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I. Introduction

II. Physical Properties of Music

i. Principles of Acoustics

1. Frequency

2. Timbre

3. Harmonics

4. Tuning Systems

5. The Science of Violin Making

ii. Laird Examples:

1. Gravity - Bowing

2. Activation Energy

3. Berlioz chorus effect

III. Perception of Music

i. Log relationships

1. Log functions in crescendo and diminuendo

2. Hearing, decibels, and log relationships

IV. Music composition

i. Math and Melody

1. Transpositions

2. Retrograde

3. Inversion

4. Ringing the changes - patterns
V. The Materials of Music

i. Intervals and Inversions

ii. Time Signatures, Note Values, and Sub-Division

1. flstudio software (www.flstudio.com)

iii. Duration

VI. Closing
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Mathematical Activities for Orchestra Students

Elementary:

· Ringing the Changes: How many combinations of 3 notes, 4 notes, 5 notes, etc?

· Pitch Relationships: frequencies of open strings

· Harmonics and Pitch Relationships

· Introduction to timbre and the differences between overtones of instruments

· Mathematical basis for inversions and intervals.

· Visual mapping of subdivision using graph paper – graphing a line of music.

Middle:

· Pitch Relationships:  frequencies of open strings

· Harmonics and Pitch Relationships to the open string or fundamental

· Timbre and overtone relationships

· Listening to and describing the room acoustics of several rooms in the school – auditorium, orchestra room, bathroom, classrooms, hallways.

· Using knowledge of octave and 5th relationships to determine the frequencies of all white keys on piano.

High School:

· Vibrato and Frequency Analysis

· Harmonics and Pitch Relationships to the open string or fundamental

· Frequencies of each note in a scale based on Pythagorean or Equal-tempered functions.

· Timbre and Overtone relationships

· Historical review of discovery of overtones, comparing the findings of Aristotle, Mersenne, Fourier, Ohm, Hemholtz, and Bekesy

· Comparative study of the Pythagorean, Just, and Equal Tunings  
· Frequency analysis of various brands of strings, cymbals, instruments, etc. (Also cryogenic effects on metal – before/after)
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