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February 28, 2005 												     			____________________


																						____________________																																												


Studying Beats in Sound and Determination of Beat Frequency





Introduction: Sound waves consist of a series of air pressure variations. A Microphone diaphragm records these variations by moving in response to the pressure changes. The diaphragm motion is then converted to an electrical signal. Using a Microphone and a computer interface, one can explore the properties of common sounds.





When two sound waves overlap, their air pressure variations will combine. For sound waves, this combination is additive. We say that sound follows the principle of linear superposition. Beats are an example of superposition. Two sound waves of nearly the same frequency will create a distinctive variation of sound amplitude (loud and faint), which we call beats. We can study this phenomenon with a Microphone, lab interface, and computer.  You are going to first determine the periods and frequencies of flute sounds/tones produced on the lab electronic keyboard’s keys: lowest C, C-sharp (C#), and D. 


	


Objectives


Measure the frequency and period of sound waves from flute.


Observe beats between the sound of two different frequencies and determine beat frequency





Appartus: Desktop computer, Vernier LabPro unit, LoggerPro, electronic keyboard, microphone.





Procedure





Simple and Resultant Waveforms: Determination of fundamental frequency of different sound waves and beat Frequency





1. 	Connect the Vernier Microphone to Channel 1 of the LabPro. 





2. 	Open the LoggerPro  data collecting file.The computer will display a graph of sound wave 


pressure  versus time. It will collect data for just  about 0.03 to 0.05 s to display the rapid pressure variations of sound waves. The vertical axis corresponds to the variation in air pressure and the units are arbitrary.
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3.  Select the flute sound on the keyboard, capture the wave pattern on the screen for the lowest C 


(fifth white key from the left end on the keyboard), hold it close to the microphone, and click �.  The data should be sinusoidal in form. If it is not, repeat this step. Note the appearance of the graph. Count and record the number of complete cycles shown after the first peak in your data and determine the period and fundamental frequency for the sound wave. To do this, click the Examine button, �. Drag the mouse across the graph and record the times for the first and last peaks of the waveform. Divide the  time difference, (t, by the number of cycles to determine the period of the sound wave produced by the lowest C. Calculate the frequency in hertz (Hz) and record it in your data table, which you must design. This frequency should be close to 256 Hz.





Make a sketch of your graph (and also other appropriate graphs) or save the graph(s) for printing later. Include only one graph with your report.





Repeat the above procedure  for the C-sharp - C# (the black key to the right of the lowest C – it 


	is often called C-sharp.) on the keyboard and for the lowest D (the white key to the right of the 


	lowest C, which is then 5th white key  from the left end of the keyboard).





Adjust the maximum time on the horizontal axis to 300 ms (0.03 s), capture the wave pattern 
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on the screen when the lowest C and C# are played together on the keyboard, and sketch the wave pattern on the data sheet. Use the Examine button, � to determine the time for one or more beats and the beat frequency using f = 1/T


 


Using the frequencies for different sounds determined in steps 3 and 4, determine the expected beat  frequency from (fbeat)expected = f1-f2) and compare  the  frequency determined in  procedure 5 with this value (determine the % difference).





Repeat  the above procedures (steps5-7) for the lowest C and D played together on the 


keyboard. 





Some Useful Tips





When collecting data while the two tones are sounding, you ought to see a clear and nice time variation of the sound amplitude. Use data only from clear waveforms. Make sure you determine the period of beat signal properly. The pattern is a bit complex, with a slower variation of amplitude on top of a more rapid variation due to the individual tones of slightly different frequencies. 





Ignoring the more rapid variation and concentrating on the overall pattern, count the number of maxima after the first maximum and record it in the data sheet. Click the Examine button, �. Drag the mouse across the graph and count the numbers of complete cycles [numbers of maxima (loud sound) or minima (faint sound)]of the beat waveform. Divide the total time by the numbers of maxima or minima to determine the period of beats (in s). Calculate the beat frequency in  hertz (Hz) from the beat period. 
































