Physics of Sound and Voice
RHS 377

What is Sound?


· Physical definition - Pressure changes in the air or other medium

·  Perceptual response - The experience we have when we hear


Lesson 1: The Nature of a Sound Wave   



Sound is a wave which is created by vibrating objects and propagated through a medium from one location to another. The vibrating object which  creates the sound could be the vocal chords of a person, the vibrating string and sound board of a guitar or violin, the vibrating tines of a tuning fork, or the vibrating diaphragm of a radio speaker. 

· A wave can be described as a disturbance that travels through a medium from one location to another location. 

· A medium is a substance or material which carries the wave. (gas, liquid, solid)

Lesson 1: The Nature of a Sound Wave   


· To fully understand the nature of a wave, it is important to consider the medium as a collection of interacting particles. In other words, the medium is composed of parts which are capable of interacting with each other. 

· The interactions of one particle of the medium with the next adjacent particle allows the disturbance to travel through the medium. In the case of a sound wave in air, the particles or interacting parts of the medium are the individual molecules of air.
Lesson 1: The Nature of a Sound Wave

· When a wave is present in a medium, the individual particles of the medium are only temporarily displaced from their rest position. There is always a force acting upon the particles which restores them to their original position. 

· The particles of the medium simply vibrate about a fixed position as the pattern of the disturbance moves from one location to another location. 

· Waves are said to be an energy transport phenomenon. As a disturbance moves through a medium from one particle to its adjacent particle, energy is being transported from one end of the medium to the other. 

    Sound  in  Air 

· Compression waves travel through air or along springs.

These waves travel with areas of compression and rarefaction 

The medium does not travel from one place to another, but the pulse that travels.  

· A Wave Transports Energy and Not Matter 

· In conclusion, a wave can be described as a disturbance which travels through a medium, transporting energy from one location (its source) to another location without transporting matter. Each individual particle of the medium is temporarily displaced and then returns to its original equilibrium positioned.

Lesson 1: The Nature of a Sound Wave

· Categories of Waves : One way to categorize waves is on the basis of the direction of movement of the individual particles of the medium relative to the direction which the waves travel.  Two types transverse and longitudinal waves

· A transverse wave is a wave in which particles of the medium move in a direction perpendicular to the direction which the wave moves. This type of wave is a transverse wave. 
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Lesson 1: The Nature of a Sound Wave

· A longitudinal wave is a wave in which particles of the medium move in a direction parallel to the direction which the wave moves. 

· A sound wave traveling through air is a classic example of a longitudinal wave. 
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Lesson 1: The Nature of a Sound Wave

· Sound waves in air are longitudinal waves because particles of the medium through which the sound is transported vibrate parallel to the direction which the sound wave moves. 

· A vibrating string can create longitudinal waves. As the vibrating string moves in the forward direction, it begins to push upon surrounding air molecules, moving them to the right towards their nearest neighbor. This causes the air molecules to the right of the string to be compressed into a small region of space. 

Lesson 1: The Nature of a Sound Wave

· As the vibrating string moves in the reverse direction (leftward), it lowers the pressure of the air immediately to its right, thus causing air molecules to move back leftward. The lower pressure to the right of the string causes air molecules in that region immediately to the right of the string to expand into a large region of space. 

· The back and forth vibration of the string causes individual air molecule in the region immediately to the right of the string to continually vibrate back and forth horizontally.

Lesson 1: The Nature of a Sound Wave


The molecules move rightward as the string moves rightward and then leftward as the string moves leftward. These back and forth vibrations are imparted to adjacent neighbors by particle-to-particle interaction. 

· Other surrounding particles begin to move rightward and leftward, thus sending a wave to the right. Since air molecules (the particles of the medium) are moving in a direction which is parallel to the direction which the wave moves, the sound wave is referred to as a longitudinal wave. The result of such longitudinal vibrations is the creation of compressions and rarefactions within the air.
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Lesson 1: The Nature of a Sound Wave

· As a sound wave moves from the lips of a speaker to the ear of a listener, particles of air vibrate back and forth in the same direction and the opposite direction of energy transport. Each individual particle pushes on its neighboring particle so as to push it forward. 

· The collision of particle #1 with its neighbor serves to restore particle #1 to its original position and displace particle #2 in a forwards direction. This back and forth motion of particles in the direction of energy transport creates regions within the medium where the particles are pressed together and other regions where the particles are spread apart. 

Lesson 1: The Nature of a Sound Wave

· Longitudinal waves can always be quickly identified by the presence of such regions. This process continues along the chain of particles until the sound wave reaches the ear of the listener. 

Lesson 1: The Nature of a Sound Wave

· Another way to categorize waves is on the basis of their ability or inability to transmit energy through a vacuum (i.e., empty space). Categorizing waves on this basis leads to two notable categories: electromagnetic waves and mechanical waves.

· An electromagnetic wave is a wave which is capable of transmitting its energy through a vacuum. Electromagnetic waves are produced by the vibration of charged particles. Electromagnetic waves which are produced on the sun subsequently travel to Earth through the vacuum of outer space. Were it not for the ability of electromagnetic waves to travel through a vacuum, there would undoubtedly be no life on Earth. All light waves are examples of electromagnetic waves.  

Lesson 1: The Nature of a Sound Wave

· A mechanical wave is a wave which is not capable of transmitting its energy through a vacuum. Mechanical waves require a medium in order to transport their energy from one location to another. A sound wave is an example of a mechanical wave. Sound waves are incapable of traveling through a vacuum. 
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