Science:  Speed of Sound

By:  Tom Kuntzleman and adapted by Dr. Eick

Grade Level:  8

Purpose:  To determine the speed of sound.

Materials: Tuning forks, 500 mL graduated cylinders, water, metric rulers. 

Introduction: Sound is a wave. The speed of any wave can be found with the equation: Speed = frequency x wavelength 

The wavelength of a sound wave can be found by allowing the sound wave to pass near a tube. When the length of the tube is one-quarter the wavelength, the sound wave will resonate. This means that the sound wave will get stronger (louder). By finding the length of a tube that causes a sound wave to resonate, the wavelength of the sound wave can be calculated. If the frequency of the tuning fork is known, the equation above can be used to find the speed of the sound wave. 

Procedure: 

1. Put some water into a 500 mL graduated cylinder in 50 mL increments. 

2. Tap a tuning fork on a soft object and place the fork near the opening of the graduated cylinder after adding each increment of water. 

3a. If the sound begins to resonate (gets louder), then adjust the water level by adding or taking away less than 50 mL amounts of water in order to increase the resonance (or volume). Use your smaller graduated cylinder (and eyedropper) to add water.  

3b. If the sound does not resonate, add more water then go back to step 2. 

4. Measure the distance in centimeters from the top of the water level to the top of the graduated cylinder. Record this distance. 

5. Convert the distance in step 4 to meters. 

6. Multiply the distance recorded in step 5 by 4. This will give you the wavelength of the sound wave. (See explanation of standing waves or harmonics in open-closed tubes).

7. Now look at the tuning fork you used. There should be a number printed on the tuning fork. This number is the frequency of the sound wave. 

9. Using speed = frequency x wavelength, calculate the speed of the sound wave. Your answer will be in units of meters/second. 

10. Compare your answer to the accepted value and calculate percent error.

11. If time: Repeat the experiment using different frequency tuning forks. You should get the same speed for different tuning forks. 

Harmonic Series in Tubes

As explained in the previous section, the standing waves in a tube must have a (displacement) node at a closed end and an antinode at an open end. In an open-open tube, this leads to a harmonic series very similar to a harmonic series produced on a string that's held at both ends. The fundamental, the lowest note possible in the tube, is the note with a wavelength twice the length of the tube (or string). The next possible note has twice the frequency (half the wavelength) of the fundamental, the next three times the frequency, the next four times, and so on. 

	Allowed Waves in an Open Tube 


Figure 5: These are the first four harmonics allowed in an open tube. Any standing wave with a displacement antinode at both ends is allowed, but the lower harmonics are usually the easiest to play and the strongest harmonics in the timbre. 


But things are a little different for the tube that is closed at one end and open at the other. The lowest note that you might be able to get on such a tube (a fundamental that is unplayable on many instruments) has a wavelength four times the length of the tube. (You may notice that this means that a stopped tube will get a note half the frequency - an octave lower - than an open tube of the same length.) The next note that is possible on the half-closed tube has three times the frequency of the fundamental, the next five times, and so on. In other words, a stopped tube can only play the odd-numbered harmonics.

	Allowed Wavelengths in a Stopped Tube 
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Figure 6: Again, these are the lowest (lowest pitch and lowest frequency) four harmonics allowed. Any wave with a displacement node at the closed end and antinode at the open end is allowed. Note that this means only the odd-numbered harmonics "fit". 


reminder: All of the transverse waves in Figure 2, Figure 3, Figure 5, and Figure 6 represent longitudinal displacement waves, as shown in Figure 7. All of the harmonics would be happening in the tube at the same time, and, for each harmonic, the displacement (Figure 7) and pressure waves (Figure 8) are just two different ways of representing the same wave.

	Displacement Waves 
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Figure 7: Here are the first three possible harmonics in a closed-open tube shown as longitudinal displacement waves.


	Pressure Waves 

[image: image3.png]o S

5 pressure wavesrather than dispacement waves,
the nodes would b a the open end:
2 ((><_ > hssbecuseitiseaytochange the pressure
— ata losed end,but impossible
o change it atan open end.
Presure at an apen end il abways be oom pressure,

3 (O < > sostanding pressure waves ltenate between

high and low pressure at the closed end.

T

TS





Figure 8: Here are those same three waves shown as pressure waves.


