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Catch The Wave:  Speed of Sound in Air
Teacher Notes
Time needed to complete lab:  40 minutes
Target Grade Level:  7th-12th grade depending on the complexity of extension activities
Objectives:
· Indirectly measure the speed of sound in air using resonance tubes.
· Compare the speed of sound found through open vs closed resonance tubes.
· Calculate the percent error in measuring the speed of sound using resonance tubes.
· Differentiate between the two types of mechanical waves and their properties
Major Concepts:
· Sound needs a medium to travel.
· The rate at which particles in a sound wave vibrates is the same as the rate at which the sound source vibrates.
· The length of a sound wave is determined by the frequency of the sound.
· Sound travels fastest in solids and increases in speed with temperature.
Pre-Lab Preparation:
The shorter resonance tubes can be clamped to a ring stand and the longer resonance tubes can be attached to the lab benches as described in the figure before students arrive in order to be conservative with time for the lab.
Demonstrations:
· The water in a beaker is struck with a vibrating tuning fork to show how energy is involved in sound vibrations.
· A slinky may be used to demonstrate compressions and rarefactions in a compressional wave or crests and troughs in a transverse wave.  The slinky may also be used to demonstrate a standing wave.
· Two resonance boxes with the same frequency of tuning fork may be used to demonstrate sympathetic vibrations.
· One of the tuning forks may be clamped on a prong to demonstrate beats when both tuning forks are struck.
Sample Data:
Room temperature: 22.22 C∘
Diameter of the inner tube:  3.72 cm
Speed of sound at 22.22  C∘= 331.4 +.6 x 22.22 C∘= 344.73m/s
Open Resonance Tube
	Frequency (Ʋ)
Hz
	Length (ℓ)
cm
	Wavelength ⋋= 2(ℓ+ 0.8d)
cm
	Speed (s = Ʋ ∙ ⋋)
cm/s

	288
	54
	2(54+0.8x3.72) = 113.8
	113.8 x 288 = 32774.4


Additional References:
http://www.walter-fendt.de/ph14e/stlwaves.htm
http://www.youtube.com/watch?v=GvG7fRAKfYQ&feature=related
Extension Activities:
· Make a pipe organ with plugged straws of different length to create an octave and play a simple tune on it.
· Use pieces of wire wound around a pencil, a piece of cardboard, tape, and scissors to make and label the anatomy of different types of waves.
· Compare the speed of light with the speed of sound and relate it to examples of events where they are both involved.
· Design an experiment to show how a milk bottle filled with water and a plastic tube can be used to demonstrate closed tube resonance.
· Use a water reservoir and a closed resonance system to find 1/4 ⋋, 3/4 ⋋, 5/4 ⋋ for different frequencies of tuning forks and average the values to calculate the speed of sound.
Vocabulary:
Wave:  A rhythmic disturbance that carries energy.
Resonance:  When an object vibrates at its natural frequency by absorbing energy from another object that is also vibrating at this frequency then it is called resonance.  
Compression Wave:  A mechanical wave in which matter in the medium moves forward and backward in the same direction that the wave travels.
Mechanical Wave:  Waves that use matter to transfer energy are called mechanical waves.
Compression:  When the particles in the medium are the densest in a compressional wave, then a compression occurs.
Rarefaction:  When the particles in the medium are the least dense in a compressional wave, then a rarefaction occurs.
Standing Wave:  This type of wave occurs between two rigid mediums when an incident wave interferes constructively with its reflected wave.  The resultant wave tends to change phase and the medium appears to have a wave that stands.
Node:  The place in a standing wave where the amplitude is minimum.
Antinode:  The place in a standing wave where amplitude is maximum.
Sympathetic Wave:  A rhythmic disturbance produced in one body by the rhythmic disturbance of the same frequency in a neighboring body.
Beat:  When two waves are close in frequency, they interfere in such a way it produces a variation in loudness and forms a beat.
Frequency: The number of wavelengths that pass a given point in one second.
Wavelength:  Distance from one crest (or trough) to adjacent crest (or trough) in a transverse wave and distance from the middle of one compression (or rarefaction) to the middle of the next compression (or rarefaction) in a compressional wave.
Amplitude:  The height of a wave when it is a transverse wave and the number of particles squeezed together when a compression occurs in a compression wave.
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