TAP 324- 11: Standing waves in pipes

This is a question about standing waves in organ pipes and flutes.

Organ pipes

An organ pipe closed at one end can allow standing waves which have a node (zero displacement) at that end and an antinode (maximum displacement) at the other (neglecting a small 'end correction'). This is called the 'fundamental'.
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One such pipe has a fundamental note of 64 Hz.

1.
Draw a diagram showing the next possible standing wave pattern that could be set up in this pipe. What would its frequency be? 

2.
Draw another diagram showing the third possible standing wave pattern and calculate its frequency. 

Flutes

Flutes are an example of a pipe open at both ends. This means the fundamental note has an antinode at either end as shown.
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3.
A flute open at both ends and an organ pipe closed at one end have the same length. The organ pipe has a fundamental note of frequency 130 Hz. What is the frequency of the flute's fundamental note? Explain your answer. 

Effect of temperature

The speed of sound in air is proportional to the square root of the temperature in kelvin. A flute player begins playing with the temperature of air in the tube at 288 K. The speed of sound at this temperature is 340 m s–1. After a few minutes playing the air temperature in the bore rises to 298 K.

4.
What is the speed of sound at this temperature? 

5.
When the musician started playing the flute a certain length of tube gave a note of frequency 438 Hz. What would be the frequency of this length of tube when the flute had warmed up' to 298 K? What assumptions are you making?

Practical advice

This develops the idea of standing waves in columns of air and gives students practice in handling ratios. The drop in note when a tin whistle is covered can be easily demonstrated by closing all the holes, blowing softly and immersing the foot of the tube in water. The note does not drop an octave, but it is immediately clear that the wavelength of the standing wave has changed.

Social and human context

Interestingly, in some cathedrals the lowest organ notes cannot be safely played because resonance effects can cause structural damage.

Answers and worked solutions

1.
64 Hz is the frequency where  is equal to four times the length of the tube. The next standing wave will be formed whereis one and one-third times the length of the tube. 
Wavelength has decreased by a factor of 3, so frequency has increased by a factor of three: 64 Hz  3 = 192 Hz
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2.
Similar argument to (1), leading to 320 Hz.
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3.
A flute will fit half a wave into the length of tube while an organ pipe will fit one-quarter of a wave. Hence wavelength is half that of an organ pipe so frequency is twice that of the organ pipe.

4.
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5.
Assuming length to be constant, wavelength is constant so frequency is proportional to speed. f = 346 m s–1  438 Hz / 340 m s–1 = 446 Hz. Assuming the speed of sound is only 
affected by the temperature change. The air from the player's breath will be considerably more moist, which will affect the speed. 

(Assuming the metal in the tube has expanded and lengthened the tube would be a very minor effect indeed.)

External reference

This activity is taken from Advancing Physics chapter 6, 100S
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