California Physics Standard 4d
          Send comments to:  layton@physics.ucla.edu
4. Waves have characteristic properties that do not depend on the type of wave.


As a basis for understanding this concept
d. Students understand sound is a longitudinal wave whose speed depends on the properties of the medium in which it propagates.

To help students to appreciate that all different sizes and shapes of sound waves travel the same speed in a uniform medium, remind them that when they hear a band playing at a great distance, all the notes from all the different instruments arrive in the proper sequence.  Loud, soft, high or low pitch, when the sound arrives after traveling a great distance, the music is still appropriately in the proper synchronization.

[image: image1.wmf][image: image2.wmf]The method of illustrating sound waves with a transverse representation is often confusing to students.  Since it is easier to draw transverse waves, texts often use only transverse representations of sound waves leading students to think that sound is transverse.  Carefully illustrating this at the outset might help. 

[image: image3.wmf]These illustrations will take a little time to produce but encourage your students to carefully copy your efforts so they will come to understand what the representations mean.
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The students should come to appreciate that the sine wave is really a plot of air pressure above and below atmospheric pressure.  When the lines are close together the pressure is higher than atmospheric, etc.


wave is simply a plot of air pressure along the direction of the wave.  After this idea is understood, you will be able to use these transverse wave representations of sound waves

confidently, yet your students should understand that sound is a longitudinal wave.

It might be appropriate to point out that transverse waves usually only transmit through substances that can support sheer, such as solids.  Sound is usually associated with waves in air, a fluid, hence it could not be a transverse wave.  (Naturally, waves on the surface of water appear to be transverse and are actually both transverse and longitudinal.  The waves on the surface of liquids are more complex than simply longitudinal or transverse.)

Measuring the velocity of sound, resonance method.

A simple but quite accurate experiment is to measure the velocity of sound using a resonant method.  A metal or glass tube has one end immersed into a container of water. The distance from the top of the tube to the surface of the water is adjusted to produce resonance with a tuning fork.  

One way to argue that the distance from the top of the tube to the surface of the water is one-fourth the wavelength is to point out that a standing wave has been established inside of the tube with a node at closed end formed by the water and an antinode at the open end near the turning fork.  The distance between a node in a standing wave and the next antinode is one-fourth of a wavelength.  

Another argument that might appeal to some students is to carefully bounce a ball and point out that your hand goes through one half cycle from the time the ball leaves your hand to when the ball returns to your hand.  This is a form of resonance.  When you allow your hand to go through one half cycle, the ball moves from you hand, to the floor and back again, just when your hand is at the top of its swing ready to push the ball back down.  But the total distance the ball has moved in this half cycle is down to the floor (a distance L) and back to your hand, (a total distance 2L)  In half a cycle (f/2) the ball moves a distance 2L.  Therefore, in a full cycle, the ball will move a total distance 4L.  
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Begin with an illustration of evenly spaced lines that represent the undisturbed air.  Directly below this is a straight line representing a plot of atmospheric pressure.
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Now make a careful drawing of a sine wave and above it space the lines close together where there is a pressure maximum and far apart where there is a minimum.  Have the line spacing correspond to the sine wave you have drawn.
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Repeat the illustration with a higher frequency.  Perhaps again with a louder or softer sound.  The idea is to have the students appreciate that the transverse wave representation of the sound 
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For best results the fork should be held as illustrated very close to the top of the tube.  The tube is adjusted until the volume of air inside the tube between the top of the water and the top of the tube loudly resonates with the fork.  It can be argued (see below) that the distance from the top of the tube to the surface of the water (L)  is one-fourth the wavelength of the sound produced.  With the frequency of the fork (f) the velocity of sound can be calculated from v = f .  That is, v = 4 f L.  There is a slight correction for the diameter of the tube but if the tube is long compared to its diameter, the correction will be small. 








