


TableofContents

0.Prologue1

PartI.Foundations

1.BrainDynamicsandBrainCodes13
1.1OscillationsasBrainCodes13
1.2ResonancePhenomena17
1.3GlobalBrainDynamics-OurGoal:A"CloudyDescription".17
1.3.1StatisticalMechanicsinBiologyandPhysics18

2.ElectricalSignalsfromtheBrain21
2.1TheBrainandNeurons21
2.1.1TheNeuronDoctrine21
2.1.2TheOrganizationoftheNeuron22
2.1.3TheRestingMembranePotential24
2.1.4TheActionPotential24
2.1.5PostsynapticPotentials25

2.2PrinciplesofNeuralOperation26
2.3RecordingandClassificationattheNeuronalLevel27
2.3.1ExtracellularRecording28
2.3.2IntracellularRecording29
2.3.3ABriefClassificationofNerveCellMembranePotentials29

2.3.4DefinitionofthePoststimulusTimeHistogram30
2.4ElectricalActivityofNeuralPopulations30
2.4.1SpontaneousElectricalActivityoftheBrain31

2.4.2Stereo-EEG(SEEG)32
2.4.3EvokedPotentialsoftheBrain35

2.4.4EvokedPotentialsAreDescriptivelyUsefulasSigns
ofDynamicsConstitutingaUsefulWindow

(Bullock'sView)36
2.4.5AnalysisofSingleEEG-EPEpochs37



3.TheBrain:SensoryandCognitivePathways39
3.1Sensory-CognitiveSystemsAreOrganizedinaHierarchical

andParallelFashion39
3.1.1ConvergenceandDivergence39

3.1.2ParallelProcessing41
3.2FunctionalNeuroanatomyoftheAuditoryPathway41
3.2.1RemarksaboutVariabilityintheHumanAuditoryAreas47

3.3AnatomyandPhysiologyoftheVisualPathway47
3.4ThalamicOrganizationandCortico-ThalamicCircuits
andGlobalFunctionoftheThalamus51

3.5CerebralCortex:AnatomyandGlobalFunction54
3.5.1DistributedCorticalSystems58
3.5.2AssociationCortexandFrontalLobe59

3.6Hippocampus:ASupramodalPolysensorySystem62
3.6.1AnatomicalDescription:Hippocampus
andLimbicSystem63

3.6.2ABriefReviewoftheFunctionoftheHippocampus..66
3.6.3ElectrophysiologyoftheHippocampus67
3.6.4TypesofHippocampalThetaRhythm68
3.6.5OutputoftheHippocampalFormation69
3.6.6BrainstemModulationoftheHippocampus69

3.7ReticularFormation70
3.7.1Anatomy70
3.7.2GlobalFunction71
3.7.3IstheReticularFormationaPolysensoryHigh
CommandStructure?72

4.BrainDynamicsResearchProgram
byE.Ba§ar,V.KolevandJ.Yordanova75
4.1Introduction75
4.2TheConcept"System"76
4.2.1StateofaSystem78

4.2.2The"BlackBox"andthe"WhiteBox"78
4.2.3TheConceptofthe"GrayBox"79
4.2.4The"BlackBox"and"GrayBox":Approaches
toExploringBrainFunction79

4.3AbstractMethodsforBrainSystemAnalysis80
4.3.1AbstractMethodsforBrainStateAnalysis80

4.3.2AbstractMethodsofGeneralSystemsTheory86
4.3.3NewMethodsforStudyingOscillatoryBrainPotentials99

4.4SpecificMethodsforAnalysisofLivingSystems101

4.4.1ApplicationofPharmacologicalAgents101
4.4.2PartialInjuryoftheSystem101

4.4.3ReductionoftheSystemtoItsPassiveResponse102



4.5MethodsofThought,orResearchPrinciples103
4.5.1GoingintotheSystem103

4.5.2GoingoutoftheSystem103

5.WaveletAnalysisofBrainWaves

byT.Demiralp,A.Ademoglu,M.SchiirmannandE.Ba§ar107

5.1UtilityandMainAdvantagesoftheWaveletMethod107
5.2DescriptionoftheMethod108

5.2.1SplineBasisFunctions108
5.2.2DiscreteB-Splines109
5.2.3SplineWaveletTransform110

5.3ResultsofWaveletAnalysisofEPs113
5.3.1TypicalAnimal113

5.3.2WaveletAnalysisofSingleTrials117
5.4InterpretationofWaveletAnalysis118
5.5RoleofWaveletTransformMethodsintheAnalysis
ofFunctionalERPComponents119

5.6SelectivelyDistributedOscillatorySystemsintheBrain121

6.PhaseLockingofOscillatoryResponses:AnInformative
ApproachforStudyingEvokedBrainActivity
byV.Kolev,J.YordanovaandE.Ba§ar123
6.1Introduction123

6.2Phase-LockedandNon-Phase-LockedActivity123
6.3Phase-LockedActivityintheAveragedEPs124
6.4Method125

6.4.1IdentificationofPhaseRelationshipsinSingleSweeps.125
6.4.2StabilityofPhaseLocking125

6.4.3QuantitativeAssessmentofPhaseLocking127

7.ResonancePhenomenaintheBrain,PhysicalSystems,
andNature129
7.1WhatIsResonance?129

7.2PioneerExperimentsonEEGBrainResonancePhenomena..130
7.2.1VisualCortex,LightStimulation130
7.2.2AuditoryCortex,AcousticalStimulation134

7.3TheTransferFunctionReflectstheBehavior
ofResonantSingleEpochs135

7.4MultipleResonancesinDifferentEEGFrequencyBands136
7.5ResonanceinTechnicalSystems137

7.6ResonanceintheBrainasaModernView144



PartII*RenaissanceoftheEEGandOscillations

8.Event-RelatedOscillationsintheBrain
byE.Ba§arandS.Karaka§147
8.1InducedRhythms:AWidespread,HeterogeneousClass
ofOscillations147

8.2InducedRhythms:TheViewofBullock148
8.3PioneeringStudiesonInducedRhythms150
8.4Event-RelatedOscillationsandInducedRhythms
asImportantLeitmotifsinthisBook151

9.CorrelationBetweenUnitActivity
andActivityofNeuralPopulations153
9.1Around10Hz:OscillationinNeuralResponse
FollowingLightStimulation154

9.2ExperimentsontheCatLateralGeniculateNucleus
(AlphaandBetaResponses)158
9.3TheViewofVerzeano160
9.4TheGammaBand162
9.5The10Hzand6HzStatesattheMembraneLevel:
TheViewofLlinas164

9.6Intrinsic10HzOscillationsofNeocortex
GeneratedbyLayer5PyramidalNeurons165

9.7TheMostRecentDevelopments167

10.ChaosinBrainFunction
byE.Ba§arandR.QuianQuiroga169
10.1DeterministicChaos169
10.1.1ChaosinEverydayExperience170

10.2TheEEGhasStrangeAttractors:TheEEGisnotNoise171
10.2.1SomePreliminaryRemarksontheNonlinear
ApproachtoEEGandBrFunRinction172

10.3NewTypesofExpressions172
10.4CorrelationDimension176
10.4.1ComputationoftheCorrelationDimension176

10.5TypicalExamplesofChaoticBehaviorofEEG178
10.5.1ResultsDuringSlow-WaveSleep:
CatCortex,Hippocampus178

10.5.2VeryHighFrequencyBehavioroftheCat'sCerebellar
CortexandBrainstem180

10.5.3HippocampalThetaActivity:Transitions183
10.5.4CorrelationDimensionofAlphaActivity:
BrainAlphaAttractor184



10.5.5AnOverviewofEEGInvestigationsbyMeansofthe

CorrelationDimension:ALimitedStateoftheArt...188
10.6LyapunovExponents190
10.6.1CalculatingLyapunovExponents:TheWolfMethod..191

10.7LyapunovExponentsAppliedtoBrainActivity191
10.7.1Epilepsy192
10.7.2Sleep192

10.7.3OtherStudies193

10.8WordsofCautionandRemarksConcerningFutureResearch.193

PartIII.ResonanceastheBasicMechanism
ofOscillatoryResponses

11.BrainSynergetics:FrequencyLockingofEEG:OrderOut
ofChaos199
11.1EvokedFrequencyLocking199
11.1.1FrequencyDomainComparisonofEEGandEP199
11.1.2FrequencyLockingintheReticularFormation
andInferiorColliculusDuringtheWakingStage201

11.1.3FrequencyLockingintheAlphaBand
intheAuditoryCortex206

11.2WhatDoes"EvokedFrequencyLocking"AddtoOur
Knowledge?FurtherDemonstrationoftheImportant
RelationBetweenEEGandEPs207
11.2.1RemarksontheMethodology207
11.2.2TheFrequencyStabilizationFactor209

11.3Sensory-InducedFVequencyLocking210
11.4WorkingHypothesisontheRelation
BetweenEPsandtheEEG211

11.5SynergeticsandLaserTheory214
11.6TheNewEPConcept:ContributionofDifferentEP
ComponentstotheOriginalAveragedEP215

12.MajorOperatingRhythms(MOR)ControltheShape
andTimeCourseofEvokedPotentials

byE.Ba§ar,S.Karaka§,E.RahnandM.Schiirmann219
12.1Introduction219

12.2ANewApproach:AnAlgorithmforSelectiveAveraging220
12.3DependenceofEPAmplitudesandWaveforms
onthePrestimulusEEG.I.VertexRecordings221

12.3.1AuditoryEvokedPotentials221
12.3.2VisualEvokedPotentials224

12.4DependenceofEPAmplitudesandWaveforms

onthePrestimulusEEG.II.FrontalVisualEvokedPotentials227



12.5Discussion230
12.5.1InverseRelationBetweenEEGandVisualEPMay
LeadtoaNewStandardizationinEPMeasurements..230

12.5.2CommentsonExperimentalDesign231
12.5.3frequencyContentofEPsfromDifferentLocations:

MajorOperatingRhythms(MORs)233
12.5.4MORofOcciputandCentralRegion(Vertex)234
12.5.5ComparisonwithResultsofOtherLaboratories
onEEGandEP/ERPRelationships235

12.5.6FunctionalSignificanceoftheEEG-EPInterrelation..237

12.6Conclusion238

13.OscillatoryBrainResponses:ChangeswithDevelopment

andAging
byJ.Yordanova,V.KolevandE.Ba§ar239
13.1TheAimoftheChapter239
13.2MethodologicalRemarks239
13.2.1AnalysisofSingle-SweepAmplitudeandEnhancement240
13.2.2AnalysisofSingle-SweepPhase-Locking241
13.2.3StatisticalAnalysis241

13.3SpontaneousandEvokedAlphaActivityatOccipitalSites
inThreeAgeGroups242

13.4AComparativeAnalysisofrVontalVersusOccipital
10HzActivityinYoungandMiddle-AgedAdults244

13.5Single-SweepAnalysisofVisualEPs
inYoungandMiddle-AgedAdults245

13.6TheAge-RelatedChangesintheAlphaActivityoftheBrain250
13.7AlphaResponseSystemandrYontalLobeFunctioning
inAging251

14.BrainResponseSusceptibility
byE.Ba§ar,J.YordanovaandV.Kolev253
14.1ExcitabilityoftheBrain:SpontaneousEEGRhythms
andEvokedResponses253

14.2BrainResponseSusceptibility255
14.2.1EEGinChildrenMightProvideaUsefulNatural
ModelforTestingtheHypothesisforBrainResponse
Susceptibility255

14.2.2Aging-andTopology-RelatedChangesinAlpha

ActivityandBrainResponseSusceptibility259
14.2.3Sleepvs.VigilanceDifferencesasaModel

forBrainResponseSusceptibility261
14.2.4PharmacologicalandPathologicalModulation

ofResponseSusceptibility261
14.3InternalEvokedPotentials261



14.4IstheAlphaActivityaControlParameter
forBrainResponses?262
14.4.1ModelsofAlphaGenerators262
14.4.2AlphaFrequencyasaBrainCode263
14.4.3ANewInsightintotheAge-RelatedChanges
intheAlphaActivityoftheBrain263

15.TheEvokedPotentialManifestsaSuperposition
ofEvent-RelatedOscillations265
15.1TheHumanEvokedResponseContainsMultiple
OscillatoryResponses265
15.1.1TwoTypesofResponseOscillations:
SuperpositionPrincipleofVariousEPComponents
intheHumanBrain266

15.2P300ResponseManifestsSuperpositionofFrequency
Responses:DeltaResponsecanbeIsolated269
15.2.1Single-TrialERPAnalysis269

15.3P300-likeResponsestoNON-TARGETStimuli273
15.3.1BenefitsoftheDeltaResponseMetric273

16.MultipleSclerosis:BreakoftheAlphaResponse
byC.Ba§ar-Eroglu,M.SchurmannandE.Ba§ar275
16.1Introduction275
16.2VisualStimulation:Results276
16.2.1VisualEPs:ComponentAnalysisbyMeans
ofAmplitude-FrequencyCharacteristics(Single
SubjectsandMeanValues);StatisticalEvaluation....277

16.2.2VisualEPs:ComponentAnalysis
byMeansofDigitalFiltering278

16.3DiscussionofResultsuponLightStimuli282
16.3.1FunctionalInterpretationofTopographicDifferences
ofEvokedOscillationsinCross-ModalityExperiments
andFunctionalDeficitsinMS282

16.4ResponsestoAuditoryStimulation:Rationale,Results,
andComparisontoVisualStimulation283
16.4.1AuditoryEPs:ComponentAnalysis
byMeansofDigitalFiltering284

16.4.2ResponsestoAuditoryStimulationinRelation
toResponsestoVisualStimulation284

16.5AlphaResponsesinMultipleSclerosis:APathophysiological
InvestigationintheFrameworkofBrainDynamicsConcepts.286



17.BrainFeynmanDiagrams287
17.1BrainStateMatrix:AProposaltoApproachBrainFunction

byUsingEEG-EPFeynmanDiagrams287
17.2MajorOperatingRhythms(MORs)aretobeConsidered

inBuildingFeynmanDiagrams291

18.OscillatoryComponentsofEvokedPotentials
areRealBrainResponsesRelatedtoFunction

byE.Ba§arandM.Schiirmann293
18.1EvokedPotentialsareEnsemblesofBrainEvent-Related
OscillationsintheAlpha,Theta,Delta,andGammaRanges.293
18.1.1JustificationfortheComponentAnalysisofEvoked
PotentialsbyMeansofDigitalFiltering294

18.1.2FrequencyAnalysisofEvokedPotentialsGives
a"CloudyIdea"intheSenseofQuantumPhysics295

18.1.3RealOscillatoryResponsesareManifested
OnlyinMajorandDominantChanges
intheOscillatoryResponses296

18.2TheAlphaResponseinCross-ModalityMeasurements296
18.2.1IntracranialEEG-EPMeasurementsinCats
(AuditoryandVisualCortex)297

18.2.2AlphaResponsesinHumanEEGandMEG
inCross-ModalityExperiments302

18.2.3BreakoftheAlphaResponseinMultipleSclerosis
PatientsinLightofCross-ModalityExperiments307

18.2.4Summary:OscillatoryResponses
inCross-ModalityExperiments308

18.3HippocampalAlphaResponses
asRealBrainOscillatoryResponses309

18.4"Pure"ThetaResponses312
18.5DeltaResponse:ExamplesfromExperiments
with"Cognitive"Paradigms314

18.6ApplicationofPharmacologicalAgents316
18.7EPRecordingsinChildren318
18.8HippocampalEPs:RelatedtoMeasurementsattheCellular
LevelandSignificantfortheQuestionofVolumeConduction319
18.8.1HippocampalEPsinComparisontoMeasurements
attheCellularLevel319

18.8.2HippocampalEPsandtheQuestion
ofVolumeConduction320

18.8.3SummaryConcerningHippocampalEPs322
18.9WaveletAnalysis323
18.9.1lOHzFrequencyRange323

18.9.2DeltaFrequencyRange:P300323



18.10DefinedBrainStatesShowOscillatoryBehavior
WithoutFiltering324

18.11FrequencyComponentsofEvokedPotentials:
NotHarmonicsbutRealBrainResponses324

19.Conclusion
byE.Ba§arandS.Karak§^327
TowardaTheoryofBrainOscillations327

References331

Author-Index357

SubjectIndex361


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

