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Abstract: In environmental noise control onenamonly employs the Aveighted sound
level as an approximate measure of the effect of noise on people. A measurartbeg is
closely relatedto direct human perception of noise is the loudness lexélconstant
A-weighted sound levethe loudness levadf a noise signal varies considerably with the
shape of the frequency spectrumtbé noise signalln particularthe bandwidth of the
spectrum has &arge effect on the loudness level, due to the effect of critical bands in
the human hearing systeifihe low-frequency content of the spectrum alsts an effect
on the loudness leveln this note the relation between loudness lewsd Aweighted
sound level imnalyzedor various environmental noise speciraluding spectra ofraffic
noise aircraft noise, and industrial noiseFrom loudness levelcalculagd for these
environmental noise spectra, diagsaare constructed thashow the relation between
loudness levelA-weightedsound level and shape of the spectruifhe diagrarm show
that the upper Imits of the loudness levébr broadband environmental noise spectra are
about 20 to 40 phon higher than tbever limits for narrowband spectra, which correspond
to theloudness levels of pure tondde diagrare areuseful for assessing limitations and
potential improvements oénvironmentalnoise control methodsnd policy based on
A-weighted sound levels.
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1. Introduction

Environmental noise haseriouseffects on the hath of people. Healtheffectsconsidered by the
World Health Organizatiornclude annoyancesleep disturbangeand cardiovascular diseagg2].
Exposureresponse relationfor these engointsindicate that the gvalence of noiseelated health
effects gradually increases with increasing noise expo%i8d][

Noise exposure for thexposureresponse relations represented bgn A-weighed sund level
(averaged over thday, evening, and night period3he A-weighted sound level ielated to health
effects of environmental noise, butasly a limited representation afirect perception of noise. A
quantity that is more closely related teetdirect perception of noise is the loudness ledelvever,
while annoyance caused by environmental noise is reladetthie loudness of the noi$8], it also
depends on other acoustic and personal fac®nsilarly, deep disturlance by environmental noise
may berelated to the loudness of the nosé also depends ather factors

The A-weighting curvefor rating noisewas originally derived from an equi@ludness contoufior
pure tones the 40 phon FletcheMunson curve[6], so equal Aweighted sound levels would
approximately correspond to equal loudnddsere have been several revisions of the elpualness
contoursfor pure toneg7-9]. Further,calculation metods have been developtnt broadband noise
(see Section 2which show that the shape of the spectrum has a large effect on the lolidoess
considers loudness level variations at constweighted sound levelt becomes clear that the
A-weightedsound level is only a limited representation hnfmannoise perception For example,
severalauthorshavereportedthat A-weighting underestimates loudnestslow frequency(LF), and
thereforewould be inappropriate fotF environmentahoise control 10-13]. Various other studies on
annoyance caused by LF noise have been repoi#@(], but a clear picture about the relation
between loudness and annoyamgelF noise does not emerge from these studigscomplicating
factor is that annoyance depesralso on other acousticharacteristics than loudne$®r example,
tonal noise is found to be more annoying than broadband noise at the same sourii-2Sjellf
particularLF noise often has tonal components (for example, noise 3hiz transformersZ4]), so
tonality andLF character may interfer@5).

For assessing limitationsid potential improvements ofirrentnoise control methods based on the
A-weighted sound level, it would be useful to have a global picture of the ranges of loudness level
that occur in practice, for various types of environmental noise such as trasgg aiocraft noise, and
industrial noise. A relevant question is: how much does the loudnesy&eyah practice at constant
A-weightedsound level? The analysis presented in tiute provides an answer to this questidin.
should be noted that we dmt suggest thathe loudness level is a better indicator efvironmental
noise than thé\-weightedsound level is a s 0 c emeighted levels day Be just as good as
loudness leval

A distinction should be madéetween outdoor levels and indoor é&s: The exposurgesponse
relations for the health erubints of environmental noise are basedootdoor levels, measured or
calculated at the mosixposed fa@de of a dwellinglhe fa@de levels are an approximation for the
Otrued noi s eled&ypgssibe imprevenoeht ofphes agproximation is to take into account
also indoor levels, sinceoiserelated health effect:ay originate to a large extefrom indoornoise
levels For sleep disturbance indoor levels in bedrooms play a role. Ther#fieneotealso considey
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indoor levels calculated from outdoor levels and a typical spectrum of fa@siéation.However, the

effect of fa@de insulation on environmental noise annoyance is a complex issue, since various
nortacoustic factors also pla role, such as expectations of people with respect to the insulation, and
the opening and closing of windows. A further complication of indoor levels is the spatial variations in
LF sound fields in rooms, with pronounced regions of high and low soweds|€ue to standing
waves P6)].

The aticle is organized as followsSection 2describestandard methods for calculating loudness,
both loudness of pure tones and loudness of broadband noise specti@ 3presents the analysié
loudness levelscalculated for various spectra ofenvironmental noise, including pure tones in
Section3.2, bandlimited noise in Section 3, and broadband noise representative of traffic noise,
aircraft noise, and industrial noise in Sectioh 8onclusions are presented$ection 4.

2. Calculation Methods

The international standard 1SO 226:20@3, which is an updated version of 1SZ26:1987[7],
presents a mathematical relation between the loudegs§ in phon, the frequency, and the sound
pressure level of pure tones. The relation defines dquedhess contours as a functionfifquency
and sound pressure level, covering the frequency range2dotm 12,50(Hz. The relation applies to
binaural perception by persons between 18 and 25 years, with normal hearing, under free field
listening conditions. The human hearing threshold as a function of frequency is also specified by the
two versions of the standardihe 1ISO 226:2003tandards based onraextensive set of experimental
loudness studies performed in various countf#ds The equaloudness contours according to ISO
226:2003 deviate from theontours accordingp the (withdrawn) standard 1S226:1987 which is based
on older measurement7].

Environmental noise usually consists of sound signals with a broad spectrum, covering both the low
frequency regionsaybetween20 Hz and200 Hz (variousdefinitions of the LF reign exisf), and the
higher freqency region up to about 5 or kBlz. The A-weightedspectrum of noise emitted by road
vehicles (passenger cars, trucks) has the highest levéte frequency bands aroundklz. With
increasing distance from the sourcewkwer, the spectrum gets a stronger LF signature, due to
frequencydependent air absorption and screening attenuation by obstacles such as noise barriers an
buildings[28-31]. A notoious example of LF noise is the noise generated by an aircraft during the start of
the takeoff roll on the runway[12,3233]. This type of acraft noise is sometimes referred to as aircraft
groundnoise. Various industrial noise sources also generate noise spectra with strong LF components.

The calculation or prediction of the loudness of a noise signal with a broad spectrum is a complex
problem. The theory of psychoacoustics describes the human hegstgmsas a set of auditory
bandpass filters, corresponding to a set of contiguous frequency bands that are called critical
bandg[34]. Each critical band corresponds to pa@ate area on the basilar membrane in the inner ear.
Critical bands are related to auditory masking: two tones within a critical band are perceived as a
single sound while two tones that are not within the same critical band are perceived as two separate
tones with a larger total loudness. Loudness of broadband noise also depends on the critical bands. |
the bandwidth of bantimited noise is gradually increased, loudness stays about the same for
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bandwidths smaller than the critical bandwidth and inceedse bandwidths larger than the
critical bandwidth.

There exist two standard methods for calculating loudness of (steady) broadban{BHgise
method described in the ANSI S32007 standard[36] and a methd descibed in the DIN
45631:1991K50 532Bstandard37,38].

The ANSI standard is based on a recently developed loudness [[88d€]. The standard can be
used to calculate loudne$rom the spectrum of a sound signal, consisting of pure tomdsr noise
bands such as H&ctave bands. The standard applies to binaural listening by persons with normal
hearing in free field conditions (the method can also be used for monaurahgstéew diffuse field
conditions, but this is not considered here; it was verified that the difference between free field and
diffuse field results is of the order of 1 phon at most, in the cases considered in this article).

The DIN standard is based orlcaidness model developed by ZwicKdd]. The standard can be
used to calculatéoudness from a 1/8ctave band spectrum for stationary sounds, for free field or
diffuse field listening conditiond.oudness calculated with this stand&dsometimes referred to as
Zwicker loudness.

3. Analysis of Loudness Leveldor Various Noise Spectra

This section presents an analysis of loudness leadtsilatedfor variousnoisespectra. Pure tones
are considered irsectiors 3.1 and 3.2 Bandlimited noisespectra are considered #ection3.3.
Broadbandnoise spectra that are representative ¥arious types oknvironmental noise sources in
practice are considered 8ection3.4.

3.1.PureTone® Equal Loudness Contouasid Equal Sound Level Contrsi

Figure 1a shows eqududnes cont our s of p ur ephon,cas @& feinctiart of 1 0
sound pressure level and frequency, accordings@® 226:2003and 1S02261987 The graph also
shows the hearing threshold and th&gighting curve (drawn tlugh the point at 60 dB and 1 kHz).
In the range from 20 Hz to 1 kHz, the 1SO 226:2003 contours are considerably steeper than the ISO
226:1987 contours. The-weighting curve closely follows the 60 phon ISO 226:2003 contour below
1 kHz.

Figure 1b shows #hsame contours as in Figure 1la, but now as a functionveéighted sound
level and frequency. The 60 phon ISO 226:2003 contour below 1 kHz is now a horizontal line in
good approximation.

Figure 2a shows thaversecontours of Figure 1b: contours of eg@aweighted sound level at 10,
20, e, 90 dB as a function of | oudness | evel
226:1987. In this graph the 60 dB 1SO 226:2003 contour below 1 kHz is a horizontal line in good
approximation. Consequently, theweighted sound level is an accurate indicator of loudness for
levels around 60 dB (below 1 kHz). Above 60 dB loudness slightly increases with decreasing
frequency, and below 60 dB loudness slightly decreases with decreasing frequency, according to ISC
226:2003. The standard ISO 226:1987 yields a larger loudness increase with decreasing frequency in :
large region of the frequengyA-weighted sound level diagram. This LF loudness increase has been
described as an 0 uweightingefsLF louha £ sl@14]. Shee ISOR26:2003
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yields a smaller loudness increase than 1ISO 226:1987 does, we included contours of both standards i
Figures 1 and 2.

Figure 1. Equatloudness contours and hearing threshafighure tones, as a function of
frequency and sound pressure lef@land A-weightedsound levelb), according to ISO
226:2003 and ISO 226:1987. The thick line represents tiveighting curve.
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Figure 2. Contours of equalA-weighted sound level as a fgction of frequency and
loudness level, according to 1ISO 226:2003 and ISO 226:188@nd according to 1SO
226:2003 and ANSI S3:2007(b).
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Figure 2. Cont
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Figure 2b compares the ISO 226:2003 contours from Figure 2a with the corresponding contours
according to the standard ANSI S2807. The ANSI standard more or less agrees with ISO 226:2003, in
particular on the constant loudness of the 60 dB contour below 1 kHz, except below 31 Hz.

3.2.Pure Toned Loudness as a Function of Sound Pressure Level

Figure 3a shows the loudness level as a function of sound pressure level, for pure tones with
frequencies 1000, 125, 63, and 31 Hz, according to ISO 226:2003. Figure 3b shows the corresponding
curves for loudnes3\j, which is related to loudnessvel (Ly) by:

N = 2(LN—4O)/10 (1)

so a loudness level change of 10 phon corresponds to a factor of 2 in loudness. The solid lines ir
Figures 3andb represent the 0.3 power law for loudnetg: [
N = K10*3/10 )
wherel, is the sound pressure level akds a constant. Equations (1) and (2) yield the following
expression for the loudness level as a function of sound pressure level:
0.3 10lg K

Ly =L,— +40+
NPig2 g 2 ®3)

where 0601 g6 denotes | ogar,the gower lawon Figlree3a Is a straightllife.  C
The slope is unity, since 0.3/Ig2 = 1. The conskaihas been chosen such that the loudness level for

60 dB is 60 phoni.e., the value for 1 kHz. This givds = 0.063 (to distinguish the dashed and solid
lines,K = 0.060 has been used for the graph). Consequently, the 0.3 power law correspharelgto

for 1 kHz, in agreement with the definition of the loudness level of a tone as the sound pressure level
of an equally loud 1 kHz tone.

The ISO 226:2003 lodness levels and loudness values in Figures 3a and 3b agree with the 0.3
power law for 1 kHz. For low frequency, deviations occur from the 0.3 power law: in Figure 3a the
dashed lines are shifted to higher sound pressure levels and are also steepdft disampears if
A-weighting is applied to the sound pressure level, as shown in Figure 3c. The lines cross each other a
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the point at 60 phon and 60 dB. The slope at 31 Hz is about a factor of 2 larger than the slope at 1 kHz
This implies that a 0.6gwer law holds at 31 Hz. These results are us&kation3.4.

Figure 3. Loudness leve(a) and loudnesg¢b) as a function of sound pressure level, and
loudness level as a function Afweightedsound levelc), for pure tones with frequencies
1000, 125,63, and 31 Hz, according to ISO 226:2003 (dashed lines), and the 0.3 power
law (solid line).
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3.3.BandLimited Noise

Figure 4 shows six spectra with sound energy confined to a singlectbhde band. Figure 5
shows loudness levels calculated for thgsecsa with ANSIS3.42007 and DIN456311991, for
A-weightedsound levels of 20, 40, 60, aB@ dB (the spectra shown in kige 4 are normalized to
zero A-weighted sound levl. The loudness levels in Figure are plotted as a function of the
differencebetween theC-weightedsound level and th&-weightedsound level, denoted ag & for
simplicity. Quantity CA is an indicator of the LF content of a spectr{t0,43], and the values of
Ci A for the six spectrare given in the legend of Figue The ANSI curves in Fige5 show that the
loudness level is approximately constant adB0 increases with A for 80 dB, and decreases with
Ci A for 20 and 40dB. This corresponds directlp the behavior of loudness @ure tones as a
function of frequency, shown iRigure 2b. The DIN curves in Figuré show a larger increase of
loudness level with CA, similar to the loudness level of pure tones according to23®1987, shown
in Figure 2a.
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In Section2 it has been dhicated that the standard 1ISO 226:2003 is an updated version of the older
ISO 226:198&tandard. Since the ANSI S2807 standard agrees with ISO 226:2003 for pure tones,
the ANSI standard has been used for the results presented in the remainder dificthisoa
bandlimited noise spectra and broadband noise spectra.

A spectrum of environmental noise usually covers a wide frequency range, rather than a single
1/3-octave band, so it is important to include the effect of bandwidth on loudness letretsstudy.

In the remainder of this section the bandwidth of a simple spectrum is varied in a systematic way,
while in Section3.4 more realistic broadband spectra are considered.

Figure 4. Six spectra with sound energy confined to a singleottave bad. Values of
the difference between th€-weighted sound level and thé-weighted sound level,
denoted as (A, are indicated in the legend.
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Figure 5. Loudness level as a function of &, calculated with ANSI S3-2007 and DIN
456311991 for the spectrehsewn in Figure 4, foA-weightedsound levels of 20, 40, 60,
and 80 dB.
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Figure 6 shows four barddnited noise spectra, corresponding to a rectangular-pasd filter
covering one, three, nine, and fifteen-bk8ave bands. Figure 7 shows the loudnesslicalculated
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for these spectra as a function ofAC for A-weightedsound levels of 20, 40, 60, and @B (Figure 6
is for 60 dB) and center frequencies of 31, 63, 125, 250, 500, andHOFgure 6 is for 250Hz).
The various combinations yield 21fférent spectra.

Figure 6. Four rectangular noise spectra, with acoustic energy confined to one, three, nine,
and fifteen 1/3octave bands.
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Figure 7. Loudness level as a function of &, calculated with ANSI S3-2007 for the

spectra shown in Figure 6orf A-weightedsound levels of 20, 40, 60, and 80 dB, and

center frequencies of 31, 63, 125, 250, 500, and 1000 Hz (see the text).
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Figure 7 shows that, at low values dfAG the loudness level increases with increasing bandwidth.
This is due to the efféof critical bands in human hearing (sgection2). The loudness level is 15 to
20 phon higher for a spectrum of fifteen -b@ave bands than for a spectrum of a singleottave
band. With increasing i@, the loudness level increase with bandwidth dmees smaller. The
loudness level increase is related to the number of critical bands covered by the specttumratio
of the spectrum bandwidth to the critical bandwidth. With decreasing frequenegctakg bands
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become narrower while the critidaandwidth levels off at 100 Hz below a frequency of 500 Hz. For
Ci A values larger than 15 dB the effect of increasing the bandwidth from one to threetel/8
bands is small (see Figure 7), which reflects the fact that a spectrum of threetal#® bads is
narrower than a critical band at low frequency. These results are uSection3.4.

3.4.BroadbandSpectra

Figure 8a shows six linear broadband noise spectra with gradients ranginglfdadB/octave to
+5 dB/octave. The spectra roughly covee tiange of (average) gradients of broadband environmental
noise spectra in practicgl1,13,32,44], although the spectra are often not lineBramples of
approximately linearspectra are aircraft groundnoise spectra measured in communities near an
airport 32 with a gradient of about 15 dB/octave
6517180 dB ai30dnt8HiHzOther enrbnmental noise spectra are more or less linear up
to a frequency of typically 1 kHz or 2 kHz, and fall off more stgeiove this frequency. Of course,
many environmental noise spectra have a more complex shape. Moreover, the shape of the spectrut
changes with increasing distance from the noise source, due to fregleperydent atmospheric
propagation attenuations (s8ection2). Although the six spectra in Figure 8a do not represent the
wide variety of spectrum shapes of environmental noise, they can be used to study the effect of LF
content on the loudness of broadband environmental noise. Results of calculatiotiefaspectra
(not shown here), including spectra with a steep dabaye 1kHz and/or belowl00Hz, indicate that
the conclusions about the effects of bandwidth and LF content on loudness presented in this section ar
valid for broadband environmentalige spectra in general. It should be noted that we ignore the effect
of background noise, which may affect the loudness levels.

The LF content of the spectra shown in Figure 8a is represented by paraimetdih€ values of
Ci A are indicated in the legend,nd range from 11.6 dB toiAZ280 dB.
road traffic noise is typically between zero and 18 @#.[For other noise sources, such as some LF
industrial sources, larger values ofi AC occur. Unpublished ressgltof outdoor measurements
performed by the Dutch consultancy firm Peutz, reported in 2003 to the Dutch Ministry of
Environment, yielded the following ranges of & 2i 15 dB for road traffic noise,il15 dB for rail
traffic noise, 921 dB for ship noise, 23 dB for aircraft noise (not including aircraft groundnoise),
and 6 24 dB for various types of industrial noise. Indoor measurements resulted in larger values of
Ci A. Recently reported aircraft groundnoise spec82,[measured outdes in a community at
2 to 3 km from the fifth runway of Schiphol airport for B737, B747, and MD11 aircraft departures,
yield values of CA in the range 1422 dB.
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Figure 8. Six linear outdoorl/3-octave band spectra normalized such tha®veeighted
sound levelis zero(a), and corresponding indoor spectra normalized to perdoor
A-weightedsound level(b). Values of LF parameteri@ and fa@de insulationl are
indicated in the legend.
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The spectra shown in Rige 8a are assumed to representdoor noise, for example noise at the
fa@de of a house, originating from outdoor noise sources such as traffic and industrial déigloes.
8b shows correspondinipdoor spectra, calculated with the fa@de insulation spectrum shown in
Figure 9a. This fagde insulation spectrum should only be considered as a typical representative
example, as insulation spectra in practice show large variations. The increase of fa@de insulation with
frequency is a typical characteristic of fa@de insulation spectra.

The stong frequency dependence of fa@de insulation can be understood from the expression for
the transmission logR for a solid wall (and normal sound wave incidence):

2 o
R(w) =10lg e”L+geW—m8u (4)
6 c2Z+y

whichis commonly referred to as the mass law for sounditnassion[28,45,46]. Here,mis the mass

of the wall per unit are& is the impedance of air, andis the angular frequency of the transmitted
sound wave. Fow >> 2Z/m the transmission loss incressby 6dB per octave. For examplégr

m = 50 kg/nf, the expression yields a transmission loss ofiB2t 10Hz and about 5@B at 1kHz.

Sound transmission through the fa@gde of a house depends not only on the walls, but also on various
structural elerants and openings in the fa@de (air ventilation, windows, sealing), which limit the
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fa@de insulation spectrum at high frequency. Consequently, fa@de insulation spectra in practice show
large variations [47-52], depa&ding on the wide variety of fa@de structures of houses.
Moreover, opening and closing of windows of houses plays an important role in the varidtions
fa@de insulation.

Values of the broadband-weighted fa@de insulation, denoted with the symhdare indicated in
the legend of Figure 8a. With increasing/C fa@de insulationl decreases. This is shown graphically
in Figure 9b. Fa@de insulatioh decreases linearly withi@, except for negative values ofi &.
Figure 9cshows how CA varies with he gradient of the linear spectrum. Again the behavior is
approximately linear for positive values ofi &£ corresponding to negative gradients. The linear
behavior in Figures 9b and 9c was verified also for other negative gradients than those represented i
Figure 8a.

Figure 9. Spectrum of fa@de insulation used in this study][(a), A-weightedfa@de
insulationl as a function of CA (b), and value of TA as a function of the gradient of the
linear spectrungc), for the six spectra showin Figure8a. The straight lines are guides to
the eye.
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Figure 10 shows loudness levels calculated with the ASIEK-2007 standardfor the spectra
shown inFigures8a and 8b, foA-weightedsound levels of 20, 40, 60, and &B. These values of the
A-weightedsound level representtdoornoise: the spectrum shapes shown in Figures 8a and 8b have
been shifted such that they correspondutdoor A-weightedsound levels of 20, 40, 60, and 80 dB.
Only in this way the increase of indoor loudness with éasing LF parameteri@®, at constant
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outdoor Aweighted noise level, is taken into account. It should be noted that the indoor valliés of C
were calculated for the indoor spectra (to show the enhanced indoor LF content), but the
corresponding outdoor vadg of G A follow from the legends of Figures 8a and 8b. It should also be
noted that high values ofi@ are often associated with low sound levels at large distance from a noise
source, due to the frequendgpendent atmospheric propagation attenuatiomsiomed inSection2.

Figure 10 shows that the outdoor loudness level is constant or decreases with increasing
Ci A, except for values of TA below 2 dB. The indoor loudness level, however, increases with
increasing CA, except for CA above 25 dB and Aveighted sound levels of 60 and 80 dB. This
behavior can be interpreted in terms of three effects.

First, the loudness level of pure tones or single-obtdve bands increases withi AC for
A-weighted sound levels above 60 dB and decreases WwhAhb€low 60dB (seeSectios 3. 11T 3. 3
Second, an increase of the bandwidth of the spectrum causes an increase of the loudness level (st
Section3.3), but since the increase is larger at small values Aftan at large values, the effect of a
bandwidth increase ®lso a decrease of the slopes of the curves (see Figurais explains why the
slopes of the outdoor curves in Figut® are smaller than the slopes for pure tones and single
1/3-octave bands. The third effect that plays a role is the effect of faguéation. Fa@de insulation
decreases with increasing £ (see Figuredb), and this causes an increasenadbor loudness level
with Ci A at constanbutdoor A-weighted sound level. The slopes of the indoor curves in Fibure
are considerably larger thaime slopes of the outdoor curves, which indicates that the effect of fagde
insulation on indoor loudness is an important effect.

Figure 10. Loudness level as a function of £ calculated with ANSI S3-2007 for the
spectra shown in Figur@a and 8b, fooutdoorA-weightedsound levels of 20, 40, 60, and
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Figure 11 shows the loudness levels from Fidifes a function of Aveighted sound level rather
than G A. For the indoor loudness levels, indoorwkighted sound levels were used here. Also
included in the graph are the loudness levels f8®ution3.3 for bandimited noise. The straight line
represents the 0.3 power law at 1 kHz. The graph illustrates the loudness level increase due to
bandwidth increase, but also the change from the 0.%&ptaw behavior for 1 kHz tones or single
1/3-octave bands to a 0.6 power law behavior for LF tones or singlecid8e bands (by the dots
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below the straight line in Figur&l; cf. Figure 3c). For broadband environmental noise the graph
shows loudness Vel variations of the order of 10 phon, at constamtédghted sound level.

Figure 11 Loudness levels from Figuré0 and fromSection 3.3 as a function of
A-weightedsound level. The straight line represents the 0.3 power law at 1 kHz. For
clarity, filled symbols have been shifted by +1dB @dB from 20, 40, 60, and 80 dB.

Figure 12. Schematic representation of Figutgé. The gray area represents the range of
loudness levels of noise spectra in practice, and is bounded by the 0.3 power law for 1 kHz
tones, the 0.6 power law for LF tonesdam upper curve for broadband noise.

Figure 12 shows the graph in Figdre in a more schematic way. The gray area represents loudness
levels of noise spectra considered in this article, both the spectra shown in Bgyames 8b and the
bandlimited spectra considered i8ection3.3. The gray area is bounded by the 0.3 power law for
1 kHz tones or single 1/8ctave bands, the 0.6 power law for LF tonesiogle 1/3octave bands
(both power laws go through the point at 60 phon and 60 dBSeeton3.2), and a curve that
represents the highest loudness levels in Figdr¢The curve is approximated by straight segments
through the points (0,5), (20,35), (40,65), (60,85) and (82,105)].















