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1. (20) A plane wave traveling through water with density, p, and phase speed, ¢, is modeled by
the following equation:
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a. What direction is this wave moving? (1) G ",L) Dmecﬂog

b. Using the linearized version of the force equation resulting from Newton’s Second Law,
develop an expr&ssioél for the fluid particle velocity for this traveling wave. (5)
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¢. Using the equation of state, develﬂp an expression for the acoustic density condensation, s. (2)
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d. If angular frequency, ® = 1885 rad/s and the wavenumber, k = 1.26 rad/m, what is the phase

speed? (2) tw 1885 % 4
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e. It P, 15 150 mPa, and the density is ll}Pﬁﬂ kgfmg', what is the effective or rms pressure? (2)
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f. What is the 1naxi1n%5n particle velocity, U,? (2)
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g. What is maximum density condensati Psn (2}
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g. What is the intensity level or soun pressure level of this wave? (Use standmd references for
water) (2)
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2. (15) A wave emitted from a point source or a spherical source spreads out in all directions in
air and can be modeled by the following approximate expression:
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a. Using the linearized version of the force equation resulting from Newton’s Second Law, show

that the particle velocity is: (5)
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c. Identify the real and the imaginary parts of the specific acoustic impedance such that (2)
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d. Using your knowledge of complex numbers and the triangle provided, show the phase angle
is: (3)
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3. (20) Sound from a sonar transducer in water (py

= 1000 kgfm3 and ¢y = 1500 m/s) strikes a
sandy bottom characterized by p; =

1700 kgfm?' and c; = 1600 m/s as shown below.
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a. What angle does the transmitted sound in the sand make with respect to the normal if the
sound in water makes an incident angle (w.r.t. the normal) of 30.0 degrees? (5)
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b. What is the power reflection coefficient for this incident angle? (5)

u : 7 il >
§ 1(2‘1: ray 5#‘4‘\6‘ -—f”l Snnn.é? ot s 2 = Cr_':;g?,z

-'Enz Cos 20 + .6 cas32.2

;5B 1, 5B,

i

What 1s the critical angle of incidence corresponding to total reflection off the sand? (5)
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d. At a different location the bottom is red clay (no sand) characterized by p; = 1340 kg/m®
and c; = 1460 m/s. What incident angle would result in perfect transmission of sound into the

red clay? (5)
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4. (10) The intensity transmission coefficient for a three layer problem is given by:
i ¥ 4
e

I z
2+[5~ r’]cﬂs (k L)+( 24 'i}sm (k L)
r I

11 2

L

be:
ry= (’I‘Iaaﬁ Y{, lo0% )
water

= 4497 o =2
o T

I

a. What must be the speed of sound in the intermediate (1) layer of a certain material
having a density of 2700 kg/m’, if it is to completely transmit normally-incident plane
waves at a smg]e frequency of 10.0 kHz from water to steel with no reflection? (Psea =
7700 kg/m’, ¢yeq = 6100 m/s) Hint: This is special case 4. (5)
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b. How thick must this intermediate layer be for complete transmission of this 10.0 kHz
plane wave. There are many answers, give me the thinnest. (5)
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