
CHAPTER 1

GENERAL TUTORIAL MATERIAL

1-1. Summary of Statistical Properties of Noise1

This section is to be considered of a review and summary nature, with
the reader referred to the references cited below for detailed considera-
tions and evaluation of techniques utilized.

We consider at this point Gaussian-type white noise only. Examples
are thermal noise, shot noise in vacuum tubes, both thermal and shot
noise generated in semiconductors (diodes, transistors), etc. In non-
electrical applications the "noise" would consist of random pressure fluc-
tuations, thermal motion of ideal gas molecules (giving rise to the Max-
well-Boltzmann statistics), the random thermal motion of liquid mole-
cules (Brownian motion), etc. All of these are characterized by the

1 Books and articles of a tutorial nature that treat both the physical sources of
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W. R. Bennett, Methods of Solving Noise Problems, Proc. IRE, vol. 44, pp. 609-638,
May, 1956.
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Noise," McGraw-Hill Book Company, New York, 1958.
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W. W. Harman, "Principles of the Statistical Theory of Communication," McGraw-
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Hill Book Company, 1965, esp. part II.
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pp. 282-333, July, 1944; vol. 24, pp. 96-157, January, 1945 (reprinted in N. Wax,
"Selected Papers on Noise and Stochastic Processes," Dover Publications, Inc., New
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M. Schwartz, "Information Transmission, Modulation, and Noise," chaps. 5-7,
McGraw-Hill Book Company, 1959.

A. Van der Ziel, "Noise," Prentice-Hall, Inc., Englewood Cliffs, NJ. , 1954.
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chance or random motion of countless numbers of independent (or non-
interacting) particles. The two distinguishing features of large numbers
of independent particles give rise to the Gaussian statistics that charac-
terize the behavior of systems comprising these particles.

By Gaussian noise we mean that the probability distribution of the
instantaneous value n{t) of a random voltage, current, pressure, velocity,
or other random time function is given by

Here the average value is assumed to be zero. The one significant statistic
is then the variance o-2, equal in this case to the ensemble mean-squared
value of n.

The term "white noise" implies that the spectral density of the noise,
when generated, is constant for all frequencies. This is of course charac-

teristic of thermal noise, where for
n(t) example the mean-squared noise volt-

~ age generated by a resistor R at T°K
/ \ I is given by

'\J \ /^IZI^t <n2) = 4kTR A/ (1-1-2)

h — r H with k the Boltzmann constant, and
f | *2 A/ any prescribed bandwidth. (The

FIG. 1-1-1. Random-noise process. pointed brackets represent ensemble
averaging.) For the shot noise gen-

erated by a temperature-limited vacuum diode, the mean-squared current
is given by

<i*> = 2e/dcAf (1-1-3)

with Idc the average (direct) current, (i2) represents the mean-squared
fluctuation about he due to random emission of electrons from the cathode.

In general, then, white noise has a mean-squared value given by

(n2) = K A/ (1-1-4)

K represents the (one-sided) spectral density of the noise. If n(t) is a
voltage, the units are volts2/cps. We shall frequently use the units
watts/cps. The implication then is that we have normalized to a 1-ohm
resistor.

The spectral density of the random-noise process is defined precisely
as the Fourier transform of the autocorrelation function of the noise.
The autocorrelation function Rnitifa) is in turn defined as the ensemble
average of the noise at two time instants ti and W (Fig. 1-1-1)

fl»(Wi) - <n(ti)n(t,)> (1-1-5)
1 Papoulis, op. cit., Chap. 10. Davenport and Root, op. cit.f Sec. 4-5.


