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Sound Reflection

Sound waves are longitudinal in nature and require an elastic medium for propagation. Sound
waves exhibit all the wave properties viz. reflection, diffraction, interference etc.
When sound waves encounter an obstacle they can undergo reflection as well as diffraction. If
the dimensions of the obstacle are large in comparison to the wavelength of the sound wave,
reflection of sound occurs whereas the sound wave diffracts if the obstacle is smaller compared to
the wavelength of sound wave.
In enclosed spaces, such as auditoriums, the walls and ceilings are quite large and contribute to
reflection of sound while surfaces like windows and doors contribute to diffraction. Diffraction
tends to diffuse the sound uniformly in the enclosed spaces leading to reflection becoming more
important in such enclosed spaces.

Figure 1: Reflection of sound inside an enclosed space

Reflection of sound in an enclosed space leads to two important effects as shown in figure (1),

a. Echo: An echo is produced when the sound reflected from an obstacle reaches the ear after
the sound from the source has already been heard. A reflection is called an echo if the
time between original sound and its reflection is long enough that both sounds can be heard
distinctly.
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If the echoes are closely spaced in time so that they are not discernible, then this large
number of echoes is known as reverberation. The sensation of sound persists for about 100
milliseconds after the source stopped giving sound. Hence, in order that an echo may be
heard as distinctly separate, it must reach the ear 100 milliseconds later than the direct
sound.
When the distance of the obstacle from the source is 17m (56 feet) or more, echo will be
heard distinctly.

b. Reverberation: When a sound is generated in a room by a sound source, a listener who is
seated inside the room not only receives the direct sound from the source but also receives
multiple reflections of the sound from the ceiling, the floor and the walls.
The sound emitted from a source does not cease immediately after it is directly received
but is lengthened out due to energy received by continuous reflections. This persistence of
audible sound waves, after the source has ceased to emit sound, is called as reverberation.

Figure (2) shows how echo and reverberation are different. Each echo is a distinct sound while in
case of reverberation the original sound is heard along with its multiple reflections.

Figure 2: Echo vs Reverberation

Reverberation Time

Reverberation time is the time taken by the sound waves to lose its initial intensity, just when the
source has stopped emitting sound, by one – millionth of its initial value. Alternately, it may be
defined as the time taken by the sound waves to lose their intensity from audible (Ii) to inaudible
limit (If ) . Hence, If/Ii = 10−6

The initial loudness (Li) and final loudnes (Lf ) are given by,

Li = 10 log

(
Ii
I

)
and Lf = 10 log

(
If
I

)
The difference in loudness is given by,

Li − Lf = 10 log

(
Ii
If

)
= 10 log 106

Li − Lf = 60 dB

Hence, reverberation time can also be defined as the time in which sound energy diminishes to 60
dB after the source of sound stops emitting.
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Sound Absorption

When sound energy is incident on any surface, one part is reflected from the surface, another part
is absorbed while the remaining part is transmitted. The property of a surface by which sound
energy is converted into other form of energy is called as absorption.
Sound energy is converted into heat due to frictional resistance inside the pores of the material.
Fibrous and porous materials absorb sound energy more than other solid materials.

Sound Absorption Coefficient

The coefficient of absorption (α) of a material is defined as the ratio of sound energy absorbed
by its surface to that of the total sound energy incident on the surface.
A unit area of open window is selected as the standard. The entire sound incident on an open
window is fully transmitted and none is reflected. Hence, It is considered as an ideal absorber of
sound.
This unit of absorption is the open window unit which is named as sabin in honour of American
physicist Wallace Clement Sabine, founder of the field of architectural acoustics.
α = 0.5/m2 at 500 Hz means 50% of incident sound energy will be absorbed per unit area.
The total absorption for material having surface area S is given as,

a = α · S sabins

If there are different materials having absorption coefficients α1, α2, α3, . . . and surface areas S1,
S2, S3, . . . in a hall, then the total absorption of the hall is given as,

A = a1 + a2 + a3 + . . . = α1S1 + α2S2 + α3S3 + . . . (1)

A =
n∑

i=1

αiSi (2)

Sabine’s Formula for Reverberation Time

Prof. Wallace C. Sabine determined an empirical formula for the reverberation time of empty and
furnished halls. He arrived at the following conclusions,

a. Reverberation time depend on the reflecting properties of walls, floor and ceiling of the
hall. If they are good reflectors then sound would take longer time to die away and the
reverberation time of hall would be long.

b. Reverberation time depends directly upon physical volume of the hall.

c. Reverberation time depends on absorption coefficient of various surfaces such as carpets,
cushions, curtains present in the hall.

d. Reverberation time depends on frequency of sound wave because absorption coefficient of
most materials increases with frequency. High frequency sounds have shorter reverberation
time.
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Hence, for a hall having physical volume V and total absorption coefficient A, reverberation time
T is given as,

T ∝ V

A

T = k
V

A
(3)

where k the constant of proportionality and is equal to 0.161. Hence,

T = 0.161
V

A

T = 0.161
V

α1S1 + α2S2 + α3S3 + · · ·+ αnSn

(4)

In 1903, W. S. Franklin deduced the Sabine’s formula theoretically by making the following as-
sumptions,

a. The room is large enough so that sound energy is uniformly distributed in it.

b. Sound travels uniformly in all directions.

c. There is no interference of sound waves in the hall.

d. Absorption coefficient is independent of sound energy.

e. Absorption of sound by the air is neglected

Prof. Sabine determined the time of reverberation for halls of various sizes. He used an organ
pipe as the source, blown at a definite frequency under constant pressure. From the results, he
obtained the reverberation time that is likely to be most satisfactory for the purpose for which a
particular hall is built. The satisfactory value is called as optimum reverberation time.
The optimum reverberation time for music or speech lies between 0.6 to 0.75 seconds while it is
0.8 to 1 second for orchestra. The reverberation time of a hall can be adjusted to a desired value
by arranging the absorbent materials for the various surfaces of the hall.

Determination of Absorption Coefficient of Materials in a Hall

Let T1 be the reverberation time of an empty hall of volume V and total absorption coefficient A.
Sabine’s formula gives the reverberation time as,

T1 = 0.161
V

A
(5)

Let T2 be the reverberation time of the same hall with a material of surface area S1 whose
absorption coefficient α1 is to be determined. Reverberation time is given as,

T2 = 0.161
V

A+ α1S1

(6)

Hence from equations (5) and (6) we get,

1

T2
− 1

T1
=

α1S1

0.161V

α1 =
0.161V

S1

(
1

T2
− 1

T1

)
(7)

Using equation (7) the absorption coefficient of the new material is estimated.

Prepared in LATEX Page 4



B.Sc Forensic Science Sem III Unit IV Acoustics

Limitations of Sabine’s Formula

The limitations of Sabine’s formula are

a. Sabine’s formula does not give correct result for absorption coefficient more than 0.2.

b. Sabine’s formula gives contradictory result in case of a dead room. In case of complete ab-
sorption, α = 1, reverberation time should be zero. But Sabine’s formula gives reverberation
time to be 0.161 V seconds.

c. In the derivation of Sabine’s formula it is assumed that sound energy distributes uniformly
in the room and there is no loss of energy in the air which not a practical reality.
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