Reflection of Sound at Boundaries

Amount of incident sound wave reflected from a boundary depends on wave impedance Z of both media


Z = ( ( v   with
(: mean density of medium




v: speed of sound
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for normal incidence, the reflection is computed according to

  r = (Z2 – Z1 ) / = (Z2 + Z1 )

For reflection on a rigid wall (Z2 ( ( ), r = +1,  meaning perfect reflection without phase change. 

If Z2 = 0,  r = –1, meaning perfect reflection with phase change.

There are important applications to hearing and medical ultrasound.

Example:  


The transmission of sound from ear drum to oval window over the bone chain improves the coupling of sound from air to the liquid medium (mostly water). Without this `complicated’ apparatus, the transmission would only be about 1 per mil of the intensity incident on the ear drum. The reason for this bad efficiency is the huge change in the wave impedance at the boundary of air and water:

with
Zair = 4 ( 102 kg/m2 s 


Zwater = 1.5 ( 106 kg/m2 s 

we get r = (1.5 ( 106  –  4 ( 102 ) /  (1.5 ( 106  + 4 ( 102 ) = 0.99947

and for the transmitted intensity: 1 – r2 =  1 per mil

Due to the bone chain, this ratio is improved to about 13(, or more than a  factor of 100 better.

Some data for human Ear: 

Frequency range:


20 Hz  - 20 kHz

Sound pressure:


2 ( 10-5 Pa – 20 Pa

  ( intensity:


10-12 W/m2 –W/m2 ( 0 – 120 dB)

resolution:


8( (on average)

frequency:


0.2 ( (=1/30 of a half tone)

time:



0.055s

direction:


4 deg

