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scales, harmony and the origin of blues piano styles

J. Murray Gibson
Dean, FAMU-FSU College of Engineering
February19t 2019, Challenger Center Razor Lecture
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Science and technology drives art

Art drives science and technology
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time

A space -
Sound is a pressure wave “Pitch” is frequency
(red is high) Concert A = 440Hz

Vibrating objects produce “harmonics” which are often
integer multiples of the basic frequency
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Two notes with overlapping
harmonics sound
“consonant”

This consonance is the
basis of harmony and
musical scales
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Position (for string length = 1)
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C DE F G A B

An interval (“second”, “third”..) is two notes played close together
-described by the separation (+1)
e.g. a second, third, fifth...
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C G C’

C-C Unison (1:1)
C-C’ Octave (2:1)
C-G Perfect fifth (3:2) <- key interval for making scales
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Common to many civilizations and used in jazz
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“Tonic” is C here
Doh, Re, Mi, Fa, So, La, Ti, Doh....

notes are all in low integer frequency ratios —
So they sound harmonic in almost any combination
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Major third
4 semitones
(half-steps)

]

D-F
minor third
3 semitones
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A lot of folk music, blues etc. relies on chords C, F and G

C Major Triad m3 ps

l I I 4+3 semitones

E

D MinorTriad m3 rs
I -
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E Minor Triad m3 ps
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JELILL I N

G Major Triad m3 pPs
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A M_i_ o_r_T_ri_a__ m__Ps
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B Diminis ec_i Triad mz3ds
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Frequency of Upper Note based

Note Pitch Ratioto C on C (Hz)

C 1 261.63

25/24 27254
D o/8 294.33

6/5 313.96
E 5/4 327.04

F 413 348.83

45/32 367.93
G 3/2 392.45

8/5 418.61
A 5/3 436.06

9/5 470.93
B 15/8 490.56

c’ 2.0000 523.26

looks fine and dandy — so why didn’t we stick with this?
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Moderato grazioso

—

CANON IN D

JOHANN PACHELBEL
Arranged for Piano by Robert Schultz
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Based only on diatonic chords in one key (D in this case)
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half-step (semitone) =
2M /12

Pianoforte needs
multiple strings to
hide beats!

Note Frequency (Hz) Difference from Just Scale (Hz)
C 261.63 0
h 2171 v64
D 293.66 -0.67
31113 265
E 329.63 2.59
F 349.23 0.4
369,55 206
G 392.00 -0.45
#1530 Py
A 440.00 3.94
1661 a7
B 493.88 3.32
C’ 523.25 0




followed pioneering “Well-tempered Clavier " by J.S. Bach
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7t harmonic

I
L1

—— )—e—)lr—e
2= 2 —— —A> >
O— S > >
o O e O
c7 CMaj7 Cmin7 <Cdim7




ZIAIE DN
g L @ =
= CAIES

W) Engineering



The Girl
from
| Ipanema
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“Minor-Third City”
Sweet consonance and
disturbing dissonance

C Eflat Gflat A

Romantic fuel — Chopin and Beethoven
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The blue note really lies between E flat and E
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5/4 f,

Note Frequency (Hz) Difference from Just Scale (Hz)
261.63 0
277.18 4.64
293.66 -0.67
311.13 blud note -2.83
329.63 2.59
349.23 0.4
369.99 2.06
392.00 -0.45
415.30 -3.31
440.00 3.94
466.16 -4.77
493.88 3.32
523.25 0
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THE CASCADES. -

4 RAG. SC?TT JOPLIN|.
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Tempo di Marcia. Composer of Maple Leaf Ha‘.’
A e
&+ ot - — . =
=2 ’ =

/ Engineering



I!' I

o i

Nano-organ pipes

Harmonic analysis can give insights into
science and technology
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wavepackets with fwhm ~0.1s wavepackets with fwhm ~0.03s
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» Music is underpinned by physics and mathematics

« Science and art are not as different as many think

 Creativity and constraints

» Development of musical scales was driven to expand the
palette for creative composition

» The “blue note” in piano blues is a treasured artifact of the
development of scales

* Music is a great tool for teaching physics and engineering by
analogy with harmonic analysis
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Article “The birth of the blues — how physics underlies music”, by
J.M. Gibson Reports on Progress in Physics, 72 076001 (2009).

“Measured Tones: The Interplay of Physics and Music”, lan
Johnston, Institute of Physics (Philadelphia) 1989, ISBM 0-85274-236-3

Harmony and Theory : A Comprehensive Source for All Musicians
by Keith Wyatt and Carl Schroeder

A Student's Guide to Fourier Transforms : With Applications in
Physics and Engineering
by J. F. James (Author) - for math and physics students

Many web resources, on musical acoustics, Fourier analysis, physics of
musical instruments....

This lecture will be on the web at bit.ly/physicsofblues
Contact — dean@eng.famu.fsu.edu with questions
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http://bit.ly/physicsofblues

