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To Request a link to a Powerpoint Version with Sound and Animations

• Send an email to  OLLI_Tracy@outlook.com

• Say whether you want “Sound of Music 8 – Notation” 
or “Sound of Music 8 – Harmony”

or both.

– Note that you will need a recent version of Microsoft Powerpoint on your computer to view 
these pptx files. 
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Course Outline

1. Building Blocks:  Some basic concepts

2. Resonance: Building Sounds

3. Hearing and the Ear

4. Musical Scales

5. Musical Instruments

6. More Musical Instruments

7. Singing 

8. Music Notation; Harmony and Dissonance
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Consonance and Dissonance
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It’s the Basilar Membrane, As We Know 

Critical Bands

Musical Note with Harmonics P6   P5   P4   P3 P2 P1

Lower Harmonics Fall on 
Different Critical Bands
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Remember The “Power Chord” ? • Combination of 2 notes
played together

• 3:2 Frequency Ratio

• Also called “Fifth Chord” or 
“Open Fifth Chord”
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Consonance Experiment
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• You will hear 2 complex tones played simultaneously

• Relax and Judge the Pleasantness of the pair
• Green = Quite Pleasant
• Yellow = So-so
• Red = Less Pleasant

First, a Sample to get calibrated.   
This is in the mid-range.

1 2 3 4 5 6 7 8 9 10 11

NICE
NEUTRAL

UGH!



Classic Measurement of Consonance
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Consonance of Simple Tones:  220 Hz Drone vs. Variable Frequency over an Octave 



Mixing Two Complex Tones:  220 Hz Drone + Increasing Tone, 24 harmonics
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But First, 220 Hz Drone Alone



Mixing Two Complex Tones:  220 Hz Drone + Increasing Tone, 24 harmonics
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3:2 2:11:1> <6:5 5:4 4:3 5:3

Unison



Mixing Two Complex Tones:  220 Hz Drone + Increasing Tone, 24 harmonics
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3:2 2:11:1> <6:5 5:4 4:3 5:3

Unison



Mixing Two Complex Tones:  220 Hz Drone + Increasing Tone, 24 harmonics
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3:2 2:11:1> <6:5 5:4 4:3 5:3

Unison
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1:1                        5:4            4:3               3:2            5:3                        2:1            

Norm Sohl

Two-tone 
Consonance 

Graph
12 Harmonics,
Log-Log Scales

Red Tone Fixed

Blue Tone Increases 
by 1 Octave

from Left to Right

Diamonds  show 
coincidences of 

Harmonics leading 
to Consonances
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3:2 2:11:1> <6:5 5:4 4:3 5:3

Mixing Two Complex Tones:  Vicinity of ‘Perfect Fourth’ in Slo-Mo
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3:2 2:11:1> <6:5 5:4 4:3 5:3

Mixing Two Simple Tones:  220 Hz Sine Wave vs Variable Sine Wave

Not much going on except  
around Unison 1:1  ….

…and possibly  around the 
Octave 2:1 due to parasitic 
second harmonic content in 
the loudspeakers
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3:2 2:11:1> <6:5 5:4 4:3 5:3

Mixing Two Simple Tones:  220 Hz Sine Wave vs Variable Sine Wave

Lots of Dissonance 
in this zone 



2 Things to Remember Today

3:2 =   A ’Fifth’

531441 
524288
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The ‘Pythagorean Comma’=



Pythagorean 
Scales:
Stacking 
“Fifths”
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Pythagorean 
Scales:
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Pythagorean 
Scales:
Stacking 
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Pythagorean 
Scales:
Stacking 
“Fifths”

Now 
collapse….
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The 
Pythagorean 

Scale
[used until  ~1600 CE ]
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[used until  ~1600 CE ]
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The 
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Scale
[used until  ~1600 CE ]
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The 
Pythagorean

Scale
[used until  ~1600 CE]
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A Few of Many Tuning Schemes

1. The Equal Tempered Chromatic Scale (our “Mother Scale”)

• Notes equally spaced on log scale (equal ratios of 
12

2  1.06)

2. Pythagorean Tuning

• Based on “fifths” -- powers of 3 and 2.  All ratios rational (integer ratios).

3. Just Tuning (5-limit)

• Similar to Pythagorean, but including powers of 5, 3 and 2  (integer ratios).

4. Meantone Temperament (many types)

• Similar to Pythagorean, but based on quasi-fifth ratios slightly under 3:2

5. Well Temperaments (many types)

• Complex adjustments to optimize certain types of music
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The
Temperament

Wars
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Split Key Harpsichord: 19 Notes per Octave
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Denzil Wraight

Modern reproduction of 1631 Italian Faber Instrument

Christopher 
Stembridge 

on CD 
Consonanze
Stravaganti

(2000)



Names of Intervals
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