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SOUND WAVES 
What is sound?  
 
Fluctuations in air pressure/density 

 
Longitudinal wave—air molecules move back and forth 
along the direction of wave travel. 
 
 

 
 
Pressure compressions and rarefactions can be 
represented with transverse curves. 
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What is required for sound to exist? 
    

 
Audible sound - roughly 20 Hz to 20 kHz 
 
The human ear: 

 
Most of our “hearing” occurs in the cochlea 
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The cochlea 
 
How do we hear different frequencies? 
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B is the bulk modulus 
(compression) 

Speed of sound in a gas:  
   
 

 

Air :  v = 331 m/s at 0 °C.   

Other T’s:  v= 331 m/s K
T

273  

At 20 C:  v = 343 m/s 
 

Helium: 972 m/s at 0 °C 

r air/r He   
   
Solids:  

r
Y

=v    longitudinal waves 

Y is Young’s modulus  

 
Air vs solids: solids are faster 
because________________ 
    liquid: water  1500 m/s 
    solid: aluminum  5100 m/s

r
B

v =
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P1.  Two plastics have the same density, but 
plastic A is 16 times as stiff as plastic B.  The 
plastic with the greatest speed of sound is 
________ 
 
 

P2. The factor by which it is greater is 
 

a) 16 
b) 8 
c) 4 
d) 2 

 
P3.   Jennifer has one ear to the train 
track to listen for an oncoming train that 
is 4000 m away.  Assuming the air is 
20°C and the speed of sound in steel is 
4500 m/s, how much sooner does she 
hear the train by listening to the steel?
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Intensity and power 
 

 

 

How does intensity behave as a function of distance? 
 
For a spherically emitting source: 
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A spherical speaker puts out an intensity of 10 W/m2 at 
a distance of 2 meters.   
 
 P4. Relative to 2 m, the intensity at 4 meters away is 
 

a) greater 
b) same 
c) less 

 
P5. Relative to 2 m, the power 4 meters away is 
 

a) greater 
b) same 
c) less 

 
The intensity at 4 m is ________ W/m2. 
 
The total power the speaker puts out is _______ W. 
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Decibel intensity scale 
We hear over a huge range of intensities…15 
orders of magnitude! 
For convenience, we use logarithmic scale 
(powers of 10) : 

 
  
 
 
 

  W/m2 dB 
Jet on runway Instant pain, 

damage 
1000 150 

Machine gun damage 10 130 

Rock concert (best seats) pain, damage  1 120 

Power mower damage (if 
all day) 

10-2 100 

Vacuum cleaner safe all day 10-5 70 

Conversation  10-7 50 

Whisper  10-9 30 

Rub fingers by ear Threshold 10-12 0 

 
OSHA regulations:  No more than 90 dB averaged over 8 
hour/day.  
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What is a log? 
“Log(x) is the power you raise 10 to in order to get 
x.” 
  Mathematically,  x= 10log(x) 

log(100) = 

log(106) =  
 

log(ab) = log(a) + log(b) 
If log(3) = 0.477,     
log(300) = log(3) + log(100)= 
     

Compare two intensities.  If you increase: 
I by a factor of X, add ___________ to � . 
 
I by a factor of 10, add ___________ to � . 
 
I by a factor of 100, add ___________ to � . 
 
I by a factor of 2, add ___________ to � . log(2) = 0.301 
 
I by a factor of 8, add ___________ to � . 
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Doppler Shift 
 
 
 
 

 
 

Frequency is _______________when the source and 
observer approach each other, ______________when 
they go away from each other. 

 
vs  source speed 
vo observer speed 
v  speed of sound 
 

Both source and observer could move: 
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How to choose your signs?    
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Examples: 
 
How fast do I need to move away from the 
belltower to change music in the key of G to the 
key of G-flat? (G is 392 Hz, G-flat is 370 Hz) 
 

 
 
 
 
 
 
 

A siren emitting at 200 Hz is on a car going very fast 
toward you at ½ the speed of sound (take the speed of 
sound to be 300 m/s here).   You travel away from the 
car on your bike at 1/3 the speed of sound.  The 
frequency you hear is__________ Hz 
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Sonic Booms 
 
When the source above the speed of the waves 
(vsource > vwave), we get a sonic boom: 
 

 

 
 
However, this cloud does 
not necessarily mean the 
aircraft is supersonic!  
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Bats and Echolocation 
 

·  Emit ~60kHz bursts of sound and listen for 
reflections from victims.  The echo is doppler 
shifted. 

·  Both a moving source and a moving observer.   
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Other Practices: 
 
10-4 W/m2 has a dB level of _______ dB. 

 
 
 
 
 

You hear an average of 82 dB in your workshop as one 
printing press runs.  The next day you come in and find 
88 dB.  How many total printing presses of the same 
type are now running?  _________   

(Hint:  what happens to the intensity as you double 
the number of presses?) 
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HOMEWORK HINTS: 
 
 


