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Audio Power Requirements 

and Statistics 
c. NICHOLAS PRYOR:'': 

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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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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low minus one \:olt, and one in the range 
above plus one volt. This function is 
plotted in Fig. 1; and from it we can 
verify some of the things we already 
know about the sine wave. First we can 
see that the voltage is never less than 
minus one volt (the distribution func
tion is zero at -1), and that the voltage 
is always less than, or equal to, plus one 
volt (the distribution function is one at 
+ 1). Also from the value .5 for the dis
tribution function at zero voltage, we 
can verify that the sine wave has nega
tive values exactly half of the time and 
positive ~alues the other half. 

However, from closer inspection of the 
curve, we can see something further that 
perhaps is not quite as obvious from the 
sine wave itself. The vaiue of the distri
bution function at - 0.707 volts is 0.25, 
whi~h. indicates that the voltage is less 
than - 0.707 25 per cent of the time. Also 
the value at + 0.707 volts is 0.75, which 
indicates that the voltage is greater than 
(}.707 volts 1.00-0.75 or 25 per cent of 
the time. Thus if we tried to obtain the 
-one-volt amplitude sine wave from an 
amplifier whose maximum output volt
age was plus or minus 0.707 volts (this 
i3 the rms value which an a.c. meter 
would read for the sine wave of one volt 
amplitude), the signal would be too neg
ative for the amplifier 25 per cent of the 
time and too positive 25 per cent of the 
time. As a result this amplifier, which is 
ca pable of putting out a voltage equal 
to the rms value of the sine wave, would 
be completely overloaded exactly 50 per 
cent of the time. To provide an undis
torted sine wave output the amplifier 
must have a maximum output voltage of 
at least plus or minus one volt (so the 
signal will be outside this range 0 per 
cent of the time) which is a 3 db reserve 
or 1.414 times the voltage indicated on 
an a.c. voltmeter. 

While the distribution function has 
been of some use in dealing with sine 
wave amplification, its real power lies in 
the analysis of complex audio signals. 
With these signals, unlike periodic sine 
waves, it is impossible to predict what 
the voltage will be at any time. How
ever, it is still possible to derive a dis
tribution function for the voltage, so the 
percentage of the time that the voltage 
lies outside certain limits may still be 
determined. There are several ways to 
arrive at the distribution function of a 
complex signal, but one of the clearest is 
to consider the signal to be made up of a 
large number of individual sine waves. 
Then by a series of mathematical opera
tions on the individual distribution func
tions, we may arrive at the didribution 
function of the sum of all the sine waves. 
Or more directly we may use the Central 
Limit Theorem which states that the 
sum of n large number of independent. 
variables has a distribution which ap
proaches the so-called Normal or Gaus-

sIan distribution function. {;nfortu
nately, no algebraic function has been 
found to describe the Normal distribu
tion function, but it is defined in calculus 
by a definite integral and numerical val
ues of it have been tabulated. From these 
tables we may determine the distribution 
function for the instantaneous voltage in 
a complex signal once we are given the 
true rms voltage of the signal, which is 
equal to the standard deviation, or width 
parameter, of the Normal function. This 
distribution function is plotted in Fig. 
2 for a standard deviation of one volt. 
X ote that the function never quite 
reaches the values zero or one, but that 
it ('omes quite close for voltages of mag
nitude greater than two or three volts. 
This means that extremely high peaks 
are theoretically possible, but occur only 
rarely. Thus for perfect reproduction of 
an audio signal, an amplifier of infinite 
power capability would theoretically be 
required. However, the very high peaks 
in the signal have such a low probability 
of occurring that we may never experi
ence them, and the power requirements 
are thus very much relaxed. 

At this point it is well to demonstrate 
the validity of the above discussion by 
means of an experiment. The distribu
tion function of any signal may be meas
ured by means of a circuit such as that 
shown in Fig. 3. The resistor network at 
the input provides, at this point, half 
the difference of the input signal and 
the voltage read on voltmeter V. This 
will be positive if the input is greater 
than V and negative if the input is less 
than plus V volts. The amplifier gain, A, 
is sufficiently large that the output is 
clamped to 0 for positive input voltages 
and is clamped to 10 volts for negative 
input voltages, there being only a very 
narrow range near zero volts where the 
amplifier is operating linearly. Thus the 
percentage of time the output is 10 volts 
equals the percentage of time the input 
is less than V volts, and we have only to 
a\"erage the output voltage over a short 
period by means of the RC network to 
obtain the value of the distribution func
tion at V volts. This was done with a sine 
wave input to demonstrate the method, 
and the experimental results are shown 
along with the theoretical curve in Fig. 
1. With the validity of the method thus 
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was recorded on a tape loop and fed into 
the measurement circuit at a level of 1 
volt Hrms" as indicated by a standard 
audio VTVM. Because of the character
istics of audio voltmeters, this corre
sponds to a standard deviation of 1.128 
volts.2 With this correction factor ac
counted for, the results of the experiment 
are shown in Fig. 2. Notice that the theo
retical curve is quite closely followed for 
the range of V investigated. Although no 
measurements were taken beyond 2.5 
volts, the results are conclusive enough 
to show that the audio signal does have 
the ~ ormal distribution. 

Having shown that a typical audio sig
nal does follow the Normal distribution, 
we may proceed to consider what this 
means in terms of reserve power required. 
If the rms voltage output of an ampli
fier at normal listening level is measured 
and the maximum possible voltage out
pu't of the amplifier is also known, the 
ratio of these quantities is the number 
of standard deviations of the signal 
which the amplifier will pass. Anything 
between plus and minus this number of 
standard deviations from zero will pass 
undistorted, while any instantaneous 
peaks outside this range will be clipped 
by the amplifier. The fraction of time 
that the signal is not distorted is simply 
the difference between the values of the 
distribution function at the extremes of 
the linear range. The rest of the time the 
signal is clipped. 

Table 1 is designed to show the frac
tion of time the amplifier will be o\"er
loaded· as a function of the ratio of 
maximum output voltage of the amplifier 
and the audio signal voltage as indicated 
by an ordinary audio or VU meter. (This 
encompasses most types of a.c. meters 
except the peak or P-P reading meters 
found in most modern VTVM's which 
cannot be used here, and the iron-vane 
movement found in certain inexpensive 
a.c. meters which are true rms reading 
and may be used with Table 1 if their 

(Continued on page 88) 

2 Most audio voltmeters, while calibrated 
in rms, actually measure the average abso· 
lute value of the voltage and are corrected 
for true rms only for sine waves. Thus a 
correction factor must be applied for true 
reading with any other type of input signal. 
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Fig. 3. Circuit for measuring distribution function of a complex signal. 



l'f'adillg'::! :Irc lIIultiplil'ti hy O.~O). Until 
umplifier llIanufaeturel's begin to specify 
the lIIaxilllulll instantaneous output volt
age of their amplilj('rs, it is best deter-

mined hy I'~mnx = y'3 P It where P is tht' 
rated sine wave (not peak) output power 
of the aruplifier and R is the rated out
put illlpedance. (Table 1 also shows thp 
eClui\'alent power reserve between the 
peak power output and the average 
(lOWf'I' inferred frol11 a VU meter read-

y:.! 
iug (by If)' and shows either of thes.! 

ratio!'> in terllls of db of indicated fl'

!-'f'l'\'e pO\n'r (or voltage). 
As lIll exalllple of the use of this table, 

eOllsidt1r a 10-watt amplifier which is 
found to de\Telop 3 volts across its 8-ohm 
;o;p<'aker h'rlllillals during normal loud 
passages. The maximum output \'oltagf' 

of the lII11plifiel' is y'2 x 10 x 8 or about 
1:!.6 nllts. Thus the voltage reserve ratio 

. ' l' 12.6 t ? d as defined III Table lS 3- or ~ .... , an 

the alllplifier may thus be seen to be 
owrIonded ahout 0.0003 or 0.03% of the 
time. 

An interesting thing to note about 
Table 1 is the rapid decrense of overload 
percentage when the reserve becomes 
larger than about 10 db. It also should 
b(' emphasized that the overload per
c{'utages occurring in the lower part of 
the table are really extremely small num
hers! For instance if one considered the 
shortf'st overload that could be detected 
by ear to be ahout 50 microseconds (one 
cycle at 20 kc), then with an 18-db 
safety factor the mean time between 
these 50-microsecond overload periods 
would be about a.. year. Even at 14-db 
reserve the mean time between overloads 
would he on the order of several seconds, 

again a~~ulllillg ollly 50 micl'cJs('colld . ..; fur 
each overlclao. Thus it is ('I('ar that )·1-

d" reserve is ('('l'taiuly adequate for lilly 

purpose, and it is also plain that 6-dh 
reserve would he inadequate for hig-h
quality reproduction as the signal would 
be overloading the amplifier over 7 pt'1' 
('ent of the tillle. 

In the range between these t\\'o oln'i
ously limiting values the actual reser\'(' 
chosen is to sOllie degree a matt()r of till' 
(!uality of reproduction desired, but hy 
the treatment hf're we have reduced this 
range to jU'5L a few dh rather than tIll' 
nearly 20-dh range of previous f'sti
mates. It is likely that the range could 
be reduced still more by some controlled 
subjective experiments, but until' that 
time it is interesting to note that a cer
t~in overload percentage seems to have 
roughly the sallie effect as the sallle per
centage of harmonic or intermodulatioll 
distortion at the listening level. On this 
basis it would seem that a resene of 10 
to 12 db would he sufficient without bring 
excessive. This brackets the required re
serve power rather closely as being 10 to 
16 times the llH'asured a\'crage output 
power. 

Although we have been able to dl'tc1'
mine reasonably accurately the pOWl'l' 
reserve required hy the above statistiNll 
approach to complex signals, there is 
considerable further work to be dOlle ill 
establishing the relation between per
centage overload time and subjective list
ening reactions. The aim of this arti(·le 
has been to provide the basis for the ~ta
tistical treatnwnt of complex signal~, a~ 
this is the only way that such signals 
may be safely hundled. The author would 
like to encourage any comments and fur
ther dewlopll1f'llt of this approach. 

TABLE I 
PROBABILITY OF OVERLOADINe AMPLIFIER AS A FUNCTION OF AMPLIFIER 

RESERVE CAPACITY 

Volta •• Equivalent Equivalent Fraction of Ti",. Reserv. Power Reserve Reserve in Amplifier Overloaded Ratio· Ratio D.cibels 

1.00 1.00 0 0.373 5 
1.26 1.59 2 0.262 7 
1.59 2.51 4 0.158 5 

2.00 4.00 6 0.076 7 
2.51 6.30 8 0.025 1 
3.16 10.0 10 0.005 11 
4.00 16.0 12 0.000 385 
5.00 25.0 14 0.000 009 424 
6.30 39.8 16 0.000 000 037 93 
7.90 62.5 18 0.000 000 000 002 56 

10.0 100 20 less than 1 (TlS 

• Ratio of maximu", output volta •• of amplifier to silnal volt.,e indicated on VU ",ete,. 
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