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A discussion of the power requirements 
in audio amplifiers based on the statistical 
distribution of peaks in complex signals 

OXE OF THE lIAJOR points of conten
tion in the audio field concerns the 
peak output power which an am

plifier must be capable of delivering for 
faithful reproduction of complex audio 
signals. There are two major reasons for 
the large spread of estimates, which 
range from milliwatts to hundreds of 
watts. The first of these reasons is the 
range of average power required in the 
particular application. Loudspeaker effi
ciency may range from about 2 to 50 
per cent, room size and acoustical prop
erties influence the power required for a 
given sound level, and some people just 
like their music louder than others. 
These differences are generally under
stood, and it is a fairly simple matter to 
measure at least the average voltage in
put to a loudspeaker under listening 
conditions. 

The other reason for variation in the 
estimates is the different allowance made 
by different individuals for peaks in the 
audio material. Everyone knows that 
there are sharp peaks in ordinary signals 
that are considerably higher than the 
highest readings shown on an ordinary 
VU meter monitoring the signal, but 
there is little agreement as to the size 
and number of these peaks. The broad
cast industry has at times allowed as lit
tle as 6 db (a factor of 4 in power) for 
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Fig. 2. Normal dis
tribution function, 
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these peaks, while some have argued for 
as much as 23 db (a factor of 200 in 
power) reserve allowed for these unseen 
peaks. This is quite a large spread of 
allowances made for a single faetor, and 
it is the purpose of this article to show 
the way the peaks are distributed in 
audio signals and to develop a reserve 
power estimate based on the knowledge 
of this distribution. 

To aid us in talking about the distribu
tion of peaks we will borrow from sta
tistics the cumulative distribution func
tion. This function simply tells us the 
probability (or the fraction of the time) 
that the variable is less than or equal to 
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Fig. 1. Distribution 
function for sine 

1 
wave, F(v) =2" 
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a given value. Thus the value of the dis
tribution function at one 'loIt, for ex
ample, tells us the fraction of the time 
the actual signal voltage will be less than 
(or negative compared to) one volt; and 
of course this value will be between zero, 
if the signal is always greater than one 
volt, and one, if the signal is always less 
than one volt.1 

.As an example of the distribution 
function, let us consider a single sine 
wave of amplitude one volt. Its distribu-

1 1 
tion function can be derived to be "2 + ~ 
arcsin V in the range between limus 
and plus one volt, zero in the range be-

-1.5 -1.0 -0.5 o .0.5 +1.0 +1.5 

l Notice that the distribution function, 
as defined, considers all negative voltages 
to be "less than" any positive voltage and 
is defined for all voltages from minus in
finity to plus infinity. A perhaps simpl.er 
function for our purposes would be the d18-
tribution function of the magnitua~ of the 
signal, which would indicate the fraction of 
the time the signal was smaller (whether 
positive or negative) than the given value . 
This function is easily obtained from the 
ordinary distribution function by Bubst~a.ct
ing one-half from its values for POSitive 
voltages and multiplying the result by two, 
but it is less general in nature and does not 
allow for asymmetrical distribution func
tions or for asymmetrical amplifiers (sing1e
ended or complementary·symmetric). The 
ordinary distribution function is also the 
one measured directly by the method to be 
deseribed here and is the one most often 
tabulated in literature on statistics, thus it 
will be used throughout this paper. 
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