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Resonance and Standing Waves
Structured
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.
Materials and Equipment
	· PASCO Resonance Air Column1
	· Tuning forks (5), with frequencies 

	· Meter stick
	between 200 Hz and 600 Hz


	1www.pasco.com/ap23

	[image: http://api.qrserver.com/v1/create-qr-code/?data=http%3A%2F%2Fpasco.com%2Fvideos&size=250x250]

	PASCO Resonance Air Column


Background
[image: ]When sound waves are driven down the open end of a pipe, with the other end of the pipe closed, standing sound waves can form in the air column within the pipe. When standing waves are formed, the sound driven into the pipe is amplified. This is known as resonance. These standing waves only form when the pipe is a very specific length. These lengths ln are described by the equation:

      n = 1, 3, 5, …	(1)
where λ is the wavelength of the sound wave driven into the pipe and n is an odd integer value representing the number of quarter-wavelength standing waves in the column. Substituting the relationship vs = λf for sound waves in air into Equation 1, Equation 2 describes pipe length in terms of the speed of sound in air vs and the frequency of the driving sound wave f:

      n = 1, 3, 5, …	(2)
In this activity you will use pipe length data and sound frequency data to determine an experimental value for the speed of sound in air; however, to accurately use the relationship in Equation 2, a special end correction is needed: Equation 2 describes the theoretical length of a resonating closed-end pipe driven by a sound wave, but at resonance, closed-end pipes experience a phenomenon at their open end that extends the first quarter wavelength slightly outside the opening of the pipe, effectively making the pipe length slightly longer than described by Equation 2. To account for this, you will measure the length of the pipe at the 3rd harmonic (n = 3) and at the 1st harmonic (n = 1) and calculate the length difference between them:



	(3)
Measuring this difference, rather than the absolute length of the pipe, effectively eliminates the end correction from your measurements.
Relevant Equations

	(3)
This equation states that the difference in pipe length between two resonating pipes driven by a sound wave with frequency f (one resonating at the 3rd harmonic n = 3, and one resonating at the 1st harmonic n =  1) is proportional to the speed of sound in air, and inversely proportional to the driving frequency.
Safety
Follow these important safety precautions in addition to your regular classroom procedures:
Do not strike any tuning forks on a rigid surface as this may damage the tuning fork. 
Procedure
Set Up
1.	Place the resonance air column on the lab table and adjust its feet so that one foot is near each end of the tube. Attach two of the column’s marker clips to the tube.
2.	Insert the piston into one of the tube’s open ends, and then slide the piston all the way down the tube until the front edge of the piston is just inside the opposite end of the tube.
[image: ]
Collect Data
3.	Choose the tuning fork with the lowest frequency of the five, and then strike the tuning fork against a soft surface and hold it over the open end of the tube.
[image: ]4.	While the tuning fork is still vibrating, slide the piston down the tube until you reach the first point where the sound resonating from the tube is loudest. This is the point at which a 1/4‑wavelength standing wave has been established in the pipe (first harmonic, n = 1).
NOTE: You may have to repeat the previous step several times, sliding the piston back and forth, to determine exactly where the first harmonic is established. 
5.	Use one of the resonance column markers to mark the position of the front edge of the piston at the first 
harmonic.
6.	Strike the tuning fork again, hold it over the open pipe, and then slide the piston down the tube to the next point at which sound resonating from the tube is loud again. This is the point at which a 3/4‑wavelength standing wave has been established in the pipe (third harmonic, n = 3).
7.	Hold the piston in place and use one of the resonance column markers to mark the position of the front edge of the piston.
8.	Use the meter stick to measure the length from the front edge of the first marker (n = 1) to the front edge of the second marker (n = 3). This length is equal to l3 − l1. Record this distance and the frequency of the tuning fork used in Table 1 in the Data Analysis section.
NOTE: The tuning fork frequency is written on the handle of each tuning fork. If not, consult your teacher to determine the frequency of the tuning fork you are using.
9.	Repeat the previous data collection steps using the four remaining tuning forks in order of frequency from lowest to highest. Record each tube length measurement and tuning fork frequency into Table 1.
Data Analysis
Table 1: Closed-end pipe length difference between the 3rd and 1st harmonics for various tuning forks.
	Tuning Fork
	

(m)
	Frequency
(Hz)
	1/Frequency
(s)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	


1.	Calculate the inverse frequency (1/frequency) for each trial. Record your results in Table 1.
2.	Plot a graph of tube length difference l3 − l1 versus 1/ frequency in the blank Graph 1 axes. Be sure to label both axes with the correct scale and units.
Graph 1: Tube length difference l3 – l1 versus 1/frequency using various tuning forks.
[image: ]
3.	Draw a line of best fit through your data in Graph 1. Record the equation for the best fit line here:
	Best fit line equation (first harmonic):
	


4.	Use the slope from your best fit line, and the equation below, to determine your experimental value for the speed of sound (waves) vs in air:



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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