Using Sine Waves to Understand Music Harmony

Using afew sinewave diagrams, we can explain, abit, why notes can soundharmoniousor discordant. Let us
explain the sinewave formed by graphing the equation:

y = sin(x) that you see ontheright It starts at (0, 0) and plotting
it ugng radians (if you don®know thisterm, do nat worry), |
get it to goto ahighof +1, alow of B1 and back to the
beginning agan at jus ove + 6 (actudly + 2! or + 6.28).

Think of thisafrequency of a soundwave fromanote. It
continues to cycle forever, in both directions
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To illudrate this, | will plotit outover b1 < x < 100.
Thisisdoneontheright
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So, as you can see this can go onforever. Now, | am goingto go
back to theorigind x-values and on top of theequationy = sin(x), |
am going to plot the equaiony = sin(2x), a oteOwith twice the
frequency, or an octave highe. If youlookontheright, youwill see
thewaves meet at (0,0), and again at (3.14,0) and (6.28,0). So one
cycle of y =sin(x) indudes two cycles of y = sin(2x). So, if you

have anote like middle A, with afrequency of 440, and anote like L
thenext octave higher, A = 880, then thetwo notes soundquite [ shades M FoIl-Trace) 7]
harmoniousto each other, because thar frequendies are in theratios

of 1:2.Inhisbook, Thisis Your Brain on Music, Daniel Levitin talks aboutall muscal scalesin al cultures
have the octave appesring. He says, onpage 32, (Theintervals of afourth and perfect fifth are so called
because they soundparticularly pleasing to many people, and since the andent Greeks, this particular part of the
scaleisat the heart of all musc.OWe will look at thefourth, and thefifth onthe next page

In addition, we should look at the conagpt of the overtone When anoteis played onany ingrument, induding a
drum and avoice, there are many vibrationsoccurring at the same time. Y ou are actudly hearing many pitches,
and these pitches are all multiples of thebasic, or fundamental, note. So the note could be for example, a
middle A (440), then these other tones, called ovetones, are 2 x 440=880,3 x 440=1 320 4x 440=1760
and so on. Thus anote playing with its octave, is going to coincde with its overtones as well Bhence it sounds
harmonious Thebook mentioned above really getsinto the neuronsand the brain results when it hears anote.

Let@ look at some more on thenext page



Theratioof C: Gis2: 3. Wecdl thisthepeafect fifth. Thegraphs
y = sin(2x) andy = sin(3x) are shown ontheright Asyoucan see 1
cycle of the @COequds 1.5 cycles of theGBQ and 2 cycles of the GCO
equds 3 cycles of the GGO These notes are quite harmonious
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Now Let@lookat the pafect fourth, theratio of C : Fwhichis4 : 5. Theseratioshave al been discussed in this

week@ pogings fromMonday, May 11,to Thursday, May 14. Please read these if you missed how the muscal
scale has evolved from simpleratios

Asyou can see ontheright, when | graphed y = sin(4x) andy =
sin(5x) fromtheinterval - 1 <x <4, thetwo cyclesmeet upat 2
cyclesof y = sin(4x) and 2.5 cycles of y = sin(5x), and then they

would meet agan at 4 cyclesof y = sin(4x) and 5 cyclesof y =
sin(5x).

Thegraphsprodued so far have been from the T1-84 plus
graphing calculator. | have also donethe graph onthe Macintosh [

graphing calculator tha comeswith all Macintoshes. | havethen | Zhades JLFoI-Trace)l T )
gpiced it up a bit in a paint program. See bdow for the same

graph: Y ou can see the graphsmeet at the overtones quite often.
y = sin(4x) y = sin(5x)
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prlet@takeagraph of theratio of C : C#, whichis50: 53,ortheC: D whichis8:9or C: B, whichis8:15.
|l jug usetheC: D ratio of 8: 9 by graphingy = sin(8x) and y = sin(9x).

y = sin(8x) y = sin(9x)
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It takes 8 cycles of one and 9 cycles of the

‘other before they meet again.

These notes will be notharmonious since it takes so many repetitionsbefore they meet up again



