Title: 
Resonance: Determining the Speed of Sound
Theory:

· Only certain wavelengths of sound will resonate in a column of air.  The length of the column of air in the resonance apparatus is varied by filling it with water.  The lengths at which resonance occurs can be used to find the resonance wavelengths.  Using these wavelengths and the known frequencies of the sources of sound, it is possible to determine the speed of sound in air for the prevailing conditions of temperature and pressure.  For an open closed tube instrument such as an oboe, the wavelength can be determined using the following relationship:
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n = 1, 3, 5, . . . .




Where: 
fn = frequency



n = harmonic number



v = speed of wave



L = length of tube
Objective: 

· To illustrate the resonance in a pipe closed at one end and to determine the speed of sound in air.

Materials:  

· Resonance apparatus (graduated cylinder, acrylic tube).

· Tuning forks

· Rubber mallet

Procedure: 

1. Fill the graduated cylinder reasonably full of water so that the air tube will nearly be submerged.

2. Measure and record the diameter (d) of the air column (tube).

3. Measure and record the air temperature (oC).

4. Select a tuning fork and record its frequency f. 

5. Strike the tuning fork with the rubber mallet and hold above the open end of the air column.

6. Raise the air column out of the graduated cylinder until it resonates.  Be careful not to miss the first resonance.  (It will sound the same pitch as your tuning fork.)  Once the general location is found, change the level slowly and make an accurate determination of the length l of the air column.

7. Repeat steps 5 – 7 with two other tuning forks with a different frequency.

8. Compute the accepted value of the speed from the approximate relationship
vaccepted = (332 m/s + 0.6T)
Show this calculation.*
	d (cm)
	T (oC)
	vsound (m/s)
(Accepted Value)

	
	
	


Analysis:

1. Since we know that v/f = (, we can rearrange the formula above to solve for the wavelength as shown below. 




( = 4(L + 0.4d)/n
n = 1, 3, 5, …

2. Figure out ( for all frequencies and harmonics in the table provided.  Show a sample calculation for each tuning fork.*   

3. Calculate the speed of the wave (v) from its frequency and wavelength.  Show a sample calculation for each tuning fork.*   
4. Calculate the percent error. Show this calculation.*
5. How do your calculations for the speed of sound compare to the accepted value determined in step 4? Use your % error to support your response to this question.
Error Analysis & Conclusions:

* Show all work for calculations on a separate piece of paper 

Apparatus
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Note: Your final value for velocity (v) needs to be in m/s.

L = length of column of air between end of tube and water line.

( = wavelength calculated from formula.

n = harmonic (1, 3, 5, …)

f  = frequency as measured from the tuning fork.

v = velocity
Tuning
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