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Lesson 3: Sound Waves

·  Objectives
1. Describe how sound is propagated in a medium.

2. Use the terms pitch and loudness and equate them to wave parameters.

3. Recall the order of magnitude of the speed of sound and apply the knowledge to practical situations.

4. Recall the range of frequencies detectable by the normal human ear.

5. Cite evidence that sound waves reflect, refract and diffract.

1. How are sounds made?
When objects vibrate they push on the air molecules nearest them, setting them in motion. These molecules, in turn, push on others. Since air is elastic, a series of compressions and rarefactions are produced. The air molecules return to their original positions once the energy moves on.
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2. Loudness and Pitch
Loudness
The loudness of a sound depends on:

· The amplitude of the vibrator producing it – the greater the amplitude of vibration, the louder the sound;

· The `amount of energy` reaching our ears. When a source (of sound) radiates in all directions, the sound intensity (I) falls off inversely as the square of the distance (d0 from the source, since it is spread over a bigger area (( d2 ).
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Pitch

Pitch is a measure of sound that depends on the frequency. The sound from a violin is of higher pitch than that from a double bass because the sound from the violin makes the eardrum vibrate at a faster rate. Sounds from the violin have higher frequencies.

Rapidly vibrating objects produce sound of high frequency (and pitch). Slowly vibrating objects produce sounds of low frequency.

3. Estimating the speed of sound
The principle of this method is to:
· Determine the distance a sound (pulse) travels;

· Measure the time taken to travel the distance.
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4. The Sound Spectrum
Audio Frequencies

The human ear is not sensitive to all frequencies (vibrations). We normally hear frequencies in the range 20-20,000 Hz. However, older folks have difficulties hearing notes of frequencies above 16 000 Hz.

 5. Properties of sound waves
Reflecting Sounds (echoes)
. Sound like light can undergo reflection and refraction. Reflection of sound gives rise to the echo phenomenon which is reflected sound that can be easily distinguished from the original pulse of sound. It is necessary to stand about 16.5 metres from a large reflecting barrier to hear an echo. The sensation of sound persists for 0.1 second and the reflected sound must travel at least 33 metres (there and back) to be clearly separated from the original (assuming sound travels at 330 m/s). Clear echoes are heard when the sound is reflected of large, smooth, hard solid surfaces, e.g., walls, rock faces and echoes can be heard, for example, in caves, under large brick or stone bridges, from across narrow valleys, or in very large empty buildings (empty warehouse).

Many reflections from floors, walls and ceilings in a building gives rise to multiple indistinct echoes or reverberation which determines the acoustical qualities of auditoriums and concert halls. Too little reverberation gives a "dead" acoustic whereas too much reverberation "clouds" the sound to give a reverberant acoustic. Architectural acoustics are used to design halls that have the optimum reverberation times and much of the pioneering work was done by the American Wallace Sabine (1868-1919) and the Boston Symphony Concert Hall designed by Sabine is still considered as one of the world’s premier concert halls. The musical ambience of a room is determined not only by the walls, floor and ceiling but on the covering of the interior surfaces by fabrics, wood, plaster, acoustic tiles etc., soft surfaces absorb sound and deaden the acoustic whereas hard surfaces reflect the sound and liven the acoustic.

Refraction 

Refraction is the bending of waves when they enter a medium where their speed is different. Refraction is not so important a phenomenon with sound as it is with light where it is responsible for image formation by lenses, the eye, cameras, etc. But bending of sound waves does occur and is an interesting phenomena in sound
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These visualizations may help in understanding the nature of refraction. A column of troops approaching a medium where their speed is slower as shown will turn toward the right because the right side of the column hits the slow medium first and is therefore slowed down. The marchers on the left, perhaps oblivious to the plight of their companions, continue to march ahead full speed until they hit the slow medium. 

Not only does the direction of march change, the separation of the marchers is decreased. When applied to waves, this implies that the direction of propagation of the wave is deflected toward the right and that the wavelength of the wave is decreased. From the basic wave relationship, v=f, it is clear that a slower speed must shorten the wavelength since the frequency of the wave is determined by its source and does not change. 

Another visualization of refraction can come from the steering of various types of tractors, construction equipment, tanks and other tracked vehicle. If you apply the right brake, the vehicle turns right because you have slowed down one side of the vehicle without slowing down the other. 
Diffraction of sound waves
Diffraction: the bending of waves around small* obstacles and the spreading out of waves beyond small* openings.

* small compared to the wavelength 
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Important parts of our experience with sound involve diffraction. The fact that you can hear sounds around corners and around barriers involves both diffraction and reflection of sound. Diffraction in such cases helps the sound to "bend around" the obstacles. The fact that diffraction is more pronounced with longer wavelengths implies that you can hear low frequencies around obstacles better than high frequencies, as illustrated by the example of a marching band on the street. Another common example of diffraction is the contrast in sound from a close lightning strike and a distant one. The thunder from a close bolt of lightning will be experienced as a sharp crack, indicating the presence of a lot of high frequency sound. The thunder from a distant strike will be experienced as a low rumble since it is the long wavelengths which can bend around obstacles to get to you.
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 IN-CLASS ACTIVITY 3.O
1) a) Sound is caused by __________.
b) A sound wave consists of places at higher pressure (called _________) and places of __________ pressure (called _________).

c) Wave speed (in metres per second) equals frequency (in _________) multiplied by ___________ (in ___________).

d) Sound cannot travel through a ___________.

e) Echoes are caused by the __________ of sound.

f) The speed of sound in a solid is ___________ than the speed of sound in air.
g) Resonance occurs when the applied ___________ of the pushes equals the natural __________ of the object.

h) Pitch depends on ______________.

   Loudness depends on ______________.

   Quality depends on _______________.

2) The speed of sound is 340 m/s. if thunder is heard 20 second after lightning, how far away is the storm? What must you assume?

3) What is the wavelength of a sound wave of frequency 100 Hz? (Speed of sound = 340 m/s).
4) A sonar pulse sent out by a boat arrives back after 3 seconds. If the speed of sound in water is 1500 m/s, how deep is the water?
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