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Sound Familiar?

• Listen carefully to 4 notes

– 2 are “real”, 2 are “bogus”

• In isolation, it makes little difference…

– but in the context of a musical piece it may matter

2/18/20 Sound of Music 4 4



Music is Made with Notes Having Different Frequencies

• But how are these 
frequencies chosen?

• Example using Fixed 
Frequencies…

• But what if we used 
random frequencies?
– Each note frequency 

chosen at random  
• (within a small range)

• Music can be made with 
non-fixed frequencies
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200 Hz + 380 Hz
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2.  How should they be distributed?
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 f = 40 Hz

 f = 80 Hz

 f = 20 Hz

 f = 10 Hz

So here we’ve 
chosen n=10 notes 
per octave, equally 

spaced by 40 Hz

But we have a problem.  
The notes at the bottom are too 

crowded to see, while there is empty 
space at the top.

We need a different frequency scale.



A monk* came up with an answer 1000 years ago…
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Log of
Frequency

*Guido of Arezzo 1025

Use a compressed 
Logarithmic 

Frequency Scale
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• Enough to make interesting music
but…

• Not too many, lest we
o Over-complicate Instruments
o Confuse listeners
o Burden Composers

▪ Actual scales use from 5 to 24  
notes/octave
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• We want to choose notes that play well 
together for melody and harmony  

• Ideally, we’d like a smooth, regular 
distribution

▪ Better yet, so regular that we could 
anchor an octave at any note!

Our original 
choice seen 
here was a 
bad one!
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Our Focus:   “Mother Scale”

• 12 Notes Per Octave

• Equal Spacing (on Log Scale)

➢ Clean
➢ Simple
➢ Elegant

… but not musically ideal 
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“The 12 Tone Chromatic Scale”
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64

C#/D♭ 6 165 85 1108.7
C 6 0 Do84 1046.5

62
63 83 987.8

82 932.3
TiB 5 11

A#/B♭ 5 10 Li
La

60
A 5 961 81 880

G#/A♭ 5 8 Si80 830.6

58
59 79 784.0

78 740.0
SolG 5 7

F#/G♭ 5 6 Fi
Fa

56
F 5 557 77 698.5
E 5 4 Mi76 659.3

54
55 75 622.3

74 587.3
RiD#/E♭ 5 3

D 5 2 Re
Di

52
C#/D♭ 5 153 73 554.4

C 5 0 Do72 523.3

50
51 71 493.9

70 466.2
TiB 4 11

A#/B♭  4 10 Li
La

48
A 4 949 69 440

G#/A♭  4 8 Si68 415.3

46
47 67 392.0

66 370.0
SolG 4 7

F#/G♭  4 6 Fi
Fa

44
F 4 545 65 349.2
E 4 4 Mi64 329.6

42
43 63 311.1

62 293.7
RiD#/E♭  4 3

D 4 2 Re
Di

40
C#/D♭  4 141 61 277.2

C 4 0 Do60 261.6
B 3 1139 59 246.9

38 A#/B♭ 3 10 Li58 233.1
A 3 937 57 220

36 G#/A♭ 3 8 Si56 207.7
G 3 735 55 196.0

34 F#/G♭ 3 6 Fi54 185.0
F 3 533 53 174.6

32 E 3 4 Mi52 164.8
D#/E♭ 3 331 51 155.6

30 D 3 2 Re50 146.8
C#/D♭ 3 129 49 138.6

28 C 3 0 Do48 130.8
B 2 1127 47 123.5

26 A#/B♭ 2 10 Li46 116.5
45 110 LaA 2 925

Ti

Di

Ri

Fa

Sol

La

Ti

12 Note Per Octave Equal 
Tempered Scale:

30

The Chromatic Scale

fMIDI

.

Piano
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The Chromatic Scale

fMIDI
Pitch 
Class

All the C notes
belong to 

Pitch Class Zero

Similarly, all the D 
notes belong to 
Pitch Class 2
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Note

Solfege syllables used for singer 
training, and also as the Names 
of Notes in France, Spain, Italy, 
Russia etc.
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A 3 937 57 220

36 G#/A♭ 3 8 Si56 207.7
G 3 735 55 196.0

34 F#/G♭ 3 6 Fi54 185.0
F 3 533 53 174.6

32 E 3 4 Mi52 164.8
D#/E♭ 3 331 51 155.6

30 D 3 2 Re50 146.8
C#/D♭ 3 129 49 138.6

28 C 3 0 Do48 130.8
B 2 1127 47 123.5

26 A#/B♭ 2 10 Li46 116.5
45 110 LaA 2 925

Ti

Di

Ri

Fa

Sol

La

Ti

12 Note Per Octave Equal 
Tempered Scale:

Sound of Music 4 36

The Chromatic Scale

fMIDI
Pitch 
Class Solfège

2/18/20

Note



. . . . . . . . . . . . . . . . .

Di
64

C#/D♭ 6 165 85 1108.7
C 6 0 Do84 1046.5

62
63 83 987.8

82 932.3
TiB 5 11

A#/B♭ 5 10 Li
La

60
A 5 961 81 880

G#/A♭ 5 8 Si80 830.6

58
59 79 784.0

78 740.0
SolG 5 7

F#/G♭ 5 6 Fi
Fa

56
F 5 557 77 698.5
E 5 4 Mi76 659.3

54
55 75 622.3

74 587.3
RiD#/E♭ 5 3

D 5 2 Re
Di

52
C#/D♭ 5 153 73 554.4

C 5 0 Do72 523.3

50
51 71 493.9

70 466.2
TiB 4 11

A#/B♭  4 10 Li
La

48
A 4 949 69 440

G#/A♭  4 8 Si68 415.3

46
47 67 392.0

66 370.0
SolG 4 7

F#/G♭  4 6 Fi
Fa

44
F 4 545 65 349.2
E 4 4 Mi64 329.6

42
43 63 311.1

62 293.7
RiD#/E♭  4 3

D 4 2 Re
Di

40
C#/D♭  4 141 61 277.2

C 4 0 Do60 261.6
B 3 1139 59 246.9

38 A#/B♭ 3 10 Li58 233.1
A 3 937 57 220

36 G#/A♭ 3 8 Si56 207.7
G 3 735 55 196.0

34 F#/G♭ 3 6 Fi54 185.0
F 3 533 53 174.6

32 E 3 4 Mi52 164.8
D#/E♭ 3 331 51 155.6

30 D 3 2 Re50 146.8
C#/D♭ 3 129 49 138.6

28 C 3 0 Do48 130.8
B 2 1127 47 123.5

26 A#/B♭ 2 10 Li46 116.5
45 110 LaA 2 925

Ti

Di

Ri

Fa

Sol

La

Ti

12 Note Per Octave Equal 
Tempered Scale:

Sound of Music 4 37

The Chromatic Scale

fMIDI
Pitch 
Class Solfège

2/18/20

Note

Note that many notes 
are left out of Julie 
Andrews’ Song…



Alternate Scales with n  12:  “Microtonal Scales”

2/18/20 Sound of Music 4 38

Easley Blackwood, Jr.
(1933- )

Former music professor at 
U. of Chicago

Cedille Records  1994

Compositions in
n-Tone Equal 

Temperament:
13-tone

To
24-tone Scales

(Synthesizer
and

Modified Guitar)

Example:

Fanfare in 19-note Equal Tuning, Op. 28a
(Blackwood, Polyfusion Synthesizer)



. . . . . . . . . . . . . . . . .

Di
64

C#/D♭ 6 165 85 1108.7
C 6 0 Do84 1046.5

62
63 83 987.8

82 932.3
TiB 5 11

A#/B♭ 5 10 Li
La

60
A 5 961 81 880

G#/A♭ 5 8 Si80 830.6

58
59 79 784.0

78 740.0
SolG 5 7

F#/G♭ 5 6 Fi
Fa

56
F 5 557 77 698.5
E 5 4 Mi76 659.3

54
55 75 622.3

74 587.3
RiD#/E♭ 5 3

D 5 2 Re
Di

52
C#/D♭ 5 153 73 554.4

C 5 0 Do72 523.3

50
51 71 493.9

70 466.2
TiB 4 11

A#/B♭  4 10 Li
La

48
A 4 949 69 440

G#/A♭  4 8 Si68 415.3

46
47 67 392.0

66 370.0
SolG 4 7

F#/G♭  4 6 Fi
Fa

44
F 4 545 65 349.2
E 4 4 Mi64 329.6

42
43 63 311.1

62 293.7
RiD#/E♭  4 3

D 4 2 Re
Di

40
C#/D♭  4 141 61 277.2

C 4 0 Do60 261.6
B 3 1139 59 246.9

38 A#/B♭ 3 10 Li58 233.1
A 3 937 57 220

36 G#/A♭ 3 8 Si56 207.7
G 3 735 55 196.0

34 F#/G♭ 3 6 Fi54 185.0
F 3 533 53 174.6

32 E 3 4 Mi52 164.8
D#/E♭ 3 331 51 155.6

30 D 3 2 Re50 146.8
C#/D♭ 3 129 49 138.6

28 C 3 0 Do48 130.8
B 2 1127 47 123.5

26 A#/B♭ 2 10 Li46 116.5
45 110 LaA 2 925

Ti

Di

Ri

Fa

Sol

La

Ti

12 Note Per Octave Equal 
Tempered Scale:

Sound of Music 4 39

The Chromatic Scale

fMIDI
Pitch 
Class Solfège

2/18/20

Note



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
Subscales of The 
Chromatic Scale

Sound of Music 4 40

fMIDI

2/18/20

Note Chromatic
Scale

• Most Western music genres do not use the 
whole Chromatic Scale
➢ Instead, they use smaller Subscales

• Such Subscale music includes:
➢ Almost all pre-1910 music

▪ Traditional
▪ Classical
▪ Liturgical

➢ Pop music
➢ Rock
➢ Country and Bluegrass

• Music using the Chromatic Scale includes:
➢ Modern “atonal” music (post-1910)
➢ Much Jazz



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
Subscales of The 
Chromatic Scale

Sound of Music 4 41

fMIDI

2/18/20

Note Chromatic
Scale

How many Subscales are there?

Examples for m = 3-note Subscales

All together, 55 Patterns 
like these for m=3

But each Pattern could 
be anchored at 12 

different notes
within an Octave

So there are 12 x 55 = 660 
m=3 Subscales



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
Subscales of The 
Chromatic Scale

Sound of Music 4 42

fMIDI

2/18/20

Note Chromatic
Scale

m 
Notes

Patterns Keys Total Scales

1 1 12 12

2 11 12 132

3 55 12 660

4 165 12 1980

5 330 12 3960

6 462 12 5544

7 462 12 5544

8 330 12 3960

9 165 12 1980

10 55 12 660

11 11 12 132

12 1 12 12

Pentatonic

Heptatonic
(Includes Diatonic)

Used for 
Jazz?

Traditional 
Country Music

Blues

Classical
Pop
Rock



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
The Pentatonic (5 note) Subscales of 

The Chromatic Scale

Sound of Music 4 43

fMIDI

2/18/20

Note Chromatic
Scale

There are 330 m=5 Patterns…

Reasonable rules:
1. Avoid gap of 4 or more
2. Avoid adjacent gaps of 3

With these rules, there are
just 5 Patterns possible!



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4 45

fMIDI

2/18/20

Note Chromatic
Scale The Pentatonic (5 note) Subscales of 

The Chromatic Scale

Reasonable rules:
1. Avoid gap of 4 or more
2. Avoid adjacent gaps of 3

With these rules, there are
just 5 Patterns possible!

There are 330 m=5 Patterns…

these



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4 46

fMIDI

2/18/20

Note Chromatic
Scale The Pentatonic (5 note) Subscales of 

The Chromatic Scale

Reasonable rules:
1. Avoid gap of 4 or more
2. Avoid adjacent gaps of 3

With these rules, there are
just 5 Patterns possible!

There are 330 m=5 Patterns…



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4 47

fMIDI

2/18/20

Note Chromatic
Scale The Pentatonic (5 note) Subscales of 

The Chromatic Scale

Reasonable rules:
1. Avoid gap of 4 or more
2. Avoid adjacent gaps of 3

With these rules, there are
just 5 Patterns possible!

There are 330 m=5 Patterns…

Take the basic pattern 
and wrap it into a 
circle..



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4 48

fMIDI

2/18/20

Note Chromatic
Scale The Pentatonic (5 note) Subscales of 

The Chromatic Scale

Reasonable rules:
1. Avoid gap of 4 or more
2. Avoid adjacent gaps of 3

With these rules, there are
just 5 Patterns possible!

There are 330 m=5 Patterns…

12
11

10

9

8

7
6

5

4

3

2

1



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4
49

fMIDI

2/18/20

Note Chromatic
Scale The Pentatonic (5 note) Subscales of 

The Chromatic Scale

12
11

10

9

8

7
6

5

4

3

2

1













 





The Pentatonic Scale Circle:
5 Modes of the Minor 

Pentatonic Scale





minor Pentatonic Scale

Major Pentatonic Scale
 Egyptian Pentatonic Scale

 Blues Minor Pentatonic Scale

Blues Major Pentatonic Scale



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4
50

fMIDI

2/18/20

Note Chromatic
Scale The Pentatonic (5 note) Subscales of 

The Chromatic Scale

12
11

10

9

8

7
6

5

4

3

2

1

 









 





The Pentatonic Scale Circle:
5 Modes of the Minor 

Pentatonic Scale





minor Pentatonic Scale

Major Pentatonic Scale



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4
51

fMIDI

2/18/20

Note Chromatic
Scale The Pentatonic (5 note) Subscales of 

The Chromatic Scale

12
11

10

9

8

7
6

5

4

3

2

1

 





 





The Pentatonic Scale Circle:
5 Modes of the Minor 

Pentatonic Scale





minor Pentatonic Scale

Major Pentatonic Scale

minor

Major



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4
52

fMIDI

2/18/20

Note Chromatic
Scale The Pentatonic (5 note) Subscales of 

The Chromatic Scale

12
11

10

9

8

7
6

5

4

3

2

1

 





 





The Pentatonic Scale Circle:
5 Modes of the Minor 

Pentatonic Scale





minor Pentatonic Scale

Major Pentatonic Scale

How can 
musicians 
remember 

these scales?

3

2

3

2

2

2-2-3-2-3

2

3

2

2

3

3-2-2-3-2

Triple

Double

Triple

Double

Double

DDTDT

minor

Major



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4
54

fMIDI

2/18/20

Note Chromatic
Scale

12
11

10

9

8

7
6

5

4

3

2

1

 















minor Pentatonic Scale

Major Pentatonic Scale

minor

Major

The Pentatonic (5 note) Subscales 
of The Chromatic Scale: 12 KeysThe Pentatonic

Major Scale
in 12 Keys  →

Pentatonic Scale
in Key of

C Major

C
Maj

Pentatonic Scale
in Key of

Bb Major

B b
Maj

B
Maj

D
MajD b

Maj

E b
Maj

E
Maj

F
Maj

G
Maj

A
Maj

G b
Maj

A b
Maj



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7

Sound of Music 4
55

fMIDI

2/18/20

Note Chromatic
Scale

12
11

10

9

8

7
6

5

4

3

2

1

 















minor Pentatonic Scale

Major Pentatonic Scale

minor

Major
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x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
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A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
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The “anchor notes” are different.
These are called the

Tonic Notes
They form the “Pitch Center” of 

the musical piece 



Old MacDonald
Had a Farm

in 
Pentatonic G Major

f55

f56

f57

f58

f59

f60

f61

f62

f63

f64

f65

f66

f67

f68

f69

f70

f71

f72

f73

f74

f75

f76

f77

f78

f79

G3  196.00Hz

G#3  207.65Hz

A3  220.00Hz

A#3  233.08Hz

B3  246.94Hz

C4  261.63Hz

C#4  277.18Hz

D4  293.66Hz

D#4  311.13Hz

E4  329.63Hz

F4  349.23Hz

F#4  369.99Hz

G4  392.00Hz

G#4  415.30Hz

A4  440.00Hz

A#4  466.16Hz

B4  493.88Hz

C5  523.25Hz

C#5  554.37Hz

D5  587.33Hz

D#5  622.25Hz

E5  659.26Hz

F5  698.46Hz

F#5  739.99Hz

G5  783.99Hz

Pentatonic

G Major
Scale

2/18/20 Sound of Music 4 60



Old MacDonald
Had a Farm

in 
Pentatonic G Major

f55
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f65

f66

f67

f68

f69

f70

f71

f72

f73

f74

f75

f76

f77

f78

f79
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6

30

6
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G3  196.00Hz

G#3  207.65Hz

A3  220.00Hz

A#3  233.08Hz

B3  246.94Hz

C4  261.63Hz

C#4  277.18Hz

D4  293.66Hz

D#4  311.13Hz

E4  329.63Hz

F4  349.23Hz

F#4  369.99Hz

G4  392.00Hz

G#4  415.30Hz

A4  440.00Hz

A#4  466.16Hz

B4  493.88Hz

C5  523.25Hz

C#5  554.37Hz

D5  587.33Hz

D#5  622.25Hz

E5  659.26Hz

F5  698.46Hz

F#5  739.99Hz

G5  783.99Hz

Pentatonic

G Major
Scale

2/18/20 Sound of Music 4 63
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f44

f45

f46

f47

f48

f49

f50

f51

f52

f53

f54

f55

f56

f57

f58

f59

f60

f61

f62

f63

f64

f65

f66

f67

G2  98.00Hz

G#2  103.83Hz

A2  110.00Hz

A#2  116.54Hz

B2  123.47Hz

C3  130.81Hz

C#3  138.59Hz

D3  146.83Hz

D#3  155.56Hz

E3  164.81Hz

F3  174.61Hz

F#3  185.00Hz

G3  196.00Hz

G#3  207.65Hz

A3  220.00Hz

A#3  233.08Hz

B3  246.94Hz

C4  261.63Hz

C#4  277.18Hz

D4  293.66Hz

D#4  311.13Hz

E4  329.63Hz

F4  349.23Hz

F#4  369.99Hz

G4  392.00Hz

Swing Low
Sweet Chariot

in 
Pentatonic G MajorPentatonic

G Major
Scale
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49

3

20

14

3

G2  98.00Hz

G#2  103.83Hz

A2  110.00Hz

A#2  116.54Hz

B2  123.47Hz

C3  130.81Hz

C#3  138.59Hz

D3  146.83Hz

D#3  155.56Hz

E3  164.81Hz

F3  174.61Hz

F#3  185.00Hz

G3  196.00Hz

G#3  207.65Hz

A3  220.00Hz

A#3  233.08Hz

B3  246.94Hz

C4  261.63Hz

C#4  277.18Hz

D4  293.66Hz

D#4  311.13Hz

E4  329.63Hz

F4  349.23Hz

F#4  369.99Hz

G4  392.00Hz

Pentatonic

G Major
Scale

Tonal Center

Swing Low
Sweet Chariot

in 
Pentatonic G Major

2/18/20 Sound of Music 4 66



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
Subscales of The 
Chromatic Scale

Sound of Music 4 67

fMIDI

2/18/20

Note Chromatic
Scale

m 
Notes

Patterns Keys Total Scales

1 1 12 12

2 11 12 132

3 55 12 660

4 165 12 1980

5 330 12 3960

6 462 12 5544

7 462 12 5544

8 330 12 3960

9 165 12 1980

10 55 12 660

11 11 12 132

12 1 12 12

Pentatonic

Heptatonic
(Includes Diatonic)

Used for 
Jazz?

Traditional 
Country Music

Blues

Classical
Pop
Rock

Only ~20 
are useful



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
The Heptatonic (7 note) Subscales of 

The Chromatic Scale

Sound of Music 4 68

fMIDI

2/18/20

Note Chromatic
Scale

There are 462 m=7 Patterns
belonging to 66 families 

If we require reasonably uniform
coverage of the 12 notes of the

Chromatic Scale, only 3 main
Pattern families emerge…
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x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
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F 4 65 349.2
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G 4 67 392.0
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A 4 69 440
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B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7
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“Natural minor”
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 “Major” modes

 “minor” modes

 Rare (sounds terrible)

4th Step
3rd Step

“Natural Major”

“Natural minor”

These 7 Modes have names:

1. Ionian (a.k.a. Natural Major)

2. Dorian
3. Phrygian
4. Lydian
5. Mixolydian
6. Aeolian (a.k.a. Natural minor)

7. Locrian
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Beethoven 
Sonata No. 8

in C minor (??)
Pathetique

f36
f37
f38
f39
f40
f41

f42

f43

f44

f45

f46

f47

f48

f49

f50

f51

f52

f53

f54

f55

f56

f57

f58

f59

f60

f61

f62

f63

f64

f65

f66

f67

f68

f69

f70

f71

f72

f73

f74

f75

f76

C2  65.41Hz
C#2  69.30Hz
D2  73.42Hz

D#2  77.78Hz
E2  82.41Hz
F2  87.31Hz

F#2  92.50Hz

G2  98.00Hz

G#2  103.83Hz

A2  110.00Hz

A#2  116.54Hz

B2  123.47Hz

C3  130.81Hz

C#3  138.59Hz

D3  146.83Hz

D#3  155.56Hz

E3  164.81Hz

F3  174.61Hz

F#3  185.00Hz

G3  196.00Hz

G#3  207.65Hz

A3  220.00Hz

A#3  233.08Hz

B3  246.94Hz

C4  261.63Hz

C#4  277.18Hz

D4  293.66Hz

D#4  311.13Hz

E4  329.63Hz

F4  349.23Hz

F#4  369.99Hz

G4  392.00Hz

G#4  415.30Hz

A4  440.00Hz

A#4  466.16Hz

B4  493.88Hz

C5  523.25Hz

C#5  554.37Hz

D5  587.33Hz

D#5  622.25Hz

E5  659.26Hz

C 
minor
Scale
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D#5  622.25Hz

E5  659.26Hz

C minor

E flat 
minor
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After the Apocalypse…..
What if you were called upon

to reconstruct modern music?



Important Subscales of the Chromatic Scale
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Chords

• 2 or more notes played simultaneously

– Commonly 3 or 4   (Triads or Tetrads)

– Normally chosen to sound good together

• Require musical instrument capable of simultaneous notes

– e.g. Piano, Organ, Guitar, Harp

– NOT Singing Voice, Bowed Strings, Woodwinds, Brasses etc.

• Much more common in Western music than in other traditions

• Frequently occur in sequences called Progressions
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• Combination of 2 notes
played together

• 3:2 Frequency Ratio

• Also called “Fifth Chord”
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• Combination of 2 notes
played together

• 3:2 Frequency Ratio

• Also called “Fifth Chord”
or “Open Fifth”



• Combination of 2 notes
played together

• 3:2 Frequency Ratio

• Also called “Fifth Chord”
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Queens of the Stone Age
Go With The Flow, 2003
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87 Hz

131Hz

(F 2)

(C 3) 139 Hz (Db 3)

208 Hz (Ab 3)

117Hz (Bb 2)

175 Hz (F 3)

All these notes belong to the 
F minor Pentatonic Scale

(and also to Ab Major, and  to 
corresponding Diatonic Scales)



• Combination of 2 notes
played together

• 3:2 Frequency Ratio

• Also called “Fifth Chord”
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The dirty little secret:
In the scales we have studied so far 
there are no 3:2 frequency ratios!

2.000
1.888

1.682

1.498

1.335
1.260

1.122

1.000

Example:

Diatonic 
Major Scale 
(Equal Tempered)



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7 Common Triad Chords
(Based on Diatonic Scales)
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b.   Skip 1
c.   Skip 1



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7 Common Triad Chords
(Based on Diatonic Scales)

Sound of Music 4 96

fMIDI

2/18/20

Note Chromatic
Scale

Diatonic

Pattern

12
11

10

9

8

7
6

5

4

3

2

1














C Major

Rule:
a.  Pick any note
b.   Skip 1
c.   Skip 1 There are 7 such 

triads, each starting 
on a different 
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Major Scale.
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different kinds.
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Note Chromatic
Scale

Diatonic

Pattern

12
11

10

9

8

7
6

5

4

3

2

1














C Major

Rule:
a.  Pick any note
b.   Skip 1
c.   Skip 1

I

IV

V

ii

iii

vi

vii

They can be labelled 
like this in Roman 

Numerals according 
to the root note 

degree
(i.e. which note of 
the Major Scale 
they start on)



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7 Common Triad Chords
(Based on Diatonic Scales)
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Note Chromatic
Scale

Diatonic

Pattern

12
11

10

9

8

7
6

5

4

3

2

1














C Major

Rule:
a.  Pick any note
b.   Skip 1
c.   Skip 1

Major minor diminished
minor

Power 
Chord

3:2

5:4
~6:5

𝟐 :1

I

IV

V

ii

iii

vi

vii

They have names as follows.  The 
approximate frequencies relative 

to the root note are shown.



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7 Common Triad Chords
(Based on Diatonic Scales)
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Note Chromatic
Scale

Diatonic

Pattern

12
11

10

9

8

7
6

5

4

3

2

1














C Major

Rule:
a.  Pick any note
b.   Skip 1
b.   Skip 1

Major minor diminished
minor

Power 
Chord

3:2

5:4
~6:5

𝟐 :1

I

IV

V

ii

iii

vi

vii

1

2

3

5

4

f

1

2

3

4

1

2

3
Spectrogram of Major Triad 
showing the 3 notes in ratio 

of 1:1.25:1.5.

Some of their harmonics 
coincide, so they sound nice.



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7 Chord Progressions
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2/18/20

Note Chromatic
Scale



C Major

I

IV

V

ii

iii

vi

vii

IV

V

II



x x x x x x x x x x

x xx xx x x xx xB 3 59 246.9
60 261.6C 4

C#/D♭  4 61 277.2
62 293.7D 4

D#/E♭  4 63 311.1
64 329.6E 4

F 4 65 349.2
66 370.0F#/G♭  4

G 4 67 392.0
68 415.3G#/A♭  4

A 4 69 440
70 466.2A#/B♭  4

B 4 71 493.9
72 523.3C 5

C#/D♭ 5 73 554.4
74 587.3D 5

D#/E♭ 5 75 622.3
76 659.3E 5

F 5 77 698.5
78 740.0F#/G♭ 5

G 5 79 784.0
80 830.6G#/A♭ 5

A 5 81 880
82 932.3A#/B♭ 5

B 5 83 987.8
84 1046.5C 6

C#/D♭ 6 85 1108.7 Chord Progressions
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Note Chromatic
Scale



C Major

IV

V

II

“The 12 Bar Blues”

I I I

IV

I I

V

IV
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Equal Tempered Chromatic 12 note Scale 

     Piano      MIDI   Frequency     Chromatic            Note  
      Key#      Code       (Hz)                Scale                 Name 

 

 

 

 

 

 

 

. . . . . . . . . .A 225 45 110
A#/B♭ 246 116.526

B 227 47 123.5
C 348 130.828

C#/D♭ 329 49 138.6
D 350 146.830

D#/E♭ 331 51 155.6
E 352 164.832
F 333 53 174.6

F#/G♭ 354 185.034
G 335 55 196.0

G#/A♭ 356 207.736
A 337 57 220

A#/B♭ 358 233.138
B 339 59 246.9

60 261.640
C#/D♭  441 61 277.2

C 4

D 462 293.7
D#/E♭  4

42
43 63 311.1

64 329.644
F 445 65 349.2
E 4

F#/G♭  466 370.0
G 4

46
47 67 392.0

68 415.348
A 449 69 440

G#/A♭  4

A#/B♭  470 466.2
B 4

50
51 71 493.9

72 523.352
C#/D♭ 553 73 554.4

C 5

D 574 587.3
D#/E♭ 5

54
55 75 622.3

76 659.356
F 557 77 698.5
E 5

F#/G♭ 578 740.0
G 5

58
59 79 784.0

80 830.660
A 561 81 880

G#/A♭ 5

A#/B♭ 582 932.3
B 5

84 1046.5

62
63 83 987.8

1108.7
C 664

C#/D♭ 665 85

Diatonic 
Major 

Diatonic 
Minor 

 

 

 

 

 

 

 

    

 

Diatonic Scales 

Major         Minor 

Pentatonic Scales 

Minor         Major 
Triad Chords 

Tetrad Chords 

Pentatonic 
Major 

Pentatonic 
Minor 

Scale Sliders 



Course Outline

1. Building Blocks:  Some basic concepts

2. Resonance: Building Sounds

3. Hearing and the Ear

4. Musical Scales

5. Musical Instruments

6. Singing and Musical Notation

7. Harmony and Dissonance; Chords

8. Combining the Elements of Music
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Ukrainian 
Bandura
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Chromatic Scale
65 Strings
With retuning 
mechanism


