
UIUC Physics 406 Acoustical Physics of Music 

 
Professor Steven Errede, Department of Physics, University of Illinois at Urbana-Champaign, Illinois 

2002 - 2017. All rights reserved. 
 

-18-

     Since the observer/listener position is on-axis at ˆr z zz 
 

, and the on-axis complex time-
domain over-pressure  ,p r z t  has axial symmetry (i.e. no  -dependence), the gradient 

operator ˆ ˆr r z z      


, and (after some derivative-taking and some algebra),  
the on-axis complex time-domain particle velocity is: 

 

       

 
   

 
   

2 2 2 2

2

2

2 2

1 1

2

1

2

, 1 1

1
                  1

1

1
                  ,

1

ik z a z ik z a z i t kz
z o

ikz a z
i t kz

o

ikz a zikz i t
o z

z
u r z t u e e e

z a

u e e
a z

u e e e u r z
a z





 

      

      

 

   
         

     
 
   
  
 
     
  



 i te 

 

 

The real and imaginary components of the on-axis frequency-domain complex particle velocity are: 
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and: 
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The on-axis complex specific longitudinal acoustic impedance, using o o o oz c p u   is: 
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