarisationat

obliqueincidence348

16.16Asymptoticapproximationsforthesolutionsofthe

differentialequationfor'vertical'polarisation349

16.17Applicationofthephaseintegralformula350

CHAPTER17.VARIOUSELECTRONDENSITY

PROFILESWHENTHEEARTH'SMAGNETIC

FIELDISNEGLECTED

17.1Introduction353

17.2Exponentialprofile.Constantcollision-frequency354

17.3Thephaseintegralformulaappliedtotheexponentiallayer357



17.4Theparaboliclayerpage358

17.5Partialpenetrationandreflection363

17.6Theequivalentheightofreflectionforaparaboliclayer365

17.7Electrondensitywithsquarelawincrease366

17.8Thesinusoidallayer368

17.9Circuitrelations.IntroductiontoEpstein'stheory369

17.10Thehypergeometricdifferentialequation370

17.11Thecircuitrelationsforthehypergeometricfunction372

17.12Applicationtothewave-equation375

17.13ThereflectionandtransmissioncoefficientsofanEpstein

layer377

17.14Epsteinprofiles378

17.15Ionospherewithgradualboundary380

17.16The'sech2'profile380

17.17Fixedelectrondensityandvaryingcollision-frequency383

CHAPTER18.ANISOTROPICMEDIA.COUPLED

WAVE-EQUATIONSANDW.K.B.SOLUTIONS

18.1Introduction385

18.2Thedifferentialequations385

18.3Thefourcharacteristicwaves387

18.4Matrixformoftheequations389

18.5Thedifferentialequationsforverticalincidence391

18.6TheW.K.B.solutionforverticalincidenceonaloss-free

medium392

18.7IntroductiontoW.K.B.solutionsinthegeneralcase394

18.8Introductiontocoupledwave-equations394

18.9Forsterling'scoupledequationsforverticalincidence396

18.10Coupledequationsinthegeneralcase,inmatrixform398

18.11ExpressionsfortheelementsofS,S""1,and―S~XS'399



18.12TheW.K.B.solutionsinthegeneralcasepage401

18.13Thefirst-ordercoupledequationsforverticalincidence402

18.14TheW.K.B.solutionsforverticalincidence405

18.15Thefirst-orderequationsinotherspecialcases406

18.16Second-ordercoupledequations408

18.17ConditionforthevalidityoftheW.K.B.solutions410

Example411

CHAPTER19.APPLICATIONSOFCOUPLED

WAVE-EQUATIONS

19.1Introduction412

19.2Propertiesofthecouplingparameterfy412

19.3Behaviourofthecoefficientsnearacouplingpoint417

19.4Propertiesofthecoupleddifferentialequationsneara

reflectionpointandnearacouplingpoint418

19.5Theuseofsuccessiveapproximations421

19.6Thephaseintegralformulaforcoupling423

19.7TheZ-trace424

19.8Themethodof'variationofparameters'426

19.9The'couplingecho'428

19.10Thetransitionthroughcriticalcoupling429

19.11Introductiontolimitingpolarisation432

19.12Thefreespacebelowtheionosphere433

19.13Thedifferentialequationforthestudyoflimiting

polarisation434

Examples436

CHAPTER20.THEPHASEINTEGRALMETHOD

20.1Introduction437

20.2TheRiemannsurfacefortherefractiveindex438

20.3Thelinearelectrondensityprofile440

20.4Theparabolicelectrondensityprofile443



20.5Afurtherexampleofthemethodpage446

20.6CouplingbranchpointsandtheirStokeslinesand

anti-Stokeslines450

20.7Thephaseintegralmethodforcoupling452

20.8Furtherdiscussionofthetransitionthroughcritical

coupling(continuedfrom§19.10)455

Example457

CHAPTER21.FULLWAVESOLUTIONSWHENTHE

EARTH'SMAGNETICFIELDISINCLUDED

21.1Introduction458

21.2Thedifferentialequations458

21.3Verticalincidenceandverticalmagneticfield459

21.4Exponentialprofileofelectrondensity.Constant

collision-frequency460

21.5Exponentialprofile(continued).Incidentwavelinearly

polarised462

21.6Otherelectrondensityprofilesforverticalfieldandvertical

incidence464

21.7Verticalmagneticfieldandobliqueincidence.

IntroductiontoHeadingandWhipple'smethod464

21.8RegionsO,IandI(a)465

21.9ReflectionandtransmissioncoefficientsofregionI467

21.10RegionsIIandII(a)468

21.11ThereflectioncoefficientsofregionII469

21.12ThecombinedeffectofregionsIandII471

21.13Theeffectofaninfinityintherefractiveindex472

21.14Isolatedinfinityofrefractiveindex474

21.15Refractiveindexhavinginfinityandzero476

21.16Theapparentlossofenergynearaninfinityofrefractive

index479

Example481



CHAPTER22.NUMERICALMETHODSFORFINDING

REFLECTIONCOEFFICIENTS

21.1Introductionpage482

22.2Methodsofintegratingdifferentialequations483

22.3Thesizeofthestep484

22.4Thechoiceofdependentvariable484

22.5Thethreepartsofthecalculationofreflectioncoefficients486

22.6Thestartingsolutionsatagreatheight487

22.7Calculationofthecomponentsofthereflectioncoefficient489

22.8Thewave-admittanceinanisotropicionosphere491

22.9Thewave-admittancematrixAforananisotropic

ionosphere493

22.10ThestartingvalueofA495

22.11RelationbetweentheadmittancematrixAandthe

reflectioncoefficientmatrixR496

22.12ThedifferentialequationforA498

22.13Symmetrypropertiesofthedifferentialequations499

22.14Equivalentheightofreflection499

Example501

CHAPTER23.RECIPROCITY

23.1Introduction502

23.2Aerials502

23.3Goubau'sreciprocitytheorem505

23.4Onemagnetoioniccomponent506

23.5Reciprocitywithfullwavesolutions508

Appendix.TheStokesconstantforthedifferentialequation

(16.98)for'vertical'polarisation510

Bibliography512

Indexofdefinitionsofthemoreimportantsymbols525

Subjectandnameindex530


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16

