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4.  Waves have characteristic properties that do not depend on the type of wave.  


As a basis for understanding this concept: 

a. Students know waves carry energy from one place to another. 

The important idea about waves is that they can transfer energy without any net motion of the medium transporting the energy.  In mechanical waves (ocean waves, sound waves, etc.) the medium supporting the wave transports energy without transporting momentum.  When Maxwell developed the theory of electromagnetic waves, the idea that an electromagnetic wave could not transport momentum was retained as a general property of the electromagnetic wave.  However, when Einstein introduced the idea of the particle nature of light, later to be called the photon, the possibility of electromagnetic waves transporting momentum was advanced.  Compton demonstrated experimentally that X-rays could transfer momentum as well as energy.  However, when discussing the wave nature of both mechanical and electromagnetic waves, the concept to stress is that waves can transfer energy with no net motion of the substance supporting the wave.

Students are probably familiar with the stunt called “the wave” performed by fans at a football game.  The cheerleader directs successive columns of fans to stand up, wave and then to sit down, giving the impression that something is moving across the stadium.  Certain types of lights in signs can give the appearance of motion if they are turned off and on in an appropriate sequence.  The important thing to stress with these examples is that the motion is only apparent.  Nothing really moves in the direction of “wave travel.”
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A demonstration to show that energy can be transmitted without any net motion of the medium uses a substantial table with a pendulum suspended so it lightly touches the table, as illustrated on the right. A few pieces of loosely stacked junk that will rattle making a noise is placed on the left end of the table.  When the end of the table is struck with a hammer, the pendulum will bounce away from the table but the junk on the left end will make no noise. 
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If, however, the hammer is struck with a downward blow on the table, the noise producing junk will rattle but the pendulum will not bounce off of the end of the table.  This is both a good introduction to the fact that energy is transferred without any net motion of the medium as well as transverse and longitudinal waves.








