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Measurement of Loudness

Weber-Fechner Law

The loudness is connected to the intensity of sound which is the rate of energy fed to the ear.
Weber – Fechner law states that,

The degree of sensation is proportional to the logarithm of the stimulus
producing it.

If L is the degree of loudness due to intensity I, then

L ∝ log10 I

L = k log10 I (1)

where, k is the constant of proportionality depending upon the sensitivity of the ear, quality of
the sound and other factors.
From hereon we will use the symbol log for log10.

As the relation between loudness and intensity is logarithmic, doubling the intensity does not
double the loudness. But the loudness increases by the same amount when the intensity is dou-
bled.
Let Li be the loudness due to intensity Ii. From equation (1), we get

Li = k log Ii (2)

If the intensity is doubled then If = 2Ii and the loudness becomes,

Lf = k log If = k log 2Ii

Lf = k log 2 + k log Ii

Lf = k log 2 + Li

Lf − Li = k log 2 (3)

As k log 2 is constant, equation (3) gives that loudness increases by the same amount when-
ever the intensity is doubled, irrespective of the initial intensity.
Equation (1) can also be written as,

dL

dI
=

k

I
(4)

It can be seen that as the intensity of sound increases, there is a rapid decrease in the sensitiveness
of the ear.
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Sound Intensity Level - Decibel

Loudness is determined by the following factors,

i. The rate of supply of energy to the ear.

ii. The subjective result of the ear’s response to this energy.

The first factor is a power effect. It is proportional to the square of the amplitude of the pressure
wave received at the eardrum. The second factor depends upon the frequency as a normal ear
responds differently at different frequencies.
For a given frequency, the sensation is measured logarithmically. If L1 is the loudness of a sound
intensity I and L0 is the standard or zero loudness corresponding to the standard intensity I0,
then

L1 = k log I (5)

L0 = k log I0 (6)

I0 is called the threshold of hearing and corresponds to a power level of 10-12 W/m2 at 1 kHz.
It is the lowest intensity of sound to which a human ear can respond.
The difference in the loudness of the two sounds is given by,

L = L1 − L0

L = k log I − k log I0

L = k log

(
I

I0

)
(7)

The relative intensity L is measured in bel. If the constant k = 1 then 1 bel is defined as
the loudness or relative intensity when the intensity of the sound is ten times the
threshold intensity. The unit is named in the honour of Alexander Graham Bell, the
inventor of telephone.

L = k log

(
10 I0
I0

)
= log 10 = 1 bel (8)

The bel is quite a big unit and hence a smaller unit decibel is used. 1 decibel is one-tenth of a
bel and is denoted by dB.

1 dB =
1

10
bel (9)

Hence, loudness is given as,

L = 10 log

(
I

I0

)
decibels (dB) (10)

At I = I0, L = 0 dB. This is called the threshold of audibility.
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For I = 100 I0,

L = 10 log 100 = 20 dB

For I = 1000 I0,

L = 10 log 1000 = 30 dB

For I = 10000 I0,

L = 10 log 10000 = 40 dB

It can be seen that, as the intensity increases in geometric progression the loudness increases in
arithmetic progression only.
The smallest change in intensity level that a human ear can detect is 1 dB. Hence,

1 dB = 10 log

(
I

I0

)
log

(
I

I0

)
= 0.1

I

I0
= 100.1 = 1.26

I = 1.26 I0 (11)

Hence, 1 dB change corresponds to 26% increase in the intensity of sound. the loudest sound that
can be heard without pain is about 120 dB. This is known as the threshold of feeling or pain
threshold.
Intensity of some common sounds are given in table (1).

Source Intensity (dB)

Threshold of Hearing 0

Rustle of Leaves 0 - 20

Quiet Living Room 20 - 40

Office 40 - 60

Street Noise 60 - 80

Thunder 100 - 120

Threshold of Feeling or Pain Threshold 120

Table 1: Intensity of Some Common Sounds
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Sound Pressure Level (SPL)

In acoustical problems, sound levels are generally dealt in terms of pressure instead of intensity.
The sound measuring devices actually respond to pressure exerted by sound. The intensity of
sound is proportional to the square of its pressure amplitude i.e. I ∝ P 2. The sound pressure
level (SPL) can be obtained using equation (10),

SPL = 10 log

(
I

I0

)
= 10 log

(
P

P0

)2

SPL = 20 log

(
P

P0

)
dB (12)

The reference pressure P0 is usually taken as P0 = 2×10−5N/m2. The sound pressure level (SPL)
can be directly measured on a sound level meter.

Human Audiogram

An audiogram for the normal ear is shown in
figure (1). The response of human ear is non-
linear and depends on the sound pressure level
and frequency of sound.
The lower curve represents the faintest sounds
while the upper curve represents the the loud-
est sounds that can be heard without pain.
A sound is audible when it is above a cer-
tain minimum intensity and a certain mini-
mum frequency.
For a person with normal hearing, the thresh-
old of audibility at 1 kHz is 0 dB while at 200
Hz and 15kHz it is about 20 dB. Figure 1: Human Audiogram
When the intensity of sound exceeds a maximum limit, it produces a sensation of pain on the ear.
In the same manner, the sound is not heard beyond a maximum frequency (> 20 kHz).
The two curves enclose an area called the auditory area. A sound whose frequency and intensity
is not within the limits of this area cannot be heard by humans.

Phon

Phon is a measure of loudness and it is equal to the loudness of an equally loud 1
kHz frequency note expressed in decibels.
Volunteers were asked to adjust the loudness of a sound at a given frequency until they judged its
loudness to be equal to that of a 1 kHz signal. If the intensity level of both sounds is N dB, then
the equivalent loudness is said to be N phons.
Let a given sound be perceived to be as a 60 dB sound at 1 kHz, then it is said to have a loudness
of 60 phons i.e. 60 phons = as loud as a 60 dB, 1 kHz tone.
Let loudness in phons be LP, then

LP = 10 log

(
I

I0

)
= 10 log I + 10 log

(
1

I0

)
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Since, threshold of hearing is I0 = 10−12 W/m2, we get

LP = 10 log I + 10 log 1012

LP = 10 log I + 120 (13)

An empirical relation between loudness in phons (LP) and loudness (L) which holds to be a
reasonably close approximation over the range from 40 phons to 100 phons is given as,

logL = 0.033 (LP − 40)

Hence, we get

logL = 0.033 (10 log I + 120− 40) = 0.33 log I + 2.64

L = 445I0.33

L ∝ I1/3, 1 kHz tone (14)

Sone

A sone is defined as being the loudness of a 1 kHz tone of 40 dB intensity level. It is also equal
to the loudness of any sound having a loudness level of 40 phons.
Experimentally it was found that a 10 dB increase in sound level corresponds to a perceived
doubling of loudness. Hence, 0.5 sone = 30 phons and 2 sone = 50 phons approximately.
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