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Musical PVC Piping
For the culmination of my Math 5, Mathematics of Music and Sound, course I chose to do an experiment in cheap flute production.  Excited by the idea of creating instruments out of non-instrument material, I launched into the project with high hopes.  I chose PVC piping as my medium.  Able to procure ten feet of the plastic music making, or plumbing, material for $4.99 I decided that this was a good place to start.  The piping was also easy to manipulate.  My goal was to use household materials to create the instrument.  The piping was easy to cut with a handsaw or even serrated knife.  It was also relatively easy to carve using a Swiss army knife.


I began the project by determining the length necessary for a pipe to produce a tone at 440 Hz, A4.   Most flutes are tuned in C or G.  I had originally attempted to make a flute tuned is C, but the longer length of the pipe made it more difficult to play. A large obstacle in this project was learning how to play the flute.  I have a pretty strong familiarity with stringed instruments and how they function, but this was my first time working with any pipe.  I spent the first few hours of my work coming close to passing out as I tried to produce a sound out of the crudely cut and carved pipes.  I took several steps to overcome this obstacle.  Once I had fully regained the necessary amount of oxygen in my blood, I widened the mouthpiece to the pipe and covered the end closest to the mouthpiece.  Both helped significantly.  Although it is still hard to produce a very pure tone from the final instruments, the sound is far less airy and much easier to create.  


I determined where to carve the holes using the formula for open-open pipes.  Below is a chart of frequency values determined to create a flute in A.  The length is corrected by a number I determined through a few tests of theoretical versus actual pitch.  This number accounts for the effective length of the pipe.  An additional length is added when taking the distance from mouthpiece to mouth into account. After constructing a flute using the open-open formula, I used Audacity to test the pitches.  Those pitches are recorded under “real f.”   I noticed that the “real f” did not correspond that the “ideal f.”  After making this observation, I attempted fitting the recorded frequencies to an open-closed pipe model.  As can be seen in the table, the frequencies calculated for the open-closed pipe have much closer “ideal f” and “real f” values. 
	length
	0.34
	effective length
	0.38
	add
	0.04

	As an open-open pipe 
	
	
	
	

	
	# in scale
	ideal f
	real f
	L=nC/2f
	

	A4
	0
	440
	437
	0.386363636
	0.346363636

	B4
	2
	493.8833013
	448
	0.344210868
	0.304210868

	C#5
	4
	554.365262
	486
	0.306657021
	0.266657021

	D5
	5
	587.3295358
	513
	0.289445685
	0.249445685

	E5
	7
	659.2551138
	558
	0.25786679
	0.21786679

	F#5
	9
	739.9888454
	590
	0.229733193
	0.189733193

	G#5
	11
	830.6093952
	621
	0.204669007
	0.164669007

	A5
	12
	880
	660
	0.193181818
	0.153181818

	
	
	
	
	
	

	As an open-closed pipe
	
	
	L=(2n-1)C/2f
	

	A4
	0
	440
	437
	0.386363636
	0.346363636

	A#4
	1
	466.1637615
	448
	0.364678712
	0.324678712

	B4
	2
	493.8833013
	486
	0.344210868
	0.304210868

	C5
	3
	523.2511306
	513
	0.324891797
	0.284891797

	C#5
	4
	554.365262
	558
	0.306657021
	0.266657021

	D5
	5
	587.3295358
	590
	0.289445685
	0.249445685

	D#5
	6
	622.2539674
	621
	0.273200347
	0.233200347

	E5
	7
	659.2551138
	660
	0.25786679
	0.21786679


From this observation, I drew the conclusion that the pipe was functioning as an open-closed pipe.  I am not positive for the reason of this.  I designed the pipe as a flute, which is an open-open pipe.  Technically, having the mouthpiece and open hole should make this an open-open design.  There must be some additional feature to the flute that allows it to function as an open-open pipe that I was overlooking. 


Given more time, I would like to investigate what changed the type of pipe for my experiment.  I would also like to look into using other materials for pipe making.  In making this instrument, I became aware of other options for flute materials. Other flute possibilities came to my attention from hollowed out sumac to creatively carved carrots.  Overall this project was enjoyable and caused me to think critically about the mathematics behind the flute and how they play out in reality.  I also finished the project with a new flute, that I am still learning how to play, but to some people’s surprise does function as a musical instrument. 

