	The Transmission of Sound Waves and Intensity


Longitudinal Waves

When a tuning fork is struck, it pushes air molecules into each other, which creates a steadily moving area of collision called a compression (C). When the tine moves back, it creates a region of emptiness called a rarefaction (R). In sound waves, a compression is an area of higher than normal air pressure and a rarefaction is an area of lower than normal air pressure.
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Properties of a Longitudinal Wave

Wavelength - distance between midpoints of successive compressions or rarefactions.
Amplitude - describes the displacement of the air molecules from the rest position.
(All other terms used previously to describe waves are used to describe sound waves) 
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Intensity of Sound


Intensity - the average rate of energy flow per unit area across a surface perpendicular to the direction of propagation. 




Measuring the Intensity of Sound

Intensity or loudness is a more difficult property to measure accurately because it involves a small amount of energy and the potential range of sound intensity is great. The decibel is the unit used to measure the intensity of sound. 
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  Here is a representation of a sound that goes from a low intensity to a   high intensity. To the left is the waveform for the sound. 
The intensity of a sound wave can be a factor of both frequency and amplitude of the wave as shown in the two diagrams below: 
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The first decibel value, 0 dB, is fixed near the threshold of hearing. The decibel scale does not increase with uniform gradations. A sound 10 times more intense than 0 dB equals 10 dB. A sound 100 times more intense than 0 dB equals 20 dB. A sound 1000 times more intense equals 30 dB, so on and so forth. The following chart shows decibel (dB) values for various sources of sounds or noise. 
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Also, as the distance between the source and the person increases the intensity of sound decreases.

Check your understanding
1. What is the difference between compression & rarefaction and how it relates to molecular density of the sound transmitting medium? 

2. Define amplitude and wavelength in terms of compressions and rarefactions. 

3. What is sound intensity and how is it measured and what units are associated with intensity. 

4. Explain the decibel (dB) scale of sound intensity. 

5. According to the provincial Occupational Health & Safety Act what are unacceptable sound intensity levels per timed exposure. 
Why are government regulations regarding sound intensity stipulated in the workplace? 

Interference of Sound Waves

Interference of Identical Sound Waves

When two or more sets of sound waves pass through each other, the resulting amplitude of the vibrating air molecules is the sum of the individual waves' amplitudes (PRINCIPLE OF SUPERPOSITION) 

When the resulting amplitude is small, the sound is faint, and vice versa. When the interference creates large amplitude, the sound is louder.

When the interference is destructive, compressions from one source meet rarefactions from the other source, the resulting sound is faint. When the interference is constructive, the sound is louder.
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Silent Regions Around a Tuning Fork

The tine emits two sets of waves with the SAME frequency. As the waves travel out, they interfere with each other. In some regions, the interference is destructive, which produces a faint sound. In other regions, the interference is constructive, resulting in a louder sound.
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The interference pattern produced by a vibrating tuning fork.

Production of Beats

If two sets of sound waves with different frequencies interfere, they are alternately in step (sound is loud) and out of step (sound is faint). This periodic increase and decrease in loudness is called the phenomenon of beats 
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The beat frequency is equal to the difference of the two frequencies producing the beats.

Only if the beat frequency is not too high, that is the two frequencies producing them differ slightly.

Example: 130 Hz and 128 Hz or 132 Hz produce two beats per second (130 +/- 2). 

Demonstration: 
- Two identical tuning forks.
- One tine on one fork has a paper clip on it; this slows it down, creating beats.
- Both forks must be played at the same time in order to hear the beats.

The number of maximum intensity points that occur per second is called the beat frequency. The formula to find the beat frequency is as follows:
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Check your understanding
1. Explain the difference between constructive and destructive interference.
Draw a diagram to show each. Have the two waves to be added in different colours and the resultant wave, showing the interference patterns in another. Diagrams should be drawn as sine wave functions. Simply adding two sine waves out of sync will do the trick. 

2. Explain how a tuning fork has regions of loud and very faint sound. 

3. Explain how "beats" are produced. 

4. Explain how listening for beats can be useful in tuning a guitar. 

5. If a guitar string has a frequency of 440 Hz and is being tuned with a second string with a frequency of 442 Hz, how many beats are heard per second? 

6. Two guitar strings are sounded together and 4 beats per second are heard. 

i. If one string has a frequency 196.0 Hz, what are the possible frequencies of the other string? Look ahead into the next module and label this frequency as a musical note. 

ii. If the four beats heard where detected when tuning the D or 4th string to the G or 3rd string, what would you have to do to D string to bring it into tune with the G or 3rd string? Explain the two possibilities. 

