


SectionI

BasicPhenomena

ofElectronics

B.DUDLEYConsultant,formerlystaffmember,InstituteforDefense

Analyses,EditorTechnologyReview,MassachusettsInstituteofTech-

nology;SeniorMember,IEEE

ElectronicsEngineering

Electronics1

ElectronicsEngineering2

ElectronicPropertiesandStructureof

Matter

ElementaryParticles3

AtomicStructure4

ElectronOrbits,Shells,andEnergyStates.5

ChemicalValence6

ConductionElectrons7

ChemicalBondsandCompoundFormation.8

EnergyConversion9

EnergyConservationandMassEquivalence10

ElectromagneticEffects11

ConductionEffects12

DielectricPhenomena13

MagneticPhenomena14

ThermoelectricPhenomena15

WorkFunction16

BibliographyonElectronicPropertiesand

StructureofMatter17

Electrostatics

ElectricCharges18

Coulomb'sLaw19

PrincipleofSuperposition20

ElectricField21

TestBodyforElectricField22

LinesandTubesofForce23

Permittivity,DielectricCoefficient,Electric

Susceptibility24

SurfaceandVolumeChargeDensity25

ElectricFieldStrength26

DielectricStrength27

FieldStrengthProducedbyPointCharges.28

FieldStrengthProducedbyDistributed

Charges29

ElectrostaticPotentialandPotential

Difference30

FieldStrengthandPotentialDifference31

VoltageRisesandVoltageDrops32

PotentialFieldofPointCharges33

PotentialFieldofDistributedCharges34

ElectricDipoleandDipoleMoment35

FieldofaDipole36

ElectricPolarization37

ElectricFlux(ElectricDisplacement)38

ElectricFluxDensity39

Gauss'TheoremforElectrostatics40

DivergenceofElectricFluxDensity41

ElectricFieldVectors42

FieldVectorsatDielectricBoundaries43

PotentialGradient44

ForceonaChargeinanElectricField45

WorkDoneonMovingCharges46

ConservativePropertiesofElectrostatic

Fields47

StorageofElectricCharges48

CapacitanceandElastance49

Capacitors50

CapacitancebetweenTwoConductors....51



EnergyofaChargedCapacitor52

EnergyDensityofanElectricField53

BibliographyonElectrostatics54

Electrokinetics

MovingCharges55

SpeedandMobilityofChargeCarriers56

ElectricCurrent57

CurrentandCharge58

CurrentDensity59

CurrentElement60

SenseofElectricCurrent61

ConductionCurrent62

ConvectionCurrent63

DisplacementCurrent64

TotalCurrent65

ContinuityofCurrent66

ConductioninCrystals67

CurrentandVoltageRelationsIn

Conductors68

ResistivityandConductivity69

TemperatureVariationofResistivity70

Resistance71

Conductance72

ResistanceofaConductor73

Resistor74

WorkDonebyElectricCurrent75

EnergyDissipatedinaResistor76

ElectricPower77

Joule'sLawofHeatingEffect78

Faraday'sLawofElectrolysis79

BibliographyonElectrokinetics80

Magnetostatics

TransverseForcesbetweenMoving

Charges81

Bfot-Savart/Ampere-LaplaceLaw82

PrincipleofSuperposition83

MagneticField84

TestBodyforMagneticField85

PermeabilityandMagneticSusceptibility...86

MagneticFluxDensity87

MagneticFlux88

Gauss'TheoremforMagneticFlux89

DivergenceofMagneticFlux90

MagneticFieldStrength91

Magnetization92

Ampere'sLawforMagneticIntensity93

RelationsbetweenMagneticVectors94

VectorsatMagneticBoundaries95

Magnetomotance96

MagneticPotential97

FluxLinkages98

Inductance99

Self-Inductance100

MutualInductance101

ForceonaMovingChargeinaMagnetic

Field102

LorenzForceonaMovingChargeina

CombinedElectricandMagneticField...103

MagneticForceonCurrent-Carrying

Conductor104

TorqueonCurrent-CarryingLoop105

MagneticMoment106

MagneticEnergy107

MagneticEnergyDensity108

MagneticEnergyStoredinInductors109

BibliographyonMagnetostatics110

Magnetokinetics

ElectromagneticEnergyConversions111

InducedElectromotance112

Faraday'sLawforInducedElectromotance113

VoltageInducedinInductors114

CurrentInducedInConductorsand

Semiconductors115

Eddy(Foucault)Currents116

Lenz'sLaw117

MagneticHysteresis118

MagneticEffectofDisplacementCurrent...119

ElectromagneticOscillationsandWaves...120

BibliographyonElectricityandMagnetism.121

Release,Transport,Control,Collection,and

EnergyConversionofChargeCarriers

ElectronicPhenomena122

ChargesReleasedfromMaterials123

ThermionicEmission124

PhotoelectricEmission125

SecondaryEmission126

High-FieldEmission127

lonizationandDeionization128

UnboundElectrons,Holes,andElectron-

HolePairs129

ChargeTransport130

MotionofChargesinElectromagnetic

Fields131

ElectricConduction132

Superconductivity133

ConductioninMetals134

ConductioninSemiconductors135

ConductioninLiquids136

ConductioninGases137

ConductioninPlasmas138

CurrentinDielectricandInsulating

Materials139

MechanismsofCurrentControl140

ControlinVacuumTubes141

ControlinGaseousDevices142

ControlinSemiconductors143

AuxiliaryMethodsofCurrentControl144

CollectionofCharges:ImpactPhenomena.145

ElectrodeHeating146

EnergyConversionsatInput147

EnergyConversionsatOutput148

BibliographyonRelease,Transport,

Control,Collection,andEnergy

ConversionofElectronDevices149

ElectromagneticFields

EquationsforElectromagneticField

Vectors150

Maxwell'sEquations151

RestrictedApplicationsofMaxwell's

Equations152

ElectromagneticWaves153

PropagationCoefficient154

VelocityofWavePropagation155

IntrinsicImpedanceofaMedium156



RadiationfromaSimpleDipole157

Poynting'sVector158

TransmissionofElectromagneticWaves...159

Reflection160

Refraction161

Diffraction162

WaveInterference163

DispersionandScattering164

BibliographyonElectromagneticFieldsand

Waves165

TheElectromagneticSpectrum

RegionsoftheSpectrum166

SourcesandDetectorsofElectromagnetic

Energy167

SpectrumUtilization168

FrequencyTolerances169

SpuriousEmissions170

Standard-FrequencyTransmissions171

BibliographyonSpectrumUtilization172

Speech,Hearing,andVision

SensoryPerceptionsinElectronics

Engineering173

Cognition174

EvaluationofPhysicalStimuli175

Stimulus-ResponseRelations176

LogarithmicResponseUnits177

BelandDecibel178

Neper179

VolumeUnit180

Phon181

AdaptiveProcesses182

ComponentsandFrequenciesofSpeech...183

PowerLevelsofSpeech184

PeakFactorStatisticsofSpeech185

SpeechIntelligibility186

Audibility187

Loudness188

MinimumPerceptibleChangesinIntensity

andPitch189

SpacePerceptioninHearing

(Stereophony)190

LuminousEnergy191

SpectralSensitivityoftheNormalObserver192

BrightnessandBrightnessSensitivity193

ContrastandContrastSensitivity194

TonalDiscrimination195

ResolvingPower196

VisualAcuity197

FlickerandPersistenceofVision198

DepthPerceptionandStereoscopy199

BibliographyonSpeech,Hearing,and

Vision200

ElectronicQuantities

SystemsofUnits201

ValuesofPhysicalConstants202

Symbols203

BibliographyonUnitsandMeasurements..204





Section2

Mathematics:Formulas,
Definitions,andTheorems

UsedinElectronics
Engineering

GRANINOA.KORNProfessorofElectricalEngineering,TheUniver-

sityofArizona

THERESAM.KORN

Introduction1

DifferentialCalculus

DerivativesandDifferentiation2

PartialDerivatives3

DifferentiationRules4

IntegralsandIntegration

DefiniteIntegrals(RiemannIntegrals)5

IndefiniteIntegrals6

FundamentalTheoremoftheIntegral

Calculus7

IntegrationofPolynomials8

IntegrationofRationalFractions9

IntegrandsReducibletoRationalFunctions

byaChangeofVariables10

SomeFrequentlyUsedLimits(Valuesof

IndeterminateForms)11

FourierSeriesandFourierIntegrals

FourierSeries12

PropertiesofFourierTransforms13

VectorAlgebra

VectorAdditionandMultiplicationof

Vectorsby(Real)Scalars14

ScalarProduct(DotProduct,Inner

Product)15

Vector(Cross)Product16

ScalarTripleProduct(BoxProduct)17

OtherProductsofMorethanTwoVectors..18

VectorAnalysis:DifferentialOperators

TheOperatorV19

TheLaplacianOperator20

RepeatedOperations21

TheLaplaceTransformation

Introduction22

Definition23

InverseLaplaceTransformation24

TheInversionTheorem25

UniquenessoftheLaplaceTransformand

ItsInverse26

LinearDifferentialEquations

HomogeneousLinearEquationswith

ConstantCoefficients27

NonhomogeneousEquations28

Laplace-TransformMethodofSolution29

SinusoidalForcingFunctionsand

Solutions:ThePhasorMethod30

MatricesandLogic

RectangularMatrices31

BasicOperations32



IdentitiesandInverses33

MatrixNotationforSimultaneousLinear

Equations34

BooleanAlgebras35
FormulasforTrigonometricandHyperbolic

Functions

RelationsbetweentheTrigonometric

Functions36

AdditionandMultiple-AngleFormulas37

HyperbolicFunctions38

FormulasRelatingHyperbolicFunctionsof

CompoundArguments39

RelationsbetweenExponential,

Trigonometric,andHyperbolicFunctions40

Power-SeriesExpansions41

Signal-AnalysisFormulas

Delta"Functions"andDiracCombs42

RepetitionOperatorandFourierTransforms43

DigitalFourierAnalysis:EffectsofSampling

andFiniteRecordLength44

Bibliography45







Section3

CircuitPrinciples

WILSL.COOLEYProfessorofElectricalEngineering,WestVirginia

University;SeniorMember,IEEE1

ElectricCircuitConcepts

Electric-CircuitTheory1

Equivalent-CircuitTheory2

CircuitElementsandConfigurations3

Linear-CircuitAnalysis4

Network-AnalysisTheorems5

DualNetworks6

CircuitElements

PassiveLumpedParameters7

ActiveLumpedParameters8

DependentSources9

Small-SignalRepresentationofActive

Devices10

Small-SignalTransistorEquivalentCircuits.11

Small-SignalElectron-TubeCircuits12

Small-SignalField-Effect-Transistor

EquivalentCircuits13

Charge-TransferDevices14

Four-LayerDiodes15

UnijunctionTransistor16

NetworkAnalysis

Time-DomainAnalysis17

LaplaceTransforms18

ExampleofLaplaceTransformation19

PolesandZeros20

Frequency-DomainAnalysis21

FourierSeries22

Parseval'sTheorem23

FourierTransforms24

PhasorRepresentation25

Impedance26
NetworkConcepts

Circuit-AnalysisTechniques27

NetworkTopology28
AnalysisofConnectedNetworks29

MeshAnalysis30

NodalAnalysis31

ChoiceofAnalysisType32

CutSetsandCut-SetAnalysis33
TreatmentofDependentGenerators34

TreatmentofNonlinearElements35

MatrixFormulation36

n-PortNetworks37

Two-PortNetworks38
Two-PortParametersandTransfer

Functions39

TransferFunction40

ImageImpedance41

BodePlots42
FeedbackCircuits43

ControlTheory44

Stability45

Noise46

OperationalAmplifiers47

CharacteristicsofSpecificNetwork
Configurations

Frequency-andTime-DomainPropertiesof

Single-PortCircuits48



Frequency-andTime-DomainPropertiesof

Two-PortCircuits49

CouplingandCouplingNetworks50

Filters51

Phase-LockedLoops52
MicroelectronicConfigurations53

ImpedanceMatching54

Analog-DigitalInterfaces55

CircuitswithDistributedParameters

Distributed-ParameterConcepts56
ModesandBoundaryConditions57

CalculationofDistributedParameters58

DelayLines59

Pulse-FormingLines60

Scattering-MatrixDescription61

Transmission-MatrixDescription62
Resonators63

Tuning64

AntennasandRadiators65

DistributedParametersinIntegrated

Circuits66

DigitalCircuits
SwitchingNetworks67

UsesofSwitchingNetworks68

GateElements69

DigitalHardware70

CombinationalCircuitInterconnections71

Minimum-ComplexityCombinational

Networks72

MapTechniques73

PrimeImplicants74

CubicalRepresentation75

DesignUsingOtherGateSets76

ArithmeticCircuits77

Sequential-CircuitInterconnections78

SynchronousSequentialMachines79

AsynchronousSequentialMachines80

Flip-Flops81

ShiftRegisters82

TrafficandLoading83

QueuingTheory84

Stored-ProgramMethods85

ProgrammableNetworks86

MicroprocessorCircuits87

Bibliography88







Section4

Information,Communication,
Noise,andInterference

JOHNB.THOMASProfessorofElectricalEngineering,PrincetonUni-

versity;Fellow,IEEE

Introduction1

Self-InformationandEntropy2

EntropyofDiscreteRandomVariables3

MutualInformationandJointEntropy4
InformationSources

MessageSources5

MarkovInformationSource6
CodesandCoding

NoiselessCoding7

Noiseless-CodingTheorem8

ConstructionofNoiselessCodes9
CommunicationChannels

ChannelCapacity10
Decoding

DecisionSchemes11
EffectsofNoise

TheNoisy-CodingTheorem12
ErrorCorrection

Error-CorrectingCodes13

Parity-CheckCodes14

OtherError-DetectingandError-Correcting

Codes15
ContinuousChannels

Continuous-AmplitudeChannels16

MaximizationofEntropyofContinuous

Distributions17
GaussianSignalsandChannels18
Band-LimitedChannels

Band-LimitedTransmission19

SamplingTheorem20

Modulation

ModulationTheory21

ElementsofSignalTheory22

DurationandBandwidth ―Uncertainty

Relationships23

ContinuousModulation24

Linear,orAmplitude,Modulation25

Double-SidebandAmplitudeModulation

(DSBAM)26

Suppressed-CarrierDSBAM27

Vestigial-SidebandAM(VSBAM)28

Single-SidebandAM(SSBAM)29

BandwidthandPowerRelationshipsforAM30

Angle(FrequencyandPhase)Modulation.31

DigitalDataTransmissionandPulse

Modulation

DigitalTransmission32

Pulse-AmplitudeModulation(PAM)33

QuantizingandQuantizingError34

SignalEncoding35

BasebandDigitalDataTransmission36

Pulse-CodeModulation(PCM)37

NoiseandInterference

General38

RandomProcesses39

ClassificationofRandomProcesses40

Man-MadeNoise41

References42





Section5

SystemsEngineering

LESTERH.FINKPresident,SystemsEngineeringforPower,Incorpo-

rated;Fellow,IEEE

GILMERL.BLANKENSHIPAssociateProfessor,UniversityofMary-

land;Member,IEEE(linearsystems;controltheory,inpart)

JOSEB.CRUZ,JR.Professor,UniversityofIllinois;Fellow,IEEE

(gametheory)

Introduction

TheDisciplineofSystemsEngineering1

SystemsTheory2

Formal,Natural,andHumanSystems3

EssentialElementsofSystemsEngineering4

ElementalSystemsTheory

AbstractSystems5

MultilevelSystems6

GeneralizedDependence7

ModelingTheory

Models8

DefinitionandRoleofModeling9

TheoreticBase10

ModelingofDynamicPhysicalProcesses..11

ParsimonyandValidation12

LinearSystems

LinearSystems13

ClassicalFrequency-DomainMethods14

State-SpaceRealizationProblem15

StructureTheoryofLinearSystems16

MultlvariableFrequency-

ResponseMethods17

ControlTheory

Introduction18
RootLocus19

Linearization20

Compensation21

SensitivityReduction22
DeterministicOptimalControl23

StochasticEstimationandControl

Algorithms24

AnalysisofNonlinearSystems25
GameTheory:ObjectiveFunctionsinLarge-

ScaleSystems

Introduction26

NashStrategy27

Pareto-OptimalStrategy28

Min-MaxStrategy29
Leader-FollowerStrategies30

SystemsEngineering:AnExample

Introduction31

DynamicPerformanceofaPowerPlant32

TaskOrganization33
References34





Section6

PropertiesofMaterials

ILANA.BLECHProfessor,DepartmentofMaterialsEngineering,Tech-

nion-lsraelInstituteofTechnology,Haifa

ConductiveandResistiveMaterials

Conductivity1

Resistivity3

ThermalEffects8
SpecificHeat20

Stress21

Strain22

Shear25
Compressibility27

Hardness29

Fatigue31
Creep32

EquilibriumPhaseDiagrams40

Diffusion41

Electromigration42
FormsofConductors44-51

SpecificConductorMaterials

Copper52

Aluminum53

Silver54
Gold55

Platinum56

Palladium57
Nickel58

Tungsten59

Molybdenum60

SinteredMaterials61
Rhodium62

ContactMaterials63
FusibleAlloys65

ResistanceMetals66

Carbon67

SolderingAlloys68

ConductiveCoatingsandFilms69

Shielding70

Radar-AbsorbingMaterials71

Bibliography72

DielectricandInsulatingMaterials

Permittivity73-75

ElectricPolarization77-79

DielectricConstant80

ConductioninDielectrics81

Breakdown85-88

ThermalProperties89

PotentialDistribution90

SpecificDielectricandInsulatingMaterials

Gases91

Liquids92

Liquidcrystals93

Plastics94

Fillers95

Laminates96

PlasticFilms,Foams,andCoatings..97-99

Paper100

Wood102

Fabrics103

Mica104

Ceramics105

FerroelectricCeramics106

Piezoelectricity107

ElectrolyticFilms108

Glass109

FusedQuartzandSilica110

GlassCeramics111



Thick-FilmDielectrics112

Bibliography113

MagneticMaterials

MagneticField114

MagneticPoleStrength115

MagneticFluxDensity117

Permeability118

Susceptibility119

MagneticEnergy120

ClassificationofMagneticMaterials121

MagnetizationofFerromagneticMaterials..122

FerromagneticDomains123

Energy-ProductCurve124

HysteresisLosses125

Eddy-CurrentLosses126

TotalCoreLosses127

DemagnetizingFactor128

PermeabilityofFerromagneticMaterials...129

Magnetostriction130

MagneticAnisotropy131

SpecificMagneticMaterials

RetentiveandNonretentiveMaterials136

NonretentiveMagneticMaterials

Iron137

Iron-SiliconSteels138

Iron-CobaltAlloys139

Iron-AluminumandIron-Alumlnum-Silicon

Alloys140

Iron-NickelAlloys141

PowderCores142

Ferrites143

Spinels144

HexagonalFerrites145

Garnets146

RetentiveMagneticMaterials

RetentiveMaterials147

Martensitic(Quench-andWork-Hardened)

Alloys148

Precipitation-HardenedAlloys149

OrderedAlloys150

Fine-ParticleMagnets151

Magnetic-BubbleMemories152

Bibliography153

SemiconductorMaterials

ElementalandCompoundSemiconductors.154

EnergyBandsandGaps155

IntrinsicandExtrinsicSemiconductors156

ChargeTransport157

CarrierConcentrationinIntrinsic

Semiconductors158

DonorandAcceptorImpurities159

CarrierConcentrationinExtrinsic

Semiconductors160

ImpurityEnergyLevels161

SurfaceStates162

ConductioninSemiconductors163

CarrierDiffusion164

CarrierGenerationandRecombination165

High-EnergyIrradiationEffects166

HallEffect167

PhotoconductiveEffects168

ThermoelectricEffects169

AcoustoelectricEffect170

JunctionPhenomena

pnJunctions171

p+n+Junctions172

Metal-SemiconductorJunctions173

Heterojunctions174

SpecificSemiconductors

Silicon175

Germanium176

DiamondandGraphite177

Selenium178

SiliconCarbide179

GalliumArsenide180

IndiumAntimonide181

GalliumPhosphide182

IsomorphousSystems183

CadmiumCompounds184

LeadCompounds185

BismuthTelluride186

MetalOxides187

OrganicSemiconductors188

AmorphousSemiconductors189

Bibliography190

Electron-EmittingMaterials

WorkFunctionandSurface-Potential

Barrier191

ThermalEmissionfromMetals192

SchottkyEffect193

FieldEmission194

SecondaryEmission195

EnergyDistributionofSecondaryElectrons196

EffectofSurfaceContamination197

EffectofAngleofIncidence198

Photoemission199

PhotoelectricEfficiency(Yield)200

SpecificElectron-EmittingMaterials

ThermionicEmitters201

Pure-MetalEmitters202

MonolayerEmitters203

OxideEmitters204

CompoundEmitters205

AlloyEmitters206

SecondaryElectronEmitters207

PhotoelectricEmitters208

MetallicEmitters209

SemiconductorEmitters210

Silver-Oxygen-CesiumPhotocathodes211

Ultraviolet-SensitivePhotocathodes212

SpecialCathodes213

Bibliography214

Radiation-EmittingMaterials

BlackbodyRadiation215

RelativeLuminosityandLuminous

Efficiency216

CoherentandIncoherentRadiation217

RadiationfromHeatedSolids218

RadiationfromCombustion219

RadiationfromExcitedGases,Vapors,and

Plasmas220

Luminescence221

StimulatedEmission(LaserRadiation)222

SpecificRadiation-EmittingMaterials



MetalFilaments223
NobleGases224

SodiumVapor225

MercuryVapor226

Phosphors227
LaserMaterials228

Semiconductor-LaserMaterials229

Liquid-LaserMaterials230

Gas-LaserMaterials231
ChemicalLasers232

Bibliography233

OpticalandPhotosensitiveMaterials

IndexofRefraction234
DispersivePower235

Birefringence236

DichroicCrystals237

RefractionandReflection238
TransmittanceandReflectance239

TransmissionandReflectionDensity240
Exposure241

CharacteristicCurveofEmulsions242

SpectralSensitivityofPhotographic

Emulsions243

ImageFormationonEmulsions244
DevelopingandFixing245

ReversalProcess246

SpecificOpticalandPhotosensitive
Materials

OpticalGlasses247

Filters248
Mirrors249

Ljght-SensitiveGlasses250

PolarizingMaterials251
MonochromeFilmEmulsions252

Photoresists253

OtherRecordingMedia254

Color-FilmEmulsions255

Bibliography256
References257



GREGORYJ.MALINOWSKIElectronicsEngineer,Microwaveand

SignalProcessingDevicesDivision

EDWARDB.HAKIMLeader,ReliabilityandFailureAnalysisTeam,

MicroelectronicsDivision;Member,IEEE

DAVIDLINDENDirector,PowerSourcesDivision(ret.)-,Fellow,Amer-

icanInstituteofChemists;Member,AmericanChemicalSociety;Mem-

ber,ElectrochemicalSociety

JACKSPERGELChiefApplicationsEngineer,GeneralCableCorpo-

ration,Colonia,N.J.;SeniorMember,IEEE(deceased)

ROBERTA.GERHOLDDeputyDirector,MicroelectronicsDivision

(ret.);Consultant;SeniorMember,IEEE

OWENP.LAYDENLeader,HybridMicrocircuitsandPackagingTeam,

MicroelectronicsDivision;Member,IEEE

ISAACH.PRATTResearchPhysicalScientist,HybridMicrocircuits,

MicroelectronicsDivision;Member,IEEE;Member,AmericanPhysical

Society

PASSIVEDISCRETECOMPONENTS
Resistors

Fundamentals1

FixedResistors2

SpecialResistors3

VariableResistors4
ReferenceSpecifications5

Capacitors

Fundamentals6

FixedCapacitors7

VariableCapacitors8
SpecialCapacitors9

InductorsandTransformers

Introduction10

Solenoids11
DistributedCapacitance12

Toroids13

AdjustableInductors14

PowerTransformers15

AudioTransformers16

MiniaturizedAudioTransformers17
PulsedTransformers18

BroadbandRFTransformers19

Transmission-LineTransformers20

InductiveCoupling21

Single-TunedCircuits22
Double-TunedTransformers23

Bandwidth24

FabricationTechniques25
PoledFerroelectricCeramicDevices

Introduction26

BasicProperties27

Transducers28

ResonatorsandFilters29
CeramicResonators30

QuartzCrystalDevices

Introduction31

EquivalentCircuit32



Oscillators33

Filters34
Crystal-UnitStandardization35
FactorsAffectingFrequencyStability

Temperature36

Aging37
Short-TermStability38

ThermalHysteresis39

DriveLevel40
Acceleration,Vibration,andShock41

Radiation42
Insulators

General43
LinearDielectricRadioInsulators44

GoodPracticeDesign45

SurfaceFinishes46
High-Thermal-Shock-ResistantCeramics...47

HighThermalConductivity48

MountingofCeramicParts49
PlasticInsulators

General50

ChoiceofPlastics51

ReinforcedPlastics52
MountingPlasticParts53

ACTIVEDISCRETECOMPONENTS

PowerandReceivingTubes

Introduction54
ClassificationofTypes55

BasicConstruction56
LifeExpectancy57

CoolingMethods58

ProtectiveCircuits59

FastFuses60
SpecialApplicationConsiderations61

Cathode-RayStorageandConversion

Devices

Introduction62

Electrical-InputDevices63
Visual-InputDevices64

PrinciplesofConversionDevices65

Visual-InputConversionDevices66
SemiconductorDiodesandControlled

Rectifiers

SemiconductorMaterialsandJunctions67

pnJunctions68

Fabrication69
pnJunctionCharacteristics70

Small-SignalDiodes71

SiliconRectifierDiodes72
ZenerDiodes73

VaractorDiodes74
TunnelDiodes75

SchottkyBarrierDiodes76

DiodeLightSensors(Photodiodes)77

Light-EmittingDiodes(LEDs)78
SiliconControlledRectifiers(SCRs)79

TRANSISTORS
BipolarTransistors

SemiconductorpnJunctions80

TransistorAction81

TransistorFabrication82

AlloyProcess83

DiffusionProcess84
BipolarTransistorOperation

CircuitModelsoftheTransistor85
TransistorVoltampereCharacteristics86

TransistorApplications87

TransistorReliability88
Field-EffectandUnijunctionTransistors

Field-Effect(Unipolar)Transistors89
UnijunctionTransistors90
BatteriesandFuelCells

PrinciplesofOperation91

ClassificationofCellsandBatteries96
PrimaryBatteries98

Secondary(Storage)Batteries113

ReserveandSpecialBatteries120

FuelCells121
FutureDirections122
RelaysandSwitches

Introduction123

RelayTypes124
PerformanceCriteria125

GeneralDesignandApplication

Considerations126
Packaging127
Switches

Introduction128

SelectionCriteria129
SwitchConfigurations130
DiscreteComponentModules

General131

Definitions132
PlanarAssembly133

Embedment134

PrintedWiring135
AdditiveProcesses136

Printed-Wiring-BoardMaterial137

InsulationResistanceandBreakdown
Voltage138

Connection139

MultilayerPrinted-WiringBoards140
ElectricalConsiderations

FunctionalAssemblies141

ConnectorPins142

StandardModules143
EnvironmentalConsiderations

Humidity144

Temperature145
Life-CycleConsiderations

InitialDesignandProductionCost146

Reliability147

Repairvs.Discard148

HYBRIDMICROCIRCUITS
FabricationandAssembly

Introduction149

Definitions150
DesignandFabrication151

Testing152

Applications153
FilmComponents

Networks154



ResistiveElements155

CapacltlveElements156

InductiveElements157

Microstrlp158
Substrates

SubstratesofMicrocircuits159

FilmMaterials

ThickFilms160

ThinFilms161
ResistorTrimming162

DiscreteChipDevices

DiscreteDevices163

ActiveDevices164

Resistors165
Capacitors166
Assembly

AssemblyTechniques(DeviceandWire
Bonding)167

EutecticBonding168

SolderBonding169
EpoxyBonding170

WireBonding171

Flip-ChipTechnology172
Beam-LeadTechnology173

TapeBonding174
MicroelectronicsPackaging

Introduction175

HermeticPackages176

CoverSeals177:

PinSeals178

HermeticChipCarriers179
HermeticityTesting180

NonhermeticPackaging

NonhermeticPackaging181

CeramicLid182

EpoxyShell183

ConformalCoating184
Plastic-ChipCarriers185

ElectricalConsiderations

ElectricalConnections186

ParasiticCapacitance187

ParasiticInductance188
References189





Introduction

Overview1

ICFabricationTechnology

MaterialPreparation3

EpitaxialGrowth4

SurfacePassivation5

Photolithography10

JunctionFormation14

IsolationTechniques23

Thin-andThick-FilmDeposition27
Interconnections31

TestingandAssembly32
MicroelectronicComponentsandDevices

BipolarTransistors34

Field-EffectTransistors43

OtherActiveDevices50

IntegratedDiodes52

Thick-FilmResistors58

IntegratedCapacitors60

Integrated-CircuitPesign

AdvantagesandLimitations63

LinearIntegratedCircuits64

Data-ConversionCircuits79

DigitalIntegratedCircuits81

SemiconductorMemories90

MicrowaveIntegratedCircuits98

Microprocessors

GeneralOverview102

ElementaryMicroprocessorArchitecture...104

Memory126

SystemInterface130

I/OandPeripheralDevices131

Single-BoardComputer142

PowerSuppliesandChassis143

ProgrammingandSoftware144

MicroprocessorDevelopment161

References163







Section9

UHFandMicrowaveDevices

JOSEPHFEINSTEINVarianAssociates,PaloAlto,Calif.;Fellow,IEEE;

CurrentlyDirectorofElectronicsandPhysicalSciences,U.S.Department

ofDefense

RICHARDB.NELSONVarianAssociates,PaloAlto,Calif.;Fellow,

IEEE

GEORGEK.FARNEYVarianAssociates,Beverly,Mass.;Fellow,IEEE

DONALDH.PREISTVarianAssociates,Carlos,Calif.;Fellow,IEEE

ALLANSCOTTVarianAssociates,PaloAlto,Calif.;MemberIEEE

PAMELAL.WALCHLIVarianAssociates,PaloAlto,Calif.;Member

IEEE

PassiveMicrowaveComponents

Introduction1
Transmission-LineRelationships2

Coaxial-CableData3
WaveguideData4

RidgeWaveguide5

Circular-ModeTransmission6
StripandMicrostripTransmissionLines7

ReciprocalCircuitComponents8

FerriteComponents9

Acoustic-WaveDevices10

Bibliography11
PlanarMicrowaveTubesandCircuits

DevelopmentofPlanarTubes12

Performancevs.Frequency13

PulsedOperation14

MultitubeArrangements15

EfficiencyandGain16

DesignandConstructionofPlanarTubes..17

CathodeLife18

GridDesign19

AnodeDesign20

CircuitsforPlanarTriodes21

EconomicsofPlanarTriodes22

References23

Klystrons

Introduction24

ReflexKlystrons25

Two-CavityKlystronOscillators26

Extended-InteractionOscillators27

Two-CavityAmplifiers28

MulticavityAmplifiers29

NoiseinKlystrons30

ApplicationsandCircuits31

KlystronTypes32

References33



Traveling-WaveTubes

Introduction34

TheElectronGun35

MagneticBeamFocusing36
TheInteractionCircuit37

TheCollector38

References39
Crossed-FieldTubes

Crossed-FieldInteractionMechanism40

Slow-WaveCircuitsforCrossed-Field

Tubes41
Crossed-FieldFamilyTree42

Crossed-FieldOscillators43
CoaxialMagnetrons44

Frequency-AgileMagnetrons45
Voltage-TunableMagnetrons46

M-CarcinotronsandM-Backward-Wave

Oscillators47

Crossed-FieldAmplifiers48

Emitting-SoleCrossed-FieldAmplifiers49

Bibliography50
MicrowaveSemiconductorDevices

TypesofMicrowaveSemiconductor

Devices51

MicrowaveMixerandDetectorDiodes52

Point-ContactDiodes53

SchottkyBarrierDiodes54
Mixer-DiodeParameters55

VaractorDiodes56

VaractorFrequencyMultipliers57

VaractorParametricAmplifiers58

pinDiodes59
MicrowaveBipolarTransistors60

Field-EffectTransistors61

Transferred-Electron(Gunn)Devices62

MicrowaveAvalanche(IMPATT)Diodes...63

References64







Section10

TransducersandSensors*

HARRYN.NORTONMember,TechnicalStaff,JetPropulsionLabora-

tory,CaliforniaInstituteofTechnology;Author,"HandbookofTrans-

ducersforElectronicMeasurementSystems,""SensorandAnalyzerHand-

book,"and"BiomedicalSensors ―FundamentalsandApplications"

TransducerCharacteristicsand

Systems

TheTransducerConcept1

TransducerClassesandElements2

SignalConditioning3

TransferFunction4

TransducerErrors5

ErrorBand6

DynamicCharacteristics7

EnvironmentalCharacteristics8

TransductionPrinciples9

TransducersinProcessControl10

TransducersforSolid-Mechanical

Quantities

Terminology11

AccelerationTransducers

(Accelerometers)12

AttitudeandAttitude-RateTransducers....19

Gyros20

DisplacementandPositionTransducers21

Digital-OutputDisplacementTransducers..26

Force,Torque,Mass,andWeight

Transducers27

SpeedandVelocityTransducers34

StrainTransducers37

TransducersforFluid-MechanicalQuantities

DensityTransducers39

FlowTransducers40

TurbineFlowmeter41

HumidityandMoistureTransducers44

Hygrometers45

Psychrometers46

Dew-PointSensingElements47

Liquid-LevelSensing49

PressureandVacuumTransducers53

TransducersforThermalQuantities

TemperatureTransduction58

Thermocouples59

ResistiveTemperature-SensingElements..60

RadiationPyrometers66

Calorimeters68

Radiometers69

TransducersforAcousticQuantities

Terminology70

Sound-PressureTransducers71

Sound-LevelMeters72

UnderwaterSoundDetectors73

TransducersforOpticalQuantities

Terminology74

PhotovoltaicLightSensors75



PhotoconductlveLightSensors76

PhotoconductiveJunctionSensors77
PhotoemissiveSensors78

SpectrometersandColorimeters79

TurbidityandOpacityMeters80
TransducersforNuclearRadiation

Terminology81

lonizationandScintillation82
lonizationChambers83

GeigerCounter85

lonizationinSolidCrystals86

TransducersforElectricalQuantities

Terminology89
Electrometers90

VoltageMonitors91
FrequencyConvertersandDividers92

OtherElectricalTransducers93

Solid-StateSensors

Solid-StateTransducers94

SensorsAppliedtoIntegratedCircuits95

TypesofSemiconductorTransducers96

PracticalFormsofSemiconductor

Transducers97

TransducersintheAutomotiveIndustry98
ExamplesofMicroprocessor-Controlled

Engines99

Bibliography100







L.V.CALDWELLInfraredTechnologyDivision,NightVisionand

Electro-OpticsLaboratory,U.S.ArmyElectronicsResearchandDevelop-

mentCommand

W.T.GRANTInfraredTechnologyDivision,NightVisionandElectro-

OpticsLaboratory,U.S.ArmyElectronicsResearchandDevelopment

Command;Member,SocietyofPhoto-OpticalInstrumentationEngineers

R.E.LONGSHOREInfraredTechnologyDivision,NightVisionand

Electro-OpticsLaboratory,U.S.ArmyElectronicsResearchandDevelop-

mentCommand;Member,AmericanVacuumSociety,AmericanSociety

forTestingofMaterials,AmericanChemicalSociety ―DivisionofCol-

loidalSurfaceChemistry,AmericanAssociationofPhysicsTeachers,

SigmaPiSigma,PhiKappaPhi,SigmaTauEpsilon

K.W.MITCHELLPhotovoltaicCompoundSemiconductorProgram,

SolarEnergyResearchInstitute;Member,IEEE,AmericanPhysicalSoci-

ety,SigmaXi,AmericanScientificAffiliation

SOURCESOFRADIATION
NoncoherentElectricRadiationSources

GlossaryandBasicConcepts1-15

Tungsten-FilamentLamps16-18

Electric-DischargeLamps19-24

ElectroluminescentLampsandOther

Sources25-27
Lasers(CoherentSources)

LaserFundamentals28-34

ClassesofLasers35-38

SolidOpticallyPumpedLasers39-48

LiquidLasers49-50
GasLasers51-58

SemiconductorLasersandLEDs59-64

ApplicationofSemiconductorLasers65-73

Electro-opticsandNonlinearOptics..74-75

PhosphorScreens76

TheoryofOperationandDeposition
Methods77-85

PhosphorScreenCharacteristics86-92

Cathode-RayTubes

Introduction93

DesignFeatures94-111
CategoriesofCathode-RayTubes112-116a

ElectroluminescentDisplays117-119

SENSINGDEVICES
PhotoemissiveElectronTubes,Image

Converters,andIntensifies

PhotoemissiveElectronTubes120-124

ImageConvertersandIntensifies125-129

TelevisionCameraTubes130-140
PhotoconductiveandSemiconductor

JunctionDetectors

IntroductoryRemarks141-142
Photoconductors143-144

SemiconductorJunctionDetectors...145-151

ChargeTransferDevice(CTD)

Imagers152-158

InfraredDetectorsandAssociated

Cryogenics

Detectors159-166

Coolers167-173

SolarCells174-178
OpticalAccessories179-180





Section12

FiltersandAttenuators*

EDWINC.JONES,JR.ProfessorofElectricalEngineering,IowaState

University;SeniorMember,IEEE

HARRYW.HALEProfessorofElectricalEngineering,IowaStateUni-

versity;SeniorMember,IEEE

Filters

HistoricalNote1

Insertion-LossFilterDesign2
TheClassificationofIdealFilters3

TheLow-PassPrototype4

TheApproximationProblem5

Time-DomainConsiderations6

TheButterworthApproximation7

TheChebyshevApproximation8
ComparisonofButterworthandChebyshev

Approximations9

TheModifiedChebyshevApproximation...10

TheLegendre-PapoulisApproximation11

TheBesselApproximation12

TheStepResponse13

ThePrototypeFilterNetworks14
TheTableofElementValues15

ExplicitButterworthandChebyshev

Formulas16

TheEllipticFilter17

DelayEqualization18

PracticalFilterDesign19

TheLow-PassFilter20

ATime-DelayNetwork21

TheHigh-PassFilter22

TheBandpassFilter23

TheBand-EliminationFilter24

ActiveNetworkFilters25

SyntheticInductanceFilters ―Gyrators26

SyntheticInductanceFilters ―Frequency-

DependentNegativeResistors27

Infinite-Gain,Multiple-FeedbackRealization28

State-VariableRealization29

DelyiannisBandpassCircuit30

FriendBiquadratic31

BiquadraticswithGeneralizedImpedance

Converters32

ControlledSourceRealizations33

Crystal,Mechanical,andAcousticCoupled-

ResonatorFilters34

Coupled-ResonatorDesignProcedure35

EquivalentCircuits36

NetworkTransformations37

DigitalFilters38

RecursiveFilters39

DesignProcess40

MappingFunctions41

Attenuators

AttenuatorNetworkDesign42

BibliographyonFilters43



PrinciplesofOperation ―Amplifiers

Gain1

BandwidthandGain-BandwidthProduct2

Noise3

DynamicCharacteristic,LoadLines,and

ClassesofOperation4

Distortion5

FeedbackAmplifiers6

NegativeFeedback7

Stability8

ActiveDevicesUsedinAmplifiers9

CascadedandDistributedAmplifiers10

PrinciplesofOperation ―Oscillators

Introduction11

RequirementsforOscillation12

OscillatorCircuits13

Synchronization14

HarmonicContent15

Stability16

ReferencesonPrinciplesofAmplifiersand

Oscillators17

Audio-FrequencyAmplifiers

Preamplifiers18

Low-LevelAmplifiers19

Medium-LevelandPowerAmplifiers20

MultistageAmplifiers21

TypicalElectron-TubeAmplifier22

TypicalTransistorAmplifier23

TypicalMultistageTransistorAmplifier24

BiasingMethods25

Electron-TubeBiasing26

TransistorBiasing27

CouplingMethods28

ClassesA,B,AB,andCOperation29

Push-PullAmplifiers30

OutputAmplifiers31

StereoAmplifiers32

ReferencesonAudioAmplifiers33

AudioOscillators

GeneralConsiderations34

LCOscillators35

RCOscillators36

Null-NetworkOscillators37

Low-FrequencyCrystalOscillators38

FrequencyStability39

Synchronization40

PiezoelectricAnnunicators41

ReferencesonAudioOscillators42

Radio-FrequencyAmplifiers

Small-SignalRFAmplifiers43

DeviceEvaluationforRFAmplifiers44

NoiseinRFAmplifiers45

Large-SignalPerformanceofRFAmplifiers.46

MaximumInputPower47

RFAmplifiersinReceivers48

DesignUsingImmittanceandHybrid

Parameters49

DesignUsingSParameters50

Intermediate-FrequencyAmplifiers51

MaximallyFlatStaggeredInterstage

Coupling52

OtherIFInterstageCouplingSystems53

Radio-FrequencyOscillators

GeneralConsiderations54

Negative-ResistanceOscillators55

FeedbackOscillators56

ReferencesonRFAmplifiersand

Oscillators57

BroadbandAmplifiers

Introduction58

Low-,Mid-,andHigh-Frequency

Performance59

CompensationTechniques60

BandwidthofCascadedBroadbandStages.61

TransientResponse62

DistributedAmplifiers63

BroadbandMatchingCircuits64

FeedbackandGainCompensation65

Power-CombiningAmplifiers66

ReferencesonBroadbandAmplifiers67

Tunnel-DiodeAmplifiers

Introduction68

TunnelDiodes69

Stability70

Tunnel-Diode-AmplifierDesign71

NoiseFigureinTDAmplifiers72

ReferencesonTunnel-DiodeAmplifiers....73

ParametricAmplifiers

Introduction74

One-PortParampwithCirculator75

PowerGainandImpedanceEffects76

BandwidthandNoise77

PumpPower78

GainandPhaseStability79

ReferencesonParametricAmplifiers80

MaserAmplifiers

Introduction81

MaserPrinciples82

PropertiesofMasers83

LinearityandLineWidth84

Tuning85

PowerOutput86

Coherence87

TimeandFrequencyStandards88

Three-andFour-LevelDevices89

SemiconductorLasers90

Applications91

ReferencesonMaserAmplifiers92

AcousticAmplifiers

AcoustoelectricInteraction93

PiezoelectricMaterials94

StressWavesinSolids95

Bulk-WaveDevices96

Surface-WaveDevices97



ReferencesonAcousticAmplifiers98

MagneticAmplifiers

StaticMagneticAmplifiers99

Saturable-Reactor(SR)Amplifiers100

Series-ConnectedSRAmplifiers101

Parallel-ConnectedSRAmplifiers102

Series-ConnectedSRCircuitswith

SuppressedEvenHarmonics103

GainandSpeedofResponseofSRs104

High-PerformanceMagneticAmplifier(MA)105

Half-WaveMACircuits106

Full-WaveMACircuits107

EquationsforMADesign108

CoreConfigurations109

ReferencesonMagneticAmplifiers110

Direct-Coupled,Operational,andServo

Amplifiers

Direct-CoupledAmplifiers111

DifferentialAmplifiers112

Chopper(Modulated-Carrier)Amplifiers...113

OperationalAmplifiers114

ApplicationofOperationalAmplifiers115

ServoAmplifiers116

ReferencesonDirect-Coupled,Operational,

andServoAmplifiers117

OperationalAmplifiersforAnalogArithmetic

AnalogMultiplierCircuits118

TransconductanceMultipliers119

Averaging-TypeMultipliers120

ExponentialMultipliers121

MultiplierErrorSources122

SquaringCircuits123

DividingandSquare-RootCircuits124

ReferencesonAnalogMultiplierCircuits...125

High-PowerAmplifiers

ThermalConsiderations126

High-PowerBroadcast-ServiceAmplifiers..127

ClassBLinearRFAmplifiers128

High-EfficiencyPowerAmplifiers129

ChireixOutphasingModulatedAmplifier130

DomeHigh-EfficiencyModulatedAmplifier.131

DohertyHigh-EfficiencyAmplifier132

Terman-WoodyardHigh-Efficiency

ModulatedAmplifier133

InductionHeatingCircuits134

DielectricHeating135

TransistorsinHigh-PowerAmplifiers136

ReferencesonHigh-PowerAmplifiers137

MicrowaveAmplifiersandOscillators

IMPATTDiodeCircuits138

TRAPATTDiodeCircuits139

TransferredElectronEffectDevice(TED)

Circuits140

TransistorAmplifierandOscillator

MicrowaveCircuits141

NoisePerformanceofMicrowaveTransistor

Circuits142

High-PowerMicrowaveTransistor

Amplifiers143

TransistorOscillators144

Traveling-Wave-TubeCircuits145

KlystronOscillatorsandAmplifiers146

Crossed-Field-TubeCircuits147

GaAsField-EffectTransistorCircuits148

ReferencesonMicrowaveAmplifiersand

Oscillators149







Noise-ThresholdPropertiesofAngle

Modulation19

AngleModulators20
AngleDemodulators

Discriminators21
FeedbackDemodulators22

Phase-Locked-LoopDemodulators23

FMFeedback-DemodulatorDesign

Formulas24

ReferencesonAngleModulatorsand

Demodulators25
PulseModulatorsandDemodulators

PulseModulation26

SamplingandSmoothing27

Pulse-AmplitudeModulation(PAM)28

Pulse-Time(PTM),Pulse-Position(PPM),

andPulse-Width(PWM)Modulation29
Pulse-TimeModulationSpectra30

DemodulationofPTM31
PulseFrequencyModulation(PFM)32

Pulse-CodeModulation(PCM)33

PCMCodingandDecoding34

SystemConsiderationsforPCM35

DeltaModulation(DM)36

DigitalModulation37
Amplitude-ShiftKeying(ASK)38

Frequency-ShiftKeying(FSK)39

Phase-ShiftKeying(PSK)40

ReferencesonPulseModulatorsand

Demodulators41
Spread-SpecrumModulation

Spread-SignalModulation42

NomenclatureofSecureSystems43

ClassificationofSpread-SpectrumSignals.44

Correlation-DetectionSystems45

LimitersinSpread-SpectrumReceivers....46

Deltic-AidedSearch47

Waveforms48

ReferencesonSpread-Spectrum

Modulation49

OpticalModulatorsandDemodulators

ModulationofBeamsofRadiation50

Optical-IndexModulation:ElectricField

Modulation51

MagneticFieldModulation52

Mechanical-StressModulation53

ModulatorConfigurations54

PhaseandFrequencyModulationofBeams55

ExternalModulation56

Traveling-WaveModulation57

OpticalHeterodyning58

ReferencesonOpticalModulatorsand

Demodulators59

FrequencyConvertersandDetectors

GeneralConsiderationsofFrequency

Converters60

Intermodulation61

Frequency-ConverterIsolation62

SchottkyDiodeMixers63

DoublyBalancedMixers64

ParametricConverters65

TransistorMixers66

MeasurementofSpuriousResponses67

Detectors(FrequencyDeconverters)68

ReferencesonFrequencyConvertersand

Detectors69







Section15

PowerElectronics

W.E.NEWELL(Deceased)TechnicalStaff,WestinghouseResearch

Laboratories;SeniorMember,IEEE

P.F.PITTMANTechnicalStaff,WestinghouseResearchLaboratories;

SeniorMember,IEEE

J.C.ENGELTechnicalStaff,WestinghouseResearchLaboratories

PETERWOODTechnicalStaff,WestinghouseResearchLaboratories

T.M.HEINRICHTechnicalStaff,WestinghouseResearchLaboratories;

SeniorMember,IEEE

R.M.OATESTechnicalStaff,WestinghouseResearchLaboratories;

Member,IEEE

L.GYUGYITechnicalStaff,WestinghouseResearchLaboratories

J.W.MOTTOFormerlystaffmember,WestinghouseResearch

Laboratories

B.R.PELLYFormerlystaffmember,WestinghouseResearch

Laboratories

Introduction

PowerElectronicsDefined1

TypesofSwitchingDevices3

Commutation4
Solid-StatePowerDevices

ConventionalDiodes6

AvalancheDiodes7

Thyristors(SCRs)9

Triacs10
PowerTransistors11

Gate-ControlledSwitch12
NaturallyCommutatedCircuits

AC-DCConverters

Two-QuadrantConverters14



One-QuadrantConverters15

WaveformsandDataforConverterCircuits17

Four-QuadrantConverters18

ACSwitchesandRegulators

ACSwitches19

On-OffControlandProtection20

ACPowerRegulators21

StaticVARGenerators22

CircuitsUsingForcedCommutation

DCRegulators(Choppers)24
Inverters

Output-VoltageWaveform31

VoltageControl34

PowerFrequencyChangers

Unity-Displacement-FactorFrequency

Changer38

Controllable-Displacement-Factor

FrequencyChanger39

Cycloconverters40

Unity-Power-FactorFrequencyChanger....41

UnrestrictedFrequencyChanger42
ThermalConsiderations

ThermalResistances44

ProtectionofThyristors46
PowerFilters

InputFilters48

OutputFilters49

FilterComponents50

ActiveFilters51

Bibliography52







Section16

PulsedCircuits,LogicCircuits,
andWaveformGenerators

PAULG.A.JESPERSProfessorofElectricalEngineering,Bdtiment

Maxwell,CatholicUniversityofLouvain,Louvain-la-Neuve,Belgium;

SeniorMember,IEEE

PassiveWaveformShaping

LinearPassiveNetworks1

TransientAnalysisoftheRCIntegrator2

TransientAnalysisoftheRCDifferentiator.3

TransientAnalysisofRLNetworks4

CompensatedAttenuator5

VariableStepAttenuators6

PeriodicInputSignals7

Delta(Dirac)FunctionandCorresponding

PhysicalImpulse8

PulseGenerators9

Nonlinear-Passive-NetworkWaveshaping..10

ResistiveClampingCircuits11

NonlinearPassiveNetworkswithStorage

Elements12

DCRestorerCircuit13

PassiveandActiveElementsUsedas

Switches

TheIdealSwitch14

Bipolar-TransistorSwitches15

Field-Effect-TransistorSwitches16

DynamicBehaviorofBipolarSwitches17

DynamicSwitchingofDiodes18

DynamicBehaviorofField-EffectSwitches.19

Speedvs.Power20

LogicGates(Bipolar)21

LogicGates(IntegratedInjectionLogic)..22

LogicGates(MOS)23

TransistorSwitchesOtherthanLogicGates24

ActiveWaveformShapingUsingNegative

Feedback

ActiveCircuits25

RCOperationalAmplifier-Integrator26

SweepGenerators27

Sample-and-HoldCircuits28

NonlinearActiveNetworks29

ActiveWaveformShapingUsingPositive

Feedback

PositiveFeedback30

Collector-CoupledBistableCircuits31

Integrated-CircuitFlip-Flops32

SynchronousBistableCircuits33

Emitter-CoupledBistables(Schmitt

Circuits)34

Integrated-CircuitSchmittTriggers35

MonostableandAstableCircuits(Discrete

Components)36

IntegratedMonostableandAstableCircuits37

TheBlockingOscillator38

DigitalandAnalogSystems

IntegratedSystems39

Counters40

ShiftRegisters41

EncodersandDecoders42

Memories43

D/AandA/DConverters44

FunctionGenerators45

References46





Section17

MeasurementandControl
Circuits

FRANCIST.THOMPSONManager,ElectronicsTechnologyDivision,

ResearchandDevelopmentCenter,WestinghouseElectricCorporation;

Fellow,IEEE;Member,InstrumentSocietyofAmerica

PrinciplesofMeasurementCircuits

DefinitionsandPrinciplesofMeasurement.1

Transducers,Instruments,andIndicators..10

MeasurementCircuits13

SubstitutionandAnalogMeasurements

VoltageSubstitution18

DividerCircuits21

DecadeBoxes23

Standards26

AnalogMeasurements38

Transducer-InputMeasurementSystems

TransducerSignalCircuits46

DigitalProcessing55

BridgeCircuits,Detectors,andAmplifiers

PrinciplesofBridgeMeasurements60

ResistanceBridges66

InductanceBridges70

CapacitanceBridges77

ImpedanceBridgesandMeters83

FactorsAffectingAccuracy84

BridgeDetectorsandAmplifiers89

MiscellaneousMeasurementCircuits94

FrequencyStandard99

PrinciplesofControlSystems

TypesofControlSystems111

Closed-LoopControl-SystemElements113

TimeResponseandFrequencyResponse.117

TransferFunctions120

BlockDiagrams122

SystemPerformanceSpecifications124

SystemStability129

MathematicalAnalysisofLoopStability133

MethodsofStabilization139

AutomaticControlCircuits

ReferenceandMeasuring-ElementCircuits.143

Error-SignalProcessingCircuits147

Power-ControlCircuits150

References158





Section18

AntennasandWave
Propagation

M.C.BAILEYHead,AntennaResearchGroup,LangleyResearchCen-

ter,NationalAeronauticsandSpaceAdministration;MemberIEEE

WILLIAMF.CROSWELLHead,ElectromagneticResearchBranch,

LangleyResearchCenter,NationalAeronauticsandSpaceAdministra-

tion;SeniorMemberIEEE

RICHARDC.KIRBYDirector,InternationalRadioConsultativeCom-

mittee(CCIR),Geneva,Switzerland,FellowIEEE

ANTENNAS
PropertiesofAntennasandArrays

AntennaPrinciples1

CurrentsandFieldsinanAperture2
FarFieldsofParticularAntennas3

ElectricLineSource4

ElectricCurrentLoop5
ElementaryHuygens'Source6

ApertureinInfiniteGroundPlane7

SimpleArrays8
UniformLinearArray9

CircularArrays10

PlanarArrays11
GainandDirectivity12

EffectiveArea13

Summary:Pattern,Directivity,andBeam

Width14

BeamEfficiency15

AntennaTemperature16

FriisTransmissionFormula17

Polarization18

RadiationImpedance19

RadiationResistanceofShortCurrent

Filament20

ArrayImpedance21
WireAntennas

AnalysisofWireAntennas22

NumericalMethod23

FiniteGapandFeedLine24

ThinandFatDipoles25
WireAntennasoverGroundPlanes26

VDipole27

BentDipole28
LoopAntenna29

WireAntennasnearGroundPlanes30

LoopaboveaFiniteGroundPlane31
HorizontalDipoleoveraFiniteGround

Plane32
DipoleorMonopoleonaFiniteGround

Plane33

WaveguideAntennas

GeneralConsiderations34
ApertureAdmittanceofRectangular

Waveguides35



ApertureAdmittanceofCircular

Waveguides36

DielectricPlugs37

AdmittanceofWaveguideAntennason

Cylinders38

PatternsofWaveguidesonFiniteGround

Planes39

SlotAntennas

GeneralDescription40

NarrowSlotsandCoversinRectangular

Waveguides41

PatternsofNarrowSlotsinCylinders42

PatternsofSlotsonFinite,CoatedGround

Planes43

HornAntennas

HornAntennas44

SectoralandPyramidalHorns45

ConicalHorns46

Low-Side-LobeDesign47

ReflectorAntennas

ReflectorAntennas48

HornFeedsforParabolic-Reflector

Antennas49

RandomErrors50

Arrays

RadiationPatterns51

GratingLobesinPlanarArrays52

InputImpedanceasaFunctionofScan

Angle53

CouplingbetweenPairsofAntennas54

Log-PeriodicAntennas

TheFrequency-independentAntenna55

Log-PeriodicDipoleDesign56

Surface-WaveAntennas

GeneralDescription57

UseofFeedShields58

MicrostripAntennas

GeneralConsiderations59

ResonantFrequency60

Bandwidth61

Impedance62

RadiationPatterns63

ReferencesonAntennas64

RADIO-WAVEPROPAGATION

FundamentalsofWavePropagation

Introduction:Mechanisms,Media,and

FrequencyBands65

WavePropagationinHomogeneousMedia.66

Reflection67

GroundReflection,ReflectionCoefficient,

FresnelZones68

DiffractionandScattering69

Reciprocity70

TransmissionLoss;Free-Space

Attenuation;FieldStrength;PowerFlux

Density71

Fading;CharacterizationofTime-Variant

Multipath;Channel;Diversity72

Noise:Signal-to-NoiseRatio;Service

Probability73

PropagationovertheEarththroughthe

NonionizedAtmosphere

Introduction74

TroposphericRefraction75

Ground-WavePropagationover

HomogeneousSphericalTerrain76

ElectricalCharacteristicsoftheEarth77

Line-of-SightandBeyond-the-Horizon

Propagationat30MHztoto10GHz78

Line-of-SightPropagationoverSmooth

Terrain79

DiffractionoverSmoothTerrainat

Frequenciesabove30MHz80

DiffractionoverObstacles81

PropagationoverIrregularTerrain,30to

1,000MHz82

Line-of-SightPropagationatMicrowave

Frequencies,1to10GHz83

FadingandDiversity84

ForwardScatter85

Ducting86

AtmosphericEffectsabove10GHz,

MillimeterWaves,andEarth-Space

Propagation87

AbsorptionbytheClearAtmosphere88

RainfallAttenuationandScattering89

RefractionErrors,Scintillation,Turbulence

andStratification;Fading,Angular,and

BandwidthLimitations90

Sky-NoiseTemperatureDueto

AtmosphericAbsorptionandPrecipitation91

PropagationviatheIonosphere

Introduction92

PhysicalDescriptionofIonospheric

Regions93

RefractiveIndex,Polarization,Reflection,

andCriticalFrequency94

Absorption95

VelocityofPropagation;PhaseandGroup

Velocity96

Propagationbelow150kHz97

Propagationat150to1,500kHz98

EstimationofSky-WaveFieldStrengthby

theCCIRMethod99

EstimationofFieldStrengthfromFCCData100

PolarizationEffects101

PropagationatHighFrequencies,3to30

MHz102

ReflectionandAbsorptioninOblique

Propagation103

PredictionofHFPropagation104

PredictionofDisturbedPropagation

Conditions105

ScatteringfromtheIonosphere106

ScatteringatVHFfromD-Region

Irregularities107

MeteorScatter108

OtherFormsofScatter109

Earth-SpacePathsViatheIonosphere110

IonosphericDucting111

ModifyingtheIonospherewithIntense

RadioWaves112

ReferencesonRadio-WavePropagation113







Section19

SoundReproduction
andRecordingSystems

DANIELW.MARTINResearchDirector,EngineeringResearchDepart-

ment,BaldwinPiano&OrganCompany;Fellow,IEEE

StandardUnitsforSoundSpecification

SoundPressure1

Sound-PressureLevel2

AudibleFrequencyRange3

LoudnessLevel4

Loudness5

TypicalFormatsforSoundData

SoundSpectra6

ResponseandDistortionCharacteristics...7

DirectionalCharacteristics8

TimeCharacteristics9

SpeechSounds

SpeechLevelandSpectrum10

SpeechDirectionalCharacteristics11

VowelSpectra12

SpeechIntelligibility13

SpeechPeakClipping14

MusicalSounds

MusicalFrequencies15

SoundLevelsofMusicalInstruments16

GrowthandDecayofMusicalSounds17

SpectraofMusicalInstrumentTones18

DirectionalCharacteristicsofMusical

Instruments19

AudibleDistortionsofMusicalSounds20

AmbientNoiseandItsControl

NatureofNoise21

NoiseMeasurement22

Sound-LevelMeter23

Noise-SpectrumAnalyzers24

Hearing-ConservationCriteria25

Room-NoiseCriteria26

NoiseReduction27

NoiseIsolation28

AcousticalEnvironmentControl

Introduction29

AcousticalFunctionsofRooms30

InternalAcousticalPropertiesofRooms..31

AcousticalShapeFactorsandEffects32

AbsorptiveControl33

Room-AcousticsSpecificationsand

Predictions34

AcousticalEngineeringTests35

MicrophonesandAccessories

Sound-ResponsiveElements36

TransductionMethods37

EquivalentCircuits38

MicrophoneTypesandEquivalentCircuits.39

DirectionalPatternsandCombination

Microphones40

Phase-ShiftDirectionalMicrophones41

Special-PurposeMicrophones42

MicrophoneUseinRecordings43

MicrophoneMounting44

MicrophoneAccessories45

SpecialPropertiesofMicrophones46



Specifications47

MicrophoneTests48

Loudspeakers,Earphones,andAccessories

Introduction49

TransductionMethods50

SoundRadiators51

Direct-RadiatorLoudspeakers52
LoudspeakerMountingsandEnclosures...53

HornLoudspeakers54

SpecialLoudspeakers55

LoudspeakerSystems56

LoudspeakerUseinRooms57

LoudspeakerSpecificationsand

Measurements58

Earphones59
DiscRecordingSystems

PrinciplesandCharacteristicsofDisc

Recording60
DiscMaterials61

DriveMechanismsandSpeeds62

Recording-HeadDesign63

GrooveModulation64

PreemphasisandDeemphasis65

ElectronicControlCircuits66

PracticalRecordingTechniques67

DiscProcessingandSpecifications68
DiscReproductionSystems

ReproducerHeads,Styli,andArms69

ReproducerTurntables,Drives,and

Changers70

SpecificationsandMeasurements71

Magnetic-TapeSoundSystems

PrinciplesandCharacteristicsofTape

Systems72

PlaybackProcess73

TapeMaterials74

TapeDimensionsandProperties75

RecordingProcess76

ErasureandNoise77

TapeStandardizationandPackaging78

TapeSpeedsandRelatedProperties79

TapeTransportMechanisms80

Magnetic-TapeHeads81

HeadWearandTapeContact82

SpecialHeads83

Equalization84

Noise-ReductionCircuits85

Measurements86

Specifications87

DigitalAudioRecordingandReproduction

Background88

DigitalEncodingoftheAnalogWaveform..89

Record-PlaybackSystem90

DigitalAudioTapeRecordingandPlayback91

DigitalAudioDiscRecordingandPlayback.92

References93







Section20

Televisionand
FacsimileSystems

DONALDG.FINKDirectorEmeritus,IEEE;Editor,"ElectronicsEngi-

neers'Handbook"and"StandardHandbookforElectricalEngineers",-Fel-

low,SMPTE;Fellow,IEEE

RENVILLEH.McMANN,JR.President,Thomson-CSFLaboratories;

Fellow,SMPTE;SeniorMember,IEEE

CHARLESW.RHODESChiefEngineer,TelevisionProductDevelop-

ment,Tektronix,Incorporated;Fellow,SMPTE;SeniorMember,IEEE

KURTF.WALLACETelevisionEngineer,AmpexCorporation;Mem-

ber,SMPTE

NORMANW.PARKERCorporateStaffScientist,MotorolaIncorpo-

rated;Fellow,IEEE

GEORGEM.STAMPSPresident,GMSConsulting;formerlyChair-

man,EIAFacsimileSection;Member,IEEE

TELEVISIONFUNDAMENTALSANDSTANDARDS
CriteriaforPictureReproduction1

LuminanceandBrightness2

Contrast(TonalRange)3

Flicker,Fields,andFrames4

AspectRatio5

ViewingDistance6

ScanningPatternsandApertures7

NumberofScanningLines8

InterlacedScanning9

Blanking10

Black-LevelClamping11
SynchronizingandBlankingSignals12

Vertical-IntervalSignals13

Colorimetry14

X,Y,andZ(Nonphysical)Primaries15



CIEChromaticityDiagram16

TelevisionStandardPrimaries17

ColorSystems

FieldSequentialColorSystems18

Simultaneous(Compatible)ColorSystem.19

Constant-LuminancePrinciple20

CompositeColorSignals,XYZSystem21

ReductionofDotInterference22

QuadratureCrossTalk23

SubcarrierPhaseRecovery24

AmericanStandard(NTSC)ColorSystem.25

PALandSECAMSystemsofColor

Television26

DigitalVideoTechniques27

High-DefinitionTelevisionSystems28

BibliographyonTelevisionSystemsand

Standards29

TELEVISIONCAMERAS

MonochromeCameras30

MonochromeImage-OrthiconCameras31

ImageOrthicon4%-inStudioCameras32

MonochromeVidiconCameras33

OperatingFeaturesofVidiconCameras....34

LagandRetentivity35

VideoProcessingforMonochromeCamera

Signals36

CameraSynchronizingRequirements37

DeflectionandFocusingofCameraTubes.38

ScanningofCameraTubes39

ColorCameras

Three-TubeColorCameras40

Four-TubeColorCameras41

Three-TubePhotoconductiveCameras42

PlumbiconandSaticonTubes43

PreamplificationandSensitivity44

DynamicControloftheScanningBeam....45

GammaCorrection46

ImageEnhancement47

Masking48

PortableCameras49

DigitalSetup―Triaxial-CableCameras50

RasterLinearity,Registration,andStability51

Resolution52

Gray-Scale(Gamma)Charts53

ColorMonitorsandReceivers54

Flying-SpotScanners55

NonphotoconductiveColor-FilmCameras..56

PhotoconductiveColor-FilmCameras57

StripedPickup-TubeCameras58

Rotating-FilterColorCameras59

BibliographyonTelevisionCameraTubes..60

SYNCHRONIZINGSIGNALGENERATION

PerformanceRequirements61

NTSCSynchronizingSignalWaveform62

PulseJitter63

BurstTiming64

OrganizationofSPGCircuits65

DigitalTechniques66

ReferencesonSynchronizingPulse

Generators67

VIDEORECORDINGSYSTEMS

Video-TapeSystems68

ScanningMethods69

VideoModulationSystems70

QuadruplexRecorders71

HelicalMachines72

AutomaticScanTracking73

Broadcast1-inHelicalSMPTETypeC

Format74

SMPTE1-inTypeBFormat75

DigitalVideo-TapeRecording76

IndustrialandConsumerVideo-Tape

Recorders77

IVC800IndustrialHelicalRecorder78

SMPTETypeE%-in(U-matic)Format79

ConsumerVideoRecorders80

LongitudinalVideoRecorders81

ToshibaLVRSystem82

BASFLVRSystem83

BroadcastMagneticAnalogVideo-Disc

System...84

BroadcastMagneticDigitalVideo-Disc

System85

NonmagneticVideo-DiscRecording86

TeldecMechanicalVideo-DiscSystem87

RCASelectavision88

MatsushitaVideoHomeDisc(VHD)89

OpticalVideoDisc90

Thomson-CSFVideoDisc91

BibliographyandReferencesonVideo

Recording92

TELEVISIONIMAGE-REPRODUCINGEQUIPMENT

Introduction93

SynchronizingSignalSeparation94

TypicalClippingCircuits(Amplitude

Separation)95

VerticalSyncSeparation96

VerticalDeflectionOscillators97

HorizontalSyncSeparation98

TypicalHorizontalSyncCircuits99

Impulse-NoiseProtection100

Color-BurstSeparation101

ColorSubcarrierRegeneration102

SubcarrierAmplitudeandPhaseControl...103

MonochromeTubeFocusandDeflection...104

HorizontalScanningCircuits105

VerticalDeflectionCircuits106

Color-TubeFocusandDeflection107

TrinitronColorTube108

MonochromeVideoAmplifiers109

DCRestoration110

ColorDecodingandMatrixingTechniques.111

SynchronousDetection112

MatrixCircuits113

VIRReceiverCircuits114

DCRestorationforColor115

ColorVideo-DriveAmplifiers116

PALandSECAMColorSystems117

Large-ScreenProjectionSystems118

FACSIMILESYSTEMS

ScannersandRecorders

Introduction119

Scanning120

MechanicalSweepMethods121



ElectronicScanners122

Recording123

RecordingMedia124
EncodingandTransmission

ClassificationbyFacsimileGroups125

CouplingtotheChannel126

TransformEncoding127

ReferencesandBibliographyonFacsimile.128





Section21

BroadcastingSystems

JOSEPHL.STERNPresident,SternTelecommunicationsCorpora-

tion;formerlyVicePresident-Engineering,CBSTelevisionServices,

ColumbiaBroadcastingSystem;SeniorMember,IEEE,SCTEandSMPTE

NORMANW.PARKERCorporateStaffScientist,Motorola,Incorpo-

rated;Fellow,IEEE

BROADCASTTRANSMISSIONPRACTICE

Standard-Broadcast(AM)Practice

Standard-BroadcastAllocations1

AllocationStandards2

ClassI-IVStations3-6

ServiceReclassification7

SignalLevelsforDifferenceService

Areas―

PrimaryService8

SecondaryService9

IntermittentService10

ObjectionableInterference11

CoverageEstimates12
Ground-WaveFieldIntensity13

Standard-BroadcastTransmittingEquipment

EquipmentFunctions14
TransmitterPerformanceStandards15

Solid-StateTransmitter16

Typical50-kWAMTransmitters17
ShortwaveBroadcastService18

FREQUENCY-MODULATIONBROADCAST

PRACTICE

FMAllocationStandards19

ClassAService20

ClassB-CService21

Co-channelandAdjacent-Channel

Separations22
PowerandAntenna-HeightRequirements.23

TechnicalStandardsforFMBroadcasting

Definitions24

FMBroadcastEquipmentStandards25

SubsidiaryFMCommunications

Authorizations(SCA)26

StereoTransmissionStandards27

FMTransmitterPerformanceStandards28

FMBroadcastEquipment

Typical2.5-and3.0-kWFMTransmitters...29

Typical40-kWFMTransmitter30

TELEVISIONBROADCASTINGPRACTICE

TelevisionBroadcastAllocations31

ChannelUtilization32

Co-channelandAdjacent-Channel

Separations33

DefinitionsApplicabletoTelevision

Broadcasting34

TelevisionTransmissionStandardsinthe

UnitedStates35

RemoteControl36

TestandIdentificationSignals37

CoverageDeterminationsandStandards...38

TransmitterLocationandAntennaSystem.39

DirectionalAntennas40

TELEVISIONBROADCASTINGEQUIPMENT

TVBroadcast-EquipmentPerformance

Standards41

SignalProcessing42
21-1



TV-TransmitterDesignPrinciples43

TypicalLow-PowerVHFTelevision

Transmitter44

25-kWVHFTelevisionTransmitter45

60-kWTelevisionTransmitterforLow-Band

VHF46
55-kWUHFTelevisionTransmitter47

100-WUHFTelevisionTranslator48

AMBROADCASTRECEIVERS

Introduction49

DesignCategories50

SensitivityandServiceAreas51

Selectivity52
High-SignalInterference53

ChoiceofIntermediateFrequency54

Tuners55

I.F.Amplifiers56

I.F.Detectors57

AudioAmplifiers58

Loudspeakers59

TELEVISIONBROADCASTRECEIVERS
GeneralConsiderations60

Tuners61

I.F.Amplifiers62

IntercarrierSoundCircuits63

FMBROADCASTRECEIVERS

GeneralConsiderations64

Sensitivity65

Selectivity66

Tuners67

I.F.Amplifiers68

Limiters69

FMDetectors70

FMStereoandSCASystems71

CABLETELEVISION(CATV)SYSTEMS

GeneralConsiderations72

ElementsofaCATVSystem73

HeadEnd74

TrunkSystem75

DistributionLines76

Head-EndProcessors ―HeterodyneType..77

Demodulator-ModulatorPair78

Single-ChannelAmplifier79

TrunkandDistributionAmplifiers80

CrossModulation81

FrequencyResponseandBeatDistortion..82

ChannelCapacity83

Two-WaySystems84

TechnicalStandards85





E.W.UNDERHILLBellTelephoneLaboratories

R.E.WADDELLBellTelephoneLaboratories

D.L.WHITSONBellTelephoneLaboratories;MemberIEEE

PrincipalServiceNetworks

NetworksandObjectives1
PublicTelephoneNetworks5

DigitalServiceNetworks9

PrivateNetworks12

OperationsSystems13

Land-MobileRadioCommunications

Networks

RegulatoryFactors14

SystemDesignforRFCoverage15

SystemDesignforControl17
ServiceNetworkPerformanceandDesign

Objectives

NatureofPerformanceObjectives25

QualityObjectivesforAnalogService

Networks26

QualityObjectivesforDigitalService

Networks32

GeneralObjectives34
TransmissionSystems

TransmissionSystemPrinciples40

MediaforTransmission41
Voice-BandTransmission45

AnalogCarrierSystems48

DigitalCarrierSystems55

EchoControl,Signaling,andSpeech

Interpolation68

SwitchingSystems

SwitchingFunctions71

SwitchingNetworks77

SystemControls80

TypesofSwitchingSystems82

Signaling84

Servicesand0AMFeatures92

Applications97
TerminalEquipment

Telephones100

TelephoneswithAddedFunctions111

TeleconferenceTerminals116

DataTerminals119

FCCRegulations126
IllustrativeApplications

BusinessCommunicationsSystems127

Alarm-ReportingSystems129
Error-FreeTransmission134

Voice-MessageStorage137

References139







Section23

ElectronicDataProcessing

RICHARDE.MATICKResearchStaffMember,IBMThomas].Watson

ResearchCenter;Member,IEEE

BERTOND.MOLDOWSeniorStaffMember,IBMSystemsResearch

Institute

CLAUDEE.WALSTONAssistantforSoftwareTechnology,IBMFed-

eralSystemsDivision;SeniorMember,IEEE

PrinciplesofDataProcessing

DefinitionofaComputer1

DeskCalculator2

Stored-ProgramMethods3

InternalModificationofStoredPrograms...4

Memory,Processing,andControlUnits5

HistoricalBackground6

Price-PerformanceRatioandUtilization7

BinaryandDecimalNumbers8

InternalandExternalInformation9

Error-CorrectionCodes10

BooleanFunctions11

Logical-FunctionRealization12

ElectronicRealizationofLogicalFunctions.13

LevelsofOperationinDataProcessing ―14

TypesofComputerSystems15

InternalOrganizationofDigitalComputers.16

NumberSystems,Arithmetic,andCodes

RepresentationofNumbers17

Number-SystemConversions18

Binary-ArithmeticOperations19

SubtractionbyComplementAddition20

Floating-PointNumbers21

NumericandAlphanumericCodes22

ErrorDetectionandCorrectionCodes23

ComputerOrganizationandArchitecture

Introduction24

BasicComputerOrganization25

DetailedComputerOrganization26
InstructionExecution27

ArithmeticLogicUnit28

BinaryAddition29
BinarySubtraction30

DecimalAddition31

DecimalSubtraction32

Shifting33

Multiplication34

Division35



Floating-PointOperations36

ControlSection37

BasicTimingCircuits38

ControlofInstructionExecution39

ControlsUsingCounters(Multiplication)..40

Microprogramming41

CPUMicroprogramming42

InstructionFETCH43

Instruction-andExecution-CycleControl...44

BranchInstructions45

AdvancedArchitecturalFeatures46

DataChannels47

CacheStorage48

VirtualStorage49

Pipelining50

FirmwareEngineering51

AdvancedOrganizations52

Multiprocessor(Multicomputer)(MIMD)

Organizations53

DistributedProcessing54

ParallelProcessors(SIMD)55

StackComputers56

Stacks57

NewTrendsinComputerOrganization58

Special-PurposeProcessors59

HardwareDesign

ComputerHardwareDescriptionLanguages

(CHDL)60

DesignandPackagingofComputer

Systems61

ComputerStorage

BasicConcepts62

Storage-SystemParameters63

FundamentalSystemRequirementsfor

StorageandRetrieval64

Random-AccessMemoryCells65

StaticCells66

DynamicCells67

Random-AccessMemoryOrganization68

3DOrganization69

21/2DOrganization70

21/2DOrganizationUsingTwo-TerminalCells71

2DOrganization72

DigitalMagneticRecording73

MagneticTape74

Direct-AccessStorageSystems ―Discs75

Virtual-MemorySystems76

MappingFunctionandAddressTranslation.77

ElectronicShift-RegisterStorage78

MagneticBubbles79

Input/Output

Input/Output(I/O)Equipment80

I/OConfigurations81

I/OMemory-ChannelMethods82

ChannelFunctions83

ChannelAttachment84

Card-UnitRecordEquipment85

TerminalSystems86

Process-ControlEntryDevices87

Magnetic-InkCharacter-Recognition

Equipment88

OpticalCharacterRecognition89

Batch-ProcessingEntry90

Printers91

Serial-ImpactPrinters92

NonimpactPrinters93
ImageFormation94

InkJets95

Visual-DisplayDevices96
ProgramInterrupt97

ChannelExtension98

Paper-TapeI/O99
Computer-OutputMicrofilm100

AudioEquipment101
Telecommunications

Background102

Terminals103

CommunicationsMedia104

Technology105

Connectivity106

Capacity107

ErrorCharacteristics108

PropagationDelay109

Availability110

LineControl111

LinkControl112
Link-ControlMethods113

Concentrators114

MessageSwitching115

PacketSwitching116
CommunicationsNetworks117

HigherLevelsofLogic118
Software

NatureoftheProblem119

TheSoftwareLife-CycleProcess120

Machine-LanguageProgramming121

AlternationandIteration122

Flowcharts123

SymbolicAssemblyLanguages124

Routines125

High-LevelProgrammingLanguages126

High-LevelProceduralLanguages127

FORTRAN128

APL129
PASCAL130

OtherScientificLanguages131

High-LevelCommercialLanguages132
OperatingSystems133

GeneralOrganizationofanOperating

System134

TypesofOperatingSystems135

Job-ManagementFunction136

Task-ManagementFunction137

DataManagement138

OperatingSystemSecurity139

Software-DevelopmentSupport140

RequirementsandSpecifications141

SoftwareDesign142

Software-DevelopmentFacilities143

Testing144
Data-BaseManagementSystems145

ReferencesandBibliography146







Section24

Electronicsin
ProcessingIndustries

W.E.VANNAHTechnologyStaff,TheFoxboroCompany;Senior

Member,IEEE

P.D.HANSENSeniorTechnicalConsultant,TheFoxboroCompany;

Member,ASME

D.A.RICHARDSONPrincipalDevelopmentEngineer,TheFoxboro

Company

CM.PATELResearchCoordinator,ElectronicSystems,TheFoxboro

Company;Member,IEEE

M.PRASADProductAssuranceConsultant,TheFoxboroCompany

W.CALDERManager,CorporateQualityAssurance,TheFoxboro,

Company;SeniorMember,InstrumentSocietyofAmerica

Overview

ApplicationsRequirements1

SystemArchitecture2

ProcessInterface3

OperatorInterface4

DigitalSubsystemInterface5

ProcessSignalTransmission

TransmissionofMeasurementsand

Commands6
TypesofMeasurementsandCommands...7

Interference8

MeasurementVoltageSignal9

MeasurementImpedanceSignal10

CurrentSignal11

FrequencySignal12

AnnotatedStandards13

DataandControl
Functions14

DataConditioning15

RegulatoryControl16
AppliedRegulatoryControlFunctions17

AnalogImplementation18

DigitalImplementation19
StandardsRelatingtoDataandControl20



Computer-SystemArchitectures

MajorFunctions21

EquipmentRequiredforCentralized

ProcessControl22

EquipmentforDistributedProcessControl.23

Person-ProcessSystemInterface

TasksandPeople'sPerception24

Operator-InterfaceEvolution25

FunctionalRequirements26

HumanCharacteristicsandLimitations27

Operator-InterfaceTechnology28

TypicalOperatorInterfaces29

EffectsofServiceConditions

integrityofEquipmentPerformance30

StandardsProgramsEstablishService

Profiles31

AtmosphericServiceConditions32

NonatmosphericServiceConditions33

ElectromagneticInterference34

VibrationandShock35
SafetyRequirements36

Reliability37
ResponsetoServiceConditionsbyDesign
ofEquipmentandInstallation38

Standards39





RADARPRINCIPLES
BasicFunctions1

RadarPropagation7

TargetsandClutter12

Detection17

Resolution26
Measurement32

Radar-RangeEquations41

Search-RadarTechniques48

Tracking-RadarTechniques55

RADARTECHNOLOGY

RadarTransmitters59

RadarAntennas63
MicrowaveComponents67

RadarReceivers72

ExcitersandSynchronizers77

SignalProcessing79

Displays83

ELECTRONICNAVIGATIONSYSTEMS

CategoriesofNavigationSystems86

GlossaryofNavigationTerms88
NavigationTechniques89

RadarNavigationSystems90

RadioFrequenciesUsedinNavigation93
DirectionFinding95

InstrumentLandingSystem96

VORSystem97

Distance-MeasuringEquipment98

IFFSystems101

Ground-BasedDirectionFinding109
LoranSystems112

Omega115

SurveyingSystems119
SatelliteSystems120

MicrowaveLandingSystem121

PossibleFutureTrends124

UNDERWATERSOUNDSYSTEMS
Principles,Functions,andApplications125

Propagation126

Reverberation130

Noise131

TransducersandArrays136

CWandModulatedSources138
ImpulseSources139

Hydrophones140

AcousticPrinciples141

NonlinearAcousticPrinciples142

PiezoelectricMaterials143

MagnetostrictiveMaterials144

BeamFormation145
PassiveSonarSystems148

SystemConfigurationandParameters150

ActiveSonarSystems151

SourceLevel153

TargetStrength154

BackgroundNoise156

Reverberation157

DetectionThreshold158
SurveillanceReceivers159

SonobuoySystems160

Bibliography161





BIOMEDICALELECTRONICS

BiomedicalElectronics1
ElectricalandElectromagneticRadiation

Safety2

PackagingandMaterials3

FutureDirections4

ELECTROCARDIOGRAPHYAND

BIOPOTENTIALS
ElectrophysiologyoftheHeart5

TheElectrocardiogram6

MechanicalActivityoftheHeart7

ElectrocardiographsLeadSystems8

TheECGSignal9

ECGInstrumentation10

OtherElectrophysiologicalSystems11

THERAPEUTICANDDIAGNOSTICRADIOLOGY
ProductionofX-Rays12

DiagnosticX-RayRadiology13

ComputerizedTomography14

RadioisotopeImaging15

RectilinearScanning16

ScintillationCameras17
PositronScanningDevices18

OtherDevicesforRadiationMapping19

Ultrasound20

ARTIFICIALORGANS
KidneySubstitutes21

LungSubstitutesandSupport22

Red-CellSubstitutes(ArtificialBlood)23
LiverSupportSystems24

PancreasSupportSystems25

OtherBlood-DetoxificationSystems26

ArtificialHeartSystems27

MYOELECTRICCONTROLANDFUNCTIONAL

STIMULATION

ARTIFICIALLIMBSANDASSISTDEVICES

Myoelectricity(MuscleElectricity)28

MyoelectricPotentials29

MyoelectricityasaControlSignal30

ClinicialApplications31

MultipleFunctionalControl32

ELECTRICALSTIMULATIONOFEXCITABLE

TISSUE

TissueDamage33

PropertiesofElectricallyExcitedNerve....34

ELECTRONICPATIENTMONITORING

PatientMonitoring35

Coronary-CareMonitoring36

Intensive-Care,Operating-Room,and

Recovery-RoomMonitoring37

PerinatalIntensive-CareMonitoring38

Ambulatory-PatientMonitoring39

COMPUTERAPPLICATIONS

ComputerTechnology40

ModelingofPhysiologicalSystems41

SignalAnalysis42

Closed-LoopControl43

MedicalDiagnosis44

MedicalInformationSystems45

Minicomputersvs.Microcomputers46

IMPLANTABLEINSTRUMENTATION

Functions47

ResearchTelemetryandTelestimulation...48

DiagnosticandMonitoringTelemetry49

TherapeuticandProstheticImplants50

TRANSDUCERSFORBIOMEDICAL

APPLICATIONS

BiomedicalTransducers51

PhysicalTransducers52

Solid-StatePhysicalTransducers53

Solid-StateChemicalTransducers54

BibliographyandReferences55







Section27

Computer-Aided
Designof

ElectronicCircuits

M.R.LIGHTNERAssistantProfessorofElectricalEngineering,Univer-

sityofIllinois;Member,IEEE

S.W.DIRECTORU.A.andHelenWhitakerProfessorofElectronics

andElectricalEngineering,Carnegie-MellonUniversity;Fellow,IEEE

Introduction1
EquationFormulation

ConsiderationsinEquationFormulationfor

CAD2
ModifiedNodalFormulation3

TableauFormulation4
NumericalSolutionofLinearEquations

Introduction5

GaussianElimination6

LUDecomposition7

PivotingforAccuracy8

Sparse-MatrixTechniques9
NumericalSolutionofNonlinearEquations

Introduction10

Newton-RaphsonIteration11

CompanionModels12

Convergence13

TransientSimulationofElectronicCircuits

PreliminariesandDefinitions14

BasicMethods15

GeneralLinearMultistepMethods16

Variable-OrderVariable-Step-SizeMethods

forCircuitSimulation17

PracticalConsiderationsforNonlinear

TransientSimulation18

SourcesofSimulationProgramsandNew

Developments

ProgramSources19

References20



RELIABILITYDESIGNANDENGINEERING
ReliabilityConceptsandDefinitions

IntrinsicReliability1

Definitions2

ReliabilityDegradation3

ReliabilityGrowth4

Glossary5
ReliabilityTheoryandPractice

ExponentialFailureModel6

SystemModeling7

Part-FailureModeling8
ReliabilityEvaluation

Summary9
PredictionTechniques10

FailureAnalysis11

ReliabilityTesting12
ReliabilityDesignData

DataSources13

PhysicsofFailure14

DERATINGFACTORSANDAPPLICATION

GUIDELINES
Introduction15

ResistorDeratingandApplication

Guidelines
ResistorTypes16

MountingGuide17

RatingFactors18
ResistorDerating19
CapacitorDeratingFactorsandApplication

Guidelines

CapacitorTypes20

EnvironmentalFactors21

CapacitorDerating22
SemiconductorDeratingFactorsand

ApplicationGuidelines

GeneralConsiderations23
ThermalResistanceandPowerCalculations24

SemiconductorDerating25

TransistorGuidelines26

DiodeGuidelines27

Integrated-CircuitGuidelines28
Transformer,Coil,andChokeDerating

GeneralConsiderations29

VoltageDerating30

PowerDerating31

CurrentDerating32

SwitchesandRelays

SwitchConsiderations33

Derating34

RelayConsiderations35

RelayDerating36

CircuitBreakers,Fuses,andLamps

CircuitBreakers37

Fuses38

IndicatorLamps39

SEMICONDUCTORRELIABILITY

GeneralConsiderations40

MeasuringandPredictingFailureRate41

Long-TermReliability

UsefulLifePeriod42

LifeDistribution43

Time-TemperatureRelationship44

AcceleratedStressTesting45

QualificationandLotAcceptanceTesting..46

EarlyLifeReliability

InfantMortality47

Infant-MortalityDefects48

Infant-MortalityModeling49

Infant-MortalityScreening50

DeviceBurn-In51

Infant-MortalityFailureRates52

RELIABLESYSTEMDESIGN

General53

Redundancy54

DesignSimplification55

DegradationAnalysis56

Worst-CaseAnalysis57

OverstressandTransientAnalysis58

SYSTEMMODELING

GeneralDiscussion59

Module-ReliabilityModels60

Branch-ReliabilityModels61

TheSystemModel62

References63




	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26
	page27
	page28
	page29
	page30
	page31
	page32
	page33
	page34
	page35
	page36
	page37
	page38
	page39
	page40
	page41
	page42
	page43
	page44
	page45
	page46
	page47
	page48
	page49
	page50
	page51
	page52
	page53
	page54
	page55
	page56
	page57
	page58
	page59
	page60
	page61
	page62
	page63
	page64
	page65
	page66
	page67
	page68
	page69
	page70
	page71
	page72
	page73
	page74
	page75
	page76
	page77
	page78
	page79
	page80
	page81
	page82
	page83
	page84
	page85
	page86

