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Background

As you should all know by now, the speed of sound may be calculated using the relationship:

v =ƒ(
Where v is the speed of the wave in the medium, ƒ is the frequency of the wave and ( is the wavelength.  The frequency of the wave is the frequency of the vibration generating the wave.  

Resonance, the production of large amplitude vibrations in an object as a response to an external stimulus at the object’s resonant frequency.   

You are going to use the principle of resonance to determine the wavelength of sound waves.  You may remember our previous discussions about resonance, and how you perhaps discovered the effects of resonance as a child on a swing.  A swing is a pendulum, and it has a natural frequency.  When you push a swing at its natural frequency, the amplitude of the swing will increase.  If a vibrating tuning fork and an air column within an open-tube or closed-tube resonator have the same natural frequency, the tuning fork will set the air column in vibration.  This is an example of resonance.  The tuning fork will produce a standing wave within the air column, and the sound produced will sound much louder than the sound of the tuning fork alone.  
For open-tube resonators, the harmonics (frequencies that produce resonance) are given by the equation:
ƒn = 
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For a closed-tube resonator, the harmonics (frequencies that produce resonance) are given by the equation:
ƒn = 
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Where L is the length of the tube, v is the speed of sound, and n is the number of the harmonic.  
Open and closed tubes resonate when standing waves are established in the tubes.
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For a closed-tube resonator, the harmonics (frequencies that produce resonance) are given by the equation:
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Where L is the length of the tube, v is the speed of sound, and n is the number of the harmonic.  
Open and closed tubes resonate when standing waves are established in the tubes.

Objective
During this lab, you will determine the wavelength of sound waves of known frequency, and calculate the speed of sound in air.

Equipment

Resonance tubes
Glass cylinder

Meter stick

Tuning forks (256 Hz or higher)

Procedure

1. Measure and record the diameter of the resonance tube.

2. Enter the frequency of the tuning fork on the data table below.

3. Add water to the glass cylinder until it is ¾ full.  Hold the tube vertically in the cylinder with one of its ends in the water.  The water will serve as the closed-end of the tube.

4. Strike the tuning fork.  Hold the fork horizontally close to the open end of the tube.  Move the tube up and down until the sound is best reinforced.  You may find more than one position where reinforcement occurs so move the tube up and down to find the tube length that gives the loudest sound, and hold the tube in position.

5. Measure the distance (l) from the top of the resonance tube to the water in centimeters.  Record the length in the data table.

6. The length of the air column must be increased by four tenths of the inside diameter (0.4 d) of the tube to correct for the small amount of air just outside the tube that vibrates with the air column in the tube.  Calculate 0.4 d and add this to the length l  to get the corrected length (L):

L = l + 0.4d

7. Repeat the process using a different tuning fork.

8. After having found the shortest tube length that produces sound reinforcement, again move the tube and fork up and down and record your observations.
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Data and Calculations – Closed Tube
Diameter of resonance tube (d) ______________m

	Table 1

	Frequency (ƒ)

(Hz) 
	Measured Length of Air Column (l)

(m)

	
	

	
	

	
	


	Table 2

	Corrected Length of Air Column (m)

L = l + 0.4d
	Wavelength (m)

( = 4L
	Speed of Sound (m/s)

v = ƒ(

	
	
	

	
	
	

	
	
	


Show a sample calculation for each value in Table 2 below:
Data and Calculations – Open Tube
Diameter of resonance tube (d) ______________m

	Table 3

	Frequency (ƒ)

(Hz) 
	Measured Length of Air Column (l)

(m)

	
	

	
	

	
	


	Table 4

	Corrected Length of Air Column (m)

L = l + 0.4d
	Wavelength (m)

( = 4L
	Speed of Sound (m/s)

v = ƒ(

	
	
	

	
	
	

	
	
	


Show a sample calculation for each value in Table 4 below:
Results
The speed of sound in air is 331 m/s at 0(C.  Use the equation below to solve for the speed of sound in the room, assuming the temperature is 21(C. 

v = 331 m/s  +  (0.6 m/s((C)T

How do your values for the speed of sound calculated in your tables 2 and 4 compare to the expected value?

Conclusion
Summarize what you did in this lab.  Make sure to indicate how your calculated values for the speed of sound and wavelengths for each frequency compared.  

Describe another example of resonance (different from this lab).  Be specific.

Explain how a longitudinal standing wave is different from a transverse wave:
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