PHYSICS - UNIT 3 – SOUND

Stationary (Standing) Waves

1*
Stationary Waves in a Closed Tube

Aim: To observe the behaviour of standing waves in a closed tube and determine the speed of sound in air.

Setup the speaker so that it is producing a sound wave of frequency 500 Hz.

Q1 
What happens when the sound wave reaches the end of the tube?

Q2.
Explain why is a stationary wave formed in the tube.

Place the microphone at the speaker end of the tube. Slowly withdraw the microphone observing the display on the oscilloscope when a node occurs in the sound intensity record this position. Continue withdrawing the microphone and recording the position for successive nodes.

Q3.
Sketch a diagram showing how the intensity (pressure) varies along the tube.

Q4. 
What is the average distance between nodes for the stationary wave in the tube? 

Q5. 
What is the wavelength of both of the travelling waves that are moving in the tube? 

Q6. 
What is the speed of sound for the travelling waves in the tube?

Repeat this procedure again for a speaker producing sound waves of 800 Hz and then 1000 Hz.

Q7.
Sketch a diagram showing how the intensity (pressure) varies along the tube.

Q8. 
What is the speed of sound for the travelling wave in the tube? 

Q9. 
What is your average value for the speed of sound?

Q10.
What is an expected speed of sound? Comment on the accuracy of your result.

2.
Resonance of Sound Waves in a Tube
Aim: To find resonance positions for sound in a tube and determine the speed of sound

A resonant air column can be used to determine the speed of sound in air using an all glass jar partly filled with water and a length of cylindrical tube open at both ends. One end is immersed in the water and then a tuning fork of known frequency is struck and held over the other end of the tube, which is then raised or lowered until the shortest length which will resonate with the fork is found. When this occurs the sound of the fork is greatly reinforced.


Resonance occurs when the frequency of the fundamental mode of vibration of the air column in the tube is the same as that of the tuning fork.

Q1.
What happens when the sound wave from the tuning fork reaches the surface of the water?

Q2.
Explain why is a stationary wave formed in the tube.

Q3.
Draw a diagram to show what occurs at the surface of the water, (a pressure node or a pressure antinode) and what occurs at the open end of the tube (a pressure node or a pressure antinode)

Q4.
What length of the tube is above the water for this resonant position?

Now raise the tube until a second position of resonance is found.

Q5.
Draw a diagram to show what occurs at the surface of the water, (a pressure node or a pressure antinode and what occurs at the open end of the tube, (a pressure node or a pressure antinode) and how the pressure wave in the tube is altered.

Q6.
What length of tube is above the water for this new resonant position?

Q7.
What then is the distance between nodes for the stationary wave which is set up in the tube?

Q8.
What is the wavelength of both the travelling waves that are moving in the tube?

Q9.
What is the speed of sound for the travelling waves in the tube?

3.  Wind instruments 

Aim: To determine how the frequency of a note produced by a wind instrument (open and closed tube) alters as the length of the tube is varied. 

Setup the speaker so that it is about 20cm from the closed tube. Set the frequency generator to its lowest and fairly low volume. Gradually increase the frequency of the sound until resonance is heard. 

Note the length of the tube and the frequency at which resonance occurred. Now increase the frequency until the next resonant position is produced. Note the frequency. Continue to increase the frequency until a further three resonant positions are located. Record the frequency in each case.

Q1 
What are the wavelengths for the resonant positions? 

Q2.
Draw a graph of frequency versus the wavelength for the pipe. What relationship exists between the frequency and wavelength?

Q3.
Calculate appropriate values and plot another graph to prove the result you have predicted in Q2.

Q4.
What information would be given by the gradient?

Now replace the closed pipe with the open pipe. Start the procedure again, noting the frequencies that produce the first five resonant positions for the open pipe.

Q5 
What are the wavelengths for the resonant positions?

Q6.
Draw a graph of frequency versus the wavelength for the pipe. What relationship exists between the frequency and wavelength? 

Q7.
Calculate appropriate values and plot another graph to prove the result you have predicted in Q6.

Q8.
What information would be given by the gradient?

4*.  Stationary waves 

Aim:
To observe and sketch the behaviour of generating a wave in a spring with a fixed

end, with its frequency of vibration adjusted until a stationary wave is formed in

the spring.

Q1.
Sketch a diagram showing the spring behaviour when a stationary wave is formed. 

Q2. 
Measure the distance between successive nodes on the spring.

Q3.
Measure the time taken for 10 vibrations and determine the frequency of the wave.

Q4.
What is the speed of the wave that is producing the stationary wave?

Change the frequency of the wave until a different stationary wave occurs. 

Q5.
Determine the speed of the wave that is producing this second stationary wave?

Q6.
Is it possible to produce stationary waves of any chosen wavelength, or are only

certain wavelengths possible? Explain giving reasons.
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