
An Introduction to
the Theory of
Random Signals
and Noise

Wilbur Β. Davenport, Jr.
William L. Root

Published under the sponsorship of the
IEEE Communications Society

•IEEE
The Institute of Electrical and Electronics Engineers, Inc., New York

&WILEY-
/INTERSCIENCE

A JOHN WILEY & SONS, INC., PUBLICATION
New York · Chichester ·Weinheim · Brisbane · Singapore -Toronto



CONTENTS

PREFACE TO THE IEEE PRESS EDITION ix

PREFACE x

ERRATA xi

CHAPTER 1. INTRODUCTION 1

1-1. Communications Systems and Statistics, 1-2. The Book

CHAPTER 2. PROBABILITY 5

2-1. Introduction, 2-2. Fundamentals, 2-3. Joint Probabilities, 2-4. Con-
ditional Probabilities, 2-5. Statistical Independence, 2-6. Examples, 2-7.
Problems

CHAPTER 3. RANDOM VARIABLES AND PROBABILITY
DISTRIBUTIONS 19

3-1. Definitions, 3-2. Probability Distribution Functions, 3-3. Discrete
Random Variables, 3-4. Continuous Random Variables, 3-5. Statistically
Independent Random Variables, 3-6. Functions of Random Variables, 3-7.
Random Processes, 3-8. Problems

CHAPTER 4. AVERAGES 45

4-1. Statistical Averages, 4-2. Moments, 4-3. Characteristic Functions,
4-4. Correlation, 4-5. Correlation Functions, 4-6. Convergence, 4-7. Inte-
grals of Random Processes, 4-8. Time Averages, 4-9. Problems

CHAPTERS. SAMPLING 76

5-1. Introduction, 5-2. The Sample Mean, 5-3. Convergence of the Sample
Mean, 5-4. The Central Limit Theorem, 5-5. Relative Frequency, 5-6.
Problems

CHAPTER 6. SPECTRAL ANALYSIS 87

6-1. Introduction, 6-2. The Spectral Density of a Periodic Function, 6-3.
Spectral Density of a Periodic Random Process, 6-4. Orthogonal Series
Expansion of a Random Process, 6-5. Spectral Density for an Arbitrary
Function, 6-6. Spectral Analysis of » Wide-sense Stationary Random Proc-
ess, 6-7. Cross-spectral Densities, 6-8. Problems

ν



Vi CONTENTS

CHAPTER 7. SHOT NOISE 112
7-1. Electronics Review, 7-2. The Probability Distribution of Electron-
emission Times, 7-3. Average Current through a Temperature-limited
Diode, 7-4. Shot-noise Spectral Density for a Temperature-limited Diode,
7-5. Shot-noise Probability Density for a Temperature-limited Diode,
7-6. Space-charge Limiting of Diode Current, 7-7. Shot Noise in a Space-
charge-limited Diode, 7-8. Shot Noise in Space-charge-limited Triodes and
Pentodes, 7-9. Problems

CHAPTER 8. THE GAUSSIAN PROCESS 145

8-1. The Gaussian Random Variable, 8-2. The Bivariate Distribution, 8-3.
The Multivariate Distribution, 8-4. The Gaussian Random Process, 8-5.
The Narrow-band Gaussian Random Process, 8-6. Sine Wave plus Narrow-
band Gaussian Random Process, 8-7. Problems

CHAPTER 9. LINEAR SYSTEMS 171

9-1. Elements of Linear-system Analysis, 9-2. Random Inputs, 9-3. Out-
put Correlation Functions and Spectra, 9-4. Thermal Noise, 9-5. Output
Probability Distributions, 9-6. Problems

CHAPTER 10. NOISE FIGURE 204

10-1. Definitions, 10-2. Noise Figure, 10-3. Cascaded Stages, 10-4. Exam-
ple, 10-5. Problems

CHAPTER 11. OPTIMUM LINEAR SYSTEMS 219

11-1. Introduction, 11-2. Smoothing and Predicting of Stationary Inputs
Using the Infinite Past, (Wiener Theory), 11-3. Pure Prediction: Nonde-
terministic Processes, 11-4. Solution of the Equation for Predicting and
Filtering, 11-5. Other Filtering Problems Using Leaat-mean-square Error
Criterion, 11-6. Smoothing and Predicting with a Finite Observation Time,
11-7. Maximising Signal-to-Noke Ratio: The Matched Filter, 11-8.
Problems

CHAPTER 12. NONLINEAR DEVICES: THE DIRECT
METHOD 250

12-1. General Remarks, 12-2. The Square-law Detector, 12-3. The Square-
law Detector: Signal-plus-Noise Input, 12-4. The Half-wave Linear Detec-
tor, 12-5. Problems

CHAPTER 13. NONLINEAR DEVICES: THE TRANSFORM
METHOD . 277

13-1. The Transfer Function, 13-2. rth-Law Devices, 13-3. The Output
Autocorrelation Function, and Spectral Density 13-4. The Output Spectral
Density, 13-5. Narrow-band Inputs, 13-6. vth-law Detectors, 13-7.
Problems



CONTENTS Vii

CHAPTER 14. STATISTICAL DETECTION OF SIGNALS . . 312

14-1. Application of Statistical Notions to Radio and Radar, 14-2. Testing
of Statistical Hypotheses, 14-3. Likelihood Tests, 14-4. Statistical Estima-
tion, 14-5. Communication with Fixed Signals in Gaussian Noise, 14-6.
Signals with Unknown Parameters in Gaussian Noise, 14-7. Radar Signals
in Gaussian Noise, 14-8. Problems

APPENDIX 1. THE IMPULSE FUNCTION 363

AM. Definitions, Al-2. The Sifting Integral, Al-3. Fourier Transforms,
Al-4. Derivatives of Impulse Functions

APPENDIX 2. INTEGRAL EQUATIONS 371

A2-1. Definitions, A2-2. Theorems, A2-3. Rational Spectra

BIBLIOGRAPHY 383

INDEX 391


