[¢ ¥ NTRODUCTION TO NONTRADITICNAL EARMONY
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in this demonstration, 1 shall build up 2 theory of musicel har-
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nony and consonance based on the treory of sound.
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the concept of a8 just intopnation music, in which the sound frecuen-

cies of notves formirng chords lie in smzll whole number ratios to one

another, derives naturally from obseryations desling baek to. the time
of “the ancient GreeXs. 1 .85hell proceed o conbrest a szapling of the
rich resources of Just intonation music with those of the equal tem-

perament system, which is presently employed almost universally in
the western world.

£lthough the egual temperament system vrovides a2 framework

oy

With

chin wnich virtuelly the whole of rarmonic theory is undersiood
today, this system 1s 1tself based upon the princivles of
cusncy rztio music as 1 skall demonstrate. The resources of egusl

tenperanment music form a subset of the resources ol just irtopstion

pusic. JIn the recent past, the major tkrust of effort arorg nusi-~

cians and composers has been towards the exploitation of the very
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Tthere are three major areas 1n wWrtich the resources of siust ratio
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distinctions which arise in just ratio music based on traditional

it

Temperament system. A music

e

harmonies are obliterated by the egus
in which these distinctions are preserved is capeble of greater pre-

cision and subtlevy of expression than one which kas lost them.

Third, there are a 'great wany chords based on

21l wathin the equal temperzpmernt Irzmevwork.. lfhese Cchords poOsSEess 8
unigue identity.-and charectery and form a Trespurce Which has been
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virtually untapped until t

1 have built a computer—cohtrolled nusic synthesizer which is
capable of sounding notes having virtually any pitck within a 4%
octave range. Using this instrument, 1 shall demonstrate many melod-
1c steps, hartionic Antervels, chords, &nd chord Drogressions which

cannot be produced with an 1n5urumenu tuned to equal temperamen
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Where zporopriate, I sheall contrast just intervals and ckords with
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val temperament ecuivalents. Thus you, the listener, will be

(

in a position to form an opinion regarding the possibilities of a

t intonztion music based on first hend listening experience. - Per-
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s you shall come to sense as 1 do &n excitement over the prosvect

(=

hat the sounds of a new znd beautiful musxc will soon be heard.

After presenting a mu51cal comoosition wkich emdloys rarmonies

C

not reprssented witkin the ecual temperzment system, I shall present
the six harmonic intervals upon which traditionel western music is
based in terms of note frecuency ravios. 1 =hall skow how these

intervals lead to traditional chords suckh as major and minor triads,

to a mzjor sczle, and to severzl differsnt wzole tone and semitone
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1 shell then introduce the egual temperzment aporoximation,
pointing out some of 1ts advantages and disadventeges. I shall con-
trast certain lmportant lntervals and chords by demonstrating how
they soun& both in Jjust intonation and in the ecuzl temperament rep-

resentation,
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present tre Iirst sixteen members of 2
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Folloviing this, 1

harmonic overtcocne series and demonstrete a2 numter of chords which
can be tuilt from pembers of this series. Chords based upon lower

U

menbers of the series belong to tke repertoire of traditional har-

art, 1 sgkal] sbEow bow

Lhe pDrocess of 2ecoustic chord inversion Cen generate a2dditional neow
chords .eangd cemonsirave some o0f these chords. AL various points

has already broken through the constraints of the egqual temperznent
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intervals are the septimel minor third and the blues third. The
septimal minor third occurs between the fifth and the flatted sevent?
of a cominant geventih chord. In blues singing? the upoer note of

this interval is sung much flatter than it wo

<

1d sound played on an
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instrument tuned to equzal ¢

M

mperanent.. Ibe blues third lies midwey
between a minor third and a major third and is not represented at all
in the equal tempsrament system. In the composition which follows,
the melodic blues third is soundsd at the high point of the upper

melody eearly in the piece and it is sounded again several +inmes
o S

towards the end.

It ‘hae been known since the time of Pythacoras that if a =tring

ol lemngteo 1 15 fretted 80 as o leave & new lergth of stiring fres

Jengtbhs 1 and 1' is equel to the ratio of Ltwo smsll wrole numbers.

4:%. The pitch interval between two tones bavineg such a specizl re-
lationship to one znotker is said to be a consonant interval. Each

. different ratic is associated with its own charscteristic musiczal

In tre ezrly 12008, the scientiste CGalileo and Mersenne dis-
covered 1ndeperdently @At sound is carried by recular vibrations in
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the ailr and Ghaet tne menl of a sound is detercined t©y the frecusrncy
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of its vibration. Freguency 1s measured in cycles per second or

Hertz and for most musical notes it ranges from about 50 to several

Gzlileo and lMersenne also discovered that the frequency of sound

produced bty a vibrating string is inversely provortional to its
length, all otber isclLors being the same. Trhus & strinc whose length
15 Irected down to half 1ts original length will vibrate at double

1ts original fregueney. ILxpressed in modern terms, two notes form &
consonant interval if their frequencies lie in a sm2ll whole number
ratio one to another.

The frequency ratio corresponding to the sum of two intervals is
egquel ©o the procuer of 'the frequendcy retios correspondine o the in-
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dividual intervals, Thus the fregquency retio corresvo
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gum. pia pepdect fourth [ 3:4 Y and'a pajor thivd { 4:5 ) is 5:5,

This particuler sum interval is known g8 &8 major sixth.

ticey bovever, & 's81xch intervel hss been Used ipvlicitly in weste
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ince toe times of tThe repalssance, That interval is the sep-

3
-
n
I._"I
@
i

timal minor third Dbased upon The racio ©i/, wiich khag slreadv bsen

pmentioned ‘Ain connection wilh the introductory Diece to this denon-
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This interval 1s the octave and it is the most fundamental inter-
val in nmusic. For reasons still pot fully understood, we perceive
2 cexrtain sameness about two notes which are afl octave or for that
matver scveral ootaves aspart.  In current pusic hotation, notes an

oct
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t are given the same létter name. Also, chords in which
one note rbas been replaced by a note one or more octaves removed
from 1ts original position are considered to be inversions of tre
griginel. . chord.

¥or the vext interwsl, the freguency ratio of the lower note to

the upper note is 2:3.

Bary fks AT

This in%ervel ie kpown 88 g Iitth of verfect fifth.
for Lhe whirda of OUr six intervels tLhe fregiuency Patio is 3:4,

ct
1y
(D
-
o
%
o i
13
\
IS
OF
ct
>
(D
-4
O
F
ck
Iy
I3
4))
<
D
OJ
¢h)
¢
5
H
(D
09
{0
I
oF
D
(s
)
(N
O
O
i
(N
O
-
(D
5
o
}_J
o
(...'.
M
-4
<
)
P
n

r-h -— - ~ ™ - -
ThHis interval 1s known as & major thkird.
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This intervel 1is knqwn @5 2 pinor thirxd or just minor third,

When notes at both a major third and a fifth above a root note
are sounded Gogecher with the root neote, 2 major triad in root posi-
tion 28 proguced, - The three notes of this ¢bord 1liedin the ratio

Geb:oand 1 shall adopt the convention of caltling the chord with

These frequency retios 2 four-five-six chord.

%, Oy Hajgor Triad

Amirvor tried 1s Tormed when 2 root npote a2nd notes 2t 8 minor

third and a fifth above it are sounded together.

LY UM ihor Triad

&

-

The major and minor thirds began to appear prominently in &

regional music which developed in the British Isles early in the

presenc millenium,  Over the:course of come Uwo centuries, &an En

style of music evolved 1n which these Two intervels were treated as

- 3

being consonant and in which triadic harmonies built from these inter-

vals predominated. In the sarly 1-00s, musie performed by Gtrawvelling
Englisn cboirs aroused great admiretion on trte Zuropean continent.

Some contemporaries wrove of teing overwbkelmed by its beauty. At
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style:of eomposition o which tihey bad been trained and made the

tnglish style their own.
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It 1s clear tkhat whet happened i
composers kad seized upon two musical intervels which were naturally

consorant incervals but whieh P28 been overloorad b

L4




people everywhere. Is 1t possible that even today there exist other
consonant intervals wkich have yet to be discovered?

- fhe last of our six intervels comprises a JIrequency ratio of
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Fx. 0z ' peptimsl Minor Tharg

This interval 1s known as tke septiwal minor $hird, the term sentinal

referring to the number seven. The septimel minor third may be un-

familiar to you because in the equal tempersment system it is re;

»
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sented by the same tempered interval as that used to represent the 5:6

\n

Just minor third. To make clear the distinction between the just

ct

ST vhese in-

)

mipor third and the septimel minor vhird, I shall contr
tervals first melodically, then barmoniczlly as two note intervals,

ominant seventr:~ chords
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and finally as portions of minor triadic
respectively. ZTollowing This 1 shall bresent a trief blues nelody

with a flatted seventh, giving the flatted seventk note & distinctive

In the first comparison, the melodi
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inor third i1g followee
by the melodic septimal minor third four times slowly and four times

rapidly.

ashomelogic aust minor third with septinel rpinor
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haraonic just minor third is sounded follow=d by the bharmonic

minor thaird Taive tines,

gsentinal
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chord. The uprer note pair in the miror triad will form a minor
third wbhile the upper . note pair of -the dominant seventh chord forms

b |

2 septimel minor third. The lower note of thesupper note pair will-

be kept the same in each chord. The two different ckords will suc-
ceed each other three times in Three part harmony and three times in

X, 15: Minor triad vs dominant seventh chord

In the following brief blues style melody, I have emphasized
the flatted seventh notes by giving them a woodwind timbre while a1l
the other notes of the melody have a2 struck string timbre. Tke
flatted sesventh notes form septimal minor trhirds with the fifth or
sonetimes tonic scale notes telow them., ‘I shall play the melody

t hall speed.

L

first at full speed and then

EX. 14: EBlues melody

7
{

I/th century scientist who

bas elreedy been mepvioned for his discoveries in acoustics, stated
1ng ratios of seven be intluded as integrzl resources of music. Tke
rrench composer and thegreticisn Jean Frillipe Ramezu, to whom modern

Dusic theory owes much, rejected this nobtiopn ip a trestise published

b.y own Judgement and that of many otkers is that the dominant
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the unpermost interval of this chord., is indeed one of the bzsic
ol 7 b
musical intervals of traditional western music, even though it has

not always been consciously recognized &s such.

-3
g
D
3
1
PO'
+

scale, W”Ole tones and semibones, and the need for a temoer-
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A major scale can be constructed on 2 tonic or first note of’
the scale using notes forming #4:5:6 major triads on the toﬁic, on the
note a perfect fourth above the tonic called the subdominant, and on
the note a perfect fifth above the tonic called the dominant. The
triads themselves are known as the tonic, subdominant, and dominant
triads respectively. The scale constructed in this manner is known
as the just major scale. It resembles, but is not identical with the
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major scale.

T ehell degonscreate how ' 'this srcale 18 dermived as fol ows, FPirst

I shall play the tonic, subdominant, and dominant triads in that

=1

orger, Then. lor . each 1ote of ‘Lhe Scale 28 Tturn,

3

shall play the

c*i'

the and then sustain the scale note bein
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illustrated a2fter the other two notes of The trmed have ceased to

sounc. When more than one triad contains a particular note, I shall

ﬁ

deponstrate how the note derives from each of tre two chords, Final-

1y, Y skball play the scele alone, Tepesting iv
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c*i‘
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nree tinmes.,

BX. 15: - Derivation of the just major.scale




cent than the corresponding steps of the equal tempereanme
Also, the semitone 1ntervals beltvween the third and fourth
b o 4+ 3 1 ot h t f‘:‘“ 1 = ..'3""1.51 norpant coTr
the seventh and elghth notes o che scale are-fwelve percent larger

than these intervals are in th e equal temperament scale. I shall

el ke

-

play the scale agezin, repeated three times as before. ILisven care-

fully for the differences 1 have mentioned.

Ex. 16: Just major scale reveated

In ' the digouss on Wwoach folliows, 1. sphall

in
i)
(D
Q)
oy
O
-
& §
)
&l
g
cl
e
D
C.t
=
N
ct

T

mejor scales on I and on U. I shall -refer vo- &l

Yy
M
5
O
¢l
(D
N
-
ct
Ly’
D
N
@
0
}_J
D

on B oas FooG, Ay B—~1180, O, D B, gndiesain ¥, Az for the noves i

LY

he stele opn C il shall ‘reier Lo themias G, D, . By F, Go Ak

agein U, AS We Bhe

0)
I...J
I_.J
0
o
D
0
ts
O
3
ot
}_.J
ey
ot
5
(D
3
(D
},..l
(N
0
0
=
(0
s
}.....J
o
-
L
. |
1
.
O
-
ot

| -

;

discrepancy between the ditches of the Ds in the two diffsrent
celes,

1.t us consider in more detaill toe freguency ravios belwesn cer-

tain vpairs of zdjacent notes in the Just mejor scale whichkh we have
derived.

1 -have alrecdy peniibned toat the Ireguency rallic correspordine
to tone sum ol U intervals 15 egual to the procuct of t-s freguency
ratios correcpondine Lo thée ancividuel intervale. & corollary to
thig is Lhat the freguency relio corresptndins o the €17 ference
interval beiween a lerger dnterval and.a spa’ler intervel 18 ecusl Lo

F = Tl S -
for the =sgmallier Intervaly
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below that G which 1s a perfect fifth above The note C just men-

tioned.  Adding Two perfect fifths and subtrecting an ociave,

arrive at a frequency ratio between ¥ and G of 8:9, Let us now

consider the frecuency ratio between the second and third noteé of

the scale, G and A. In the equal temperament scale, both intervels
2

are ldaentically egual, Ine the just major scele, the note A is

periget major third abowe ¥ and bears frecguency ratio 5:4 with

IS

H

espect To ¥, UoneEldering LThe dintervel from G to & to be ibe 8if-

fhus in The ' Jgust major scale, tke steps from .F to G and from G %o A
are umegual. Ifhe step frem ¥ Lo G 1s the larcep step and it is

known as a major whole tone. The step from G to A, which is about
11% smaller, is called a mincr whole tone. I skall now demonstrate

this ciTierenee 1n Arniterval size,
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127 a pattern conteining only the first three

notes of the just major scale,
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the. sare lower note lony taines, using the segond hote of tre vrevious
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pattern as the lower nove.
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Ex. 19: Upper notes of whole tone steps; comma

e e Ditelh - dlfferenCQ betwesen thesn two very'slirhtly different notes
corrﬂsoonds to a frﬂcuency ratio of 80:81 and 1s known as a conmna,

This 1ntevwal was known to t%e ancient Greeks,

tEhal) souw deadnitoate thet onb note, the D, of the just major

pn

scale on F is close to, but not identical with the note corresponding

Lo it 1n the just 'me 0 Bczle on C. This leads to the conclusion that
a tempering or slight sbifting of pitches 1s necessary if one wisktes

o make the scales on different notes superposable.

The D in the Jjust major scale on C is the second note of tke
scale and, as we showed previously in the case of the just major .scale

on F, the second note of fbe scale lies a major whole tone above the
tonic, having a fréquency rétio to the toni¢ of 9:8. In the case of
the scale on F, we shall determine both the interval from P to C and
iron ¥ to L and sSubtract the First intervel froo the second to find
the dinterval from C to D'in thie scale. The note ¢ is -2 perfect fifth
above F and bears frequency ratio 3:2 to P. The note D is the trird
in the major triad on the subdominant note, B-flat., B-flat is é per-
IeCL lourth atove 4 and bDeers frecuency Tecio H:5 co F. ' D'is a maior
third aboﬁe E=flat ang bears Iroguency retio 5:4 to B-flat, Fulti-

piying #atine for the supr interval ¥ -to D, the frscueney ratio of D
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interval between U and D, we Iind thet the frecuency ratio of D to
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role tone scove UC.
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important as far as musical practice 1is concerned. Let us test this
out by means ol Ubhe following eXemple,

et ng cell the ol the € scale Dhand the D . ofthe ¥ gseale DY,

L

In the example 1 shall first play the-pattern C'D C DY twiee, « Then

1 shall harponize the firstc two  notes of the pattern zgainst G znd

finally ' s nejor sivth ( B/% Y. Hext I 88all rensat the latter ber-

monized pattern but with a difference. When the note D is sounded in

-

each case, I shall anitielly sound thatv version of D which gives =
perfect kharpmony and Then allow the pitch to glide to the fregusney of
the other D. . The second interval will end as an off-fifth wkose uppe
liode a5 Ongieonmna O Sbouc 2 113Ch of'2 sepitene flat, wWaile The
fourth intervel will end gs a ma or thard wbhcse upoper note 15 &
conme sbarp.  Listen carefully to see bow the stift ip pitech 2ffects
the bermony ol e2ch inierval,

¥, 205 L lest switehine major and minor wWhole tones

Let us niow 1isten tTo Tour »ert bertonizations.  the patbtern will
first be repeated twice with the different Ds in tts correct order,
followed by tke same paviern Dlayed twice with the Ds in ver
Ofcer.,

Ex. Ziy. -Resb suiiching — ioupr pari tgrbomizesion
in, toe Chses wWicre o6 1loeorrsct, D uss used wou trobEple heRiced 2
WEVES Do ety DL EenT SoVE S SRR Wes s a s S aEd s tesl s madktasatl s
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C scale and the F scale, a tempering process must be introduced
woereby the notes of neither scale form perfect mriads on the tonic,
subdominanv, and dominant notes of the scales, but in which the

wOoIrst case errors are reduced to & mininum,

e procecd Lo consader two different kinds-of semitore. I shall

play the first four notes lof the just major secale on C with 2 chropat-

10116 ‘respectively. HNotice'that the semitone step from E-fl=t to
1is much smeller than the semitone steps from D to E-flat znd from E to

F

Ex. 22: ©Scale steps to illustrate difference between semiitones

Lne- step tetween notes lyine st & just minor thipd end at o
just major third above -a given lower nove is called a sm2ll chrormatic
sepmitone. The interval has essociatsd frequency retio 24:25 ana the
percentags lncrezse an freguency between lower 2nd unter nots is
L,1735. ©The sted tetween notes lvying at e pejor thairp end et g perfect
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steps from the same lower note E and
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harmonization, repeating both patterns twice. Then I shall repeas
the pattern three more times using

©0o The ‘pitel correspondine to the other
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semitone step.
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Ex. 293 Dnstoniec grdismall cb:o:atlc semitones contrastead
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1ntervals several times in succession. The interval between these

upper notes 1s a diesis.
EX. 252 Diesgis

Up to tkis point I have demonstrated a number of interval and
step distinctions which are not generslly mede in music today, I

3
have omitted a number of other intervals zand

)

Ceps wkhich can be
derived from the six basic intervals presented thus far such as the
large chromatic semitone. I would now like to ask whether a music

in which these distinctions were. preserved would be worsh naking

possitle 1f at the same time it were also possible to vrevent disso-
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neances of the kinds demonstrated from occurring? In times S
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unlike today, it was not possible to have one's cake and eat it at

the same time, so to speak. A system of temperament involving some
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loss of the rainbow variety in sounds rad to be emdlo
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Gthe basic triadic harmonies of many keys could be sounded on

instrunents.,

1 bave demonstrated in the precedincs section that if all nozte

irecuency ratios are held exactly, whatl might be celled slightly di
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fering versions of the same note will occur, with one version of the
note sultable in one barmonic context and znother version suita®le in

another hermonic context. It turns out that the more complex a piece

Ol Busic 18 rarvonically, the greater tre pumber of notes Der gcLaye
span wilivoe reaudred for alsiperformerice in Just intorstion. In
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Singers have Tthe ceavebility of singing any pitch whatever within
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their vocal range. A bhighly skilled sensitive group of singers can
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In the egual temperament system the octave is divided up into
twelve equal semitone steps such that the fregquency ratio between any

Bwo 2djacent notes 1s Lhe sanme., Expressed pethematicelly, &
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universal acceptance today, a great many of us tend to assume implic-
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chat for practical purposes of music listening, an equal temper-
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ament interval 1s an acceptable equivalent to the just freguency

ratio interval to which 1T corresponds. Thus we tend to selectivel
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Tune out slight varistvions in pitch. Ny personal experience is that

O
D
e
e
8))
}..J

111 em paying close attenyion, slight shifts in piteh due &
Ttemperament significantly affecte ©

being sounded. I 1. 8w mob paying clogse heed, 'l em likely not to
notice these elffects. - Thus you may need to listen to the following

demonstrations more than once in order o0 gain a precise feel for the
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differences being demonstrated.

I skall use similar patterns to illustrate the effect of eguzal
temperament on each of The Three intervals. For the septimal minor
toard, I shall first sournd Che upner note of the interval zlone &2t'a

piteh which will form a perfect 7:6 frecuency ratio with the lower

note of the intervel. I s8hall then let the pltch of this note elide

O
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srarp, coming to rest ab & pitch which forms an equal termpereament
minor i tbird wWith The lower nove of the inberval, The piteh will
again glide flat to its i1nitial freguency, cycling between its just

septimal and equel temperement velues trtree times before the lower

note of the interval begins to sound Jjust a2s the pitch of the upper
note glides ¥o0 rest at a perfect septimel minor third atove the lower
note. Wich Tthe lower niote now sounding &t & stHeady pitech, the unp

note will glide through three more cycles with the last interval

sounded being an ecgual temperamernt ominor third.
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following example 1 shall compare the interv s for ths previous

second part of the exanmple.

Ex. 28: Contrast of Jjust pajor third with egual temperenent
major third

the chords in each case? 1s the effect of temperament for all prac-
tical vurposes meclicible, .07, gn vhe ptvher bhand, "does 2% Bignifi-
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octave and a fifth, two octaves, two octaves and a major third, and
so forth above what is called the fundamental. The freguencies of

"the overtones lie at twice, three times, on:up to n tvimes the funda-
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cohoosite vabratiohs consigting of the sun ol A series of simisoidal
Yilrations At the Nlingdenental Jreguency and ef 2, 5y a.. holimes
h

funtehental freguency and so joritb.. "Ip genaral,
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overtones decreases €S N beccmes very largse. Dechkh rusical instrunment
progueces sounde With ehrecieristic gveErLOne pelberns i -wWoieh daf-

féreni hergonics have aaiferent relaliyve sorebzchs. JIn iaget, e

I shall here demonstrate a harmonic series consisting of a note

reti10s o -one another, "1t 'turne out tezt Cchoro
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startine with Jower wembers of tThe series and proceeding up o
higrer pembers, L0e J0Ur Dote chorxd consisting of the veny Tivest foup
members of the series 1s the open fifth chord.

SR S CCOpernr Taxltr chord
1t is 8 echovd possessing gyeat stability and a sense of finality.

LA great many worxs of the renaissence period czme to theilr finel
resting pointion this choro.

Lde 'segond, thara, Tourtn, ang ‘Tiith mencers of the series give
us a majgor btriasd in rooti position.  Following Toe Dreviously intro-
duced convention, I shall call this chord The 2«5-4.5 chord.
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with the major thkird and presenting three comparisons.

The €-/-C tTriad forzing the upper three notes of the dominant
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ninth chord sonewnet resenbles a mipor tried. The freguencies of the

Let us compare alternative supertonic to tonic resolutions using
first the supertonic minor triad and then the &+7-%9 chord. After the
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dominant Sevench g tonic resolution.  Let Us compare the two,

Exe #8:  921-15-15 to E~-10-12-16 { 4-5-6-8 ) resolution fol-
lowed by dominant seventh to tonic resolution
embers 8 through 16 of the barmonic overtone seriés form an-
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eighc tone pCEeve Bgale Whieh 35 in some ways annlosous to, But gulte
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t than the 12 tone scale of equal temperament. Here is how

EX., 4©: Zight tone scale based on karmonic overtone series

This scale has some significant characteristics. The most impordant

one 1s that any chord wkhatsoever which is formed from notes taken’
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from it will Bave frequency ratios which can be exopressed in terps of
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whole numbters egual to fifteen or less. Thus these ckords will g1l
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possess a degree of consonance. The chords wnich have been deron-
strated bere form only & {frection of t“he spme. Cwo burdred odd unieue
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scale znd Thorough exXploravion of i1ts bareponic D

prove to e an exciting and reswarding endeavor for composers.
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