Diana Petrolo Numero di Matricola: 224252 Lezione del 05/10/2012 ore 15:50-16:50
Lezione del 05/10/2012 ore 15:50-16:50

NATURE OF SOUND
Ingredients for sound

Sound is basically caused by pressure fluctuations, which are what humans can perceive through air.

We must deal with quantities that relate to the nature of sound and other ones that are prettily descriptive, such as amplitude, frequency, period and wavelength.

It’s important to underline that there is no mass-transfer: it seems like a contradiction but there’s no air coming out from speaker’s mouth and arriving to listeners’ ears.

To have sound we must have BOTH 

1.  SOUND SOURCE and an

2.  ELASTIC MEDIUM
The sound source is the object where energy generates and is transformed, usually mechanical energy is transformed into acoustic energy.

To hear sound far from the source, an elastic medium, or an almost elastic medium is needed. Otherwise a bit of energy is dissipated and sound extinguishes in a few meters. 
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Harmonic motion of a piston

Let’s imagine a circular and infinitely long tube like this:
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The piston moves back and forth along the axis of the pipe.

The law that describes the particle movement is a harmonic law:  
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where   (= pulsation, or angular velocity, in rad/s
              t= time in s
The total piston run is long 2·so , half length on the left (-so ) and half on the right (+so ) of “zero”, which is the origin of the axis. 

We impose a motion to the air moving the piston: when the piston is on the left, it leaves more space and air expands (specific volume increases), when the piston is on the right, on the other hand, air is locally compressed because there is less volume available, and hence the specific volume decreases.
The presence of an elastic medium translates these volume variations in pressure fluctuations.
Pressure fluctuations propagate through the tube.

[image: image4.emf]
If we look at the motion of one particle we see that it moves back and forth, it does not go away. What flows towards right is the wave.

So with “speed of sound” we mean the speed of the wave, it’s up to the characteristics of the medium, and it does not depends on the sound’s loudness.

The “particle velocity” is the motion of particles around their equilibrium position. It can be large or small if the particles move quickly or slowly, depending on the sound’s loudness.
The “sound pressure” at one point is the instantaneous deviation of the pressure from the average air pressure.
Here we see three important quantities and their relationships:

1. f= frequency    
[image: image5]  the number of cycles performed by the planar surface in one second, measured in Hertz.

2. T= period     
[image: image6]     time required to make a complete cycle. 

3. ( = angular velocity (rad/sec)

These three quantities are related by the following formulas:
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The wavelength

Another very important quantity is the wavelength : it is described as the distance travelled by the wave in 1 period.

[image: image9.wmf]Wavelength

Sound speed c


As the period is usually much smaller than 1s, the wavelength  is always smaller than the speed of sound c, as shown in the following figure:

	
[image: image10.emf] 

c = distance traveled in 1s  

 = distance traveled in 1  period  

In this example, T=0333 s, f=3 Hz  


	wavelength = distance between two                       peaks of the wave


Wavelength  changes with inverse proportionality to frequency, as shown here:
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Audibility range

The phenomenon that occurs between 20 and 20,000 Hertz is called “sound” and it can be perceived by humans, below 20 Hertz it is called “infrasound”, above 20,000 Hertz it is called “ultrasound”.

1 – 20 Hz: 

Infrasound
20 – 20.000 Hz : 
Audible sound

> 20 kHz:

Ultrasound
There are three kinematical descriptors of the motion of a body:
1. Displacement :     
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2. Velocity :            
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3. Acceleration :      
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If the piston is connected to a rotating wheel, the displacement, or in other words the distance between the centre of the rotor and the centre of the rod driving the piston, is constant, but we can make the system move faster or slower by changing the angular speed. 
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The most relevant quantity is velocity, for two reasons: it is proportional to pressure (and what we hear is pressure), and the energy involved is proportional to the square of velocity.

The Sound Speed
The sound speed in air, or in  another perfect gas, is given by this exact formula:
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exponent of adiabatic law
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constant of perfect gas law for air
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absolute temperature

At temperatures around 20°C, the above exact formula can be approximated as:
c = 331.4 + 0.6·t
At 20°C:     
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In water, sound’s speed is much larger than in air, as shown in the following table:

Speed of Sound in Water at various temperatures
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In solids, the speed of sound depends on stiffness and density, according to the following formula:
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(7)
E= elastic modulus (N/m2)

ρ= density (kg/m3) 

co= speed of sound in air (m/s)
The sound travels faster if E is large and ρ is small.

The following table contains several values of speed of sound in solids:
Density and Speed of Sound of solids
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c= distance traveled in 1s







= distance traveled in 1 period







In this example, T=0333 s, f=3 Hz
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