
1

NTU50235100

周元昉

SOUND SENSORS 

NTU50235100

周元昉



2

NTU50235100

What is Sound?

• The phenomenon of sound in a fluid involves time-dependent changes
of density, pressure, temperature, and position of the fluid particles.

• The changes are extremely small in relation to their mean values in the• The changes are extremely small in relation to their mean values in the
absence of sound.

• Sound propagation involves interplay between pressures generated by 
elastic reaction to volumetric strain and the fluid inertia that resists these
attempts.

• Acoustic disturbances propagate in the form of waves.

• The effectiveness of sound generation is related to the rate of change of
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• The effectiveness of sound generation is related to the rate of change of
flow rather than to the magnitude of the flow.
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周元昉(C. Taylor, “The Physics of Sound,” SOUND, Edited by Kruth and Stobart, Chap. 2, Cambridge Univeristy Press, 2000. )
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Decibel Scales 
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• Condenser measurement microphone
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• External Polarization Source

Constant charge principle
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The polarization resistance must be so high (1 to 10 G) that it ensures an 
essentially constant charge on the microphone, even when its capacitance 
changes due to the sound pressure on its diaphragm.
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A = Area of capacitor plate

C = Instantaneous capacitance betweenC  Instantaneous capacitance between 

plates

D0 = Distance between plates at rest 

position

d = Displacement of moveable plate 

(diaphragm) from rest position

E = Instantaneous voltage between plates
Movements lead to distance 

and capacitance changes 
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E0 = Polarization voltage

e = Voltage change caused by plate 

displacement

Q0 = Constant charge on plate capacitor

 = Dielectric constant of air

and to a corresponding AC-

voltage across the plates.
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• Electret Polarization
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The electret consists of a 

specially selected and stabilized, 

high temperature polymer 

material which is applied to the 

top of the backplate.
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• Static Pressure Equalization
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Two electrical fields are produced in the microphone. One across the air gap 

and one across the electret. These fields must stay essentially constant during 

the microphone operation which means that any resistance loading on the 

microphone must be so high that the voltages produced by the microphone do 

not lead to any significant interchange of charges.

• Diaphragm and Air Stiffness
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• Low Frequency Response and Vent Position
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Inside vent Outside vent



14

NTU50235100

周元昉

(A) inside vent           (B) outside vent
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Microphone response is influenced by the ambient pressure
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10% air-stiffness at nominal ambient pressure (101.3 kPa): 

a) 1 bar, b) 2 bar, c) 10 bar, d) 0.5 bar
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• High Frequency Response
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Influence of damping on the high frequency response (magnitude)
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Frequency responses of microphone with critical damping and different 

diaphragm diameters (relative scale: 1(a), 0.5 (b), 0.25 (c))
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Free field microphones have uniform frequency response for the sound pressure 

that existed before the microphone was introduced into the sound field. It is of 

importance to note that any microphone will disturb the sound field, but the free 

field microphone is designed to compensate for its o n dist rbing presencefield microphone is designed to compensate for its own disturbing presence.

The pressure microphone is designed to have a uniform frequency response to the

actual sound level present. When the pressure microphone is used for 

measurement in a free sound field, it should be oriented at a 90° angle to the 

direction of the sound propagation, so that the sound grazes the front of the 

microphone.
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The random incidence microphone is designed to respond uniformly to signals 

arriving simultaneously from all angles. When used in a free field it should be 

oriented at an angle of 70° – 80° to the direction of propagation.
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• Sound intensity measurement
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( http://www.bksv.com/license/pdf/Sound_Intensity.pdf )
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