
Mechanical Waves and Sound: Activity 5
Constructive and Destructive Interference of Sound Waves with Identical Frequencies
Name:______________________		Date:____________			Period:_____


Hypothesis:  When two sound waves travel through the same medium they undergo constructive and destructive interference, which we can characterize by analyzing the resulting spatial and temporal oscillations in pressure.

Guiding Questions: 
Introduction:  We know that a sound wave results from a vibration that imparts energy to surrounding particles.  In the case of a compressible medium like air, the vibration creates a series of compressions and rarefactions that propagate through the air and transmit energy from one location to another.  If two sound waves are propagating through the same particles at the same time, the particles will feel the combined forces associated with the two sound waves.
Consider the simple case of two sound waves, produced by two spatially separated sources, that have the same frequency and amplitude:     
1. What would you expect when the compression of one wave occupies the same space as the compression of a second wave?
a. Increase from equilibrium pressure
b. Decrease from equilibrium pressure
c. No change from equilibrium pressure

2. What would you expect when the rarefaction of one wave occupies the same space as the rarefaction of a second wave?
a. Increase from equilibrium pressure
b. Decrease from equilibrium pressure
c. No change from equilibrium pressure

3. What would you expect when the compression of one wave occupies the same space as the rarefactions of a second wave?
a. Increase from equilibrium pressure
b. Decrease from equilibrium pressure
c. No change from equilibrium pressure



4. Label each of the three scenarios above as constructive or destructive interference:
Scenario 1)
Scenario 2)
Scenario 3)
5. How would you rank the loudness for the three scenarios ( = , > , < )?
Scenario 1             Scenario 2            Scenario 3

6. Qualitatively describe what you would expect to hear in scenario 3 if the amplitude of both sources were doubled?

7. Qualitatively describe what you would expect to hear in scenario 3 if the amplitude of one source was reduced by a factor of 2 while the amplitude of the second source remained constant?



Goals:
I. Investigate the constructive and destructive interference of sound waves as a model system for understanding interference.  Build physical intuition of interference phenomena by direct measurement of the changes that result from the overlap of compressions and rarefactions of sound waves.  
II. Reinforce the mathematical relationships between amplitude and intensity of mechanical waves.
III. Develop skills in experimental design and observation.



Instructions: 
In this experiment you will use the experimental geometry shown schematically below.  This setup uses: three phones, two devices with speakers and your phone; or one device with stereo output (e.g., earphones) and your phone.  Place the speakers in proximity to each other and direct them toward the location where the combined sound wave will be detected.  There are many applications available that generate multiple tones with control of right and left outputs.  One example experimental design is shown in the photo.  
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1. Loudness from Listening: Use two speakers to produce identical frequencies (start using 1000 Hz) at similar volume.
a. With only one speaker producing a tone, plug one of your ears and vary the distance from your ear to the speaker.  Describe what you notice.




b. With both speakers producing a tone at the same frequency and amplitude, plug one of your ears and vary the distance from your ear to the speakers.  Describe what you notice.





c. Repeat part b with both tones at 4000 Hz.  Describe what you hear and note any differences from the experiment at 1000 Hz.

2. Amplitude from Microphone: Use two speakers to produce identical frequencies and note the amplitude (change in pressure) of the resulting sound wave using phyphox (audio scope).  
a. Adjust the volume on each speaker so the amplitude of the sound wave, detected by audio scope, is the same amplitude.  Set the time scale so you can see multiple oscillations simultaneously.
i. Record the amplitude of each individual sound wave below.  (Note that phyphox audio scope provides pressure in “arbitrary units” because it is not calibrated.)


b. With one speaker on continuously, toggle the second speaker on and off.
i. Note that the amplitude of resulting pressure oscillations will vary depending on the relative phase of the two sound waves. (Take note of the values on the y-axis because phyphox adjusts the scale so the signals are full scale.) 
ii. Capture an audioscope trace where constructive interference produces the maximum amplitude.  Insert the graph below.














iii. Capture an audioscope trace where destructive interference produces the minimum amplitude.  Insert the graph below.



3. Intensity from Microphone: Use two speakers to produce identical frequencies and note the intensity (the intensity is proportional to the square of the amplitude) of the resulting sound wave using phyphox (audio amplitude).  
a. Adjust the volume on each speaker so the intensity for each speaker is similar and the SPL is 25-30 dB above background SPL.  (Note that the absolute values of the reported SPL are not calibrated in phyphox.)
b. Using phyphox (audio amplitude) measure the amplitude level for intervals of ~3 seconds for various on and off combinations. You might consider a pattern such as:   
i. Both speakers off
ii. Right speaker on – left speaker off
iii. Both speakers off 
iv. Right speaker off – left speaker on
v. Right speaker on: toggle left speaker on for 3 seconds and then off for 3 seconds – repeat cycle 15-20 times
vi. Both speakers off
vii. Capture screen shot and then export data file for analysis.
c. While you are noting the intensity measured by the microphone, make particular note of how the sound correlates to what you are hearing.
d. Insert screenshot of audio amplitude graph below.



















Analysis and Discussion:

1. In part 1 of this exercise, you observed interference for both 1000 Hz and 4000 Hz sound waves by changing the distance between your ear and the speakers.  Provide a potential explanation for the differences in your observations.






2. Using your data from part 2, compare the maximum amplitude that resulted from constructive interference of the two sound waves to the amplitude of the individual sound waves.  Illustrate your constructive interference using a simple hand drawn graph.  











a. What can you conclude about how the amplitudes of two sound waves add?




3. Using your data from part 2, compare the minimum amplitude that resulted from destructive interference of the two sound waves to the amplitude of the individual sound waves.  Illustrate destructive interference with a simple hand drawn graph.  






4. Using your data from part 3, create a graph of your data using a spreadsheet.  Include a graph below that is annotated to indicate the on or off state of speakers at the various times.  (You can add a constant to the SPL values generated by phyphox to adjust them to be positive and in a range that is approximately representative of expected values.  This step is not necessary because the information we care about is in the differences, not the absolute values.)


















a. When you were collecting this data, did you observe a correlation between what you were hearing and what was being measured by the microphone?  Explain the physics behind this observation.
















5. What was the maximum increase in dB observed as a result of constructive interference (one speaker on vs both speakers on)?



a. Show mathematically that this is consistent with the change in amplitude you measured using the audio scope application in part 2.  (A challenge question for students who have more experience in algebra.)













6. What was the minimum SPL that you measured when both speakers were on?



a. Calculate the change in intensity from one speaker on to the case where both speakers are on and you measured the minimum SPL. (As an example, a change in 20 dB represents a 100x change in intensity.)


[image: See the source image]Extension Question: 

1. Destructive interference of sound waves can be a serious problem for concert halls, auditoriums, or in-home entertainment systems.  Sound engineers have developed a range of methods to optimize the listening experience for people.  Discuss some potential approaches that you think could be used to reduce the impact of destructive interference resulting in uneven intensity of sound. 
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