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Standing Waves 
in a "one-side-open" Tube
http://www.walter-fendt.de/ph14e/stlwaves.htm

Background Information:
This demonstrates the harmonics of the air in a tube as an example of standing longitudinal waves. It illustrates the movement of the molecules in the air during such an oscillation. (Obviously the particles in reality move much shorter distances, and the real movement is very quick.) 
The nodes, i.e. the places where the particles don't move, are marked with "N".   
"A" means an antinode, i.e. a place where the particles oscillate with maximal amplitude. 
Note that at an open-end of the tube there is always an antinode, at a closed-end a node!
You can select the form of the tube by using the appropriate radio buttons ("Both Sides Open", "One Side Open" and "Both Sides Closed"). 
It is possible to switch to the next harmonic by pressing the button "Lower" respectively "Higher". The applet shows the harmonics up to the fifth upper oscillation.
If you write a new value for the length of the tube into the text field and press the "Enter" key, the applet will calculate wavelength and frequency. The speed of sound was presupposed as 343.5 m/s, corresponding to a temperature of 20 °C.   The influence of the tube's diameter is neglected.
Simulation Activity
Open the website listed in the title above.
Select the following by pressing the appropriate buttons on the simulation screen.
	Form of Tube
	Length of Tube

	"One Side Open"
	1.00 meters


In the table below record the wavelength, frequency, number of nodes, and number of antinodes, and fraction of a wave that fill the tube (the first three are done for you).

	Vibration Mode
	Wavelength
	Frequency
	Length 
of Tube
	# Nodes
	# Antinodes
	# Waves in Tube

	Fundamental (f1)       
	 
	 
	1.0
	 
	 
	1/4  (n=1)

	1st Overtone (f2)       
	 
	 
	1.0
	 
	 
	3/4  (n=3)

	2nd Overtone (f3)       
	 
	 
	1.0
	 
	 
	5/4   (n=5)

	3rd Overtone (f4)       
	 
	 
	1.0
	 
	 
	__/4  (n=   )

	4th Overtone (f5)       
	 
	 
	1.0
	 
	 
	__/4  (n =   )

	5th Overtone (f6)       
	 
	 
	1.0
	 
	 
	__/4  (n =  )


Analysis of the data:

1. Waves in the Tube -  What pattern do you notice in terms of increasing the Vibration mode and the number of waves to fill the one-meter long tube? ______________________________ What pattern is seen in the numerator value of the fraction of waves to fill the tube? ______________________________.  The numerator values will be the value of  "n" in the formula to calculate the wavelength of the standing wave.  In the table above, fill in the "n" values in the last column.

The formula to calculate the wavelength of a standing wave in a "one-side-open" tube is    = 4L/n.   In this formula "L" is the length of the tube (1.00 meters).  Does the recorded wavelength (column 2 in the table) agree with this formula? _______
If the tube was 2 meters long, what would be the fundamental wavelength (n=1)? ____________  and the 2nd Overtone wavelength (n=5)? ______________  Change the length of the tube in the simulation to 2.00 meters.  Is the fundamental and 2nd Overtone wavelengths the same as you calculated?  ____________

2. What pattern is seen regarding the change in frequency as the harmonic mode is increased?  ______________________
Assuming this is not a random pattern (possibly related to the "n" value), can you state a formula that allows you to predict the 6th harmonic frequency?  If so, write the formula here: _________________.  What is you calculated value for the 6th harmonic frequency for a 1.00 meter, one-side-open tube?  ________________

3. Study the simulation carefully, and indicate in fraction of a wavelength the spacing between the given points in the one-side-open tube.

            Node to adjacent Node  =   ___________________ wavelength(s)

            Node to adjacent Antinode = __________________ wavelength(s)

            Antinode to adjacent Antinode = _______________ wavelength(s)

4. The length of the one-side-open tube will be the following values.  What is the wavelength for the fundamental harmonic?   Complete the table below:

	Harmonic
	n = 1
	n = 1
	n = 1
	n = 1
	n = 1

	Length of the tube (m)
	0.1
	3.0
	5.0
	7.0
	10.0

	Wavelength (m)
	 
	 
	 
	 
	 

	Frequency (Hz)
	 
	 
	 
	 
	 

	Wave Speed 
      (m/s)
	 
	 
	 
	 
	 


In general, for a one-side-open tube the fundamental harmonic wavelength is equal to _______________________ the length of the tube.  (hint:  1/3, 3x, etc......?)

5.  What is the speed of the wave in each tube listed above.  Recall that V = f..  Fill in the calculated values in the table above.  How do the wave speed values compare? __________________________.  Why is there this relationship for the wave speed?  ____________________________________________

6.  When the wave frequency is increased, __________ (more, less) waves can fill the fixed length tube.  As the frequency increases the wavelength ______________________ to accomplish this.  Another reason the wavelength changes with an increase in frequency is to keep the wave ______________________ constant in a uniform medium.

 The following formulas are true for waves in a one-side-open tube:

    n = 1,3,5,7,9, .......                    =  4L/n          

fn  =  n. f1                                V = f.Lf)/n 
7.  A 620.0 Hz tuning fork is held over a one-side-open tube.  The speed of sound is 344 m/s.  What is the length of the air column in the tube that will produce the fundamental harmonic?  ________________  What is the temperature of the air in the tube? (Recall:   Speed of sound = 331.36 m/s  + (0.59 m/s/Co)(T).  Where "T" is the air temperature in Celsius degrees)

8.  What is the fundamental frequency of a standing wave produced in a one-side-open tube that has a length of 2.40 meters with an air temperature of 20oC?

9. What must be the length of a one-side-open tube that will be able to produce the 5th Overtone of a 240 Hz sound wave traveling at 343.5 m/s?  Show all work below:  (Equation, substitution and circled answers = minimum requirement for showing work.)

 

 

 

10. The length of a one-side-open tube is 0.40 meters.  What is the lowest frequency that is able to produce a fundamental harmonic in this tube.  Assume the speed of sound is 343.5 m/s.  Show all work below:

 

11.  What is the 3rd overtone frequency, if the fundamental frequency is 490 Hz?
       What is the fundamental harmonic frequency, if the 4th Overtone is 1500 Hz?

12. What is the resonance of sound waves?

Credit for this lab to Mr. G. Richert
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