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Course Qutline

Building Blocks: Some basic concepts
Resonance: Building Complex Sounds
Hearing and the Ear

Musical Scales

Musical Notation; String Instruments
Timbre and Pipe Instruments

Human Voice and Singing

Harmony and Dissonance; Chords
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MIDI
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81
80
79
78
77
76
75
74
73
72
71
70
69

67
66
65

63
62
61

59
58
57
56
55
54
53
52
51
50
49
48
47
46
45

43

880
830.6
784.0
740.0
698.5
659.3
622.3
587.3
554.4
523.3
493.9
466.2

415.3
392.0
370.0
349.2
329.6
311.1
293.7
277.2
261.6
246.9
233.1
220
207.7
196.0
185.0
174.6
164.8
155.6
146.8
138.6
130.8
123.5
116.5
110
103.8
98.0

A5
G#/Ab 5
G5
F#/Gb 5
F5
ES
D#/Eb 5
D5
C#/Db 5
C5
B4
A#/Bb 4
A4
G#/Ab 4
G4
F#/Gb 4
F4
E4
D#/Eb 4
D4
C#/Db 4
B3
A#/Bb 3
A3
G#/Ab 3
G3
F#/Gb 3
F3
E3
D#/Eb 3
D3
C#/Db 3
C3
B2
A#/Bb 2
A2
GH/Ab 2
G2

Notes on the

Diatonic

C Major

Scale Boéthius (Roman Philosopher, 477-524)
[Sainted 1883]

Ear for Music 5
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MIDI

3/29/24

81

80
79

Bl

77
76
Vo
74
73
72
71
70
69

67
66

65

63
62
61

59
58
57
56
55
54
53
52
il
50
49
48
47
46
45

43

880
830.6
784.0
740.0
698.5
659.3
6223
587.3
554.4
5233

493.9
466.2

~BR N O RZ QO

415.3
392.0
370.0
349.2
329.6
311.1
293.7
277.2
261.6
246.9
2334
220
207.7
196.0
185.0
174.6
164.8
155.6
146.8
138.6
130.8
123.5
116.5
110
103.8
98.0

A5
GH/Ab 5
G5
F#/Gb 5
F5
ES
D#/Eb 5
D5
C#/Db 5
c5
B4
A#/Bb 4
A4
G#/Ab 4
G4
F#/Gb 4
Fa
E4
D#/Eb 4
D4
C#/Db 4

B3
A#/Bb 3
A3
G#/Ab 3
G3
F#/Gb 3
F3
Fi3
D#/Eb 3
D3
C#/Db 3
Gi3
B2
A#/Bb 2
A2
G#/Ab 2
G2

no(wmal s my

=

(S

—
o

'.U)

~Tenor
Range

Notes on the
Diatonic
C Major
Scale

Ear for Music 5

Naming the Notes

Boéthius
(Roman Philosopher, 477-524)



MIDI
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81
80
79
78
77
76
Vo
74
73
72
71
70
69

67
66
65

63
62
61

59
58
57
56
55
54
53
52
il
50
49
48
47
46
45

43

880
830.6
784.0
740.0
698.5
65913
622.3
5873
554.4
52313
493.9
466.2

~BR N RZ O

415.3
392.0
370.0
349.2
329.6
311.1
293.7
277.2
261.6
246.9
23341
220
207.7
196.0
185.0
174.6
164.8
155.6
146.8
138.6
130.8
12315
116.5
110
103.8
98.0

A5
GH/Ab 5
G5
F#/Gb 5
F5
ES
D#/Eb 5
D5
C#/Db 5
c5
B4
A#/Bb 4
A4
G#/Ab 4
G4
F#/Gb 4
Fa
E4
D#/Eb 4
D4
C#/Db 4

B3
A#/Bb 3
A3
G#/Ab 3
G13
F#/Gb 3
EiS
E3
D#/Eb 3
D&
C#/Db 3
€3
B2
A#/Bb 2
A2
G#/Ab 2
G2

N oma S QX

ff
ee

[\l
o

bb

aa

J\

4

Organized
L > by Octaves

J

G &

nowea o

v\

Naming the Notes

Boéthius
(Roman Philosopher, 477-524)
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MIDI
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81
80
79
78
77
76
Vo
74
73
72
71
70
69

67
66
65

63
62
61

59
58
57
56
55
54
53
52
il
50
49
48
47
46
45

43

880
830.6
784.0
740.0
698.5
65913
622.3
5873
554.4
52313
493.9
466.2

~BR N RZ O

415.3
392.0
370.0
349.2
329.6
311.1
293.7
277.2
261.6
246.9
2334
220
207.7
196.0
185.0
174.6
164.8
155.6
146.8
138.6
130.8
12315
116.5
110
103.8
98.0

A5
GH/Ab 5
G5
F#/Gb 5
F5
ES
D#/Eb 5
D5
C#/Db 5
c5
B4
A#/Bb 4
A4
G#/Ab 4
G4
F#/Gb 4
Fa
E4
D#/Eb 4
D4
C#/Db 4

B3
A#/Bb 3
A3
G#/Ab 3
G13
F#/Gb 3
EiS
E3
D#/Eb 3
D&
C#/Db 3
€3
B2
A#/Bb 2
A2
G#/Ab 2
G2

N oma S QX

ff
ee

(=4

& | O

0 mEge @ es @

(I'>’

Organized
by Octaves

Naming the Notes

Boéthius
(Roman Philosopher, 477-524)
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81 880 A5
MIDI — 80 806 =——— GH/ABS .
79 7840 G5 g"
ENIECUE  EECEEE ] Naming the Notes
77 6985 =——————  F5 if il >
76 | 659.3  ee— ES ee e
75 6223 s DH#/Eb 5 C
74 || 5873 =m———— D5 W 4500 AD
73 5544 e C#/Db 5 o /
72 5233 s C5 "
71 4939 =—— B4 P b' <
70 4662 = A#Bb4  / bb
69 [ 440 | ——— A4 o
68 4153 =————— G#/Ab4
67 3920 =—— G4 O g g'
66  370.0 m——————  F#/Gb 4 i
65 3492 F4 N i ~ OrgamZEd by
64  329.6 em—m—m— E4 M e e'
63 3111 == D#/Eb 4 [ Octaves,
62 293.7 D4 L b d' -
61 2772 CH/Db 4 but starting
60  261.6 - Cca] K ¢ ¢ ~/
50 | 2469 = B3 I b b~ atC
58 2331 e A#/Bb 3 o .
57 220 A3 H a a instead of Al
56  207.7 e Gi#/Ab 3
55 | 196.0 s G 3 G 6 g
154 [[185.0] F#/Gb 3
53 | | 174.6 e F3 F ¥ f >
52 | 164.8 e—m— E3 E € e
51 || 155.6 e D#/Eb3 =
50 146.8 emmmm— D3 D D d
49 1386 [C#/Db3| N
48 130.8  pe— C3 cC C c —/
47 1235 ==——— B2 B B B ~
46 1165 A#/Bb 2 B
45 110 A2 A 4 A‘\
T 24 1038 Ga/AbZl | [ |
3/29/24/ | 43 || 98.0 G2 I G Ear for Music 5




81 880 = A5 A5
MID| 80 8306 ——— GH/AbS .
79 7840 = G5 " G5
mimol——— [ s T Tm & Naming the Notes
77 | [ 698.5| === | F5 ff £ F5 >
76 659.3 e  E5 ee e" E5
75 6223 s DH#/Eb 5
74 5873 e D5 b a"
73 5544 s C#/Db 5 o« /ﬁ/’_
72 | [ 523.3 | e— €5 " c5
71 4939 =—— B4 A b' B4 <
70  466.2 =—————— A#/Bb 4 / bb
69 | 440 | m——— A4 ‘ aa a' A4
68 4153 s Gi#/Ab 4
67 392.0 =——— G4 0 ¢ o' G4
66  370.0 mmmm——— F#/Gb 4
65 349.) mmmm—————  F4 N i f' Fa
64 329.6 m——————  E4 M ¢ e’ E4
63 311.]1 == DH#/Eb 4
62 293.7 m—————— D4 L b d' D4
61  277.2 =  C#/Db 4
60 261.6 = [ C4 | K ¢ ¢' ca | -/
59 | | 2460 = B3 I 1 b B3
58 2331 ~————— A#/Bb3 b h Also
57 || 200 | e A3 H a a A3 .
56 | 207.7 ==  G#/Ab3 Organlzed by
55 1960 mm—————— | G3 G & g G3
54 | 1850 =  F#/Gb 3 Octaves,
53 | 174.6 = | F3 F ¥ f F3 > )
52 || 164.8 = | E3 E ¢ e E3 starting at C
51 | 155.6 s  D#/Eb 3
50  146.8 == D3 D D d D3
49 | 1386 s  C#/Db 3
48 130.8 s (3 cC ¢ ¢ 3 _J
47 1235 memm———— B2 B = B B2~
46 1165 = A#/Bb 2 B
45 | 110 =——— A2 A 4 A‘\Rz\
44 103.8 =  G#/Ab 2
3/29/24| | 43 || 980 | NN | G2 I G G2 Ear for Music 5




81 880 @ — A5 A5

80  830.6 G#/Ab 5 G#5
MIDI —59~ 7840 ——— G5 an g" G5
78 7400 s F#/Gb 5 F#5
77 698.5 e F5 ff e F5
76 659.3 m—— ES ee e" E5
75 | 622.3 e D#/Eb 5 D#5

74 | 587.3 == D5 oD d"
73 5544 e C#/Db 5 o _— C#5
72 | 5233 = C5 _— " c5
71 4939 =— B4 A b' B4
70  466.2 = A#/Bb 4 / bb At4
69 | 440 | =—— A4 J_ aa a' A4
68  415.3 =  G#/Ab 4 G4
67 3920 =——— G4 0 ¢ o' G4
66  370.0 =————— F#/Gb 4 F#4
65 349.2 m——————— F4 N f f' F4
M ¢ e' E4

64  329.6 e E4
63 3111 =—————— D#/Eb 4
62  293.7

= — D4 L > - )
Ut Queant Laxis (Hymn to St. John the Baptist

Guido of Arezzo
(circa 991-1033)

La
Si
Sol
Fi
Fa
Mi
Ri

Di
Do
Ti
Li

La

Sol
Fi

Fa

Mi

D#4
Re

Di

<

g 4|

Y

Scientific

Notation

System
(20t Century)
Jrganizet oy
>Octaves,

starting at C

" Guido of
Arezzo
“ca 1025 CE

Wikipedia

\-Hermann .

Ear for Music 5






Neumes: Pre-modern Notation
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These kinds of tone ‘hints’
began to appear in the West
as early as 800 AD,
starting around Metz

Wikipedia

13
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Wikipedia
Digraphic Neume (11t Century manuscript from Saint-Bénigne de Dijon)

3/29/24 Ear for Music 5 14



Bl o oz g Neumes

e mdicre’ nominta
Gt L sl

e ; t'e”q:na;r
qaa:ru'uwc:r * domnuf { . f:t;;'
gl gl
5 > 7 B : ) o> - | y J ‘ ; ' .
)'f f, ‘, o iﬂ ., . - | , .7 | Note Single

me AL ubmiRe o uim m. : G e vy chuitacts o T

o an Line “Staff”
‘; J/'f»’* Lok | { {Ji",‘
"§wa mtfhlérgmll;f Yo .

Example of
Beneventon Script
14t Century ; holla
Southern Italy R fragbundo pReaotfludiat
Wikipedia
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Neumes

Note Four

Line Staff

from

Graduale

Aboense

Hymn Book of
Turku, Finland
14th-15t% century
Gregorian Chant
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Neumes

Note Four
Line Staff

from
Graduale

Aboense

Hymn Book of

Turku, Finland
14th-15t% century
Gregorian Chant

Ear for Musi(

0 fanruetin 1t

Thwoduldeboby

Tedald RS

Guido of Arezzo
Music Teacher

Describes 4-Line Staff in his

\l

Micrologus ~1025AD
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Generally
Increasing
Pitch

5

11nest

3/29/24

The 5 Line Staff

Ear for Music 5

spaces

Passage
of Time

19



The 5 Line Staff

Generally
Increasing
Pitch _e_
O
5 >
. O
l1nesk o
O -
) O

- O “Ledger” Lines
— Passage

of Time

3/29/24 Ear for Music 5 20



The 5 Line Staff

) # - True
1C
Erratic O — - Logpic
"SOfta-LOg + - Scale

pitch Scale O —

3/29/24 Ear for Music 5 21
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80
70
Age T ¢
50
40
30
20

10

1940

3/29/24

Plotting some of my memorable Birthdays

What I
expected....

..but it didn't work
out that way

1950 1960 1970 1980 1990 2000 2010 2020
Year —»>

Ear for Music 5
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-
-
—"‘
-

A
—”e"‘
/g’
'o/
Age T ,Q',/
What I got... o~
/d,’
/"6,,
o
with irregular
Age and Year
scales...
| | | | | |
1970 1980 1990 2000 2010 2020
Year —>

3/29/24 Ear for Music 5



The 5 Line Staff

Q: How do we know which staff line
corresponds to which note/frequency?

x 1 T Ar 7'y T ? 4 4 T A 4 4

i J‘J‘H|J‘H

3/29/24 Ear for Music 5

TI‘Ue

Log Pitch
Scale

C Major
Scale

24
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The 5 Line Staff

Q: How do we know which staff line
corresponds to which note/frequency?

A: With a Clef
Symbol

3/29/24

Example:

The G-Clef or
Treble Clef:

Bullseye on G4

A

Ar A T ? A {; {; A A

_— e

Ear for Music 5

A

x

TI‘Ue

Log Pitch
Scale

G4

C Major
Scale

25
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The 5 Line Staff

Q: How do we know which staff line
: % <+« (G4
corresponds to which note/frequency? : -
A: With a Clef =
Symbol =
-« True
R Log Pitch
<« F3 Scale
<=
<=
Another Example: =
The F-Clef or :
Bass Clef: C Major
Bullseye on F3 Scale

3/29/24 Ear for Music 5 26



The 5 Line Staff

D5 True
C5 Log Pitch
B4 Scale
A4
G4

C Major

3/29/24 Ear for Music 5 27
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”

“fill-in
B flata

3/29/24

The 5 Line Staff

noteS; q
‘ound Guido's 1Me

Ear for Music 5

HIRBIBHE

[

NveangIed
hromatic
Scale
D5 True
Log Pitch
Scale
G4
C Major
Scale
28



The 5 Line Staff

hromatic
SCaIe

D5 True

- Log pi

::.th) oo

‘<] Bb 4 cale
Ko

G4

C Major
Scale

Ear for Music 5 29
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Music in Keys Other than C Major or A minor

What if we have alot of
these '\ntruders?
—

—

s
f © #0030 0 HO O #O 3O

f.s G4 3
U -
—/

Ear for Music 5 31



Music in Keys Other than C Major or A minor

Shortcut: Mark the whole Natural 5ymbo\
line (or space) as defaulting
to #, then mark exceptions

—/

with Natural symbol

32
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If the Romans Forgo

o_n o 1 :__wu:n k_ll ” o. .7

[w="a", gq="e", j="1", k="0", g="u
i.e. wmeans simply w

t to Give Us Vowels...

. Underscore= ‘no change’]

3/29/24 Ear for Music 5
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If the Romans Forgot to Give Us Vowels...

[w="a”, g="e”, j=“i", k="0", g="u”. Underscore= ‘no change’]

Jt wws thg bgst kf tjmgs, jt wws thg wkrst kf tjmgs, jt wws thq
wgq kf wjsdkm, jt wws thqg wgq kf fkkljshngss, jt wws thq gpkch
kf baljgf, jt wws thqg gpkch kf jncrqdgljty, jt wws thqg sqwskn kf
Light, jt wws thq sqwskn kf Dwrkngss, jt wws thq sprjng kf hkpqg,
jt wws thg wijntgr kf dgspwir.

Chwrlgs Djckgns

- rks, N
W Twliq kf Twk Cjtjgs (1859)

3/29/24 Ear for Music 5



Transposing a Melody from Key of D to By (4 pitch steps down)

"\-J

~e

—mr] e e s
72\'@ e f":f ; r e

Example from Heinrich Koch’s
“Musikalisches Lexikon” (via Wikipedia)



O

WO O

o
A

Transposing a Melody from Key of D to By (4 pitch steps down)

il Y
A L et T e atels e
%# 2 e e o e e e e
Y, = ————
‘ One of several ways it could be written....
[— \
) et
,:;gél D r} 21 fl ‘r‘?i’“ji' F’I.E]IL__‘:_"_i!_"_FI > | . ;j;
) = )
ss, hard

. roce
All pitches reduced to Example from Heil Very CO‘mp\'ez(s‘t)ude\nts t0
79.4% of originals “Musikalisches Lex ~ for mus\‘eam...




The Full Chromatic Scale on the 5 Line Staff

[ \ P
- & e o [

C4CﬂDD#EF/F#/GG#AA#B4C5
I
]

‘s 4 r

r P
o | Hhe

@ D@ r r =
Cs Ba B A Ab GWF E Eb D Db Cs

Two ways to notate each
non-Diatonic note

—eG— o\

3/29/24 Ear for Music 5 37



The Full Chromatic Sca

e on the 5 Line Staff

# o —To & = -
o e fe o “
Ca C& D Dt E F Ft G Gt A At Ba C(Cs
%pn ——r n
\;j’ * o d— o Do =
Cs B4 Bb A A G Gb F E Eb D Db Ca
Note Half Quarter Eighth 16th
Whol
durations No?: Note NoTe Nate Note ﬁ
on o JJJJJJ.MMMﬁﬁ,
2 1% 1 o 7/16 3/8 Va  3/16 1/8 3/64 1/16 1/32 1/64 1/128 ..

3/29/24

Ear for Music 5 38
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Jgeualicns von ndaciiara venmel

Fiir sechs Streichinstrumente

1. Geige Arnold Schonberg, Op. 4
Sehr langsam immer leise
N 2 1iﬂl-atsche = = | /-ﬁ\;\
[ E ; l EE — ; ' . » I
2/ m\‘\—’,- \\_g.' — [ }}P l[ e
e~~~
o e
N : ; % ! h ﬁ =
e ﬁ-.—.hlr — o —ls — ,rf i —
D) ‘Qj v = S immer leise
PRt b & M i
CaenfEE DAL Moy, #E B S 2 mbepa, v
o / I % 1 |
=3 == === = —b—%
ol o g —

. - b e S 32
- Blettes Sz nlin o
5 = — — v
——— cresc. eSpress. — SO it
tf,
° L& T h ;7-?; | | S rit.  steigernd 2
b | —t | A )
ﬁ.— | I A - — - -———
a5 __g; I .f"—_—'b'%\__‘l 10 .? %7 s
i — » 1 1T 7 37
r{coel ) —— .Geige
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VERKLAERTE NAGH'T

(Transfigured Night)

Opus 4, for String Sextet (1899)

After a Poem by RICHARD DEHMEL
/ y VIOLIN 1

Sehr langsam.
= 2 I.IBratqche.

(1875-1951)
tmmer leise

ARNOLD SCHOENBERG

&

e
g
!

ke

= “—ﬁ___* +—1 1' u
. \‘I'_’i \.____...j_. 3 — tmmer leise
g arntEE A ElaT L, b R 2 s, )

1
LA ¥4 e o a—
T o —
4 e 'E M2 ey o in .
7 : e o o s e o s S S
——

ESPTess.

-t dehe ha Fp- B rit

steigernd 2
T

40
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MIDI

85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65

63
62
61
60
59
58
57

f

1108.7
1046.5
987.8
932.3
880
830.6
784.0
740.0
698.5
659.3
622.3
587.3
554.4
523.3
493.9
466.2

O EOoRrNWREUGON®OVERORNWSE VO 0O

415.3 =—
392.0 =——
370.0 =——
349.2
329.6
311.1
293.7
277.2
261.6
246.9
233.1
220

Note

C#/Db 6
C6
BS

A#/Bb 5
A5

G#/Ab 5
G5

F#/Gb 5
F5
E5

D#/Eb 5
D5

C#/Db 5
C5
B4

A#/Bb 4
A4

G#/Ab 4
G4

F#/Gb 4
F4
E4

D#/Eb 4
D4

c#/Db 4
B3

A#/Bb 3
A3

Pitch

class Solfege

1
0
11
10

Di
Do
Ti
Li
La
Si
Sol
Fi
Fa
Mi
Ri
Re
Di
Do
Ti
Li
La
Si
Sol
Fi
Fa
Mi
Ri
Re
Di
Do
Ti
lF_iar for Music 5
La

12 Note Per Octave Equal
Tempered Scale:

The Chromatic Scale

41



S

True 64 66 OO O ecs CS O T —
Pitch 60 62 o O O O " Adppg Ad O o 62
o O O Fapyq " GHA P Gpa e E O Oy =
C4 .,, D4 D#4 Eb4 D4 4
(o Ub4d

True Time —>
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Chromatic Scale with OLL/ e Staff

1 /
A l - S — ) v — -
True 6466 OO O_ecs 9_0(:5 oo 66 g1
Pitch c4 &2 o9 G#4A4 A4 435%6?&@9#6%
o 09 E4 F4 F#a Gb4a F4 E4 OO0 g
T ca ,, D4 D#4 EraD4 4
S, Db4

Key True Time —
Tra nsposition? V Simply move the “Clef” Indicator...

or else just shift all the notes up or
down as desired. Dead Simple.
3/29/24 Ear for Music 5 43




R

J)

.

Cadli
)

Hod b
25

C6

€5

C4

E3

The

44
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1742 Proposal to the French Academyat? iclr ~ces
for a Numerical Notation System

Also published in his Dissertation on Modern Music (1743)

% r’(mz;sz ]2223' I /3 3 o ss}

\44453 0 Jn‘ | # 44[@445 o |

|tt233s Jazest o |

%\‘l-lll]l231)345 )345 /

\5643 | ksé%«s [ l\ s u'Ongf'o1

Jean—Jacqu ;
Rousseau
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Dozens of Current Alternative Notation Schemes

* Seee.g.
The Music Notation Project

www.MusicNotation.org

Ear for Music 5
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Dodeka System

. a i Note
/ - Durations
1/16 .R Fl Using Bars
with actual
1/8 :’ - Lengths
/4 N Jacques-Daniel Rochet
| (Swiss)
3/, -
12, ——— The Dodeka Project
www.DodekaMusic.com
3/4  ,, N
Whole € TN N

3/29/24 Ear for Music 5 47



Dodeka System

Note
[
1/32 ﬁ Durations
1/16 j n Using Bars
with actual
1/8 i Lengths
.P g [ —
VI —— 1 Octave __-
f—
'—_-
35, e—— 4 K b T E F H G P A V B G
1/2 | EE—
— — —_— —
3/4  , - - ==
| on above g  between below .
- | - _ = P = . -
Whole €» IS N N . — — — S
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Music notation tools...

Speed

Intensity
-

Single score

Nuanfes Pedal

i o

oty G

-

Octave

Notes
Tempo

Expression

Additional line Change Repetitions

Triple scores

Mesure Time zoom

. e

Return
Zoom sound

Landmarks

“QO O O ® o4

Triplet

Expression Repeat




Some of the
extensive
Dodeka notation

3/29/24

Notes

Rests

According to the duration of the note
H L | 3 | 3 | 3 | XELTL)
N. value: 16-32x

5

Short notation (4x)
joi Notevalue:3x ———
Double whole note Linear notation
Short notation (4x)
o Value:dx ——
Whale nate Linear notation
Short notation (4x)
J Note value: 2 x D
Half note Linear notation
Reference notevalue: 1x .
Quarter note
Note value: 1/2 -
Fighth note
Note value: 1/4 |
Sixteenth note
Note value: 1/8 1
Thirty-second note
1/16 12 11 18
F ﬁ 1/32 Toom 4x | ] ]
1/64
I I Beamed notes -
Arow
L ] L) |
J_ Dotted note O Links
L} 3 |
J Ghost note X X 00K

Depending on the duration

1/32

\o“ll.g.h

-~ R.value ; 4x

Duration according to the number

Time : 16-32x

R. value: 16X §

R.value:8x } t
Short notation (4x)

s

" linearnotation
Short notation (4x)
Rest value: 2x

e rerer—

Linear notation

Reference rest value: 1 x
Restvalue:1/2 T
Rest value: 1/4

Restvalue: 1/8

Restvalue: 1/16

1/64 1/4 1/8
j - loom 4x $+ M b

Breath mark

—
b J
Caesura — )/ —

50
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Dodeka can
handle any
kind of music

3/29/24

Fur Elise
In A minor. For keyboards

Ludwig van Beethoven
Excerpt of the opus Wo0 59, 1810

= /-———— /\ —?—-—
T T 7 B ——
= - < B
° — [ ,m
-
| |
]
4

— 2 o w—
- ..--—=- —
—— .-- - /._ 2
- - - @D-—- - =
= =]
=
_-_‘__H
—
e E = e
= ) Vi - /
- —- =

-
4
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Question Time

-

* Naming Notes
 Musical Notation

* Traditional
e Alternative

e Zoomland
* |In Person

\_

3/29/24 Ear for Music 5



Chicago Symphony
Orchestra (2015)

3/29/24 Ear for Music 5 54



* Rendering Musical Notes or Rhythmic Beats

» With pleasing Timbres
» Loudly enough to be heard

3/29/24 - Ear for Music 5 58
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MUSICAL INSTRUMENTS

3/29/24

Pop Chart Lab

@D—“u
WNe .

We have a few
to get through...

56



What Do We Know About
How Musical Instruments Work?

* Not that much

* Good general understanding

— Lots of interesting details
* but not enough to design one from scratch

— Lots of poorly understood aspects

* Existing instruments basically evolved
over centuries
— largely by trial and error
— but often with informed insight

3/29/24 Ear for Music 5

Neuville H, Fletcher Thomas D.' Rossing

Tlic Phvsics of
Musical Insfruments

Second Edition

57



Classifying Musical Instruments

Chinese “8 Winds” Classification (~ Han bynasty)

* Traditionally - d
Sty ok
- t rl n gS Wood Heaven baVM“ﬂOO
SOUTHEAST | — SOUTHWEST
— Brasses /7/ — ~\\JWM
—Woodwinds i ‘. I
. [ | VST bl
— Percussion I "
RNT o
A -
leather _NORTH_ stone
Gﬂ;M

.
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Hornbostel-Sachs Classification System

The “Dewey Decimal System” of Musical Instruments m

. <

Erich von Hornbostel Curt Sachs
(1877-1935) (1881-1959)
(D Idiophones (2) Membranophones (3 Chordophones @) Aerophones | |(5) Electrophones

3/29/24

Ear for Music 5
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Hornbostel-Sachs Classification System

The “Dewey Decimal System” of Musical Instruments m

Erich von Hornbostel Curt Sachs
(1877-1935) (1881-1959)
(D Idiophones (2) Membranophones (3 Chordophones @) Aerophones | |(5) Electrophones

Whole thing
vibrates

3/29/24

Ear for Music 5

....

Electrons
vibrate?

60




/75///

JEUNE FILLE PATENNE JOUANT DU THOMO

Hornbostel-Sachs:

Family Tree of the African Thomo

'3 Chordophones

31 Simple chordophones or zithers

311 Bar zithers

311.1 Musical bows

311.12 Heterochord musical bows
311.121 Mono-heterochord musical bows
311.121.2 With resonator

311.121.22 With resonator attached

—— —
‘——— ——

<_ 311.121. 221 _Without tuning noose S. Africa (hade,
‘thomo}) ~~

Ear for Music 5
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H "aliano  Siensks Nedsrepds Neuvtsl) Catald X Polski Espafiol Euskara 3H=20{

M I M o HOME INSTRUMENT FAMILIES

musical instrument museums online

Explore the world collections
of musical instruments

Welcome to the world's largest freely accessible database
for information on musical instruments held in public
collections. Our database now contains the records of

64259 instruments.

G 4§

Ear for Music 5

INSTRUMENT MAKERS MUSEUMS ABOUT MIMO

www.MIMO-International.com
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Another

My Scheme
1 Dimensional Resonators |
— Strings
— Pipes
e 2 Dimensional Resonators
— Drums O

— Parts of some string instruments (e.g. guitars, pianos)

e 3 Dimensional Resonators

— Bars (e.g. xylophones)

— Bells &

3/29/24 Ear for Music 5
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Instrument Differentiators

1. Timbre

Eric Marienthal on Sax
Body and Soul (Johnny Green)

Emmanuel Pahud on Flute
Syrinx (Debussy)

B I




Instrument Differentiators

1. Timbre
2. Frequency Range

Bell at Pfarrkirche St. Georg, Obermais —le on Piano
(718 Hz, between F5 and F#5) ’ G//SSC{”C{O Technique

1 Note "
only D ‘ﬁ
11

-~

.
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Instrument Differentiators

1. Timbre
2. Range
3. Chord Capability

Simultaneous Notes

Sharon Kam-Basset on Clarinet | Richard Elliott on Salt Lake Tabernacle Pipe Organ |
Clarinet Concerto (Mozart) Bach Toccata in D Minor

copentma: |t Lwdum Limy o Chy

1 Note




Mesopotamian Strings: Golden Lyre of Ur

From “Royal Tombs” at Ur, Sumeria (~2600 BC)
Excavated ~1929
* British Museum/U Penn Expedition
* Led by Leonard Woolley
4 Excellent Lyres found
Best : The Queen’s Golden Lyre
Irag Museum, Baghdad (Restored)

IEEETEsEEL

E

W,
m
¥

=

;_?\\/\\\
\\\\_\,7\\\

WA

EJElE

=
E

A

Doy
=2

—

T2

>
50
*4
>
P

‘»\!'

[
Woolley with a plaster
stabilized lyre

wnesny BiunalAsuung jo Aussoaun

’ .-:: ‘A%‘<4:- y —

3 Lyres as excavated
68
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Postscript: Golden Lyre Damaged in 2003 Looting of the Irag National
Museum

Irag National Museum,
Baghdad (2008)

Remains of Golden Lyre
found in parking lot:
Minus ancient parts

3/29/24 Ear for Music 5
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String Instruments

Three main problems:

1. Excitation
— How to get the string vibrating

2. Frequency Control

— Playing desired notes °

3. Getting Sound Out

— Coupling string vibrations
to sound waves

3/29/24 Ear for Music 5
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String Instruments

Three main problems:

1. Excitation pASY
— How to get the string vibrating

2. Frequency Control yasY

— Playing desired notes ®

3. Getting Sound Out @ARD

— Coupling string vibrations
to sound waves



String Instruments

Three main problems: =

1. Excitation pASY .




Plucking a Guitar String

Z.

Plucking
%
0 0.25 0.5 0.75 1
3/29/24 Ear for Music 5 73



Plucking a Guitar String

0 0.25 0.5 0.75 1
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Plucking a Guitar String

m t=3.1ms d:

0 0.25 0.5 0.75 1

3/29/24 Ear for Music 5 75



|s that what a Plucked String Slow Motion
Really Looks Like?

3
"’ - .o‘\..\
_ ‘Q =1 \ Ly
e e —v-.gr

—

Bass Guitar

A Cruickshank, University of St. Andrews
3/29/24 Ear for Music 5




Plucking a Guitar String: The Vibration Modes Adding Up to the Triangle

m Plucking

! Fundamental I
_//"/_ —h\‘\
/

3" Harmonic

// l 2"d Harmonic
> o \
/

= =

— e ———  pppe—
i T ‘

6th Harmonic 5th Harmonia

and at least
100 more
harmonics!

0 0.25 0.5 0.75 1

3/29/24 Ear for Music 5 7/



Plucking a Guitar String

N

//l

0

m t=8.0ms

l Fundamental

///

0.25

0.5

—

0.75

3/29/24

Ear for Music 5
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Plucking a Guitar String: What if we pluck the middle?

q g

e e

! Fundamental |

0

e —

No even
harmonics!

0.25 0.5

e

0.75

3/29/24

Ear for Music 5
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Plucking a Guitar String in the middle

2

5th Harmonic 3d Harmonic

\

A

0

w}

Mellow Timbre in Absence of Strong Harmonics
... and indeed All Even Harmonics

0.25 0.5

0.75

Fundamental

3/29/24

Ear for Music 5
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Plucking a Guitar String: What if we pluck at one end?

N

0

5th Harmonic

0.25

Plucking

u“\d/Ha rmonic

0.5

4th Harmonic

v/.

0.75

! Fundamental |

3rd Harmonic

/

L

6th Harmonic

-

3/29/24

Ear for Music 5
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Plucking a Guitar String near the end

t=2.1ms

4th Harmonii]

Fundamental

3rd Harmonic

0

5th Harmonic

0.25

| 2nd Harmonic

0.5

0.75

6th Harmonic

3/29/24

Ear for Music 5
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Plucking a Guitar String: Higher Harmonics Decay Faster

7

t=0.7ms

4 ————

0 0.25 0.5 0.75

3/29/24 Ear for Music 5



Plucking a Guitar String: Higher Harmonics Decay Faster

7

t=89.0 ms

0

0.25

0.5

0.75

3/29/24

Ear for Music 5
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Plucking a Guitar String: Making it Heard

oz
<
s‘V




Plucking a Guitar String: Making it Heard

String anchor u

connected to
Sounding Board

Z
[
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Exciting the String: j
Bowing |

Stick-Slip poW
Friction




& <z

Exciting the String: 4 I

With skill —
Exactly one “pluck”
per cycle

Heidi Hereth, UNSW
(Uni. New South Wales)




Slo-Mo 666 x

Exciting the String:
Bowing

Sthk-Sle Bow Motion

Friction

Michigan Tech (2010)




Sitar

6 Played
Strings

12 or more
Sympathetic
Strings

Exciting the Strings: Sympathetic Vibration

N Viola d’Amore

Strings

Equal Number
Sympathetic

ther strings

; from O
vibes milarly.

tuned si

Aliguot Strings
(Bluthner 1873)




Grand Piano Hammer
Mechanism

Aliquot
Sympathetic
(4th String)

Animation: Hoe Ishetmogelijk (2014)
Music: Haydn Piano Sonata No. 30 D Major




Grand Piano Hammer
Mechanism

Animation: Hoe Ishetmogelijk (2014)
Music: Haydn Piano Sonata No. 30 D Major




String Instruments

Three main problems:

1. Excitation gASY .




Generic String: Fixed Frequency

“Speaking Length” Fine Tuner
Nut or L
Tuning Pin
or Peg
Bridge or Anchor or
Saddle Hitch Pin
Structural Member Vibration

3/29/24

Transfer to air

Ear for Music 5 96



Generic String: Fixed Frequency

“Speaking Length”

Nut or L > Eri(i;gle or
addle
Tuning Pin Agraffe
or Peg h
Anchor or
\ String Supports / Hitch Pin

Structural Member Vibration
Transfer to air

3/29/24 Ear for Music 5 97



Generic String: Fixed Frequency

4

2=

“Speaking Length”

Nut or ‘: L :‘ Sri(;idgle o Saddle
addle
Tuning Pin Agraffe
or Peg
e s Anchor or
~  String Supports — Hitch Pin

Structural Member Vibration
Transfer to air
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ng Fixed Frequencies

Instruments U
| o :

¥}

S

LI IIr 7777
L1111 /7

“Speaking Length”

Nut or ‘: L =| Bridge or
Tuning Pin Agraffe Saddle
or Peg
- Anchor or
= String Supports — Hitch Pin

Structural Member Vibration

3/29/24 Ear for Music 5 Transfer to air -



Tuning a Piano

e String Lengths are Fixed

e Tensions are Varied to
Adjust Frequencies

3/29/24




Instruments Using Fixed Frequencies

Estonian Chromatic Kannel

Ukrainian Bandura
‘ “Speaking Length”

Nut or
Tuning Pin Agraffe
or Peg

<& >
< >

Anchor or

B String Supports — Hitch Pin

3/29/24 101
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Vibration
Transfer to air



Instruments Using Variable Frequencies (Length Change)

‘ Violin
Guitar
Sitar
“SpeakingLength”
Nut or L L J Bridge or
Tuning Pin Agraffe ‘ Saddle
‘nstruments or Peg

N Anchor or

String Supports Hitch Pin

Structural Member Vibration

I
3/29/24 Ear for Music 5 102



----ll-
n-----n--—
= e e

0

7 6 5 .
(nut) J

16 15‘12 11 10 Ehs

“Speaking Length”

Bridge or
Nut or ‘: L >‘ Sad c%l o
Tuning Pin Agraffe
or Peg ’
NS — - Anchor or
i String Supports — By, Hitch Pin

Structural Member Vibration 103
Transfer to air
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Frets

Fretboard

3/29/24 Ear for Music 5 104



Injection-molded
neck block

4-bolt

-----
-~ -

Metal bolt
inserts

3/29/24 106



Piano MIDI
45 65
a4 64
43 63
42 62
41 61
40 60
39 59
38 58
37 57
36 56
15 55
34 54
33 53
32 52
31 51
30 50
29 49
28 48
27 47
26 46
25 45
2l 44
23 43
22 42
21 41
20 40
19 39

3/29/24

f

349.2
329.6
311.1
293.7
277.2
261.6
246.9
235,10
220
207.7
196.0
185.0
174.6
164.8
155.6
146.8
138.6
130.8
11235
116.5
110
103.8
98.0
92.5
87.3
82.4
77.8

Chromatic
Scale

Note

F4
E4
D#/Eb 4
D4
C#/Db 4

[ ca ]

[Ea ]+

>

5 steps

B3
A#/Bb 3
A3
G#/Ab 3
G3
F#/Gb 3
F3
ES
D#/Eb 3
D3
C#/Db 3
C3
B2
A#/Bb 2
A2
G#/Ab 2
G2
F#/Gb 2
F2
E2
D#/Eb 2

B3 | =

[ G 1<

[A2 ]+

-

4 steps

>

5 steps

| D3 |~

>

5 steps

-

5 steps

Ear for Music 5
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4:3

6 String Guitar

Standard Tuning

”
~
N

IS

107



N Frets

E2 82.4Hz

A2 110.0 —_— :

e i .
oSO | (o || | | (e[ [ | |
-

G3 196.0 w | E ] ] i

B3 246.9 = = = - » ;
TR, (PRIEEGEN: 8 7 6 S5 4 3 0

__ 329.6 Hz (nut)

“Speaking Length”

I R | L J Bridge or
< -’ Saddle
Tuning Pin Agraffe
or Peg ’
NS — P Anchor or
i String Supports — By, Hitch Pin

Structural Member Vibration 108
Transfer to air

ar for Music 5



