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Sound waves = sl = \sq

*Sound waves are the most common example of longitudinal waves.

*Sound can travel through gas, liquid, and solids.
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Vibration of the source affects the density of the medium instantly and

How is sound created?

create region of high density and high pressure (compressions) and
——
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low density and low pressure (rarefactions), and moves as a longitudina

wave.
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The Sound waves are divided into three categories that cover

different frequency ranges:
1/— Audib?eswaves: These are sound waves with frequencies
;nging from 20 Hz to 20,000 Hz (20 kHz) /

2- Infrasonic waves: have frequencies below the audible range

Examples include sounds produced by earthquakes and

volcanic eruptions

3- Ultrasonic waves: have frequencies above the audible range

They are commonly used in medical imaging (sonograms)
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— 10,000-120,000 Hz
Dolphin 1,000-120,000 Hz Bat
7,000-120,000 Hz
Human 150-150,000 Hz

85-1100 Hz
20-20,000 Hz

760-1,520 Hz

AW N
60-65,000 Hz
Dog J'S 450-1,080 Hz
15-50,000 Hz Voicing
20-12,000 Hz
5-12,000 Hz Elephant m

Cat Hearlng
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Speed of Sound Waves : N , N o
Medium v/ D Co ~p bty = Rk modwlys = = ) )
* The speed of sound waves in a medium depends on the compressibility (1/B) and density of the medium Gases B ‘/\ PaN\ — C\'\owqo \n No \w/\e o = W\ecll‘.w
p. If the medium is a liquid or a gas and has a bulk modulus B (elastic property of the medium) and EY?'°8E(2'§£;C> ._1_3’;2— Yo )
density p(inertial property of the medium ), the speed of sound waves in that medium is : i (20°C) s 2 A ev\sﬂ' . — '(\J*\a*l Jol I ©
_, AP ap onre . - o
B B= bull; e —_y4P Oxygen (0°C) 317
vV= _ where IEAERs —-AV/V dv _]‘l‘l‘”ﬂ' EE _
" Glycerol 1904 /
’/L p = density s 12; 3) \ t'? e\/aj:wvg \} — 6 VV\/S
‘Water
Larger B~>medium is harder to compress~>sound travels faster Mercury Ta0 f/
Larger p~ > more inertia ~> sound travels slower LG REp
— Methyl alcohol 1143
Carbon tetrachloride 926
*The speed of sound also depends on the temperature of the medium. For sound traveling through I Solids g ¢ _F- ‘ N
air, the relationship between wave speed and medium temperature is : fj;:"glm iggg | B 15 Lavge — \l Wi \\ be L (3(9 \f 04 8
B TC Aluminum 6420 g 3
v @1+ . 470 not easly Conpressed
= Gold 3240 \
H i i i i i Lucite 2 680 € ¢ ¢
where 331 m/s is the speed of sound in air at 0°C, and T is the air temperature in degrees. Lead‘ ot 1 F f 1% L 0\19 © N \z’ N ” \QQ S MOJ\ \/ 0(
Rubber 1600 }
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Example B- Q‘,X[og N/”’O1

(A) Find the speed of sound in water, which has a bulk
modulus of 2.1 X 10° N/m? at a temperature of 0°C and a

density of 1.00 X 10° kg/m>. J‘
\/ — _B — ,Q,’X’Og N/mo‘
Solution Using Equation 17.1, we find that f / [ x |3 \jii /mg

Vsolid > Viiquid : Vgas X

= 5 Substance Spe:dd(:“f/ ) " 3
,B \/ 2.1 X 10°N/m sound (w's
= _—= — 1.4 km Steel 5050
Uwater p 1.00 X 103 kg/m3 /s — = — ‘ ,44 X \O W\/_S
Helium 350 (at 0°C)
In general, sound waves travel more slowly in liquids than in \ 4\ \« - /5

solids because liquids are more compressible than solids.
\

Note that the speed of sound in water is lower at 0°C than at
25°C (Table 17.1). T
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Sound Intensity & = A M
JAN
We define the intensity of a wave | as the power per unit area or the rate
at which the energy being transpoﬁéd by the wave transfers through a SLRFACE O SPHERE
unit area A perpendicular to the direction of travel of the wave:
1= Asren SOURCE POWER w 07%\—
Sl unit : W/m? :
Since the sound wave distributes in all directions(spherical) then the
intensity of a uniform spherical wave is SHEER S
_ P Avea :é\S\vQ‘
"~ 4mr?

The intensity decreases in proportional To the square of the distance fromthe

source. P 7 PO wev’
The intensity of a wave is proportional to the square of its amplitude. o , 1 = 2
I -. asvl .
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Example

A point source emits sound waves with an average power
output of 80.0 W.

(A) Find the intensity 3.00 m from the source.

g

Solution A point source emits energy in the form of spheri-
cal waves. Using Equation 17.7, we have

Py 800W
4m? 4m(3.00m)?

I= = 0.707 W/m?

an intensity that is close to the threshold of pain.

(B) Find the distance at which the intensity of the sound is_
1.00 X 10~ 8 W/m?%

Solution Using this value for /in Equation 17.7 and solving
for r, we obtain

\j P,, \j 80.0 W
1‘ — ' —
4ml 47(1.00 X 1078 W/m?)

= 252 X 10*m

which equals about 16 miles!
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Sound Level in Decibels

Sound level f is defined by the equation: W /W\K

7
= 101 -
B Og(lo

The constant I is the reference intensity, taken to be at the threshold of hearing ,

Ip = 1.00 X 107 12W,/m?2

and I is the intensity in watts per square meter, where B is measured in decibels (dB).

Note that we use a logarithmic scale due to the range of intensities the human ear can detect

1s so wide.
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Example

Two identical machines are positioned the same distance
from a worker. The intensity of sound delivered by each ma-
chine at the location of the worker is 2.0 X 10~ 7 W/m?,

Find the sound level heard by the worker
I e goCeeRer

(A) when one machine is operating

(B) when both machines are operating.

Solution

(A) The sound level at the location of the worker with one
machine operating is calculated from Equation 17.8:

2.0 X 1077 W/m?
10 log =T 2
1.00 X 107*W/m

Bi ) =10 log(2.0 X 10%)

53 dB

(B) When both machines are operating, the intensity is dou-
bled to 4.0 X 10~ 7 W/m?2; therefore, the sound level now is

4.0 X 1077 W/m?2
=101
B2 °g< 1.00 X 102 W/m?2

) = 10 log (4.0 X 10%)

= b6dB

From these results, we see that when the intensity is dou-
bled, the sound level increases by only 3 dB.
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The Doppler Effect

The Doppler Effect refers to the change in
SRR R

frequency (or wavelength) of a wave

concerning an observer who is moving relative

-

to the source of the wave. It's a phenomenon
/ -

No Doppler Effect with No Relative

Motion
7 Qs
Lo
L &5 ) 0\ |
|\ ECENG } )

observed with all types of waves, including

sound waves

\/\Source/ bserver

Doppler Effect of Sound

820 Hz 820 Hz

560 2 pa

S5
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Case 1: The Observer Is Moving Relative to a Stationary Source

speed o F Somo

moving observer

: O+ vo |\ . : i b h
/= (—)/ ~ (observer moving toward source) hears low T e
- ‘ 4 g 506 wee - d frequency
Kew Soeed ofF O\DSQY ve <
stationary observer
hears source frequency
[r= (g) f (observer moving away from source)
. = J- 3
[ —>

Case 2: The Source Is Moving Relative to a Stationary Observer

Higher frequency

O Lower fre
M—os quency
) * X (lower pitch) (higher pitch)

ro__ v .
Ji ( 0 — vg )f (source moving toward observer) PU& W

—_—

ksPeeA oF sowwce e ==+ BB o
7.\ oo R

Source Observer

[ _ .
/= (—)f (source moving away from observer) Observer
v+ Ug . =

/
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General Case: The formula to calculate the observed frequency f'due to the Doppler

Effect for 1s oodlor Frequencs Aotery &
FP 1 __ v+ U0
4 - < v US/Er
Where: C <owm R

*f = original frequency of the source
*v = velocity of the wave

*v, = velocity of the observer relative to the medium
*v, = velocity of the source relative to the medium

" { A positive value is used for motion of the observer or the source toward the other
0 »>%S

A negativevalue is used for motion of the observer or the source away from the other

The word toward is associated with an increase in observed frequency.
The words away from are associated with a decrease in observed frequency.
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Example
A submarine (sub A) travels through water at a speed of

8.00 m/s, emitting a sonar wave at a frequency of 1400 Hz,

The speed of sound in the water is 1 533 m/s. A second sub-
marine (sub B) is located such that both submarines are
traveling directly toward one another. The second subma-
rine is moving at 9.00 m/s.

(A) What frequency is detected by an observer riding on
sub B as the subs approach each other?

(A) We use Equation 17.13 to find the Doppler-shifted fre-
quency. As the two submarines approach each other, the ob-
server in sub B hears the frequency

' v+ U )

(‘ v— Us f

(‘ 1533m/s + (+9.00m/s)
1533m/s — (+8.00m/s)

) (1400Hz) = 1416Hz

\Jj:%wx/s

N o ___9m(s3
&—»
SowWeEe
F= Qoo Wz
J = 153 m/s
O«\ \‘5 = +%VV\/S D \}0:491’\0(33
N NN F (\533+ (DY d460
NIESRN 1533 = G+

—cEo >

o= =9mfs s = - ®m /s

(15334 (=9) ) (1400) = )‘%\—Q

533 — (=)
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A submarine (sub A) travels through water at a Speed of | (B) As the two submarines recede from each other, the ob
8.00 m/s, emitting a sonar wave at a frequency of 1 400 Hz, | server in sub I hears the frequency

The speed of sound in the water is 1 533 m/s. A second sub-
marine (sub B) is located such that both submarines are |
traveling directly toward one another. The second subma-
rine is moving at 9.00 m/s.

[z2)
N /Y

"1533m/s + (—9.00m/s)
( m/s ¥ { m/s) ]{I4GGH;:}= | 385 Hz
 1533m/s — (—8.00m,s) ,

(B) The subs barely miss each other and pass. What fre-
quency is detected by an observer riding on sub B as the
subs recede from each other?
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Homework

2- o . . .
1- Find the speed of sound in mercury, which has a bulk A train is moving parallel to a highway with a constant

modulus of approximately 2.80 X 10 N/m? and a density speed of 20.0 m/s. A car is traveling in the same direction
of 13 600 kg/m’. as the train with a speed of 40.0 m/s. The car horn sounds

at a frequency of 510 Hz, and the train whistle sounds at a
frequency of 320 Hz. (a) When the car is behind the train,
what frequency does an occupant of the car observe for
the train whistle? (b) After the car passes and is in front of
the train, what frequency does a train passenger observe
for the car horn?

3- Avacuum cleaner produces sound with a measured sound
level of 70.0 dB. (a) What is the intensity of this sound in
W/m? (b) What is the pressure amplitude of the sound?




