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Module 4A6

FLOW INDUCED SOUND AND VIBRATION
Answer not more than three questions.

All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is
indicated in the right margin.
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1 An acoustic point source of frequency @is located at the origin, and produces a
field with unsteady velocity potential

_/ieia)(t—r /¢c,) (1)
-
where A4 is a positive real constant, ¢, is the sound speed and r is the distance of the
observer from the origin. A second source is placed at the point (2a, 0, 0), and is
identical to the first apart from a constant phase difference y (so that in (1) 4 is
replaced by 4e'¥).

(a) For the single source at the origin, calculate the acoustic velocity and
pressure. Hence, determine the time-averaged energy flux vector far from the source,
and calculate the total time-averaged power escaping to infinity. [20%]

(b) For the two sources together, show that for » >> a the amplitude of the
acoustic pressure is

24p,0 @)

[20%]

cos(ka cosfd + —2‘//—)

7

where k=w/c,.

(c) Sketch graphs of the amplitude of the acoustic pressure as a function of 6
in the two separate cases ka<< 1 and ka >> 1. Comment on the physical reasons for
the appearance of these graphs. [20%)]

(d) Calculate the total time-averaged power escaping to infinity, and show that
the ratio of this quantity to the result obtained in (a) above for a single source is

2 1+Mcosyf . [30%]
2ka

Explain the significance of this result when ka <<1 and when ka >> 1. [10%]



UNIVERSITY OF
CAMBRIDGE

3

2 (a) Consider a stratified medium in which the sound speed, c¢(x), is given by
c(x)=c,e "

where ¢, and « are positive constants. Sound is emitted from a source at x =y =0

in a direction making an angle 6, to the x axis.

(1) Using ray theory, show that the equation of the ray is

o

y= —i—[sin"(e"“sin@o )-6,]

[You may recall, without proof, Snell’s Law, which states that siné/c is
constant, where @ is the angle the ray makes to the x axis. You may also

find it helpful to use the substitution u=e*sind, when evaluating an
integral.] [30%]

(i) Inthecase 0<4, < %, find the maximum value of x along the ray.

At what value of y does this ray return to x = 0? [15%]

(ii1) Sketch a graph showing the rays corresponding to

> 2

g -0 Z Z 32 . [15%]
4 2

(b) A plane sound wave of angular frequency @ is normally incident on a wall
of mass per unit area m. Show that the ratio of transmitted pressure amplitude to
incident pressure amplitude is

2p0c0
\/4pfc§ +m e’

2

where p, and ¢, are the mean density and sound speed of the air surrounding the
wall. [35%]

What dimensionless ratio controls the level of attenuation? [5%]

(TURN OVER
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3 (a) A vibrating string stretched from (0, 0, -L) to (0, 0, L) exerts a force on the
surrounding fluid. The force acts in the 1 - direction and at (0,0,,),|y;| <L, the force

per unit length of the string is equal to ge'” cos(zzy3 / 2L), where ¢ is a real constant.

Show that the far-field pressure disturbance is given by

iwelx, cosal
X,t - 1 ezw(t-—r/c)
P ric 4’} -7t
where =22 and r= le You may assume that the density of the fluid is negligible

cr
compared with that of the wire, and that any air motion not described by the linearised
equations contributes only quadrupole radiation which may be neglected.

Note that L_fei“y cos (By)dy = = E 7 [asin(aL)cos(BL) - feos(ed)sin(AL)] [80%)]

(b) What is the main disadvantage of using a vibrating string to generate sound
in a musical instrument, and give two examples of ways in which this is overcome. [20%]
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4 (a) What variation in the normal surface velocity over a sphere leads to

(i) amonopole sound field
(i) a dipole sound field

centred on the sphere? [10%)]

(b) A spherical air bubble of undisturbed radius a« and surface tension T 1is
surrounded by water with mean pressure p, , density p, and sound speed c¢. The

bubble is irradiated by an incident plane sound wave of amplitude / and frequency
w (<< cla ) .

(i) Determine the scattered sound field if the bubble responds

adiabatically. [70%)]
(i) What is the role of surface tension? [5%]
(iii) What controls the response of the bubble at resonance? [5%]

(iv) Describe how the scattered field from a small rigid
sphere would differ. (No detailed calculations are required
for (iv)). [10%]
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