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Abstract
The acoustic absorption coefficient is a number that indicates which fraction of the incident acoustic power

impinging on a surface is being absorbed. The incident acoustic power is obtained by spatial integration

of the incident intensity, which is (classically) defined as the time-averaged intensity associated with the

incident sound field. The measurement of the effective, in situ, sound absorption coefficient is problematic

as the determination thus requires a decomposition of the sound field in an incident and reflected field which,

generally, is virtually impossible to do.

This paper introduces an alternative coefficient with which the effective acoustic absorption can be expressed.

This coefficient is based on an alternative definition of the incident intensity; the time average of the positive

values of the instantaneous intensity. The alternative coefficient is much easier to use in a sense that it

follows directly from an in situ, instantaneous intensity measurement. The coefficient does not rely on any

assumptions other than the assumption that the linearized wave equation is satisfied (and thus the acoustic

energy corollary). As a result, one does not need to decompose the sound field in incident and reflected

waves. Hence, one does not need to have prior information about the incident sound field. Accordingly, one

does not need to have prior information about the source. The coefficient can be determined in any sound

field, either transient or stationary, free field and diffuse/(semi-)reverberant sound fields. The alternative

coefficient is illustrated by means of several numerical examples.

1 Introduction

The capability of a surface to absorb sound when exposed to a certain sound field is typically expressed in

terms of its sound absorption coefficient. This coefficient α is the ratio of the active sound power and the

incident sound power on the surface under investigation. Knowledge of the sound absorption coefficient is

required in many fields of application, such as room acoustics, noise control engineering and more.

Well-established laboratory methods for the experimental determination of the sound absorption coefficient

are available. For normal incident sound fields, the Kundt’s tube method according ISO 10534-1 [20] can be

used. The transfer function method as described in ISO 10534-2 [21] is less time-consuming and nowadays

describes the state-of-the-art. Although the method is standard, influences of mounting of the sample, sample

size and structural coupling of the impedance tube to the driving loudspeaker have been addressed by various

authors, see e.g. [22, 5]. For diffuse sound fields, as typically assumed in building acoustics, the diffuse

incidence sound absorption coefficient, αS , is of interest. αS is determined by measuring the change in

reverberation time in a reverberation room due to placement of a significant area of the material under

investigation, as described in ISO 354 [19]. Influences of sample orientation, sample edge effects and the

diffuseness of the sound field on the accuracy and applicability of the method have been reported.

Clearly, laboratory methods will only yield coefficients that are valid for the specific acoustic conditions used

in the test. In practice however, a material will typically be mounted differently from the test-configuration
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and it will be exposed to a different sound field. Consequently, the sound absorption coefficient will be

different from the sound absorption coefficient obtained with a laboratory method. Therefore, significant

research efforts have been put in the development of in situ methods. In order to avoid possible confusion, we

would like to stress that the in situ sound absorption coefficient is normally defined as the sound absorption

coefficient for a specified angle of incidence for the in situ structure in an otherwise free field. In this

paper however we are interested in the effective sound absorption coefficient which is a measure for sound

absorption of a structure in the actual sound field1.

This paragraph is restricted to a brief discussion of existing and well-established in situ methods and the

reader is referred to more detailed overviews given by Garai [13], Kruse [15], Tamura [3] and Nocke [17].

So-called 2-microphone transfer function methods, see [7, 8, 11, 14, 15, 4] can be applied if there are no

reflections from structures other than the surface of interest. Consequently, measurements based on this

method have to be carried out in open spaces or rooms that are sufficiently anechoic. The only kind of

in situ methods that have found their way into standardization are pulse-based methods, see Garai [13],

Mommertz [12] and Nocke [16]. These methods separate, by means of a time window, the reflected waves

from the surface of interest, from those that are reflected by other surfaces. In a number of papers, [18, 10],

methods that use a PU-sensor to measure the surface impedance for normal and oblique incidence have been

presented.

As stated above, the absorption coefficient is defined as:

α =
Pac

Pin
, (1)

where Pac is the active sound power flowing through a specified surface and Pin is the incident sound power

flowing through that same surface. For a given surface and a given sound field, the active sound power is

obtained by spatial integration of the normal component of the active intensity (i.e. the component normal

to the given surface) over that surface. The incident sound power should be obtained by integration of the

normal component of the incident intensity, as illustrated in figure 1. The determination of the incident in-

tensity is (classically) accomplished by decomposing the sound field in an incident and reflected field. The

incident intensity is then set equal to the active intensity of the incident sound field. This approach is prac-

tically problematic as one can only accurately measure the incident intensity in ’ideal’ acoustic fields, such

as acoustic free-fields or semi-free-fields with a single sound source. Apart from the pulse-based methods as

described in [12, 13, 16], such fields can only be realized in (semi-)anechoic rooms or outdoors, making the

methods hardly applicable in situ for general acoustic environments.

In a recent paper [2], we proposed to measure the incident intensity based on a local plane wave assumption.

This assumption enabled the measurement of the absorption coefficient for the in situ sound field without the

need to assume and therefore impose an ideal sound field. In this paper, an alternative effective coefficient is

proposed that can be measured without making any assumptions about the sound field other than the assump-

tion that the linearized wave equation (or Helmholtz equation) is satisfied. It nevertheless is a coefficient that

reflects the absorbing capabilities of an absorbing material in the given (arbitrary) sound field.

The idea of the alternative coefficient is simply to set the incident intensity equal to the time average of only

the positive values of the instantaneous intensity, see the definition below. As the instantaneous intensity can

be measured at the actual site near the surface of interest, there is no need to decompose the sound field in an

incident and reflected field; the incident intensity follows directly from the measurement data. In addition,

the alternative coefficient shows the dependency of absorption on the in situ sound source, as we will show

later.2

1The absorption coefficient based on reverberation time measurements is therefore also an effective sound absorption coefficient
2The absorption coefficient is sometimes erroneously identified as a material property. However, as the well known dependency

of the angle of incidence on the absorption coefficient illustrates, the absorption coefficient is a property of the absorbing surface and

the associated impinging sound field. For arbitrary sound fields, this generalizes to a dependency of the absorption coefficient on

the sound source (position and radiation characteristics) and the entire acoustical domain (e.g. the presence of additional reflecting

boundaries).
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Figure 1: The incident (I+
n ) and reflected intensity (I−n ) in the direction normal to the absorbing surface ∂Ω.

In the current paper, the theoretical background for the alternative coefficient will be given and the coefficient

is illustrated by various numerical examples.

2 Theory

2.1 General sound fields

The instantaneous intensity vector at a position x and time t, describing the acoustic energy flux, is defined

as:

I(x, t) = p(x, t)u(x, t), (2)

where p(x, t) denotes the acoustic pressure and u(x, t) the acoustic velocity vector. The component of

the intensity vector in a direction n (I(x, t) · n) is the energy flux flowing in that direction. The direction

vector n is chosen to be perpendicular to the surface of interest, pointing away from the source. Hence, this

component equals the energy flux flowing into that specific surface. The active intensity is the time averaged

intensity over a certain period T :

Iac(x) =
1
T

∫ T

0
I(x, t)dt, (3)

and integration of the normal component of the active intensity (Iac ·n) over the surface ∂Ω yields the active

power flowing into the surface ∂Ω:

Pac =
∫

∂Ω
Iac · ndΓ, (4)

which is the numerator in equation (1).

To circumvent the requirement of imposing a certain impinging sound field, as was indicated in the previous

paragraph, it is proposed to set the incident intensity equal to the time average of the positive values of the

normal component of the instantaneous intensity. The reflected intensity is then defined as the time average

of only the negative values. This concept is illustrated in figure 2. To avoid confusion in terminology between

the classical and alternative concept, the incident intensity for the classical definition will be denoted by Iin

and associated power by Pin, the incident intensity used in the alternative definition will be denoted by I+

and the associated power by P+. The incident intensity I+
n (x) and reflected intensity I−n (x) are thus defined
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as, respectively:

I+
n (x) ≡ 1

T

∫ T

0
i+n (x, t)dt, (5)

and

I−n (x) ≡ 1
T

∫ T

0
i−n (x, t)dt. (6)

i+n (x, t) and i−n (x, t) denote, respectively, the instantaneous incident and instantaneous reflected intensity

and are defined as:

i+n (x, t) =

{
I(x, t) · n for I(x, t) · n ≥ 0

0 for I(x, t) · n < 0
(7)

and

i−n (x, t) =

{
0 for I(x, t) · n ≥ 0

−I(x, t) · n for I(x, t) · n < 0
(8)

Note the minus sign in the definition of the reflected intensity, as we would like the reflected intensity to be

positive as the instantaneous intensity is negative. The subscripts n in the definition of I+
n , I−n , i+n and i−n

have been added to emphasize the dependency on the direction n.
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Figure 2: Instantaneous incident intensity i+n (x, t) (white bars) and instantaneous reflected intensity i−n (x, t)
(black bars) versus time at some point x in direction n.

After spatial integration of I+
n over the surface ∂Ω, one thus obtains the incident power P+ flowing through

∂Ω. The proposed alternative for the classical absorption coefficient α is therefore given by:

β =
Pac

P+
=

∫
∂Ω Iac(x) · ndΓ∫

∂Ω I+
n (x)dΓ

. (9)

Obviously, the alternative definitions for the incident and reflected intensity can be used for any transient

sound field and can be calculated directly from a measured instantaneous intensity.

An additional benefit of the new definition is that the active intensity Iac · n, by definition, equals the differ-

ence between the incident and reflected intensity for any sound field:

Iac(x) · n ≡ I+
n (x)− I−n (x). (10)
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This is in contrast to the classical definition of incident intensity, where, for general sound fields, the differ-

ence between the incident and reflected intensity is not necessarily equal to the active intensity3. For the 1D

sound field, the difference between the, classically defined, incident and reflected intensity is equal to the

active intensity, but this is the exception.

2.2 Harmonic sound fields

If the sound field is harmonic, i.e. p(t) = ℜ(Peiωt) and u(t) = ℜ(Ueiωt), where ℜ denotes the real part, it

is easy to show that the instantaneous intensity vector is given by, see [1]:

I(x, t) = Iac(x) + Iac(x) cos(2ωt− φ) + Ire(x) sin(2ωt− φ), (11)

where Iac = 1
2ℜ(PU) is the active intensity and Ire = 1

2ℑ(PU) is the reactive intensity. ℑ denotes the

imaginary part, the overbar denotes the complex conjugate and φ denotes a phase shift. Hence, the normal

component of the intensity vector equals:

I(x, t) · n = Iac(x) · n + Iac(x) · n cos(2ωt− φ) + Ire(x) · n sin(2ωt− φ) (12)

= Iac(x) · n +
√

(Iac(x) · n)2 + (Ire(x) · n)2 cos(2ωt− φo), (13)

where φo is a phase shift. The energy flux in direction n thus consists of a constant, time independent part

and an oscillatory part, oscillating at frequency 2ω with amplitude
√

(Iac · n)2 + (Ire · n)2.
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Figure 3: Example of the instantaneous intensity I(τ) ·n versus time for a 1000 Hz signal, showing the time

segments for which the intensity is incident and reflected (Iac · n = 1[W/m2] and Ire · n = 2[W/m2]).

Figure 3 shows an example of the instantaneous intensity (as a function of time) of a 1000 Hz signal for one

period T = 2π/ω of the sound pressure. Without loss of generality, a time shift ∆t = φo/(2ω) has been

applied such that t = τ + ∆t and:

I(x, τ) · n = Iac(x) · n +
√

(Iac(x) · n)2 + (Ire(x) · n)2 cos(2ωτ). (14)

The zero crossings τ1 and τ2, as shown in figure 3, are then easily evaluated as τ1 = arccos(−IRn)/(2ω)
and τ2 = (2π − arccos(−IRn))/(2ω), where IRn is the intensity ratio between the active intensity and the

3Decomposing the sound field in an incident and reflected field yields: I = pu = (pin + prefl)(uin − urefl) = pinuin −
preflurefl − pinurefl + prefluin 6= pinuin − preflurefl. Hence the active intensity is only equal to the incident intensity minus

the reflected intensity if the time average of −pinurefl + prefluin equals 0.
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amplitude of the intensity oscillation:

IRn(x) =
Iac(x) · n√

(Iac(x) · n)2 + (Ire(x) · n)2
. (15)

It is easy to show that this intensity ratio also equals the cosine of the phase difference between the sound

pressure and particle velocity. From a numerical point of view however4, it is more convenient to leave the

expression as is given above. The incident intensity, according to the definition (5), can, for the harmonic

case, be calculated based on the time average over one period T , i.e. I+
n = (2ω/π)

∫ τ1
0 I(τ) · ndτ . The

reflected intensity can be calculated based on the negative intensity values, i.e. I−n = (ω/π)
∫ τ2
τ1
−I(τ) ·ndτ .

The resulting time averaged incident and reflected intensities can be shown to equal, respectively:

I+
n (x) =

{
1− arccos(IRn(x))

π

}
Iac(x) · n +

1
π
|Ire(x) · n| and (16)

I−n (x) =
{
−arccos(IRn(x))

π

}
Iac(x) · n +

1
π
|Ire(x) · n|, (17)

where | · | denotes the absolute value.

3 Numerical Examples

3.1 Open ended tube
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Figure 4: Open ended tube (left) and absorption coefficient α and the alternative coefficient β evaluated at

the open end (right).

To illustrate the proposed method, the example of an tube with a flanged, open end, see figure 4 is con-

sidered. Below the cut-on frequency, the impedance of the open end can well be approximated by Z =
ρc

[
(ka)2 + i(8ka/3π)

]
, see [26], where ρ is the density, c the speed of sound, k = ω/c is the wavenumber

and a the radius of the tube. For frequencies below the cut-on frequency, the sound field can be described

by 2 plane waves; an incident and reflected plane wave. Ignoring viscous and thermal effects, the complex

pressure amplitude is given by P = Ae−ikx + Beikx, with A the amplitude of the incident wave (propa-

gating in the positive x−direction) and B the reflected wave (propagating in the negative x−direction). In

4Replacing the expression by the cosine of the phase difference would, for the evaluation of the alternative coefficient, require

an ’unwrapping’ function for the phase which is cumbersome.

90 PROCEEDINGS OF ISMA2012-USD2012



the classical definition of the absorption coefficient α, the incident intensity is the active intensity associated

with the incident wave. For a plane wave of complex amplitude A, the active intensity can easily be shown

to equal AA/(2ρc) and the absorption coefficient α is then readily obtained as:

α =
AA−BB

AA
, (18)

see also [27, 26].

As the absorption is effectively accomplished at the open end of the impedance tube, in this case, it is

appropriate to evaluate the alternative coefficient at that location5. In figure 4, the classical coefficient and

the alternative coefficient at the open end are shown. From the figure it can be concluded that both coefficients

show the same trend, i.e. the absorption increases with frequency. The alternative coefficient is seen to be a

somewhat larger in value compared to the classical absorption coefficient.

3.2 2D Example: Louvre door

As a second example, consider the 2-dimensional geometry given in figure 5. This geometry resembles a

Louvre door and serves to illustrate the key benefit of the alternative coefficient; it can be determined without

any prior knowledge of the location or radiation characteristics of the source. The considered geometry

consists of acoustically hard surfaces (indicated by the thick lines and referred to as reflective segments) and

surfaces for which the impedance is assumed to equal the plane wave impedance ρc (indicated by the dotted

lines and referred to as the absorbing segments). Two cases are assumed; In case A, a unit power point source

is positioned in point A, whereas in case B, a unit power point source is positioned in point B, see figure

5. Based on a straightforward finite element calculation, the alternative coefficient is evaluated for the line

x = 0.45. The results are shown in figure 5.
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Figure 5: Absorbing sample (left) and coefficient β (right) evaluated for the line x = 0.45 for a point source

at A (βA) and a point source at B (βB).

The calculated curves for β, as shown in figure 5, are as expected. That is, if the point source is positioned at

point A, the surface normals of the absorbing segments point in the direction of the source. Hence the energy

emitted by the source flows into the absorbing segments very effectively and almost all of the incident energy

is being absorbed. This results in β being very close to unity. On the other hand, if the point source is located

5The alternative coefficient, as opposed to the classical definition, does depend on the position in the tube but this is beyond the

scope of the current paper.
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at point B, the surface normals of the reflective segments point in the direction of the source. Accordingly,

a large part of the energy flux emitted by the source is reflected back towards the source and the alternative

coefficient reduces to values that are substantially less than unity.

Figure 6: Point source located in point A. Left: The incident intensity I+
n (vectors pointing to the right) and

reflected intensity I−n (vectors pointing to the left) for n = (1, 0, 0)T on the line x = 0.45 at 2000 Hz. Please

note that the scale of the incident and reflected vectors are not the same; the reflected intensities are in fact

much smaller. Middle: The incident intensity I+
n distribution for n = (1, 0, 0)T . A black color denotes large

values, white denotes small values. Right: The reflected intensity I+
n distribution for n = (1, 0, 0)T . Note:

the color-scale for the incident and reflected intensities is again different in both plots.

Figure 7: Point source located in point B. Left: The incident intensity I+
n (vectors pointing to the right)

and reflected intensity I−n (vectors pointing to the left) for n = (1, 0, 0)T on the line x = 0.45 at 2000

Hz. Middle: The incident intensity I+
n distribution for n = (1, 0, 0)T . Right: The reflected intensity I+

n

distribution for n = (1, 0, 0)T . See the remark on the scale and color in the previous figure.

In figures 6 and 7 for the evaluation-line x = 0.45, the incident and reflected intensity for n = (1, 0, 0)T ,

i.e. the x-axis, are displayed as vectors. The vectors pointing to the right denote the incident intensity in

that direction, the vectors pointing to the left denote the reflected intensity. For clarity reasons, the scale of

the arrows of the reflected intensity have been enlarged; especially for case A, the actual reflected intensities
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are very small. The figures also show contourplots of the incident intensity I+
n and reflected intensity I−n

in the entire domain for both cases. For case A, one observes that the reflected intensity is only larger

near the reflective elements near y = 0 (bottom section). For locations for which the y-values are larger,

the wave impinges normal to the absorbing segments and reflection is much less. For case B, one clearly

sees larger values of the reflective intensity throughout the domain as, by and large, the wave impinges

normal to the reflective segments. One also sees that the incident and reflected intensity vary with the length

scale of the absorbing and reflecting surfaces. The method thus nicely show how the incident intensity can

change with position. It is clear to see that the incident intensity I+
n is, as expected, larger near the source.

However, contrary to what one might expect from a point source, especially for case B, the distribution of

both the incident and reflected intensities is not smooth (although at lower frequencies the distribution is

much smoother). This is a result of the irregular shape of the surface.

This example shows that both the incident and reflected intensity clearly depend on both the position of the

source in combination with the absorbing sample. Hence, not having to make any assumptions about the

sound field and the results directly following from the measured data is a great advantage of the alternative

coefficient, even in extreme cases like this.

4 Conclusion

In this paper, an alternative coefficient to measure acoustic absorption is introduced. The alternative coef-

ficient β is based on an incident intensity which is defined as the time average of the positive values of the

instantaneous intensity, as opposed to the time averaged (active) intensity associated with the incident wave.

The advantage of the alternative coefficient is that it does not rely on any assumptions about the source or

the sound field near the absorbing surface other than the assumption that the sound field satisfies the wave

equation (or, if applicable, the Helmholtz equation). The alternative coefficient directly follows from a mea-

surement of the intensity along the considered surface (either by means of scanning or using a point-by-point

method).

References

[1] Adin Mann III, Acoustic intensity analysis: Distinguishing energy propagation and wave-front propa-

gation, (1991).

[2] Y.H. Wijnant, E.R. Kuipers, A. de Boer, Development and application of a new method for the in-situ

measurement of absorption, Proceedings of ISMA 2010, 109-122, Leuven, (2010).

[3] M. Tamura, Spatial fourier transform method of measuring reflection coefficients at oblique incidence. I:

Theory and numerical examples, National Institute for Environmental Studies, Tsukuba, Japan (1990).

[4] A. Farina, A. Torelli, Measurement of the sound absorption coefficient of materials with a new sound

intensity technique, Proceedings of the AES 97, Berlin, (1995).

[5] J.Y. Chung, D.A. Blaser, Transfer function method of measuring in-duct acoustic properties. I. Theory,

Journal of the Acoustical Society of America 68, 907-913 (1980).

[6] M. Nobile, S. Hayek, Acoustic wave propagation over an impedance plane, Journal of the Acoustical

Society of America 78, 1325-1336 (1985).

[7] J.F. Allard, B. Sieben, Measurements of acoustic impedance in a free field with two microphones and a

spectrum analyzer, Journal of the Acoustical Society of America 77, 1617-1618 (1985).

[8] J.F. Allard, A.M. Bruneau, The measurement of acoustic impedance at oblique incidence with two mi-

crophones, Journal of Sound and Vibration 101, 130 - 132 (1985).

ACOUSTIC TESTING 93



[9] J.F. Allard, C. Depollier, P. Guignouard Free sield surface impedance measurements of sound-absorbing

materials with surface coatings, Applied Acoustics 26, 199 - 207 (1989).

[10] H.E. de Bree, E. Tijs, T. Basten, Two complementary Microflown based methods to determine the

reflection coefficient in situ, Proc. of ISMA 2006, 1889-1900 (2006).

[11] Y. Champoux, J. Nicolas, J.F. Allard, Measurement of acoustic impedance in a free field at low fre-

quencies, Journal of Sound and Vibration 125, 313 - 323 (1988).

[12] E. Mommertz, Angle-dependent in-situ measurements of reflection coefficients using a subtraction tech-

nique, Applied Acoustics 46, 251-263 (1995).

[13] M. Garai, Measurement of the sound-absorption coefficient in situ: the reflection method using periodic

pseudo-random sequences of maximum length, Applied Acoustics 39, 119-139 (1993).

[14] R. Kruse, Application of the two-microphone method for in-situ ground impedance measurements, Acta

Acustica united with Acustica 93 No.5, 837-842 (2007).

[15] R. Kruse, In-situ measurement of ground impedances, PhD thesis, Institute of Physics, Oldenburg Uni-

versity, 26111 Oldenburg, Germany (2008).

[16] C. Nocke, In-situ acoustic impedance measurement using a free-field transfer function method, Applied

Acoustics 59, 253-264 (2000).

[17] C. Nocke, V.Mellert Brief review on in-situ measurement techniques of impedance or absorption, Conf.

proc. of Forum Acusticum, Sevilla, 2002).

[18] R. Lanoye, G. Vermeir, W. Lauriks, R. Kruse and V. Mellert, Measuring the free field acoustic

impedance and absorption coefficient of sound absorbing materials with a combined particle velocity-

pressure sensor, Journal of the Acoustical Society of America 119, 2826-2831 (2006).

[19] ISO 354 (1985), Acoustics - Measurement of sound absorption in a reverberation room, ISO, Geneva.

[20] ISO 10534-1 (1994), Acoustics - Determination of sound absorption coefficient and impedance in

impedance tubes - Part1: Method using standing wave ratio, ISO, Geneva.

[21] ISO 10534-2 (1994), Acoustics - Determination of sound absorption coefficient and impedance in

impedance tubes - Part1: Transfer-function method, ISO, Geneva.

[22] T.E. Vigran, L. Kelders, W. Lauriks, P. Leclaire, T.F. Johansen, Prediction and Measurements of the

influence of boundary conditions in a standing wave tube, Acta Acustica united with Acustica 83, 419-

423 (1997).

[23] Y.H. Wijnant, Patent (pending) Werkwijze en inrichting voor het bepalen van de akoestische absorptie-

en transmissie-coefficient, in het bijzonder op een gekozen positie in de ruimte. NL 2004628, University

of Twente (2010).

[24] F. Fahy. Sound Intensity. Elsevier, London, (1987).

[25] Comsol Multiphysics, Finite element software. www.comsol.com.

[26] D.T. Blackstock Fundamentals of Physical Acoustics. John Wiley & Sons (2000).

[27] A.D. Pierce. Acoustics, An Introduction to Its Physical Principles and Ap- plications. Acoustical Soci-

ety of America, (1994).

94 PROCEEDINGS OF ISMA2012-USD2012


