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2. A spherically-expanding acoustic wave, 



( ˆ A r)ei(krt ) , with radian frequency 



ck  

propagates away from the origin of coordinates (r = 0) in a fluid medium with 
density  and speed of sound c.  This wave is incident on a thin spherical membrane 
centered on the origin.  A fraction of the incident wave is reflected as a spherically-

contracting wave 



ˆ R ( ˆ A r)ei(krt), and a fraction is transmitted into an identical fluid 

medium outside the membrane as a spherically-expanding wave 



ˆ ( ˆ A r)ei(krt) .  The 

incident sound wave causes the membrane to vibrate so that its radius is 



a  ˆ e it  

where 



| ˆ | a . 

a) (10 pts) The first two boundary conditions on the membrane are: 
 i) Radial velocities must match at r = a: 



vr 
ra  vr 

ra , and 

 ii) Fluid and membrane motion must match at r = a; 



vr ra
  t (a  ̂eit) . 

Use these two boundary conditions to establish the following relationships: 
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b) (20 pts) For this spherical geometry, the following linearized dynamic boundary 
condition on the membrane can be obtained : 

 iii) 



mm

2(a  ̂eit)

t2
 p 

ra  p 
ra 2

T

a2
 ̂eit , 

where mm is the mass per unit area of the membrane, p is the complex acoustic 
pressure, and T is the tension in the membrane when it has radius a.  The tension T 
is assumed to large enough to be considered   constant. Use this boundary condition 
and the results of part a) to determine: 
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c) (5 pts) With mm and T non-zero, under what condition is the membrane 
acoustically transparent? Describe with words what is happening physically in this 
case.  

 



 
 
 

 
 
 
 

3. A rigid wall pipe is filled with a fluid with sound co and density o.  The 
fluid is flowing in the positive x-direction with a uniform velocity of vo.  
The system can be considered to be one-dimensional. 
 

a. (1 point) What is the linearized Euler equation for this system? 
 

b. (1 point) What is the linearized continuity (mass conservation) 
equation? 
 

c. (1 point) The equation of state for this system is given by 



p
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 vo

p

x
 c2 

t
 vo



x







 
Why does it depend on the flow velocity? 
 

d. (5 points) Derive the wave equation for this system 
 

e. (2 points) What is the phase velocity for this system 
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