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(Upper boundary on sound locus should be dashed)

Human Auditory Range:

is referred as the frequency range in which healthy human can hear.

As age increases, the range decreases. Few people may posses a bit higher or lower auditory range than described above.

 InfraSound:

used for equipment that requires low frequency of sound. Example: military weapon.

 UltraSound:

( used to clean surfaces and visualize inside cavities

( Example: visualize baby during pregnancy

Comparing the above schema with the 'color spectrum'  :

1. Pitch is like the hue -- on the x-axis.
2. Sound Pressure Level (SPC) is like the intensity of color (magnitude) -- on the y-axis.

Note that: 

- High pitch sound can be generated to cause destruction.

- Low pitch sound/low frequency sound is harder to be listened because low frequency indicates soft sound.

Pressure (P):

 is defined in units of

1 Newton per meter square (N/m²) = 1 Pascal (Pa).
Ambient Pressure

· Pambient = 105 Pa

· the atmospheric pressure of a surrounding air at sea level
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· Ptotal (t) = P cos(ft) + Pambient 

where: P = amplitude of variation in pressure
                    f = frequency, the pitch

Speed of Sound

· The speed of sound = v = 340m/s

· Wavelength of sound () can be determined by v/f, where f is the frequency of the sound.

High frequency sound can pierce through materials, whereas low frequency sound gets absorbed by materials.

“Loudness”

· Human Perception of Sound

1 “phon” = 1 dB of loudness at 1 kHz (approximately linear at 1 kHz)
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P Threshold for Human Perception:


Pmin  = 20   micropascals or  µ Pa --- min pressure that we can sense.


Pmax = 200 Pascals  


--- max pressure that we can tolerate 

Decibel (dB):  standard measure of sound intensity

  

based on minimum pressure level for human perception.

Bel: is a unit of intensity, named after Alexander Graham Bell, the inventor of telephone (in 1862).

PRef  = Pmin =   20 µ Pa

Bel = B = 10 Log10 ( P / PRef ).

        
       dB = 20 Log10 ( P / PRef ).

(deci-Bel, like deci-meter)

Consider 

Px = 100 Pmin = 20 Bels

Py = 10 Pmin =   20 db
:  so Pressure at 20 db is 1/10th Pressure at 20 Bel

Sound Pressure Level (SPL) (see vertical axis on Sound Spectrum)

SPLmin = 20 Log10 ( Pmin / Pmin ) = 20 * 0  =   0  db

SPLmax = 20 Log10 ( Pmax / Pmin ) = 20 * 7 = 140 db

(Note: on   'human auditory spectrum'  , SPL value starts from 0, ends at 140).

Quiet speech is about 58 dB.

Shouting       is about  90 dB.

(Speech itself is between 200 - 8,000 Hz).

Rock band    is about 100 dB.

Deafening     is about 120 dB.

How do we hear sound?

· Sound is created by generating sound wave that changes the air pressure. So, the sound we hear is actually the result of changing in air pressure. 

· Sound is transmitted through a medium (eg. Air, water). Transmission of sound depends on pressure of air and its temperature.

As sound propagated through a medium, it’s velocity is defined as:

 
V = (D/E)^2 = 340 m/s in air,   1230 m/s in water
where  D = density



 E = modulus of elasticity

Human Perception/Hearing Mechanism

 Human ear contains three sections:

1. The Outer Ear 

~  Consists of the ear lobe and ear canal.

~  Serves to protect the more delicate parts inside.

~  Sound is amplified 4 times when going from outer to middle ear.

2. The Middle Ear 

     ~  The outer boundary of the middle ear is the eardrum (tympanic 

    
(membrane) where vibrates with any entering sound.

~  These vibrations are then transmitted to the middle ear three small bones: the hammer, anvil, and the stirrup.

~  The combination of the eardrum and the lever action of these bones helps to amplify the sound 22 times.

3. The Inner Ear
~  The hearing portion of the inner ear is the cochlea, a snail shaped structure that is connected to the stapes. As the stapes moves in and out, it produces fluid waves (endolymph fluid) within the cochlea.

~  These waves in turn cause movement of tiny cells within the cochlea called the hair cells. As these hair cells vibrate, they send signals to the brain, which then be interpreted as sound.
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Figure 1: Anatomy of the Ear 




Source: http://hyperphysics.phy-astr.gsu.edu/hbase/sound/ear.html#c1 

Speech perception

· Signal-to-Noice Ratio - how loud is the speech (signal) relative to the intensity of the background (noise)?

· S / N = log S – log N

· Ex: 75 dB – 70 dB = 5 dB

· Ex: 60 dB – 80 dB = -20 dB

	S/N Ratio
	Observation

	-18 dB
	All consonants are confused

	-12 dB
	Consonants confused: 

- m, n, d, g, b, v, z

- t, k, p, f, s

	-6 dB
	m, n confused

	+12 dB
	All consonants readily distinguishable


Above observations are subjective and have been determined empirically
Pure Tone: 

like pure hue, is a single frequency (ex: a single piano tone).

Sound: 

like color, is distribution of tones with different amplitude and frequency.



  





Noise: 

is defined as unwanted or objectionable sound. It can be a pure tone.

Example of noise:    


~ White noise is a static noise (like “hiss”).

~ Sound of TV when it has no chanel can be         considered as white noise.

         


~ It’s said that Pink Floyd comes from 


                    pink noise.

Destructive Sound:

· Sound that can cancel out certain type of sound. It is created by generating sound from all frequency to reverse a sound of another type. 

· Destructive sound is available at the airport, usually in the form of noise canceling headphone.

Is it possible to have a quietness that hurt your ear?

· Yes. Complete absence of sound can be disturbing.

· Anechoic Chamber: an extremely quiet room where the wall absorbs the sound, and there is no echo since nothing vibrates.
The “A” filter:

· Maps physical SPL to human perceptual levels.

· Is used to reduce low frequency sound that is hard to be heard.

· A-correlated SPL levels are given in dBA.

Noise Induced Hearing Loss (NIHL): 

Any sound or noise that is greater than 85 dBA can be hazardous for human ear (hearing loss). It usually happens to workers in factory with this type of sound (i.e. > 85dBA).

see:  http://www.colorado.edu/physics/phet/   

Goto Audio Applet, using PC with IE (java enabled):

click on Audio Enable, and play with frequency and amplitude
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