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Two-hours, closed-book 

Examinees are permitted a one page crib sheet 

Answer all parts of all three questions 



1) A circular loudspeaker of diameter 12.5 cm is mounted in a rigid baffle and driven, in air, at a 
frequency of 6550 Hz. Assume the speed of sound is 343 m/s, and c= 400 Rayl. 
 
a) Find the Rayleigh distance 
 
b) How much acoustic power (mW) is radiated when the sound pressure level on axis is 90 dB at 
a distance of 1 m? 
 
b) Find the half-power beamwidth (in the farfield) 
 
d) Is there a pressure null on the axis of the loudspeaker? Explain your answer. 
 
Work these problems as far as you can; clearly state all assumptions or approximations, and if 
possible, validate your approximations. You will receive full credit if your final expression(s) 
merely lack numerical evaluation. 
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2) A layer of sound barrier that can be simplified and modeled as a layer of fluid with its acoustic 
impedance  and the speed of sound propagating in this material  is inserted underwater. The 
speed of sound underwater is given by  and the acoustic impedance of water is . For normal 
incident plane wave at frequency , 

a) Derive the normal incidence plane-wave transmission and reflection coefficient when the layer 
thickness is L. 
 
b) Derive the conditions that will result in total transmission through the layer. Give physical 
explanations why the total transmission through the barrier is achieved under the derived 
conditions. 
 
c) Assuming that . Derive the conditions that will result in total reflection from the layer. 
Give physical explanations why the total reflection from the barrier is achieved under the derived 
conditions. 
 
 



3) From a fluid mechanics viewpoint, dissipation due to friction at the side walls of a waveguide 
is a viscous effect associated with boundary layers. Viscosity also can cause dissipation within 
the entire field. A modification to the wave equation accounting for viscosity is obtained by 
adding a term accounting for shear stress in the momentum equation, thereby obtaining the 
Navier-Stokes equation. In a plane wave motion the viscous stresses are solely produced by 
molecules rubbing against each other as the fluid expands and contracts, and the corresponding 
effect is said to be bulk viscosity. The field equation accounting for this effect is  

 
where μ is the dynamic viscosity (Pa-s) and Γ is a bulk viscosity coefficient, which is 4/3 for an 
ideal gas.  
 
a) Determine the corresponding dispersion relation governing the one-dimensional propagation 
of a harmonic plane wave (that is the relationship between the wavenumber and the frequency).  
 
b) Assuming the ratio μ/ρ0 is small compared to c2, linearize the previous relationship to 
determine the manner in which the phase speed and attenuation factor (related to the imaginary 
part of the wavenumber) depend on frequency. 
HINT: (1+x)n~1+nx, when x<<1. 
 


