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The previous lab illustrated the way in which a tone consisting of a sine wave could move the arm of a 
motor back and forth. A tone that consists of only a single frequency is known as a pure tone.  
Most sounds, such as speech and musical instruments, consist of multiple combined frequencies. Any 
complex periodic sound can be created from multiple pure tones.  
 
The first music synthesizers combined tones in this way, by combining the outputs of a series of 
oscillators to form a complex wave form. These early synthesizers consisted of hardware with knobs and 
dials to adjust the frequencies. The output of oscillators was combined using a series of patch cords to 
create the desired output.  
 

 
A hardware music synthesizer generates tones electronically. 

 
Today synthesized tones are often created in software. A pure tone is represented by a series of numbers 
in the memory of the computer. When the table of numbers is plotted, the graph of a sine wave is 
displayed. 
 

 
 
In order to play the tone, the numbers are converted to corresponding voltage levels in an electrical signal 
by a digital-to-analog converter (DAC). The electrical signal is sent thorough a coil of wire wrapped 
around a tube attached to the diaphragm of the speaker. As the polarity of the electromagnet changes, the 
diaphragm of the speaker moves back and forth.  
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Sine Tables and Tones 
 
A pure tone is generated by a table of sine numbers. These values were discovered by early astronomers 
who wanted to chart the positions of stars in the sky. Today sine and cosine functions that provide these 
same values are available in most computing languages. (Note: sine is often abbreviated as sin but is still 
pronounced “sine”.)  
 

 
 
Once a sine function has been used to generate a table of sine values, this sequence of numbers can be 
converted to voltage levels that control the movement of the speaker diaphragm to play a tone. Two pure 
tones can be combined to create a complex tone.  
 

 
A 100 Hz Tone (top) Combined with a 200 Hz Tone (middle) 

 
The combined tone is created by adding each of the numbers in the first two lists.  
 

 
The Lists of Numbers for Two Tones Combined by Adding Them 

 
For instance, in the table above, the second number in the list of values for Tone 1 is “0.05” and the 
corresponding value for Tone 2 is “0.10”.  The combined result is “0.15”.  

 
0.05 

+ 0.10 
 0. 15 
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This process is repeated for each number in each list to create a third list of the combined values. A graph 
of the combined values is shown in the illustration below. Once these values are translated into voltage 
levels that determine the strength of the electromagnetic in the speaker coil, these values ultimately 
determine the position of the speaker diaphragm as it moves back and forth. 
 

 
 
Initially the Tower of Terror ride in the Disney Hollywood theme park placed visitors in an elevator that 
went back and forth a single time. Later, Disney Imagineers decided that the ride would be more exciting 
if there were a series of mini-drops within the larger elevator drop. In the same way, the complex 
waveform sends the speaker diaphragm back-and-forth within the larger peak-to-peak movement.  
 
A pure tone composed of a single sine wave sounds thin and unsatisfying. The complex tones created by 
musical instruments result in a richer, more satisfying sound. However, ultimately these complex tones 
are comprised of a series of pure tones that have been combined.  
 
Exploring Complex Tones 
 
SoundScope is a tool that was created for EDIS 3040 Speech and Hearing Science to facilitate exploration 
of complex tones. This tool was used in the previous lab to move the magnet of a linear motor back and 
forth with a sine wave. The SoundScope Source setting should be set to Oscillators. This setting will 
enable access to a series of oscillators that can be used to generate complex tones by combining pure 
tones. In the illustration below, a 100 Hz tone has been combined with a 200 Hz tone to create a complex 
tone. The numbers on the horizontal axis represent time in milliseconds.   
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The pattern in the illustration above repeats every 10 milliseconds. This period is generated by the 100 Hz 
tone. The 200 Hz tone produces the secondary peak in the waveform.  
 
The lowest frequency in a periodic waveform is known as its fundamental frequency. The lowest 
frequency is most closely related to the perceived pitch of the sound. Frequencies that are higher than the 
fundamental frequency are known as overtones. Overtones that are exact multiples of the fundamental 
frequency are known as harmonics.  
 
In the case of a stringed instrument such as a guitar, the entire string moves back and forth as a whole. 
This movement could clearly be seen in the slow-motion video of the monochord string in the previous 
lab. However, segments of the string also vibrate as well. When the two halves of the string are vibrating, 
a harmonic that is double the frequency of the fundamental is generated. When three segments of the 
string are vibrating, a harmonic that is three times the fundamental are generated. Overtones are typically 
lower in amplitude than the fundamental frequency. The fundamental frequency and its overtones mixed 
together create a complex tone.  
 
The effect produced when two tones are combined can be more easily visualized when the frequencies 
and amplitudes are substantially different. In the illustration, the top waveform is a 100 Hz tone. Each 
cycle has a duration of 10 milliseconds. The middle waveform is a 1000 Hz tone. Each cycle has a 
duration of 1 millisecond. The amplitude of the 100 Hz tone is greater than the amplitude of the 1000 Hz 
tone.  
 
The bottom waveform shows the result of the combined tones. Each cycle of the 100 Hz tone has 10 
smaller peaks superimposed on it. The 10 smaller peaks are contributed by the 1000 Hz tone, which 
completes 10 cycles in the time that the 100 Hz tone completes one cycle. 
 

 
 
When the frequencies are widely separated, as in the case of the 100 Hz tone and the 1000 Hz tone, the 
two separate tones can be perceived distinctly. When the overtones consist of a series of multiples of the 
fundamental frequency, the overtones contributed to the perceived richness of the sound, but the 
frequencies individual overtones are typically not perceived separately. 
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The range of frequencies present in a sound are known as its spectrum. The examples thus far have 
presented graphs of amplitude over time. The frequency of each tone in a complex wave form can also be 
presented as a plot of the amplitude of each frequency. This type of graph is termed a line spectrum 
because a vertical line represents the amplitude of each frequency.  
 

 
 

 
The two types of graphs present different kinds of information. One type of display shows the changes 
that take place in the sound over time. The other type of display is a snapshot of the frequencies present in 
a sound at a specific moment in time. 
 
 


