
UNIT 25 SOUND ENERGY 

 

 

WAVES 

A wave is a periodic disturbance in a medium that carries energy from one point to another. All 

waves need a source and a medium of propagation. Waves can lose energy as they propagate 

through a dense medium, or if they are spread out over a large area. 

CATEGORIES OF WAVES 

Waves come in different shapes and forms. One way to categorize waves is based on the 

direction of movement of the individual particles in the medium, relative to the direction in which 

the wave travels. This gives 3 types of waves: transverse, longitudinal, and surface waves. 

1. TRANSVERSE WAVES 

In this wave, the particles of the medium move in a direction perpendicular to the direction that 

the wave moves. As energy is transported, the individual particles will be displaced upwards 

and downwards. In this case, the particles of the medium move perpendicular to the direction 

that the pulse moves.  

Examples: Light and electromagnetic radiation are transverse waves. Water waves and S 

waves (seismic) are also transverse waves. 

 

2. LONGITUDINAL WAVE 

In this wave, the particles of the medium move in a direction parallel to the direction that the 

wave moves. A sound wave traveling through air is an example of this type of wave.  

Examples: Sound waves, waves in a stretched spring, and P waves (seismic) are longitudinal 

waves.  

Important note: Waves traveling through a solid can be transverse or longitudinal waves. But 

waves traveling through a liquid or gas are always longitudinal waves. This is because 

transverse waves need a rigid medium to transmit their energy. If the medium is not rigid (like 

liquids or gases) then the particles slide past each other. This sliding prevents one particle from 

displacing another in a direction perpendicular to the energy transport or wave movement.  

  



 

 

 

3. SURFACE WAVES 

Waves that travel along the surface of the ocean are called surface waves. In this wave, the 

particles of the medium undergo a circular motion. These waves are neither transverse nor 

longitudinal because in transverse or longitudinal waves, all the particles move in either a 

perpendicular or parallel direction relative to the direction of the wave. In a surface wave, it is 

only the particles at the surface of the medium that undergo circular motion.  
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SOUND 

It is the sensation produced by stimulation of the organs of hearing (ears) by vibrations that are 

transmitted through the air. A sound wave is a compressional or longitudinal wave. It travels 

in a straight line and must travel through a medium, it cannot travel in a vacuum. The sounds 

that we hear are compressions and rarefactions of air particles.  

HOW SOUND TRAVELS 

Sound travels in mechanical waves and motion. A mechanical wave is a disturbance. This 

disturbance is a vibrating object. This disturbance moves, and transports energy from one place 

to another, through a medium. This medium can be gas, liquid or solid. Sound cannot travel 

without a medium (like air). Sound does not travel in a vacuum. 

For example, in the case of a church bell ringing, and us hearing its sound. When the bell rings, 

it vibrates. As it vibrates, it pushes particles of air around it. These in turn, push against other 

particles. This is a sound wave. The vibrating bell is the original disturbance and the air is the 

medium. 

VIBRATION 

It is the movement or motion of particles, back and forth, from a position of equilibrium (or a 

stationary position). 

COMPRESSIONS AND RAREFACTIONS OF A SOUND WAVE 

Sound is a mechanical wave that results from the back and forth vibrations of the medium in which 

the sound wave is moving. Sound waves are longitudinal and because of this, there are regions 

in the air where the air particles are compressed together (compressions) and regions where 

the air particles are spread apart (rarefactions). Compressions are regions of high are pressure 

while rarefactions are regions of low air pressure.  Compression is a pushing force while 

rarefaction is a pulling force.  
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FEATURES OF SOUND WAVES 

A sound wave is usually represented by a wavy horizontal line. The upper part of the wave (the 

crest) indicates a condensation or compression and the lower part (the trough) indicates a 

rarefaction. Sound waves are periodic, the change from the starting point to maximum 

compression, to maximum rarefaction, back to the starting point, is repetitive. This round trip is 

called a cycle. The amount of time a single cycle takes is called period. 

 

 

AMPLITUDE 

Amplitude of a sound wave is the height between the peak (top most part of the wave) and the 

trough (bottom most part of the wave). Amplitude is how high the crests are. This is peak 

amplitude. Peak to peak amplitude is the top part of the wave to the bottom most part. 

Amplitude is a measure of the amount of energy in the sound wave. The greater the amplitude, 

the greater the height of the sound wave, and the greater the loudness of sound. A loud sound 

has high waves (high amplitude) while a quiet sound has low waves (low amplitude). The unit of 

loudness is decibel 

 

 

 



 
LOUDNESS 

It is the intensity of sound (auditory sensation) produced. Loud means a very strongly heard, full, 

powerful sound, which makes a strong impression on our hearing. It is dependent on amplitude 

of a wave. 

INTENSITY 
 
This is different from loudness. Loudness is a measurement of audible sound as 
we hear it.  Sound intensity is the amount of energy carried by sound. It is the 
amount of energy crossing a unit area in a unit time. It is the power flowing through 
the unit area. Sound intensity is defined as the sound power per unit area. While 
loudness and sound energy are closely linked, they are not identical.  
 

MUSIC 

It is the art of arranging sounds in time. This produces a whole composition through melody, 

rhythm, harmony and timbre. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



WAVE LENGTH 

Wavelength is the distance between 2 successive identical parts or a wave e.g. the distance 

between the top of 2 crests or 2 troughs. The shorter the wave length, the more waves will pass 

in a given amount of time. 

 

 
 
FREQUENCY AND PITCH 

Frequency is the number of waves per second. Frequency is measured in hertz (Hz). In sound 

waves, some sounds are higher and some are lower. Pitch is how high or low a sound seems. 

The higher the frequency, the higher the pitch. Frequency is inversely proportional to wavelength. 

Short waves have high frequency and sound high. Long waves have lower frequency and sound 

low. 

 

 

PITCH 

It is a term in music, that describes how high or how low a note is. It depends on the frequency 

(number of vibrations per second) of the sound. 

 

. 
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ECHO AND REVERBERATION 
 
Sound is a mechanical wave that travels in a medium from one location to another. This 
motion happens as one particle of the medium interacts with its neighboring particle, 
transmitting the motion and energy to it. As the sound wave reaches the end of the 
medium, it undergoes certain characteristic behaviors. 
 
Echo: If you have ever been inside of a large canyon, you have likely observed an echo 
resulting from the reflection of sound waves off the canyon walls. Suppose you are in a 
canyon and you give a holler. Shortly after the holler, you would hear the echo of the 
holler - a faint sound resembling the original sound. This echo results from the reflection 
of sound off the distant canyon walls and its ultimate return to your ear. 
 
If the canyon wall is more than approximately 17 meters away from where you are 
standing, then the sound wave will take more than 0.1 seconds to reflect and return to 
you. Since the perception of a sound usually endures in memory for only 0.1 seconds, 
there will be a small time delay between the perception of the original sound and the 
perception of the reflected sound. Thus, we call the perception of the reflected sound 
wave an echo 
 
Reverberation: A reverberation is quite different than an echo. A reverberation is 
perceived when the reflected sound wave reaches your ear in less than 0.1 second after 
the original sound wave. Since the original sound wave is still held in memory, there is 
no time delay between the perception of the reflected sound wave and the original 
sound wave. The two sound waves tend to combine as one very prolonged sound 
wave. 
 
If you have ever sung in the shower, then you have probably experienced a 
reverberation. The sound which you hear is the result of the reflection of the sounds you 
create combining with the original sounds. Because the shower walls are typically less 
than 17 meters away, these reflected sound waves combine with your original sound 
waves to create a prolonged sound - a reverberation  



SONAR 

It stands for Sound Navigation and Ranging. Sound is used to navigate and detect objects in 

water. There are 2 types of sonar systems. 

1. Active Sonar - In active sonar, a pulse of sound is sent out and the operator waits for 

echoes. How it works, is that when a sound signal is sent into the water, part of it will 

be reflected back when it hits an object. The distance to that object can be detected 

by calculating the time between when the signal was sent and when the echo came 

back. 

2. Passive Sonar - Here, the operator listens to sounds that are emitted (given off) by 

other objects like ships, submarines, whales, marine animals. 

 

  

 



ECHOLOCATON 

This means location by sound. It is a means of locating an object based on an emitted sound and 

the reflection back from it. It is used naturally by some animals like bats, dolphins, porpoises, and 

electronically by humans. Echolocation is the ability to locate objects by bouncing sound waves 

off them and then measuring the time taken for an echo to return, and calculating the direction 

the echo came from.  

 

DOPPLER EFFECT 

The Doppler Effect was named after Christian Doppler. A commonly used example of the Doppler 

Effect is a train. When a train is approaching, the whistle has higher pitch than normal. You can 

hear the change in pitch as the train passes. The same is true of sirens on police cars, 

ambulances, fire engines. 

The Doppler Effect states that sound waves have a higher frequency and pitch, if the source of 

sound is moving to the observer. Sound waves have lower frequency and pitch, if the source is 

moving away from the observer. 

It is important to understand that the frequency of sounds that the source emits does not actually 

change. To understand this, here is an example. Someone throws one ball every second at you. 

If the thrower does not move, you will receive 1 ball every second. However if he moves towards 

you, you will receive more balls per unit of time, because there will be less spacing between the 

balls. The opposite is true if the person is moving away from you. 

The Doppler Effect is also important is astronomy, it has been used to measure the speed at 

which stars & galaxies are approaching or receding away from us. 

 

  

 
 



WAVE INTERFERENCE 
 
Wave interference is the phenomenon that occurs when two waves meet while traveling 

across the same medium. The interference of these two waves causes the medium to 

take a different shape which results from the net effect of the two individual waves. The 

most important requirement for interference is to have at least two waves.  

 

Constructive Interference 

 

If there are two waves traveling in the same direction, and we add them up point by 

point, we get a new wave which is similar to the original waves but its amplitude is 

higher. This is called constructive interference. 

 

Destructive Interference 

 

If there are two waves and the first wave is up and the second is down, then the two 

waves cancel each other out and they add up to zero, there is no net wave left. This is 

called destructive interference.  

 

If you think of waves in water, when two peaks come together, you get a bigger peak 

(constructive). But when a peak and valley come together, they cancel each other out 

(destructive). This is the same with sound waves. This is how noise cancelling 

headphones work.  

 

Example of interference:  

The simplest way to demonstrate interference is to use two speakers. If we put them 

side by side, pointing in the same direction and at the same frequency, then stand in 

front of them, we will hear a louder sound than each individual speaker would produce. 

Now if we start moving one of the speakers back, at some point the two waves will be 

out of phase (that is the peaks of one line up with the valleys of the other, creating 

conditions for destructive interference). Now if we stand in front of the speakers, we will 

not hear anything.  
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