Standing Waves in Air Columns

Purpose: To determine the speed of sound at room temperature using resonance in air columns..

Equipment: Resonance Tube Apparatus, Meter Stick, Tuning Forks (2), Rubber Mallet, One Large Slinky (for demonstration).

Discussion: In the last lab you learned about standing waves on a string. In a similar manner standing sound waves can be created The main difference between these two types of waves is that the waves on the string are transverse and sound waves are longitudinal. Your instructor will demonstrate the propagation and reflection of longitudinal and transverse waves using a large slinky.

In this lab we create standing waves by holding a vibrating tuning fork above the opening of a tub, which is partially filled with water. The tuning fork will send sound waves down the tube until they are reflected from the water surface. At the point of reflection the air molecules cannot continue to move into the water surface. Therefore, a node is created at the water surface. The reflected wave then returns to the open end and superimposes with the newly arriving sound waves being created by the tuning fork. In general, the superposition of all of the reflections will not lead to anything interesting. 

However, for particular lengths of the air column, the superposition of these waves can lead to longitudinal standing waves. This will happen if the length of the air column is adjusted such that there is an antinode at the tube opening. This condition gives what is called a resonance. These resonances occur at
[image: image5.emf] or when the tube length is an odd number of quarter wavelengths. The distance between each resonance is one half of the wavelength corresponding to the frequency of the tuning fork. If the tuning fork vibrates at the resonant frequency, the air column vibrates with this frequency, which is amplified by the vibrating of the walls of the column. As the column height is varied, the sound becomes much louder as the resonant condition is approached.
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Instructions:

1. Fill the tube with water so that the reservoir cup is empty when the water level is 5.0 cm from the top of the tube. You can now vary the height of the air column by moving the reservoir up and down. Practice moving the reservoir.

2. Measure and record the room temperature. 

3. Raise the reservoir until the water is near the top of the tube. Holding the high frequency tuning fork above the opening of the tube, strike the tuning fork with the rubber mallet. Quickly lower the reservoir. Listen for the resonances as you lower the reservoir. Note: Do not hit tuning fork with anything but the mallet. Do not hit the glass with the tuning fork or the mallet.

4. Repeat the above procedure, but record the water position for the first resonance that you hear. Repeat this measurement two more times. Compute the average position.

5. Locate the position of the second resonance making three independent measurements. Record the positions and average the values.

6. Repeat the last Steps 3-5 using the other tuning fork.

7. Compute the difference between the two average resonance positions. Determine the wavelength, recalling that nodes are separated by half a wavelength.

8. Find the wavelength of the sound for each case and report.

9. Determine the wave speed of the sound in air by using the wavelength and frequency: 
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 Compare this to the theoretical value: 
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 where T is in oC and v in m/s.

Data:

Room Temperature (oC)     ______________

	Frequency
	First Resonance Position (cm)
	Second Resonance Position (cm)

	(Hz)
	1
	2
	3
	Ave
	1
	2
	3
	Ave

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


	Frequency (Hz)
	Difference (cm)
	Wavelength (m)
	Velocity of Sound (m/s)

	
	
	
	

	
	
	
	


Average Velocity of Sound (m/s)  


____________       

Theoretical Value of the Speed of Sound (m/s)     
____________

Percent Error      




____________
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