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13.5 SOUND INTENSITY LEVEL - DECIBEL

The range of variation of sound intensity is very large. The loudness of a sound as Judgey
by the car is proportional to the logarithm of intensity. It means that our car is a _log:arithm:c
instrument. Therefore, the absolute intensity of sound wave is not of practical stgnlﬁcancc'
Instead, the relative intensity is of more concern for us.

The lowest intensity of sound at 1 kHz to which a normal hur"nan car can respond j,
I, = 10712 W/m?2. This is known as thé rlireshold of hearing and is chosen as the “zerg-
or *“standard™ intensity. Intensity of a sound is measured with reference to this Standarg
frequency.

" Def: The ratio of the intensity of sound wave to the threshold intensity of hearing i;

defined as the intensity level of sound.

If 7 and 7, represent the intensities of two sounds of a particular frequency (chosen

normally to be 1 kHz), L, and L are their corresponding measures of loudness, then according
to Weber-Fechner law

L, = klog/
and LO = k log 10
The difference in the loudness of the two sounds is given by

L = lég-—{—bels : .-.(13.8)
o

L is called the inzensity level and is expressed in bels, a unit named after Alexander
Graham Bell, the inventor of telephone.

wef: One Bel is defined as the relative intensity between two sound notes if one is 10
times more intense than the other. '

The unit of bel is large and in practice a small.er unit decibel is used.
1
1 decibel = — b
ccibe 10 el
Accordingly, the intensity level of a sound wave is defined as

v
L = 10 log 7 decibels (dB) 13

o

(@) Threshold of audibility: The intensity level corresponding to the intensity 7, will be
O dB, since from Eq. (13.9), we get

7
L = 101031—”- = 10 logl = 0O

o

O dB level represents the thireshold of audibility.

(H6) Physical significance of a decibel:
human ear can detect is 1 dB. Let us find th
From Eq. (13.9), when L = 1dB,

The smallest change in intensity level that the

¢ corresponding change in intensity or loudness
7

1 dB = 10 log -~

o



L

7
or l(‘g —— — = O_ l

= 10
7
—— = 109! = 1.26
4
- 7= 1.267,
1t means that a change in intensity by 26% increases the intensity level by one decibel
Further, |
it 7= 100 7. L =10 log 102 = 20 dB,
I = 1000 7_. L = 10 log 103 = 30 dB,

7=100007.. Z = 10 log 10" = 40 dB and so on. -

Thus, \\»}}c? two sounds diflTer by 20 dB, the louder of thiem is 100 times more intense and
when they differ by 40 dB. the louder one is 10,000 times more intense. The loudest sound

that can be heard \\‘ithcnit pain is about 120 dB. This is known as the 2hireslhiold of feeling or
pairn threshold. Some of the typical sound levels are shown in Table 13.2

>l
Table 13.2: Some typical sound levels

Source Sound level (dB)
Rustling of tree leaves 0O -20
Quiet living room 20 - 40
Average office - 40 - 6O
Avermge street noisc i 60 - 80
Train sound 80 - 100
T hunder 100 - 120
Aecroplane noise at a distance of 3 m 120-130 (painful)

13.6 SOUND PRESSURE LEVEL (SPL)

In acoustical problems. sound levels are generally dealt in terms of pressure rather than
intensity. In fact, sound measuring devices respond to pressure exerted by sound. Eq. (13.5)
shows that the sound intensity is proportional to the square of its pressure.

Using Eq. (13.5) into Eq. (13.9), an expression for the SPL may be obtained as follows.

7
sSPL = 10 log 7

o

2
o B = 201 &L el i
10 log(ﬁ, ) osr o decibels (13.10)

o«
. — -s 2
The reference pressurc /7, is usually taken as £, =2 = 10 N/m-=.

The reference level /7 is apprqxnmatcly the lowest sound pressure that is audible to
normal human ear. The S/7Z can be directly measured on a sound level meter.

13.7 HUMAN AUDIOGRAM

The human car exhibits basically a nonlincar response. Human audiogram is shown in Fig.
13.3. The threshold of hearing represents the weakest sounds that can be heard while the
upper curve shows the loudest sounds that can be heard without harmful eftects. Further,
heard the sensitivity of the ear varies with frequency. Thus, threshold of hearing of sound
depends upon both the intensity and frequency of sound. A sound is audible above a certain



minimum intensity and a certain minimum frequency. For a person with normal hearing th
threshold of audibility at 1 kHz is O dB; at 200 Hz and 15 kHz it is about 20 dB and at 56 He
and at 18 kHz it is about 50 dB. Ordinary speech sounds lie between the frequencies of |0(Z)
and 8000 Hz, but musical sounds cover a greater range. When the intensity qf sound €Xceed
a maximum limit, it produces a sensation of pain on the ear. The tolerable Ete_ns_ity limiy is
120 decibels. — °
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Human Audiogram.

Similarly, there is a maximum frequency limit beyond which the sound is not heard. Thus,
the maximum audible intensity of sound also depends upon both the intensity and frequency
of sound. In Fig. 13.3, the two curves, the threshold of hearing and the threshold of pain
enclose an area called auditory area. A sound, whose frequency and intensity are not within
the limits set by this area, is not heard by humans.

13.8 UNITS OF LOUDNESS

ILLoudness is considered a subjective measurement which is influenced not only by sound
pressure, but the length of the sound. THhere are two wurnits nused (o rmeaswure the loudness of
sowrnd, plhornt arnd sone.

13.8.1 Phon

The loudness of a sound depends on the frequenc f the sound and-the sensitivity of the car
Generally, two different 60-decibel sounds will not have the same loudness. The loudness
cannot be measured directly with a meter.

Aefr The phon is a measure of loudness and it is equal to the loudness of an equally loud
1 kHz frequency note expressed in decibels. ;

A sound of known intensity level is produced at the frequency 1 kHz= (1 kH=z being taken
as the standard frequency) and then a sound at some other frequency of interest is gcncrated-
The intensity of the second sound is varied in intensity till the volunteers judgé it to be of the
same loudness as that of 1 kHz sound. If the intensity level of both sounds is &V decibels, then




ihe equivalent loudness is said to be N phons. In simple terms 60 phons means “as loud as a
60 dB, 1000 Hz tone.” At 1 klz, readings in phons and dB are the same, -

So, for a 1 kHz note, loudness in phons
= 10 log(//1,) L(13.11)
= 10log I+ 10 log (1/1,)
= 10log /7 + 10 log 102
or LP =10 1log 7+ 120 +(13:12)
log L = 0.033(10 log /7 + 120 - 40)
‘ = 0.33 log I + 2.64
which reduces to L = 4457 0.33
that is, L Ji3 «{(13:13)

for a 1 kHz tone.

The phon unit is not an SI unit in metrology and is used by the American National
Standards Institute.

13.8.2 Sone v
Def: A sone is defined to be equal to 40 phons. A sone is the loudness of a 1 kHz tone of
40-db intensity level.

Experimentally it was found that a 10 dB increase in sound level corresponds approxi-
mately to a perceived doubling of loudness. So that approximation is used in the definition of

the phon as
0.5 sone = 30 phon, 1 sone = 40 phon, 2 sone = 50 phon, 4 sone = 60 phon, etc.






