
Module 22 (Experimental) 
 

5. Acoustic Beats 
 

When two sound waves of slightly different frequencies interfere with each other, they result in beats, 

which is a tone that varies in volume periodically and has a frequency equal to the difference of the 

frequencies of the interfering sound waves. If the interfering sound waves have frequencies f1 and f2, 

then: 

𝑓𝑏𝑒𝑎𝑡 =  |𝑓1 − 𝑓2| = ∆𝑓 

 

The closer the frequencies of the interfering sound waves, the lower will be the frequency of the beats. 

In the limit that the original frequencies become the same, the beat frequency becomes zero, meaning 

that we will no longer hear any beats.  

 

 

 

 

 



 

TASKS: 
 

• Prove that when two sine waves are superimposed, the envelope wave has a frequency 𝑓𝑒𝑛𝑣 =
|𝑓1−𝑓2|

2
. 

• If the envelope wave has the above frequency, then why is the perceived beat frequency 𝑓𝑏𝑒𝑎𝑡 = 

|𝑓1 − 𝑓2|? 

• Demonstrate the phenomenon of beats using Mathematica/Mathcad, etc. 

• Think of 3 different ways in which we can generate beats. 

• Think of a way to experimentally measure the beat frequency. What will be some sources of 

error in your experiment?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6. Speed of Sound using Destructive Interference 
 

Since sound is a wave, it can undergo constructive and destructive interference when two waves 

superpose in the right way. In this experiment, we will use a pair of earphones to set up standing waves 

inside a column. We will place one earphone on top of the column and the other end at the bottom and 

then play a standard tone through them. As we vary the distance between the two earphones, there will 

come a point where the sound intensity will drop substantially, and then rise again. This is the point 

where destructive interference is taking place. We keep changing the distance until we find such a point 

again and note the separation between these two points of destructive interference. Let this separation 

be 𝑑. Then the wavelength 𝜆 is given by: 

𝜆 = 2𝑑 

 

 

 

 

 

 

 

 

 

 

 

 



Then using the given sound frequency 𝑓, we can find the speed of sound 𝑣𝑠 by: 

    𝑣𝑠  =  𝑓𝜆 =  2𝑑𝑓 

 

TASKS: 
 

• When this experiment is carried out, it is noticed that the sound intensity does not go exactly to 

zero at the antinode, but reaches a finite minimum. Why do you think complete destructive 

interference is not being achieved? 

• Suppose we carried out the same experiment underwater. Would we need a bigger toilet paper 

stack or a smaller one? What if we carried out this experiment in air but in a much hotter 

environment? 

• What can be some sources of error in this experiment? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7. Speed of Waves on a String 
 

If we keep a string of length 𝑙 fixed at both ends and pluck it, waves will travel through it which upon 

interference will lead to standing waves. Since the length is fixed, only certain discrete frequencies can 

be generated on such a string, which is why a guitar string can only play certain fixed notes. It is 

common knowledge that when the different strings on a guitar have different sounds when plucked. 

Moreover, the sound of any given string changes when we vary tighten or loosen the string.  

In this experiment, we will measure the speed of waves travelling on a guitar string and test its 

dependence of the tension and the thickness of the string. The speed of the wave can be obtained by 

simply measuring the frequency and wavelength. If the open string is plucked, then the relation 

between the length of the string and the wavelength is given by: 

𝜆 = 2𝑙 

We can measure the frequency of the sound generated using computer software like eTuner, which will 

enable us to find the speed of the wave on the string: 

𝑣 = 𝑓𝜆 

Now we will vary 3 parameters and see how the speed changes. These are: the length of the string, the 

tension of the string and the string thickness. The length can be changed by simply holding the string on 

different frets, the tension can be changed with the tuning pegs on the end of the guitar neck while the 

thickness can be changed by simply choosing a different string from among the 6 available.  

 

 

 



 

TASKS: 
 

• Use dimensional analysis to figure out the relationship between speed 𝑣, tension 𝑇, length 𝑙 and 

mass density (thickness) 𝜇. 

• Using the data you obtain, plot 𝑣 vs 𝑇, 𝑣 vs 𝑙 and 𝑣 vs 𝜇. Verify whether this agrees with your 

dimensional analysis.  

• Would our measurements of 𝑣 change if we conducted the same experiment in outer space 

(assuming we could measure the frequency without hearing it)? 

• Assume the wave speed on a guitar string is 425 𝑚/𝑠 and we are dealing with the 1st harmonic 

(n = 1). What is the range of lengths the guitar string needs to be in for the first harmonic to be 

audible to the average human ear? 

• Identify some possible sources of error in this experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8. Pendulum Snake 
 

The time period of a simple pendulum depends only on the length of the string and the acceleration due 

to gravity. 

𝑇 = 2𝜋√
𝑙

𝑔
 

The longer the string, the slower it oscillates back and forth. We can use this dependence to construct 

an interesting device called a “pendulum snake”. In this device, we arrange multiple simple pendula in a 

row, all of them with different lengths. Their different lengths give them a different time period, such 

that when we release them from the same angle, they will soon go out of phase with each other and 

generate an interesting snake-like pattern as they oscillate back and forth. After some period of time 

they will be totally out of phase with each other, meaning that neighboring pendula will be a half-swing 

apart. After the same period of time, they will line up again and the cycle will repeat.  

 

 

 



 

 

TASKS: 
 

• In order for the pendula to come back in phase after a certain period of time, their time periods 

need to be commensurable. If you are constructing such a device with 10 pendula and the max 

allowed length for a pendulum is 1m, what is one possible set of lengths that you can choose to 

give you the required pattern? Explain the physical reasoning that led you to your conclusion.  

• What will happen if the periods of the pendula have a ratio of 1/𝜋 with each other? Will they 

ever come into phase with each other or not? Explain why.  

• The formula for the time period that we have given above only works under the small angle 

approximation. Derive the formula (in integral form) for the time period for arbitrary 

amplitudes. 

• Use the general formula derived above and the approximate formula  𝑇 = 2𝜋√𝑙/𝑔 to 

determine the range of angles that we can work in if we can only tolerate 1% error in our time 

measurement? 

• The formula for the time period also assumes that the string holding the bob is massless. 

Assuming that the string has mass, what will be the new formula for the time period of the 

pendulum? 

• Use the formula derived above and the approximate formula 𝑇 = 2𝜋√𝑙/𝑔 to find the maximum 

ratio of the string mass to the bob mass that we can tolerate if we want to remain within a 1% 

error in our time measurement? 

• What if we used heavier bobs in place of lighter ones? Will that change our results in any way? 

 



 

5. Coupled Pendulums 



 



 



 



 



 


