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Onda Sonora

* Comum na natureza
* Aplicacdes em deteccoes e diagnosticos
* Onda longitudinal



A Velocidade do Som
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pégua >> par

B >> Bar

Agua é pouco compressivel

agua

The Speed of Sound®

Medium Speed (m/s)
Gases

Air (0°C) 331
Air (20°C) 343
Helium 965
Hydrogen 1284
Liquids

Water (0°C) 1402
Water (20°C) 1482
Seawater? 1522
Solids

Aluminum 6420
Steel 5941
Granite 6000

“At 0°C and 1 atm pressure, except

where noted.

At 20°C and 3.5% salinity.



Moving air (fluid element)

p+Ap, v+ Av

(b)

Referencial com pulso em repouso, ar se desloca



At = — Tempo para volume de ar entrar no pulso

F=pA—(p+Ap)A = —Ap A Forga resultante

Am = pAV = pA Ax = pAv At Massa do volume
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Ondas Sonoras Progressivas

S, : deslocamento do ar

Compression |'_ A __I

Expansion (a)

The element oscillates
left and right as the wave

—’I |‘_ A moves through it.
X

o s__l/’ Oscillating fluid element

]

~ Equilibrium

(b) position



s(x,t) = §,, cos(kx — wt) s, : deslocamento do ar

Ap(x,t) = Ap,, sin(kx — wt) Variac3o da pressdo
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:— Displacement

(a) s(x,1) = s, cos(kx — ot)
Displacement Oscillating
amplitude term

(b) Ap(x,t) = Ap,, ;in(kx— a)t,)‘

; o Pressure amplitude

Pressure variation

Amplitude da oscilacdo da pressdo Ap,, = (vpw)s,,



Interferéncia

Duas ondas de mesmo s, k, w S(X, 1) = Sy, cos(kx — wt)

S1= Sy, cos (kx -wt) S, =5, cos (kx —wt + P)
S=5,+5,
Onda resultante S=[2s,,cos $/2]cos (kx —wt +¢/2)
¢ AL AL
S =" =2 ¢=—"~2x Diferenca de percurso AL

2ar A A



Duas ondas esféricas atingem ponto P

P

The interference at P
depends on the difference
in the path lengths to reach P.

f/\jp i” i >P
If the difference is equal to,
say, 2.04, then the waves
arrive exactly in phase. This

is how transverse waves
would look.

g

If the difference is equal to,
say, 2.54, then the waves
arrive exactly out of phase.
This is how transverse
waves would look.



Interferéncia construtiva

¢ = m(2m),

form=0,1,2,... >

Interferéncia destrutiva

é=(02m+ 1),

form=01.2.... =>



Intensidade e Nivel Sonoro

Intensidade ] — P I = %pvwzs;?,,.
(Poténcia / area) A
Para uma fonte pontual isotropica ] = P

drr?



A Escala de Decibéis
No ouvido humano, as intensidades variam de um fator até 1012

y = logx

y' =log(10x) = log 10 + logx =1+ y

Nivel sonoro S - I
= (10 dB) log —

L= 102W/m2 &  B=0

Paral=10%1, => B=40dB



Recently, many rockers, such as Lars Ulrich of Metallica
(Fig. 17-11), began wearing special earplugs to protect
their hearing during performances. If an earplug decreases
the sound level of the sound waves by 20 dB, what 1s the ra-

tio of the final intensity I, of the waves to their initial in-
tensity 7,? -



Calculations: For the final waves we have

I;
Bs= (10dB) logf,
and for the initial waves we have

/|

B; = (10 dB) 1ogz".

The difference in the sound levels 1s

. b
Br — B: = (10dB) (logz — logz).

Using the identity

a ad

lo —loi—lo—
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we can rewrite Eq. 17-36 as

= (10dB) 1 b
Bf Bl—( )Ogli'



Br— B:i=—-20dB o

I Br—B  —20dB
g =0aB ~ 1048 Y

7’ = log~! (—2.0) = 0.010

| diminui duas ordens de magnitude



Fontes de Sons Musicais

Antinodes (maximum oscillation)
occur at the open ends.
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(b) First harmonic



- L >

n=2 A=2L/2=L
Second -
Third T
n=4 A=2L/4=1L1/2
Fourt_h = <q o iz
(@) Two open ends—
any harmonic
2L
A=——, forn=1.2.3....
n
14 ny
f=—=—+ forn=1,3,5, ...



n:lE.. ).=4L

First )
Third T
n=>5 — A=4L/5
Fifth i
Seventh () One open end—

only odd harmonics

., formn=1.35,...

— = —— forn=1.3.5.... (pipe, one open end).



Batimento

Let the time-dependent variations of the displacements due to two sound
waves of equal amplitude s,, be

§; = §,, COS ant and §, = §,, COS wHl, (17-42)
where @; > ,. From the superposition principle, the resultant displacement 1s
s =81 + 8 = §,,(Cos wt + cos wy).
Using the trigonometric identity (see Appendix E)
cosa +cosfB =2 cos[%(a — B)] cos[%(a + B)]
allows us to write the resultant displacement as

s = 25,,cos[5(w; — w))t] cos[3(w; + @y)i]. (17-43)
If we write
w =5 — @) and =30 + o). (17-44)

we can then write Eq. 17-43 as

s(t) = [2s,, cos @'t] cos wt. (17-45)



s(t) = |2s,, cos @'t] cos wt

Frequéncias proximas w2 w, =2 w>>w'

Duas oscilacoes com amplitude maxima a cada periodo
_ _ (1 _
Wheat — 20" = (2)(5)(“)1 o w?) — W) — W)

S



Time

(c) | |

Fig. 17-17 (a, b) The pressure variatiol
Ap of two sound waves as they would be
detected separately. The frequencies of th
waves are nearly equal. (¢) The resultant

pressure variation if the two waves are de-

tected simultaneously.

Batimento



Efeito Dopller

<
T

VD f': fregéncia detectada

£

|
'\H

f: frequéncia emitida

v : velocidade do som no ar

v4: velocidade do detector em relagao ao ar

v,: velocidade da fonte em relagao ao ar



Detetor em Movimento, Fonte Parada

Shift up: The detector

moves foward the source. .
S: fonte esférica

D: detector

=l

Se v, =0, a frequéncia detectada é a emitida



Detetor e Fonte Parados

=l

()

Se v, =0, a frequéncia detectada é a emitida



Detetor em Movimento, Fonte Parada

P i\ (@) Detetor se aproxima da fonte

(vt +vpt)/A v +up

t A

vV + vp Vv + vp

"= vif =/ v

fl

-l A |=

Detetor em movimento f’ = f



Fonte em Movimento, Detetor Parado

Shift up: The source moves
toward the detector.

"Vl \
Wax(

Fonte se aproxima do detetor

vV V

= N T — veT

v %
if = vslf ~ 15 =

D

. =1
Fonte em movimento Vv = Vg



