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Science in Motion
Juniata College


Catch The Wave:  Speed of Sound in Air
Pennsylvania Academic Standards:
Science and Technology: 
3.1.10.B:  Describe the use of models as an application of scientific models.
3.1.10.C:  Identify and use the elements of scientific inquiry to solve problems.
3.4.10.A:  Describe concepts about the structure and properties of matter.
3.4.10.C:  Explain how sound travels.
3.7.10.A:  Describe the safe and appropriate use of tools, materials, and techniques.
Mathematics:
2.1.8.D:  Apply ratio and proportion to mathematical situations.
2.1.8.G:  Use inverse relationships to determine unknown quantities in an equation.
Reading and Writing:
1.1.8.F:  Understand the meaning of key vocabulary words, and apply them. 
1.5.8.F:  Edit writing using the conventions of language. 
1.6.8.AD:  Listen and contribute to discussions. 
Introduction:
Sound is a type of energy produced by mechanical energy vibrating an object.  The particles of an object bump into each other and then move back and forth in the direction of the wave.  Only the energy is transferred; the particles don’t move with the wave.  Using a tuning fork of known frequency (Ʋ)and the wavelength of the wave produced in a resonance tube (⋋), the speed of sound (s) can be calculated using the formula s = Ʋ ∙ ⋋.  Closed tubes produce maximum sound when the tube length is 1/4 the wavelength of the sound wave.  Open tubes produce maximum sound when the tube length is 1/2 the wavelength of the sound wave.
Guiding Questions:
1. What type of wave is sound?  Does sound need a medium through which to travel?
2. What is a fundamental wave?  
3. Through what type of state of matter does sound travel the fastest?
4. What is a sympathetic wave, and how can you convert it to a beat?
5. How does temperature affect sound?
Materials:
Resonance tubes, meter stick, different frequencies of tuning forks, resonance boxes, caliper, rubber stopper or mallet, calculator, tape, thermometer, clamp, and stand.
Safety:
· Tuning forks should be struck only with the rubber mallets or rubber stopper provided.
· The vibrating fork should not be struck on the open resonance tube.
Procedure:
· Stretch the jaws of the caliper as shown in the picture below.  Read the inside scale.
· Look for the highest value you can read that lines up with the zero.  The reading in the picture is 77 mm.
· Notice the place where the markings on the 1/10 scale align with the top scale.  The reading on the picture below is at 0.0 mm.
· The final reading would be 77.0 mm or 7.70 cm.
· Use the caliper to measure the inner diameter of the sliding resonance tube, and record it on your data sheet.
· Record the temperature of the air in your room.
[image: image3.png]Choose a tuning fork between 256 Hz and 480 Hz, and record the frequency of the tuning fork.

A. Open Resonance Tube
· Place the longer resonance tube horizontally on the lab table so that the end that contains the sliding inner tube extends about 1 inch past the edge of the table.  Use tape to fasten the tube to the table so that the tube cannot move.  See the picture above.
· Strike the prongs of the tuning fork on the rubber stopper, and hold the vibrating prongs at right angles to the mouth of the inner tube while adjusting the inner tube up and down to obtain the maximum sound.
· Measure the length of the tube to the closest millimeter, and record the length.
· Repeat this procedure with a different frequency.
· Perform the calculations as directed on the table below (page 4), and average the speeds.
B. Closed Resonance Tube
· Wet the bottom of the shorter resonance tu[image: image4.png]i
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be vertically on the lab table so that the end that contains the sliding tube is at the top of the tube.  Use a clamp and stand to hold the resonance tube vertically in place.  See the figure to the right.
· Use the same tuning fork frequencies from part A. Strike the prongs of the tuning fork with the rubber mallet, and hold the vibrating prongs at right angles to the mouth of the tube while adjusting the inner tube up and down to obtain the maximum sound.
· Measure the length of the tube to the closest millimeter, and record the measurement.
· Repeat this procedure with a different frequency.
· Perform the calculations as directed on the table below, and average the speeds.
Data:
Room temperature:  ________ C∘
Diameter of the inner tube:  __________ cm
Open Resonance Tube
	Frequency (Ʋ)
Hz
	Length (ℓ)
cm
	Wavelength ⋋= 2(ℓ+ 0.8 d)
cm
	Speed (s = Ʋ ∙ ⋋)
cm/s

	
	
	
	

	
	
	
	

	
	
	
	

	Average Speed (cm/s)
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Closed Resonance Tube
Diameter of the inner tube:  __________ cm
	Frequency (Ʋ)
Hz
	Length (ℓ)
cm
	Wavelength ⋋= 4(ℓ+ 0.4 d)
cm
	Speed (s = Ʋ ∙ ⋋)
cm/s

	
	
	
	

	
	
	
	

	
	
	
	

	Average Speed (cm/s)
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Average Speed of Sound Using Closed and Open Resonance Tubes:  _________ cm/s
Average Speed of Sound Using Closed and Open Resonance Tubes:  _________ m/s
Analysis Questions:
1. What are the three characteristics of a sound wave used to perform the calculations in this lab?
2. Why is the actual length of the tube adjusted when calculating the wavelength?
3. Which resonance tube (the closed or the open) had the quarter wavelength at the mouth of the tube?
4. Could the resonance tube be closed with something other than the surface of the desk?  Explain.
5. What is the percent error in your calculations?  Calculate this by obtaining the actual speed of sound from your instructor for today’s temperature:

Actual Speed of Sound at the given temperature:  ___________ m/s

Percent Error = IActual Speed – Experimental SpeedI X 100 = 
                                         Actual Speed
6. What are some possible sources of error in this experiment?
References:
· Physics Experiments (Sound) <<www.psi-net.org>>.
· Resonance Tube Velocity of Sound << http://hyperphysics.phy-astr.gsu.edu/hbase/Class/phscilab/restube.html>>.
· Physics Classroom Tutorial <<http://www.physicsclassroom.com/Class/sound/u11l5d.cfm>>
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