
Physics 2c        Lecture 15 

Chapter 17: 
Decibels 

Reflection & Refraction 
Resonances and standing waves 

 



Different expressions for Intensity 
of sound in gases 

●  If air displacement amplitude is unknown: 

●  If pressure amplitude is unknown: 
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Human perception of sound 
intensity: “loudness” 

Given the wide range 
of sensitivity, it is 

natural to measure 
sound intensity on a 

logarithmic scale: 
Decibel 



Decibels 

I0 chosen as 1e-12 W/m2 
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Question to ponder: 
●  Assume the intensity drops by a factor 2. 
●  What’s the change in decibel? 

  (a) -1dB 
 (b) -2dB 
 (c) -3dB 
 (d) -4dB 



How to calculate this: 
●  Ratio of I before divided by after=1/2 
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Sound in solids 
Bulk modulus of elasticity: 

B = -dP/(dV/V) 
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Typical sound speeds 
at room temperature 

Air     ~340 m/s 
Water    ~1500 m/s 
Steel    ~6000 m/s 
 



Reflection & Refraction 



Reflection 

fixed end    loose end 

Reflection depends on  
boundary conditions. 



Partial Reflection 

Partial reflection occurs 
at the boundary of different 
media. 
 
Reflected wave may be inverted 
depending on the characteristics 
of the two media. 



Refraction 

Refraction occurs at the boundary  
of different media. 

 
Refraction = change of wave direction. 

 
 

(for water waves in shallow water, 
 wave propagation depends on water 
 depth. A change in depth is thus a  

 change in “media”.)  



Rays, a short hand for drawing 
waves. 

Refracting plane wave. May be depicted as rays instead of 
showing the full wave pattern. 



Reflection & Refraction 



Standing Waves and Resonators 



“Contained waves” 

What happens if wave is restricted to a finite medium? 
 
It will reflect on both ends! 
 
If dimensions of medium are appropriate 
then reflected wave pattern can be stationary. 
 
Standing wave = resonant phenomenon 



Standing waves 
= waves that fit boundary conditions for reflection on both 

ends 

Fixed end Fixed end Fixed end Loose end 



Questions 15 

Standing waves don't propagate. 
 
In what sense, then, are they waves ? 



Organ Pipes and Resonance 
●  What’s the difference in fundamental frequency between: 

–  Open at one end, closed at the other 

–  Open at both ends 

–  Closed at both ends 

●  How do you calculate the fundamental frequency? 

●  Given two consecutive resonance frequencies, what’s the 
length of the organ pipe? 



Resonant frequencies in Organ 
pipes 

●  Both ends open, or both ends closed: 
–  Length = λ/2 * N  ; N=1,2,… 

●  One end open and one end closed: 
–  Length = λ/4 + λ/2 * N  ; N=0,1,2,… 

Remember: λ = v T = v/f 



Example 
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Exam 5A

Name___________________________________

MULTIPLE CHOICE.  Choose the one alternative that best completes the statement or answers the question.

1) If the pressure amplitude of a sound wave triples, what happens to the decibel level?
A) -5dB B) 10dB C) -9.5dB D) 0dB E) 5dB

1)

2) A standing wave is formed on a string for which 3.5 wave lengths fit into the total length of the
string. The string is 2.7m long. The wave has a period of 0.10s. If the string has a mass density
of 220 g/m , what is the tension in the string?

A) 1N B) 10N C) 20N D) 30N E) 100N

2)

3) The mach angle of a shock wave associated with the sonic boom of a low flying plane is 70
degrees. What is the speed of the airplane? (Speed of sound in air = 330m/s)

A) 1000 km/h
B) 3000 km/h
C) 5000 km/h
D) 7000 km/h
E) 500 km/h

3)

4) At a point 15m from a source of spherical sound waves, you measure a sound intensity of
1500mW/m^2.
How much further do you need to walk, directly away from the source, until the sound
intensity has changed by -4.4dB.

A) 5m B) 10m C) 20m D) 15m

4)

5) The intensity of sound from a localized source decreases as the inverse square of the distance
from
the source. Does that mean that the sound looses energy as it propagates?

A) Yes.
B) No.
C) Depends on the frequency of the light.

5)

6) "Vibrato" in a violin is produced by sliding the finger back and forth along a vibrating string.
The G-string on a particular violin measures 30cm between bridge and its far end and is
clamped rigidly at both points. It's fundamental frequency is 197Hz. How far from the ("nut")
end should a violinist place a finger so that the G-string plays the note A (440Hz)?  Note: As
discussed in class, the bridge end of the violin is the end that's near your cheek when playing
the violin.  The nut end of the violin is the end far away from your cheek when playing the
violin.

A) 15cm B) 17cm C) 11cm D) 13cm E) 19cm

6)

7) A horn emits sound at a frequency of 160Hz. What frequency is heard by an observer moving
away from the source at 26m/s ?

A) 140Hz B) 150Hz C) 160Hz D) 170Hz E) 180Hz

7)
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8) A small flute 10.75cm long, and open at one end. closed at the other is played near a taut guitar
string with fundamental frequency of 600Hz. What's the lowest frequency that leads to
standing waves on both instruments? (Speed of air = 344m/s)

A) 600
B) there is no such frequency
C) 1800
D) 2400
E) 1200

8)

9) Sound intensity in normal conversation is about 1microWatt/square-meter. What is the
displacement amplitude of air in a 2.5kHz sound wave of this intensity?

A) 4mm
B) 4micrometer
C) 4nanometer
D) 4picometer
E) 4cm

9)

10) The speed of sound in body tissue is essentially the sane as in water. What is the wavelength of
the ultrasound (2MHz) that is used in medical diagnostics? (v=1497m/s)

A) 0.1mm B) 0.4mm C) 0.5mm D) 0.75mm E) 2mm

10)
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) = (800, 2400,...)Hz

fguitar = 600Hz+ N600Hz = (600,1200,1800,2400,...)Hz

N refers to the higher modes. N=1 is first higher mode. 


