ME 513 Fall 2013 - Homework No. 3 — Due Oct. 9, and off-site
students, e-mailed before midnight Oct. 9

A 0.01 m? piston oscillates at one end of a 1 m long tube that is
terminated at the other end by a partially absorbing surface. At a

single frequency, o, the spatial dependence of the plane wave within
the tube has the form

p(x)=e /4 +0.8ek

where x=0 is at the surface of the absorbing material, and the
positive x-direction is into the absorbing surface.

(i) Derive by using the linearized Euler equation an expression for
the spatial dependence of the particle velocity field within the
tube, and calculate the velocity of the piston.

(ii) The time-averaged acoustic intensity at any point within the
tube can be calculated using the expression /(x) =
(1/2)Re[p(x)u*(x)] where Re denotes the real part, and u(x) is
the acoustic particle velocity. Use this expression to show
that the acoustic intensity does not depend on position within
the tube, and then to determine the sound power delivered to
the tube by the piston.

(iii) What is the specific acoustic impedance at the piston surface
and at the absorbing surface?

A unit amplitude plane wave strikes a surface y = 0 as shown. A
reflected plane wave, having a complex amplitude R is generated at
the surface and it propagates in the direction shown.

(i) Write an expression for the sound pressure in the region y < 0
(defining quantities as necessary).

(ii) By using the linearized Euler equation, derive an expression
for the y-component of the particle velocity.

(iii) Based solely on the field in the region y <0, derive an
expression for the time-averaged sound power per unit area
flowing into the surface at y = 0.
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3. A sound field has the form
p(x,t)=Ae-=e-ifkgjo
where A is complex and a and S are reali.

(i) Sketch the spatial variation of the sound field. What is the
significance of o and §? What is the wavelength of the sound field in
terms of the parameters of the sound field?

(i)  Derive an expression for the acoustic particle velocity.

(iii) Evaluate the acoustic intensity, and show that it is a function of
position in this case,

4. A two-dimensional sound field in the farfield of a cylindrical source
can be expressed in cylindrical coordinates as:

p(r,9)=-“-1—sin9e—fkr
rh’Z

(i) By using the linearized Euler equation in cylindrical
coordinates, find the vector particle velocity field associated
with this pressure field. Note that the vector particle velocity
field has two components, in this case.

(i) Find the radial component of the acoustic intensity.

From Kinsler, Frey, Coppens and Sanders:
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