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Tone and Pitch

Harmonic series | overtone series

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

. o bo bo h_o_ o
zo

octave fifth major third

Mix

Harmonics: Frequency = integer multiples of fundamental frequency ‘ E
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MIDI: Frequency = fundamental frequency of MIDI pitch ‘ \:-
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Tone and Pitch
Harmonic series | overtone series
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Partial No. h | 1 2 3 4 6 7 8 9 0 11 12 13 14 15 16
QOvertone No. | — 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

fPa,rt(h) ::h'f[) )

= Notation: only approximation
= Mathematical: harmonics (integer multiples)
= Physical: partials/overtones — not the same (inharmonicity)

= Counting of fundamental: harmonics/partials vs. overtones



Intervals
Harmonic series | overtone series
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Partial No. h | 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16
Overtone No. | — 1 2 3 4 5) 6 7 8 9 10 11 12 13 14 15

fPart(h) =h- fU

b
Intervals: harmonic frequency ratios f

= 2:1 - COctave
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Intervals
Harmonic series | overtone series
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Partial No. h | 1 2 3 4 6 7 8 9 10 11 12 13 14 15 16
QOwertone No. | — 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

fPa,rt(h) =h- fU

b
Intervals: harmonic frequency ratios f_a
= 21— COctave
= 3:2 - Fifth



Intervals
Harmonic series | overtone series
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Partial No. h | 1 2 3 4 6 7 8 9 0 11 12 13 14 15 16
Overtone No. | — 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

fPart(h) =h- fU
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Intervals: harmonic frequency ratios -
= 2:1-COctave

= 3:2 - Fifth

= 5:4 — Major Third

With perfect mathematic ratios: pure intervals



Generic Intervals
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No. of Steps | 0 1 2 3 4 5 6 7
Diatonic size | 1 2 3 4 5 6 7 8
Generic name | Unison Second Third Fourth Fifth Sixth Seventh  Octave

>

= Generic intervals: only diatonic size (ignoring accidentals)

= QObtained by counting distance in staff lines & spaces

= Simple intervals: Up to the octave
= Compound intervals: Larger than octave

= Compound = Simple + Octave(s)



Intervals
Generic Intervals
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No. of Steps | O 1 2 3 4 5 6 7
Diatonic size | 1 2 3 4 5 6 7 8
Generic name | Unison Second Third Fourth Fifth Sixth Seventh  Octave

D N

= High similarity of octave-related pitches (same pitch class!)
= — high similarity of intervals with octave mutation (inversion)
= — Complementary intervals

= [nterval + Complementary = Octave



Intervals
Specific Intervals
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Specific name Perf. unison Aug. unison Min. second Maj. second
Complementary Perf. octave Dim. octave Maj. seventh Min. seventh
Abbreviation P1 / P8 +1 / °8 m2 |/ M7 M2 / m7
Semitone distance A 0 / 12 L 4 1l L g Al 2 / 10
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Dim. seventh Maj. sixth Min. sixth Perf. fifth Dim. fifth
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3 4 9 3 /9 4 / 8 5 [/ 7 6 / 6 4

= With accidentals: several ,versions® of intervals
= Different ,exact size” (semitone distance)
= Notation: Specific interval = Modifier + Generic interval (need both!)

= Complementary: perfect < perfect | major < minor | dimin. <> augm.



Intervals
Specific Intervals
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Specific name Perf. unison Aug. unison Min. second Maj. second
Complementary Perf. octave Dim. octave Maj. seventh Min. seventh
Abbreviation P1 / P8 +1 / °8 m2 |/ M7 M2 / m7
Semitone distance A 0 / 12 L 4 1l L g Al 2 / 10
4]
* [ @] [ ® ] [ @] H 4> [ ]
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Aug. second Min. third Maj. third Perf. fourth Aug. fourth
Dim. seventh Maj. sixth Min. sixth Perf. fifth Dim. fifth
+2 /) °7 m3 / M6 M3 / m6 P4 / P5 +4 / °5

3 /9 3 /9 1/ 8 5 / 7 6 / 6

= Perfectintervals: 1-4-5-8
= QOthers: Major and minor
= All: Diminished and augmented

= In major scale: upward intervals always perfect or major



Intervals
Consonance & Dissonance

Specific name
Complementary
Abbreviation
Semitone distance A

= Perfect consonances

= |mperfect consonances

= Dissonances



Intervals
Specific Intervals

A

Interval
name

Interval

JI
ratio

Pyt.

ratio

0 (Perfect) unison | C4 — C4 1:1 1:1
1 Minor second C4-D"4 | 15:16 3°:28
2 Major second C4-D4 8:9 23:32
3 | Minor third C4-E'4 | 56 S
4 | Major third C4-E4 4:5 26:34
5 (Perfect) fourth | C4 — F4 3:4 3:22
6 | Tritone C4 —F#4 | 32:45 | 29:3% or 36:27°
7 | (Perfect) fifth C4-G4 2:3 2:3
8 | Minor sixth C4 - A4 5:8 3427
9 Major sixth C4-A4d 3:5 24:33
10 | Minor seventh | C4-B'4 | 5:9 32:24
11 | Major seventh | C4 — B4 8:15 27:3°
12 | (Perfect) octave | C4 - C5 1:2 1:2




Intervals in context

= Harmonic intervals: describing the relationships of concurrently
sounding pitches (no ,direction®)

= Melodic intervals: describing the relationships of successively
sounding pitches (with direction)

= On the pitch class level: An interval progressions corresponds to
the complementary interval progression in opposite direction
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Enharmonic Equivalence

Intervals
A
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Specific name Perf. unison Aug. unison Min. second Maj. second
Complementary Perf. octave Dim. octave Maj. seventh Min. seventh
Abbreviation Pl / P8 +1 / °8 m2 / M7 M2 / mT7
Semitone distance A 0 / 12 L 4 11 1L ¢ 1l 2 / 10

= Different specific intervals with same semitone distance

= — Enharmonically equivalent intervals

= |nvolve enharmonically equivalent pitches




Pitch classes

Overtone series: Fifths as most important (non-octave) interval

Construct scales from fifth series
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Pitch classes

= Qvertone series: Fifths as most important (non-octave) interval

= Scales as excerpts from fifth series

B Fb Cb Gb Db A» Eb B» F C G D A E B Ft Ci Gt Di At Ef Bi Fx

f) Hesy fo . =l —
% 1 o> [ @] h #U bl o~
N 1 1 b aw [ ® ] ~ L Py [® ] o il

[ Fan) 1 hay PDC» | Ll hn [IL® ) |~ B '

ANV Dy | Ll | bG IS ) [ Dl | !

Y bho o vo

| | I pentatonic — |
diatonic >
chromatic
<€ enharmonic >

= Enharmonic: More than twelve fifths-related pitch classes
= — enharmonically equivalent pitch classes

= Aspiral, not a circle!



Pitch classes

B Fb Cb Gb Db A» Eb B» F C G D A E B Ft Ci Gt Di At Ef Bi Fx
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| L— pentatonic =l |
diatonic >
chromatic
<€ enharmonic >

= Construction of pitch frequencies from pure perfect fifths intervals
with ratio 3:2 — Pythagorean tuning

= Problem: 12 fifths are not exactly 7 octaves!

= — Pythagorean comma®:

(3/2)"
27

= Distance in cents: log,(1.0136) - 1200 ~ 23.5 Cent

= Ratio: ~ 1.0136




Pitch classes

B Fb Cb Gb Db A» Eb B» F C G D A E B Ft Ci Gt Di At Ef Bi Fx
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| | I pentatonic — |
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= Consequence: Pure intervals (beating-free) and enharmonic
equivalence not possible at the same time

= — Pythagorean comma needs to be ,tempered”
= Different kinds of ,temperament”
= Twelve-tone equal temperament:
= Pythagorean comma equally distributed
= Perfect fifth of size 23.5/ 12 = 2 Cents smaller than pure fifth



Global tuning
Concert pitch

= Global tuning: shift of all frequencies

= Given by concert pitch (frequency of MIDI pitch 69 = A4)

= Standard: feoncert = 440 Hz
- Historical tuning: ~ f8 = 415 Hz

= Compute frequency from MIDI pitch number

fO(p) — 2(p—69)/12 . fconcert



Further Computations
Equal temperament

Pitch class numbers: ¢ € [0 : 11]
(0,1,...,11) = (C,Ct,...,B)

= Pitch class from MIDI pitch: ¢(p) = p mod 12
: : : a by __ b a
= Interval in semitones: A, p’)=p”" —p
= Simple from compound interval: Asimple — Acompound mod 12

= Complementary from original: A omplementary = 12 — Aoriginal
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Pitch class content

B Fb Cb Ghb Db Ab b Bv F C G D A E B Ft Ct Gt Di At Bt B# Fx
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= Scale family only defines a specific pitch class content
= Can be transposed (shifted) in different ways

= Different referential pitch classes (tonic notes)



Scale Transpositions
Diatonic Scales

— +2 diatonic =—
— +1 diatonic ——

A 4
—A— b O o O I > q .
N DO | L Pas [ILe ] HU \
e — o
b (O diatonic =——l >
e -7 diatoni¢ =—l q ~
e 2 diatoni¢ =——l A

= Transposition corresponds to a shift in the fifth series
= Naming convention: according to the accidentals (key signature)

= Allows for measuring distances between diatonic scales



Specific Scales
Diatonic scales

= Different referential pitch classes (tonic notes): (church) modes

a) Dorian
f
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J © e e O 7

b) Phrygian
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Specific Scales
Major scale

0 e
—A— b O © © O
U VO

Diatonic scale based on second pitch class in fifth series

Results in semitones between scale degrees 3—4 and 7-8 (7-1)

W W H W

W W H
I 11 | — I 11 11 | — —

: |

2 S (@)

(s S [®) ©

ANI S (@) ©

J e o -
Degree | 1 2 3 4 5 6 7 8=1

Name | Tonic Supertonic  Mediant Subdominant Dominant Submediant Leading Tone  Tonic

Solfege | do re mi fa sol la ti do

N



Specific Scales
Minor scales

} O I
o) PO

= Natural minor scale: Diatonic scale based on fifth pitch class in
fifth series



Minor scales

[ @ ]

= Natural minor scale: Diatonic scale based on fifth pitch class in

fifth series

= Results in semitones between scale degrees 2-3 and 5-6 (7-1)

a) Natural
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Specific Scales
Non-diatonic scales

a) Pentatonic b) Acoustic

4] f)

1’ 4 1’ 4 ]

N [ @) N ho [ @]
[ Fan O [ @ ] [ £anY Iy P [ @ ) v =7
ANV P ~ A3 V4 O L ~

J o ©O J o ©O m
¢) Whole tone d) Hexatonic

f) f)

"4 \4

7\ 1L iy [ @ ) 7\ L [ @ ]
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J e © J o VU
e) Octatonic
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1’ 4 1

7\ O [ @]

(S Y o [ @ I >
ANV L My P2 L4<» ~

Y o fje o T €\

= Symmetry in the equal-tempered scale: pitch class activation vectors
(templates):

T Wholetone — (1 9.1.0,1,0,1,0,1,0,1,0)"
rHexatonic — (9 1.0.0,1,1,0,0,1,1,0,0)"
Octatonic — (1 9 0.1,1,0,1,1,0,1,1,0)"
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Chord

Definition

= ,Sets of pitches that are perceived as an entity”
= Usually three (triads) or more pitches (seventh chords, ...)

= Can be realized in different ways, referring to the same ,abstract” chord



Triads

Basic types
Perfect 5th Diminished 5th  Augmented 5th
,Stable” ,unstable”
f)
-2 . I
D S - 5P e — > L I
dJ o e - = = L = o) \
Thirds | (M3, m3) (m3, M3) (m3, m3) (M3, M3)
Frame interval | P5 P5 °5 +5
Triad type name | Major Minor Diminished Augmented
Abbreviation | M m ° +

= Three notes in tertian structure (,snowman®)

- StrUCture: _A,) Major Root note Major third Fifth . |
(h—= — S 1| C major (C)
Jd © © =
) Minor Root note Minor third Fifth
fr— — =—1 C minor (Cm)
d "o © v

= Stability according to frame interval (fifth)



Triads

Inversions
*ﬂ [ @] — >
b o o 4 o |
S 8 © s ©w
Inversion | Root pos. Ist inv. 2nd inv. Ist inv. (open pos.)
Figured bass notation | (3) 6 g 6
Bass note | Root Third Fifth Third

= Only bass pitch class is important
= Root position is most stable

= Caution: Root pitch class # bass pitch class!



Triads

Pitch class sets

= Pitch class activation vectors (independent of inversion)
= Major: 'TCM——(IO()OQLO(LIJ)O()O
= Minor: (1,0,0,1,0,0,0,1,0,0,0,0
(1,0,0,1,0,0,1,0,0,0,0,0
(1,0,0,0,1,0,0,0,1,0,0,0

—

—

= Diminished:

—

— S S SN
—

= Augmented:



|
Seventh Chords

Basic types
4)
* p— Ih — L — 1 L a ] u\ a I
[ Fan v L 2T | YL
ANIVJ = = T = 47" = Vo
e O - Y - =S =S
Thirds | (M3, m3, M3) (M3, m3, m3) (m3, M3, m3) (m3, m3, M3) (m3, m3, m3)
Triad+7 | (M, MT7) (M, m7) (m, m7) (°, m7) (°, °7)
Name | Major 7 Dominant 7 Minor 7 Half-diminished 7 Diminished 7
Abbr. | M™eT M7 m” o7 o7

I

= Three concatenated thirds
= Basic triad types + seventh (above the root)

= Other extensions as well (6, 9, 11, 13, ...) — jazz harmony



Types

= Homophonic texture (no figuration): harmonic rhythm = rhythm
= Figuration: rhythm faster than harmonic rhythm

= Rhythmic figuration: repeated chords / notes

= Harmonic figuration: different chord notes (arpeggio)

= Melodic figuration: involving non-chord tones (usually
dissonant!)



Melodic Figuration
Non-chord tones

>

= Make harmony
interesting

= Chord modifications” —
no actual ,chords”!

= Types
= Pedal points
= Passing tone
= Neighbor note

= Anticipation

= Suspension

b I

J. S. Bach, Jesu meine Freude BWV 227

W) | N o)
o | Il I I T Ny o | 7 o 1
Sopran { €C» ° o . = | - H - ° H hid |
QJ i i e | B 7 = 1 i I T i T T 1
Je - su, mei - ne Freu - de, mei - nes Her - zens Wei - de,
ach wie lang, ach lan - ge ist dem Her - zen ban - ge,
0 4 ) AN
Y | I I T ] — I ] — 1
Alt y \ { I I | — T I 1 T 1 Il T T T T I T T P |
. - ] L4 L4 . I T
Je - su, mei - ne Freu - de, mei - nes Her - zens Wei - de,
ach wie lang,  ach lan - ge ist_ dem Her - zen ban - ge,
) 4 — A — | P D
o » I B | T | I T T | o U T | — 1 | = ]
Tenor { € . - —g I —— — o i | o & P } } |
I I [ el | e L e— [ I el | | T 1
qg I R ! ) — ! .
Je - su, mei - ne Freu - de, mei - nes_ Her - zens_ Wei - de,
ach wie lang,  ach lan - ge ist_. dem_ Her - zen_ ban - ge,
In)
Bal
N\ ! l ~— T f y
Je - su, mei - ne Freu - de mei - nes_ Her - zens_ Wei - de,
ach wie lang, ach lan - ge ist dem_ Her - zen_ ban - ge,
\ O
I I N [ ]
> Y I Y I 1 1T Il 1
| | 1 = | - D - - 1
i I f i ' = !
Je - su, mei - ne Zier, Got - tes Lamm, mein Brau - ti-gam,
und__ ver - langt nach dir!
Je - su, mei - ne Zier, Got - tes Lamm, mein Brdau - ti - gam,
Je - su,__ mei - ne Zier, Got - tes Lamm, mein Brdau - ti - gam,
und ver - langt nach dir!
9
a ') N AN | "
r-J Ny o | ) ol A ) I I | | — | I
T > by | P | | b 'Y B I7] | | - o > | | | I Il I | |
1 | bl I | T QT 7T | | | =l |l | | o Il I | ﬂ
T T T T 1 e | 1 | T T T T hl r i I7) I o
oJ I i I =T T T ©
au - fer dir soll mir auf_ Er - den nichts sonst Lie - bers_ wer - den.
fH 4 | | ) ~N
Y & I T T | — | I I I I I | n |
| Il Il Il 1 | Y Y Y ol 1 | | | | 1 I I 1 T 1
:@ & i r i r | B e e L& 1 | 1| | | 1 | | 1 Il 1 ﬂ
L A4 L4 1T Il Il " T [7) A4 - 1 o > & - 1
Y ! ! ! - - T o
au - fer dir soll. mir auf Er - den nichts sonst Lie - bers wer - den.
H 4 Py . e o M o @ * —_— A
o Y [ ] Y Y 1 el Il | P T#a, » | 1 | T T I
| Il = = | i T T T 1 & Il I T T 2 - & I | | ﬂ
1 I T I I | i I I e— | T | I— 1 - & 1 e Yo
1 I | | | | i | - I SO I | | I A=
¢/ . . . Dl '
au - Ber dir soll mir auf Er - den nichts sonst_ Lie - bers wer - den.
A | ~

au - Ber_ dir

1 I
soll . mir auf den nichts sonst Lie - bers



Functional Harmony

Chord functions & Roman numerals

4) o
\y > =4
2 S L 3 4
™S —o 4 4 ©
U S 4 ©
J © = e
Chord type | M m m M M m °
Function name | Tonic Subdominant Dominant Subdominant Dominant Tonic comple
parallel parallel parallel do
Function short | T Sp Dp S D Tp
Roman numeral | 1 i iii IV \Y vi vii
f) | S o
A S T ES $ E8 =3 I
'(\\ VP O =4 q qﬁ [ € v 37 q"
\N\3 =4 S ¢
[J) pe = el
m ° M m M M M °
Tonic com e Tonic Subdominant Dominant Subdominant Dominant com e
dop®Qar. ©  parallel parallel parallel dop
t ’ tP s D sP dp 7
1 ii® 111 v Vv VI VII vii

= Capitals: Major & augmented chords

= |Lowercase: Minor & diminished chords

= No ,incomplete chords”



Functional Harmony
Chord relationships

down m3,_

= Parallel chords (e.g. C major — A minor): M ; > m
up m3

up m3

\

2 1

= Contrast chords (e.g. C major — E minor):

2
S

\

= Major (minor) variant (e.g. C major — C minor): M 2 7 1M

= — share each two pitch classes!



Functional Harmony
Chord progressions
Types:
= Pendulum: chord change and reverse (e.g. | -V —1)
= Sequence: repetition of same diatonic step (e.g. Il = VI-11-V —1)

= Cadence: ending formula, often with closing character (e.g. Il -V — 1)



Chord progressions

= Authentic progressions: ,falling®, ,moving forward", ,directional”

= Plagal progressions: ,opening®, ,archaic” (,A-men®), colorful

Plagal 5th  Authentic 5th

_)? Interval A Complem. A Quality

ra® 0) ) m2 A~ +1 M7 N\, -11 Authentic

— — M2 & +2 m7 N\ -10  Authentic
Plagal 3rd  Authentic 3rd mg +3 M6 N\, -9 Plagal
e M3 7 +4 mé6 \, -8 Plagal

"5‘“ = — 8 —8 P4 & +5 P5 5 Authentic
A7 N +4 N +6 °5 \ 6  None
o 1o P5 +7 P4\, 5 Plagal

. m6 +8 M3 N\, -4 Authentic

f) Plagal 2nd ~ Authentic 2nd M6 A +9 s g -3 Authentic
_vf:j,n : S : m7 ) +10 M2\, 2 Plagal
N A M7 & +11 m2 N\, - | Plagal
f’}: S — — S P8 +12 | | 0 None
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Definition
= A set of pitch relationships that establishes a specific major or minor
triad as a tonal center”
= Example: ,F major® = tonic note -, mode major, tonic chord F major
=  With enharmonic equivalence: 24 keys
= Change of key: Modulation
= Types of modulation:
= Diatonic modulations: pivot chord obtains new function
= Chromatic modulation: one note or chord chromatically altered

= Enharmonic modulation: re-spelling of pitch to obtain new function



Key

Key relationships

Special relationships & common modulations:

Relative keys (same key signature, different tonic):

down m3

F major ———— D minor

Parallel keys (same tonic note, different mode):

. P1 i
F' major — I minor

Fifth-related keys (differ in one scale pitch class):

) up P5 )
F major 22 major

Mediant keys (third-related), e.g.:

. down m3 .
F' major > D major




Key
Circle of fifths Major
== —
N v A— C N v a—
F h G
== Lb a & ==
—Bl’ Minor ¢ D o
2b g 2

= Actually (without enharmonic equivalence): spiral not circle!

= Use series of fifths instead...



