ME 513
Fall 2017
Daniel J. Carr

Homework 4 Solutions

65 Points

Problem 6.2.2 (10 points)

Given
A plane wave is reflected from the ocean floor at normal incidence with a level 20 dB below that

of the incident wave

Find
Possible values of the specific acoustic impedance of the fluid bottom material

Solution
SPL; = 20 + SPL,

2

P; P?
1010g10< L ) = 20 + 1010g10 (P2_r>

P2

ref ref

P\ _ P?
log, (Przef) = 2+ log;o (@)
PPZ_iZ — 102+]0g10(Pr/Pref) = 100 IZTZ
ref ref
Pi2 = 100Pr2

Pi
P. = iE
R = +0.1

R = 2L [KFCS, Equation 6.2.8]

T2+r1
Rp+mn)=r—-n
T'lﬁ = rz(l - ﬁ) - T'1

2=N11%
Ocean water at 13°C: r; = 1.54 - 10° Pa- s/m [KFCS, Table A10b]

R=01r, =72 =154-10°Pa-s/m (igi) = 1.88-10° Pa-s/m
+

R=-01ir, =72 =154-10°Pa-s/m (1‘0'1) =1.26-10° Pa-s/m

1+0.1

[

h

=01: 7,=1.88-10°Pa-s/m
=-0.1: 7, =1.26-10°Pa-s/m
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Problem 6.2.3, parts a) and b) (10 points)

Given
Plane wave is normally incident on the air/ocean water interface

Find
a) T,T, if the initial wave is in the water
b) T, T, if the initial wave is in the air

Solution
T = 22 [KFCS, Equation 6.2.9]
T'2+T1
_ () |15]1%2 _ (1 27y 2_ 4141y .
T, = (r) IT|” = (T) (rzm) = % [KFCS, Equation 6.2.11]

Air at 20°C: r,;,- = 415 Pa-s/m [KFCS, Table A.10c]
Ocean water at 13°C: 1,,4¢0r = 1.54 - 10° Pa-s/m [KFCS, Table A.10b]

a) 1 = Twater » 2 = Tair

T=2 o 2ar 2019 _[539.904

To4T1  Tair+Twater  415+1.54-106

I = AriT,  _ _4TwarerTair  _ 4(15410°)(415) _ 1.08-10-3

© (p+r)? (Fairttwater)?  (415+1.54-106)2

b) T = Tair » 72 = Twater

. 6
T = 21, _ _ 2Mwater  _ 2(1.54-10°) =m

To4T1  Twater+Tqir  1.54106+415

. ) 6
T, = Arrty  _ _4TairTwater  _ 4(415)(1.54-10°) —[108 103

T (rp+m)? (Pwater+Tqir)?  (1.54-106+415)2
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Problem 6.2.6C (10 points)
Given
Plane wave normally incident on a fluid-fluid boundary
Find
a) R,T,R,T,for0<r/r, <10
b) Comment on the results for r, /7, =0, r,/r, = 1,and ry /1, > ©
Solution
See Problem 6.2.3 for derivation
. .5 _ T2—T1 i _1-11/12
Equation 6.2.8: R = v (r{l) = T
- _ 2
Plug into Equation 6.1.4: R, = |R|” = (1+:—1;:2)
1/ 12
. LA 2mp (3 2
Equation 6.2.9: T = v (r;l) = Torm
. - . _ T_l ~12 _ T'_l 2 2 _ 4'T1/T2
Plug into Equation 6.1.3: T, = (rz) IT|” = (rz) (1+r1/r2) = Ty
a)
2 T T T
R T R, T,
1 -
O -
_1 1 I 1 1
0 2 4 6 8 10
r1.’r2
b) Special cases
i. 7'1/7‘2 = 0
_1-0 _ R, = |ﬁ|2 _ 12— Rigid §urface: perfect
1;" 40) reflection and pressure
T=r"5= T =Goy = [0] doubling
“ 7'1/7‘2 = 1
1-1 ~12 H .
R=—-= [0] R, =|R|" =0%2=[0] Perfectf:m[z_edancz mat]::h.t
2 A zero reflection and perfec
== == transmission
iii. n/r, > o
1= _ —|B* = 1-112 = Pressure release boundary:
= e = =1 Ry =|R|" = |-11* =[1] y

2__[q] = ~t_[q] out-of-phase reflection and
L+o0 7 (4e)? 7w zero transmission
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Problem 6.3.4 (10 points)
Given
Your task is to maximize the transmission of sound waves from water into steel
Find
a) Optimum characteristic impedance of the material to be placed between the water and the
steel

b) p and c of a layer (1 cm thick) so that T = 1 at 20 kHz
ASSUME NORMAL INCIDENCE

Solution
Characteristic impedance of sea-water at 13°C: r;, = 1.54 - 10° Pa-s/m [KFCS, Table A10b]
Bulk characteristic impedance of steel: 7; = 47.0 - 10° Pa - s/m [KFCS, Table A10a]

4
2+ (r3/T1+711/713) COS2 ko L+ (12 /1113471173 /7%) sin? k, L
In order for T, to be maximum, denominator must be minimum. Hence, because we are
trying to optimize for r,, the term (r2 /ry 75 + ry13/72) must be minimum.

a) Equation 6.3.8: T; =

2
In generalized form: y = % + Ax~?% (where x = r, and A = ryr3 = real positive).
We have y = maximum or minimum if% =0.
Thus, 2 =2 _ 24x73 = 0.
dx A

Solving, x* = A?
Assuming x is real positive, we may simplify x = VA
Thus, r, = /7175 = /(1.54 - 106 Pa - s/m)(47.0 - 106 Pa-s/m) = 8.51- 10° Pa-s/m
T, = /7473 = 8.51-10° Pa-s/m
b) The T; formula in part a) has several special cases. The fourth special case is given in

. . _ ATT3 : ~ 1

Equation 6.3.16: T}, = v if k,L =~ (n Z)n

This special case reduces to 1 if r, = /7y 73, which we already established in part a).

w 1\
k=2~ (n=3)]
104 o—1
ey = wf _ 2nfL _ iﬁ: 4f_L _ 4(2-10%s _)(0.01m) _ 80_0 m/s
(n_E)n (n_E)n n—E 2n—1 2n—1 2n—1
_ 1 _Jrirs _ __ (8.51-10° Pa's/m) _ _ 104 _ 3
Py = G = arL 2n—-1) = 210" s ) (001 m) (2n—1) =1.06-10*(2n — 1) kg/m

py = —V:;f (2n —1) = 1.06 - 10*(2n — 1) kg/m3




Problem 6.6.3C (10 points)

Given
Sound wave obliquely incident on a normally-reacting solid

Find

Plot magnitude and phase of R as a function of 6 for:
Q) /=2, x,/r1=0
b) rn/rl = xn/rl =2
C) m/ri=xp/r1 =4

Comment on the conditions for minimum R

Solution
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The expression for oblique-incidence R for a normally-reacting solid is given in Equation 6.6.5:

R =
(r, + 11/cos6;) + jx, !

2—1/cos6;
24+1/cos8;

a) 1/r=2, x,/r, =0: R

o r =2 (-1/c0s0)+2)
b) 1/11 = %n/11 = 2: (2+1/cos 8;)+2j

o]}
Il

o jr— 4 5 _ m1/cos00 sy
C) /11 =Xn /11 =4 R (4+1/cos 0;)+4j

minimum at cos 8; =

(= 13/0S8) +jxa (1" _ C/rs— 1/c056) + jxa/7y
(/11 +1/cos6;) +jx, /1y

,i.e. Qi =+

N |-
w3y

1 T T T T T

|IR| (Pa/Pa)
o
(3

1

0 1 1 1 1 1

-05 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5
6/n (rad/z)
— 27 1
gs
g
« O |
N oot a) b) c) |
-05 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5

o/x (rad/n)

1

Minimum R when

Il
N
3

cos 6
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Problem 6 (15 points)

Given
Fluid layer over a perfectly hard backing

PoC ‘ P1€1

—> X x =1L

Find
a) Expression for surface normal impedance (at normal incidence), i.e. z,; atx = 0
b) Sketch of surface normal impedance
c) Plane wave pressure reflection coefficient; show that in this case |R| = 1

Solution
Po(x) = Ae~Tko* 4+ BelkoX
p1(x) = Ce™/k1* 4 peliax

~ 1 0Py 1 . —jknx . ikox 1 —ikox ikox
fge(x) = ———— = ———(—jkoAe /"X + jk,Bel"0*) = — (Ae™/%0* — Bel*o
0x (%) jwpo dx pro( JKo JKo ) poc( )
~ 1 0pq 1 . —jkix . ik 1 —ik ik
- - 71— __ - (— Delf1X) = JK1X _ Delr1X
Ty (X) Tone ox jwpl( jk,Ce + jk,Delk1%) e (Ce elkax)

a) Velocity at perfectly hard backing: ti,, (L) = 0
fi, (L) = — (Ce Jkal — peital) = 0

P11
D = Ce 2kl

Thus, p, (x) = Ce /K% + (Ce 2kl )eikrx = Cemikil(gikile=ikix  g=ikaLlglkix)

= Ce Jkal[e/k1l=x) 4 o=jkil=0)] = 2Ce~Ik1L cos[ky (L — x)]

_ 1 . Y . Ce JkiL o . s o .
ulx(x) — [Ce Jkix _ (Ce 2]k1L)eJk1x] _ e’ - [e]lee jkix _ e ]lee]klx]
P1€1 pP1c1
ceJkal o . o i ([ — 2jce ikl
p1C1 P1€1
P1(x) 2Ce~Jk1L cos[k, (L—x)] | .

= = p4C . = —jp,ci cot|lk{ (L — x)],=

" T i@l P11 5 i ceikaL sinlky (L—x)] o jp1cy cotfkq( )x=0

Zn1 = —JP1C1 COt(le)|
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b) Plotted with p;c; =1
5 | ] .
E
[72]
[ ]
©
o of :
Ec
E
_5 1 | 1
0 0.5 1 1.5 2

KL/m

c) Pressure continuity at fluid interface: p,(0) = p,(0)
Velocity continuity at fluid interface: iy, (0) = #i;,(0)

Po(0) _ P1(0) —
Thus, 2@ = 1@ — 2

1

: Y ~ A+B
Substitute in p,(0) and i, (0): PoC— = = Zn1
Multiply left side by (4= ): poc 2% = 7,
poc (1+R) =2z, (1—R)

R(poc + Zp1) = Zng — poC
_ Zn1—PoC _ —jpicicot(kL)—poc _ |  poc+jpicscot(kqL)

Zni+poc  —jpicicot(kL)+poc | poc—jpici cot(kqL)
Numerator and denominator are complex conjugates, so their magnitude is the same




