Waves

Introduction: In this laboratory you will investigate aspects of waves on strings and sound.
Part 1: String Waves: 
1. On the apparatus at your table set up a piece of twine with a mass of 250g hanging from its end. Adjust the frequency of the oscillator so that the string vibrates maximally with one loop. Record the frequency in the table below and then repeat for masses 500, 750, 1000g. This vibrational mode is called the Fundamental Harmonic of the string. 

	Mass (g)
	
	
	
	

	Freq. (Hz)
	
	
	
	


Q: How is the tension in the string related to the mass hanging from its end? Describe how the frequency of vibration of the string depends on the tension in the cord. Be as quantitative as possible. 

2. Fasten some of the elastic cord over the devise and hang a 500g mass from its end and determine the frequency of the fundamental harmonic. Now move the oscillator so that the vibrating part of the string (between the oscillator and hanging mass) is 3/4, its original length and determine the string’s fundamental frequency, repeat for string lengths 1/2, 1/4 its original length and record your results in the table below

	Length (cm)
	
	
	
	

	Freq. (Hz)
	
	
	
	


Q1: From your results how does the frequency of the fundamental mode appear to depend on the length of the string? 

Q2: As we have mentioned in class the waveform that results on the string is the superposition of transmitted and reflected waves. In each of the cases above determine the wavelength of these waves and record in the table below. 

	Wave Length (cm)
	
	
	
	

	Freq.(Hz)
	
	
	
	


Q:  Using the fundamental result (f = v, compare the speed of the waves traveling on the string for each of the above instances. 

3. By gradually raising the frequency adjust the oscillator so that two, three,…seven, loops are present on the string and record the resonant frequency and wavelength for each mode. 

	Loops
	
	
	
	
	
	
	

	Freq.
	
	
	
	
	
	
	

	Wave length
	
	
	
	
	
	
	


Q1: From your observations above how does the frequency and wavelength depend on the number of loops that are on string? Which of the three quantities (, f, or v is constant for all of the above data?

Q2: Make a 3 separate sketches of the vibrating string when it has one, two and three loops. Assuming that the string has total length L, in each case relate the wave length of the waves traveling on the string to its length. Using the result (f = v, determine how the frequency is related to length of string and it the wave speed for each of the three modes of vibration. Can you guess at the general result for n loops? 

Part 2: Sound Waves
1.  Plug the microphone into the ULI and turn on the ULI. Start LoggerPro and open "Experiments/Physics with Computers/ Expt21/ Expt21".   You will investigate 3 different tuning forks. For the first, strike it with the rubber mallet (or on your shoe) and bring it close to the microphone and push "Collect". You should see a clean "sine-wave" shape repeated across the screen.  Measure the periods and frequencies of three separate tuning forks. Record your results below and compare with the stamped value on each of the forks 

	Period 
	
	
	
	

	Freq.
	
	
	
	

	Stamped
	
	
	
	


Q:  With the forks you observed, as the sound frequency increases what happens to the wavelength? What is the ratio between the wavelengths of the sound emitted by the lowest and highest frequency tuning forks (use your observed values for the frequencies)?

2. Hit one of the tuning forks and record its sound. Click on Window/New Wide Window FFT, this resolves the sound into its respective frequency components. Do you observe a component at the frequency stamped on the fork? What other frequencies appear to be present? 

3. Take two tuning forks that are close in frequency and sound both of them into the microphone. In the space below describe the sound pattern you observe. As in the previous part using the FFT window observe the frequency components of the sound.   

[image: image1.bmp]4. Obtain a long tube of water from the front of the room. Hold a tuning fork (427Hz) over the top of the tube and vary the water height until there is resonance. Record the distance(s) D for which you observed a resonant sound. 

	Dist. (D) 
	 
	
	
	



Q: Make a sketch of the standing wave configuration of the sound waves in the tube for the two smallest distances D. Assume that the sound vibrates like a string and that the open end is “free” and the closed (water) end is fixed. 

5. Measure the minimum distance D where there is resonance for 4 different tuning forks and record in the table below.

	Freq. 
	
	
	
	

	D (s)
	
	
	
	


Q: How is the distance D related to the wavelength of the sound vibrating in the tube? From this relation and the frequency stamped on the fork determine the speed of sound in each of the trials. Is the speed independent of frequency? 




D














