SOUND DEMO #1- Longitudinal Standing Waves 
Purpose:

Help students to visualize standing longitudinal waves as a model of sound waves.  

Apparatus:

· Slinky (loosely stretchable to 2 m)

· Tall whiteboard

· Stopwatch

· Meter stick

· Large amplitude mechanical wave driver (at least 1cm) and frequency generator

· ALTERNATIVELY a jig saw and Variac.  We used a Craftsman 5/8 inch variable speed saber saw and a Variac.  
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Demonstration and discussion:

· Start the saw at the lowest speed possible, and slowly increase it. Allow it to relax for several seconds after each adjustment, since the standing wave pattern takes time to develop.  Frequency range of 0.5-5 Hz is reasonable.

· Have students describe what they see.   (Regions of compression where the spring is moving quickly, and others where it is moving slowly or stopped (standing wave).  

· Introduce terms rarefaction and compression.

· Discuss the difference between longitudinal and transverse waves.  Explain that sound waves are compression waves.  What plays the role of the spring in sound waves?  In what direction is the air moving as sound waves travel?

· Make a longitudinal wave with a slinky on the floor. How are these waves different from the vertical waves?  (wavelength of standing waves is uniform)  Reinforce the fact that sound waves travel at constant speed.

· Ask the students what can be measured about the spring?  (speed of loops, compression)

· Describe relation between the spring’s compression and pressure waves in air.  How would a compression pulse be represented on a graph?  It is essential that students understand that a sinusoidal pressure variation with length corresponds to compression in the longitudinal direction, not transverse displacement.

· Enrichment Discussion

· What can you measure about this system?  (Wavelength, driving frequency.)  

· Set up a whiteboard behind the coils, and have a student mark the apparent locations of the nodes for each frequency.  What do they notice about the location of the nodes?  (Not uniformly spaced; smaller wavelength at the bottom.)  

· You may wish to elaborate on this last point.  Ask students what might be affecting the behavior (gravity.)  What variables might this influence?  (Tension and mass per unit length.)  Ask the students to describe how the speed of the compression wave is changing as a result of this (faster at the top – double effect of reduced inertia and increased tension.)

This line of questioning reinforces our earlier discussion of the parameters affecting the behavior of waves:  tension, density affect wave speed.  

Performance Notes:

· Attach the slinky vertically to a support on the ceiling, and stretch it so that the coil separation at the top is about 2-3 cm.  The coil separation at the bottom will be about half of that at the top.

· Clamp the saw upside down onto a bench top, centered under the spring.  We found that duct taping a hollow aluminum cylinder to the saw allowed us to easily attach the slinky using duct tape.  

· Be sure that the coils at top and bottom are oriented horizontally, to minimize the formation of transverse waves.  

· Quantitative analysis of this system will yield nonlinear results.  It is recommended as a brainteaser for over achieving AP Calculus students.
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