
SOUND 

 

Periodic Motion 

 

if we observe the motion of the pendulum of a clock, Piston in the cylinder of an 

engine, the motion of earth round the sun and motion of moon round the earth, we 

find that the same motion 

 

along the same path is repeated again and again after equal intervals of time. Such 

a type of motion is called a periodic motion. 

 

[t is defined as a motion in which the body describes the same path in the same 

Way again and again in equal intervals of time. 

 

There are two types of periodic motion.  

1. Circular periodic motion: If the body moves in a circular path. 

 

2. Linear periodic motion: If the motion is repeated along a line. Periodic motion is 

also called harmonic motion. 

 

Simple Harmonic Motion (SHM) 

 

Simple harmonic motion is a particular case of periodic motion and is most 

fundamental type of periodic motion having single period. 

 

A SHM can be (a) linear and (b) angular depending upon the path describe by the 

body. In general SHM as a motion in which the acceleration of the body is directly 

proportional to its 

 

displacement from a fixed point and is always directed towards the fixed point. 

Characteristics of SHM  

A SHM possesses the following characteristics : 

 

(i) The motion should be periodic. 

 



(ii) When displaced from mean position, a restoring force, tending to bring it to the 

mean position and directed towards the mean position must act on the body. 

 

(iii) The restoring force should be directly proportional to the displacement of the 

body from its mean position.  

Harmonic Oscillator 

As we known the position of minimum potential energy of a particle is its position 

of stable equilibrium and how its displacement remains confined to a little distance 

on either side of its mean position, within what is called a potential well and also, 

how a restoring force acts upon it at every point of its displacement except at the 

mean position (where it is zero), tending to bring it back to its mean or equilibrium 

position. It has also been shown there how the energy function U=F(x) may, in 

general, be expanded about the position xo of stable equilibrium by means of 

Taylor's theorem gives 

F = -C where C is a positive constant called the force constant. 

This relation indicates that a restoring force acts on the particle, tending to bring it 

back to its mean or equilibrium position and that he PE curve is parabolic in form. 

Such an oscillating particle is called a harmonic oscillator and in case the 

limits (x1 and x2) are equally spaced about the equilibrium position, it is called a 

simple harmonic oscillator and its motion, a simple harmonic motion (SHM). ' 

In the case of a SHM, the PE curve varies as the square of the displacement and the 

force acting on the particle, and hence its acceleration, is proportional to 

displacement but is directed 0I’Positely to it (towards the mean position), the 

maximum displacement (or amplitude) of the particle being the same on either side 

of the mean or equilibrium position. 

Differential Equation of SHM 

if' According to above explanation A particle may be said to execute a simple 

harmonic motion if it's acceleration is proportional to its displacement from its 



equilibrium position or any other fixed points in its path and is always directed 

towards it. 

”Thus, if F be the force acting on the particle and x, its displacement from its mean 

or equilibrium position, we have 

F=-Cx 

Forced Vibrations 

We have discussed the vibrations in which the body vibrates as its own frequency 

without being subjected to any other external force. However, a different situation 

arised when the body is subjected to an external force. AS an example consider the 

vibrations of a bridge under the influence 0f marching soldiers or Vibrations of a 

tuning fork when exposed to the periodic force of sound waves. In both the cases 

the body vibrates because it is subjected to an external periodic force. Such 

vibrations are called forced vibrations. 

Forced vibrations can be defined as the vibrations in which the body vibrates with 

a frequency other than its natural frequency under the action of an external 

periodic force. 

The forces acted upon the body are, 

(i) The restoring force proportional to the displacement but oppositely directed. 

(ii) A frictional force proportional to velocity, but oppositely directed. 

iii) The external periodic force represented by 

F sin p t. 

Where F is the maximum value of this force and pt is its frequency. Where P 

is angular frequency. 

Resonance 

If we bring a vibrating tuning fork near another stationary tuning fork of the same 

natural frequency as that of vibrating tuning fork, we find that stationary tuning 

fork also starts vibrating. This phenomenon is known as resonance. 



The phenomenon of making a body vibrate with its natural frequency under the 

influence of another vibrating body with the same frequency is called resonance.  

 Consider three springs S1, S2 and S3 suspended from a flexible rod AB such 

that S1 and S2 are identical in all respect and carry equal masses at the ends, while 

S3 has different spring constant and carries different mass. Now if Sl spring set in 

vibration by pulling down the attached mass and let go, we find that spring S2 and 

S3 also start vibrating, The vibrations in S3 die out quickly While the vibrations set 

in springs S2 which is identical to S1, keeps on increasing in its amplitude till it is 

very nearly equal to the amplitude of the spring S1. The vibrations of spring S2 

have the same frequency as that of SI and are called resonant vibrations and this 

phenomenon is called resonance, 

Origin of Sound 

Sound is the form 0f energy that produces the sensation of hearing. The origin of 

sound is always some vibrating body. When a body vibrates, longitudinal 

mechanical waves consisting of alternate compressions and rarefactions travel 

through the medium. Minute amount of energy earned by these waves to our ear 

stimulate the sensation of sound. 

Human ear is sensitive to sound waves whose frequency ranges from 20 Hz to 

20,000 Hz and this is the audible range of frequencies. Sound waves with 

frequencies less than 20 Hz are not audible and they are called infrasonic waves. 

Sound waves with frequencies more than 20,000 Hz are also not audible and they 

are called Ultrasonic waves. 

Properties of Sound Waves 

1. Sound travels in a medium in the form of longitudinal waves. 

2. Sound waves require a material medium for propagation. Sound waves cannot 

travel through vacuum. 

3. In a homogeneous medium sound waves of all frequencies travel with constant 

velocity provided temperature is constant. 



4. Sound travels with different velocities in different media. The velocity of sound 

is highest in solids and lowest in gases. 

5. Sound waves undergo reflection from hard surfaces. If the reflecting surface is at 

a distance more than 17 m, the reflected sound forms echo and if it is less than 

17m, the reflected sound causes reverberation. 

6. Sound waves undergo refraction as they travel from one medium to another. 

7. When sound waves travel from one medium to another, the velocity and 

wavelength of the waves change but frequency remains unchanged. 

8. Sound waves undergo diffraction. They bend round an obstacle. 

9. Sound waves exhibit interference. When two or more sound waves superpose, 

there is a modification in the distribution of sound intensity. 

10. When sound wave are incident on a surface, they set the surface into vibrate.  

Measurement of Loudness 

A different unit called phon is used to measure the loudness level in phon of any 

sound is said to be equal to the intensity level in decibel of an equally 

loud pure tone of frequency 1000Hz. 

 

Acoustics of Buildings 

Acoustics 

 It is the branch of physics that deals with the process of generation, propagation 

and reception of sound. 

The main task of architectural acoustics in the planning of a hall or auditorium is to 

serve the 

most advantages flow of properly diffused sound to the entire audience without 

affecting the speech intelligibility and the total qualities of music. 

Reverberation and Reverberation Time 



When a sham sound is produced in open air, a listener receives it as such. But, if 

such a sound is produced in a big hall or auditorium, a listener receives the sound 

waves directly from the source as well as the sound waves reflected from the 

surfaces of various objects such as ceiling, walls, floor etc. There is a time gap 

between the direct waves and the waves received by successive reflection. 

Therefore, the sound from the source does not cease immediately after it is directly 

received but it is prolonged because of the waves received by the continuous 

reflections. 

The persistence of audible sound after the source has stopped to emit sound is 

called reverberation. 

If the reverberation of a syllable persists so long as to prolong the sound while 

several successive syllables are pronounced the distinctness will suffer and the 

acoustic conditions will be bad. The time during which the sound persists in the 

hall even after the source of stops sounding is called 

reverberation time. 

The reverberation time is measured from the instant when the sources stops 

sounding to the time at which the sound intensity falls to one millionth (10-6) of its 

initial value. Alternately, reverberation time is defined as the time during which the 

intensity level of a sound decreases by 60 decibel. 

Sabine’s formula Measurement of reverberation time Sabine’s developed the 

reverberation formula to express the rise and fall of sound in an auditorium. Using 

following postulates 

1. The average energy per unit volume is uniform. It is represented by sigma. 

2. The energy is not lost in the auditorium. The energy lost is only due to the 

absorption of the material of the walls and ceiling and also due to escape through 

the windows and ventilators; both these factors are included through the windows 

and ventilators. Both of these factors are included in the term “absorption” of 

energy. 



Absorption coefficient the absorption coefficient of a surface is deformed as the 

ratio of sound energy absorbed by the surface in a given time to that absorbed such 

as an open window of equal area in the same time. 

Acoustics aspects of halls and auditoria 

Following are the acoustics aspects of halls and auditoria. They are 

1. Adequate loudness and uniform distribution 0f sound 

In an acoustically good hall, sound should be sufficiently loud and intelligible at 

every point inside the hall. This can be achieved by providing reflectors of sound 

quite near to the speakers. A smooth hard wall behind the speaker and facing the 

audience is a good reflecting surface and it enables the speaker to be heard at a 

greater distance. Almost uniform loudness may be obtained by having parabolic 

reflectors or walls. In the case of very big halls, loud-speakers are used since sound 

has to be amplified electrically. 

2. Optimum reverberation 

there must be an optimum value of reverberation time in the hall. The value is 

found to be 1 to 2 sec for music and 0.5 to 1 sec. for speech. The optimum 

reverberation time can be achieved by having a few open windows and using 

sound absorbing materials such as (a) perforated cardboards or abestos cover for 

ceilings and walls, (b) carpets covering the floor, (c) heavy curtains hung from the 

walls, (d) seats provided with cushions. 

3. Absence of echoes 

There should not be echo in the hall. Echoes are heard when the interval of time 

between the arrival of direct sound and some strongly reflected sound is more than 

0.1 sec. In order to eliminate echoes due to reflection from the ceilings, the ceilings 

should be flat near the speaker and should not be more that 17 m high. In the case 

of bigger halls, the echo due to reflection from walls is minimized by covering it 

with suitable sound absorbing materials. 

4. Elimination of extraneous noise 



Sound from outside may enter the hall through windows and doors. This sound is 

undesirable 

noise. The noise from outside can be minimized by the use of double or triple 

doors and windows each with its own framework. 

5. Absence of echelon effect 

If there are a large number of reflecting surfaces of a structure like a flight of stairs, 

then a sharp sound produced in front of it may produce a musical note because of 

the regular succession of reflections reaching the listener. This effect known as 

echelon effect can be reduced by breaking at intervals the regularity of equal 

spacing between the stairs. It can also be avoided by covering stair case with 

carpets. 

6. Absence of resonance 

If resonance takes place in the hall for any note, the intensity of the note may be 

entirely different from the one desired. This is going to produce undesired effect. 

The resonance frequency of a hall is inversely proportional to the square root of the 

volume of the hall. Hence if the halls are of large size, the resonance frequency 

comes out to be lower than the audible limit and it is quit harmless. 

 


