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Ch 17: Sound Waves I 



Sound waves 

Speed of sound waves 

Energy transfer by (sound) waves 

Intensity and Sound level 

Doppler effect 
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Sound wave in a cylinder (1702) 
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What are sound waves? 

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: 

• 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:  

• AudibleSound  Waves: f from  20 Hz to 20 kHz   

• Infrasonic waves: f < 20 Hz 

• Ultrasonic waves : f> 20 kHz 
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Speed of sound waves 

How does the sound wave propagate? 

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

…. propagation of the compression. 

 



B
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B - bulk modulus 

  - density 

property inertial
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vSpeedSound

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

The stiffer the medium, the faster it tends toward 
relaxation (normal density)  higher speed  
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Speed of sound in different media 

Material v (m/s) 

Air (20° C) 343 

Air (0° C) 331 

Hydrogen (0° C) 1286 

Water  1493 

Seawater 1533 

Iron 5950 

Copper 5010 

gold 3240 

rubber 1600 

Speed of sound in air is  

temperature-depending 
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Periodic sound waves 
A Sound  Wave = pressure and displacement waves: 

 Sinusoidal movement of the piston causes 

Periodic compression and rarefaction of the 
medium 

So the pressure change ΔP is represented by a 
sine wave  

 

Air particles are vibrate around  from their 
equilibrium position and have displacement  as  

)cos(),( max tkxstxs 

Distance between 2 successive  compressions  

       or 2 rarefactions   =  wavelength  

)sin(),( max tkxptxp 

s > 0: displacement to the right;  s < 0: displacement to the left 

p: the change in pressure above and below 1 atm 1·105 Pa 
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Periodic sound waves  

Pressure wave has (π/2) phase difference with 
the displacement wave! 
 
The Maximum pressure amplitude ΔPmax and the  
displacement amplitude Smax are related as: 

maxmax svp 

 

 = density  (1.292 kg/m3  for air),  

v – speed of sound,  

 - angular frequency = 2πf 
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Intensity of sound waves-I 

A Wave is a transfer of energy, not matter. 

Energy in the wave =  kinetic Energy + potential energy 
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Energy transferred in one wavelength  of  volume A·: 

Wavelength , frequency f, periodic time T 
cross section area A 

A Sound wave = very small air packets moving 
back and forth as with displacement  

)sin(),( max txkstxs 
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Intensity of Sound Waves-I 
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Intensity of the wave:  
Power per unit area  W/m2 

Power of the wave:  

    Intensity in terms of the pressure amplitude : 

v

p
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Energy conservation: 
In the tube the cross section is constant  intensity is constant 

v
T
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Intensity of sound waves-II 
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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  larger surface area of the 
sphere 4 r2 around the source.  

 Intensity decreases with as r2 increases 
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Example 

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: 

 

 

Pressure amplitude:   
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Displacement amplitude 
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Amplitudes are very small even for high intensities! 
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Sound level β 

Loudness is the human response to the intensity of sound: 
Hearing limit: frequency dependent. at 1000 Hz: 
Min. intensity to be heard Io 1x10-12 W/m2 

Max. intensity (Eardrum ruptures, threshold of pain) : 1 W/m2 

The sound level is described by a logarithmic scale: 













0

log10
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I
Sound level : 

Unit dB 

Reference I0 = 1x10-12  W/m2 

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 

10-12 

10-0 

Intensity 

W/m2 
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Quiz inbetween 

If the intensity of a sound is increased from I = 5*10-6 W/m2 to  
 I = 5*10-4 W/m2,  the sound level increases by (β2 -  β1) 

(a)     2 dB 

(b)   10 dB 

(c)   20 dB 

(d) 100 dB 
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Doppler effect (1708) 
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Doppler effect (moving source) 

 In the direction of motion wavecrests move closer together 
 In the opposite direction wavecrests are further apart 

Dr. Amr Aboshousha                                                                                                  PHYS 202 SS 2013 

../transfer/202/PHYS202%202009/Lectures/Demos/Example%20of%20Doppler%20Shift%20using%20car%20horn.avi


Doppler Effect 

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 vs : crests are closer together in space  
wavelength is shorter  higher frequency f’ observed 
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(2) Observer moves toward the source with vo: crests arrive at the observer at 
shorter time intervals  higher frequency f’ observed 
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Doppler Effect (1709) 
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Dopppler Effect  

• In general if the sound source moves  at 

speed vs and the observer at speed vo,  

 

Use 

+vo = observer approaches source, 

-vo = observer moves away from source , 

+vs = source moves away from observer, 

-vs = source approaches observer. 

f’ is the received frequency and  

f is the emitted  one. 
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“Speed check by radar” 
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Sign conventions for vo, vs: 
 + 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 (vo >0)  higher apparent 
frequency f‘ at the car and reflected back  

(2) Car as moving source towards the station  
(vs >0)  higher apparent frequency f‘‘ at the detector  

vo= vs 

f f‘ 

f‘‘ 
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vo, vs 

“Speed check by radar” 

f f‘ 

f‘‘ 

The actual speed check doesn‘t use sound waves, but let‘s just take an 
example:  f  = 50 kHz (ultrasound), vcar = 100 km/h = 27.8 m/s 

(1) Signal „received“ and reflected by 
the approaching car 
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(2) Signal received by the detector 
from the approaching car 
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A quiz inbetween 

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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