
CONTENTS

I INTRODUCTION 1

References 3

II REPRESENTATION OF SIGNALS AND NOISE 4

1.0 NONRANDOM SIGNALS 4
1.1 FourierSeries 4
1.2 FourierIntegrals 7
1.3 RepresentationofBand-LimitedFunctions―
The SamplingTheorem 10

1.4 Representationin Terms of GeneralOrthogonal
Functions 12

1.5 Complex RepresentationforRealTime Functions
by HilbertTransforms―Envelopeand
Angle 13

1.6 LinearInvariantTransducers 20
1.7 DiscreteFunctionsand Transducers 22
1.8 MultipleFourierSeriesand Integrals 25

2.0 RANDOM SIGNALS AND NOISE 26
2.1 Probability 27
2.2 Descriptionof Noiseby Probability
Densities 30

2.3 SpectralDensityof a Random Process 35
2.4 Cross-SpectralDensityof RelatedNoises 39
2.5 FourierSeriesRepresentationof Noise 41
2.6 Representationof Band-LimitedNoise 43
2.7 GeneralOrthogonalSeriesRepresentations
forNoise 45

2.8 Complex RepresentationforRealNoiseby
HilbertTransforms 47

2.9 Responseof LinearInvariantTransducers
to Noise 49

2.10 DiscreteRandom Processes 50
References 52
Problems 53



III AMPLITUDE MODULATION AND RELATED
SYSTEMS 57

1.0 INTRODUCTION 57
2.0 MODULATORS AND DEMODULATORS 60

2.1 Product Modulators and Demodulators 61
2.2 Envelope Detectors 64

2.3 Power SeriesModulators and
Demodulators 69

2.4 MultipleFourierSeriesAnalysisof Nonlinear

Elements 73
2.5 Small-SignalTheory of Nonlinear

Elements 75
3.0 DETECTION OF AM WAVES 78
3.1 Homodyne Detectors 79
3.2 Envelope Detectors 81

3.3 Square-Law Detector 83

3.4 Discussion 83
4.0 AMPLITUDE AND PHASE DISTORTION OF

AM SIGNALS 83
5.0 VESTIGIAL SIDEBAND 87

6.0 NOISE 88
References 92

Problems 93

IV FREQUENCY AND PHASE MODULATION 98

1.0 INTRODUCTION 98
2.0 SPECTRAL ANALYSIS OF ANGLE-MODULATED
WAVES WITH SINUSOIDAL AND SQUARE-

WAVE MODULATION 101
2.1 Single-FrequencyModulation 101

2.2 Multiple-FrequencyModulation 105
2.3 Square-Wave Modulation 106

3.0 SPECTRAL ANALYSIS OF ANGLE-MODULATED
WAVES WITH RANDOM MODULATION 108

3.1 GeneralResults 108
3.2 Gaussian Modulation 113
3.3 Summary of Results―Angle-ModulatedWaves

withRandom Gaussian Modulation 117
4.0 APPROXIMATE EVALUATION OF SPECTRA 119

4.1 General Modulation 119
4.2 Gaussian Modulation―Low-Pass Phase

Modulation 125



4.3 GaussianModulation―Low-PassFrequency
Modulation 135

4.4 Tailsof theSpectraof Angle-Modulated
Waves forGaussianModulation 142

5.0 EXACT EVALUATION OF SPECTRA FOR
GAUSSIAN MODULATION 147
5.1 Introduction 147
5.2 Phase Modulation―R-CSpectral
Density 149

5.3 Phase Modulation―GaussianSpectral
Density 162

6.0 FILTERING OF ANGLE-MODULATED WAVES 175
6.1 Introduction 175
6.2 SinusoidalModulation 178
6.3 SeriesSolutions―theQuasi-Static
Approximation 180

7.0 DETECTION OF ANGLE-MODULATED WAVES 187
8.0 INTERFERENCE AND NOISE IN ANGLE-
MODULATION SYSTEMS 191
8.1 Interference 191
8.2 Npise 195
References 202
Problems 203

V PULSE MODULATION SYSTEMS 216

1.0 INTRODUCTION 216
2.0 PULSE AMPLITUDE MODULATION 223
2.1 Introduction 223
2.2 Spectraof PAM Waves―Instantaneous
Sampling 228

2.3 Spectraof PAM Waves―Natural
Sampling 238

2.4 DemodulationofPAM Waves 242
2.5 PAM MultiplexSignals 247
2.6 Noisein PAM MultiplexSystems 252
3.0 PULSE POSITION AND PULSE DURATION
MODULATION 257
3.1 Introduction 257
3.2 Spectraof PPM and PDM Waves with
Uniform Sampling 266

3.3 SpectraofPPM and PDM Waves withNatural
Sampling 277



3.4 Spectraof PPM and PDM Waves withRandom

Modulation 280

3.5 Demodulation of PPM and PDM Waves 284
3.6 Noise in PPM and PDM Systems 298

3.7 MultiplexSystems 304
4.0 PULSE CODE MODULATION SYSTEMS 310

4.1 Introduction 310
4.2 QuantizingNoise 311
4.3 Output Signal-to-NoiseRatio 320

References 321

Problems 323

INDEX 335


	page1
	page2
	page3
	page4

