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INTERFERENCE AND RESONANCE 

 
 

Principle of superposition (addition) 

 

 

 
Path-length dependence 

 

Constructive 

 

 

 

Destructive 
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Two speakers in a line emit the same sound 

waves (v=343 m/s) at 500 Hz.   

 

What is the wavelength? 

 

 

 

 

 What should ∆x be to get a minimum 

along the line?  

 

 

 

 

 

What should ∆x be to get a maximum 

along the line?  

 

 

 

 

 

P1.  There is only one value of ∆x that will give 

a maximum in the sound field.  A = True B = 

False

 ∆x ? 
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In this configuration, suppose you vary the 

frequency of the sound from the speakers, not 

the distances. 

 

 

What λ’s will give a maximum in the sound? 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8 m 

4 m 
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Standing waves 

 

Boundary conditions determine resonance 

frequencies 

 

Stringed instruments 

 

Harmonic 

 

 

 

 

 

 

 

 

 

 

Resonance condition:   

“Integer number of ________________ fit into L.”  

 

fn
  =  

nv

2L
     n=1,2,3,... the resonance f’s.   

 

Node vs. Antinode 

L 

λ=_______ 

λ=_______ 

λ=_______ 
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P2.  If I increase the tension in the string, what happens 

to the resonance frequency?  

a) increases 

b) decreases 

c) stays the same 

 

P3.  If I increase the tension in the string, what happens 

to the wavelength of the third harmonic (n=3)? 

 

a) increases 

b) decreases 

c) stays the same 
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Standing waves in air 

Open-open pipes 
Molecular displacement patterns: 

 

 

 

 

 

 

 

 

 

 

 

 
 

“Integer number of ________________ fit into L.”  

 

 

fn = 
nv

2L
      n= 1,2,3,4,... 

Open end                   Open end 

L 
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Open-closed pipes 
Molecular displacement patterns: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
“Odd integer number of ________________ fit into 

L.”  

 

 

 

fn = 
nv

4L
      n= 1,3,5,7,... 

L 
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P4. Which of these could correspond to a 

closed-open pipe?   

 

 

a 

 

 

b 

 

 

c 

 

 

 

 

Resonance 

Driving a system at one of its natural frequencies (fn) 

 

 

 

 

 

 

 

 

2 

2 

2 
λ 
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The ear canal is a pipe, closed at one end and 

open at the other, with L=2.8 cm.  What is the 

lowest resonance frequency of the ear? 

 

 

 

Babies cry at about 3 kHz!  

 

(A dip in this 

hearing-

threshold 

graph means 

more 

sensitive) 

 

 

 

 

 

 

 

 

What does this mean for opera?
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You change the frequency that you excite a 

tube, and find some resonance frequencies at 

600, 840, and  1080 Hz. 

 

P5. What is the fundamental frequency? _____ 

Hz (these are all integer multiples of the same 

fundamental)  

 

 

P6. Is this an open-open pipe, or a closed-open 

pipe?  

1. open-open pipe 

2. closed-open pipe 

 

P7. The harmonic n for 1080 Hz is _____ 

 

You excite a tube with frequency 300 Hz. 

P8.The sound pattern below is found in the tube 

of length 1 m.  The wavelength is _____  m.   

The speed of the gas in the tube is ________ 

m/s.  
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Harmonics and Timbre: Why do voices and instruments 

sound different for the same pitch? 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Strange” instruments:  bells, blocks 
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Beats   

 

 
 

 

Applications: 

 

Tuning 

 

 

Measuring Doppler shifts in radar, ultrasound 
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HOMEWORK HINTS: 

 

 


