
Lab 1. Sound and Vibration 
Glen Bull and Rachel Gibson 

 
This lab is designed to demonstrate the characteristics of sound. Sound consists of a back-and-forth 
motion. Often mathematics is used to describe this motion. However, the underlying nature of sound can 
be observed without mathematics at all. This lab provides an opportunity to experience and observe this 
phenomenon first hand. 
 
A monochord (an instrument with one string) and a speaker are provided in the lab. When the monochord 
is plucked, the string moves back and forth. The movement of the string is transmitted to the speaker. The 
diaphragm of the speaker then moves back and forth at the same rate as the monochord. 
 

 
The back-and-forth motion of the monochord string is transmitted to the speaker diaphram. 

 
Longer strings move back and forth more slowly than shorter ones. (For that reason, the strings of a cello 
move more slowly than the strings of a violin.) The string of the monochord used in this lab is a long one. 
Therefore, it moves back and forth at a relatively slow rate – about 40 times per second.  

 
The longer strings of a cello vibrate more slowly than the strings of a violin. 
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The diaphragm of the speaker used in this lab is a large one – about two feet in diameter. This makes the 
back-and-forth movement of the speaker easier to see. Begin by plucking the monochord string. You 
should be able to observe the movement of the string.  
 

 
The monochord string and speaker diaphragm move back and forth at the same rate. 

 
Then place your hand on the diaphragm of the speaker while the string is vibrating. You should feel the 
corresponding vibration of the speaker that occurs while the string moves back and forth. 
 
Many phones now have a video mode that can be used to record movement and play it back in slow 
motion. The monochord and speaker were recorded in slow motion using this capability. The slow-
motion video of the monochord string can be viewed at: 
 
 Monochord in Slow Motion 
 
Watch the video. Note that each time the monochord string moves back and forth one time, the speaker 
cone also moves back and forth one time.  
 
If it were possible to attach a pencil or stylus to the monochord string, the path followed by the 
monochord string could be traced on a sheet of graph paper. That is not practical, but the back-and-forth 
motion of other objects can be used to trace similar patterns. Students in a Buford middle school science 
class attached a paint bucket to a rope. Paint flowing from the bucket traced a pattern on a strip of paper 
pulled beneath the bucket. 
 

 
The back-and-forth movement of a paint bucket is traced on a strip of paper. 
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A video of this process can be viewed here: 
 
 Paint Bucket Pendulum  
 
Watch the video capturing the movement of the paint buckets.  Several aspects of the back-and-forth 
movement can be observed.  
 

1. The shape of the pattern traced by the back-and-forth movement of a paint bucket is a sine wave. 

2. The peak of the sine wave on the left side of the paper represents the farthest movement of the 
paint bucket in that direction. Similarly, the peak of the sine wave on the right side of the paper 
corresponds to the farthest excursion of the paint bucket in that direction. 

3. The height of the waveform from the top of the highest peak to the bottom of its lowest peak is 
known as its amplitude. The amplitude of the peaks corresponds to how far the bucket moved in 
each direction. 

4. Each repetition of the sine wave corresponds to one back-and-forth movement of the bucket. 
Each back-and-forth movement of the paint bucket is known as a cycle.  

5. The horizontal distance traversed by the paint bucket during each cycle is the same. The 
horizontal axis of the paper corresponds to time. Therefore, each cycle was completed in the same 
amount of time. (This assumes that the paper was pulled beneath the paint bucket at a constant 
rate.) 

6. The rate at which an event occurs can be described in terms of how frequently it takes place. The 
terms frequently and frequency are related. If the paint bucket swings back and forth ten times in 
one minute, this repeated action can be described as taking place at a frequency of ten times per 
minute.  

7. The amount of time required to complete one cycle is known as its period. Frequency and period 
are related. If the frequency is ten times per minute, the period of each cycle is 6 seconds (that is, 
60 seconds divided by 10 events per minute is equal to 6 seconds). 

8. When the period of each cycle is the same, the back-and-forth movement is described as periodic 
motion.  

9. Any freely vibrating object in nature, whether it is a paint-bucket pendulum or a monochord 
string, repeats the same pattern over and over again. Therefore, the movement of any freely 
moving object can be described as periodic motion. 

 
A tuning fork vibrates in a similar fashion. If a pencil is attached to one tine of the tuning fork, it will 
trace out a pattern similar to the pattern created by the movement of the paint bucket. 
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While it is not feasible to attach a pencil to the monochord string, the distance traveled in each frame of a 
video can be measured. If the distance that the string travels from one frame of the video to the next is 
measured, recorded in a table of values, and then plotted, the shape of the graph produced is a sine wave.  
 

 
Graph of One Cycle of a Back-and-Forth Movement 

 
The first silent movies were recorded and played back at a rate of 16 to 18 frames per second. This rate 
was chosen because this is the rate at which the individual images are no longer perceived. This created 
the illusion of motion, giving birth to cinema. 
 
The lower limits of auditory perception begins when an object is vibrating at a rate of about 60 times a 
second or more. (The specific frequency at which a vibration is perceived as sound is also dependent on 
how loud the sound is.) The way in which a vibrating object is perceived depends upon the rate at which 
it is moving back and forth. 
 

Perception of Vibrating Objects 
Rate Sense Perception 

Less than 16 times per second Vision Movement can be seen 
Between 16 and 60  Tactile Movement can be felt 
More than 60 times per second Auditory Movement can be heard 

 
When vibration takes place at a rate of less than 16 times per second, the movement can be seen. When it 
takes place at a rate of more than 60 times per second, the movement can be heard. Between 16 and 60 
times per second, the vibration can be felt even when it cannot be seen or heard. The crucial point is the 
vibration is the same physical phenomenon – it is just perceived differently depending on the rate of 
moment due to the way in which our senses capture motion. 
 
The basic attributes of sound and vibration such as amplitude and frequency can be observed directly. 
However, the opaque terminology used by specialists can obscure the nature of sound. The rate of 
vibration has been described in terms of times per minute or times per second in the explanation above. 
However, specialists often refer to cycles per second. This term is abbreviated as cps, an abbreviation that 
may not be obvious to anyone who is not a specialist. To honor the pioneering scientist Heinrich Hertz, 
other scientists agreed to use the term Hertz in place of times per second. This term is often abbreviated as 
Hz.  
 
While the meaning of the term times per second is apparent to anyone, the meaning of the term Hz is not 
evident to anyone who is not familiar with the historical background. In this way use of specialized 
technical jargon can make straightforward concepts more difficult to understand for those who are not 
specialists in a field, whether by design or inadvertently. However, this practice is widespread, and 
therefore it is necessary to know specialized terms in order to read and understand the literature of the 
field. 


