
It must be recognized that the fluctuation 00 may 
not be regarded as an independent noise source, to be 
compounded with other fluctuations in the usual fash-
ion by summation of mean-square values; for the in-
duced grid current is coherent with the fluctuation in 
space current. However, for small transit angles, the 
phase angle is obviously nearly 90 degrees, so that for 
resistive inputs mean-square compounding is essen-
tially correct. In the event of large transit angles, or 
if there is appreciable feedback, computation of over-
all signal-to-noise ratios is not so simply accomplished 
because of the necessity for tracing the phase relations 
between the various noise currents which stem from 

the same source and, hence, cannot be compounded in 
mean-square fashion. 
But where feedback does not occur, the relative im-

portance of induced grid noise may be appreciated by 
considering its maximum effect. If the entire conduct-
ance of an input circuit were due to electronic load-
ing, as might nearly be the case if a high-impedance 
circuit were used with a conventional tube at a very 
high frequency, the noise-to-signal ratio would, at the 
worst, be VTO =2.2 times that of a passive network 
having the same characteristics. Since additional 
sources of noise will always contribute to the total, the 
factor, in practice, is always smaller. 

The Distribution of Amplitude with 
Time in Fluctuation Noise* 

VERNON D. LANDON t, MEMBER, I.R.E. 

Summary—The purpose of this paper is to show that fluctuation 
noise has a statistical distribution of amplitude versus time which fol-
lows the normal-error law. This fact is also correlated with the measure-
ments of crest factor made on the noise output of band-pass amplifiers 
by various investigators. 
It is shown that the distribution of noise amplitude continues to 

follow the normal-error law, even after the noise has been passed 
through frequency-selective circuits. It is shown why the measurements 
of crest factor, made by various experimenters, group around the value 
4, but it is pointed out that this is not a true crest factor because the 
voltage occasionally goes considerably higher. The ratio of the average 
to the effective voltage is shown to be 0.798. A discussion is given of 
the kinds of noise which do not follow this normal-error law. 

II1LUCTUATION noise is a name applied to thermal-agitation noise or to shot-effect noise. 
Thermal-agitation noise is the noise caused by 

the thermal motion of electrons in conductors. Shot-
effect noise is the noise caused by the granular struc-
ture of the plate current of a vacuum tube. The term 
is sometimes reserved for the condition of no space 
charge. In the presence of space charge the noise 
amplitude is reduced. For this condition the noise may 
be called shot-effect noise as before or simply tube 
noise. These various types of noise source produce 
noises which cannot be distinguished one from the 
other by any known test. 
Several investigators,'—' have made experimental 

investigations of the "crest factor" of fluctuation 
noise. The crest factor is defined as the ratio of the 
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amplitude of the highest peaks to the root-mean-square 
voltage. Various values have been obtained ranging 
from 3.4 to 4.5. It now appears that the required data 
can best be obtained from purely theoretical considera-
tions. 

From the standpoint of theory the term "crest 
factor" would seem to be a misconception. It will be 
shown that the noise is made up of an infinite number 
of components differing in frequency by infinitesimal 
amounts. If all these components should get in phase, 
the voltage would rise to an indefinitely large value, 
but the probability of this happening is infinitesimal. 
Nevertheless, if any finite crest factor is chosen, the 
probability that it will be exceeded at a given instant 
is a finite fraction. This probability is another name 
for the fraction of the time that the voltage will exceed 
the chosen value in a given long period of time. 
To make the conception clearer let it be supposed • 

that the noise output of a high-gain band-pass ampli-
fier is fed to a diode. An adjustable direct-current 
bias is applied to the diode simultaneously and a tape 
recorder is arranged to record the time during which 
the diode is drawing current. With a given direct-cur-
rent bias on the diode it would be possible to deter-
mine, by examining the tape, the percentage of the 
time during which the diode was drawing current. A 
point-by-point curve could then be plotted of direct-
current bias, against the probability that the bias 
would be exceeded at a given instant. 
By letting r stand for the ratio between any given 

direct voltage V and the root-mean-square value of 
the noise E and letting p stand for the probability 
that the noise will exceed the given direct voltage, it 
should be possible to find an analytical relationship 
p = F(r) which would determine the above curve from 
purely theoretical considerations. 

50  Proceedings of the I.R.E.  February, 1941 


