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Previous labs have explored ways in which sound is generated (as in the back-and-forth movement of the 
string of a monochord, for example) and reproduced (through the back-and-forth movement of the 
diaphragm of a speaker). Transmission of a sound through a medium is perhaps the most abstract aspect 
of sound. It is possible to see the movement of a monochord string or a speaker diaphragm through slow-
motion video. However, since air is not visible, it can be challenging to visualize how sound travels 
through this medium.  
 
While it is not possible to directly visualize this movement, a number of methods have been devised to 
demonstrate how this occurs. For example, Styrofoam bits suspended in a Plexiglas tube allow 
visualization of the wave. The Styrofoam bits are denser at some points along the tube and less dense at 
other points. The density of the Styrofoam at different points is the result of rarefaction and compression 
caused by the wave traveling through the air. This method for visualizing waves traveling through air was 
first devised by the German physicist August Kundt in the nineteenth century.  
 

 
A sound wave traveling through Styrofoam suspended in a tube. 

 
At the beginning of the twentieth century another German physicist, Heinrich Rubens, devised another 
way to visualize the rarefaction and compression created by a wave travelling through air in a tube. He 
drilled a series of holes in the top of a copper tube. The flames from natural gas flowing through the tube 
were higher at nodes of higher density.  
 

 
A Reubens tube can be used to visualize areas of high and low pressure. 

 
Wave Machine 
 
The Shive Wave Machine was developed at Bell Laboratories (Shive, 1961) to demonstrate concepts such 
as frequency, period, wavelength, and amplitude in a mechanical wave system. A copy of this machine 
will be used to explore transmission of a wave through a medium. The wave machine consists of 72 
eighteen-inch-long steel rods mounted on bearings around a central axis. The entire wave machine is three 
feet in length and is mounted on a support base. 
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Movement of a rod at one end of the wave machine is transmitted down the length of the machine. It 
takes approximately 2 seconds for a wave to travel the entire three-foot length of the machine.  
 

 
 
The period of time required to make a complete round trip, therefore, is 4 seconds, or 1/15th minute. The 
frequency, therefore, would be 15 complete round trips (cycles) per minute.  
 
The effective length of the wave machine can be decreased by attaching a clamp to one of the rods in the 
middle. For example, if a clamp is attached to a rod in the middle of the wave machine to prevent it from 
moving, half the time would be required for the wave to travel half the distances (i.e., a total of 2 seconds 
rather than 4 seconds to make a complete trip).  
 
To generate a wave that has the maximal height for an impulse of a given force, the rod at the end of the 
machine should be tapped to start a second wave just as the first wave is completing its cycle. However, if 
a second wave is started while the first wave is still traveling down the length of the machine, the two 
waves will meet in the middle and interfere with one another. This, in turn, will reduce the size of the 
wave, as measured by the vertical distance that each rod travels up and down. The size of the wave is 
known as its amplitude.  
 
The greatest amplitude of the mechanical wave machine is achieved when the frequency of a train of 
pulses transmitted down the length of the machine matches the time that it takes one wave to complete a 
round trip. For example, if it takes 1/15th of a minute for a wave to compete a round trip, the optimal 
frequency for achieving the maximum amplitude of the wave would be a frequency of 15 pulses per 
minute. The optimal frequency for achieving maximum amplitude is known as the resonant frequency. 
 
A node clamp can be attached to any of the 72 horizontal rods that comprise the wave machine, thereby 
shortening the effective length of the machine. A sensor at the end of the connecting rod enables the 
Arduino to detect when the wave completes a round trip after a pulse is initiated.  
 

 
Node Clamp 

 
This enables an experimenter to use the node clamp to change the effective length of the wave machine, 
and determine wavelength, period, and frequency of the wave both experimentally and empirically. 
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