In this note, discussions focus on the piano keyboard.  However, scales simply define the sequence of tones and the corresponding frequencies so they are not limited to pianos.  If you’ve never put your fingers on the keyboard, try one printed below...
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The Just Scale

Look at white keys only.  Within one octave interval:

1. Number of white keys =

2. Number of half-tone intervals =

3. Number of whole-tone intervals =

Look at all keys on the keyboard.  Within one octave interval:

1. Number of semitones =

What tone does each white key represent?  Write them down on the keyboard.

What are major triads?

Which major triads did we use to construct the Just Scale (C=240) in our lab?  Write them down.

The charts below show the frequencies of the major triads for constructing the Just Scale.  They also show the relationship between 4:5:6 ratios and ratio to C.  Examine each row carefully, one chart at a time.

	
	C
	E
	G
	
	
	G
	B
	D’

	freq. ratio
	4
	5
	6
	
	freq. ratio
	4
	5
	6

	
	
	
	
	
	ratio to G
	1
	(5/4)
	(3/2)

	
	
	
	
	
	G=360
	360
	360((5/4)
	360((3/2)

	
	
	
	
	
	
	
	
	

	ratio to C
	1
	(5/4)
	(3/2)
	
	ratio to C
	(3/2)
	(3/2)((5/4)
	(3/2)((3/2)

	C=240
	240
	240((5/4)
	240((3/2)
	
	C=240
	240((3/2)
	240((15/8)
	240((9/4)

	frequency (Hz)
	240
	
	360
	
	frequency (Hz)
	360
	
	

	
	
	
	
	
	
	
	
	

	
	F
	A
	C’
	
	
	
	
	

	freq. ratio
	4
	5
	6
	
	
	
	
	

	ratio to C’
	(2/3)
	(5/6)
	1
	
	
	
	
	

	C’=480
	480((4/6)
	480((5/6)
	480
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ratio to C
	(2/3)((2)
	(5/6)((2)
	2
	
	
	
	
	

	C=240
	240((4/3)
	240((5/3)
	480
	
	
	
	
	

	frequency (Hz)
	
	
	480
	
	
	
	
	


The Tempered Scale

The tempered scale divides each octave into 12 equal semitone intervals – uses all of 7 white keys and 5 black keys.  The ratio of frequencies of adjacent keys, x, is the same, hence the equal “intervals”.  If C=240 scale is used,

	
	C
	C#
	D
	D#
	E
	F
	F#
	G
	G#
	A
	A#
	B
	C’

	f (Hz)
	240
	240x
	240x2
	240x3
	240x4
	240x5
	240x6
	240x7
	240x8
	240x9
	240x10
	240x11
	240x12

	ratio to C
	1
	x
	x2
	x3
	x4
	x5
	x6
	x7
	x8
	x9
	x10
	x11
	x12

	ratio
	1
	
	
	
	
	
	
	
	
	
	
	
	2


The ratio, x, becomes 2 when multiplied by itself 12 times or
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You don’t need to do the calculation but it can be done in the following ways.  Since we know that x is a number between 1 and 2,
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Logarithmic functions, log x or ln x, can be used as well.
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Transposition

Different people sing a song at different pitch using their favorite voice scales.  The song, of course, still sounds the same.  The transposition corresponds to this change in pitch without changing the unique sequence of musical intervals.

When transposing musical scales, we focus on two different intervals: whole-tone interval (denoted W or 1) and half-tone interval (denoted H or 1/2).  The half-tone interval is the small interval having the frequency ratio of ~1.06.  The whole-tone interval is the large interval having the frequency ratio of ~1.1.

In Just Scale, the half-tone intervals are E-F and B-C’,
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while the rest of the intervals are the whole-tone intervals.
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In Tempered Scale, the half-tone intervals are one-semitone intervals,
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while the whole-tone intervals are two-semitone intervals.
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In Just Scale and Tempered Scale, a music in C-Major Scale mainly uses white keys on the keyboard (C-D-E-F-G-A-B-C') starting from C, the key tone.  The sequence of intervals is 1-1-½-1-1-1-½.  This particular sequence of intervals is called the Major Scale.
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E-Major Scale maintains this Major Scale but start the sequence from E key tone (E-F#-G#-A-B-C'#-D'#-E').
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In Just Scale and Tempered Scale, a music in A-Minor Scale mainly uses white keys on the keyboard (A-B-C'-D'-E'-F'-G'-A") starting from the A tone.  The sequence of intervals is 1-½-1-1-½-1.  This particular sequence of intervals is called the Minor Scale.
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C-Minor Scale maintains the Minor Scale key sequence but start with the C key tone.  The C-minor scale key notation is (C-D-Eb-F-G-Ab-Bb-C') following the notation rule that uses the same letter only once.  The easiest way to find the notation is to write out the base keys (C-D-E-F-G-A-B-C) and attach the sharp or flat symbols as needed by the Minor sequence.
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