PIPES AND THE SPEED OF SOUND

By Joe Laszlo, Ph.D.

Background:  In the first activity you did to determine the speed of sound, you measured the amount of time necessary for a sound wave to travel a measured distance.  You divided the distance by the time, which was what you first discovered about calculating the speed of an object.

From the past activity using the vibrating meter stick, you should have discovered the relationship that is used to calculate the speed of sound.






Speed = frequency X wavelength.

Frequency is the number of vibrations or back and forth motions per one agreed upon unit of time.  The agreed upon unit of time is one second. 

Wavelength is the actual physical distance that a wave travels while it is going through one total vibration.

Why does the Speed of sound = frequency X wavelength?

Suppose you were to consider frequency very generically and rename it events per time unit.  

This would be; 

 
f =
events / time unit

Suppose you were to also consider wavelength very generically and rename it actual distance traveled per one event.  

This would be;

Wavelength 

=
actual distance traveled / per one event

Now suppose you were to multiply the two quantities:

But first, cancel events in the numerator of the first term by event in the denominator of the second term.  What is remaining?



events

X
actual distance traveled 
= 
distance 


time


one event


 
 time

Again this is in keeping with what you about calculating the speed of any moving quantity. 



Speed of any quantity  = distance / time

This relationship can be used to calculate the speed of sound using pipes.  How does this work?

Kinds of Pipes and the Transverse Wave.

In physics there are two kinds of pipes recognized as producers of sound: the open pipe and the closed pipe.  The open pipe (Figure 2) is open on both ends has a sound source near one opening.  Many musical instruments are open pipes.  These include the brass instruments, and some woodwinds.  Additional examples are the resonator tubes found under the metal or wood bars on either a xylophone, marimba, or vibroharp.  The closed pipe (Figure 3) is closed on one end and has a sound source near the open end.  An example of this is certain organ pipes, and the clarinet.  

A transverse wave appears like Figure 1 below.  It appears like the waveform that was formed by the Wave Machine at sound Station 2.  The straight line going through the center of the symmetrical wave is the zero axis.  The points where the transverse wave crosses the zero axis (A, C, E) are the nodes.  The point where the transverse wave is the greatest distance from the zero axis is the antinode (B, D).

[image: image1.wmf]
Nodes can be considered as points of no sound as they are the place where the vibration is changing from one direction to the opposite direction.  Antinodes are the points on the transverse wave of maximum vibration in one direction or the other.

The distance from A to C or C to E is a half wave.  The distance from A to B, B to C, C to D or D to E is a quarter wave.  The waveform in an open pipe is a half wave (Figure 2).  The waveform of a closed pipe is one quarter of a wave (Figure 3).
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In Figure 2 above the open pipe resonates with just a half wave in it.  What correction must be done to the length of the pipe to get the correct wavelength to use in the speed of sound relationship?

In Figure 3 above the closed pipe resonates with just a quarter wave in it.  What correction must be done to the length of the pipe to get the correct wavelength to use in the speed of sound relationship?

Part 1.  Natural Resonant Frequency of Open Pipes

Background: Do you remember Sound Station 7 the Singing Bottles?  You blew across the mouth of a plastic bottle and it was set into vibration at its natural resonance frequency.  When the bottle that was half filled with water it vibrated at a different natural resonant frequency.  This is because the water took up some of the volume that was originally filled with vibrating air.
Open pipes and closed pipes vibrate at a natural resonant frequency.  How can a pipe of a certain length be made to resonate at its natural resonant frequency?

Problem:  Can you cause a length of open pipe to vibrate at its natural resonant frequency?

Materials:  Three cardboard tubes of different length.  These are open pipes.
Procedure:

1.  Hold the longest open pipe close to your ear, but NOT directly against your ear and listen.  Can you hear a sound?  What is causing the sound that you hear?  (Hint: what medium is surrounding and filling the pipe?  Explain how this medium could be causing the sound.)  

2.  Gently tap the pipe on the tabletop.  Is the natural resonant frequency easier to hear?  Why is this?

3.  Duplicate the frequency of the sound you hear in the open pipe by humming the sound, while holding the open pipe close to your ear.  Do you hear anything in the open pipe?  What is causing the phenomenon in the open pipe?

4.  Repeat the above procedure with the other two pipes.  What do you notice about the frequency of the sound as the open pipes become shorter in length?

Summary Questions:

1.  What causes the open pipe to vibrate at its natural resonant frequency as you hold it close to your ear without you having to hum?

2.  What does gently tapping the pipe on the tabletop cause to happen in the pipe?

3.  What does your humming the natural resonant frequency of the open pipe you are holding to your ear cause to happen within the open pipe?

Explain why this happens.

4.  What happens to the frequency of the sound being produced in the open pipes as the length of the open pipe decreases?

5.  Explain how the frequency change in the pipes of different lengths compares with the frequency of a vibrating string as the length of the string is shortened.

6.  If you knew the speed of sound at the temperature of the air in the room, explain how could you predict the length of open pipe you would need in order to cause the pipe to vibrate its natural resonant frequency and amplify the frequency being produced by the tuning fork.

Part 2.  Speed of Sound and Closed Pipes

Background:  Since both open and closed pipes vibrate at their natural resonant frequency based upon the length of the pipe, it is possible to determine the speed of sound at and given air temperature using the relationship, Speed of sound = frequency x wavelength.

Problem:  How can you use the length of a closed pipe and the frequency of a tuning fork to determine the speed of sound?

Materials:  a tall 1000 ml graduate filled with water, a piece of metal pipe, a set of tuning forks and mallet, a meter stick, and a thermometer.
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Procedure:

1.  Fill the graduate with water up to about top 6 cm from the top.

2.  Put the metal tube into the water in the graduate.

3.  Make a data table to accommodate the following data: frequency of tuning fork, length of pipe above the water line, wavelength, speed of sound.  Also have a space for the room air temperature, and the speed of sound calculated using the following relationship:


Speed of sound  = 330 m/sec + 0.6 m/sec/degree Celsius X room temperature 

4.  Strike a tuning fork with the mallet and hold it above the closed pipe.  Move both the tuning fork and the pipe up and down vertically in the water in the graduate until the loudest sound is heard within the pipe (Figure 4).  Measure the length of the pipe from the top of the water to the top of it.  Enter the length of the closed pipe into the data table along with the frequency of the tuning fork you used.

5.  Repeat the above with each of the tuning forks.  Record the data.

Calculations:  

1.  Calculate the speed of sound in the room using the relationship shown in Procedure Step 3. above and enter it into the data table.

2.  Multiply the length of the pipe above the water by 4 for each trial and enter it into the data table in the wavelength column.

3.  Multiply the frequency of the tuning fork times the corresponding wavelength for each trial to get the speed of sound at the room temperature.

Summary Questions:

1.  Why did you multiply the length of pipe above the water by 4 for each trial?

2.  How did your calculated values for the speed of sound using frequency times wavelength compare with the speed of sound you calculated using Step 3 of the procedure?  Make a statement for each tuning fork you used.

3.  How long would a closed tube need to be set into vibration by a tuning fork at a frequency of 128 Hz if the speed of sound is 330 m/sec?

4.  Do the following activity with the longest cardboard pipe from Part 1.  Tap it gently on the desk or on your other hand and note the frequency.  Then grasping the pipe in your hand, tap one open end down into the palm of your other hand.  What do you notice about the two frequencies?  Explain why there is this difference that you heard.
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