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Rbstract. The principle of the sound power measurements carried out in an—
echoic chamber and in reverberation room is shortly described in the paper.
The advantages and disadvantages of both methods in practice and some results
of the power measurements of musical instruments are shown.

Introduction

The radiated sound power or its spectral distribution is a fundamental
physical property of the sound source, and is therefore an important parameter
vhich is widely used for rating and comparing sound scources. Making the sound

power measurements, difficulties of principle and of practice arise.

Principle of the leasurements

1f any sound source 15 radiating the changes of the sound energy is described
by the fellowing balance-equation:

d _
Ty Sw@v + fpvds = P - Pg 1)

where w = dpv? + LKp? denotes the energy density, pv the density of energy
flow {intensity}, P the sound power of the sources and Po the power absorbed in
air.

Equation {1) can be written in the follewing form:

dw — -
fﬁz'dv + [wvds + fplds + P, =P {2)

By ncrmal sound intensity wv << p¥, so fwvdS can be neglected.

The measurement of the sgund power P can be reduced to the measurement of
fpuvds, if P, 20 and Isﬂ dy © 0. The latter identity is true only if stat-
ionary radiation which means that the elimination af this addition can cause
considerable error by sources of impulsive or nonstationary type {e.g. musical
instruments}.

There are two kinds of general methods being used in practice, namely the
measurement carried out in anechoic chamber and in reverberation room {1,21].

Makirg the measurement in an anechoic chaaber the main problem is that sound
intensity (I=p¥) cannot be measured directly, because to detect the particle
velocity is only possible by extremely high intensities [31.

In practice the sound prcésure is measured by a number cf microohones placed

on a spherical surface around the source. MAveraging the microphone signals
the power can be calculated:
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vhere r is the distance between the source and microphone.

The generally used power measurements in anecheic chamber are complicated
because of the big number of microphones. It is easier in practice to carry
out the measurements in reverberation room, where the scund power radiated into
the room is considered being equal to the absorbed power on the wall, vhich is
proportional to the incident intensity and to the wall surface. The power of
the source can be expressed as follows:
= 1asg

P = [puds == - (4}
vhere G is the mean value of the abscrption coefficient of the wall, 5 denotes
the wall surface.

By the caiculation the incident intensity is supposed to bef independent of
direetion. If the point of observation is not too close to the scund source

or to any surface of the room, one measurement of the Etationary sound pressure
is enough for determining the sound power of the source. Then according to

eg. (4) and to the well-known Sabine's formula:

P
eff 0.16V
P = ic T (51

where T is the reverberation time of the room.

The Limits and Accuracy of the Methods

The anechoic chamber method is good for plane waves. Formula (3) can be
applied to point sources if the microphones are placed in the far field. 1In
other cases phase gifferences arise by which the formula is changed. The
power can be calculated as follows:

2 coat
Ipi:omi

P = rin 6)
pe

where ¢, is the phase @ifference between p; and ¥4 (which cannot be measured
either). -

Although there is a theoretical pessibility to determine the particle veloclity
by .measuring the gradient of the pressure [4], but these methods have some dis-
advantages in practice. If the distance between the scurce and microphone is
pig the absorption of alr is also to be taken into account. Furthermore, as

f'i% dv is neglected only sources of staticnary or of guasi-stationary type

can be measured with not too big error. By sources of impulsive or non-
staticnary type this conmponent is also to be taken into consideration.

In practice the sound field is not diffuse in the reverberation reom, that is
the sound pressure varies both in space and time even by stationary radiation.
But these fluctuations can be averaged by proper measuring methods. If the
amplitude fluctuation is cormensurable with the travelling time of the sound
wave from the source to the wall surface or it is less than the travelling
time, eq.{5) is no longer valid. Particularly by sources of impulsive type
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is the methad to be revised for taking into consideration the neglectead

component f::- av.

Another difficulty is the blg quality factor of the resonances of the room
which can cause alsc a considerable error. Let us see what 1s the effect of
the quality factor on the measured sound power! The guality factor of any
oscillating system 1s:

_ stored energy
~ dissipated energy in one period

Q

In the case of the reverberation room:

Jwav . WY _ wvf N
t, Ik A IA
é"f 2 dsat Tt 2

So takinj inco account the resonances of the room the absorbed power of the
wall (Pa) at a resonance freouency can be given by

IA wvf  _ owv
P e T {8)

where ¢ denotes the width of the resonance curve.

Making a comparison between the sound power values ealculated by eq.(S) and by
eq.{8) the two values differ in the following factors:
according to egq. [5} to eq. (8]

13.6 o

- ‘Y v (9N
Let us take an example! If the frequency is 1000 Hz, the reverberation time
is 8.5 8, the mean value of the width of the resonance curve is 0.7 Hz and
the factors are

1.6 <—» 0.11

The greatey is the guality factor (or the sharper is the resonance curve) the
less is the absorbed power on the wall. It means that the power of the source
radiating on a frequency cleose to the resanance freguency of the room will be
calculated by the common method greater than the real power value.

If the source is highly directed the effective surface of the wall seems to
decrease as the sound wave propagates mostly in a certain direction. There-
fore the calculated sound power will be greater than the real value.

Having taken into account all the advantages and disadvantages of the above-
mentioned rethods, preference has been given to the reverberation room method
in the Acoustic Research Laboratory of the Hungarian Acadenmy of Sciences.

The Reverberaticn Room Hethod in Practice
{(Measuring the Sound Power of Musical Instruments)

The most complicated sound sources are the musical instrunents. The sound of
the string and brass instrutents can be characterised as follows: c¢omplex
‘sound with lined spectra, fluctuating amplitude and frecuency.

Because of the lined spectra and the amplitude fluctuation, the distribution
of the sound energy density is not uniform in space. Therefore the sound
pressure level has been integrated in space by a rotating microphone. For
decreacing the "Q~effect" the quality factor of the room was damped at low and
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middle freguencies by proper resonatcrs. Because of the amnlitude fluctuations
the sound pressure level has been integrated during a2 long period of time

{32 s). The applied real time analyzer has made it possible to neasure the
power of all cooponents of the complex scund event simultanecusly [s]

Sound power of string end brass instruments has been measured in co-operatlon
with the Laberatory of Musical Acoustics of the PTR by the guidance of Prof.Dr.
J. Meyer in Braunschweig 6 . The results show that the sound power level
spectrum measured in a certain reverberation room is an individual character-
{stic of an instrument and it is independent of loudness. The spectra of two
violins measured fortissimo and also pianissimo are shown in the Figure. This
phencmenon could be utilized for rating and comparing musical instruments, but
the effect of different roonms and af different musicians is still to be
investigated.
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