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Resonance and Standing Waves
Guided Inquiry
Driving Question | Objective
How can standing waves be used to determine the speed of sound in air? Use sound waves traveling into a tube with one closed end and the principles of resonance and standing waves to experimentally determine the speed of sound in air.
Design and Conduct Your Experiment
It is your group’s responsibility to design and conduct an experiment whose data will support your answer to the driving question above. Use the answers to the guiding questions below to help guide your experiment design. After you have answered the guiding questions, write an outline of the equipment setup and procedure you will use to collect data, identifying the steps in sequence and the points at which each piece of equipment will be used.
Suggested Materials and Equipment
Although you have the freedom to design your procedure using any reasonable equipment at your disposal, the following equipment is recommended for your experimental setup.

	· PASCO Resonance Air Column1
	· Tuning forks (5), with frequencies 

	· Meter stick
	between 200 Hz and 600 Hz


	1www.pasco.com/ap23
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	PASCO Resonance Air Column


Guiding Questions
1.	The same frequency sound will generate standing waves in two closed-end tubes, one with length l1 (first harmonic) and one with length l3 (third harmonic). The difference between those tube lengths is mathematically related to the speed of sound vs, and the frequency f of the sound wave generating the standing waves. The equation relating them is:


Which two variables in the above equation could you plot to produce a linear graph relating difference in tube length to frequency?
	
	
	
2.	Which two variables in the equation from the previous question could you plot to produce a linear graph relating difference in tube length to frequency?
	
	
	
3.	Based on your answers to the two previous questions, what would the slope of that linear graph be equal to?
	
	
	
4.	From this slope, how can you determine a theoretical value for the speed of sound in air?
	
	
	
5.	How do you plan to manipulate the two variables in your experiment while recording data?
	
	
	
6.	How do you plan to measure these two variables in your experiment?
	
	
	
7.	In your experiment, how will you know when a standing wave has been established inside the tube? What will be the indication?
	
	
	
Experimental Design
Your goal is to experimentally determine the speed of sound in air using sound waves traveling into a tube with one closed end and the principles of resonance and standing waves. Use the responses to the Guiding Questions to help finalize your procedure and your equipment configuration.
Once you are convinced that your procedure will accomplish the experiment's objectives, record your experimental setup and procedure in the following sections. 
Setup
Draw and/or describe your experimental setup such that a third party could recreate the same setup in an attempt to reproduce your experiment?



Procedure
Outline the procedure you will use in your experiment, listing all of the steps below. Your outline should be written such that a third party could follow the same procedure in an attempt to reproduce your experiment?
	
	
	
	
	
	
	
	
	
	
Collect Data
Perform your experiment and record all relevant data. Present your data below (or in an attached document) in a form that best suits the experiment format, such that a third party can understand your experimental results in an attempt to reproduce them.





Analysis Questions
1.	What is your experimental value for the speed of sound in air, and how did you determine this value from your data?
	
	
	
2.	If the accepted value for the speed of sound in air at standard temperature and pressure is 
340 m/s, calculate the percent error in your measurement.



3.	What are factors that may have caused error in your measured value for the speed of sound?
	
	
	
4.	Imagine that the cylinders below represent the columns of air you used in your experiment. Sketch the standing wave inside the two columns, one resonating at the first harmonic, and the other resonating at the third harmonic. Assume the same tuning fork in both. Show where the nodes and antinodes are located. Be specific.
[image: ]
5.	How would your data have been different if you had used a column of air that had a greater diameter or a smaller diameter? Justify your answer.
	
	
	
Synthesis Questions
1.	Calculate the length of tube with one closed end that has a fundamental frequency equal to 
512 Hz. Show your work.


2.	What frequency sound wave would you need to drive down a 19.1-cm tube with one closed end so that the tube resonates with 3 standing wave nodes inside the column? Show your work.

3.	Assuming you had the ability to adjust the length of the tube from the previous question, then without changing the driving frequency, how much longer would you have to make the tube to reach the next resonant mode? How many standing wave antinodes are present inside the tube at the next resonant mode?
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