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Prelude

The chords sounded smooth and nondissonantbut strange and
somewhat eerie. The effect was so different from the tempere
scale that there was no tendency to judge in-tuneness or out-
of-tuneness. It seemed like a peek into a new and unfamiliar
musical world, in which none of the old rules applied, and the
new ones, if any, were undiscoveredH. Slaymaker [B: 176]

To seek out new tonalities, new timbres...
To boldly listen to what no one has heard before.

Several years ago | purchased a musical synthesizer witttraguiing feature—each
note of the keyboard could be assigned to any desired pitih fieedom to arbitrar-
ily specify the tuning removed a constraint from my musid thead never noticed or
questioned—playing in 12-tone equal temperameduddenly, new musical worlds
opened, and | eagerly explored some of the possibilitiesqual divisions of the
octave,n equal divisions, and even some tunings not based on thesoatall.

Curiously, itwas much easier to play in some tunings thanheis. For instance,
19-tone equal temperamerit9-ted with its 19 equal divisions of the octave is easy.
Almost any kind of sampled or synthesized instrument plagié wiano sounds, horn
samples, and synthesized flutes all mesh and flow. 16-tetdehdut still feasible.
| had to audition hundreds of sounds, but finally found a fewdysounds for my
16-tet chords. In 10-tet, though, none of the tones in théhggizers seemed right
on sustained harmonic passages. It was hard to find pairdes timat sounded rea-
sonable together, and triads were nearly impossible. Eviey appeared somewhat
out-of-tune, even though the tuning was precisely ten tpeesctave. Somehow the
timbre, or tone quality of the sounds, seemed to be interderi

The more | experimented with alternative tunings, the mbappeared that cer-
tain kinds of scales sound good with some timbres and notatfiters. Certain kinds
of timbres sound good in some scales and not in others. Tisisda host of ques-
tions: What is the relationship between the timbre of a santithe intervals, scale,
or tuning in which the sound appears “in tune?” Can this i@tahip be expressed
in precise terms? Is there an underlying pattern?

! This is the way modern pianos are tuned. The seven white keysthe major scale, and
the five black keys fill in the missing tones so that the perxtilistance between adjacent
notes is (roughly) equal.
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This book answers these questions by drawing on recentsesylsychoacous-
tics, which allow the relationship between timbre and tgrimbe explored in a clear
and unambiguous way. Think of these answers as a model otatpgrception that
makes predictions about what you hear: about what kindsrifrés are appropriate
in a given musical context, and what kind of musical contexguitable for a given
timbre.

Tuning, Timbre, Spectrum, Scélegins by explaining the relevant terms from the
psychoacoustic literature. For instance, the perceptidtimbre” is closely related
to (but also distinct from) the physical notion of thpectrunof a sound. Similarly,
the perception of “in-tuneness” parallels the measurat#e bfsensory consonance
The key idea is that consonance and dissonance are notitesdities of intervals,
but they are dependent on the spectrum, timbre, or tonaltgudlthe sound. To
demonstrate this, the first sound example on the accompayih plays a short
phrase where the octave has been made dissonant by devaos ohtimbre, even
though other, nonoctave intervals remain consonant. In #&most any interval can
be made dissonant or consonant by proper sculpting of tHaéim

Dissonance curveprovide a straightforward way to predict the most consonant
intervals for a given sound, and the set of most-consonaatvals defines a scale
relatedto the specified spectrum. These allow musicians and comptselesign
sounds according to the needs of their music, rather thaimdpae create music
around the sounds of a few common instruments. The spedtcata/relationship
provides a map for the exploration of inharmonic musical ldsr

To the extent that the spectrum/scale connection is basqutaperties of the
human auditory system, it is relevant to other musical cauTwo important inde-
pendent musical traditions are the gamelan ensembles oh&sik (known for their
metallophones and unusual five and seven-note scales) apértussion orchestras
of classical Thai music (known for their xylophone-likeaghones and seven-tone
equal-tempered scale). In the same way that instrumentatisovith harmonic par-
tials (for instance, those caused by vibrating strings and@é@umns) are closely
related to the scales of the West, so the scales of the gasralamelated to the spec-
trum, or tonal quality, of the instruments used in the game&milarly, the unusual
scales of Thai classical music are related to the spectruheofylophone-likeenat

But there’s more. The ability to measure sensory consonanaereliable and
perceptually relevant manner has several implicationthedesign of audio signal
processing devices and for musical theory and analysisapsrthe most exciting
of these is a new method aflaptive tuninghat can automatically adjust the tuning
of a piece based on the timbral character of the music so agtmine dissonance.
Of course, one might cunningly seek to maximize dissonatheepoint is that the
composer or performer can now directly control this penealdy relevant parameter.

The first several chapters present the key ideas in a nonmatioal way. The
later chapters deal with the nitty-gritty issues of soundegation and manipulation,
and the text becomes denser. For readers without the bastdjto read these sec-
tions, | would counsel the pragmatic approach of skippirgdhtails and focusing
on the text and illustrations.
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Fortunately, given current synthesizer technology, itismecessary to rely only
on exposition and mathematical analysis. You can actuisllgri to the sounds and
the tunings, and verify for yourself that the predictionstiof¢ model correspond
to what you hear. This is the purpose of the accompanying @mneStracks are
designed to fulfill the predictions of the model, and somedesigned to violate
them; it is not hard to tell the difference. The effects aresubtle.

Madison, Wisconsin, USA William A. Sethares
August 2004
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1

The Octave Is Dead . . . Long Live the Octave

1.1 A Challenge

The octave is the most consonant interval after the unisolowAC on the piano
sounds “the same” as a high C. Scales “repeat” at octavevaiseiThese common-
sense notions are found wherever music is discussed:

The most basic musical interval is the octave, which occurenathe fre-
guency of any tone is doubled or halved. Two tones an octaad apeate a
feeling of identity, or the duplication of a single pitch irhaher or lower
registert

Harry Olsort uses “pleasant” rather than “consonant”:

An interval between two sounds is their spacing in pitch egérency... It
has been found that the octave produces a pleasant senséttisran estab-
lished fact that the most pleasing combination of two tosesie in which
the frequency ratio is expressible by two integers neitfi@rtoch is large.

W. A. Mathiel? discusses the octave far more poetically:

The two sounds are the same and different. Same name, satgé (inbat-
ever that is), but higher pitch. When a man sings nursery dsywith a
child, he is singing precisely the same song, but lower tharchild. They
are singing together, but singing apart. There is sometbasy in the har-
mony of two tones an octave apart - played either separatébgether - but
an octave transcen@ssy There is a way in which the tones are identical.

Arthur Benadé observes that the similarity between notes an octave aparéen
enshrined in many of the world’s languages:

! From [B: 66].
2[B: 123].

¢ [B: 104].

4 [B: 12].
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Musicians of all periods and all places have tended to adpatenthen they
hear a tone having a repetition frequency double that ofrenaine, the two
are very nearly interchangeable. This similarity of a tonthts octave is
so striking that in most languages both tones are given tie same.

Anthony Stor? is even more emphatic:

The octave is an acoustic fact, expressible mathematieettlich is not cre-
ated by man. The composition of music requires that the edtataken as
the most basic relationship.

Given all this, the reader may be surprised (and perhapsiadoédulous) to hear a
tone that is distinctly dissonant when played in the inteof@n octave, yet sounds
nicely consonant when played at some other, nonoctavevaitdris is exactly the
demonstration provided in the first sound exarfji: 1] and repeated in the first
video examplé [V: 1]. The demonstration consists of only a handful of npts
shown in Fig. 1.1.

Fig. 1.1.In sound example [S: 1] and

0 [ e P video example [V: 1], the timbre of the
7 e — — 2 — ‘I sound is constructed so that the octave
NG o betweenf and 2f is dissonant while

the nonoctavef to 2.1f is consonant.
foo2ft f&2f f 21f f&2.1f Go listen to this example now.

A note is played (with a fundamental frequenty= 450 Hz®) followed by its oc-
tave (with fundamental atf = 900 Hz). Individually, they sound normal enough,
although perhaps somewhat “electronic” or bell-like inurat But when played si-
multaneously, they clash in a startling dissonance. In dversd phrase, the same
note is played, followed by a note with fundamentakatf = 945 Hz (which falls
just below the highly dissonant interval usually called #ugmented octave or mi-
nor 9th). Amazingly, this second, nonoctave (and even rtoca) interval appears
smooth and restful, even consonant; it has many of the deaistics usually asso-
ciated with the octave. Such an interval is callgusaudo-octave

Precise details of the construction of the sound used inettasple are given
later. For now, it is enough to recognize that the tonal mplaihe sound was care-
fully chosenin conjunction witrthe intervals used. Thus, the “trick” is to choose the
spectrum or timbre of the sound (the tone quality) to matehttiming (the intervals
desired).

® [B: 184].

¢ Beginning on p. 381 is a listing of all sound examples (refees to sound examples are
prefaced with [S:]) along with instructions for accessingrh with a computer.

7 Beginning on p. 393 is a listing of all video examples (refexes to video examples are
prefaced with [V:]) along with instructions for accessihgin with a computer.

8 Hz stands foHertz, the unit of frequency. One Hertz equals one cycle per second
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As will become apparent, there is a relationship betweerkihés of sounds
made by Western instruments (i.e., harm8rsounds) and the kinds of intervals
(and hence scales) used in conventional Western tonal magparticular, the 2:1
octave is important precisely because the first two panidsharmonic sound have
2:1 ratios. Other kinds of sounds are most naturally playgdguother intervals,
for example, the 2.1 pseudo-octave. Stranger still, therérdnarmonic sounds that
suggest no natural or obvious interval of repetition. Oethmsed music is only one
of a multitude of possible musics. As future chapters shoig possible to make
almost any interval reasonably consonant, or to make itywilcssonant, by properly
sculpting the spectrum of the sound.

Sound examples [S: 2] to [S: 5] are basically an extendedoreds this example,
where you can better hear the clash of the dissonances anddhanbral character
associated with the inharmonic stretched sounds. The “ssimgle piece is played
four ways:

[S: 2] Harmonic sounds in 12-tet

[S: 3] Harmonic sounds in the 2.1 stretched scale

[S: 4] 2.1 stretched timbres in the 2.1 stretched scale
[S: 5] 2.1 stretched timbres in 12-tet

wherel2-tetis an abbreviation for the familiar 12-tone per octave edealpered
scale, and where thgtretched scalebased on the 2.1 pseudo-octave, is designed
specially for use with the stretched timbres. When the teakand the scales are
matched (as in [S: 2] and [S: 4]), there is contrast betweersaaance and disso-
nance as the chords change, and the piece has a sensiblalfiogi¢although the
timbral qualities in [S: 4] are decidedly unusual). When tinebres and scales do
not match (as in [S: 3] and [S: 5]), the piece is uniformly dizant. The difference
between these two situations is not subtle, and it callsgotstion the meaning of
basic terms like timbre, consonance, and dissonanceldting question the octave
as the most consonant interval, and the kinds of harmony arsical theories based
on that view. In order to make sense of these examplasing, Timbre, Spectrum,
Scaleuses the notions afensory consonan@ndsensory dissonanc&hese terms
are carefully defined in Chap. 3 and are contrasted with otbgéons of consonance
and dissonance in Chap. 5.

1.2 A Dissonance Meter

Such shaping of spectra and scales requires that there bevandent way to mea-
sure the dissonance of a given sound or interval. One of thdédeas underlying
the sonic manipulations ifiuning, Timbre, Spectrum, Scatethe construction of a
“dissonance meter.” Don’t worry—no soldering is requiréde dissonance meter is
a computer program that inputs a sound in digital form angwtsta number pro-
portional to the (sensory) dissonance or consonance obtireds For longer musical

? Hereharmonicis used in the technical sense of a sound with overtones cesapaxclu-
sively of integer multiples of some audible fundamental.



4 1 The Octave Is Dead . . . Long Live the Octave

passages with many notes, the meter can be used to measutiesthieance within
each specified time interval, for instance, within each measr each beat. As the
challenging the octavexample shows, the dissonance meter must be sensitive to
both the tuning (or pitch) of the sounds and to the spectrurtirtibre) of the tones.
Although such a device may seem frivolous at first glancegstinany real uses:

As an audio signal processing devidée dissonance meter is at the heart of a device
that can automatically reduce the dissonance of a soundk Velaving its character
more or less unchanged. This can also be reversed to creatma that is more dis-
sonant than the input. Combined, this provides a way to tiyreontrol the perceived
dissonance of a sound.

Adaptive tuning of musical synthesizeWhile monitoring the dissonance of the
notes commanded by a performer, the meter can be used ta tdjusning of the
notes (microtonally) to minimize the dissonance of the pges This is a concrete
way of designing an adaptive or dynamic tuning.

Exploration of inharmonic sound3he dissonance meter shows which intervals are
most consonant (and which most dissonant) as a functioneosplectrum of the
instrument. As thehallenging the octavexample shows, unusual sounds can be
profitably played in unusual intervals. The dissonance neae concretely specify
related intervals and spectra to find tunings most appregfidaa given timbre. This

is a kind of map for the exploration of inharmonic musicalcgsa

Exploration of “arbitrary” musical scales:Each timbre or spectrum has a set of
intervals in which it sounds most consonant. Similarly,heaet of intervals (each
musical scale) has timbres with spectra that sound mosboans in that scale. The
dissonance meter can help find timbres most appropriatedivea tuning.

Analysis of tonal music and performande: tonal systems with harmonic instru-
ments, the consonance and dissonance of a musical passagierabe read from
the score because intervals within a given historical pehniave a known and rela-
tively fixed degree of consonance and/or dissonance. Bidnpeances may vary. A
dissonance meter can be used to measure the actual dissafalifferent perfor-
mances of the same piece.

Analysis of nontonal and nonwestern music and performaBoeands played in in-
tervals radically different from those found in 12-tet haw@ standard or accepted
dissonance value in standard music theory. As the dissermaeter can be applied
to any sound at any interval, it can be used to help make mssinae of passages to
which standard theories are inapplicable. For instanagritbe used to investigate
nonwestern music such as the gamelan, and modern atonal. musi

Historical musicologyMany historical composers wrote in musical scales (such as
meantone, Pythagorean, Just, etc.) that are different fid+et, but they did not
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document their usage. By analyzing the choice of intertlaésgdissonance meter can
make an educated guess at likely scales using only the extasit. Chapter 11, on
“Musicological Analysis,” investigates possible scalesdiby Domenico Scarlatti.

As an intonation monitorTwo notes in unison are very consonant. When slightly
out of tune, dissonances occur. The dissonance meter caeedeta monitor the
intonation of a singer or instrumentalist, and it may be uls&$ a training device.

The ability to measure dissonance is a crucial componergveral kinds of audio
devices and in certain methods of musical analysis. The tidgadissonance is a
function of the timbre of the sound as well as the musicalrirtis also has impor-
tant implications for the understanding of nonwestern gjsnodern atonal and
experimental compositions, and the design of electronisicaliinstruments.

1.3 New Perspectives

The dissonance curve plots how much sensory dissonancesaaicaach interval,
given the spectrum (or timbre) of a sound. Many common Weatethestral (and
popular) instruments are primarily harmonic, that is, thaye a spectrum that con-
sists of a fundamental frequency along with partials (ormres) at integer multi-
ples of the fundamental. This spectrum can be used to drassamnce curve, and
the minima of this curve occur at or near many of the steps eftestern scales.
This suggests a relationship between the spectrum of threiments and the scales
in which they are played.

Nonwestern Musics

Many different scale systems have been and still are usedghout the world. In
Indonesia, for instance, gamelans are tuned to five and seMenscales that are
very different from 12-tet. The timbral quality of the (pramly metallophone) in-
struments is also very different from the harmonic instrote®f the West. The dis-
sonance curve for these metallophones have minima that atcu near the scale
steps used by the gameldisSimilarly, in Thailand, there is a classical music tradi-
tion that uses wooden xylophone-like instruments catdedtsthat play in (approx-
imately) 7-tet. The dissonance curve for renat-like tinsinave minima that occur
near many of the steps of the traditional 7-tet Thai scalshawn in Chap. 15. Thus,
the musical scales of these nonwestern traditions arecetatthe inharmonic spec-
tra of the instruments, and the idea of related spectra aaldssts applicable cross
culturally.

1% See Chap. 10 “The Gamelan” for details and caveats.
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New Scales

Even in the West, the present 12-tet system is a fairly reicemvation, and many
different scales have been used throughout history. Sostersg, such as those used
in the Indonesian gamelan, do not even repeat at octavevatdeCanany possible
set of intervals or frequencies form a viable musical sadsuming that the listener
is willing to acclimate to the scale?

Some composers have viewed this as a musical challengeyHisickwood’s
Microtonal Etudesnight jokingly be called the “lll-Tempered Synthesizerthese
it explores all equal temperaments between 13 and 24. Thatead of 12 equal
divisions of the octave, these pieces divide the octaveliBfd 4, 15, and more equal
parts. lvor Darreg composed in many equal temperanémsglaiming

the striking and characteristic moods of many tuning-systeill become
the most powerful and compelling reason for exploring belyd2-tone
equal temperament. It is necessary to have more than onensdve-tone
system before these moods can be heard and their signifiappoeciated?

Others have explored nonequal divisions of the odfaemd even various subdi-
visions of nonoctave¥ It is clearly possible to make music in a large variety of
tunings. Such music is callecenharmonid® strange “harmonies” unlike anything
possible in 12-tet.

The intervals that are most consonant for harmonic souredsiade from small
integer ratios such as the octave (2:1), the fifth (3:2), Aeddurth (4:3). These sim-
ple integer ratio intervals are call@dlstintervals, and they collectively form scales
known asjust intonationscales. Many of the just intervals occur close to (but not
exactly at®) steps of the 12-tet scale, which can be viewed as an acdeiaprox-
imation to these just intervals. Steps of the 19-tet scale approximate many of
the justintervals, but the 10-tet scale steps do not. Thggasts why, for instance, it
is easy to play in 19-tet and hard to play in 10-tet using haimtones—there are
many consonant intervals in 19-tet but few in 10-tet.

New Sounds

Thechallenging the octavéemonstration shows that certain unusual intervals can be
consonant when played with certain kinds of unusual sousdspossible to make
any interval consonant by properly manipulating the sound ityfaFor instance,
is it possible to choose the spectral character so that mattyeclO-tet intervals
became consonant? Would it then be “easy” to play in 10-te&danswer is “yes,”

1 [D: 10].

2 From [B: 36], No. 5.

'3 For instance, Vallotti, Kirchenberg, and Partch.

' For instance, Carlos [B: 23], Mathews and Pierce [B: 102§ kicLaren [B: 108].
!5 Coined by Darreg [B: 36], from the Greedenosfor strange or foreign.

16 Table 6.1 on p. 97 shows how close these approximations are.
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and part of this book is dedicated to exploring ways of malaifirng the spectrum in
an appropriate manner.

Although Western music relies heavily on harmonic sounssé are only one
of a multitude of kinds of sound. Modern synthesizers carlyegenerate inhar-
monic sounds and transport us into unexplored musical ealime spectrum/scale
connection provides a guideline for exploration by spéoifthe intervals in which
the sounds can be played most consonantly or by specifyggatnds in which the
intervals can be played most consonantly. Thus, the methlbais the composer to
systematically specify the amount of consonance or dissma he composer has a
new and powerful method of control over the music.

Consider a fixed scale in which all intervals are just. No ssadie can be modu-
lated through all the keys. No such scale can play all theaerst chords even in a
single key. (These are arithmetic impossibilities, andrecoete example is provided
on p. 153.) But using the ideas of sensory consonance, itdsilple to adapt the
pitches of the notes dynamically. For harmonic tones, thégjuivalent to playing in
simple integer (just) ratios, but allows modulation to ary,khus bypassing this an-
cient problem. Although previous theorists had proposatighch dynamic tunings
might be possiblé! this is the first concrete method that can be applied to angdcho
in any musical settingt is possible to have your just intonation and to modulate,
too! Moreover, the adaptive tuning method is not restricted tonloaic tones, and
so it provides a way to “automatically” play in the relatealsc(the scale consisting
of the most consonant intervals, given the spectral characthe sound).

New “Music Theories”

When working in an unfamiliar system, the composer canngtae musical intu-
ition developed through years of practice. In 10-tet, fatémce, there are no inter-
vals near the familiar fifths or thirds, and it is not obviousatintervals and chords
make musical sense. The ideas of sensory consonance caachtdsd the most
consonant chords, as well as the most consonant intergaddwjays, sensory conso-
nance is a function of the intervals and of the spectrum#ténab the sound), and so
it can provide a kind of sensory map for the exploration of emings and new tim-
bres. Chapter 14 develops a new music theory for 10-tet. mbattal third” chord
is introduced along with the “circle of thirds” (which is semhat analogous to the
familiar circle of fifths in 12-tet). This can be viewed as atotype of the kinds of
theoretical constructs that are possible using the semsmryonance approach, and
pieces are included on the CD to demonstrate that the pieaodf the model are
valid in realistic musical situations.

Unlike most theories of music, this one does not seek (piiy)do explain a
body of existing musical practice. Rather, like a good ddfiertheory, it makes con-
crete predictions that can be readily verified or falsifiede§e predictions involve
how (inharmonic) sounds combine, how spectra and scalegutt and how disso-
nance varies as a function of both interval and spectrumenlctosed CD provides

'7 See Polansky [B: 142] and Waage [B: 202].
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examples so that you can verify for yourself that the préalict correspond to per-
ceptual reality.

Tuning and spectrum theories are independent of musidat styey are no more
“for” classical music than they are “for” jazz or pop. It waube naive to suggest
that complex musical properties such as style can be mehsuterms of a simple
sensory criterion. Even in the realm of harmony (and igrprinusically essential
aspects such as melody and rhythm), sensory consonandg gaonof the story. A
harmonic progression that was uniformly consonant woulted@®us; harmonic in-
terest arises from a complex interplay of restlessnessestiiimess® of tension and
resolution. It is easy to increase the sensory dissonandehence the restlessness,
by playing more notes (try slamming your arm on the keybod@d)it is not always
as easy to increase the sensory consonance and hence thimesst By playing
sounds in their related scales, it is possible to obtain thatgst contrast between
consonance and dissonance for a given sound palette.

1.4 Overview

While introducing the appropriate psychoacoustic jargoimap. 2 (the “Science of
Sound”) draws attention to the important distinction betw&vhat we perceive and
what is really (measurably) there. Any kind of “perceptyattelligent” musical
device must exploit the measurable in order to extract méiion from the environ-
ment, and it must then shape the sound based on the percegguabments of the
listener. Chapter 3 looks carefully at the case of two siemébusly sounding sine
waves, which is the simplest situation in which sensoryatiasices occur.

Chapter 4 reviews several of the common organizing priesipkehind the cre-
ation of musical scales, and it builds a library of histofri@ad modern scales that
will be used throughout the book as examples.

Chapter 5 gives an overview of the many diverse meaningshkatords “con-
sonance” and “dissonance” have enjoyed throughout theideat The relatively re-
cent notion of sensory consonance is then adopted for useghout the remainder
of the book primarily because it can be readily measured andtified.

Chapter 6 introduces the idea ofl&ssonance curvéhat displays (for a sound
with a given spectrum) the sensory consonance and disseoéadl intervals. This
leads to the definition of eelated spectrum and scale, a sound for which the most
consonant intervals occur at precisely the scale stepscowplementary questions
are posed. Given a spectrum, what is the related scale? &seale, what is a related
spectrum? The second, more difficult question is addresdedgth in Chap. 12, and
Chap. 7 (“A Bell, A Rock, A Crystal”) gives three detailed exales of how related
spectra and scales can be exploited in musical contexts.ig brimarily interesting
from a compositional point of view.

Chapter 8 shows how the ideas of sensory consonance canlbéezkpo create
a method of adaptive tuning, and it provides several exasnpiéwhat to expect”

18 Alternative definitions of dissonance and consonance amudsed at length in Chap. 5.
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from such an algorithm. Chapter 9 highlights three compmsstin adaptive tun-
ing and discusses compositional techniques and tradddfsical compositions and
examples are provided on the accompanying CD.

The remaining chapters can be read in any order. Chapteigssiow the pelog
and slendro scales of the Indonesian gamelan are correlétethe spectra of the
metallophones on which they are played. Similarly, Chapsiid®wvs how the scales
of Thai classical music are related to the spectra of the ifis&iuments.

Chapter 11 explores applications in musicology. Ti&sonance scorean be
used to compare different performances of the same piete,examine the use of
consonances and dissonances in unscored and nonwesteécn Amuapplication to
historical musicology shows how the tuning preferences aiBnico Scarlatti can
be investigated using only his extant scores.

Chapter 14 explores one possible alternative musical tseyehat of 10-tet.
This should only be considered a preliminary foray into whratmises to be a huge
undertaking—codifying and systematizing music theorarsrifon-12-tet. Although
it is probably impossible to find a “new” chord in 12-tet, itimpossible to play
in n-tet without creating new harmonies, new chordal strustuaad new kinds of
musical passages.

Chapters 12 and 13 are the most technically involved. Theywdiow to spec-
ify spectra for a given tuning, and how to create rich and dempounds with the
specified spectral content.

The final chapter sums up the ideasTuning, Timbre, Spectrum, Scals ex-
ploiting a single perceptual measure (that of sensory cuarse) and applying it to
musical theory, practice, and sound design. As we expangatatte of timbres we
play, we will naturally begin to play in new intervals and newmings.





