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Materials:

67 inches - 1½ inch PVC Pipe, white 

16 - machine screws #6 x 3/8 inch                                              

2 - 1/8 inch thick 3 ½ inch x 11 inch plexiglas (can substitute wood for plexiglas)

Construction Directions:

1.
Cut lengths of 50.4, 44.5, 39.5, 33.4 cm lengths of PVC pipe.

2.
Drill  1/8  inch holes in plexiglas  3¼  inches apart

3.
Drill  3/32 inch holes in PVC pipe using holes in plexiglas or wood as  a guide.

4.
Fasten the plexiglas or wood to the pipes using the machine screws.

Operation:

1.
Blow over the end of each of the pipes.

2.
Blow over the pipes in the following order:

     
2 3 4 3 2 2 2         3 3 3 2 1 1      2 3 4 3 2 2 2      2 3 3 2 3 4


What tune did you play?

3.
Now hit the pipes with the palm of your hand in the same order. Allow your hand to bounce off the end of the pipe when you hit it.

4.
Repeat but this time make sure that the palm of your hand remains on the end of the pipe. What was the difference in the tune that you played?

5.
Next, place you ear near the end of one of the pipes. What do you hear? Repeat for the other pipes. Now place the pipes to your ear in the order indicated above. What do you hear?

6.
Finally hold the pipe tight against your ear. Then move the pipe away slightly until you hear a change in pitch. Why did the sound that you heard change in pitch?

Background Information:


Hold a small speaker over the end of a pipe. Vary the frequency of sound coming from a speaker using a signal generator. In so doing you will hear certain frequencies increase in loudness. These frequencies are resonance frequencies of the pipe. If you place your mouth near the pipe and increase the frequency as you hum 'ooo', you may find one of the resonance frequencies. The lowest frequency that increases in loudness is called the fundamental resonance frequency. Resonance frequencies occur at whole number multiples of the fundamental frequency.


Around us are sounds of most frequencies. Thus when you place a pipe to your ear, the frequency that you hear is the fundamental resonance frequency of the pipe (unless one of the other resonance frequencies is much louder and over powers the fundamental).


The pipe operates in two modes, either open at both ends or closed at one end. If open at both ends, we call it an open pipe and if closed at one end, a closed pipe. The fundamental resonance frequency for an open pipe is calculated using the following formula:
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SYMBOL 68 \f "Symbol"t is the temperature difference between zero and the present temperature in Celsius degrees



L is the length of the pipe (in meters)



d is the diameter of the pipe (in meters)


Replacing the 0.8 with 0.4 and the 2 with a 4 gives the fundamental resonance frequency of a closed pipe


Using SYMBOL 68 \f "Symbol"t = 20oC,  L = 0.504 m,  and  d = 0.04 m, the resonance frequency of the longest open pipe is 320 Hertz. This then should be the sound heard when the pipe is held near your ear. The resonance frequency when closed at one end is 165 Hertz. This then is the frequency when the pipe is held close to your ear. Note that there is nearly an octave difference. 

Extension:


Hold your hand over the end of the long pipe. Increase your frequency as you hum 'ooo' into the pipe. When you hear an increase in loudness continue to hum 'ooo' that frequency. The frequency should be 165 Hz. Remove your hand. Does the loudness decrease? Why? At what frequency would you hum 'ooo' to get resonance if you did not hold your hand over the long pipe? 


How else can these pipes be used to demonstrate sound?
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