Lesson 6: Properties of the Medium

· Air consists of approximately 400 billion molecules per cubic inch. 

· In the state before a source of sound has been energized the molecules are in random motion and the maintain some average distance from one another.

· Air, and all other mediums that can serve to transmit sound, is characterized by two important physical properties: mass & elasticity.

Lesson 6: Properties of the Medium

· By mass we mean the amount or quantity of matter that is present.

· Density is the amount of mass per unit volume.

· Elasticity is the ability to resist changes in shape or volume. If the applied force exceeds the elastic limit deformation occurs. Elastic limit of air is so large that it is not a concern.

Lesson 6: Tones and Resonance

· There is one common and important type of motion that can be analyzed easily. This motion is called periodic motion. A motion is said to be periodic if it repeats at regular intervals of time. 

·  The motion of the hands of a clock, movement of a planet around the sun and the motion of the blades of a fan are examples of repetitive motion. Here, any point in the path of the body is crossed by the body in the same direction, at regular intervals of time. 

Lesson 6: Tones and Resonance

· On the other hand, the motion of a body attached to a suspended spring, the motion of the prongs of an excited tuning fork, the motion of the plucked string of a musical instrument, the motion of the pendulum are also examples of periodic motion but oscillatory. i.e., a to and fro motion. 
· A given point in the path is crossed by the body in opposite directions at regular intervals. This is called oscillatory motion.

· All oscillatory motions are periodic but not all periodic motions are oscillatory.  
Lesson 6: Tones and Resonance

· On observing an oscillating system, like a loaded spring, one can conclude that two properties are involved. These are elasticity and inertia. 

· When a spring is extended by a small force, it opposes the change in its shape. Restoring forces develop in the spring as soon the deforming force is removed. The spring bounces back to its original shape. This property is called elasticity. 

· While returning to its normal state, it overshoots its position of equilibrium. This is because of inertia, which tries to keep the spring in a state of motion. The spring which has been compressed now, tries to attain the normal state. The process repeats itself and the body attached to the spring oscillates.

Lesson 6: Tones and Resonance

· Simple harmonic motion: Repetitive back-and-forth movement through a central, or equilibrium, position in which the maximum displacement on one side is equal to the maximum displacement on the other.

·  Each complete vibration takes the same time, the period. The force that causes the motion is always directed toward the equilibrium position and is directly proportional to the distance from it. A pendulum displays simple harmonic motion. 

Simple Harmonic Motion
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Lesson 6: Tones and Resonance

· Nearly all objects, when hit or struck or plucked or strummed or somehow disturbed, will vibrate. If you drop a meter stick or pencil on the floor, it will begin to vibrate. If you pluck a guitar string, it will begin to vibrate. If you blow over the top of a pop bottle, the air inside will vibrate. 

· When each of these objects vibrate, they tend to vibrate at a particular frequency or a set of frequencies. The frequency or frequencies at which an object tends to vibrate with when hit, struck, plucked, strummed or somehow disturbed is known as the natural frequency of the object.

·  The natural frequency is a frequency the object vibrates at easily. If the amplitude of the vibrations are large enough and if natural frequency is within the human frequency range, then the vibrating object will produce sound waves which are audible.

Lesson 6: Tones and Resonance

· Typical values obtained for the natural frequency or fundamental frequency Fo of voice are 120 Hz for men and 210 Hz for women. 

· The mean values change slightly with age. For men, the decrease in Fo that is most dramatic during puberty has been observed to continue with successive deceleration until about 35 years of age At about 55 years of age, Fo begins to rise again. 

· For women, Fo is stationary up to the age of menopause, when it decreases to reach a minimum that is about 15 Hz lower around 70 years of age. 

· The physiological changes responsible for this can be understood as an effect of the increased testosterone-oestrogen ratio. A similar lowering of Fo can be induced by the habit of smoking.

Lesson 6: Tones and Resonance

· All objects have a natural frequency or set of frequencies at which they vibrate. The quality or timbre of the sound produced by a vibrating object is dependent upon the natural frequencies of the sound waves produced by the objects. 

· Some objects tend to vibrate at a single frequency and they are often said to produce a pure tone. A flute tends to vibrate at a single frequency, producing a very pure tone. Other objects vibrate and produce more complex waves with a set of frequencies which have a whole number mathematical relationship between them; these are said to produce a complex periodic tone for example a tuba. 

Lesson 6: Tones and Resonance

Wave interference is the phenomenon which occurs when two waves meet while traveling along the same medium. The interference of waves causes the medium to take on a shape which results from the net effect of the two individual waves upon the particles of the medium 

·  When the crests overlap, the superposition wave reaches a maximum height. This height is the sum of their amplitudes. The same happens when the troughs overlap, creating a resultant trough that is the sum of the negative amplitudes. This sort of interference is called constructive interference, because it increases the overall amplitude. 

Lesson 6: Tones and Resonance

· Alternately, when the crest of a wave overlaps with the trough of another wave, the waves cancel each other out to some degree. If the waves are symmetrical (i.e. the same wave function, but shifted by a phase or half-wavelength), they will cancel each other completely. 

· This sort of interference is called destructive interference.
Interference  

· Sound waves interfere with each other in the same way as all waves.

· Constructive interference  -  augmentation

· Destructive interference  -  cancellation 
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· Locations along the medium where constructive interference continually occurs are known as anti-nodes.

· Locations along the medium where destructive interference continually occurs are known as nodes. Points where two sound waves would combine to produce no sound.  

Lesson 6: Tones and Resonance

· In acoustics the harmonic of a wave is a component frequency of the signal that is an integer multiple of the fundamental frequency. 

· For example, if the fundamental frequency is fo, the harmonics have frequency 1h, 2h, 3h, etc, as well as f itself. 
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Lesson 6: Tones and Resonance

· Still other objects will vibrate at a set of multiple frequencies which have no simple mathematical relationship between them. These objects are not musical at all and the sounds which they create could be described as noise. 

· When a meter stick or pencil is dropped on the floor, it vibrates with a number of frequencies, producing a complex sound wave which is noisy.
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Lesson 6: Tones and Resonance

· The actual frequency at which an object will vibrate at is determined by a variety of factors. Each of these factors will either affect the wavelength or the speed of the object. 

· Since      frequency = speed/wavelength

· An alteration in either speed or wavelength will result in an alteration of the natural frequency. The role of a musician is to control these variables in order to produce a given frequency from the instrument which is being played. 

Lesson 6: Tones and Resonance

· Consider a guitar as an example. There are six strings, each having a different linear density, a different tension, and a different length.

· The speed at which waves move through the strings is dependent upon the properties of the medium in this case the tightness (tension) of the string and the linear density of the strings. Changes in these properties would effect the natural frequency of the particular string. 

Lesson 6: Tones and Resonance

· The vibrating portion of a particular string can be shortened by pressing the string against one of the frets on the neck of the guitar. This modification in the length of the string would effect the wavelength of the wave and in turn the natural frequency at which a particular string vibrates at. 

· Controlling the speed and the wavelength in this manner allows a guitarist to control the natural frequencies of the vibrating object (a string) and thus produce the intended musical sounds. The same principles can be applied to any string instrument. 

Lesson 6: Tones and Resonance

· Every object will oscillate at a certain frequency when struck, rubbed, or exposed to moving air. The frequency of oscillation is determined by the dimensions of the object. For example, when a block of wood is struck, when the rim of a glass is rubbed, or when you blow air across the top of a soda bottle, a sound wave is produced that matches the natural frequency of the object.

·  When the applied frequency (pumping your legs on a swing) matches the natural frequency (the frequency of the freely swinging swing) a large increase in amplitude occurs, called resonance.

Lesson 6: Tones and Resonance

· Resonance occurs when two interconnected objects share the same vibrational frequency. When one of the objects is vibrating, it forces the second object into vibrational motion. The result is a large vibration. And if a sound wave within the audible range of human hearing is produced, a loud sound is heard. 

· For example, one tuning fork forces another tuning fork into vibrational motion at the same natural frequency. The two forks are connected by the surrounding air particles. As the air particles surrounding the first fork begin vibrating, the pressure waves which it creates begin to impinge at a periodic and regular rate of 256 Hz upon the second tuning fork.

Lesson 6: Tones and Resonance

· The energy carried by this sound wave through the air is tuned to the frequency of the second tuning fork. Since the incoming sound waves share the same natural frequency as the second tuning fork, the tuning fork easily begins vibrating at its natural frequency. This is an example of resonance - when one object vibrating at the same natural frequency of a second object forces that second object into vibrational motion.

[image: image6.png]“/r
o

M‘

Resonat
ting
g Tuning
\gForks




Lesson 6: Tones and Resonance

· Breaking a glass with sound waves is a typical example of resonance. First, the glass is tapped to hear its natural frequency. Then, the glass is exposed to the same frequency, either from a singer or an adjustable frequency speaker. 

· The glass starts to vibrate in response to the driving frequency. When the driving amplitude is increased, the oscillations in the wine glass exceed the flexibility of the glass and the glass shatters. (clip)

Lesson 6: Tones and Resonance

·  A recent example of resonance was the millennium walkway in London, which oscillated alarmingly when a large number of people walked on it (this has now be cured). When it opened to pedestrian traffic in the year 2000, London's Millennium Bridge exhibited an unwanted, large, side-to-side oscillation which was apparently due to a resonance between the stepping frequency of walkers and the bridge. (clip)

·  The most dramatic example of resonance was the Tacoma Narrows bridge which was oscillated by cross-winds so strongly that it broke on November 7, 1940.

Lesson 6: Tones and Resonance

· An audio filter is a type of filter used for processing sound signals. Many types of filters exist for applications including graphic equalizers, synthesizers, sound effects, CD players and virtual reality systems.

· In its simplest form, an audio filter is typically designed to pass some frequency regions through unattenuated while significantly attenuating others.  

Lesson 6: Tones and Resonance

· The frequency at which attenuation begins is called the cutoff frequency.

· 3 main types of filters: 

· 1. High Pass Filter- is a filter that passes high frequencies well, but attenuates (reduces the amplitude of ) frequencies lower than the cutoff frequency. The actual amount of attenuation for each frequency varies from filter to filter. 

· 2. A low-pass filter- is a filter that passes low-frequency signals but attenuates signals with frequencies higher than the cutoff frequency. 

· 3. A band-pass filter is a device that passes frequencies within a certain range and rejects (attenuates) frequencies outside that range. 

· A high-pass filter is the opposite of a low-pass filter, and a band-pass filter is a combination of a high-pass and a low-pass. 

High Pass Filter
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                                Low Pass Filter
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     Band Pass Filter
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Band Pass Filter
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