ME 513

Fall 2017
Daniel J. Carr
Homework 3 Solutions
80 points
Problem 1 (20 points)
Given
> =
Piston Partially absorbing
A =0.01 m? surface
|<— 1m —>|
p(x) = e /** + 0.6e/%* (at single frequency w)
Find
a) prms; plot as function of x at 1000 Hz; show that minima in standing-wave pattern are
A/2 apart

b) #i(x) (using linearized Euler). Plot u,,,s as a function of position at 1000 Hz (on
pressure plot). Comment on results. Find velocity of piston, i.e. ii(x = —0.1).

c) Show that intensity I(x) = %Re{ﬁ(x)a*(x)} is not position-dependent; determine sound
power from piston
d) Z, both at piston and at absorbing surface

Assume air at 20°C: ¢ = 343 m/s, poc = 415 Pa-s/m [KFCS p. 528]

Solution
k= ® _ 2nf _ 21 (1000 Hz) — 183 m-1
c c 343 m/s
c 343 m/s
A= 7 = TooooT = 0.343 m
PP (x) _ 1F@)I* _ 1, _; i ; _i
a) pins = == E(e Jlx 4 0.6e/%%) (e/k* + 0.6e~IK)

= %[1 +0.6(e2/k* 4 e=2/kx) 4 0.36] = %[1.36 + 1.2 cos(2kx)]
= 0.68 + 0.6 cos(2kx)

Prms = /0.68 + 0.6 cos(2kx) | (see graph below)

() = ——% _ _ 1 9 (,—jkx jkx) = — L (_jge—ikx ikelkx
b) ii(x) = Topeax = Topax\€ + 0.6e/%) = jwpo( jke + 0.6jke*)

= —— (—jk) (e = 0.6e75) = —(2) (e /¥ — 0.6¢/)

Jwpo wpg \ ¢
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i(x) = @(6 Jlex — 0.6e7k%)
2 .
Urms = u(X): (x) lu(X)l [poc( —]kx 0. 6e]kx)] [ eka — 0.6e_ka)]
- z(p BE (e7/kx - 0'6e]kx)(e]kx — 0.6e7/)
= z(pic)z [1 - 0.6(e¥** +e72/%) + 0.36] = ;- [1.36 — 1.2 cos(2kx)]

Uppms = ﬁ\/0.68 — 0.6 cos(2kx)

=
u

Drms 1S @t maximum when
\ / \ / Urms 1S @t minimum, and vice
versa. U, is plotted at 100
M scale.
Minima in standing-wave

pressure pattern are 0.1715 m
apart, which is 1/2.

(efk 0.6e /%)

=

o wn

P rmsand U rms
o

0 0.08575 0.1715 0.25725 0.343
x (m)

u, = i(x = -1) =—(e Jk(-1) _ g gelk(- 1)) _

PoC PoC

1 ..
U, = E[OA cosk + 1.6j sin k|

c) Ix(x) = JRe(F()T (0} = ;Re {(e 7/ + 0.66/%) |- (e=/kx 0.6¢7)| '}
0
= ooz Rel(e 7 + 08¢ (e — 0.6774))
= _Re{1 +0.6e2/%* — 0.6e~2/%* — 0.36} = ﬁRe{O.M +0.6(e2hr — g=2jkx))
0

032 0.32
poc T 415 Pa's/m

=771-10* ¥

0.3 _

Ix(X) —E— 7.71-107* F Vx

_ _ _ & _32107%m? _ 32107%m? _ 106
W—fSIdS—IdeS—IA— (001 2) = oc =i Pa-s/m_7'71 107°W

.10-3

w=32__771.10w
PoC

e Tk(=1) 40.6e/k(-1) elk10.6e7 7k

(-1 _ — ¢ t06e -
d) Zp = Z2(-1) = u-1) - —(e=Jk(-D—0.6eik(-1) PoC i _g.6e- Ik
o¢C

(plug in k and pyc)

Pa's Pa-s

415—) (0.825 + 1.351)) = |342 + 561 —

1.6 cosk+0.4jsink
= poC .
0.4cosk+1.6jsink k=18.3m™1

5 =z p0) _ e~ k() 40.6¢7k(0) _ 1+0.6 Pa's
2(0) = o) (e /0-0.6¢/40) = PoC 15, = [400c] = (415_)

Pas

=11660 —




ME 513
Fall 2017
Daniel J. Carr

Problem 2 (20 points)

Given
Unit amplitude plane wave
Strikes and reflects from surface y = 0

(1), amplitude 1 o lo (2), amplitude R
vl S

y
Find
a) p(x,y) for y < 0 (define quantities as necessary)
b) i, for y < 0 (using linearized Euler equation)
c) Sound power per unit area flowing into the surface at y = 0; sound power delivered to

surface by incident wave; absorption coefficient (oc = W) for 8 = 45°,
power incident
R =05
Solution

a) Wave 1: travels in +x, +y direction, amplitude A = 1
By (x, y) = Aed (Fhxx=lyy) = g=jkxx g=ikyy
Wave 2: travels in +x, —y direction, amplitude = R
By (x,y) = Rel(Fkxxtkyy) = Ro—ikexgikyy
Whole pressure expression: superimpose
P(x,y) =51 (x,y) + Po(x,y) = e /KaXe Iy 4 Re~Ikaxelkyy

= e—kax(e—]kyy 1+ Rejkyy) >k,
k, = ksin@ >
k, = kcosf kv 0 k
ﬁ(X,_'V) — e—jkxsin@(e—jkycose + R‘Sejkycose) y
b) il = — 1 @: _ 1 e—jkxsinei(e—jkycose +§ejkyc059)
Y jwpo 8y jwpo oy
— _ 1 e—jkxsin@(_jk cos 6 e—jkycos@ +]k§ cos 6 ejkycos@)
Jwpo
— —jkxsin@ __ —jkycosf __ jky cos 6
=~ on € (—jk cos 9)(9 Re )
- __t g~ Jkxsin® (_ jwcose) (e—jkycose _ ﬁejkycose)
Jwpo c

g = cosf e_jkxsine(e—jkycosﬂ _ Rejkycosﬂ)

Y PoC
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~ cosf _; ; _
C) ii; = > e ]kxsmee jky cos @
0
_1 ~ ~x ) _ 1 —jkxsin® ,—jkycos6Y [€9S6  —jkxsin6 ,—jkycos8 :
I; = S Re{p1 (x,y)i, } = SRe (e e ) e e
cos@ i i i i i i cos@
— —jkxsin@ ,—jkycos@ Jkxsin@ ,jkycosf8]] —
ooe Ref(e e e e =7

Note: this expression is not dependent on y, so it applies at y = 0 without any
further specification

I, = = Re{p(x, )i}

o ; . . . . o .
= %Re{[e—]kxsme(e—]kywse + Re}kYCose)] [C;’_che—]kxsme(e—]kycose _ Rejkycose)] }
0

- foof Re{[e/kxsind (g kv cost 4 Relkycos)[gfhxsin (gjkycosd — gre=jkycosf )|}
_ (;c;soz Re{(e_jkycose + R’Sejkycose)(ejkymse _ ﬁ*e—jk}’cose)}
_ coseRe {1 + Re2jkycost _ fxo—2jkycosf _ |§|2}

2poC

A note about conjugation: @*b* = (@b)"
— %Re {1 + Re2ikycos6 _ [ﬁezjkycose]* _ |ﬁ|2}
cos

= 227 Re {1+ 2j Im{Re?/v <050} — ||’}

Note: this expression is not dependent on y, so it applies at y = 0 without any
further specification

Sound power per unitarea: W = [(Ids=1[.ds=1A=1(1) =1

w=1,=°(1-|g"
Y 2pc (cose ) [units: W]
Wi=1I;= 2pocC

W Ser(1-IRP) .2
a=-=*%5—=1-|R"=1-]05]*=[0.75]
L

2ppcC
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Problem 3 (15 points)

Given
p(x,t) = Ae e IBxgiwt
A is complex, a and B are real

Find
a) Sketch spatial variation of sound field; explain significance of « and g; find wavelength
b) uy
c) I,; show that it is a function of position; derive expression for rate of decay of sound
intensity level in dB/m

Solution
a) «a isadecay term (real negative exponential); 8 is an oscillatory term
21 21
b= 7 »=%
5 T -
-~ -
p O \ /\\// N ==
-5 V
X
— 1 9px_ _ —axp—jpx) = _ _4 o—(@+jp)x
b) Ux = jwpg 0x - jwpg 0x (Ae ) jwpo ax )
= (a+jB)x
= (a+jB)e”
_ ABJD) —(a+jB)x
* wPo
¢) Iy =Re{pyii;} =Re {Ae—(aﬂ'ﬁ)x [%;j“)e—(aﬂﬁ)x] }
0
_ 4P Re{e —(a+1/3)x[([g + ja)eUP- a)x]} |A| Re{(ﬁ+]a)e‘2“x}— AI°B ,-2ax
2pow 2p0 a)
Ix — |A|2B e—2ax
2pow
2
_ B00® "\ _ Wi\ _
I, = 10log = 101log = 101log 20axlog(e) dB
Iref Iyef 2powlref

d dB
EIL = —20a log(e) —
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Problem 4 (15 points)

Given
2D cylindrical sound field (far-field)

_i : —jkr
p(r,6) —\/Fsmee

Find
a) u(r,0) (use linearized Euler)
b) I.
c) z,; find if it limits to plane wave impedance in the far field

Solution

_ 1 [po2, glop }A]
a) u(r,0) = Tape Vp =— pro[rar+9m€+zaz

= — jwlpo 7 Asin@ aa_r (e:/]:r) + 9% (%e‘jkr) 2 (sin 6)]
= — ja‘)qpo [? sin @ (— jke\/__rjkr - ez;]\;) +0 r_ﬂ;r cos 0]

= A]Z;’: :f‘ sin @ (\J/—’; + 2:\/?) — B cos #]
= A]Z:;r (%) [7“‘ sin 6 (1 + 2}%) — B cos 0}%
= A}Z:: -j(w/c)] [7* sin (1 + L) — B cosH L]

u(r,6) = > —e‘fkr [(1 +—k)51n9r—]—c0599]

. . — 1 A _; . N
In far-field, the j? terms are close to zero. In this case, |u(r, 0) =~ Pl JKT sin 0 #*
Po

b) I, = %Re{ﬁ(h 0) i:(r,0)} = lRe {[\/_sme e Jkr] [pom/_ e Jkr (1 + ijr) sin 0]*}
= Lo Re {le ] [eitr (1 4+ 5]}
A note about conjugation: @*b* = (@h)"

|A|? sin? 6 _ik ik 1 |A]? sin? 0 1 |A] % sin? 0
= —Re{|le /|| |1 — = Reil — =
2rpoc [ ] 2jkr 2rpoc 2jkr 2rpocC

|A|? sin? 0
2rpocC

I, =

A .
LIPS —Jjkr
C) 2 _p_ ﬁ51n6e
T Ur L Ae_jkr(ll L
pocVT

2jkr
. . .- . 1 .
Far-field simplification: o terms are close to zero. In this case,

= POC%
(1+

2jkr)

)sine
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Problem 5.12.3 (10 points)

Given
Plane sound wave in air
f =100 Hz

Ppeak = 2 Pa

Find
a) I, IL
b) Amplitude of y,.qx
¢) Amplitude of uyeqx

d) Prms
e) SPL ref 20 uPa

Solution

From KFSC, p. 528:
kg °
po=121—= @ 20°C
c =343 ? @ 20°C

Pas

PoC = 415 ?

_ p_ﬁ _ pzzJeak _ (2 Pa)? _ . _3 2
a) I'= PoC - 2poC ~ 2(415Pa's/m) |4'82 10 W/m |

12 W
m2
_ I\ _ 4821073 W/m?\ _
IL = 10log (lref) = 101log (7= 25—) = [96.8 dB
b) For a plane wave, z = pyc
__ Ppeak __ DPpeak
upeak - Lz = PoC
u
y=fudt= -
_ Upeak _ Ppeak __ Ppeak __ 2 Pa
T w  wpoc  2mfpoc  2m(100 s~1)(415 Pa-s/m)

. P 2 Pa —
c) From b): tpeqr = zo‘z" = Sraom = 14.82-1073 m/s|

From KFSC, table 5.12.1: I,..; = 10~

Upeak
jw

Voeak = | =[7.67-10-5m|

__ Ppeak _ 2Pa _

d) Prms =pe =~ =5 V2 Pa = 1.41Pa

e) SPL= 2010g( £

e V2P
pref) = 20log (-22—) =[97.0 dB ref 20 /Pa

20:10~¢ Pa




