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Some logarithmic laws: 
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Fundamental acoustic definitions  

1-dimensional plane sound field: 

       

 

 

Effective value (rms) for sound pressure in a point: 

 

       

 

 

Sound pressure level (sound level): 

   , where pref = 210
-5

 Pa   

 

 

Equivalent sound level: 
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Weighed sound level: 

 

     

 

Summing of two sound sources (if uncorrelated  

the last term vanishes): 

 

     

 

Summing of N uncorrelated sources: 
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One dimensional wave propagation 

The equation of motion in fluids and solid media is 
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For fluids the relation between pressure and particle velocity is 
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For solid media we have the corresponding relation between force and displacement 
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The wave equation for longitudinal waves in one dimension expressed in sound pressure is 

0
1

2

2

22

2











t

p

cx

p
 

where  0Pc   is the propagation speed for the pressure wave in air,  = 1.4 and P0 is the 

atmospheric pressure. In solid media the propagation speed for longitudinal waves is Ec  . 

Particle displacement, particle velocity, strain or force can be used instead of pressure as a field 

variable in the wave equation. 

The general solution to the wave equation is 
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The harmonic solution to the wave equation on complex form (for physical interpretation, take the real 

part of the result) is 

)()( ˆˆ),( kxtikxti epeptxp 





    

where p̂  and p̂  are the pressure amplitudes for the waves propagating in positive and in negative 

direction, respectively.   is the angular frequency and ck   2  is the wave number. This 

gives 
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Specific acoustic impedance is defined as  
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For a wave propagating in air (one dimensional propagation in positive x-direction) the acoustic 

impedance is 
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For shear waves the wave equation can be expressed using the transversal displacement w 
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For bending waves in beams and plates the wave equation in one dimension is  
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Sound effect level and sound intensity level are calculated from the respective time mean value 

according to  
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For a wave propagating in the positive x-direction cpI 2~ .



Reflection and transmission 

At normal incidence on a hard surface the pressure function is 
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and the particle velocity function 
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has in the one dimensional case with two hard boundary surfaces at x = 0 and x = L the 

solution 
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where fn are the resonance frequencies 
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For the three dimensional case with six hard boundary surfaces the eigen frequencies is 
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In transmission from one medium with wave impedance Z1 = 1c1 to another medium with wave 

impedance Z2 = 2c2 the transmission factor t and reflection factor r 
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while the transmission coefficient  and reflection coefficient  is 
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Sound isolation and absorption 

Sound reduction index: 

 

 

Measurement of sound reduction index R: 

 

 

Measurement of step sound level: 

 

 

Combined reduction index: 

 

 

Slot leakage: 

 

 

Sabine’s formula: 

 

 

The mass law for a single leaf wall:  

 

 

Coincidence frequency (critical frequency)  

  

 

where B is bending stiffness per unit width, 
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Tables 

Octave bands and third octave bands: 

 

 

 

 

 

 

Phon curves: 

 

 

 



Reference curve for air bourn sound isolation: 

 

In calculating the result the reference curve is moved in steps of 1 dB towards the measured curved 

until the non-beneficial deviation is as large as possible, but not larger than 32 dB. A non-beneficial 

displacement at a certain frequency occurs when the results of the measurements are lower than the 

reference value. Only non-beneficial displacements are considered.  

The value in dB of the reference curve at 500 Hz, after being moved according to the above, is R’w. 

Reference curve for step sound level: 

 

In order to calculate the result, the reference curve is moved in steps of 1 dB towards the measured 

curve until the non-beneficial displacement is as large as possible, but not larger than 32 dB. A non-

beneficial displacement at a certain frequency occurs when the result exceeds the reference value. 

Only non-beneficial displacements are considered. 

The value in dB of the reference curve at 500 Hz, after being moved according to the above, is L’n,w. 

 


