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What are sound waves? V GUC

German University in Cairo

A vibrating solid in an elastic medium causes:
Longitudinal waves travelling through that medium as:
Periodic changes in density and pressure through the medium.

Types of Sound Waves:
e Single vibration : one travelling sound pulse,

* Sinusoidal vibration of the source = sinusoidal sound wave
travelling through the medium.

Ranges of Sound Waves according to frequency:

e AudibleSound Waves: f from 20 Hz to 20 kHz
e Infrasonic waves: f < 20 Hz

e Ultrasonic waves : f> 20 kHz
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Speed of sound waves /{) GUC
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How does the sound wave propagate? Undisturbed gas

\

|

Piston compresses the air. Denser air packet acts on the =
next air packet to the right in order to relax @

...~ propagation of the compression.

Compressed region

Velocity of sound waves v depends on density and i ——
compressibility (elasticity) of the medium: (b)

The stiffer the medium, the faster it tends toward .
relaxation (normal density) = higher speed Jpe— I

elastic property
inertial property] 000 6= e

Sound Speed v= \/

For a given medium v=_|—
o, B - bulk modulus

p - density
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Speed of sound in different media

Material v (m/s)

Air (20° C) 343 Speed of sound in_air is

Air (0° C) 331| lemperature-depending
Hydrogen (0° C) 1286

e M9y (331mj\/1+ L
Seawater 1533 S 273°C
lron 5950

Copper 5010

gold 3240

rubber 1600
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Periodic sound waves /{) G UC
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A Sound Wave = pressure and displacement waves:

— Sinusoidal movement of the piston causes l I

—Periodic compression and rarefaction of the
medium

—>So the pressure change AP is represented by a
sine wav \

AP(X,t) = AP, . SIN(KX — ait)
= Air particles are vibrate around from their
equilibrium position and have displacement as

S(X,t) =S COSKX—at)| sl L

s > 0: displacement to the right; s < 0: displacement to the left
Ap: the change in pressure above and below 1 atm ~1-10° Pa

— Distance between 2 successive compressions L —

or 2 rarefactions = wavelength A
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Periodic sound waves /{) G UC
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Pressure wave has (1t/2) phase difference with  — i I
the displacement wave! —
| |
I I
The Maximum pressure amplitude AP, .. and the s |
displacement amplitude S, ., are related as: SrP | |
| |
AWA
I I

Apmax — ,OVC()SmaX (a) v

|

|

i
p = density (1.292 k9/_, for air), AP b -

|
|
|
7
L
: |
AP . :
' |
' |
max 2 | |
v — speed of sound, / \| | V. X
— / \ | ‘,/ \
o - angular frequency = 2mf / \ Y \\
3 i b il
\‘\‘ : c‘(fl
\ | /
\ /
(b) \\"\:/'/
© 2004 Thomson/Brooks Cole
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Intensity of sound waves-|

A Wave is a transfer of energy, not matter.
Energy in the wave = kinetic Energy + potential energy

o A Sound wave = very small air packets moving
// / \ back and forth as with displacement
: 1 \J/ T s(X, 1) = S, sin(k X — wt)

e ar——] | Wavelength A, frequency f, periodic time T
T cross section area A

Energy transferred in one wavelength of volume A-A:

E. =K, +U, =K™ —%mvmax

%(densﬂy xV0L.) X (0.8,,)" =

1 2
E(p A/I) ( max)
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Intensity of Sound Waves-| \) G UC
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Power of the wave: |p _ AE _ E.peroneWave 1p A(wsmax)z/l
At Periodictime 2 T

A =V 1 2 2

T - — EIOAVCO (Smax)
Intensity of the wave: P 1 2
Power per unit area W/m? = A zpva) (SmaX)
Intensity in terms of the pressure amplitude : >

APl
2oV

Energy conservation:
In the tube the cross section is constant = intensity is constant
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Intensity of sound waves-lII

For sound waves emitted from a point source

uniformly in all directions:

Waves move away from the source,

so the same power is distributed over a larger area.

Distance r increases =2 larger surface area of the

sphere 477 r? around the source.

- Intensity decreases with as r? increases

| = E _ I:)av _ I:)av
A A 4drxr?
1 . . r?
SO giving  '1 2
— | o . 2
r A
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Example ¢ GUC
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Loud speaker withm power P = 10 W at frequency 1 kHz emitting sound
waves in all directions in air ( = Point Source)

Intensity at 1 m distance: | — P 10W - 0.8 ﬂ
A ° 47z(1m)2 m?
2
I APmax
Pressure amplitude: 2,0V
W K
AL, =21 p -V =2x08—x1.29-2 340"
m* m? S
Ap..., =26 Pa
AP 1ax 26 Pa
ASmaX - _Y, ? - m kg
. . @VP  27.1000 Hz -340—-1.29 <
Displacement amplitude S m>
Smax = 9.6 pm

Amplitudes are very small even for high intensities!
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Sound level B
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Loudness is the human response to the intensity of sound:
Hearing limit: frequency dependent. at 1000 Hz:

Min. intensity to be heard I, 1x1012 W/m?

Max. intensity (Eardrum ruptures, threshold of pain) : 1 W/m?
The sound level is described by a logarithmic scale:

g

Sound level B: |/ ElOIOQ(
Unit dB

|

Reference |, = 1x101? W/m?
min. hearing limit at f = 1000 Hz

— The previous example was close to the threshold of pain!
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Frequency and sound level ranges /{) GUC
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Intensity Sound level

W/m?2 p(dB)
Infrasonic Sonic Ultrasonic
frequencies frequencies frequencies

220 ;

et engine .
200) Underwater communication
180 (Sgnas)

m away) Rifle
160 Threshold for
140 ME

- Rock concert
10 0 120 - - />
ar horn )
100 Motoreycle > Schlool> cafeteria
80 Urban traffic . Shout
60 « , » Birds
Conversation <—1L» [
40 o LB
Whispered speech
920 for < >
12 |
10 v I I | | > Frequency f(Hz)
1 10 100 1 000 10 000 100 000

© 2004 Thomson/Brooks Cole
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Quiz inbetween /{) GUC
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If the intensity of a sound is increased from / = 5*10°® W/m? to
| =5*10% W/m?, the sound level increases by (B, - B,)

(a) 2dB
(b) 10dB
(c) 20dB
(d) 100 dB
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Quiz inbetween /a GUC

German University in Cairo

If the intensity of a sound is increased from / = 5*10°® W/m? to
[ =5*%10* W/m?, the sound level increases by

(a) 2dB
(b) 10dB
(c) 20dB
(d) 100 dB
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Doppler effect (1708)
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~
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Doppler effect (moving source) V GUC

- In the direction of motion wavecrests move closer together
- In the opposite direction wavecrests are further apart
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Doppler Effect /fj G UC

German University in Cairo

Waves get emitted by the source at fixed frequency f and propagates in the
medium with speed v.

If source and observer move relative to the medium
- Change in apparent frequency f’ of the wave recieved by the observer:

(1) Source moves toward observer with v, : crests are closer together in space >
wavelength is shorter = higher frequency f’ observed

frol Y|
V—V

S

(2) Observer moves toward the source with v,: crests arrive at the observer at
shorter time intervals = higher frequency f’ observed

V+V,
v
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Doppler Effect (1709)
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Dopppler Effect

* In general if the sound source moves at
speed v, and the observer at speed v,

Use

+V, = observer approaches source,

-V, = observer moves away from source , | V T VO

+V, = source moves away from observer, f — f
-V, = source approaches observer. vV Vs

f'is the received frequency and
fis the emitted one.
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“Speed check by radar” /a GUC
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Sign conventions for v, v.:
+ if both approach each other
- if both move away from each other

Movement of the car towards the radar - two frequency

shifts

(1) Car as moving observer (v, >0) = higher apparent f n__ v+ V0 f
frequency f’at the car and reflected back - V—V

(2) Car as moving source towards the station S

(v, >0) = higher apparent frequency f* at the detector
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“Speed check by radar”

=2

-
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The actual speed check doesn‘t use sound waves, but let’s just take an

example: f =50 kHz (ultrasound), v

(1) Signal ,received” and reflected by
the approaching car

(2) Signal received by the detector
from the approaching car

Dr. Amr Aboshousha

100 km/h =27.8 m/s

f._{340 r%+27.8r%}.50 .
340%

f'=55.4 kHz

o 340m/
340 %—27.8%

f''=60.3 kHz

]-55.4 kHz
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A quiz inbetween /{) GUC
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You are standing besides a street, when an ambulance with a sounding
horn comes closer at constant velocity. While it comes closer, what
do you notice regarding the sound?

(a) Frequency of the horn sound increases

(b) Intensity and frequency decrease

(c) Intensity increases, but frequency decreases
(d) Intensity decreases, but frequency increases
(e) Both intensity and frequency increase

(f) Intensity decreases and frequency stays constant
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A quiz inbetween /0 GUC

German University in Cairo

You are standing besides a street, when an ambulance with a sounding
horn comes closer at constant velocity. While it comes closer, what
do you notice regarding the sound?

(a) Frequency of the horn sound increases

<2

Intensity and frequency decrease

(c) Intensity increases, but frequency decreases
(d) Intensity decreases, but frequency increases
(e) Both intensity and frequency increase

(f) Intensity decreases and frequency stays constant
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