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"The finest words in the world are only vain 

sounds if you cannot understand them." 
--Anatole France 



Announcements 

Today cover: 

Wave Interference 

Standing Waves 

Beat frequencies  



Sound Interference 
Example 

Two loudspeakers are 2.0m apart and are driven by 

the same oscillator.  Both speakers emit 700Hz sound 

waves into a room where the speed of sound is 

341m/s.   

 A listener stands 5.0m 

in front of the speakers 

and 2.0m to one side of 

the center.  Does the 

listener experience 

constructive 

interference, destructive 

interference, or neither 

at this location? 



Sound Interference 

 Answer 

 We need to calculate the path length difference, Δr. 

 So we should calculate the difference between r2 and r1.  

Speaker 1 5m  

1m  

r1  

Speaker 2 5m  

3m  

r2  



Sound Interference 

 The path length difference at this location is a half-integer 

wavelength, so we should have destructive interference. 

 <- Rounding to 

two places 

 Comparing this to the path length difference gives: 

 Answer 

 Next, we should see how many multiples of the 

wavelength this path length difference is (integer, half-

integer, or neither). 

 So we should calculate the wavelength of this sound wave.  

1.5 



Standing Waves in Strings 
For a string fixed at both ends, the longest 

standing wave we can achieve is: l = 2L 

 The frequency for this standing wave is known as 

the fundamental frequency or the first harmonic. 

 The length, L, of 

the string is equal to 

one-half the 

wavelength. 

 We label standing 

waves by the number 

of anti-nodes, so this 

wave is  n = 1. 



Standing Waves in Strings 
The next longest 

wavelength that 

we can achieve 

on this string is   

n = 2. 

Here, L= λ 

 The next longest 

wavelength that we 

can achieve on this 

string is n = 3. 

 Here, L= (3/2)λ 



Standing Waves in Strings 
For the nth harmonic: 
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 So in general the frequency will be: 
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 The different frequencies are known as harmonics 

for standing waves. 

 Just choose n=5 if you want a standing wave with 5 

anti-nodes. 



Standing Waves: Math Model 
Assume two waves with the same 

amplitude, frequency and wavelength, 

traveling in opposite directions in a medium: 

y1 = A sin (kx – wt) and y2 = A sin (kx + wt)  

They interfere according to the 

superposition principle.  

The resultant wave will be:                     

y = (2A sin kx) cos wt 

This  is the wave function of a standing 

wave (there is no function of kx – wt, 
therefore it is not a traveling wave). 



Standing Waves: Math Model 
A node occurs at a point of 

zero amplitude (sin kx = 0).  

• An antinode occurs at a point 

of maximum displacement, 2A 

The distance between adjacent nodes (antinodes) is 

l/2; between a node and an adjacent antinode: l/4 
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Standing Waves 
We discussed waves subject to certain boundary 

conditions.  

The string has a number of natural patterns of vibration 

called normal modes; each mode has a characteristic 

frequency. 

This situation, in which only certain natural frequencies of 

oscillation are allowed, is called quantization. 

The notion of quantization will be a part of our discussion 

of the Bohr model of the atom (Chapter 11) in Lecture 

29A. 

In that model, angular momentum is quantized; that 

quantization also comes from a wave under boundary 

conditions model. 



Standing Waves in Air Columns 
You can also create standing waves in columns of 

air. 

But in air, there are special rules regarding 

displacement nodes and anti-nodes at the ends. 

A node must exist at a closed end of a column 

since the movement of particles is restricted. 

An anti-node must exist at an open end of a 

column since the particles in air have complete 

freedom to move. 

You can have three situations with columns of air: 

open-open, closed-closed, and open-closed. 



Standing Waves in Air Columns 
The closed-closed case for air columns is 
exactly like the same situation as we had with 
strings fixed on the ends (nodes at both ends). 

You will use the same frequency equations: 
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You will use the same frequency 

equations for the open-open case as 

well since you have anti-nodes at both 

ends. 
n = 1, 2, 3, … 



Standing Waves in Air Columns 
But for the open-closed case, then for the longest 

standing wave (1 anti-node, first harmonic) we get: 

For 2 anti-nodes (third harmonic), we get: 



Standing Waves in Air Columns 
For 3 anti-nodes (fifth harmonic), we get: 

For the nth frequency: 

Recall that: 
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So in general the frequency will be: 
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Only odd harmonics are present! 



Auditory Canal Resonance 

The ear responds to sound by the distribution of 

vibrations in the inner ear along the length of the 

basilar membrane that excite hair cells.  

The location and intensity of vibrations in the basilar 

membrane is transmitted to the brain. 



Auditory Canal Resonance 

The maximum sensitivity regions 

of human hearing can be thought 

of as a closed tube resonances 

of the auditory canal.  

The peak at ~ 3700 Hz 

corresponds to a tube length of 

2.4 cm.  

The higher frequency sensitivity 

peak corresponds to the 3rd 

harmonic of a closed cylinder. 



Clicker Question 14A-1 
An open-open tube of air supports standing waves 

at frequencies of 300Hz and 400Hz and no 

frequencies between these two.  The first harmonic 

of this tube has a frequency of: 

A) 100Hz. 

B) 200Hz. 

C) 400Hz. 

D) 600Hz. 

E) 800Hz.  
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n = 1, 2, 3, … 



Clicker Question 14A-2 
Two loudspeakers are in phase with each other. They 

emit sound waves of equal amplitude with a 

wavelength of 1.0 meter. At the point P indicated, the 

interference is: 

A) Completely 

constructive. 

B) Completely 

destructive. 

C) Something 

in between 

constructive 

and destructive. 

P 



Beats 
What happens if you try to add waves that have 

slightly different frequencies? 

Sometimes their crests will line up and sometimes 

one crest will overlap with the other trough. 

The result will be constructive interference 

sometimes and destructive interference others. 



Beats 
This phenomenon is known as beats. 

The time-dependent interference causes 

alternations in loudness of the resulting sound 

wave. 

How often you hear the “loudness” is called 

the beat frequency (frequencies must be 

close).  

The beat frequency will merely be the 

subtraction of the two frequencies that are 

interfering with one another:    fbeat = |f2 – f1| 



For Next Time (FNT) 

Start reading Chapter 24 

Note we will skip Chapter 15 and 

19-23 

Keep working on the homework for 

Chapter 14 


