
Using Sine Waves to Understand Music Harmony 
 
Using a few sine wave diagrams, we can explain, a bit, why notes can sound harmonious or discordant. Let us 
explain the sine wave formed by graphing the equation:    
y = sin(x) that you see on the right. It starts at (0, 0) and plotting 
it using radians (if you donÕt know this term, do not worry), I 
get it to go to a high of +1, a low of Ð 1 and back to the 
beginning again at just over + 6 (actually + 2!  or + 6.28). 
Think of this a frequency of a sound wave from a note. It 
continues to cycle forever, in both directions. 
 
 
 
 
 
 
To illustrate this, I will plot it out over Ð 1 < x < 100.  
This is done on the right: 
 
    
 
 
 
 
 
    
 
So, as you can see this can go on forever.  Now, I am going to go 
back to the original x-values and on top of the equation y = sin(x), I 
am going to plot the equation y = sin(2x), a ÒnoteÓ with twice the 
frequency, or an octave higher. If you look on the right, you will see 
the waves meet at (0,0), and again at (3.14, 0) and (6.28, 0). So one 
cycle of y = sin(x) includes two cycles of y = sin(2x). So, if you 
have a note like middle A, with a frequency of 440, and a note like 
the next octave higher, A = 880, then the two notes sound quite 
harmonious to each other, because their frequencies are in the ratios 
of 1 : 2. In his book, This is Your Brain on Music, Daniel Levitin talks about all musical scales in all cultures 
have the octave appearing.  He says, on page 32, ÒThe intervals of a fourth and perfect fifth are so called 
because they sound particularly pleasing to many people, and since the ancient Greeks, this particular part of the 
scale is at the heart of all music.Ó We will look at the fourth, and the fifth on the next page. 
 
In addition, we should look at the concept of the overtone. When a note is played on any instrument, including a 
drum and a voice, there are many vibrations occurring at the same time. You are actually hearing many pitches, 
and these pitches are all multiples of the basic, or fundamental, note. So the note could be, for example, a 
middle A (440), then these other tones, called overtones, are 2 x 440 = 880, 3 x 440 = 1 320, 4 x 440 = 1 760 
and so on. Thus, a note playing with its octave, is going to coincide with its overtones as well Ð hence it sounds 
harmonious. The book mentioned above, really gets into the neurons and the brain results when it hears a note. 
 
LetÕs look at some more on the next page. 



The ratio of C : G is 2 : 3.  We call this the perfect fifth.   The graphs 
y = sin(2x) and y = sin(3x) are shown on the right. As you can see 1 
cycle of the ÒCÓ equals 1.5 cycles of the ÒGÓ, and 2 cycles of the ÒCÓ 
equals 3 cycles of the ÒGÓ. These notes are quite harmonious. 
 
 
 
 
 
 
Now letÕs look at the perfect fourth, the ratio of C : F which is 4 : 5. These ratios have all been discussed in this 
weekÕs postings, from Monday, May 11, to Thursday, May 14. Please read these if you missed how the musical 
scale has evolved from simple ratios.  
 
As you can see on the right, when I graphed y = sin(4x) and y = 
sin(5x) from the interval  - 1 < x < 4, the two cycles meet up at 2 
cycles of y = sin(4x) and 2.5 cycles of y = sin(5x), and then they 
would meet again at 4 cycles of y = sin(4x) and 5 cycles of y = 
sin(5x). 
 
The graphs produced so far have been from the TI-84 plus 
graphing calculator. I have also done the graph on the Macintosh 
graphing calculator that comes with all Macintoshes. I have then 
spiced it up a bit in a paint program. See below for the same 
graph: You can see the graphs meet at the overtones quite often. 

         
 
Now letÕs take a graph of the ratio of C : C#, which is 50 : 53, or the C : D which is 8 : 9 or C : B, which is 8:15. 
IÕll just use the C : D ratio of 8 : 9 by graphing y = sin(8x) and y = sin(9x).  
     

    
These notes will be not harmonious, since it takes so many repetitions before they meet up again. 


