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Abstract

This thesis explores microtonality, specifically the use of microdiscrete intervals and
sliding pitch, in new music. It presents a newly designed microtonal percussion
instrument (the conic bellophone), a portfolio of inextricably associated compositions, in
score and recordings, and a video recording illustrating the technique of the instrument.
The question whether an instrument must exist in order for music to be composed for it is

addressed by means of experimental composition for the bellophone.

Analysis and comparison of the work of Julian Carrillo and Harry Partch, twentieth-
century composers deeply involved in microtonality, sliding pitch, and the development of
new and modified instruments, shapes the research method used. A detailed review of
the achievements of these composers in creating novel instruments, which informs this
comparison, is presented in appendices. Whereas Carrillo and Partch mostly built
instruments before composing, this research proposes and applies an instrument-
development-led composition strategy, which systematically promotes interaction between
design, construction, composition and theory. A tuning system with very small, equal
steps (allowing for smooth, microdiscrete-sliding pitch — see Glossary — progressions) is
chosen for the bellophone: 96-equal temperament is a practical compromise between
infinitely small quantisation of the pitch continuum and the realisation of a playable
instrument. The exploration of microdiscrete-sliding pitch, whose innovative use is
sought throughout the composition portfolio, is supported by means of an original

development of established microtonal notation.

This research evaluates successive prototypes of the bellophone in relation to
compositional practice: the playability of short compositions (solo studies) is assessed in
relation to built and virtual prototypes of the instrument, and to defined conceptual variants
of it. These variants, which exemplify alternative solutions to the aims embodied in each
prototype built, inform the progressive development of the bellophone. Several variants
of posterior prototypes are considered for compositional use too. A wide range of further
newly conceived instruments, including aerophones, chordophones, and idiophones of
materials other than metal, generated by further extending application of the instrument
design methodology developed, are illustrated and discussed in an appendix. Informed
by the composition of several solo studies, a three-movement ensemble work, Seasons,
using a finalised form of the bellophone is presented. The research method arrived at,
which instigates a system of instrument-development-led compositional theory and

practice, is shown to be transferable to musical parameters other than pitch.
Vii
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MIHP Kakinuma, T. 1989. The musical instruments of Harry Parich as an
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York: Da Capo Press.
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Carrillo: a translation with commentary. PhD dissertation. Indiana
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CIAJC Hernandez-Hidalgo, O. 2000. Catdlogo integral del archivo Julian
Carrillo. Culture Institute at San Luis Potosi, Mexico: Editorial Ponciano

Arriaga.

PADTS Five musical parameters of composition, these being correspondently: pitch,

amplitude, durations (or tempo) and spatial projection (of the sound).

Conventions

This research considers a total of twenty-six compositions by Harry Partch, and all of them
microtonal. In this thesis they are represented by a ‘P’ followed by the number of the

work in chronological order (P01-P26).

According to CI4JC, Carrillo composed sixty-five microtonal works and many others that
are not microtonal. This research is confined to his microtonal works which, in this thesis
are represented by ‘C’ followed by the number of the microtonal work in chronological
order (C01-C65). The Spanish titles of these works are translated by the author (see full

list on p. 296). The titles of Carrillo’s books and other writings are referred to in Spanish.
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Introduction

This thesis gives an account of a process of practice-led research into dynamic and
microdiscrete aspects of musical pitch, which was undertaken within a framework of
instrument-development-led compositional practice. It explores how treatments of
sustained pitch, employing a wide range of tunings, and treatments of dynamic pitch,1
culminated in the development of a stable-pitch musical instrument, the conic bellophone,
with microtonal and microdiscrete-sliding pitch capabilities. This instrument is presented
alongside an inextricably associated body of compositional practice, which developed
simultaneously with it, which systematically explores the use of microtonality, with an
emphasis on microdiscrete-sliding pitch. As a starting point for the instrument, a tuning
system with very small steps (ideally of equal size, to allow smooth, microdiscrete-sliding
pitch progressions) was envisaged, to enable fair approximations of a wide range of micro-
intervallic structures to be played. The tuning chosen for the bellophone; 96-equal
temperament,” is a practical compromise between an infinitely fine quantisation of the
pitch continuum and the realisation of a playable instrument. Reflection upon and
comparison of the pitch-related and instrument-centred research of Julian Carrillo and
Harry Partch — two twentieth-century composers deeply involved in static and dynamic
microtonality and the development of new and modified instruments — has been
foundational to the development of the research method proposed and applied here (see

Fig. 5, p. 13).

Influences upon my composition

The origins of the research reported here warrant a brief explanation of the background and
the influences that led me to weave together the related disciplines of composition and
musical instrument development. After two years studying electronic engineering, I
changed direction and began to study music. My interest in tunings and instrument
development were partly the result of an unconventional musical education. Following a
brief period of intensive training in Western classical music (piano, guitar and music

theory), I took a combined music and performance Bachelor of Arts degree at Nottingham

' Dynamic pitch here refers to pitch continuum or to the perception in the listener of a pitch continuum.
2 96-equal temperament is abbreviated here as 96-et, and the same applies to other equal temperaments.



Introduction

Trent University, where my main study was composition. Instrument development and
the use of microtonality were intuitively incorporated into my compositional practice at
that early stage. 1 composed exercises for a 15-et guitar, a portative organ tuned in 14-et,
a string trio playing in quartertones, and for six hands on a 31-tone-per-octave marimba.
During a transitional period in which [ completed the degree and planned this research, two
microtonal pieces were composed: Corrientes, a string quartet in just intonation, using
only harmonics of the open strings, and a duet for 19-et recorder, 3 which was
commissioned by Alternative Tuning Projects.” My subsequent involvement with
microtonality, especially in relation to this research, was inspired equally by avant-garde
twentieth-century microtonality and by specific non-Western musical traditions, primarily
South Indian Classical (Carnatic) music, but also Japanese Shigin, Flamenco and Classical

Arabic music, all of which make extensive use of gliding tones.

This research project was influenced strongly by my introductory study of Arabic, Chinese
and Japanese music traditions at the School of Oriental and African Studies, London; of
Carnatic music and dance at the London Institute of Indian Art and Culture (Bharatiya
Vidya Bhavan);> and a year of intermission from my PhD registration during which 1
undertook intensive study of violin performance and compositional practice in the Carnatic
tradition, both with B. K. Chandrashekar in the traditional guru-student system. During
this period I formulated a theoretical system of scales of from 5 to 7 notes per octave,
inspired by the early-seventeenth-century Carnatic system of heptatonic scales, the 72
melakarta scheme proposed by Venkatamakhi in the treatise Caturdandhi Prakashika;® and
composed an extensive portfolio of melodic sketches for each of the transposing patterns
of 5, 6 and 7 pitches in a 12-note-per-octave scale system. This study of modal music
influenced my succeeding compositional work. My involvement in Carnatic music, an
oral tradition that is not fully documented in existing publications, has had a particularly
strong influence on my conceptualization of pitch. My experience of dealing with modes
and ragas, and my increasing need to notate sliding pitch with precision in my
compositions, led me to conceive the pitch continuum through binary subdivisions of the

12-et into quartertones, eighthtones, and so forth. Consequently, a sliding pitch notation

3 These recorders, tuned in 19-et, were designed by Lewis Jones, who made them with David Armitage as
part of an Arts Council UK commission.

* Funded by Arts Council UK.

5 1 studied Carnatic theory with John Marr, Camnatic violin with B. K. Chandrashekar, mridangam with M.
Balachander, Camatic vocal practice with S. Sivanesan and M. Yogeswaram, and Bharatanatyam dance with
P. Yadagudde.

® Bhagyalekshmy, S. 1990. Ragas in Carnatic Music. p. 34.
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needed to be developed. While building upon this oral tradition and by systematic use of
microdiscrete pitch increments, 1 hope to provide a secure ground for a future developing

such a notation.

The fundamental document of Carnatic music, the Abyasa Ghanam, is based on scalar
steps represented by the syllables Sa, Ri, Ga, Ma, Pa, Da, Ni. In South Indian Classical
music, for example, a raga provides guidelines for the performance of sliding pitch
contours, and for determining such points within a specific time frame, but it also allows
for the personal expression of the performer. Ragas are taught through an oral tradition.
If, however, several parts with contrasting sliding pitch contours of such complexity as a
raga were written to be played in synchrony, no matter how accurate the written guidelines
were, the performer would still require special training or preparation to execute them with
the necessary precision. The performance guidelines in this case would need to be more
specific and less improvisatory if performance results were to be obtained with a reliable

degree of prediction.

Precise, sustained micro-intervals are also difficult to achieve in limited rehearsal time.
Since in performing such compositions it is necessary for the performers to have accurate
control of pitch at all times, they would need practice in performing both precise sustained
micro-intervals and synchronous dynamic treatments of pitch, as these are not usually part
of conventional Western musical training.  This can be achieved in several ways: by using
the human voice or instruments with dynamic pitch capabilities (both of which require
extensive ear training); by providing computer generated simulations via headphones; or
with support from parts written for stable-pitch percussion instruments. Time limitations
and other constraints can make additional training impractical if not impossible, whilst
relying on headphones risks isolating the performer and inhibits interaction with the other

players, which can negatively affect the integrity of the overall performance.

Stable-pitch percussion instruments of the Western orchestra require neither significant ear
training nor extensive rehearsal time, compared to instruments with dynamic pitch
capabilities or the voice, and they allow the performer to integrate fully and immediately
into the group performance. Dynamic treatments of pitch can be achieved by establishing
discrete ultrachromatic units, which can be perceived as a continuum when played in

sequences of variable speed. For such a purpose, tuned percussion instruments offer a

3
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pitch precision and stability that other instruments do not. A wide range of microtonality
can be achieved through ultrachromatic instruments offering a vast range of melodic
intervals and a rich array of harmonic possibilities. These possibilities are systematically

explored in this thesis.

My compositional work before and during this research had an emphasis on microtonality
and sliding pitch. However, | have also found inspiration in composers who have
explored the microdiscretism and dynamicism (pp. 216-218) of other musical parameters

like amplitude, durations (and tempo), timbre, and spatial projection.

Pitch in context

That other musical parameters, amplitude, duration, timbre and spatial projection,’” can
likewise be treated in a microdiscrete manner (in small steps) and a dynamic manner (with
values gradually changing in time), is borne in mind in defining the research approach
adopted to the study of pitch as a musical parameter (see Fig. 1), and the specific
instrument-development-led compositional strategies used to explore pitch. This is done
for two reasons: firstly, treating a musical parameter in isolation can lead to conclusions
out of context; and secondly, to allow the research method to be utilised with other musical

parameters, thereby extending the potential of the research.

Instrument-development-led composition
(open-ended methodology)

[ Microdiscretism and Dynamicism }

Parameters j

Pitch Amplitude Durations Timbre 5;.)1111:.“
Projection

Fig. 1. Research approach followed in the study of pitch as a musical parameter.

" These four musical parameters and pitch are referred to as PADTS parameters from here onwards (see
Abbreviations).

4
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The first step in the method applied is stating the musical parameter of research, already
defined as pitch (see Stage I in Fig. 5, p. 13), and then defining the aims and objectives,

which is done in the following section.

Research aims and objectives

The main research aim is to explore microtonality from the dynamic and static
perspectives, with an emphasis of the first of these, employing an instrument-development-
led compositional platform in interaction with: research on two historical models; their
strategies; their compositional theory; their instrument development practices, and; the
ideas derived from it. The main research objectives are to produce a musical instrument
and a portfolio of compositions for the instrument by means of integrating the

compositional and instrument development practices.

Since the research aims and objectives are considered to be an essential guide to follow the
text of the thesis, they have been detailed for reference purposes in diagram form (Fig. 2).

This diagram illustrates the hierarchy of the main and consequent aims and objectives.

The four consequent aims, as described in Fig. 2, emerge resulting from the apprehension
and interpretation of the music-making process and strategies of Carrillo and Partch,
analysed and compared in §1.1.1-1.1.4 (pp. 15-35). These consequent aims are directly
connected to the research strategy explained in §1.1.5 (pp. 35-46).

The six consequent research objectives, as described in Fig. 2, are achieved by each of the
six corresponding sections of the method (see stage groups A to F in Fig. 3), and therefore

the relation between research objectives and method is settled and beyond question.
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RESEARCH AIMS AND OBJECTIVES

AIMS

The main aim is to systematically
investigate microtonality, and in
particular the use of sliding pitch, in a
historical and theoretical context and,
by composition and the development
of instruments, in practice.
Consequent aims, which have shaped
the research strategy are:

The main objectives in meeting the
research aim above are to create a
portfolio of compositions, and to
develop a new musical instrument
closely integrated with
compositional practice. Consequent
objectives, directly informing the
research method, are:

OBJECTIVES

(1) To devise an interactive research method who's flexibility
accommodates four musical parameters other than pitch which,
like pitch, can be approached from dynamic and microdiscrete
perspectives.

(2) To make innovative use of microdiscrete-sliding pitch, an
area of convergence between static and sliding microtonality.

(3) To develop accessible notation systems appropriate to the
music and instruments created.

(4) To develop a conceptual approach to instrument development
which informed by and integrated with compositional practice
and theory.

(1) By making a systematic comparative study of the strategies,
compositional theory and instrument developments of two
composers, to define a new research strategy responsible for the
research and refining it towards devising the research method.
Then, defining its application considering the objectives that
follow (objective 1 is also the objective of method stage group A):

(2) To define the geometries, proportions and materials of the
instrument created (also the objective of method stage group B).

(3) To consider the musical and ergonomic implications of

alternative dispositions of sounding bodies (also the objective of
method stage group C).

(4) To design and compare several prototype instruments and
related compositions (also the objective of method stage group D).

(5) To propose MIDI-activated and extended versions of the
instrument created, as well as other ranges (also the objective of
method stage group E).

(6) To propose further concepts and projects for further
development (also the objective of method stage group F).

Fig. 2. Research aims and objectives.

The relations between the four consequent research aims (as described in Fig. 2) and the
method, are described in detail in §1.4.1 (pp. 72-76) and here briefly introduce individually

as follows:
(1) Devising an interactive research method. The method demands parallel
The

chart in Fig. 3 lays out the 27 stages of the research method in relation to the

development processes in time between disciplines, which inform each other.

chapters and sections of this thesis. This illustrates how the theory interacts with

the practice, the compositional practice with the instrument development, and

6
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simultaneous compositional projects (with three layers most of the time) with each
other. Then the chart in Fig. 4 lays out the instrument-development-led
compositional practice roadmap of the method, showing the interaction of these

two disciplines.

(2) Innovative use of microdiscrete-sliding pitch. In order to achieve this, dynamic
(sliding) microtonality is the leading instrument capability from the very beginning
starting with prototype 1 (see ‘Pr.1’ in Fig. 3).®  This capability is not
compromised after prototype 1, while the static pitch capabilities are being
gradually improved. By prototype 8, both capabilities already reach the best that
could be improved, which is when the instrument is built and used for performance
purposes. Consequently, the compositional practice that these prototypes inform
(and vice versa) — as part of the method strategy — offer a wide range of

experimentation with this microdiscrete-sliding pitch.

(3) Development of accessible notation systems. At an early stage of the method
(Stage III), a notation system for the chosen tuning has to be developed. In
general all compositions informed by the instrument development practice from
prototype 1 to 8 have to be notated thinking of a possible short-time rehearsal
scenario. Ideally, all the works are expected to be performed, so as to get
technical feedback from the performer prior and after performance. This process

is also expected to inform the notation systems proposed.

(4) Integration of conceptual instrument development with compositional theory.
Instruments are treated as concepts when working forwards and backwards
between compositional theory, instrument development practice and compositional
practice. This is done by means of treating instrument capabilities and properties.
This general process is reinforced by a comparison process with previous
prototypes, and with alternative conceptual instruments of similar layout (but with
different sounding bodies and/or sound producing action) conceived to compare
evaluations with the one of the corresponding prototype, and compositional

practice with the corresponding prototype.

% Prototype 1 and 2 are reviewed in Stages XVII-XIX (see diagonal lines linking in Fig. 3), while the other
prototypes are conceived in Stages XVII-XIX (stage group D of cyclic nature is repeated 14 times), and is
also open to reconsiderations throughout the whole research project. When the open nature (flexibility) is
relevant to the method, this is indicated with dotted areas.

7
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Introduction

Overview of the thesis

The written thesis (Volume 1) is accompanied by a portfolio of compositions in score, the
conic bellophone, and three discs (an audio CD and two audio-visual DVDs) presenting

performances and demonstrations, and other materials illustrating the text and scores.

Chapter 1 begins by examining the intellectual context of this research by reviewing the
work of Julian Carrillo (1875-1965) and Harry Partch (1901-1974) as exemplars of
pioneers of microtonality.  Carrillo’s innovations in composition and instrument
development and his use of binary divisions of the tone (as far as sixteenthtones) and
Partch’s development of tuned percussion instruments in the context of experimental
composition are considered essential, and are examined here in detail. This is followed
by a comparison of their compositional strategies in relation to their instrument
development practices, and the one followed in this research. Their practices and
compositional strategies are compared, and the compositional theory context is considered.
After examining the microtonal theories and compositional practices of Carrillo and
Partch, their original ideas, compositional strategies, and notations are compared. The
most relevant areas of interest treated are: the use and aesthetics of micro-discrete sliding
pitch, polymicrotonality, the use of non-octaval scales, and the development of new
notations. The instrument development context is considered: the instrumentaria of
Carrillo and Partch are analysed, and an original taxonomy is proposed. As a
consequence of this analysis, a conceptualisation of instruments in terms of their
capabilities and properties is considered, with the aim of achieving fluid interaction
between compositional theory, compositional practice, and instrument development. This
strategy is reinforced by the systematic use of three feedback sources. Firstly, by
comparing conceptual instruments which represent alternative solutions to the aims
embodied in each prototype. Secondly, by considering how a composition conceived for
the prototype would work on related conceptual instruments. Thirdly, by comparing the
microtonal and sliding capabilities of the prototypes with those of conceptual counterparts.
The chapter concludes with a thorough refinement of the method, informed by these

preceding stages.

Chapter 2, which accounts for the instrument development practice, with reference to the

conceptual developments addressed in Appendix 3, presents further decision of the
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Introduction

application of the method in relation to the foundations of the instrument development by
explaining sounding bodies, layouts, and other elements to consider. It finally describes
the design process (with sketches included), and analyses capabilities (evaluated), detailing
the fourteen conic bellophone prototypes, their integration to the compositional practice,

and the feedback from the creative-comparative reinforcement process (described above).

Chapter 3 accounts for the development of the portfolio of compositions for the conic
bellophone, and explains my compositional practice and its integration with the
development of the instrument. It first defines the compositional aims, then the
approaches, and finally it moves into describing the compositions. The composition
portfolio consists of a set of eight short solo works for the conic bellophone, primarily
responsible for the systematic approach to pitch resources; two duet works exploring the
interaction between the two parts (4-hands on conic bellophone or with a 96-et Guitar),
and; a major work for conic bellophone and ensemble with instruments representing each
section of the orchestra. The ensemble work is titled Autumn, and is composed
simultaneously with other works from which learns new techniques for the conic
bellophone while exploring the interaction with instruments of very different nature (and
harmonic spectrum), bass clarinet, trumpet, trombone, cello and percussion (using a wide
range of instruments). Most of the compositional practice is strategically thought to have
three simultaneous projects interacting with each other. The composition Seasons, still
work in progress, is documented and explained at the end of this chapter (and also

sketched in Volume II).

Chapter 4 explains and elucidates the contribution of this research to the field, explores its
implications, and suggests future projects, which could result from this work. It

concludes by explaining the overall conclusion of this research project.

The appendices include annotated reviews of the work of Carrillo (Appx 1) and Partch
(Appx 2); an explanation of the classification and evaluation criteria used in the main text,
and documentation of the instruments proposed for the creative-comparative feedback
approach that takes place in parallel to the development of each of the bellophone
prototypes (Appx 3); documentation of events related to this research, concerts and
workshops (Appx 4); and a reply letter to the questions asked to the director of an

organisation promoting the work of Julian Carrillo (Appx 5).
11



Introduction

Volume II of the thesis contains the scores of compositions, backed up by audio files
recordings of performances of the conic bellophone (ensemble, duo, and solo) in the

attached audio CD and audio-visual DVDI.
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Chapter One: Sources, 1deas, strategies and method

The first three sections of this chapter examine and discuss the main research contexts:

music-making practice and strategies (pp. 14-46), compositional theory (pp. 46-58), and

instrument development (pp. 58-71).

instrument-development-led compositional method (see Fig. 5) employed in this thesis.

RESEARCH CONTEXTS ANDSTRATEGIES

GROUP A - GENERAL CONSIDERATIONS AND FIRST VISIONS (see Introduction and Chapter 1)

F

Sta

Sta

+Stage | - Definition of musical parameter of interest (pitch); aims and objectives behind project (see Introduction) _
v

ge |l - Review of and reflection upon the work of two contrasting instrument-development-led composers |:
strategies (see §1.1 Music Making Processes and Strategies)

ge IIl - Review of and reflection upon the work of two contrasting instrument-development-led composers Il:
compositional theory, and notation (see §1.2 Compositional Theory Context) «

Stage IV - Analysis of the instruments they devised, and how their approach might inform a broad study of

L
output of two composers (Appx.1-2)
classification of their instruments (Appx.3)

COMPOSITIONAL

PRACTICE P
(see Chapter 3) 11
Preliminary research-based

compositional practice for
prototype 1, involving the
sketching of new sounds and
sound producing objects at an
abstract level where they are

integrated with reviewed
aspects of compositional

‘ and dynamicism of the chosen compositional parameter (pitch) € theory
L (see §1.3 Instrument Development Context) v
Stage V -[Refinement of research method (informed by stages I-V)|and details of method application }g
(see §1.4 Method Refinement) H i
\— i
i
) ! ) e
INSTRUMENT DEVELOPMENT PRACTICE (see Chapter 2) %;
=z GROUP B - SOUNDING BODIES i
it
Stage VI - Various forms of sounding bodies considered and compared Lo Y
v 0
Stage VIl - Materials compared and selected Theme for prototype 2
¥ for future development into a
Stage VIl - Practical trial of geometries, sizes and proportions of sounding bodies highly technical work of I
v { | improvisatory nature for the
Stage IX - Practical trial of sound activators and sound-producing actions g instrument to be developed
v
Stage X - Initial acoustical observation ;
{
v {
= GROUP C - LAYOUTS 5.
Stage XI - Comparison of spatial and formal disposition of sounding bodies G Er::::::le
v
Stage XIl - Comparison of angular disposition of contact surfaces
v
A Stage XIIl - Supporting framework and mountings
| v Ensemble
; Stage XIV - Definition of prototype alternatives according to sound producing bodies and actions ‘m“
@ v
14 Stage XV - Psychoacoustic implications: dynamicism and microdiscretism of the chosen parameter °:mu,,
g v
S for
§. Stage XVI - Choice of layouts of several prototypes prototype 8
(even
= v though it is
g = GROUP D - PROTOTYPES ixmm“’o
g ->f Stage XVII - Determining disposition and angular placement of sounding bodies in relation to framework and rw P
§ X mountings (for each prototype). This is completed informed by the feedback from next two stages: [[improvisation duet (pr_8) I] 2108)
4 v
§ Stage XVIIl - Feedback from compositional practice for the prototype St.7 St.6 3
5 v (r.8) || (pr.8) &
s Stage XIX - Feedback from comparing valuations &compositions' practicalities with conceptual alternative instrum. -
<
2 v Improvisatory
= GROUP E - ADDITIONS duo works
i3
Stage XX - Extended range (prototype 9) Theme of previous
; v dovalopment Il | pr.g work using
g Stage XXI - Other ranges (prototype 10) and MIDI-mechanic version (prototype 11) 002 1| Duowin additions
L7 another and
- MIDI controllers, frame, safety, coating and finishings (prototype 12| instrument. ||| extensions
.5, Slige XXII - MIDI conf S Y, ng ngs (prototype 12) Consider | ||| of prototype
Stage XXIIl - Additional sounding bodies, resonators, maintenance and flight case (prototype 13) ;:u! :‘: l: :“(:&.:2
v ¥ Prelude for future ideas
. exploration leading to
r-] GROUP F - DERIVED IDEAS, SKETCHING AND DOCUMENTATION 9811 fot addtions,
St:ge XXIV - Spatial considerations (prototype 14) .mm :;em 1-14
ol ideas
Stige XXV - Other derived ideas and PADTS (prototype 14) €| || capaviites || |(pr9.11,12
Stage XXVI - The on-going nature of the project: sketches, documentation, database development and notation.
v
Stage XXVII - Reflections and conclusions.
bl ——————————————

Fig. 5. Outline of the instrument-development-led composition method used for this research.
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They also explain new ideas that underlie the
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Chapter One: Sources, ideas, strategies and method

This chapter compares and reflects upon theoretical work in the field of pitch of Julidn
Antonio Carrillo Truyjillo (1875-1965) and Harry Partch (1901-1975), and looks into the
instrument-development-led compositional strategies they employed in their music. It
argues that the incorporation into their compositional practice of their practical experience
in instrument development allowed them prominently to pioneer microtonality and the use
of sliding pitch, while other composers did not have the means to do so. It also argues that
their assimilation of the discipline of instrument development into their compositional

practice enabled them to realise and to corroborate their pitch theories.

Detailed hierarchies for the three stages of the method of this research (Fig. 5) are provided
as follows: (Stage II) music-making practice and strategies in Fig. 6 (p. 15), (Stage III)
compositional theory in Fig. 10 (p. 47), and (Stage IV) instrument development in Fig. 24

(p. 58).

1.1 Music-making processes and strategies

The microtonal works of Carrillo and Partch, who were based in neighbouring countries of
the American continent (Mexico and the USA respectively), were composed in the second
and third quarters of the twentieth century. It is noteworthy that both composers became
involved in microtonal composition in the 1920s, when Carrillo was in mid-career (he was
nearly fifty), whereas Partch, whose commitment to microtonality is evident from his
earliest works, was young. Both composers were involved in performance, conducting, and
the devising of tuning theory which was directly related to their compositional output; both
were concerned with sliding pitch; and they shared contemporaneously a vision to
revolutionise musical instruments and their tunings in order to realise new sonic possibilities
in their music. Their achievement in exploring sliding pitch through the use of chromatic
microtonal scales arose as a consequence of their instrument-development-led approach to

microtonality, and it became an important compositional resource for both composers.

This section considers seven principal aspects of Carrillo's and Partch’s composition and
music-making processes in relation to their instrument development practices. This is done
by first examining Carrillo and Partch individually, then comparing them, and finally
deriving and proposing new ideas arising from this comparison, as set out in the hierarchical
diagram in Fig. 6.
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Chapter One: Sources, ideas, strategies and method
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Fig. 6. The seven principal aspects of music-making processes considered in sections 1.1.2-1.1.5 (Stage II).

1.1.1 Background to the instrument-development-led compositional practice of

Carrillo and Partch

Carrillo was deeply concerned about the practicability and continuity of his work. He
realised his microtonal compositions primarily by applying extended playing techniques to
existing orchestral instruments, by adapting several existing instruments, and by developing
a small number of essentially new instruments. Partch’s innovation, in contrast, was more
focussed on the development of new instruments from scratch, and he abandoned 12-et from
the outset. In a few cases he also substantially transformed existing instruments. At a later
stage in his career, Partch extended his regular instrumentation to include folk and
traditional orchestral instruments, primarily using extended techniques to achieve his

preferred microtonal scale, but in some cases adapting or redesigning the instrument.



Chapter One: Sources, ideas, strategies and method

Carrillo was one generation ahead of Partch (he was 26 years older). As Carrillo lived in
New York between 1926 and 1930, it is conceivable that the two composers might have
been in contact and exchanged ideas, but there is no known evidence that they were
influenced by each other’s work. Although Carrillo reviewed the tuning theory of several
contemporary theorists from the USA,” he did not acknowledge Partch’s work in print. It

appears that the two composers worked remarkably independently of one another.
1.1.2 Pitch resources and strategies used by Carrillo

This section examines the foundations of Carrillo’s instrument-development-led approach
to microtonal composition, and his consequent use of sliding and microdiscrete-sliding

pitch.'
1.1.2.1 Carrillo’s main strategy

According to David Espejo,'' Carrillo’s approach to composition was based on three main
ideas: to expand the musical vocabulary and thus the sound of his compositions; to devise
and work with a new notation system that substitutes staff notation easing the sight reading
process; and in practice, to realise his theoretical awareness of the harmonic nature of sound

by using micro-intervals.

The musical vocabulary that Julidan Carrillo employed in his composition brought to light a
unique sound attributed to his exploration of: (1) pitch, though frequent use of microtonality
and microdiscrete-sliding pitch; and (2) musical instruments, using his new instruments,

adaptation of existing instruments, and extended techniques.

Carrillo’s numerical notation, Sound 13, reduces the five lines found in staff notation to one

line, while it allows flexibility to represent the different divisions of the tone (from 1 to 16).

% STTWJC. See Abbreviations. pp. 481-540 (translated from: Carrillo, J. 1946. Dos leyes de fisica musical: I.
Escala de los armonicos).

1 See Glossary.

"' Personal communication, 9 August 2013, from Milton Garcia to the author (Appx 5). David Espejo was a
pupil of Carrillo, in his late life. This report was written by Milton Garcia, who studied with Espejo and is the
director of the organisation Julian Carrillo y el Sonido 13, which promotes the legacy of Carrillo. Espejo
observes that the work of Carrillo is built on three principles: simplification of the notation system,
enhancement of sonorities, and approximation to the intervals of the harmonic series,
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Chapter One: Sources, ideas, strategies and method

An example illustrating Sound 13 notation for the 96-et (16" division of the tone) is

available on p. 164 (Fig. 91; here used to represent an excerpt one of my works).

By exploring equal divisions of the 12-et tone, from the semitone to the sixteenthtone,
(with a focus on sixteenthtones), Carrillo was closely able to approximate intervals of the
harmonic series, as he states in his essay Dos leyes de fisica musical. In this essay Carrillo
relates the interval constituting each equal division of the 12-et tone (from 1 to 16) to a ratio
from the harmonic series.'” Although the criteria for choosing the ratios from the harmonic
series seems unclear,'” his perseverance improving his compromise approximating to the
intervals of the harmonic series had a profound impact on the work of two pupils in the late
period of his life, David Espejo and Oscar Vargas. Oscar Vargas devised zither-‘s using the

intervals between harmonics 100 and 200, a system devised by David Espejo. '*
1.1.2.2 Carrillo’s development of instruments

Carrillo wrote microtonal music for all the normal instruments of the Western orchestra and
incorporated additionally several instruments of his own invention. The most original of
these, the ‘Carrillo’ harp or sixteenthtone harp (a zither-like harp in sixteenthtones) and the
octavina (a large lute, fretted in eighthtones), resemble existing traditional Mexican folk
instruments. While most of the ‘Carrillo’ harps are in sixteenthtones, one is in
quartertones. That he produced only two essentially original instruments to widen the
available sound spectrum for his microtonal works (the sixteenthtone harp and octavina),
alone would not have changed the overall sound of a large ensemble greatly; however, it
was Carrillo’s use of microtonality and sliding pitch with mainstream instruments which
were crucial to his ensemble and orchestral works from 1925 onwards. If each alternative
tuning adopted for each instrument of the orchestra (whether achieved by a new fingering
system or by adaptation or redesign of the instrument) considered a new instrument, the
total number of alternative instruments to the regular orchestral instruments for which

Carrillo wrote is thirty-seven. Most significantly, he substantially transformed the upright

12 STTWJC. p. 527 (translated from: Carrillo, J. 1946. Dos leyes de fisica musical: 1. Escala de los
armonicos).

13 pp. 235-296.

14 personal communication, 9 August 2013 from, Milton Garcia to the author (in Appx 5). Milton Garcia
explains in the letter, that David Espejo and Oscar Vargas were asked by Carrillo in his last years to complete
the only aspect of his theoretical foundation that he could not explore in depth: the purification of intervals.
Garcia also reports that Espejo formulated a tuning of 100 notes per octave. The tuning extends from the 100"
to the 199" harmonics.
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Chapter One: Sources, ideas, strategies and method

piano in fifteen distinct ways, in order to realise different equal divisions of the tempered
tone. Since composing for an existing instrument in a new tuning may involve as much
additional effort as composing for a new instrument, Carrillo’s achievement in overcoming

challenges in this area was a significant one for his time.

Between 1922 and 1925 Carrillo, already in his late forties, prepared his first microtonal
compositions for a prominent concert, which took place on 15 February 1925. During this
period he had instrument makers working under his guidance on several adapted
instruments: the addition of a quartertone key to the flute (depressing the key opens an
additional hole which raises the pitch by a quartertone); a guitar with quartertone frets; and
four brass instruments (trumpet, trombone, horn and tuba) with quartertone, eighthtone and
sixteenthtone valves. Although not all of the instruments were used in the initial 1925
concert, by the end of that year Carrillo had composed for all of them. Contemporaneously,
his students developed fingerings and new techniques to play quartertones on the violin,
viola, cello (for which eighthtone fingerings were also developed), double bass, clarinet,

oboe and bassoon.

Carrillo’s adaptation and design of microtonal instruments occurred primarily in two
distinct periods: in the mid-1920s, when he adapted the orchestral instruments and created
his sixteenthtone zither and eighthtone lute, and in the 1940s, when he designed fifteen
different microtonal pianos under the generic name of pianos metamorfoseadores ‘Carrillo’
(‘Carrillo’ metamorphosing pianos). ' Carrillo’s conception of the ‘Carrillo’
metamorphosing pianos encompasses fifteen upright instruments, all with essentially
normal-looking keyboards (with seven white and five black keys per octave), using from 1
to 16 equal consecutive steps to reach a 12-et tone, but excluding the existent 12-et piano.
Thus, for example, on the sixteenthtone ‘Carrillo’ metamorphosing piano (‘Carrillo’
metamorphosing is omitted from here onwards), the notes sounded by the adjacent C and
the C# keys are separated not by a semitone but by only a sixteenthtone. Carrillo’s fifteen
new pianos represent his most radical adaptations of existing instruments. That he
composed for them a decade after they were designed and patented, at and shortly after the
time at which they were being built (see composition list below), suggests that it was
essential for him to have the instrument itself, and feedback from playing and hearing it, in

order to compose for it; and that this was more important to his composition process than

15 See Figs. A1.51-A1.106 on pp. 272-294.
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Chapter One: Sources, ideas, strategies and method

the initial conception of the instrument. This observation raises the question whether an
instrument-development-led composer can or should rely on an initial conception to
advance composition, or whether it is necessary to experience the actual instrument and to
interact with it in order for compositional ideas to be prompted. According to CIAJC (see
Abbreviations, pp. 75-78), Carrillo wrote the following works for the metamorphosing

pianos built in 1958:

Prelude for the ‘Carrillo’ quartertone metamorphosing piano (1957) (C45)
Concertino for thirdtone piano (1958) (C46)

Prayer without words for the ‘Carrillo’ metamorphosing piano in tones (1959)
Babbling for the ‘Carrillo’ metamorphosing piano in sixteenthtones (1959) (C47)
Studies for the ‘Carrillo’ metamorphosing piano in fifthtones (1959) (C48)

Caprice for the ‘Carrillo’ metamorphosing piano in quartertones (1959) (C50)

Apart from the pieces for the quartertone and thirdtone pianos, all of the other pieces were
composed after the International Universal EXPO’58 in Brussels, where the ‘Carrillo’
metamorphosing pianos were first exhibited (12 June 1958)." The other works were
completed for a 1959 exhibition in Mexico City. As Carrillo had only composed works for
two of the fifteen ‘Carrillo’ metamorphosing pianos by the time of the EXPQO’SS, it is
possible that he might have used sketches (not registered in his portfolio of completed
works) or improvisatory works to demonstrate the pianos for which he had yet to compose.
With the exception of a late composition for seven-string guitar in thirdtones (which also
was not a new tuning), he chose, especially between 1960 and 1965, to work instead mainly

in quartertones (see compositions M51-Mé65).

Carrillo’s most influential contributions to instrument development were his sixteenthtone
piano, his use of microtonal valves (for quartertones, eighthtones and sixteenthtones) on
brass instruments, and the addition of a quartertone key (opening an associated hole in the
head joint) for the flute. The sixteenthtone piano is currently manufactured by Sauter, and
has been used by several contemporary composers such as Alain Bancquart.17 Donald
Bousted’s works for quartertone trumpet where originally written for a trumpet with a

custom-made quartertone valve;'® the performer Samuel Stoll’s F and Bb French Horns with

'* Oscoy-Cardenas, M. 1959. Exposicion de los Pianos Carrillo. pp. 12-13.
' prove, Bemfried E. G. 2003. Liner notes to ‘The Carrillo 1/16 Tone Piano’ (CD).
18 Bousted, D. 2007. The Microtonal Trumpet. 24 Microtonal Studies.
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Chapter One: Sources, ideas, strategies and method

eighthtone valves (pp. 255-256) are in current use; and Eva Kingma has developed and
patented the key-on-key mechanism in order more securely to achieve quartertones on a

variant of the Boehm-system flute.'

1.1.2.3 Carrillo’s involvement in performing and conducting

Carrillo was an experienced conductor and violinist before he became a microtonal
composer, and he conducted rehearsals and performances of his own music extensively
during his microtonal period. These roles were mutually beneficial and supported his
composition practice. His experience as a violinist informed and gave him assurance in his
microtonal writing for string instruments; and his involvement playing and conducting his
own microtonal works was also crucially significant in the development of his appreciation

of very small micro-intervals.

1.1.2.4 Carrillo’s implementation of new concepts

Carrillo’s first inventions, the octavina and the sixteenthtone harp, influenced by traditional
Mexican instruments, were developed contemporaneously with is composing three works

that included both instruments:

Prelude to ‘Christopher Columbus’ (Op. 1) (C1) (1922-1925)
Ave Maria (Op. 2) (C2) (1922-1925)
Quartertone cello prelude No I (for ensemble) (Op.4) (C4) (1922-1925)

A further work employing the sixteenthtone harp with voice, ‘Tepepan’, rural scene (Op. 3)
(c3) (1922-1925), was also composed during this period. As Carrillo used microtonal
instruments to train the musicians from whom he gained feedback which informed his
composing, it is likely that he had developed them before starting the composition process,
but not necessarily the before initially conceiving of the compositions. In several of his
works Carrillo seems initially to have used a chosen concept, which in some cases was to
influence not only the composition but also the instruments developed. For example, in his
microtonal work Prelude to ‘Christopher Columbus’ (Op. 1) (C1), the concept implied in the
title may have prompted him to refer to the Mexican folk harp in designing the octavina

(comparable to a bass lute with a soundboard similar to a Mexican harp), and the

19 Fether, D. C. 2005. A discussion of Contemporary Flute Design.
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sixteenthtone harp (with sound-holes similar to the harp), which not only visually but also
conceptually blend European and Mexican traditions, apparently referring to and
emphasising the Western colonisation of the Americas. By dedicating this work to
Columbus, Carrillo not only acknowledged the contribution of Western culture to Mexican
culture but also aimed to reflect the loss suffered by the pre-Columbian inhabitants of the
American continent;*° he explains in his autobiography that although this composition is
dedicated to Columbus, acknowledging his bringing European civilization to Mexico, he

regrets the conquistadors’ destruction of pre-Columbian American cultures.’!

In 1949 Carrillo had a Steinway grand piano adapted by Federico Buschmann, in Mexico
City, following his 1940 patent for the fifteen ‘Carrillo’ metamorphosing pianos. In the
same year his daughter Lolita (nickname for Dolores Carrillo Flores) played it for first time
in a concert in Mexico City on the 29" of September.?? For this event he wrote a prelude
for the instrument, which was also played by Lolita, who subsequently performed the work
in Paris.” Unfortunately this work is not in the Carrillo Archive catalogue, so it may have
been a draft for demonstration purposes. Soon after these concerts, Carrillo drew the
detailed plans of his fifteen ‘Carrillo’ metamorphosing pianos and, following his 1940
patent, he approached European piano builders and arranged for them to be manufactured

by Carl Sauter in Spaichingen (Germany).

That Carrillo’s metamorphosing pianos were designed and patented in 1940, before any
compositions for them had been completed, suggests that he waited to hear and play the

instruments before composing for them.**

The most important of Carrillo’s works for a metamorphosing piano in the development of
microdiscrete-sliding pitch was that for his sixreenthtone piano and ensemble: Babbling for

the ‘Carrillo’ metamorphosing piano in sixteenthtones (1959) (c47). Dated two years after

20 A cry-like passage for soprano at the beginning and ending of the work seems to imply such pain and loss.

21 Carrillo, J. and Carrillo, D. 1965. Julidn Carrillo. p. 231.

22 Carrillo, J. 1955. Conferencia pronunciada por Julian Carrillo. p. 19.

23 Carrillo, J. and Carrillo, D. 1965. Julidn Carrillo. pp. 264-265 and p. 275.

24 Carrillo might have already started drafting some of his works for metamorphosing pianos any time after he
completed the patents in 1940, as an expansion of his compositional theory, Law of Musical Metamorphosis,
which allow you to transform the tonal proportions of a work by changing the size of the intervals
proportionally to a chosen ratio so as to produce a harmonic metamorphosis (e.g. changing semitones for
quartertones or whole tones). It is also possible that this obsession with using the word ‘metamorphosis’
might reflect the changes that the pre-Columbian inhabitants of Mexico went through after the invasion of the
Spaniards to the American continent in 1492, since this was the subject that first inspired Carrillo to work with
microtonality and to incorporate design elements from Mexican folk musical instruments.
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the piano was built, it is likely that the impression made by playing chromatic passages on
the instrument influenced Carrillo’s decision to write undulating microdiscrete-sliding-pitch
contours in a ‘babbling’ manner. We may ask whether Carrillo was perhaps making an
analogy between the sound of a baby babbling and the rebirth of a new culture in the

Americas after the Spanish invasion;®

or was this title simply indicative of his
compositional use of microdiscrete pitch to simulate sliding pitch. This symbolism of birth
can be traced back to his 1926 work, Babbling for muted string quartet in quartertones, with

exceptional use of eighth and sixteenthtones (C10).

1.1.2.5 Carrillo’s response to feedback

Carrillo worked closely with the members of his ensemble and orchestra. From 1923 until
1925, when preparing his first microtonal concert, the performers ended up being largely his
composition students, which allowed him to explore and experiment openly during
rehearsals. During these three years he designed new instruments and instrumental
adaptations, realised under his guidance, in parallel with his composing. His students also
were involved in composing music for these instruments, and brought him additional
feedback not only regarding composition but also on how to write and notate music for the
instruments.?® After these initial microtonal works, Carrillo worked very closely with
members of an ensemble that he directed while in New York, between 1926 and 1930.
Upon his return to Mexico, he worked with other orchestras, and continued adapting
monophonic instruments of the orchestra that could not readily achieve the microtones he

required when using extended techniques.
1.1.2.6 Continuity in the work of Carrillo

In adapting instruments to have microtonal properties, Carrillo made a fruitful contribution
to the field of musical instrument design. He collaborated with instrument makers and with
several performers who worked out alternative fingerings and techniques to achieve

microtonal intervals on orchestral instruments. In his theoretical writings he devised yet

2 Having the tittle of the work referring to the happy sound of a child (rather than its crying) could symbolise
how the pre-Columbian inhabitants of the American continent assimilated European culture and looked
forward positively to the future challenges of human kind as a one body using the potential of the piano (as a
symbol of European music), unlike the nationalists, whose domination of politics at the time frustrated many
of his efforts.

26 Carrillo, J. 1962. Sonido 13: Recorrido histérico. pp. 10-11.
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more tunings, for which he eventually developed instruments, and for which he spent forty
years devising and composing. Alongside his composing, the continuity of his theoretical
work and its application was also important to him. Carrillo’s expansion of music theory
and practice according to his new microtonal conception, and his persistent attempts to
reform music education using his notation and instruments, were repressed as a result from

the political situation in Mexico at the time.

1.1.2.7 Pedagogical elements in the work of Carrillo

Most of Carrillo’s microtonal works are available in numerical notation,?’ and their

availability in recordings is also of great value for the study and understanding of his music.

Carrillo’s interest in advancing not only his compositions but also his wider commitment to
the practice of microtonality led him to compose several studies for solo instruments. The
first of these were written in 1927, to promote the practice of quartertone technique on
bowed string instruments: the violin, 3-string violin and double bass. He had by then
already written Prelude to ‘Christopher Columbus’, Op. 1, (1925) (C1), using the
quartertone violin, and as he was himself a violinist he presumably felt that it was important
for string players to practice quartertone techniques, which might have led him to compose

the following studies:

70 exercises for double bass (new techniques for quartertones) (1927) (C15)
70 exercises for violin solo (1927) (C16)

3 quartertone studies for the 3-string violin (in ‘sonatina’ form) (1927) (C18)

Soon after composing these studies, Carrillo composed the first and second Colombia
Symphonies, which include quartertone string parts, and then a set of five studies for
quartertone guitar. These studies help the player to build technique and confidence in
preparation for playing Carrillo’s ensemble's works. Only two of the five guitar studies

have survived (CIAJC, pp. 63-64):

27 The full list of Carrillo’s microtonal works on p. 295, specifies which are available in numerical notation
and which in staff notation with microtonal symbols. On this list, numerical notation (Sound 13), is referred to
as ‘NUM". Author’s translations of Carrillo’s microtonal compositions are shown on p. 296.
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Quartertone guitar study No 1 (1931) (C35)
Quartertone guitar study No 5. ‘Midnight at the Oriental’ (1931) (C33)

Carrillo’s Studies for the ‘Carrillo’ metamorphosing piano in fifthtones (1949) (C48) is the
only work for this instrument. Its purpose may have been to demonstrate the instrument’s
sound in lectures and exhibitions. The same can be said of the Study for 7-string thirdtone

guitar (1962) (Cs6).

Although specifically didactic works do not exist for the sixteenthtone harp, Carrillo wrote
solo and duo works for the sixteenthtone ‘Carrillo’ harp, which efficiently demonstrates a
wide range of dynamics and textures possible on this instrument. Carrillo only used the
octavina for ensemble works, which are more representative of his musical style rather than

the pedagogical value of his writing.

In his microtonal compositional work, Carrillo achieved a balance between creative and
pedagogical output. The theory underlying his compositional processes was constructively
documented in his publications. This outstanding pedagogical dedication was strongly

motivated by his vision to create a music education institution based on his theories.®

1.1.3 Pitch resources and strategies used by Partch

As sliding pitch was a major element of Partch’s early compositions, and microtonality and
micro-discrete sliding pitch became highly important to him later on in his career, the
advancement of the frontiers of pitch organisation had a crucial bearing on his instrument

designs.

1.1.3.1 Partch’s main strategy

Partch’s compositional practice was suffused by his interest in mythology, history,

dramaturgy and sculpture. It is difficult to isolate the influence of these elements, which he

28 Carrillo, J. 1955. Conferencia pronunciada por Julian Carrillo. p. 19.
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skilfully wove into a unique art form, which is often unfortunately mislabelled as ‘exotic’.
Three facets of Partch’s philosophical approach to composition pertain closely to my own
compositional concern with microtonality, sliding pitch, and instruments: firstly, he was a
self-taught acoustician who developed a refined taste for beatless intervals and devised a
theoretical system to reconceive music theory using the harmonic, and the subharmonic
series; secondly, he often wrote sliding pitches for the voice, and instrumental parts
characterised by microdiscrete-sliding pitch, inspired by the inflections of spoken North
American English language (and occasionally borrowing intonational elements of Jewish
recitation);”” and thirdly, he developed new musical instruments for his compositions, to

achieve just intonation and sliding pitch (continuous or microdiscrete).

1.1.3.2 Partch’s development of instruments

If Partch’s small percussion instruments are considered as one set, then he created twenty-
five new instruments. This instrumentarium includes only three adaptations of existing
instruments (viola, guitar, and koto), all of which adaptations are substantial enough to be
considered as new instruments. Most of his new instrument ideas stem from an existing
instrument that is radically transformed, often to the point where the origins of the
instrument are almost unrecognisable. Partch was very creative with his microtonal
instrument designs, and his approach to instrumentation was highly innovative for his time.
If the various prototypes of each instrument, and the existing instruments — all of which
required adjustments of pitch (by means of alternative fingerings or embouchure
adjustments) to yield just intonation — are considered, the number of microtonal instruments
for which Partch composed would be more than double the number of new instruments he

created.

Partch’s work in developing instruments spanned most of his career, but it was not evenly
distributed. He started in 1928 — soon after Carrillo and at a much younger age — by
adapting a viola to receive a longer (cello-like) neck, thereby lengthening its strings and
lowering its pitch; and in 1934 he provided just intonation marks for a guitar. He then
redesigned the ancient kithara (1938), in order to support his theory of just intonation with

fixed pitches, and retuned several reed organs (1941), slightly transforming their keyboards.

2 Hansen, L. 1998. Harry Partch Biography.
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Between 1945 and 1946 he entered one of the most productive periods of his life, inventing
a total of 4 new musical instruments (the Adapted Guitar 11, Harmonic Canon I, Diamond
Marimba and Bass Marimba), while improving three other instruments (the Adapted Guitar
I, Kithara I, and Chromelodeon 1).° As these new instruments were gradually incorporated
into his instrumentation, his music became predominantly instrumental. Partch’s early
composition work, shaped by the inflections of the speaking voice (inspired by the
musicality of the spoken North American English language),”’ must have had an impact on
the instruments that followed the Adapted Viola, since they all have microdiscrete sliding-
pitch capabilities, if not sliding pitch capability. Although by the mid-1940s Partch had
enough instruments to be able to compose for varied ensembles, he continued to develop
new instruments. This activity reached a second peak of productivity between 1963 and
1965, during which three-year period Partch invented seven new instruments (the Boo II,
Zymo-xyl, Mazda Marimba, Eucal Blossom, Gourd Tree with Gongs, Harmonic Canon 111
and Quadrangularis Reversum). By this point, his designs had become much more eccentric

and innovative than before, as he sought both visual beauty and new sounds.

The chronological spread of Partch’s output (see Appx 2) shows that he continued
developing instruments in parallel with his composition throughout his career; but he, rather
like Carrillo, had two remarkably productive periods — one between 1944 and 1946; the
other between 1963 and 1965 — which, like Carrillo’s, were separated by about two decades.

1.1.3.3 Partch’s involvement in performing and conducting

Partch was always involved in rehearsals and performances, either performing or
conducting. Having his compositions rehearsed and performed was an important part of
Partch’s preparation of a new work, and of the instruments made for it. He learnt how to
play his new instruments to be able to compose for them more effectively, and to teach
others how to play them. He also developed his conducting skills, mainly through

conducting performances of his own works.

3 These instruments were developed in parallel to Partch’s composing, mostly as part of a unified music
making process.
31 Hansen, L. 1998. Harry Partch Biography.
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1.1.3.4 Partch’s implementation of new concepts

At the age of 25, in 1926, Partch decided to abandon the piano, which he had been studying
on and off for several years, and began learning the violin and viola in order to familiarise
himself with variable pitch. His theoretical research into just intonation, started two years
earlier, continued to develop throughout this period;*? and his interest in the development of
new instruments began when he transformed his viola into a longer, monochord-like
instrument, which he could support between his legs to control intonation:** his initial idea
was to use the instrument as much for theory demonstrations as for musical performance.
The adaptation of the viola had been planned since 1928 (when he initially prepared cello
fingerboards for the purpose) and was completed in 1930, when Partch asked an instrument
maker to fit one of his cello fingerboards (with bradheads marking the stops for a just
intonation scale which he named ‘monophony’) to a viola body. This instrument, initially
called the Monophone, was later on renamed the Adapted Viola.* This invention could
have resulted from combining the ancient Greek monochord (used to study musical scales)
with the features of an instrument that Partch had chosen to enable him to imitate speech
patterns using his voice. The new instrument, which had a speaking length of 20-inch
(Partch used cello strings, apart from the highest, which was a long first or second violin
string), descended a fourth below the viola (to G), and thus had an ideal range to match his

voice (GM, see Abbreviations, p. 198).

At this early stage, Partch aimed to develop an instrument that could imitate the voice in
order to evoke a peculiar dramatic use of it.”> His study of ancient Greek dramaturgy and
Greek music must have influenced the conception and creation of his just intonation scale.
If Partch was already thinking about composing a setting of Chinese poetry at the time he
conceived the Adapted Viola, then it is possible that image of a portable erhu-like
instrument (bowed and held between the legs) might have appealed to him, and also as a
way of alluding to or symbolising the itinerant Chinese poet who wanders through nature
carrying as little as possible. These are merely personal suggestions of concepts and ideas
that might have shaped Partch’s first instrument, the Adapted Viola, and his first work for
that instrument (and voice), the Seventeen Lyrics by Li Po (1930-33) (P1).

2 Gilmore, B. 1998. Harry Partch: A biography. pp. 53, 61.

33 Gilmore, B. 1992. Harry Partch: The Early Vocal Works 1930-33. p.73.
34 Gilmore, B. 1992. Harry Partch: The Early Vocal Works 1930-33. p. 41.
3 Hansen, L. 1998. Harry Partch Biography.
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Partch’s interest in imitating the voice shaped posterior compositions and instruments too.
A relatively simple example is the Bloboy (GM, pp. 249-251), an instrument blown by
pressing bellows to create air pressure to blow four autohorns and three organ pipes. This

sound resembles the whistling of a steam train.

1.1.3.5 Partch’s response to feedback

At several stages, the specific needs of Partch’s compositions prompted or dictated the
development of new versions of some of the instruments he had already created, as for
example in Oedipus (1950/1952-4/1967), which uses the Chromelodeon II (1950), and The
bewitched (1952-55), which uses the Harmonic Canon I1 (1953) (p. 327). The case of The
bewitched is remarkable for the extent to which it occasioned the creation and adaptation of
further instruments: it calls also for a Surrogate Kithara (GM, pp. 231-235), which was
initially created in 1953 due to technical limitations experienced in writing for the Harmonic
Canon Il (GM); the Boo (1955), another instrument developed for The bewitched, half way
through the composition of the work; and the Kithara II, invented in 1954. That the
Harmonic Canon II, Surrogate Kithara, Kithara 11 and Boo were all devised while
composing The Bewitched, to meet the specific needs of that work, affords a clear example
of composition — and of composition-led instrument development — in which the instrument

development process worked in parallel with the act of composing.

In 1958 Partch wrote Windsong for a documentary about his music,*® in which he played all
the instrumental parts for the Harmonic Canon II, Kithara I, Adapted Viola, Surrogate
Kithara, Chromelodeon, Boo, Diamond Marimba, Cloud-Chamber Bowls, Spoils of War
and Bass Marimba. Demonstrating the separate parts one by one for a documentary,*’ he

explains:

In performing the music that I wrote for Madeline Tourtelot’s film Windsong, 1 played ten
different instruments. After recording a few measures on one instrument, I used headphones
to listen to these, while adding the sound of a second instrument. No more than four are used
simultaneously...

3% Harry Partch: Enclosure 1 (video).
3" Harry Partch: Enclosure 1 (video).

28



Chapter One: Sources, ideas, strategies and method

With the recording technique already employed in his composing at this stage, Partch was
able to correct the scores obtaining feedback from the cumulative recording. To this
experience he added the feedback from the performers he had worked closely with, and the
multiple experiences of performing and travelling with his instruments, all of which

informed the design of the instruments and the compositions.

1.1.3.6 Continuity in the work of Partch

Partch’s most lasting contribution to the field of instrument development was a substantial
instrumentarium, used to perform his music periodically at Montclair State University as
part of a continuing microtonal ensemble named Newband.”® This ensemble is now
conducted and directed by Dean Drummond, who formerly played in Partch’s ensemble and
also composes for these instruments. Although Partch was not very interested in his
instruments being used by other composers, they are nonetheless used in this way now, and

his works are still being regularly performed alongside works by other composers.

1.1.3.7 Pedagogical elements in the work of Partch

There is no record of Partch writing technical studies for the instruments he developed, but
the substantial body of works for adapted viola and voice from the early part of his
composing career (1930-1933) demonstrates his systematic manner of composition at this
carly stage of his career. These works have great pedagogical value as demonstrations of
sliding pitch simultaneously played with sustained just intonation. In general, most of
Partch’s works demonstrate his use of just intonation and compositional theory with prime
number limits, and they afford several examples of instrument layouts, which serve as
physical illustrations of his tuning theories, as in the case of the Diamond Marimba and the

Kitharas.

3% Drummond, D. Newband (http://www.newband.org/aboutnewband.htm).
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1.1.4 Comparison of the strategies used by Carrillo and Partch

Aspects of Carrillo’s and Partch’s pitch resources and methods, previously treated

separately, are here compared.

1.1.4.1 Comparison of the main strategies used by Carrillo and Partch

Carrillo and Parch were interested to expand the sound qualities of their compositions
through microtonality informed by the harmonic series, Carrillo approximating through
equal temperaments and Partch favouring and notating low prime number ratios. These

theoretical concepts were also incorporated into their development of instruments.

Carrillo used 12-et and the instruments of the orchestra as a starting point, while Partch
rejected them almost from the outset. Carrillo started microtonal composition with a tuning
encompassing ninety-six pitch classes and gradually introduced microdiscrete sliding pitch
elements to his compositions, inspired by the instruments concerned. Partch started by
using sliding pitch in combination with his just intonation scales (which were later on
consolidated and rationalised with forty-three notes to the octave), and then substituted
sliding pitch for microdiscrete-sliding pitch as instruments with these capabilities were
developed. In both cases, the use of sliding and microdiscrete-sliding pitch happened
naturally during the composing process, probably prompted by the capabilities of the

instruments employed, since no theory was previously devised using these concepts.

Carrillo’s obsession to simplify staff notation using numerical notation for pitch degrees and
one single line accommodating this way several divisions of the tone, contrasts Partch’s
notation practice mainly using ratios and always adaptable to suit each instrument and

composition to ease the sight-reading.
A comparison of the strategies used by Carrillo and Partch is summarised in the diagram

showed in Fig. 7, where the boxes filled with grey show the aspects that are specific to the

corresponding COmMpOSer.
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Fig. 7. Strategies followed by Carrillo and Partch compared.

1.1.4.2 Comparison of the instrument-development-led approaches of Carrillo and Partch

Carrillo adapted instruments when no fingerings were possible for the alternative tunings,
but also developed some instruments from scratch, as in the case of the sixteenthtone

zithers, named ‘Carrillo harps'.

Carrillo made an almost two-meter tall lute (the octavina), which had a fingerboard long
enough to enable very fine gradations of tuning. There is a parallel between this and
Partch’s extension, only a few years later, of the neck of a viola to achieve precise pitches at
a deeper pitch than that of the instrument with which he started. After that, most of the
instruments developed by Partch resulted from transforming one or two characteristics of an
existing instrument, to allow the layout to match his microtonal theories, while also bringing
unique timbres to the ensemble. Carrillo on the contrary, mainly adapted existing orchestral
instruments or employed extended techniques to facilitate successive subdivisions of the

tempered semitone in his search for new sounds.

Partch’s radical transformations and inventions of instruments allowed him to bring a
fundamentally new range of sound quality and experience to the listener; while Carrillo’s
successive divisions of the tone using orchestral instruments (some of them slightly
adapted) demonstrates how, by implementing microtonal theory rigorously, the instruments
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of orchestra can produce a myriad of new and refreshing sound qualities. Partch and
Carrillo mostly developed instruments with the immediate aim of using them in their
compositions. The ten metamorphosing pianos for which Carrillo did not compose, are
extraordinary exceptions, since the initial idea behind their development was the realisation
of a systematic division of the tone, as he had previously described in theory. However, the
works that Carrillo composed for metamorphosing pianos (only for the tone, thirdtone,
quartertone, fifthtone and sixteenthtone pianos) were composed within a period of three
years (1957-1959) — the first half of this period coinciding with the construction of the

pianos.

1.1.4.3 Comparison of Carrillo’s and Partch’s involvement performing and conducting

Both composers were involved in conducting performances of their music. Partch
particularly developed his conducting skills through working with his ensemble. Carrillo,
though he was an exceptional violinist, was not involved in performance when he started
composing his microtonal works. Partch not only played the instruments as part of his
composition process, he performed on most of them as well, and taught other players how to
play them. The involvement of both composers in the performance and conducting of their

works was facilitated by their very different approaches.

1.1.4.4 Comparison of how Carrillo and Partch implemented new concepts in their work

The work of Carrillo and Partch in developing instruments was influenced by their cultural
backgrounds. Carrillo was influenced by both his pre-Columbian Mexican origin and
national folklore, and by his European cultural and musical education. Among many
factors, Partch was mainly influenced by his lonely youth in Arizona, by his interest in
ancient cultures (mainly Chinese and Greek), and by a period in his mid-thirties in which he

decided to travel around the USA as a homeless person.

Partch’s creative process occasionally led him to improve and modify his existing
instruments at the same time as he was composing for them. A clear example is the Kithara
I, invented in 1938 and reconstructed in 1941, 1948 and 1959, on each occasion for a new

work. These improvements involved substituting several soundboards for a single one (one
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for each row of strings), which not only improved the appearance of the instrument but also
its acoustical properties, and furthermore resolved problems of unwanted noise in the
original resonance box. While Carrillo at times had a team of specialists working on his
designs, Partch worked alone in his workshop, or with not more than one assistant; while
Partch documented his reconstructions and improvement of instruments, no information has
been found about the extent to which Carrillo’s team of instrument makers improved the

instruments he adapted and invented.

For Carrillo, a compositional concept allowed him to explore aspects of compositional
theory aided by the development of instruments. Partch, in most of his works used a text to
carry a dramatic message. This not only influenced his search especially in his earlier
compositions for instruments, which could imitate speech, but later on influenced his
conception of instrumental layouts that favoured microdiscrete-sliding pitch. This was also
the case for Carrillo, particularly in the sixteenthtone harp pieces and his music for the

sixteenthtone piano.

Carrillo and Partch were both initially interested in exploring microtonality through
instrument development as part of their compositional processes, and for both this led to
their adopting pitch slide simulations, by means of small chromatic-step glissandi, as part of
their compositional language. In both cases, the original concept not only affected the

instrument but also vice versa.

1.1.4.5 Comparison of how Carrillo and Partch responded to feedback

Both composers worked closely with performers, using feedback obtained in rehearsals and
performances, most of which they directed themselves. That Carrillo worked with his
students, who also performed his music and composed under his guidance, placed him in a

privileged position. Partch also had to teach his theories to his performers.
Partch played all of the instruments that he developed and was able to record them

separately. Carrillo, once he embarked on microtonal composition in 1924, though an

accomplished violinist, devoted himself to composing and conducting.
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1.1.4.6 Comparison of the continuity in the work of Carrillo and Partch

Despite Carrillo and Partch having made extensive contributions to the fields of microtonal
instrument design and microtonal composition, principally in the second quarter of the
twentieth century, performances of their work were mainly carried out under their personal
direction and ensembles. Since the decease of Carrillo and Partch (1965 and 1975
respectively) up to date, performances of their works have been rare. An exception is the
annual local performances of Partch’s music by Newband at Montclair State University (NJ,
USA), using the original instruments. To date, very few mainstream composers have
adopted Carrillo or Partch’s tuning theories, or used their instruments. Partch’s instruments
are not commercially available and if his compositions were arranged for orchestral
instruments, in order to achieve just intonation, exhaustive training would be required. The
obstacles to performing Carrillo’s music have not been widely overcome. His microtonal
music in 96-et requires a specially trained musician to sound seven extra tones
(sixteenthtones) between each of the familiar semitone steps of the 12-et scale. Regardless
of the difficulty of achieving absolute precision, the performer does not have aural training
to perceive these seven intermediate tones as distinct from one another. Most of Carrillo’s
microtonal music is thus difficult for players of adjustable-pitch instruments, and his

adapted orchestral instruments are not in good condition or commercially available.*®

Partch and Carrillo’s involvement in the rehearsal and direction of performances helped
them to understand the entire music-making process, and allowed them to learn from their
experience in creating new works. That Partch trained himself to play most of the

instruments he developed made him fully aware of their capabilities and properties.

Carrillo, who seems to have been more concerned than Partch about the continuity of his
work, was not as efficient as Partch in this regard, partly due to his all-or-nothing project to
institutionalise the teaching of his theories at conservatory level.* Partch did not share his

theories and instruments with other composers. He chose to stay away from academia for

3% An exception is sixteenthtone piano manufactured by Sauter (Mikroton Piano), an upright model following
Carrillo’s patent, which is not ideal for concert halls.

40 Carrillo did not plan on an alternative option, promoting an ensemble and regular performances of his music
in the late period of his career, leaving most of his instruments stored in an archive up to date. The
Conservatorio Nacional de Musica (Mexico) and cultural Mexican authorities have not shown much interest in
the promotion of Carrillo’s work to date since Carrillo stopped working for this institution.
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most of his life, although in the final part of his career he was closely associated with a
university-based ensemble, several of whose members have managed to continue using his
instruments and playing his music to the present. In both cases, at least some of their
publications are widely available; and while all of Partch’s compositions are recorded on
CD, only about half of Carrillo’s microtonal works are commercially available in that form.
Although the original works are preserved and copies can be obtained for research purposes

upon request, only a few scores by each composer have been published.

1.1.4.7 A comparison of the pedagogical elements in the work by Carrillo and Partch

The pedagogical value of Carrillo’s and Partch’s compositional output has supported the
survival of their theory, compositions and instruments. The solos and duets with most
pedagogical value are found at the start of Partch’s career, in his extensive works for
adapted viola and voice.*! In contradistinction, Carrillo’s solo studies for string instruments
in quartertones are mostly concentrated towards the end of his career. While Partch
systematically explored a wide range of sliding techniques for voice and viola, and intervals
in just intonation, Carrillo wrote for violin, viola, cello and double bass, using the
quartertone system. In both cases, the techniques used were significant for the training of

musicians.

1.1.5 Research directions stemming from the strategies of Carrillo and Partch

Having analysed and compared the music-making processes and strategies of Carrillo and
Partch, this section explains how these were apprehended and interpreted in this research,

and how my own music-making processes and strategies stem from theirs.

1.1.5.1 General research strategies in relation to those of Carrillo and Partch

In general, Carrillo and Partch shared the desire to find new and unique sounds in their

compositions by means of pitch resources beyond the capabilities of existing instruments.

*1 These works in particular are mainly masterworks but can also be approached by their pedagogical value
unlike Carrillo’s studies, which had the main functionality of practicing.
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My research incorporates compositional practice and instrument development, whose aims

(see Fig. 2, p. 6) are informed by their practices, which have profoundly influenced my

strategies. These strategies are as follows:
(1) An interactive and open-ended methodical approach

Unlike the more intuitive approaches shared by Carrillo and Partch, my strategy in
this study is method-based. However, this research followed an initial intuitive
period inspired by Carrillo and Partch, encompassing a wide range of trial-and-error
experimentation, from which a method was then formulated. The reason for
choosing a methodical approach was to induce and coordinate beneficial interaction
in several ways: between the composition and instrument development processes;
between instrument-development-led composition projects which overlap in time;
between instrument prototypes and the feedback from alternative designs, and in

general; between theory and practice (see Fig. 3, p. 8).

The study and analysis of the way Carrillo and Partch used pitch (microtonality,
sliding and micro-discrete sliding pitch) categorises the treatment of pitch into two
groups: microdiscrete and dynamic. The research strategy and its derived method
were developed such that in the future they can be utilised for four other
compositional parameters, in addition to pitch, which can also be approached

statically and dynamically: duration, amplitude, timbre, and spatial projection.

(2) Innovative use of microdiscrete-sliding pitch

Microdiscrete-sliding pitch, being the area of convergence between static and sliding
microtonality takes an important role in the strategy. This capability of some of the
instruments adapted and invented by Carrillo and Partch,** had a strong impact in
their compositional practice. In this research the concept of microdiscrete-sliding
pitch is incorporated into the compositional theory responsible for determining the

capabilities of the instrument. Therefore, in my strategy, the demands of the

“2In the case of Carrillo this capability is shared by all of his ‘Carrillo’ harps (zithers) and ‘Carrillo’
metamorphosing pianos; and in the case of Partch, by the Harmonic Canons, Boos, Eucal Blossom,
Chromelodeons and Kitharas.
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composition inform the microdiscrete-sliding pitch capability of the instrument
being developed, and vice versa. Other microtonal considerations behind the chosen
tuning chosen to support microdiscrete-sliding pitch (using 96-et) are the use of
those scales that do not include octaves, unlike the octave-based systems adopted by
Partch and Carrillo.

(3) Development of accessible notation systems appropriate to the music and

instruments created.

I propose additional notation systems here as close scrutiny of existing systems. My
experience has led me to conclude that microtonal notation and the notation for new
instruments needs diversity to let performers have the choice to decide which one
works better in practice. Partch’s experience adapting notation to ease performance
has a similar motivation. Carrillo’s notation system is easy to learn and it has the
potential to apply the numbers (standing for pitch degrees) to graph paper, which
would be ideal to represent sliding and micro-discrete sliding pitch. In Glissando
study (Study No 3, Sc. 3), as an alternative to using graph paper, I adapt Carrillo’s
Sound 13 numerical notation by heightening the numbers according to the required

pitch contour, while indicating the rhythm with regular noteheads beneath.

(4) Development of a conceptual approach to instrument development that is

informed by and integrated with compositional practice and theory.

The instruments invented and adapted by Carrillo and Partch were mostly developed
before compositional practice (see instrument and composition dates in Appx 1 and
Appx 2). In my strategy, concepts of instrument capabilities and characteristics are
informed by and integrated with compositional practice and theory, in order to allow
composition not to be limited by the capabilities of the instrument but to determine
them when required, while also reinforcing the interaction between instrument
development and compositional practice. This is mainly induced by arranging a
prototype development plan in parallel to the composition (see details in Fig. 29, p.

73), which is arranged in stages determined by the compositional theory.

A reinforcement of the research’s conceptual approach to instrument development is

incorporated to the method applied, by instructing the use of feedback obtained from
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a supplemental prototype evaluation process as part of the instrument development
and compositional practice. In this process alternative instruments to each prototype
are defined at a conceptual level, so as to compare with the corresponding prototype

evaluative data.

The diagram in Fig. 8 shows details of a comparison between the common elements of the

compositional strategies used by Carrillo and Partch, and those considered in this research.

>
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Fig. 8. Carrillo and Partch shared main strategic elements and those of this research.

1.1.5.2 New ideas arising from the prior adaptation and transformation processes

In order to introduce new sounds, an effective, gradual evolution of the orchestra as a whole
is as important in refreshing the listener as developments in timbre arising from
transformations of the instruments individually. Both lines of change are considered as part
of the instrument development-led method applied in this research. In this, the

instrumentation of existing instruments (adapted if necessary), using extended techniques
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for sliding pitch and alternative tunings, works in parallel with composing for a newly

developed instrument. Partch and Carrillo are here treated as exemplars.

The method followed and exemplified by

this research promotes the documentation of compositional work in progress and allows for
a fruitful extrapolation of approaches. For this reason, the stages of the musical
instrument’s development need to be defined. Carrillo and Partch did not have computer
technologies available to them to allow them to simulate musical instruments by audio-
visual means. They had analogue recording technologies available to them late in their
careers, which Partch used to aid his composition, recording his playing and superimposing
tracks so that they could be heard together. The availability of audio-visual and computer
technologies to simulate musical instruments enables the stages in which a concept takes

shape as a musical instrument to be simulated to obtain feedback from prototypes (CD-tks

1-7 are computer-sampled versions).

Several stages of development, informed by the work of Carrillo and Partch and by my own
recent practice, have been identified (their names are abbreviated here as initials), as

follows:

(1) Musical instrument characteristic(s) (MIC). This is a characteristic or array of
characteristics chosen. In the present research, pitch (dynamic pitch and

microtonality, which are further subdivided into more specific characteristics) is the

foremost characteristic chosen.

(2) Evaluated MIC (EMIC).  The present research evaluates the chosen

characteristics of pitch together with the sound and form of the instrument.

(3) Sketched EMIC (SEMIC). This is the first creative step for the instrument-
development-led composer, who has already thought about and evaluated the

required instrument characteristics. A rough sketch is made to accommodate a wide

variety of prototypes.

(4) A prototype. The term prototype is used here to mean a sketched and evaluated

musical instrument characteristic (SEMIC) for which basic measurements of a
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sound-producing body and structure (in this case a supporting frame) have been
specified. ~ When a prototype is conceived of as having complex internal
mechanisms, it is not until the instrument is built (prototype 8) that precise
definitions need to be resolved and improved, if necessary, after testing. Their
construction, testing and improvement (if necessary) are parts of prototype 8,

involving the construction of the physical instrument.

(5) A visual musical instrument (VMI) is a virtual simulation of the instrument

playing, generated by means of computer software.

(6) An audio-visual musical instrument (AVMI) is a VMI with sound. Ideally it

would highlight the sounding bodies, as they are sounded by means of manipulating

sound samples through sequencing technology.

(7) A MIDI instrument with AVMI (MAVMI). Instead of attaching a MIDI file to
the virtual model, the programming involved in the AVMI can be extended, linking
a live MIDI input attached to the virtual model in the computer. This allows a MIDI
interface (keyboard, touch-screen, etc.) to be attached to the virtual model, so that it
can be played in real time, not only visually simulating the instrument being played,
but also reproducing the sensation of playing the instrument. The closer the MIDI
instrument is to the virtual instrument, the closer the sensation should be. Preparing
a transformable MIDI instrument would allow the exploration of desired
compositional parameters by means of improvisation to introduce new ideas to the
design of the instrument. Unfortunately there are very few devices as such
commercially available and they are also very limited.*> As a clear example of
MAVMI that can be used with a computer mouse, Partch’s instruments are now
available to be played interactively on-line.** The hosting of on-line MAVMI

improves access while also promotes awareness and continuity, especially if sites are

made easy for children to use.

3 The design and realisation such MIDI instruments for each sound-producing action — potentially an

interesting research project in its own right — would expand the field of instrument-development-led
composition.

*“Vogeli, T. 2003. Harry Partch’s Instruments.
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(8) A built musical instrument (BMI). This refers to the physical instrument being
constructed. As the cost (including time) of physically building a new musical
instrument normally exceeds that of preparing a MAVMI. It is normally more

efficient to have experimented with a MAVMI version before building the

instrument.

(9) A (built and) performed-on musical instrument (PM1). Performing on several
layouts of the instrumental design using MIDI instruments can bring us very close,
in an almost effortless way, to the physical instrument, and can help inform the
layout of the instrument. Having the physical instrument performed on, ideally in an
ensemble context with other instruments as appropriate, confirms that what was
initially simulated in this research also works in a physical instrument. Although
there is a possibility that further improvement may be required, such modifications
are likely to be relatively minor. To follow these stages regularly becomes a

discipline, which can improve ergonomic and other aspects of the instrument-

development-led composer’s work.

(10) A (built and) performed-on musical instrument with extended mechanised-
MIDI capabilities (PMI with EMMC). A musical instrument per se has the potential
of incorporating a mechanised system, attached to a computer and a MIDI interface,
so the capabilities of the instrument can be extended. This is an emerging area
which offers unlimited possibilities, while still providing the acoustic sound of the
instrument and integrating the movement of the performer to provide visual

expression to the performance and a touch of human element to the mechanised

system.

An existing example is a piano assisted by a mechanised-MIDI system (e.g. the Yamaha
Disklavier), which could for example be used to play two parts with two hands and add a
third part (for a sequencer to play with a MIDI file) be impossible for a performer to realise.
In this case the pianist still can lead the tempo of the MIDI file for that part with a pedal
programmed to control the tempo (attached to the sequencer). Since we are playing and
sounding a standard piano (built and performed musical instrument) and then execute
additional sounds with the aid of a mechanised-MIDI device, which we are also leading (in

this case through the tempo parameter), this musical instrument would then be used as a
BPMI with EMMC.
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Fig. 9 is a diagram of the stages of musical instrument development. The terminology
presented is that used for the instrument development process throughout the thesis. The
timeline of the instrument design process proceeds from bottom to top of the diagram.
Starting with a conceptual instrument at the foot of the diagram, its development may be

followed ascending through the diagram, as it becomes a virtual or a physical instrument.

PMI + EMMC
(with extended
mechanical-MIDI

capabilities)

PMI (Performed-on MI)
BMI (Built MI)
MAVMI (MIDI AVMI)
AVMI (Audio VMI)
VMI (Virtual Musical Instrument)

PROTOTYPE

SEMIC (Sketched EMIC)
EMIC (Evaluated MIC)
MIC (Musical Instrument Characteristic/s)

Fig. 9. Instrument development stages (from bottom to top).

1.1.5.3 New ideas concerning the involvement performing and conducting

Carrillo’s and Partch’s involvement in conducting and rehearsing, greatly benefited their
understanding of instrument capabilities, techniques and pitch theory. This shows how
relevant it is for an instrument-development-led composer to be directly involved in these
practices in order to gain a comprehensive command. However, where the costs of live
rehearsal and performance are prohibitive, the provision of a computer-generated track with
clues for practice, or the use of MIDI-run virtual instruments, allowing the player to practice
with visual clues is considered here. Such a system can also be used to substitute players in
rehearsal, in this case using a MIDI tempo controller to run the virtual instrument(s). A
PMI with EMMC, can substitute performers at rehearsals if the conductor can control their
tempo in case of absence, or for the conductor to practice without the players. Also at the
performance scenario, and in the case the written parts are not executable, the conductor can
control with a tempo-controller device attached to a sequencer, the pace at which the MIDI

instrument plays. In this case the conductor’s controller device and the instruments attached
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become a single PMI with EMMC played by the conductor, who takes two roles. Since the
present research does not allow for the development of a mechanised version of the
bellophone, this idea is discussed but not tested in practice. As recent technology affords
the potential to allow instrument-development-led composers to conduct a MAVMI or a
PMI with EMMC, to improve the development of the composition, the composer may then
conduct, record and step back to hear the result, while still composing, without assistance.
A conceptual prototype exemplifying this idea, consisting of a baton for the conductor with

a MIDI tempo controller, is proposed in Chapter 4 (see dynamic baton, p. 211).

Another application of PMI with EMMC would be writing for a single performer who also
controls a PMI with EMMC with a tempo-controller pedal (pp. 152-154). In such case it
would also be easy to compose the part for the PMI with EMMC first and then compose the

part for the other instrument by improvising while playing the PMI with EMMC instrument
with a MIDI pedal set to control tempo.

1.1.5.4 Instrument development-led composition in the implementation of further new

concepts

New, overlapping compositional projects and revisions and expansions of previous works,
allow revision and improvement of the musical instruments developed. They can also
trigger the development of new instruments that complement the characteristics of the

already developed instruments to please the composition’s demands.

As a general guideline, the instrument development process should interact as often as
possible with the compositional process.  Since an appropriate vocabulary for
communication between the two disciplines is required, the devising of music theory and
notation is almost unavoidable. Therefore, it is good to keep a record of the theoretical
developments both in chronological order and by subject so that they can be easily accessed

during the instrument-development-led compositional process.

New terms, notation charts and symbols are normally derived from development of the

music theory and a glossary must be maintained for reference (in this thesis kept in the

Glossary section).
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An instrument-development-led composer can find inspiration in life experience, and
historical and cultural interests. It is beneficial to consider any surrounding sounds (and
especially those found in nature) as a musical instrument or source for new concepts, ideas

within the instrument development-led composition process.

Exploring pitch with electronic equipment has provided a wide range of resources
applicable to this research. For example, samples of the instrument being developed have
been used to explore the pitch accuracy perception limits while composing, determining this

way the ideal equal division of the tone to be consider for the instrument being built.

Regular practice composing thinking about sounds rather than instruments can easily lead to
instrument characteristics and also designs being imagined simultaneously as part of the
creative process of composition. Therefore instrument development-led practice a

discipline notating and documenting as part of a pre-established method promotes an

efficient instrument-development-led practice.

The method employed in this research, can be enhanced compiling a database of musical

instruments with fields for physical properties and sound capabilities (§4.2.5, p. 214).

The involvement of the instrument development-led composer in the instrument-making
workshop (as in the case of Partch) is another beneficial possibility to consider. If a wide
range of new musical instruments developments are being explored it is preferable to have a

team of people, specialised in each area, backing up the instrument-led composer (in much

the same way as Carrillo coordinated different instrument makers).

1.1.5.5 Approaches responding to feedback

Informed by the interaction that Carrillo and Partch had with players, this research method
includes a compositional stage in which collaborating players improvise within a range of
patterns (see for example the improvisatory duet for prototype 8 in Fig. 5). This
experimentation is intended to provide feedback to inform the development of the prototype

and concurrent composition.
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The creative ideas that Carrillo and Partch initiated can be developed further by gradual
assimilation into compositional practice, incorporating new instruments and adaptations
when desired, without limiting the imagination. Offering audiences the opportunity to hear
changes of tunings within a single piece should increase awareness of and demand for music
with alternative tunings. Incorporating instruments of the Western orchestra into such

performances, thereby exploring further what Carrillo initiated, is a viable way of exploring

novel possibilities.

Playing the instruments developed and also conducting the works written for those
instruments has proven to be positively beneficial to the music making process (as observed
in the cases of Carrillo and Partch). This could be taken a step forward by documenting the
feedback obtained from these processes and drawing conclusions upon it, on a regular basis,
so as to carry a systematic process of gradual improvement of the open-ended instrument-
development-led method proposed and followed in this research project. The method
encourages this practice but does not impose it. However, if future applications of the
method were to be conducted by myself, the time that I would not have to use to devise it
(already done in this research project) from scratch would give extra time in which to be

involved in these activities, or in reporting and analysing feedback from performers.

1.1.5.6 Strategies to promote continuity of the research

Twentieth-century mainstream composers, such as Xenakis, Ligeti and Nono, adopted the
language of quartertones and exceptionally of eighthtones. In terms of twenty-first-century
concert repertoire, further gradual acceptance of increasing subdivision of the tempered
semitone, including sixteenthtones, is more likely to happen before widespread acceptance
of just intonation. Once players of variable-pitch instruments have learnt to play fluently in
96-et, achieving just intonation from the closest sixteenthtone degree, when beating partials
are appreciated, will be but a minor challenge. Consequently, acceptance of just intonation
might follow a hypothetic acceptance of 96-et. In the light of this, it is proposed here that
compositional practice for the 96-et bellophone includes a task in which just intonation is
approximated in sixteenthtones (see Glissando study, Sc. 4). Such practice helps both to

link concurrent traditions of microtonal music making, and to establish historical continuity.
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Other elements supporting continuity of the research are: (1) the use of an open-ended
method which may be customised to suit a specific pitch investigation, and also transposed
to another musical parameter; (2) the creation of a new instrument intended for use in
Western ensembles, and development of technique, compositions and demonstrations
illustrating its capabilities; and (3) the introduction of a way of combining composition and

instrument development, which is applicable to both existing and new instruments.

1.1.5.7 Pedagogical responsibilities of the instrument-development-led composer

Systematic composition, notably of solos or duets, at particular periods in Carrillo’s and
Partch’s careers aided their adoption of new instruments and tunings and helped performers to
acquire new techniques. Carrillo’s approach to composing microtonal solo studies for
existing instruments as a way to explore their limitations, can be expanded to accommodate
instruments newly created and even to interact with their design process. Solo studies are

here used to guide the devising of alternative techniques, and thereby to nurture the

development of the instrument itself.

1.2 Compositional theory context

As Carrillo and Partch are the main sources of inspiration for this research, relevant
theoretical aspects of their treatment of pitch are classified and discussed here. The ways in
which these two composers treated static and dynamic microtonality are considered and
compared, and ideas arising from their practice, which are relevant to my own, are

discussed.

Fig. 10 shows the hierarchy of the compositional theory context of the general method used
in this research. The classification system devised provides the vocabulary required to
analyse and compare the compositional theories and strategies of the composers considered.
Reflection upon these leads to new ideas, which are proposed and acquired as the research

method is revised and refined.
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Classification of chosen parameter (§1.2.1)

Microdiscrete compositional theories of chosen parameter in the work of 2 chosen composers (§1.2.2)

———-‘ Compositional strategies for microdiscrete dynamicism of parameter in work of 2 chosen composers (§1.2.3)

Potential application of compositional theory stemming from the work of 2 chosen composers (§1.2.4)
T

Aesthetics of microdiscrete-dynamicism of the chosen parameter (§1.2.4.1)

New strategies towards employing microdiscrete-dynamicsm of the chosen parameter (§1.2.4.2)

Aesthetics and limitations of the measuring systems for the chosen parameter in ensemble works (§1.2.4.3)

Choosing a suitable poly-measuring system for the chosen parameter towards a new instrument (§1.2.4.4)

| Exploring an innovative selection of musical values of chosen parameter, for compositional practice (§1.2.4.5)

| Proposing new notation for the chosen measuring system and sub-sets used (§1.2.4.6)

Fig. 10. Compositional theory context hierarchy for the method.

1.2.1 Pitch classification

Pitch resources can be classified as static or dynamic: static referring to pitches which do
not change in time regardless of the sustained nature of the tone, and dynamic to pitches
which do change in time implying the use of sustained tones. Sustained pitches are a
necessary basis of modern harmony and modal theory. Microtonality can be divided into
two categories, both of which are considered useful here: one for microtonal systems that
include the 12-equal temperament (like Carrillo’s) and the other for systems (like Partch’s)

that do not.

From the point of view of Western music theory, sliding pitches are difficult to classify,
since only the melismas of Gregorian chant (represented by neumes) and straight (linear)
sliding pitches (gradual, constant changes of pitch, denominated by pitch slides from note to
note) are largely present in the Western repertoire. In order to notate Indian classical music,
for example, from the point of view of Western theory, a very sophisticated method of
sliding pitch notation would be required. Devising such a system is beyond the scope of
this research, but the work presented here may be considered as a small contribution to such

development in the future (see §4.1.12 on p. 208).
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Elements of sliding and microdiscrete-sliding pitch are found throughout Carrillo’s and
Partch’s outputs. Partch’s output is consistently microtonal (the only aspect of sustained

pitch of central interest here), while only approximately half of Carrillo’s works are of

microtonal nature.

1.2.2  Microtonal compositional theories in the work of Carrillo and Partch

Carrillo developed a compositional theory, named Meramorphosis, in which the value of the
‘chromatic’ step employed throughout a composition is varied, shifting between tone,
semitone, quartertone, eighthtone and sixteenthtones. This is clearly a way of controlling
the thickness of the texture, since this process either places pitches closer together, or
further apart, maintaining the proportion of the pitch spacing in the texture.*> Partch using
his theory of ‘limits’ in just intonation found a way to control the consonance or dissonance

of the intervals employed (GM, pp. 109-173).

Carrillo reviewed and compared ratios of the harmonic series from the perspective of 96-et
(sixteenth equal division of the 12-et tone), and from the perspective of other divisions of
the 12-et tone from one to fifteen (see pp. 265-271). Though for practical reasons he saw a
pure realisation of the harmonic series as remote, he considered that the successive division
of the tone (semitone, quartertone, eighthtone and sixteenthtone) would gradually lead to an
approximation of the harmonic series that would not be substantially differentiated from the

ideal equal temperament.

Partch considered the ratios of the harmonic and subharmonic series to be means of
realising just intonation. The predominance of harmonically rich instruments, such as tuned
percussion which typically have short sustain, suggests that his just intonation theory was
essentially a starting point for composing, and that producing non-beating partial
frequencies was an aesthetic aim when composing for sustained-pitch instruments. This is
the case with the Chromelodeons, which produce reed sounds identical to the melodeon

from which they derived.

4 Carrillo, J. 1927 (pub.1949). Leyes de metamorfosis musicales. pp. 12-64.
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1.2.3  Sliding and microdiscrete-sliding pitch strategies adopted by Carrillo and Partch

Using the intonational patterns of American speech, turning poetic recitation into music, led
Partch intuitively to introduce pitch slides for the voice and the Adapted Viola into his
microtonal structures at an early stage of his career. Later on, his music became
predominantly instrumental; consequently microdiscrete-sliding pitch contours were used
for ornamentation and tone colouring. For example, instrumental tone colouring is used in
The waterfall for fast gliding passages for the Diamond Marimba, in which the effect of the
quantised pitch continuum (in this case with relatively large intervals) can be associated

with the sound of water striking the rocks.

Carrillo obsessively produced microdiscrete-pitch instruments (employing varied divisions
of the tone) to achieve both microtonality and microdiscrete-sliding pitch. Although his
microtonal theories prompted his design of his first instruments, it must have been his
auditory and haptic experience of the instruments that showed him their potential for the
execution of microdiscrete-dynamic pitch progressions. Carrillo did not write theoretically
about how to apply sliding pitch, though his theory of metamorphosis is gradually applied in
his compositions. Carrillo’s composition Babbling for piano solo (in sixteenthtones) and
chamber orchestra (see Fig. 11, p. 50) is a significant and unique example of a thematic

solo instrumental part (for the piano) using microdiscrete-sliding-pitch contours.

Carrillo’s technique of using zigzag patterns in quartertones as used in his Quasi-sonata No
6,46 and the speech imitation in Partch’s works for Adapted Viola and voice are good
examples of their use of sliding pitch induced by microtonality. The incorporation of new
microtonal instruments with microdiscrete-pitch layouts into their works and a consequent
search for new instrumental techniques led both composers to augment their use of sliding

and especially of microdiscrete-sliding pitch.

4 Carrillo, J. Seis casi sonatas en cuartos de tono para violonchelo solo (CD).

49



Chapter One: Sources, ideas, strategies and method

1.2.4  Potential applications of compositional theory stemming from the work of

Carrillo and Partch

Within my compositions, consideration of microdiscrete representation and a realisation of
the pitch continuum support gradual changes of textures and the use of microdiscrete-pitch
contouring rules. Ideas derived from Carrillo and Partch, which are directly applicable to
my research, are explained in this section, while further extensions of these lines of

thinking, which have potential for further development, are set out in Chapter 4.

1.2.4.1 Aesthetics of microdiscrete-sliding pitch

Although the piano and pitched mallet instruments cannot perform portamenti, glissandi
effects are possible. Carrillo, in his work Babbling for piano solo (in sixteenthtones) and
chamber orchestra, creates the effect of an undulating portamento by means of fast
chromatic glissando passages in the sixteenthtone piano part (see Fig. 11). In my own
compositions 1 use undulating portamenti executed by sixteenthtone bellophone. It is also
useful to establish the speed at which microdiscrete-pitch slides are satisfactory on a
specific instrument, and the studies are ideal minor works for the exploration of new
instrument developments at a preliminary stage. Microdiscrete-sliding pitch can be used
effectively with parallel and contrary motion movements and in general to produce

gradually changes of texture (see Autumn, Sc. 10).

Fig. 11. Babbling for piano solo (in sixteenthtones) and chamber orchestra (Carrillo, 1959): 16™-tone piano
part (bars 121-124). Courtesy of the Carrillo Archive.

That mallet instruments can perform glissandi faster than keyboard instruments when the

sounding bodies are laid in chromatic sequence in a linear pattern. This is as taken into
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consideration in the compositional processes adopted here, and in the development of the
conic bellophone. The use of struck glissandi is extended to the timpani in Autumn (pp.
174-192). In this work, microdiscrete-sliding pitch progressions of bells guide parallel and

contrary motion glissandi on the timpani (see Fig. 103 on p. 180).

1.2.4.2 Compositional strategies for the use of sliding and microdiscrete-sliding pitch

The practical elements of this research focus primarily on melodic applications of sliding
and microdiscrete-sliding pitch, realised in both the composition portfolio and in the parallel

development of the instrument.

Four different compositional approaches to the use of sliding and microdiscrete-sliding
pitch are employed in my compositional practice here: (1) smooth melodic progression from
the middle of one note the start of the next (portamento), as in Autumn (Sc. 10); (2)
simultaneous, parallel progression, at a set interval, as in Glissando study (Sc. 3); (3) brief
ornamental glissandi and grace notes, as in the sequences preceding sustained tones in
Prelude No 1 (Sc. 11); and (4) other melodic progressions and undulations, such as the

vibrato-like microdiscrete-slides of One row study (Sc. 1).

1.2.4.3 Aesthetics and limitations of tuning in ensemble works

Musical works conceived for non-equal tunings and temperaments (including most
European music before the nineteenth century) are perceived differently when performed in
12-et, although the differences in tuning may be small. Such tuning adjustments affect the
sound of the intervals, since they produce different partial-beating effects.’” The subtlety of
this aesthetic difference was an initial stimulus to my adopting microtonality, and

particularly for exploring very small tuning steps — as far as dividing the tone into 9600

steps (see p. 206).

The apparent timbre of an instrument can be affected by small tuning adjustments when
playing dyads or chords. These adjustments substantially change the beating between
partials from different notes sounding simultaneously, especially when these partials happen

to be contained within the same critical band.*® Since most orchestral instruments have

7 Sethares, W. A. 2005. Tuning, Timbre, Spectrum, Scale. pp. 40-41.
8 Sethares, W. A. 2005. Tuning, Timbre, Spectrum, Scale. p. 44.
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relatively few partials which are outstandingly prominent (those which chiefly characterise
the timbre of the instrument),*’ dyads and chords played on these instruments produce a
wide range of beating effects when using 12-et. Enhancing or abolishing the beating
produced between two or several simultaneous tones are two of several possible approaches

to substantially changing the sound of an interval by means of small pitch adjustments.

The beating between two partials can be increased or decreased by respectively increasing
or reducing the interval between the beating partial-frequencies contained within the same
critical band. The beating can be abolished matching the partial frequencies that produce
the beating. For most orchestral instruments, their simple harmonic spectrum allows
controlling the beating to be achieved by placing their fundamental frequencies in a low-
number ratio relationship with each other, and by using spectral scales.’® William Sethares
particularly refers to strings and tubes, and argues that 12-et has little to do with reducing

the beating of intervals when employing instruments of such spectra.

Recall that most musical instruments based on strings and tubes are harmonics; their partials
are closely approximated by the integer ratios of the harmonics series. Such spectra are
related to the just intonation scale, and yet are typically played (in the West, anyway) in 12-
tet. Although this is now considered normal, there was considerable controversy surrounding
the introduction of 12-tet, especially because the thirds are so impure. *'

With both harmonic and inharmonic instruments in equal temperament (in contradistinction
to just intonation), the beating between simultaneously sounding notes can be controlled,
and also abolished, thus manipulating the spectra of the sounds. Not all instruments allow
spectral manipulation, but a good example of this is the tuning of harmonics in Western
bells. Sethares describes how the spectra of a harmonic instrument can be changed to match
12-et: “...the consonance of 12-et can be increased by moving the partials away from the

. . . 1
harmonic series to a series based on s =2 2

4, 36, 38552 pg : . .
21 s 311, 2, %% $7°.°2 Minute adjustments of the pitches in a chord can also be made

, an example being the set of partials £, s'*f, s'°f,

so that all the possible intervals produce the same beating, thus enhancing the beating
effect.>> These beating or non-beating effects can only be appreciated with timbres

containing a few partials which are substantially louder than the others. For control to be

49 Fletcher, N. H. and Rossing, T. D. 1991. The Physics of Musical Instruments.
50 Sethares, W. A. 2005. Tuning, Timbre, Spectrum, Scale. p. 66.

5! Qethares, W. A. 2005. Tuning, Timbre, Spectrum, Scale. p.250.

52 Gethares, W. A. 2005. Tuning, Timbre, Spectrum, Scale. p.250.

53 Jorgensen, O. H. 1991. Tuning. p. 325.
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exercised over the beating desired, as an aesthetic decision in composition, the tuning and
spectra of the instruments must be considered, and at the least one or other of them must be

easy to vary.

These phenomena may be taken account of in designing instruments to satisfy specific
compositional objectives. It is desirable for performers to be trained to adjust the tuning of
notes — and thus to control the rate of beating — and in such circumstances it is helpful to
have stable-pitch instruments to refer to, particularly during the training of players of
variable-pitch instruments. When composing for adjustable-pitch instruments with simple
harmonic spectra a stable-pitch instrument that is easy to distinguish, ideally with a
distinctive harmonic spectrum, can be used to provide reference pitches for the instruments
of adjustable pitch. Instruments not receiving the reference pitch have to tune by listening
to the beating of their instrument and comparing it with those that did receive it (assuming
that both have relatively simple harmonic spectra, as most orchestral instruments apart from
the tuned percussion do). In that case, notes that require fine adjustments but have no
reference tones need a brief moment in which they can adjust, which may only be

achievable in relatively slow passages.

1.2.4.4 Choosing a suitable tuning for the new instrument allowing polymicrotonality

Having examined the just intonation work of Harry Partch, and keeping in mind Carrillo’s
intention to approximate the harmonic series using the ninety-six-equal temperament, a just
intonation system was the first option considered for the tuning of the bellophone.
However, having chosen to build a steel idiophone from the outset, it was necessary to
consider the inharmonic spectrum that such an instrument would have, and the possible
beating frequencies that might be present in the sound of a single bell. Irregularities of the

metal or irregularities arising from the construction method have to be borne in mind.

The use of successive divisions of the equally tempered semitone, as favoured by Carrillo, is
a more suitable option if one keeps in mind the objective of polymicrotonality and an equal
exploration of the intervals with and without beating frequencies, to allow some degree of
control over beat rates. Prompted by Carrillo’s example, and with the aim of realising very
close approximations to low-number ratio intervals using equal pitch increments, the 192-et,

using a thirtysecondtone (6.25 ¢) as chromatic step, was initially considered as a further
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subdivision of his sixteenthtone division. In practice, however, it was found that the
presence of irregularly beating partial frequencies within the sound of each steel bell made it
difficult to perceive such a small interval (a thirtysecondtone), especially when adjacent
notes are sounded sequentially.5 * The use of 192-et was therefore rejected, and 96-et was
adopted, since sixteenthtone steps (12.5 ¢) are easily to recognise when playing ascending
and descending sequences with steel bells. When playing two such bells a sixteenthtone
apart there is a substantial difference in the perceived pitches though not when playing a

thirtysecondtone apart.

1.2.4.5 Exploring non-octaval scales

All 96-¢t equal-step scales having steps comprising an odd number, from 5 to 23, of 96"
octave increments (which do not include the octave) are systematically introduced in the
work Seasons (Sc. 12) in order to explore an interaction between microtones and the rich
harmonic content (characterised by stretched octaves) of the steel bells. Reinforcing partials
of the bells, in specific stretched octaves, using a non-octaval scale brings consonance (in a
manner analogous to the gamelan) to the overall sound of the composition, without needing
to use just intonation intervals between notes. Non-octaval scales are also used in Autumn
(Sc. 11) and Mollienaire (Sc. 8). Mollienaire, written for an early, thin-walled version of
the bells, which had particularly rich harmonic content, initiated experimentation with

sequences of steps not totalling 96, which influenced Aurumn and its expansion in Seasons.

1.2.4.6 A new notation for 96-et: extended Stein-Couper notation

Although in 1917 Carrillo strongly supported the simplification of staff notation for music
in equal temperaments from 12-et to 96-et,> his later numerical notation — in which pitches
are only distinguished vertically in relation one to another in bands encompassing one
octave — lacks bi-dimensional pitch perspective. This need not be a problem once enough
time has been devoted to pedagogical matters arising from Carrillo’s multiple treatises.

Since addressing this problem was beyond the scope of this research staff notation was

54 An initial experiment with sampled cone-shaped bells tuned in thirtysecondtones and playing sequentially in
zigzag patterns, 2 steps up and one down, was difficult to appreciate.
55 Carrillo, Julian. 1957. Sistema General de Escritura Musical.
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chosen as a starting point. However, Carrillo’s notation proved to be effective for his
regular ensembles and could also function as a complementary way of reading and writing
music using graph paper. Having chosen staff notation for this research, a system of
accidentals has been developed for this purpose, in addition to the standard five accidentals

used in staff notation (Fig. 12).

b b ’ # -

Fig. 12. The five accidentals used in normal staff notation.

Gardner Read surveyed the alternative notations in use for quartertones up to 1990.° After
due consideration, the quartertone sharp and three-quartertone sharp symbols most widely
used by twentieth-century composers, according to Read,”” which were first proposed by
Stein,*® were adopted (Fig. 13) here. These two signs have the advantage that they are

nowadays accepted by most score-editing software as the standard.

: #

Fig. 13. Quartertone sharp and three-quartertone sharp accidentals.

In Reed’s survey, the most popular quartertone flat accidental among twentieth century
composers interviewed,” was the reversed flat (Fig. 14). Since it is often adopted by score-

editing software, it is adopted here. This accidental was first proposed by Stein.*

d

Fig. 14. Quartertone flat accidental.

3¢ Read, G. 1990. 20th-Century Microtonal Notation. p. 24.
" Read, G. 1990. 20th-Century Microtonal Notation. p. 24.
¥ Read, G. 1990. 20th-Century Microtonal Notation. p. 41.
*® Read, G. 1990. 20th-Century Microtonal Notation. p. 25.
60 Read, G. 1990. 20th-Century Microtonal Notation. p. 41.
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The use of three-quartertone flat accidentals mentioned in Read’s survey,®' differed
substantially amongst those composers interviewed. An accidental combining the flat
symbol with the quartertone flat previously referred to (db), is widely accepted among score
editing software in the first decade of the twenty-first century, although a simplified version
is sometimes available as a substitute. This simplified version shares the stem of both flats
(Fig. 15), which takes less space in the score while still symbolising the addition of the
regular flat with the quartertone flat. It was used first by Mildred Couper (1887-1974) (see

the example in Fig. 16). Reed refers to Couper’s use of this three-quartertone accidental in

her composition, Xanadu (1 930).52 She was the first COmposer to use it.

0

Fig. 15. Three-quartertone flat accidental.
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Fig. 16. Dirge (Mildred Couper, 1937) excerpt: violin part. Courtesy of Greta Couper and UCSB Library.

Since three of the accidentals represented for quartertones were first used or proposed by

Stein and Couper, the whole set is referred to in this chapter as the Stein-Couper quartertone

od ¥

Fig. 17. The Stein-Couper quartertone accidentals (also referred here as Stein-Couper notation).

accidentals (Fig. 17).

A logical extension of the Stein-Couper quartertone accidentals is suggested here. The

eighthtone sharps proposed are built by adding a horizontal line to the closest quartertone to

raise it an eighthtone, and by subtracting a horizontal line to lower it an eighthtone. Fig. 18

! Read, G. 1990. 20th-Century Microtonal Notation. p. 25.
82 Read, G. 1990. 20th-Century Microtonal Notation. pp. 41-42,
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shows the horizontal line build up for one, two and three eighthtones, while Fig. 19 shows
the horizontal line build up for five, six, and seven-eighthtones, bearing in mind that two-
cighthtones is the same as a quartertone and six-eighthtones is the same as three-

quartertones.

f : :

Fig. 18. Accidentals for eighthtone, 2/8th-tone (quartertone) and 3/8th-tone.

f # #

Fig. 19. Accidentals for 5/8th-tone, 6/8th-tone (three-quartertone) and 7/8th-tone.

The proposed eighthtone flats add to or subtract from the Stein-Couper accidentals,
although not as consistently as the eighthtone sharps. The eighthtone flat resembles the
two-eighthtone flat (regular quartertone flat) but with the lower part of the stem removed
(Fig. 20), in the same way that the three-eighthtone flat resembles the four-eighthtone flat
(which is the regular flat) with the lower part of the stem removed (Fig. 21). The five-
cighthtone flat accidental resembles the four-eighthtone flat accidental (regular flat) filled in
black, while the seven-eighthtone accidental joins the two-eighthtone flat (regular

quartertone flat) with the five-eighthtone flat (Fig. 22).

d ¢

Fig. 20. Accidentals for 2/8th-tone flat (quartertone flat) and eighthtone flat.

b b

Fig. 21. Accidentals for 4/8th-tone flat (regular flat) and 3/8th-tone flat.

» b

Fig. 22. Accidentals for 7/8th-tone flat and 5/8th-tone flat.
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The sixteenthtones are represented by adding upward arrows to the previously denoted
sharps in order to raise the pitch an extra sixteenthtone and by adding down arrows to the

previously proposed flats to lower the pitch an extra sixteenthtone (Fig. 23).

PPIYOPY I bR E L

Fig. 23. Accidentals proposed for the 96-et.

1.3 Instrument development context: observations arising from comparison of

the instruments used and developed by Julian Carrillo and Harry Partch

Fig. 24 shows how the instrument development context, the work of Carrillo and Partch,
informs the creation of a classification system in order to analyse aspects of the
instrumentaria used by these two composers. This leads to the definition a feedback

mechanism for the development of prototypes relying on conceptual instrument models.

L Define a classification system for comparing the instrumentaria of the instrument-
development-led composers treated (§1.3.1)

—= General employed instrumentaria comparison of the treated composers (§1.3.2)

| Study of instruments with dynamic (chosen) parameter capabilities employed by chosen
| composers (§1.3.3)

‘ i Stﬁdy of instruments with microdiscrte (chosen) parameter capabilities employed by
i chosen composers (§1.3.4)

| Definition of a feedback system comparing theoretical instruments (valuations with short
] descriptions) with the prototypes (§1.3.5)

Fig. 24. Instrument development context hierarchy for the method.

All of the instruments developed or adapted by Carrillo or Partch (or developed under their
supervision) have micro-intervallic capabilities. Carrillo’s instruments were developed or
adapted to achieve equal divisions of the tempered tone (200 ¢), and Partch’s to achieve just

intonation. Both composers made extensive use of both sliding and microdiscrete-sliding
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pitch though neither addressed this in their compositional theory. It seems that they used
sliding pitch without reference to prior theoretical reflection. This was also the case with
microdiscrete-sliding pitch. The following sections analyse the instrumentaria of both
composers, and compares their microtonal, sliding pitch, and microdiscrete-sliding pitch

capabilities.

1.3.1 A classification system for comparing the instrument designs and

instrumentaria of Carrillo and Partch; extended K-H-S

This classification has been proposed (explained in detail on pp. 338-363) in order to allow
a simplified code to represent all the instrument characteristics necessary to this research; to
ease visualisation of the whole of Carrillo’s and Partch’s instrumentaria; and to allow the

calculation of statistics required to make an effective comparison of the two composers’

instrumentaria.

This research has the potential to be utilised for four parameters other than pitch: amplitude,
duration, timbre and spatial projection. An acronym for pitch and those four facets, PADTS
parameters (see Abbreviations), is used to refer to all five — all of which are here considered
an advantage to the exploration of instrument development-led composition. In the
classification system proposed, the initial ‘P’ is used for the coding to recall pitch, but the
other letters of the acronym would be used if we were dealing with the other four

parameters. The potential for expanding this research to treat the other four compositional

parameters proposed, is examined on pp. 216-219.

The taxonomy proposed here is an expansion of the K-H-S classification system, used by
Toshie Kakinuma (which departs from the Hornbostel-Sachs system) to classify Partch’s
instruments (MIHP, see Abbreviations). The extended classification code starts with the K-
H-S code (including a few new categories in special cases for instruments by Carrillo), and
is followed by ‘-P’ with 2 subindexes explaining the sliding and micro-intervallic properties
respectively.63 The ‘P’ with subindexes is followed by another hyphen and symbol enclosed
in parentheses, explaining the origin of the instrument, and concludes with a hyphen

followed by the initials of the composers who used them (in chronological order and

63 The extended K-H-S code can accommodate other parameters, to be considered in future research.
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separated by forward slashes). The first composer indicated after the hyphen is responsible
for the development of the instrument. If the instrument was not developed by a composer,
this last hyphen is followed by a forward slash. Thus any composer whose initial follows a

forward slash was not involved in the development of the instrument referred to.

1.3.2 A general comparison of the instrumentaria of Carrillo and Partch

It is necessary first to consider the percentages of instruments with definite pitch used by

Carrillo and Partch for each of the main groups from the Hornbostel-Sachs system (Fig. 25).

Aerophones
A 26%
erophones & Liiophonas
33% -
% 33%
Chordophones
63%
Chordophones
30% embranophone
11%
Juhién Camllo Hany Partch

Fig. 25. Instrumentarium (definite pitch) by Carrillo and Partch under H-S’s main groups.

The pitched instruments used by Carrillo were mainly chordophones (approx. 2/3), some
aerophones (approx. 1/3), and two membranophones (quartertones tom-toms, and timpani).
Partch used instruments from the four main groups of the H-S system to an almost equal
extent: there is a slight increase in percentage from instruments with less definite pitch,
including the less stable membranophones (which do not provide a distinct pitch centre), to
the instruments with more stable pitch, including the idiophones (which have the most
stable tuning). In this progression, the aerophones and chordophones, which are tuned
before performance and may require fine adjustments during performance, are situated in

the middle.
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Partch’s logic in choosing instruments (from the H-S system groups’ perspective) seems to
emphasise his desire, mainly for instruments with stable fixed micro-intervallic capabilities,
while Carrillo preferred to use instruments with fixed micro-intervallic properties, though
only those that can be finely tuned before the performance. Most of the idiophones cannot
be retuned without damaging them and they can be troublesome after many years if they
have not been properly maintained, while most of the chordophones can always be slightly
retuned without damage. Carrillo required his new instruments to play with different
orchestras that might have required a different concert pitch, while Partch did not since he

relied mainly on his own ensemble.

Both Carrillo and Partch used a substantial number of aerophones to produce microtones

(33% and 26% of their instrumentaria respectively) and they both adapted several of them to

have fixed micro-intervallic capabilities.

The percentage of instruments with definite pitch used by Carrillo and Partch are examined
showing their origin (Western, non-Western or New), if they have been changed (new or
adapted versions of existing instruments), and their relation to the Western orchestra (Fig.

26), by using the symbol (black or contoured shape that is used as part of the extended K-H-
S code proposed on pp. 338-343).

L
18 1%
32%
A
7l
10 6%
¢ 3 .
e e 5 3%
Juhian Cammdlo Hanry Partch

. Western Orchestra Instruments (WCH) 2 New Western Non-Orchestra Instruments (NWNOI)
® Adapted Westemn Orchestra Instruments (AWOI) A Adapted New Western Non-Orchestra Instruments (ANWNC[Y
3 Western Non-Orchestra Instruments (AWOI) & Non-Westem Instruments (NW)

® Adapted Non-Orchestra Westem Instruments (ANOWI - o Adapted Non-Western Instruments (ANWI)

Fig. 26. Percentages of definite pitch instrumentarium used and developed by Carrillo and Partch in their
microtonal works.
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The highest percentage of pitched instruments considered by Carrillo for his micro-
intervallic compositions belongs to the new Western non-orchestral group. This group
happens to consist of all the new chordophones that he invented, and includes the fifteen
‘Carrillo’ metamorphosing pianos. These pianos were not all used for compositions but
since the intention was there and the legacy for other composers to use them, they are
considered relevant and included in the graph. Although the ‘Carrillo’ metamorphosing
pianos were derived from an original orchestra instrument, their transformation was
substantial enough for them to be considered as new and original instruments.** There is a
possibility that Carrillo’s invention of new instruments could have been aimed at achieving
microdiscrete-sliding pitch rather than sustained micro-intervallic capabilities. If so, the
concept of achieving sliding pitch by means of microdiscrete divisions of the tone must
have been conceptualised in his mind before he decided which type of instruments he

wanted to invent. However, there are no theoretical writings that elucidate this.

Very close in percentage to the NWNOI used by Carrillo (39.6%), are the Western orchestra
instruments in their original form (37.5%), which he expected to play at least quartertones
(if not eighthtones or sixteenthtones), through extended techniques and fine adjustments
during performance. Most of the microtonal instruments of the orchestra that Carrillo
adapted were fixed-pitch instruments allowing precise sustain of microtonal pitch values.
The adapted and non-adapted instruments of the Western orchestra amount to 58.3% of
Carrillo’s microtonal instruments (or instruments used to play microtones). This proportion
allows us to understand Carrillo’s approach to instrumentation by means of exploiting the
already standard orchestral instruments. This is understandable since his ambitions to
replace the standard notation system and to introduce microtonality as part of the curriculum
of a new music education institution was already challenging enough to also introduce many
new instruments too. He still invented new instruments that could have the capabilities not

achieved by the orchestra, and adapted several orchestra instruments.

As Fig. 26 shows, Partch (38.3%) and Carrillo (39.6%) wrote for similar percentages of
NWNOI. Both composers invented close to 40% of the instruments for which they wrote.

Carrillo incorporated most of his new inventions at the beginning and towards the end of his

6 The mandolin and mandola are considered instruments that have been used in the orchestra (by other
twentieth century composers), and in the case of Carrillo, frets for quartertones were placed respecting the
ones that were already there, therefore they are considered adaptations of orchestra adapted instruments,
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carcer. While Partch incorporated his new inventions at the beginning and throughout the

middle of his career and only incorporated orchestral instruments into his late major works.

A remarkably high proportion (18.1%) of Partch’s pitched instruments were his own
versions of non-Western instruments. This enhances to the already unconventional nature

of his invented musical instruments.

Partch used a substantial number of non-orchestral Western instruments (10.6%) from a
wide range of periods and backgrounds: folk instruments, historical instruments, and also
new instruments that were not commonly used in the orchestra — at least at the time at which
he used them. Carrillo also incorporated instruments that were not accepted as part of the

orchestra, notably marching band instruments, but they represent a very small percentage of

microtonal instrumentarium (2%).

1.3.3  Instruments with dynamic pitch capabilities used by Carrillo and Partch

Both composers simultaneously developed instruments and composed music using micro-
intervals and gliding tones. Studying the sliding pitch capabilities of the instruments
Carrillo and Partch developed helps to understand their compositional strategies. Fig. 27

shows the percentages of pitched instruments employed by Partch and Carrillo according to

their sliding pitch capability.

2% 29
© 2% 12%

Fo

44%
48% 22%

52%

r,
’ 2%

16%
Juban Camille Harry Partch

To = Instruments without dynarmuc piteh capabaltes P3 = Instruments with microdiscrete shding pitch capabilities
T = Instrument with macrodiscrete shdng patch capatalines P4 =Instrument with shding pitch capabiliies
Pz = Instruments with discrete shding patch capabiities

Fig. 27. Percentages of instruments used by Carrillo and Partch according to their sliding pitch capabilities.
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Slightly over half of the pitched instruments employed by Carrillo had microdiscrete-sliding
pitch capabilities (52%), while almost the rest (44%) had pure sliding pitch capabilities.
However, when he used sliding pitch, Carrillo mainly employed the instruments with
microdiscrete-capabilities, which were the chordophones developed under his supervision.
Therefore Carrillo’s way of conceiving the gliding tone was to quantise it into small
microdiscrete pitch values, similar to the approach he used for his micro-intervallic theories.
Initially Carrillo simply ornamented his compositions with microdiscrete-sliding tones using
plucked chordophones (the Carrillo harps), but as he incorporated struck chordophones
(‘Carrillo’ metamorphosing pianos, and in particular the sixteenthtone piano), which
provided a louder tone, he was able to use microdiscrete-sliding pitch passages as a leading

solo part (for sixteenthtone piano).

That almost half of the pitched instruments employed by Partch (48%), used in most of his
works, had sliding pitch capabilities shows that he must have been highly conscious of this
specific potential. It is noteworthy that the 16% of the pitched instruments with
microdiscrete-sliding capabilities that Partch regularly used were his own inventions. The
sound producing bodies of those instruments are mainly from bamboo or have strings which
require amplification if they are to be clearly heard in ensemble. The microdiscrete-sliding
pitch effects were mainly ornamental rather than structural (providing a referential tone in
the ensemble), and in some cases they took small leading rolls. Of the 22% of the pitched
instruments used by Partch which had macrodiscrete-sliding pitch properties, most are
idiophones of metal or wood (not bamboo). The heavy weight of metal or wood used for
the sound producing bodies of these instruments may explain why Partch did not design
them to cover the full 43-notes-per-octave scale. It could also be that these instruments,
which are distinctively heard due to their inharmonic nature, were ideal for rhythmic parts
rather than for microdiscrete-pitch contours. A peculiar aspect of Partch’s compositional
work is the use of fast macrodiscrete-sliding pitch and prominent arpeggio passages,
especially for wooden idiophones, in such a way as to suggest that the compositional
concept might have dictated the tuning and layout of the instruments’ sound-producing

bodies, or vice versa.
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There are several techniques in which Carrillo and Partch achieved gliding tones with their

instruments, which can usefully be considered when designing a musical instrument:

(1) Changing the length of the vibrating body or changing to different vibrating
bodies with different lengths: Sliding fingers (one finger technique) on string
instruments; sliding plectrums over chromatic sets of strings (Carrillo’s zithers; and
Partch’s Kitharas, Surrogate Kitharas and Harmonic Canons); sliding Pyrex rods on
top of metal strings (the following Partch’s instruments: Adapted guitars A and C, all
Kitharas, Surrogate Kitharas, Harmonic Canons 1 and 11 and New Harmonic Canon

1), and; extending tube length on brass instruments (mainly using the slide

trombone).®®

(2) Changing the tension of strings: Pressing and depressing them at the other side
of bridge (Partch’s Koto, Surrogate Kitharas and Harmonic Canons) or pressing
attached parts (Partch, with the handle of the Crychord, with the bamboo flanks of
the Ektaras, and with the bar attached to the string of the Gubagubi).

(3) Bending flexible sounding bodies (Partch’s Whang Guns and flex-a-tone).

(4) Changing the shape of resonator (Partch’s Drone Devil does this when imitating
the singing voice of the chorus in Revelation, and the speech in Delusion) and

shifting resonators (Partch’s Ugumbu, played close to bare chest or belly or shifted

away).

(5) Playing chromatic scales on keyboard instruments. The gliding tone produced in
step-wise motion by Partch’s instruments using the 43-note chromatic layout
(Chromelodeons, Harmonic Canons, Boos and Eucal Blossom), which sounds like a
smooth gliding tone due to the micro-intervals (MIHP, p. 184). Carrillo uses the
sixteenthtone piano to write melodic passages drawing tiny pitch contours by also

using chromatic movements in the keyboard.

Other composers who used gliding tone and new instruments worthy of consideration are:

Varése, who used the siren for Jonization (1930-33) or the Theremin and Ondes Martenot

%5 Neither Carrillo nor Partch considered placing slides on brass instruments other than trombones.
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for Ecuatorial (1934), and Percy Grainger who used the Theremin for Free Music No | and
No 2. However, these instruments are electrophones that are outside the scope of this
research that only considers acoustical instruments for performance purposes. That Partch
and Carrillo, who composed only for acoustical instruments, were also involved in
developing most of those instruments illuminates their uniqueness in the area of instrument
development-led composition while also enhances their results exploring microtonality and

sliding pitch.

1.3.4 Instruments with microtonal capabilities used by Carrillo and Partch

The whole of Partch’s compositional output and the second half of Carrillo’s rely on micro-
intervallic theories supported by instruments that were newly invented, adapted, or played
using extended techniques. Partch also used folk, historical, new non-orchestral and non-
Western instruments (either adapting them, changing the tuning or using extended
techniques to achieve just intonation). The use of micro-intervals was mainly a theoretical
challenge that led Carrillo and Partch to adapt and produce new musical instruments, while
the use of sliding pitch was for them an aesthetic consideration most likely inspired by the
capabilities of the instruments they composed for. In order to understand the overall
application of these theories into the instrumentarium employed in their compositions it is
necessary to examine the percentages of instruments used for each group of micro-
intervallic capabilities (see definition on pp. 340-342). These percentages are shown in Fig.
28. Starting from the lowest percentages and with Carrillo, the 2% (result of rounding to
whole number the 2.12 %, and calculated from the 47 stable-pitch instruments used or
simply built by Carrillo), refers to the ‘Carrillo’ metamorphosing piano in semitones, which
in this case is a subset of the 12-et, for which no records of a microtonal composition where
this instrument is also used has been found. Since at least it was built and it is a legacy left
for future generations it is here included in the chart. As for the 12-et piano that Carrillo
envisaged as part of the 16 ‘Carrillo’ metamorphosing pianos, since it has not been found in
the Carrillo Archive under the Sauter tag, neither in pictures, it is assumed that it might not
have actually been built, but simply used as part of the 16 ‘Carrillo’ metamorphosing
pianos concept to cover the semitone among the 16 different divisions of the tone

considered. Consequently since it was not built, or written for, it is not included in the
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diagram in Fig. 28, which shows the percentages of pitched instruments that Carrillo and

Partch used in their compositions,*® according to their microtonal capabilities.

2% 2%

34%
43%

55%
40%
Julssn Camillo Harry Partch
Pw = Instruments tuned to the 12-¢t or a subset Pa = Instruments with micro-mtervalic capabihities
Px1 = Instruments with macro-mtervalic capabibihes Px = Instruments with fine micro-mtervalic capabilhes

Fig.28. Percentage of pitched instruments used by Carrillo and Partch according to their microtonal capabilities.

According to Toshie Kakinuma, Partch used a ‘guitar’ (probably referring to a metal string
acoustic guitar) and a ‘Spanish guitar’ (probably referring to a nylon string classical guitar)
(MIHP, p. 347). Due to the fact that she did not specified any adaptation nor transformation
of these instruments it is here assumed that they were fretted to 12-et. The 2%
corresponding to Partch in Fig. 28, is the result of rounding to whole number the 2.19% of
the 12-et stable-pitch instruments that Partch composed for (MIHP, pp. 345-348). In the
case of Carrillo, also a 2% of the pitched instruments used for his microtonal works, were

exclusively used employing the 12-et.%7

Having defined macro-intervals as the non-12-et intervals that are larger than a 12-et
semitone, it comes to a 34% the pitched instruments with macro-intervallic properties

(implying that the instruments do not have micro-intervals in the tuning used) that Partch

% The metamorphosing pianos that Carrillo built but did not composed for, are also included.
%7 In the case of Carrillo, instruments that he did not composed for, but that he built envisaging using them for
compositions, have been taken into account for the diagram in Fig. 28.
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wrote for. However, Carrillo did not write for pitched instruments with macro-intervallic

properties.

Having defined micro-intervals as non-12-et intervals that are smaller than a 12-et semitone

not smaller than 12 ¢, it comes to a 55% the pitched instruments considered by Carrillo that

had micro-intervallic properties, while to a 40% in the case of Partch.

Having defined fine micro-intervals as the non-12-et intervals that smaller than 12 ¢, it

comes to a 43% the pitched instruments considered by Carrillo that had fine micro-

intervallic properties, while to a 24% in the case of Partch.

The reason for choosing 12 ¢ as the limit for the instruments with regular micro-intervallic
properties was to exclude any equal temperament that had more than 100 notes per octave,
since that being slightly above the 96-et mostly used by Carrillo it corresponds to the limit
of pitch classes that can be represented with two digits as in the notation system proposed
by Carrillo. A just intonation system of 100 notes was proposed by Carrillo’s student
Espejo, and another student, Vargas, made zithers, based on Carrillo’s sixteenthtone harp

(p. 251), using that system.

Only 24% of the instruments that Partch employed had fine micro-intervallic properties, and
these were only achievable at restricted speed. These were mostly Western orchestral wind

instruments, which he incorporated in his major works towards the end of his career.

Although Partch did not use scales with more than 43 notes, these instruments were required
to adjust the pitch during performance with great accuracy (to achieve beatless intervals).
Since this accuracy expected is more than what it would be required to roughly play 12 ¢
steps to achieve (100 notes per octave) these instruments are considered fine micro-
intervallic instruments (according to the definition on p. 341). These instruments with fine
micro-intervailic properties used by Partch did not require adaptation to achieve precision
since Partch wrote slow passages for them in most of the cases, which do provide the
required time for the performer to adjust the pitch with precision. The Chromelodeons are
an exception. They are adapted instruments, which might require a slight fine-tuning (or
change of reeds) before a performance, but they cannot be adjusted during performance.

However, they do not rely on the performer’s ear to give the right pitch, and they keep
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sustained pitch reliably without needing much retuning, making them the most reliable

source of accurate just intonation within Partch’s instrumentarium.

The 40% of the instruments employed by Partch that had regular micro-intervallic
properties were idiophones tuned to the 43-note scale, providing great accuracy; and
chordophones also tuned to the 43-note scale, but more likely to lose some of the accuracy
required by just intonation during the performance although they allow fine adjustments
beforehand. These instruments, unlike most of the instruments from this group can play
rapid micro-intervallic passages, which do not require the just intonation scale to remain

precisely in place.

34% of the instruments used by Partch have macro-intervallic capabilities. These
instruments are mainly membranophones and idiophones. The idiophones have subsets of
the 43-notes scale and many offer a unique timbre ideal for Partch’s melodic writing within
dense textures. The membranophones, due to the lack of pitch clarity are more often used

for rhythmical passages.

Partch employed macro-intervallic solo passages often in his music, and also developed a
wide range of instruments with this capability, ergonomically designed to suit this writing
style. Carrillo conceived most of his musical instruments at different levels of scales,
starting from the whole tone scale and then subdividing the tone into semitones, thirdtones,
quartertones, etc., according to his theories. Partch’s development of instruments with
macro-intervallic properties constitutes an important element in the materialisation of subset

scales derived from his 43-note just intonation tuning.

Carrillo’s and Partch’s contrasting ways of realising microtonal theories by developing
musical instruments and using extended techniques still have many things in common.
While Partch does not use as many tones per octave as Carrillo, he requires higher pitch
accuracy. However, the most precisely pitched instruments developed by both composers
are Carrillo’s metamorphosing pianos, which are struck chordophones, and Partch’s
Chromelodeons, which are reed aerophones. Both are non-adjustable-pitch keyboard

instruments which can be tuned prior to performance.
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1.3.5 A creative and comparative prototype feedback mechanism

Partch’s instrumentarium contains a large percentage of pitched instruments, which occur in
increasing proportion as successive groups of the H-S system afford more stable pitch:
membranophones 11%, aerophones 26%, chordophones 30%, idiophones 33%. As it is
vital to the exploration of pitch resources in this research to rely on stable-pitch instruments,
the development of a microtonal idiophone is favoured. Having at this stage a need to
explore a wide range of materials, forms and sound-producing actions, a creative-
comparative feedback system incorporating these characteristics is introduced. Having
adopted a preference for idiophones, sounds of relatively undefined pitch are also
considered. Although some of the resulting sounds might not be ideal for providing stable
reference pitches, the unique nature of their timbre potentially contributes to the overall
aesthetic value of the composition. Therefore they are not necessarily excluded, since they
provide contrasting feedback, and additional or alternative instrumental resources. This
interest in instruments that can substantially contribute to a unique overall tone colour led to
considered also feedback from instruments that produce sounds based on the vibration of
liquids (e.g. struck water). The feedback system devised involves proposing eight variant
conceptual instruments to each prototype. The variant instruments are systematically
conceived to explore three sound-producing actions (struck, plucked, blown) and a wide
range of sounding bodies (bells, plates, solid bars, solid tongues, shallow bars, strings,
water, membranes, tubes, air columns, and reeds). One of the eight groups, ‘new vibrating
bodies or hybrids’, is kept for experimenting with the concepts of sounding bodies and
actions.®® The compositional practice for each prototype is transposed to each of the eight
variant conceptual instruments and when positive feedback is obtained is documented and
used to inform the design of the corresponding bellophone prototype. An evaluation system
of instrument capabilities and properties help to define the variant conceptual instruments
and to evaluate the prototype. The data obtained is compared and analysed to informing the
prototype development. The feedback obtained from transposing the compositions and

from comparing evaluations is documented in Chapter 2.

% See p. 108, where these eight groups are defined, for more details.
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The feedback approach followed studies the characteristics of each prototype by means of
transposing ideas to parallel scenarios through original alternative sketches. This allows
vast amounts of effortless experimentation, and provides a broader view of the possibilities

available in the decision-making process of the instrument design.

1.4 Method refinement: relation to research aims and objectives, and stage-

by-stage description of method application

As the result of a cyclic review of the first method stage group,®® the method developed for
this research is refined (process documented here in §1.4 as part of method Stage V), which
has a substantial contribution to its final form.”® This refinement process aims to reinforce
the method, assuring that: (1) it accommodates the potential exploration of other PADTS
parameters other than pitch, (2) the research aims and objectives are backed up by the
strategies adopted, and; (3) an effective plan of action for its application in this research is
settled and explained stage by stage explaining how it was applied in Chapter 1 (method
stage group A), and how is going to be applied in Chapter 2 and 3 (method stage groups B-
F).

With the aim of increasing the suitability of the method to explore musical parameters other
than pitch, two strategies are initially considered. It is important systematically to check
that all the method stages are applicable to the other parameters; and a reflective approach
allowing the method be reviewed as appropriate. Consequently, the method refinement
process documented here, provides: (1) a rationale for application of the method in relation
to the research aims (§1.4.1, pp. 72-76); (2) a rationale for the application of the method in
relation to the research objectives (§1.4.2, pp. 76-77); and (3) a stage-by-stage description
of the application of the method in the thesis (§1.4.3, pp. 77-86). The last one can be used
both as a detailed guide to apply the method in this project, and as a summarised example

illustrating its application.

% This is method stage group A.
7 The final form of the method is outlined in Fig. 5 (p. 13).
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1.4.1 Rationale for application of the method in relation to the research aims

The main research aim is systematically to explore microtonality, and particularly sliding
pitch, in historical and theoretical context and, by composition and the development of
instruments, in practice. The historical and theoretical contexts analysed and reflected upon
in this chapter (as part of Stages II-IV) are supported and informed by an annotated
chronological review of relevant work by Julidn Carrillo (Appx 1) and Harry Partch (Appx
2). Arising from the reflection process, new instrument-development-led composition
ideas, involving strategies, compositional theory, notations, and instrument development
theory, are proposed at the end of sections 1.1, 1.2 and 1.3. These ideas are brought to
fruition through the instrument development process and compositional practice (treated
schematically in Stages VI-XXVII), which are presented in Chapters 2 and 3 respectively.
However, at particular stages, the instrument development process or compositional practice

may inflect the method, which is open to potential change throughout its application.

The consequent research aims (see Fig. 2, p. 6) shape the overall strategy. The relation

between four of the aims and the method employed is as follows:

(1) The interactivity, flexibility and systematic approach of the method

Interaction between the research contexts, instrument development and compositional
practice occurs throughout the method (indicated by double-direction arrows in Fig. 5, p.
13). This interaction is intense in stage group D of the method, which was responsible here
for instrument prototypes 3 to 8. This stage group is characterised by a multi-layered
compositional practice, three works having been composed simultaneously throughout most
of the time (see Fig. 29). The completion period of each of the first four studies was
planned to coincide with the initial period of the following study. This overlapping process
allows the prototypes corresponding to each study to interact with each other sequentially,

producing smooth transitions between them.
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Fig. 29. Timeline diagram, showing compositional projects and the development of prototypes.

In the case of the first solo studies (S1-S4) the completion period of each of has to overlap
the start of the composing for the next study, in order to prepare the composition materials
that will inform the design of the new prototype to be considered. The studies are also to be
composed at the same time as the ensemble composition to inform it with new technique
vocabulary. The ensemble work also overlaps a ‘4-hands’ composition of improvised
nature, which allows the players to adjust the curvature of an experimental version of
bellophone prototype 8. This prototype provides feedback to inform: (1) a final prototype
designed and built for the performance of the ensemble work and studies 6 and 7 (prototype
8); and (2) potential expansions, additions and adaptations of prototype 8 leading to
prototypes 11-14 and the three last works presented here. One of these three compositions,
an expansion of the ensemble piece, provides time continuity to the compositional practice,
plus there is a solo work developing a theme composed at an early stage reinforcing this
continuity, which is strategically planned to provide a smooth and progressive development
of the instrument and the related compositional practice. The expansion of the ensemble
work aims to extend what was previously achieved at a larger scale in terms of structure,
and to incorporate new ideas. The solo work (in prelude form or similar) for a prototype 8
with the range extended (prototype 9) is responsible for demonstrating the musicality that
can be achieved by using the techniques previously revealed by the studies to the limit of
virtuosity.”" This work also informs the two simultaneously developed works, an expansion
of the ensemble work and a duo for bellophone with another instrument. These three

concluding compositional projects interact with the prototypes shared, as informing tools.

! Which is why the mechanised version of prototype 9 (prototype 11) is also applicable to this work.
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The compositional practice for each of the prototypes, not only interacts directly with their
design process informed by the research contexts, but it is also transposed to variant
conceptual instruments (designs supported or described by quantitative data placed in Appx
3) to allow a comparison that provides feedback to the prototype. The quantitative data,
evaluation of capabilities and properties, is also compared to the prototype data to provide
additional feedback. This feedback not only supports the improvement of the corresponding

prototype but also the progress from prototype to prototype.

The method induces interaction between the theory and the practice, by suggesting parallel
developments in most of the stages (as previously illustrated in Fig. 3, p. 8). Consequently,
the compositional and instrument development theory proposed ends up being reviewed as
the compositional and instrument development practice progresses that also informs back to

these practices.

(2) The innovative use, in theory and practice, of microdiscrete-sliding pitch as an area of

convergence between static and sliding microtonality

The corresponding aim behind the method is to achieve an innovative use of dynamic
microdiscretism (pp. 216-218) of the musical parameter chosen, pitch. In the application of
the method conducted by this research, microdiscrete-sliding pitch (see Glossary) is studied
within the work of the two chosen composers on method Stage II, and new consequent
compositional theory is proposed as part of Stage III, which is to guide the research’s
instrument development from the beginning. An ideal layout of the sounding bodies for the
achievement of microdiscrete-sliding pitch is the first one proposed (prototype 1) and then
compromised in further prototypes (prototypes 2 to 8) to also incorporate sight-reading
fluidity for individual sustained notes (microtones) as a second additional capability, and
two additional properties of interest, sound distinctiveness and audio-visual expressiveness
(see corporeal expressiveness in Glossary). In other words, dynamic microtonality is the
starting point in the instrument design process, and static microtonality is gradually

incorporated through further developments.
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(3) The development of accessible notation systems appropriate to the music and

instruments in the method

Stage 111 requires choosing the tuning for the instrument that is going to be built for a future
performance as part of the overall music making process, or at least deciding the criteria
behind the tuning to consider. In Stage X, when studying the acoustics of the sounding
bodies, further subdivisions of the intervals considered within the chosen tuning are to be
experimented with, in case it proves to have some relevance considering them, which leads
to confirming what the final tuning for the instrument would be. From Stage XI onwards,
existing notations for that tuning, which were reviewed and proposed in Stage III {and
consolidated in Stage X) are suggested to performers as the compositions for the prototypes
are being completed. The feedback provided by the performer and the conductor informs
which notation systems work for each kind of technique, and implied work. This feedback
leads to proposing additional alternative notations, so in the end the performer and
conductor have a wide range of choice. The method induces this approach that makes the

composer work closely with the performer and the conductor.

(4) Conceptual approach to instrument development, integrated with compositional theory

When describing the interaction between instrument development and the compositional
practice, instrument capabilities are referred to in compositional theory throughout the
formulated method, starting with Stage VI and intensified from Stage XVII onwards. This
interaction is achieved mainly by demanding parallel processes between compositional
practice and prototype development projects, and secondarily by using an evaluative

feedback process for each prototype.

The process of composing Study No 3 (Glissando study, Sc. 3) exemplifies the strategy of
simultaneous composition and prototype development. Whereas the rows of the square-
layout prototype 4 were too long to play smooth glissandi by sliding the mallets over the
bells, this work was intended to result in a new layout improving such capabilities according
to the results, since capabilities are accumulated in the prototype development. The
rectangular layout of prototype 5 was developed in parallel with the composition. At later

stages of the composition process, curving the rectangular plane of bells was introduced as a
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way of improving the sliding of mallets over bells. This idea informed the following layout
(prototype 6, concentric conic bellophone) which adopted a rectangular frame with curved
support bars. Although prototype 6 was not developed simultaneously with a glissando
technique study, it kept the glissando capabilities of the previous prototypes and even

improved them together with additional techniques explored.

An additional strategy of the method, a creative-comparative analytical approach which
integrates instrument characteristics and capabilities with compositional theory (especially

that relating to dynamic and microdiscrete dynamic pitch), reinforces the main conceptual

approach to instrument development.

1.4.2 Rationale for the application of the method in relation to the research

objectives

The main research objectives; to create a portfolio of compositions and to develop a new
musical instrument closely integrated with the compositional practice, are achieved through
six subsequent objectives defining each section of the resulting method structure they
inform. Each section contains several method stages, which is why they are also called
stage groups (A to F). The relation between each of the six consequent objectives and the

corresponding method stages are explained by stage groups as follows:

Stage group A (Stages I-V): General considerations and first visions. The objective behind
this group is to define the research strategy and to refine the application of the research
method devised (Stage V). It involves parallel sketching and notating of vivid, abstract,
mental images of how the research aims might be achieved, in terms instrument
development and composition. The strategy is defined by reflecting upon a systematic
comparative study of the strategies, compositional theory and instrument developments

(respectively in Stages 11, 11l and IV) of two relevant composers.

Stage group B (Stages VI-X): Sounding bodies. The objective behind this group is to define

the geometries-proportions and materials (Stage VII) of the instrument created.
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Stage group C (Stages XI-XVI): Layouts. The objective behind this group is to consider the
musical and ergonomic implications of alternative dispositions of sounding bodies, so as to

determine the laying out of sounding bodies.

Stage group D (Stages XVII-XIX): Prototypes. The objective behind this group is to make

and compare several prototype instruments and related compositions.

Stage group E (Stages XX-XXIII): Additions. The objective behind this group is to propose

MIDI-activated versions of the instruments created.

Stage group F (Stages XIV-XXVII): Derives ideas, Sketching and documentation. The
objective behind this group is to propose further concepts and projects for further future

development.

1.4.3 Stage-by-stage description of the application of the method in the thesis

The development of a composition portfolio and new musical instrument, being the main
objectives of the research, involve six subcategories (groups A to F) containing 27 stages (1-
XXII) (see method outline in Fig. 5, p. 13 and from here onwards whenever might be
required for this section). Some of the stages do not necessarily have to be completed
before moving to the next stage. Most of group A has to be reviewed once when completed
and then when necessary once moving to other groups. Group D has a cyclic nature and it
should be repeated as many times as the instrument prototypes can be improved by choosing
different layouts. The method is set out with reference to the sections in the thesis in which
it has been applied. The 27 stages are sequentially described under their corresponding

group as follows:

1.4.3.1 Group A. General considerations and first visions

Within the preliminary stages in this group, the composer defines the research field; looks

into the work of prominent composers in the area; defines the instrument development
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aspects of interest, and attempts to compose by visualising and hearing an ideal instrument

with preconceived characteristics.

In parallel to the stages of this group (I-V) a preliminary phase of the compositional practice
is conducted at a particularly abstract level. It consists of brainstorming ideas, sketching
images and improvising with sounding objects. It is important that the instrument-
development-led composer constructs a preliminary image of what the ideal instrument
would look and sound like, exploiting the desired compositional parameter fully. These
materials will provide intuitive ideas to the instrument design that will complement the
thinking process and development practice to come in future groups, and also to the
improvisations with sounding objects will support the envision of an instrument being
played, and the creation a theme using the sounding bodies considered (to be developed in
the next stage group). This experimental phase is sketched but not documented in the thesis

apart from prototype 1 that reviewed on group D.

Stage I: Musical parameter, aims and objectives

This research primarily explores pitch resources, although other compositional parameters
or combination of compositional parameters are indirectly implied at times. This method
has been developed to also accommodate the other PADTS parameters (amplitude, duration,
timbre and spatial projection), in order to support future research. The aims and objectives

have been defined in Fig. 2 (p. 6).

Stage Il Review of the work of two leading and contrasting instrument-development-
led composers who have done pioneering work in the field of pitch, the
chosen compositional parameter (Julidn Carrillo and Harry Partch being the

chosen composers). Part I: strategies
The work of Partch and Carrillo has been reviewed, compared and reflected upon earlier on

this chapter and within the appendices. In doing so, it has been useful to treat musicological

aspects, compositional theory, and instrument developments separately. Section 1.1 (pp.
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14-46), reporting on Carrillo’s and Partch’s historical practice and strategies, shapes most of
a method proposed to suit the nature of the PADTS parameter treated, in this case pitch.”?
Stages II-IV include the sketching of sound-producing objects, the annotation of their

capabilities, and a preliminary compositional exercise.

Stage I1I: Review of the work of two leading and contrasting instrument development-
led composers who have done pioneering work in the chosen compositional

parameter. Part II: Compositional theory and notation

The compositional theory here treated and also proposed aims to identify the tools necessary

to accommodate the ideas resulting from the reflection process.

Stage 1V: Analysis of the instrument development context for a broad study of static

and dynamic microtonality

The instrument development review and ideas derived aim to extend the classificatory
system adopted in order to manipulate the data of the instrumentarium used by the reviewed
composers and to make conclusions which will influence the instrument development
approach followed in the application of the method. According to the method, the
preliminary research-based instrument-development-led compositional practice initiated in

Stage I1 is to be completed in Stage IV, to allow a first bellophone prototype to be defined.

Stage V: Method refinement and application

The instrument, as seen and heard through this imaginative process, might result in a clear
image or sound, or it might simply lead to further thinking about the sound and form of the
instrument and music to be conceived. In this research project, a basic approximation of an
ideal instrument is envisaged in Stage IV, providing extra guidelines important to defining

the parameters to be explored within the instrument development process (see group B).

7 This proposed method is not only the skeleton of this research but also intends to provide a model,
guidelines and a starting point to build up a customised methodology to match different PADTS parameter(s),
and also the same but using different interests (see Fig. 1, p. 4).
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1.4.3.2 Group B. Sounding Bodies (see §2.2.1, pp. 91-105)

This group looks into a basic definition of the desired sounding bodies informed by an

interaction between experimentation and classification of the different options considered.

In parallel to the work involved in Stages VI-X, this group looks into a preview of prototype
2 (to be completed in group D) as an improved version of the previous prototype, and a
theme based on previous improvisations, that is to be extended into a prelude for the

instrument developed at a concluding stage of the research.
Stage VI: Possibilities within the geometric group considered for sounding bodies, and
compared

The geometric group used for the application of the method comprises the cylindrical

symmetric, if the two mouths of a perpendicular-sectioned cone are the same (p. 91-96).

Stage VII: Choosing the material(s) for the instrument

British mild steel and aeronautic steel (if necessary) are to be experimented with. The

selection process among several considered metals is discussed in detail on pp. 96-97.

Stage VIII:  Practical trial I: experimenting with geometries, sizes and proportions and

defining the measurements of the sounding bodies

From the beginning this process is kept in parallel with other stages to follow until the end
of group D, by the time a performance on the instrument completed is expected, since
decisions can be made in the last minute, including methods, tools and coating required for

each shape and size of cone-shaped bell considered.
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Stage 1X: Practical trial 1I: sound producing actions and sound activators

This also requires a period of experimentation, mainly achieved through composition,

performance, and feedback obtained from the overall music-making process.
Stage X: Initial acoustic observation

The acoustical implications of the proposed sound-producing bodies are explored at this
stage. Since the sounding bodies might change as the musical instrument develops, it may
be necessary to come back to this stage as many times as is needed before a basic acoustical

report can be provided (p. 104-105)

1.4.3.3 Group C. Layouts

This group studies the layouts to be considered and their implications, complementing the
previous group to inform the strategies and processes of instrument development practice
that schematically starts with the following group (D). In parallel to this theory-based
section, the preparation of the structure for a major ensemble work employing a prototype 3

aiming a layout implying an easy to sight-read system are to be conceived.

Stage XI: Comparison of spatial and formal disposition of sounding bodies: shapes

The shape from which the sound-producing bodies (or the sound activators) evolve is one of
the most important considerations in deciding the layout design of a musical instrument (pp.
106-107).

Stage XII:  Angular disposition of contact surfaces

The angle at which the sound producing bodies (or sound activators) are placed in relation

to the player are here determined by whether the performer stands up or sits down and how

they might move around within the performance space (p. 107).
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Stage XIII:  Supporting framework and mountings

In this stage, ideas later on to be used to keep adjustable framework and mountings ideal for

the considered disposition of sounding bodies are provided (p. 107).
Stage XIV:  Variant designs for comparison

Eight variant conceptual designs to each prototype are to be created for comparison,
methodically incorporating a full range of musical instrument characteristics. The process

is here drafted and reviewed when necessary, for an application in Stage XIX (pp. 108-109).
Stage XV: Psychoacoustic implications: sliding pitch and tuning perception

In this stage a comparison of the acoustical properties of the sounding bodies throughout the
range is performed. The ideal range and psychoacoustics characteristics of the instrument

are also defined. This is mainly treated on p. 109.
Stage XVI:  Choice of main instrument characteristic to determine future prototypes

Having already designed two prototypes (1 and 2), this section decides the main instrument

characteristic that guides the following 12 prototypes to consider (p. 109).

1.4.3.4 Group D. Prototypes.

The three stages that follow are repeated for each type of instrument design aspect
considered. Group D is repeated a total of 14 cycles: 2 cycles treating the materials
previously sketched for prototypes 1 and 2 (here reviewed); 8 cycles (prototypes 3-8)
leading to a built musical instrument (prototype 8) and consequent performance, and; 4
cycles (prototypes 10-14) involving three compositional projects (one to be completed and
two to be sketched), in parallel with Stages XX to XV. The compositional practice for this
group D, E and F is clearly outlined in fig. 29 (p. 73) in relation to the prototypes, and

82



Chapter One: Sources, ideas, strategies and method

therefore this diagram is implied from here onwards when mentioning the compositional

practice 3 to 14.
Stage XVII:  Prototype design

The design process of each prototype is guided by a new characteristic of the aspect
considered (in the Case Study the aspect is the shape followed by the spatial disposition of
sounding bodies, or keys) and this follows full interaction with the layered compositional

processes for prototypes 3-14.
Stage XVIII: Feedback from parallel compositional practice

The compositional practice for prototypes 3-14 occurs in 3 layers of simultaneous projects

that inform each other, and continuity is also pursued in the ensemble work.
Stage XIX:  Feedback from the variant conceptual instruments

In this stage, the composition of music is fully integrated with instrument development.
While visualisation is the main aim, the physical development of the instrument is also to be
considered. Eight conceptual instruments are to be for each of the 14 prototypes which are
to be informed by evaluative and creative feedback (looking into the instrument
development practice from method stage groups A to F). These conceptual variants adopt
the main property of the corresponding prototype, and normally the layout (or shape
adopted by disposition of sounding bodies), while considering eight alternative
characteristics of interest (eight combinations of sound producing actions and sounding
bodies). Each prototype is evaluated and then compared with evaluations of the eight
corresponding variant conceptual instruments. The compositional materials for each
prototype are then tested in relation to the variant conceptual instruments, such that these
comparisons reciprocally inform the prototype and composition. This conceptual,
instrument-development-led approach to composition avoids the limitations imposed when
the instrument is conceived prior to composing. This process is essential to the formulation

of compositional theory in this research.

The conceptual variants of the first bellophone prototype which were considered are

elaborated on pp. 372-434, with detailed descriptions of the resulting instruments; and the
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conceptual variants considered for the second and third prototypes are developed into
shorter, initial instrument descriptions (pp. 434-450 and pp. 450-460 respectively). These
descriptions illustrate how the conceptual variants of each instrument (bellophone)
prototype can be extended (at two levels of detail) and documented. This process can be
further extended, to produce designs that can be documented in a database describing
instrument physical properties and sound capabilities. These designs could then be used, in
future instrument-development-led composition projects. The sketching and description in
more detail of the conceptual instruments defined by title descriptions and evaluations (the
variant instruments to prototypes 4-14), has not been found absolutely necessary for the
creative-comparative feedback process followed by this research, and therefore are not

included in the thesis.

The evaluated instrument characteristics used for the creative-comparative process (and also
to define prototypes 4-14) are: two instrument capabilities (static and dynamic
microtonality), and two custom predefined concepts of either strategic or aesthetic interest
(distinctiveness of timbre, and the expressiveness of the instrument’s audio-visual form,

which is also referred to as corporeal expression).”

1.4.3.5 Group E. Additions

With the bellophone already being completed and the ensemble composition performed, this
group and the one to following (F), sketch prototypes 9-14 without physical development
being conducted. This group reports on an extension of range (prototype 9), additional
instruments covering further ranges (prototypes 10a and 10b covering lower and higher
ranges), a MIDI mechanised version (prototype 11), MIDI controllers (prototype 12) and
potential additional resonators and sounding bodies (prototype 13). This is all produced in

parallel with the consequent 3-layer compositional practice.
Stage XX:  Extended range

At this stage the final prototype of this research has already been built. From this stage

onwards prototypes for future possible extensions of the instrument are proposed. In Stage

73 See “corporeal expression’ in Glossary
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XX an extended version with slightly wider range is to be proposed for future consideration

(prototype 9).

Stage XXI:  Other ranges and mechanised version

This stage describes potential instrument development work, consisting of conceiving two
additional instruments to expand the lower and the higher ranges of instrument already built
(prototypes 10a and 10b). Then this stage also explores the possibility of using a MIDI

mechanised version of the main instrument (prototype 11).

Stage XXII: MIDI controls, frame, safety, coating and finishes

This stage explores potential MIDI controllers (prototype 12) for the previous mechanised

prototype. It also treats the processes that may be essential for preservation, and make the

instrument look presentable and finished, for a possible commercialisation.

Stage XXIII: Resonators, additional sounding bodies, maintenance and flight case

This stage explores the incorporation of resonating bodies and additional sounding bodies
(prototype 13). The development of a maintenance manual and flight case (essential for
regular use and commercialisation of the instrument), can be considered at this point, once

all the additions and extensions described have been tested.

1.4.3.6 Group F. Derived ideas, sketching and documenting

This group considers the proposal of further concepts, ideas and projects pertaining to
PADTS parameters other than pitch, for potential future development (prototype 14). In its
final two stages, it concludes with documentation and reflection processes, which are
essential to support the further development of the instrument already built, and, in the
bellophone Case Study, of compositional practice left in progress at the completion of this

research.
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Stage XXIV: Spatial considerations

Especially for instruments with extensive numbers of sounding bodies, it is worth
considering how they are to be assembled and disassembled and distributed around the
performance space, especially with regard to possible future research projects focused on

spatial projection either on its own or in combination with other compositional parameters.

Stage XXV: Other derived ideas

Every time a different prototype or instrument is designed, heard or visualised in
combination with the compositional process, new compositional and design ideas, which
arrest the flow of the work, can arise. In such instances, writing down the musical ideas and
sketching instruments is a good practice, so that when reaching this stage, they can be
addressed, expanded and documented for future consideration. This concept of continuity is
treated in more detail in Stage XXVI; and is recapitulated in Ch. 4 under two categories:

applications of the research; and future projects following the research.
Stage XXVI: The on-going work of an instrument-development-led composer:
documentation, notational development, and flexible, open-ended method.

It is essential for its continuity, systematically to document everything related to the music-
making process. New notations are propped as necessary; they are documented on pp. 54-
58 and discussed in relation to specific compositions in Chapter 3. When this method is
applied in another research project, the documentation process should be revised in
accordance with the requirements of the project.

Stage XXVII: Reflection and conclusion

This stage reflects upon and summarises the overall result of the research.
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This chapter traces the main stages in the development of the tuned percussion instrument
envisaged, a bellophone (basics defined on pp. 87-91), with reference to the original
musical works submitted in the accompanying portfolio, whose compositions played a
substantial and significant part in the design process. The foundations of the instrument
development process are first defined and treated separately from the compositional
practice in the interests of clarity of exposition, providing ready access to the elements
considered within each process (pp. 91-114). This is followed by a detailed explanation of

the main development of the bellophone (pp. 114-160).

The six research method stage groups (A to F) could also be described as four major
processes: (1) The first, is the formulation-in-context process treated in stage group A, and
supported by the literature review and derived thinking process in Chapter 1, together with
the instrument development Case Study definition (pp. 87-91), process in which the
strategy behind the instrument development process is detailed; (2) The second, the setting
out of the foundations of the development process of the bellophone (stage groups B and
C), where sounding bodies and bellophone layouts are treated separately (pp. 91-114); (3)
The third process, the actual development of the bellophone including two early prototypes
(1 and 2), six prototypes intensifying the interaction with the compositional practice
(prototypes 3 to 8) and leading to the construction and performances (using prototype 8),
and another six prototypes exploring range, playing mechanisms linked to a controller
(with MIDI decoder) using MIDI to relay interface, additional sounding bodies, resonators,
and derived ideas (prototypes 9 to 14, treated in method stage groups D, E and part of F),
which involves composition in parallel with a feedback strategy in which variant
conceptual instruments inform each bellophone prototype, and; (4) the drafting of derived
ideas and the exposition of future projects (Ch. 4, pp. 201-218), which conveys the second
half of stage group F, although it shares content with the rest of the group and stage group
E (considering additional elements relevant to the bellophone prototypes) where some of

these concepts were first formulated.

2.1 A basic definition of the instrument development Case Study

The Case Study here proposed sought to create a stable-pitch instrument with
microdiscrete-sliding pitch (see Glossary) properties, tuned in small equal steps.

Individual sounding bodies are required for each pitch class rather than adjustable-pitch
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bodies, so as to achieve microdiscrete-sliding pitch. For this reason, an idiophone was
considered more suitable than an aerophone, chordophone or membranophone, due to its
pitch stability. The development of the sounding bodies themselves, the selection of their
layout, and analysing considering the bilateral implications of variant conceptual
instruments employing similar layouts, were first experimentally conducted. Gradually as

a method was consistently devised the Case Study was also defined in its finalised form.

Following the classification of instruments according to interval size as proposed (pp. 340-
341), the instrument to be developed belongs to the micro-intervallic instrument group, but
very close to the next group, fine micro-intervallic instruments. Two-digit equal divisions
of the octave different than 96, but close, would have resulted in an impractical number of
notes per octave, thus the 96-et is preferred. Microdiscrete-sliding pitch capabilities,
without noticeable restrictions, are required. Therefore, the extended K-H-S classification
code describing the pitch capabilities (pp. 338-346), should have the subindexes 3
followed by 2. The classification code to describe the ideal instrument envisaged would be
111.242.222.X1-P3-(A).”* Simply by comparing the classification code with those for the
instruments by Carrillo and Partch, it is straightforward to recognise the instruments that
have the closest characteristics to the ideal, and how the design could be improved to get
closer. The closest instrument from the instrumentaria already classified, is Partch’s
Gourd Tree (p. 349, 330-331). Carrillo’s instrumentarium does not apply here since he did
not develop idiophones. However, his sixteenthtone piano was initially considered, since it
is now commercially available (p. 294). Since this instrument is a chordophone, a slightly
sharper metallic tone colour is required, to provide reference tones clearly distinguishable
from strings, woodwind and brass instruments. Using metal hammers would have been a
solution, but pianos have the inconvenience of needing regular tuning. Also, the speed at
which chromatic passages can be played on the piano keyboard layout — as used by
Carrillo in the sixteenthtone piano — can be improved upon by using a mallet instrument in
linear chromatic layout. Designing such instrument would be an easier task than
redesigning the keyboard of the piano to have linear chromatic layout. However, the

commercial availability of the sixteenthtone piano makes it a perfect candidate for future

" Set of suspended bells; with/without resonators (X=1 or 2 respectively); struck from the outside.
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works, which might explore both micro-intervals and microdiscrete-sliding pitch in

conjunction with the bellophone here developed.

Returning to Partch’s Gourd Tree, and considering the neighbouring instruments in the
extended K-H-S taxonomy (p. 348-349), there is a group of six analogous idiophones with
micro-intervallic properties and chromatic linear layout in the first four of the cases from

the following list (all incorporating ‘P3,’, as defined on p. 338 and p. 341).7

Boo 1l (Bamboo Marimba): 111.232.125-4-P3;-(A)-P.

Boo 1 (Bamboo Marimba): 111.232.225-4-P3-(A)-P.

Eucal Blossom: 111.232.315-4-P3;-(A)-P.

Zymo (The Zymo-xyl): 111.242.441.2-4-P3,-(A)-P.

Gourd Tree: 111.242.222.26-4-P3;5-(A)-P.

Brass Shell Casings (Spoils of War): 111.242.242-4-P3;,~(A)-P.

The short sustain of struck bamboo tubes makes the first three instruments, (extended K-H-
S group 111.232), unsuited to produce clear microdiscrete-sliding pitch contours with a
distinctive sound that can be effectively used as a reference pitch; and the only glass
instrument from the list, the Zymo (a set of glass percussion vessels), which does not have
the desired pitch clarity is also discarded. This leaves only two instruments, each
consisting of a set of metal percussion vessels (H-S group 111.242.2):” the Gourd Tree
and the Brass Shell Casings. Although the Shell Casings are made of brass, their
cylindrical shape does not allow them to ring as long as bells do (with shoulders and a
waist). This makes the Shell Casings ideal for producing distinctive referential
microdiscrete-sliding pitch, since their sustain sound does not build up to the point where it
overlaps the perception of the sliding tone. However, working with brass would have been
prohibitively expensive, and although the ringing time of these metal vessels is close to
that of the ones envisaged, the idea was discarded. Using the shape of Shell Casings with
steel and experimenting with slight variations to get the appropriate sound is considered as

part of this review of Carrillo’s and Partch’s instrumentaria.

¥ Notice that the Chamber Cloud Bells have not been considered here since they can easily break. Similarly
the Cone Bells supported by poles, which are very inconvenient for microdiscrete-sliding pitch since they are
Elaced individually in stands, have not been considered.

5 H-S stands for the Hornbostel-Sachs musical instrument classification system.
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Before defining the Case Study, Stages II-1V include creative visualisation of an
instrument that produces the desired sound as part of a preliminary composition process
(pp. 78-79). This provides a creative perspective to the previous rationalising process.
The chosen instrument characteristics for this exercise cannot be very precise so that the
creative process is allowed to take shape by itself without too much preconception. A mid-
range pitch sound with pitch clarity and mid-range sustain capability was imagined. An
extensive set of agogo bells with microtonal capabilities was also visualised and imagined
to have a distinctive metallic tone colour when sounded with an orchestra. Short melodic
sequences of notes were written without clearly specifying the pitch and later on, with
hands on the first sounding bodies produced, they were transformed into a melodic motive
used in Prelude No | (pp. 163-165, Sc. 11/ CD-tk 11/ DVDI-tk 11). The instrument
imagined had a large amount of agogo bells with no particular layout, in a chaotic display
resembling a bush rather than a musical instrument, but the almost conical idea of these
bells and the material used in their constructions, steel, was envisaged. At this point, the

instrument Stage IV was completed.

At this point it was envisaged that cylindrical symmetry would provide uniformity of pitch
across the whole surface of a metal instrument similar to an agogo bell, but a slightly

longer sustain could be achieved by using a different alloy or thickening the walls.

Both of the shapes considered so far for the metal idiophone were cones (closest
geometrically to the agogo bell) and cylinders (as the geometric shape for Partch’s Brass

Shell Casings).

Visual aesthetics are here considered to be important; they are explored in succeeding
stages through experimentation with geometrical layouts for sounding bodies, which are
also required in order to arrange them in chromatic sequence to provide microdiscrete-

sliding pitch capabilities.
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Having defined the basics of the instrument development Case Study, the Stage V has been
fulfilled concluding also the method stage group A7

2.2 Foundations for the bellophone development

This section delineates the foundations of the whole development process of the
bellophone as explained on pp. 114-160. These foundations are explored and then defined
for both, the sounding bodies (stage group B, pp. 91-105), and the layouts in which these
bodies are displayed (pp. 105-109). The ideas behind the potential modifications of the
bellophone upon completion (prototype 8) are detailed on pp. 210-213, providing the

necessary grounds to formulate prototypes 9-14 as optional future projects.

2.2.1 Sounding bodies (method stage group B)

Having first noticed the agogo bell’s piercing sound and its ability to cut through the
spectrum of the samba band, similar bells where built and compared. These bells were
made using thicker metal sheet than is usually employed in the construction of agogo bells
but it provided alongside a similar tone colour to the agogo bell, a longer sustain. The
hand hammering technique initially employed to shape sheet metal produced uneven
results, while the use of robotic machinery was found to be too costly. At this point, the
experimentation was shaping the method. The next section delineates the possible shapes,

making techniques, and alternative materials.

2.2.1.1 Cylindrical symmetry shapes (Stage VI)

In producing a wide range of sample sounding bodies for comparison, cylindrical
symmetry was mainly used to provide evenness of tone quality and in specially evenness
of pitch. The following forms, all having cylindrical symmetry, were first defined as:
plates (a), discs and cones (b) and tubes (c).”® All of these shapes are common among

regular idiophones (see Fig. 30)

77 At this point the method must be clearly drafted, although it can be reviewed at any necessary point.
" There is change when rotating around the axis.
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Fig. 30. Examples of shapes with cylindrical symmetry.

A hollow conical figure with the mouth open was first considered, as shown in Fig. 31:

Fig. 31. Hollow cone.

Since indefinite pitch sounds are not the aim here; the area surrounding the vertex of the
empty cone with open mouth (Fig. 31) is not immediately useful, especially since this area
produces a pitch-less sound when struck. A horizontal cut in the conical shape, slightly
below the vertex of the cone, was initially considered since it provides a small circular area
where a support for the bell can be attached, as shown in Fig. 32. This shape is relatively
close to the shape of a handbell. However it is not ideal for partial tuning, unlike the
partials of most handbells (first, second and third harmonics),”’ but instead is thought for

the obtaining a distinctive tone of rich harmonic content.

" Rossing, T. D. 2000. Science of Percussion Instruments. p. 150.
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Fig. 32. Hollow cone with horizontal truncation.

The trapezium that defines the contour of Fig. 32 when rotating around an axis is

represented in Fig. 33, where all the measuring parameters have been indicated.

LY

Fig. 33. Rotating trapezium that defines the shape.

The trapezium in Fig. 33 has a fixed angle C of 90 degrees for any of the shapes
considered here. Therefore, either the angle A or B is required to define the proportions of
the triangle containing the trapezium, since they are complementary angles.*” In general
the Pythagorean theorem,” and trigonometry formulas,” can be used to deduce the values
of the parameters in Fig. 33, if a minimum of three parameters from the diagram are
known. By changing the angles and proportions of the trapezium in Fig. 33, six different
trapeziums could be represented as in Fig. 34. By rotating these trapeziums around the
indicated axes, six shapes were generated as in Fig. 35, five of which resemble the

vibrating bodies of familiar tuned percussion instruments; the remaining shape resembling

80 The addition of both angles is 180°. ) ) )
¥ Represented with the following formula: “app” + adj” = hyp™.
%2 For example: “sinA = a/c, cosA = b/c, tnA = a/b”.
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a plant pot is rare, though it was used by the experimental instrument maker Barry Hall for

his Flower Pot-o-phone.83

b b b
Prototy e / . B
— B Cy/Prokutym |
B D
b. A b C
C o a: C
\ C ¢ |a a
Prototype
b Prolotype
c B F h‘
Prokolypm [ ’ Y4 la
A b ‘ b« A (&

Fig. 35. Six different shapes defined by the previous trapeziums.

—

Rotating | angle A angle B edge a; | edge edgec; | edgeb | Existent
trapezium by instruments
Shape A | 1°~10° 80°~89° |a1<c; |[by<b ¢ =b |b>a; | Cymbals
Shape B | 90° 0° ai=c; |by=b |ca>b |b<a | Tub.bells
Shape C | 61°~89° 1°~29° a=¢C |by>b |c¢;>b |b<a; | Pseudoagogo
Shape D | N/A N/A ag=c |ba=b [c<b |[b>a; | Crotales
Shape E | 41°~60° | 30°~49° |a;<c¢; |by<b |¢; >b |b=ai |Plantpots
Shape F | 11°~40° | 50°~79° |a;<c¢; |[by<b |€=b |b>a; |Fing. cymb.

Fig. 36. Ranges dividing the possibilities into 6 categories.

% Hall, B. 1994. Two hardware store instruments. Experimental Music Instruments. pp. 20-21.
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From the six shape-groups defined in Fig. 36, a sound vibrating body similar to the agogo
bell conceived with cylindrical symmetry rather than with an oval-shaped mouth is
preferred. These groups are obtained by changing the angles and defining a conical shape

as follows:

(1) Shape A: Shallow cones (cymbals and similar shapes). Most cymbals have indefinite
pitch. Cymbal-shaped bells with definite pitch could be achieved by using thicker walls,
and by using materials, which possess ideal ringing properties such as bronze, rather than
brass. They can be placed on a stand on top of one another, slightly separated, to facilitate
the performance of glissandi. Definite-pitch cymbals could produce very unique timbres
and sound effects when played chromatically, although this would not help to produce a
clear sliding pitch effect. In order to create a smooth pitch slide, a wider angle ‘A’ than
that proposed in this prototype, could be employed to improve pitch clarity, especially

when playing a chromatic glissando.

Fig. 37. Thick bronze sliding cymbals.

Chinese opera gongs are pitched instruments with a characteristic sliding tone, which
follows the attack. This does not provide a stable reference pitch, nor does it recreate a
precise sliding tone by means of microdiscrete-sliding pitch. However, the sliding pitch
that is part of the sound quality of each gong is relevant when combining with the
bellophone being developed. A Chinese opera gong part was also added suggesting a
framed set (p. 194-195).

(2) Shape B: Tubes and cylinders (e.g. tubular bells and wind chimes): For this shape,
angles A and B are both right angles. Partch’s Brass Shell Cases have this shape but they
were discarded. Tubular bells (orchestral chimes), normally made out of brass, are also
part of this group. They are made by placing stops on a tube, in order to cancel particular
unwanted modes of vibration with the aim of enhancing the fundamental frequency. This
has proved to be an efficient way to produce a stronger and clearer tone; but experimenting
with this material on an instrument with so many sounding bodies proved to be
prohibitively expensive. Electrical Metal Tubing (EMT), which is affordable for

experimentation, produces a unique tone colour, although accommodating very many tubes

95



Chapter Two: Instrument development

in the lower range might be problematical, as they would probably need resonators in order
to enhance the volume of their fundamental frequency,* making the ergonomics of the

instrument far from practical.

(3) Shape C: This shape, which has an a angle between 60 and 89 degrees, could be
comfortably explored with steel sheet of an appropriate thickness, rather than casting
expensive materials which would in any case resonate for too long making the chromatic

glissando sound like a simulation of one single pitch slide.

(4) Shape D: This shape includes solid body shapes such as crotales. Though they have a
unique tone colour, their attack is too sharp to create a smooth microdiscrete-sliding pitch

effect.

(5) Shape E: This shape has been used before, for musical ceramic plant pots, but from the
ergonomic point of view it would be problematic to arrange a large number of resonators
without using a concentric layout (similar to that in Fig. 37, above), and this would reduce

the sustain too severely.

(6) Shape F: This shape has an a angle between 11 and 40 degrees. It would be ideal if
working with brass or bronze, as in the case of finger cymbals, but these materials were
rejected on grounds of cost.

After considering all of these forms, shape C seemed the most suitable. This corroborated

the initial idea of using conical versions of agogo bells made from thicker metal, although

the material to be used was not decided. At this point Stage VI was completed.

2.2.1.2 Choosing the material(s) for the instrument (Stage VII)

The main materials considered are arranged according to atomic number as follows:

44 Hopkins, Bart. 1986. Conduit Marimba and Glass Marimbas. Experimental Music Instruments.
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No 6 Carbon (C)

No 26 Iron (Fe, ferrum)

No 29 Copper (Cu, cuprum)
No 30 Zinc (Zn, zink)

No 50 Tin (Sn, stannum)
No 82 Lead (Pb, plumbum)

The alloys initially considered were:

(1) Steel: Its major component is iron, with carbon content between 0.02% and 2.14%
of its mass.

(2) Bronze: Its major component is copper, with tin as its main additive (although
phosphorus, manganese, aluminium or silicon may be present). It is typically 88%
copper and 12% tin. Bell metal has 78% copper and 22% tin. Larger and smaller
bells are cast with differing proportions of tin, and some bell, gong and cymbal
makers use other materials and elements such as silver, gold and phosphorus.

(3) Brass: An alloy of copper and zinc. Concentrations vary but to enhance the

machinability, lead is often added in concentrations of around 2%.

Although thick sheets of bronze, copper and brass were initially considered for acoustical
reasons — the casting of those materials also being considered as an alternative —steel was
eventually chosen, not on, which does not sustain for as long as the other materials (thus
allowing clear microdiscrete-sliding pitch effects). Other factors of interest were its
hardness, and its metallic and sharp quality of sound. It produces a sharper attack than

most other materials, necessary to distinguish the tone of the instrument from others.

Standard British mild steel sheet was used for most of the experimentation process, though
in the end steel with a high carbon (C) content, commercially available for acronautic
purposes, was preferred, since it allowed the bells to be spun on a lathe, which was found
to be the most satisfactory technique for shaping them. Using a softer steel also reduced
excessive sustain, which also in the case of mild steel was still too long to produce clear

microdiscrete-sliding pitch effects.
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2.2.1.3 Practical trial I: experimenting with geometries, sizes and proportions and

defining the measurements of the sounding bodies (Stage VIII)

Forty-two different cone-shaped bell prototypes, with different proportions and sizes
chosen almost randomly, were built within the design limits of the previously defined
prototype C (Fig. 38). These prototypes all have different proportions within the prototype
C definition (61° to 89° angle between axis and side or 61°-89° angle between side and

base of the cone) and received the name of hammered conic bells.

Fig. 38. Hammered conic bells.

For this purpose, 1.6 mm British mild steel sheet was cut using a press machine, following

the pattern in Fig. 39.

Fig. 39. Hammered conic bell: before being hammered.

Fig. 40. Hammered conic bell: After being hammered and welded (back and front).
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The cut sections were hammered on a mandrel and gas welded. Fig. 40 shows that the
small mouth of the cone does not have a uniform shape. The curved shape required to
represent a sectional cut on the top of the cone, perpendicular to the axis, was difficult to
cut and a straight line was used instead since it did not affect too severely the final sound

of the bell.

Due to the welding stripe (and also due to irregularities of bending produced by the
hammering), the pitch of these bells is very unsettled across its surface: it can vary by up to
a semitone according to where the bell is struck. The sound also has beating frequencies,
consisting of fundamental pitches very close to each other, coming from the different areas
of the bell.

Some sizes of these bell prototypes were more pleasant-sounding than others. Bells that
were either too high or too low in pitch to produce a pleasant tone with sufficient pitch
clarity were discarded, leaving a set of bells covering a range of an octave and a half. The
octave covering the lower area of this range was chosen as the main range of the
instrument, since ninety-six bells (covering the ninety-six pitch classes of the tuning used)
was already a challenging amount of sounding bodies to work with. The lowest tone in the
1 and 2 octave range happened to be middle C (when using the hammered conic bells),

which was considered a central and comfortable range to combine with other instruments.

Having made conical-shape bells with a wide range of proportions (Fig. 38 above) within
the range of an octave, one bell from the mid-range was selected intuitively, according to
its pleasant sound quality and appropriate pitch clarity. The edge of this bell had an angle
with the plane of the wide mouth of 78.41 degrees, which is the angle that was adopted,
marking an end to the experimentation process with cone sizes and proportions. To
differentiate the bell with the 78.41 degrees angle from the others produced, regardless of

material and construction method, the term conic bell was adopted at this point.

The hammering technique had a pitch inconsistency throughout its surface so a new
construction technique was employed: spinning on a lathe. The name conic bell was kept
since its proportions were not altered. The new technique defines the specific type of
conic bells produced: they were named spun conic bells, but also referred to as spun bells.
Experimentation with the spinning technique was not possible since it was outside the

budget and since the 78.41 degrees would not have changed significantly. Once this angle
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was adopted the three mandrels required to spin the metal sheet on a lathe were defined as
shown in Fig. 41. Although three different mandrels were designed (1 to 3) to spin three
different sizes of spun conic bells (and then to be finely tuned by means of filing, as
demonstrated on DVD2-tk 18), the largest size of mandrel (B3) was found to be sufficient
to spin on a lathe three different sizes of sheet plates, matching each of the mandrel
proportions (Fig. 42).

3 Mandrels (1 to 3) for Conic Bells

(MODEL B = 1 6 mm tt

4 - -
45

Fig. 41. Sizes for the three mandrels.

: ) A
il
Fig. 42. Spun conic bell: side (C1, or E1 = 210.9 mm) and mouth diameter (d, or D1 =120 mm).

The first eight experimental bells produced by spinning were spun in one single operation,
which gradually reduced the thickness of the walls. These were found to have a distinctive
tone, of rich harmonic content. The name thin spun conic bell (simplified to thin conic
bell) was given to them. In exploratory compositional practice, the use of microdiscrete-
sliding pitch was not considered appropriate (although the technique had already been

explored), as the bell lacked the necessary clarity of pitch.”

% Study No 6 (Pasacalles) (2006) (Sc. 6/ CD-tk 6/ DVDI1-tk 6), and Study No 7 (Mollienaire) (2006) (Sc. 7/
CD-tk 7/ DVDI1-tk 7).
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Consequently, the bells were spun on a lathe in four different sessions so the metal did not
have a chance to reach a hot enough temperature to thin the walls of the skirt towards the
edge. This process kept the thickness of the metal throughout the skirt of the bell at almost
1.6 mm, and the new spun conic bells received the name of thick spun conic bells also

referred as thick conic bells.

During this process of developing and improving the bells, several other processes were
considered, such as robotic processing for bending and welding the bells. This robotic
processing was found to be prohibitively expensive to experiment,86 and the cost of having
steel bells spun on a lathe was five times lower, which allowed scope for affording
corrections (in this case changing from thin bells to thick bells) and the benefit of equal
distribution of the metal around the bell. The use of a punching machine might be a

technology to consider for large-scale production.
2.2.1.4 Tuning of the conic bells (thin spun conic bells)

If the ideal lowest conic bell has a mouth of 6 cm radius and the preferred proportions
shown in Fig. 41 were retained, an octave can thereby be obtained by cutting a ring so that
the diameter of the new mouth is reduced by one third (in this case reduced 2 cm). This is
an approximation which can be used effectively to raise the pitch of newly spun bells by
slightly less than an octave; but the most effective way to spin and tune conic bells is to
use mandrel B3 (Mg above in Fig. 41) and the graph in Fig. 44 determines the height of
the section to be removed from the mouth of the bell. In practice, 2 mm less than predicted

was sawn off, leaving a margin for fine adjustment by filing.

In order to produce a graph showing the relation between the size of the conic bell and the
tuning (to be used as a reference), one bell was cut four times, providing five sizes and five

different pitches as shown in Fig. 43.

8 A quotation by Japanese company Kobelco was offered for around £10,000 for 100 conic bells, which was
close to the price asked by the Whitechapel Bell Foundry for casting the same number of handbells and
tuning them.
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Fig. 43. Successive cuts performed in one single conic bell to relate tuning and measures.

The graph produced by joining the five points (0, A, B, C, and D) resembles a slightly
curved line (Fig. 44). The horizontal axis represents the height of the conical ring being
removed, and the vertical axis the resulting pitch rise in cents, which increases as more

rings are removed.
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Fig. 44. Graph representing the tuning of the spun conic bells at different heights.

Fig. 45. Another angle of the spun conic bell after cutting 4 conical rings, so as to provide five different

tuning values for each size.
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If the first cut off ring is called A (and the bell that is left in the cut in the case of the graph
in Fig. 44),87 the second B, and so on (Fig. 46). When the 4 conical rings are placed
around the small cone left (E) it is observed (from the top view) that the distance between
the outer side of conical ring A and the outer base of the small cone E is approximately 1/3
of the radius of the outer ring A (see Fig. 47). The pitch relation between the original
conic bell, before the cuts, and the conic bell E is 1160 ¢. It was found that filing away the
rim of bell E by a further 3 or 4 mm, allowed the pitch difference to be raised to reach the
octave (1200 ¢). These initial observations were used as a reference guide in tuning the

instrument.

Fig. 47. 1/3 proportion between outer rings of the conical section E and conical ring A, concentrically placed

on a flat surface.

2.2.1.5 Coating

The conic bells were first coated through the cold blackening process (CuSe), but this
resulted in the smoothness of the surface being lost: they also felt sticky, and the
remaining odour of this substance made the whole process unsatisfactory. Metal coating

(plating) was considered but the struck areas could suffer from this. The cost of this

¥ The same applies to B, C and D.
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process also made experimentation unaffordable. The conic bells were initially used
without coating and they were then given a silicon spray coating to protect them from
getting rusty. This silicon coating is easy to remove, which was necessary since it makes
the bells sticky and they smell unbearable. More experimentation is required to produce a
professional finish. However, the instrument development of this research stage required

no further coating of the bells if kept dry.

2.2.1.6 Practical trial II: sounding producing actions and sound activators (Stage IX)

The bells can be struck with all kinds of media including hard mallets, according to the
effect desired. Soft mallets (DVD2-tks 1, 2) can be used to smooth the sharpness of the
attack. Conic bells are struck on the outside, although hard mallets can be used inside of
the bell to produce tremolo effects (DVD2-tk 9). Medium or hard mallets (DVD2-tks 3, 4,
5) can be used to sound microdiscrete-sliding pitch effects and sliding effects across the
layout (DVD2-tk 8).

The conic bells can be bowed with a cello bow (DVD2-tk 16), isolating the sound of one
or two harmonics according to the speed at which they are bowed. Two neighbouring bells

from the same vertical or horizontal row can be bowed at the same time.

Friction with a hardwood stick (DVD2-tk 17), similar to the way that singing bowls are
sounded, can be used to create long-sustained wind-like sounds. Sliding brushes over the
bells produces a very quiet and smooth friction sound of metallic quality. This can be done
employing microdiscrete-sliding pitch and also randomly across the whole range,

producing a bright sound effect.

2.2.1.7 Acoustic observations: timbre (Stage X)

Only the harmonic spectrum of the conic bellophone’s lower register (bells No 0 to 15) has
been analysed, since from bell No 16 to 25 the amplitude of the nominal partial was at
times not noticeable by basic spectrum analysis software, and never noticeable from bell

No 26 to 95. For bells No 0 to 15 the following observations have been noted: (1) the
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amplitude of the hum partial is on average 16 times the one of the prime partial (sounding
an octave above), and five times the value of the tierce partial (a minor third above the
prime with a 19 ¢ deviation on average from the pure minor ratio 6/5); (2) the average
amplitude of the tierce partial is 6.5 times higher than the average amplitude of the
nominal partial and of the superquint partial; (3) the value of the interval between the
prime partial and the nominal partial varies from 1230 to 1317 ¢ (except a rare exception
on bell No 0 with a value of 1181 ¢); (4) the superquint is located from a range of 12 ¢
below ratio 3/2 above the nominal and 50 ¢ above it; (5) the absolute deviation of the tierce
from ratio 6/5 above the prime is of 19 ¢ on average; (6) there is still an abundant high
harmonic spectrum of very low amplitude that also contributes to the distinctive sound of
the bell.

The broadly stretched octaves found in the harmonic spectrum of the conic bells, suggests
the exploration of non-octaval scales, and their potential to match and reinforce these
partial frequencies. Using the 96-equal division of the octave, any scale using n-steps,
where n is an odd number, delivers a non-octaval scale. This exploration is systematically
used in the first part of the second movement of the composition Seasons (Sc. 12).
Employing more than an octave range, the following stretched octaves can be reached with
the extended conic bellophone (and the extended prototype of the finalised conic

bellophone drafted in for the work in progress Seasons): 1212.5, 1225, 1237.5 and 1250 ¢.
2.2.2 Layouts (beginning of stage group C: Stage XI)

The layout has to compromise the dynamic and the microdiscrete elements of the chosen
compositional parameter. Pitch being the chosen compositional parameter, meant that

microtonality was the microdiscrete element and sliding pitch the dynamic element.

The study of the movements allowing the performer’s hands to draw continuous smooth
lines in the space (and smooth continuity from one hand to the other when they alternate
the drawing role) is the ideal starting point to facilitate the layout design of a
microdiscrete-sliding pitch instrument. Laban notation was initially considered, but due to
time limitations an alternative was finally adopted: a study of the different shapes that the
hands of the performer (or head of mallets) can draw in the space, was made to organise

the different movements that the performer can use to sound microdiscrete gliding tones.

105



Chapter Two: Instrument development

Preliminary work has been done with one single continuous sequence of sounding bodies
in the space (see the non-cylindrical helix layout, and the cylindrical helix layout). The
sequence was divided into further 10 note sequences (a semitone and an eighthtone or 10
sixteenthtones) for notation purposes, which did allow an easy realisation of 12-et passages
(see below the square layout). Since the aim was to achieve microtonality by departing
from 12-et this idea has been since discarded. It was necessary to decide whether the tone
or the semitone would be the ideal pattern, since irregular patterns such as the diatonic
scale complicate the realisation of smooth glissandi and the realisation of parallel glissandi.
A sequence of eight bells in sixteenthtones (covering a semitone) has also proven to make
fast glissandi passages covering more than a semitone cumbersome (see p. 128).
Therefore, tone rows containing sixteen different notes in a sequence were finally chosen
followed by experimentation with several prototypes. Any sequence covering a larger
interval than a tone would require the performer to move their feet when switching from
one sequence to another, thereby losing the necessary agility to perform smooth glissandi

passages involving several sequences.

2.2.2.1 Shapes of the layout (Stage XI)

The cyclic nature of the octave and the arched nature of the hand’s movement when
rotating around the main axis (the spine) initially suggested that curves are preferable to
straight lines, at least when producing glissandi (helix shapes). This was also ideal when
several octaves and many keys were used, since curve shapes enabled the overall set up to
be kept closer to the player. Following this preliminary use of curved shapes, new ideas
involving compact shapes of the overall set of notes (trapeziums, squares and rectangles),
and straight lines were considered. The instruments derived from these ideas had layouts
resembling traditional Western tuned percussion instruments, but the large amount of notes
required for one single octave meant that the resulting instruments were limited to an
octave range. The square layout was ideal to transpose chords but had too much of a gap
in the upper range between the bells to produce smooth glissandi. The trapezium layout
was ideal for the glissandi but it was too difficult to transpose the patterns since the
distance between the notes changed when the section of the range was changed.
Eventually a compromise between a rectangular layout and a half a coil layout was found.

These are the main layout shapes that were considered:
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Non-cylindrical helix
* (Cylindrical helix

* Trapezium

¢ Square

* Rectangle

* Concentric (cones)

¢ Semi-cylindrical arches

2.2.2.2 Angular placement of contact surface (Stage XII)

The ideal angle for the sounding body’s contact surface varies according to its height.
Since different heights were being considered, the angle placement of the striking surface
has been considered adjustable, starting with a horizontal plane when at the performer’s
waist level (or slightly lower) as in most existing bar instruments (such as the marimba).
This then moves up so that ideally the contact (striking) is vertical to the performer’s eye

level.

2.2.2.3 Framework and mountings (Stage XIII)

The framework has to be portable and easy to set up. Clamp systems are ideal but
expensive. Therefore, clamps have not been used for the prototypes within this research,

although they are highly recommended for a professional future version of the final

prototype.

The safety of the instrument is carefully considered when designing the framework for
performances. However, the security required for an exhibition of the instrument, which,
for example, involves children playing the instrument, is not considered here for the
finalised instrument. However, this problem could be sorted simply by using short bars
with clamps on both sides joining neighbour stands with each other to have a solid frame

that could stop the stands of the finalised instrument (p. 138) from falling.
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2.2.2.4 Creative-comparative evaluation through conceptual variant designs (Stage XIV)

Following upon the method adopted, different prototypes of the instrument envisaged are
proposed (pp. 116-160) to accommodate a progressive review of the sounding bodies (in
this case steel bells) and the instrument characteristic of most interest considered (in this
case the layout). Each prototype of the instrument is compared with variant conceptual
instruments, which are formulated using the same characteristic considered for the
prototype but using a different type of main vibrating body. These conceptual variants are
designed (or at least their characteristics defined), evaluated,® and finally compared with
the corresponding prototype considered to provide feedback before moving into another
prototype. This is done systematically producing eight variant conceptual instruments for
each prototype. There is a nomenclature system to define each design, so a roman number
with subindex ‘a’ refers to the prototype, and the eight conceptual variants related to that
prototype use the same roman number with other eight different subindexes from ‘b’ to ‘i’

representing the following types of main vibrating bodies:

* b = struck bells or plates

e ¢ = struck solid bars or solid tongues
e d = struck shallow bars

* ¢ = struck strings or tongues

¢ f=struck water or membrane

* g =blown pipes or organs

* h =Dblown brass or reed instruments

e i=new vibrating bodies or hybrids

The Roman numeral system with subindexes is used to indicate the position among the
bellophone prototype group. Bellophone prototypes and bellophone prototype groups are
referred to in general using Arabic numerals (1 to 14), so as to avoid confusion with the
Roman numbers (without indexes) already used for method stages. This structuring of the
creative-comparative design approach of the method has been specially prepared for the
Case Study chosen in this research and it demonstrates the openness of the proposed

method.

8 1h some cases these evaluations are also responsible for defining the conceptual instrument in mind if a
sketch has not been elaborated.
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The subindex ‘b’ refers to an alternative metal idiophone with cylindrical symmetry. The
other subindexes mainly relate to other shapes being also struck, apart from two blown
instruments (‘g” and ‘h’) and a final design aiming either the exploration of new materials

or a hybrid of previous groups.

Evaluations and comparisons are explained in detail for each prototype of the Case Study

in this chapter (pp. 119-159), although more details are provided on Appx 3, pp. 462- 473.

2.2.2.5 Psychoacoustic implications: sliding pitch and tuning perception (Stage XV)

If the perceivable pitch continuum is successively subdivided (see microdiscretism on pp.
216-218), there is a question of how far the process can go so each pitch can be perceived
as a different one. There is also a question of how continuous the sliding pitch effect can
sound when playing a succession of neighbour tones in ascending or descending order.
These aspects are considered later on in practical situations when dealing with the

compositional and performance process.

2.2.2.6 Instrument characteristics responsible for the prototype criteria (Stage XVI)

Initially, the smoothness of the performer’s movement was considered the most important
aspect in achieving an instrument with microtonal and microdiscrete-sliding pitch
properties. However, to avoid a complex study of movement notation, the physical
disposition of the main vibrating bodies was prioritised as a way of organising the
performer’s movements; the layout of the bells became the most important aspect of the

instrument development process.
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2.2.3 Other considerations

How to extend ranges, mechanise the sound activators, amplify and modify the sound was
all considered at a posterior stage together with the development of a flight case and
maintenance manual. These considerations are treated as possible expansions of the
project and they are described under prototypes IX to XIV (pp. 141-160). These elements
are here introduced as follows (§2.2.3.1-2.2.3.6):

2.2.3.1 Sound activators

The material and shape of the sounding bodies might suggest the use of particular kinds of
sound activators. Although the sounding bodies have already been defined as part of the
general considerations, a list of general sound activators for idiophones was initially
considered for the experimentation that took place in the late period of the development

process. This list is grouped considering the physical action involved, as follows:
(1) Striking action

Mallets: Mallets’ heads can be of any desired metal (wood, metal, synthetic, etc.) and they
can be covered with soft material such as cloth, felt, rubber, and cork. Mallets can be
organised according to their hardness, or the material they are made from. Multi-mallet
holders can be custom made to match specific patterns within a layout. The back of the
mallets can also be considered an alternative striking point and they can also be custom

made to accommodate an alternative head to promote fast changes of hardness in mallets.

Sticks: As with mallets, the two ends can be used as striking points and also covered to

control the hardness (and consequently the timbre produced)

Hybrids: Shakers such as maracas can produce a struck sound at the same time that they

produce a shaking sound.
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(2) Friction action

Brushes: Shakers, such as a bamboo branch, can be used to produce a ‘windy’ friction

sound when shaken on top of membranophones to increase the friction and sound level.

Bows: Bowing idiophones with a cello or double bass bow can bring sounds of very high

pitch. This pitch is normally stable and easy to sustain.

Idiophone-to-idiophone friction: as in the case of the singing bowls (clave-like single stick
rotating around a bronze bowl), and fingertip friction with the idiophone (as in the case of

glass harmonica).

Hybrids: Maracas or a similar shaker can be used as a friction instrument on top of a
microdiscrete instrument while being shaken up and down within a chromatic row (of a
tone range for example) so the pitch of the idiophone produces a vibrato effect on top of
the continuous shaking sound of the maracas (or shaker employed). Another idea would
be a bow with a water container incorporated so, for example, the water is shaken while

playing trills or fast passages requiring continuous bow changes.
(3) Plucking action

Plectra and false nails can be used to pluck idiophones. This action can be done in a
sequence to perform microdiscrete-sliding pitch or arpeggios with the appropriate layout

and false nails can also be used to play randomly across the layout.
(4) Shaking action

Tremolo can easily be achieved by shaking sounding bodies if they have a cavity and a
clapper is hung inside. On the other hand a mallet or stick can be shaken inside the cavity
in order to produce a similar tremolo effect. If instead the holder of a maraca is used (with
the desired covering material) then a double shaking sound is produce with one single

shaking action.
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(5) Scraping action

Any uneven surface on an idiophone can be scraped to produce vibrations. Among the
many kinds of scraper surfaces one can consider to affect the sound are undulated, granular
and parallel cuts. Other factors to consider are: size of the contact surface and the material

employed.

(6) Blowing action

Hollow idiophones invite to blow inside the cavities as an alternative to use their bodies as
main vibrating source, since although they might produce a secondary vibration, the
resonance of the air inside the cavity is most likely to become the main vibrating source. If

blowing with the mouth is not achievable an air compressor gun could be employed.

(7) Pressing action

Pressing actions with idiophones are mainly used to activate mechanisms that can activate
the sound producing action rather than to directly produce the sound. Therefore a second
kind of action, produced by the mechanism to activate the main vibrating body is involved
in the process. Keyboards are the most common pressing surfaces that activate
mechanisms, as there are no limits as to how many kinds of actions the mechanisms can

execute (hammering as on the piano, plucking as on the harpsichord, etc.).

2.2.3.2 Resonating cavities

Resonators and the performance space (and subsequently the positioning within the
performance space) are the main type of resonating cavities considered. There are
individual and shared resonators. Their material and hardness affects the sound. One can
also consider variable resonators as in the case of the mouth cavity when playing one
single vibrating body (e.g. Jew’s harp) or several (e.g. kou xiang / 33k3). This could
also be transposed to a tube or box resonator with sliding mechanism to either match the
note played or to amplify different harmonics of the sound being vibrated inside the

resonator.
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2.2.3.3 Sympathy strings

Strings that vibrate in sympathy with the main vibrating body can create additional
complexity to the spectrum of the musical instrument and are worthy considering when
they can be placed (and tuned) perpendicular to the main vibrating direction of the

idiophone.

2.2.3.4 Buzzing membranes

Buzzing membranes are normally used for Kazoos and other blowing instruments such as
several Chinese flutes: dizi (55 ¥, qudi (#1%%) and bangdi (§#5). An idiophone can have an
internal cavity that is connected to the exterior through a buzzing membrane, for example a
spherical ceramic pot, so the hand tapping on the clay pot produces an internal pressure
against the membrane adding a buzzing sound to the spectrum of the instrument. This idea
is actually borrowed from the Guatemalan marimba de tecomates, which incorporates a

buzzing membrane on a resonator’s hole.*

2.2.3.5 MIDI and mechanised-playing systems

Yamaha'’s Disklavier system improved the already amazing work done before with Player
pianos. The work of Nancarrow would probably not have been so praised had the player
piano technology been available to other experimental composers of his time. Solenoid
systems attached to the keyboard and linked to sequencer with a MIDI to relay interface
have taken over this technology. However, the work of Nancarrow remains an inspiration
to the composer working at the edge of the technology resources available to play

mechanised acoustic instruments.

8 In this case dried.cow’S intestine skin (paper) is placed on top of a bee wax ring, the resonator being
traditionally made with gourds and nowadays with cedar wood (combining for trapezoids and four triangles).
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The incorporation of MIDI technology to a simulation of musical instrument was already
suggested when defining a MAVMI (MIDI audio-visual musical instrument).” Although
the 3-D modelling is considered part of this thesis, the internal programming linking the
models with MIDI is not since it requires cutting edge programming knowledge.
However, a programmer was hired to prove that this is possible in order to promote regular
development of MAVMIs as an alternative way of conceiving and interacting with new
musical instruments with much higher rate of productivity in the overall compositional
process.91 This approach supports an idea put forward by other experts in the area of
instrument making, building the MAVMI for its performance once the instrument has

proven to be efficient for a wide range of techniques (in its virtual form).

2.2.3.6 Flight Case and maintenance

Although it is most desired to complete the project with a study of ways to build a hard
case for musical instruments and a prototype of case, the subject is available and extensive
to consider it in depth. Also, extended versions of the instrument devised in the final
stages of this research (see prototypes 1-14, pp. 141-160) that were not built, will have to
be considered as a substitute for the instrument built as part of this research (the conic
bellophone) before considering designing a flight case, since the extended version is
supposed to replace the version here developed. A future project focussing on building
and studying these extended versions is envisaged as a research expansion that would lead
to a finalised extended version. This project should be concluded with the flight case
design (and construction) and a simple set maintenance instructions, which is why they are

not considered part of this research project.

% See page 40
! When dealing with instrument development-led composition.
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2.3 The development of the conic bellophone in relation to the compositions

(Stage groups D and E)

A systematic approach for the development of the bellophone has been adopted (Fig. 5,
p. 13), after an initial period of experimenting and realising what the most relevant
guidelines were. Each bellophone prototype examines the potential of employing a
different shape for the layout of a set of bells.”? Each prototype explores a different
technique or theoretical concept through a parallel composing process to the development.
An evaluation system is proposed (pp. 364-371) and used to compare the different
bellophone prototypes, so as to provide additional support for a gradual progression into
the prototype that best suits the compositional demands of microtonality and
microdiscrete-sliding pitch, while still keeping a good sounding aesthetics, and visual

appeal in harmony with the performer’s movements.

In addition to this comparative approach between stages, a creative-comparative strategy is
independently utilised for each bellophone prototype incorporating the same evaluation
system. The strategy consists of defining (and designing in some cases), evaluating and
comparing variant conceptual instruments with the prototype considered following these

guidelines:

(1) Each conceptual variant should employ a different type of sounding body according to
previously agreed aspect(s),” and ideally the number of variant conceptual instruments

should be fixed according to what different subcategories of the aspect(s) considered.

(2) The layout of each conceptual variant must follow the same shape as the prototype that

is going to be compared with.

(3) The composition written for the prototype should be playable in each of the variant

conceptual instruments.

921n all the cases the prototype is labelled with the shape of the layout, followed by the term conic
bellophone, since the conical shape of the bells was kept throughout all of these designs.

9 For the Case Study different materials and shapes of sounding bodies are considered, which is decided as
part of Stage X VI, although here anticipated for clarification.
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After clarifying the concepts and criteria backing up the evaluation system, the eight
bellophone prototypes and six additions already introduced, will be described in

chronological order.

For referencing purposes, the detailed evaluation charts for each group are provided (pp.
461-473), while the description and sketches of the variant conceptual instruments (to the
bellophone prototypes) that where developed further than conceptually are explained on
pp. 372-460. In this chapter only the average percentage for each of the four main
evaluation categories and the total average value for each instrument is provided together

with a detailed description of the corresponding bellophone prototype.**

2.3.1 Prototype 1: Non-cylindrical helix layouts and the spiral conic bellophone

This group represent instruments that somehow have incorporated in their design any kind

of helix apart from the one, which is contained inside a cylinder.

2.3.1.1 The development of the spiral conic bellophone prototype

The very first way in which the layout of conical bells was conceived focuses on achieving
sliding pitch, with strong influence of corporeality (as defined by Harry Partch in GM, see

Abbreviations). It consisted of a conical helix around the performer (see Fig. 48).

Fig. 48. Initial disposition of the spiral conic bellophone (1a).

% In the sections to follow references to the compositional practice are incorporated to the text describing the
score (or sketch) number as well as the CD and/or DVD track number. In order to avoid taking too much
space in the text for this purpose the reference to the page in which the composition is described in Chapter 3
is not necessarily described since they are very easy to find, so it is assumed that the reader will look for the
composition description in Chapter 3 when additional information about the work that is described in this
chapter is required to understand the instrument practice.
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In order to sustain the spiral and make it easy between different levels of the spiral, the
frame shown in Fig. 49, a slight conical helix with four legs, was first sketched, so equal

distance between the striking points could be arranged to easily achieve parallel glissandi
(Fig. 50).
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Fig. 49. Non-cylindrical helix frame.
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Fig. 50. Ideal striking points inside the spiral.

This frame can be used to position the striking point of the bells in the inside (see Fig. 51

and the outside (Fig. 52). Having extra players increases the potential corporeal expression
(see Glossary) of the instruments.

Fig. 52. Outer layout of bells in the non-cylindrical helix layout.
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2.3.1.2 Feedback from the compositional practice for the non-cylindrical helix layout

At this early stage of the bellophone development, simple glissando exercises from bottom
to top of the range were prepared, either plain or doing zigzag patterns, incorporating
parallel glissando too. In the outer layout of the bellophone no problem was encountered
and parallel glissando exercises had no limit since as many players as necessary can be
incorporated. The speed can be a problem, but in that case is better to use the higher range
of the bellophone placed inside the spiral. However, it is difficult to realise the glissandi
inside the spiral. Considering the implied cylindrical layout of the striking points inside
the conical spiral frame (Fig. 50) it becomes difficult for the player to slide the mallets
with parallel glissandi at the lowest level of the bellophone, since it requires the player to
bend knees, loosing this way body rotation mobility. Therefore a cylindrical frame would
be more practical for that purpose, which would also be equally favouring the inner and the

outer curved position of the striking points as explained later on (Fig. 55).

2.3.1.3 Feedback from the variant conceptual instruments with non-cylindrical helix

layout

The spiral conic bellophone has the highest total average evaluation for the non-cylindrical
helix layout group, 79% (Fig. 53, below),” while the spiral rotary organ has the highest
average percentage for glissando (97%) and also microtonality (100%). Therefore the
spiral rotary organ apart from challenging the pitch capabilities of the spiral conic
bellophone, it could have complementary function when combined, since it would provide
a sustained tone with clear pitch, unlike the conic bell sound, while the corporeal

expression is still high thanks to the bellophone player.

Another variant conceptual instrument, and also a struck metallophone, with relevant
glissando capabilities is the cyclic Whitechapel bellophone, which provides a layout, which

allows glissando in either small steps or large steps. This idea can also be applied to the

%5 From now onwards, the details of the evaluations for the 14 feedback sections (2.3.1.3, 2.3.2.3,...,
2.3.14.3) corresponding to each of the 14 bellophone prototypes can be followed in the full charts available
in §A3.3 (pp. 372-460). Also notice that the percentages are subjective values referring to the instrument
capability and in other words defining how ideal the characteristic of the instrument considered are towards
the achievement of: (1) glissando (sliding pitch), (2) microtonality, (3) a distinctive timbre, and corporeal
(visual and spatial sound) expression.
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spiral conic bellophone so the glissando is played vertically for larger steps, if placed close

to each other.

The Harrison Luo-Abu Mbira (p. 430) with its 100% of corporeal expression inspires the
spiral conic bellophone to explore new sound producing techniques in order to enhance its
corporeal expression and its timbre (e.g. blowing compressed air into mouths of the conic

bells in a sequence of having people running around while playing glissandi).

GfOUp I Glis.Micr.Tim. C.E. Tot.

1, |Spiral Conic Bellophone 16772|81/94|79
1, |Cyclic Whitechapel Bellophane 77|56|76|67|69
I, lSlandafkty Spiral Bass Marimba 4ﬂ33 39|94|53
14 |Spiral T'Rungophone 73|39 4L 67|55
I. |Spiral Harp 73|50(52|83|65
_!, |Spiral Splashophone 63|17|43|67|47
L |Spiral Rotary Pipe Organ 97 (100/52|39|72
1, [spiral Tin Oboe (Conic Core) 53|78(69|28|57
I lHarm(m Luo-Abu Mbrra 67133 44 (10061

Fig. 53. Evaluation for the non-cylindrical helix layout group.

2.3.1.4 An assessment of the spiral conic bellophone prototype and its group

Considering the cylindrical layout of the striking points inside the conical spiral frame
(above, Fig. 50), it becomes difficult for the player to slide the mallets with parallel
glissandi at the lowest level of the bellophone, since it requires the player to bend knees,
loosing this way rotational mobility. Therefore a cylindrical frame would be more
practical for that purpose, which would also be equally favouring the inner and the outer

curved position of the striking points as explained later on (see Fig. 55).

Although the spiral conic bellophone can have some movement restrictions when playing
from inside of the instrument, it can also be considered an ideal instrument to provide
referential microtonal pitches and a precise gliding tone at quite a wide range of speeds, so

it can be imitated or used as a clue to indicate pitch.
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2.3.2 Prototype 2: Cylindrical helix layouts and the coil conic bellophone

This group refers strictly to instruments using a cylindrical helix as part of their design,
which means is less flexible than the previous than the previous shaped considered, but at
the same time it offers. Whether the shape is used to define a frame, striking points,
positioning of sounding bodies, the air-column that vibrates, or any other aspect of the
design, it will always offer a cylindrical internal empty space to consider when in the
performance of the instrument or simple to incorporate additional sounding or resonating

bodies.

2.3.2.1 The development of the coil conic bellophone prototype

The name refers to the coil shape that the frame here proposed (Fig. 54). This frame
allows the striking points to easily adopt a curve bringing lower ones close to the
performer, which makes the performance easier and more effective, whether the bells are
positioned inside or outside the coil (see Fig. 55 for an example of the bells positioned

inside the coil and allowing a comfortable parallel glissando in this case).

r«——_--__‘_-.‘v "

—_——

.

Fig. 54. Sketch of the coil conic bellophone’s frame.

\

A

P

Fig. 55. Example of ideal bell position.
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2.3.2.2 Feedback from the compositional practice for the cylindrical helix layout group

No formal composition or study was prepared, but the glissando exercises from bottom to
top of the range, and doing zigzag patterns, and the parallel glissando previously
considered for the spiral conic bellophone were also considered for the cylindrical helix
layout group, and there is no doubt that they can be more easily achieved in this new

prototype.

A melodic sketch, later on to be used in the central area of Prelude No 1 (Sc. 11/ CD-tk 11/
DVDI-tk 11) for the conic bellophone, was composed keeping in mind this layout and

ideally an equal distance between the striking points.

2.3.2.3 Feedback from the variant conceptual instruments with cylindrical helix layout

Most of the mallet instruments from this group are characterised by high corporeal
expression including the coil conic bellophone. However, the coil conic bellophone has

better values for most of the pitch capabilities and timbre..

The outer layout of the bellophone also improves the spiral conic bellophone prototype
since the lower bells do not come out as much in this prototype avoiding the risk of the
performer moving around the instrument being hit by the bell. The rotary harps (p. 442),
with a substantial evaluation and a timbre very different from the one of a steel conical

bell, is an ideal candidate to combine with the coil conic bellophone within this group.

Group II Glis. Micr. Tim. C.E Tot.
11, |Coil Conic Bellophone 57|50 81 100[ 72
11, |Coll Sarunay |s0]28]87 8963
| II, |Ring ofRusc;(M‘*W\ 5? 22| 54 | B3| 54

;ilqhasrshxrkn!ﬁlmr — Is7] jgl:?e:mo 66
11, |Rotary Harps |80 447‘ 65| 56 | 61
| I1; |Uchiwa Taikophone (K.Suz ma.)| 40 | 17 70794 55

I1, | Siding French Hom 77| 67| 67|33 61
|60 |33|59|67|55
‘.“ [Cooperative Ceramic B.Pri.Fhte | SO | 67 | 63 | 108 71

: 11, |Ceramic Coil Fhute
o bt

Fig. 56. Evaluation for the cylindrical helix layout group.
2.3.2.4 An assessment of the coil conic bellophone and its group

The spiral conic bellophone’s microtonal and gliding properties can be sacrificed using the
coil conic bellophone in order to gain corporeal expression, and especially when
considering several players. The conceptual variants have provided a wide view of how

this shape can highly influence the potential corporeal expression of the instruments.
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2.3.3 Prototype 3: Trapezoidal layouts and the trapezoidal conic bellophone

Hammered conic bells are here used. They are made of mild steel instead of aeronautic

steel, sounding a fifth below a set of spun bells of the same size.

After having started with reasonably satisfactory values in a first stage where curves where
predominant, a new series of prototypes consisting mainly of straight lines were developed
(apart from the concentric layout which is itself part of a frame with a mix of curves and
straight lines). Something surprising about these prototypes using straight lines and
employing several shapes for the main frame (or layout), is that in most of the cases the
total value of the instrument’s capabilities is substantially lower than the one of the

previous prototypes. The trapezoidal layout is the first shape of this transition period.

2.3.3.1 The development of the trapezoidal conic bellophone prototype

The idea is to keep the conical bells sustained in parallel bars placed inside a wooden
resonance box keeping the same distance between the edges of the bells, and the same
amount of bells per row, so since the bells get smaller as the pitch gets higher the overall
layout becomes a trapezium. The frames in Fig. 57 and Fig. 58 have 12 bells per row in
sixteenthtones, therefore covering a tone and a half per row, and just one step under the
octave interval. In order to reach the octave interval or what is more interesting for the
tone quality of steel cone-shaped bells, the stretched octaves, an extra row should be added
on top. The 96-et trapezoidal conic bellophone in Fig. 57 has a balance problem since
more weight is on one side and this can easily be resolved by rearranging the lower frame
with the legs. The 192-et trapezoidal conic bellophone in Fig. 58 has no problem with the
balance since almost the same weight is kept in both sides and simply the back side keeps
an additional 96-et conic bell set tuning throughout the bells but thirtysecondtone apart
from the front set, in a similar way than two pianos are tuned a quartertone apart from each

other to achieve quartertones.
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Fig. 57. The 96-et trapezoidal conic bellophone. Fig. 58. The 192-et trapezoidal conic bellophone
2.3.3.2 Feedback from the compositional practice for the trapezoidal layout group

Sixteen notes per row were mostly desirable since it makes it easy to cover a smooth whole
tone glissando. For that purpose Study No 1 (One row study/ Sc. 1/ CD-tks 1, 12, 13/
DVDI-tks 1, 12, 13) was written to practice fast passages, so the player can practice and
get used to the different distances between striking points for each of the rows. In the end,
the 12 bells per row was kept since the glissando sliding mallets cannot be kept smooth
with 16 notes per row, at least in the lower rows when moving to the row above. However,
the One row study could be arranged to 12 bells. Notice that hammered conic bells were

considered for this layout.

2.3.3.3 Feedback from the variant conceptual instruments with trapezoidal layout

The square handchimes also named handchimes (and metal boncas;”® other trademark
names are also used, such as MelodyChime® by Schulmerich and choirchime by
Malmark), and a high quality handbell (such as the one produced at the Whitechapel
foundry in London, UK), provide a very simple harmonic content metallic sound, as
opposed to the sound of conic bells, of rich harmonic components. The metallic tone
colour of square metal chimes provides an ideal reference pitch, which is what makes 111,
and 1114 the perfect microtonal instruments and at the same time places their total value
above the trapezoidal conic bellophone. However, as reflected in the values of the timbre
subcategories (Fig. A3.81, p. 463) there is a higher harmonic content in the conic bell, than
in the Whitechapel bell (W. Bellophone) and than in the square chime used for the

. Sawyer, D. 1977. Vibrations, making unorthodox musical instruments. pp. 24-25.
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trapezoidal boncaphones (p. 454), producing a more distinctive tone and still with a pitch
definite enough for up to 32 divisions of the 12-et tone, which makes the conic bell ideal

when high volume cannot be used to provide cues or references to other instruments.”’

Group III Glis. Micr.Tim C.E. Tot.

I11,| Trapezoidal Canic Be llophone [67 1 ()O1 81(67|79
TI1,{Trapezoidal W lkﬂ;\;;hv\ng:’vbt\‘::.‘6777;06\9] 67|82
11, Trapezosdal Clivescrapophone | 70|89 63|67 72
1“ T rapezoidal Boncaphones(96. UQ’: \77 ()6 89\67 84
lll lr.spcmnh]}ium;nnm 77570 EG /'4 56 59-
111 Water Drumophone 7 7 43 |56 48 61 Sé
m;Shdm;. Tecomate Flute (buzz.m.) | ‘(30 44 56 44 51
ﬁsl\im‘_ Tmi{c(mr’\arx;’ Oboe ] 60 44 76 33 Ab;
m‘jl’mu mbira (77 1\)0\85‘61 81

Fig. 59. Evaluation for the trapezoidal layout group.
2.3.3.4 An assessment of the trapezoidal conic bellophone and its group

The metallic quality of the conic bell sound is unique and easy to distinguish among most
Western orchestral instruments, unlike the wind-like quality of the handchime sound.
However, the loudness of the handchime can support the conic bell providing reference
pitch to other parts when the overall sound of the composition is loud for as long as the
texture is not too thick or rich in wind quality, in which case a good quality handbell such
as the Whitechapel, can be used instead. In general the handbell (Whitechapel or similar)
can be considered to occupy a mid-range of dynamics between the square chimes and the

conic bells.

2.3.4 Prototype 4: Square layouts and the square conic bellophone

The motivation to explore a square layout was to produce a distribution of the sounding
bodies that could ease sight-reading two digits numerical notation. This not only supports
Carrillo’s 96-et’s numerical notation, but also the one proposed by his student Espejo,

which uses the 100 pitch values per octave in just intonation (see p. 250 for more details).

97 The handchime and the Whitechapel handbell still have a wider amplitude scope than the conic bell.
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The idea is to distribute the striking points of the sounding bodies in a ten-by-ten layout so
the first number from the two digit number notated (0 to 9) corresponds to the row and the
second to the column. Although the idea was inspired by Carrillo’s persistent striving to
improve staff notation with the use of numbers to refer to pitch and less lines to simplify
the notation, it also has the potential to be used to associate a number with a position
regardless of the pitch, but relating to what is being struck, plucked, tapped, rubbed,
shaken, blown, etc. Therefore, this layout also seems to suggest notation for instruments

of hybrid nature (see §4.3.6 on p. 214).

2.3.4.1 The development of the square conic bellophone prototype

Following the ten-by-ten layout, this prototype was conceived using a frame where the
square grid can be rotated at the convenient angle, and the bells can be placed so the
striking points are at equal distances (Fig. 60). The bells are positioned in increasing pitch
sequence from left to right, so the bottom left bell has the lowest pitch and the top right
bell the highest.

Fig. 60. The square conic bellophone.

2.3.4.2 Feedback from the compositional practice for the square layout

Although Espejo’s just intonation system was initially considered,” the need to maintain
the same tuning throughout all the prototypes for the conic bellophone,” did not leave
space for new considerations. And if this had been used, a conic bell does not provide a

pitch that is clean enough to consider the precision required by just intonation. Study No 2

9 | owest note has the same relation to the other 99 notes than the 100" harmonic (in the harmonic series)
has to the 99 harmonics above.

9go as to be able to play all the studies composed for each prototype in the final design for the conic
bellophone.
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(Chess study / Sc. 2/ CD-tk 2, DVDI-tk 2) was composed as a work that playing every

single bell to serve as a test for the cone positioning before performance.

Having an instrument with highly inharmonic spectra and with four different types of
octave (1200 ¢, 1212.5 ¢, 1225 ¢ and 1237.5 ¢) seemed to suggest the usage of the most
appropriate octave to match the spectra of the conic bell to resolve the study, and although
the 1200 ¢ interval (0-97) is notated at the end the performer can play one that sounds
more consonant out of the three possible stretched octaves instead. This indication is
placed in the published version of the study to provoke awareness of stretched octave and

educate and tune the performer’s ear to the inharmonic spectra of the conic bell.

2.3.4.3 Feedback from the variant conceptual instruments with square layout

The square Ahualulco chromelodeon has a keyboard design (p. 409) exploring further the
concept of split keys developed by Don Nicola Vicentino’s archicembalo. It is a
contrasting example for the square conic bellophone’s approach. The evaluation obtained
by this keyboard is much higher than any other instrument of the group (Fig. 61). Using
reeds and a mechanised blowing system (rather than a pedal system) makes the instrument
ideal for microtonality. The square Ahualulco keyboard layout (see Fig. A3.28, p. 408)
can be substituted by a ten-by-ten layout if numerical notation was to be considered. In
both cases the reeds would provide an interesting sound to combine with the one of the
conic bells, but a square layout using visible dimensions could influence the visual
presentation of the music and consequently its dramatic impact on the audience perceives

the music.

The Chinese opera gongophone (1V)) is a variant conceptual instrument derived from the
composition Seasons (Sc. 12). The part for Chinese opera gongophone that has already
been written does not require the MIDI interface since it can be played with a bit of
practice by a percussionist and probably using two digits with the numbers 0, 1, 2, 3 to

notate each coordinate in the four-by-four grid.
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Group IV Glis.Micr.Tim. C.E. Tot.

v, |Square Conic ] Bellophone 43 78 81 67 67
IV, Square Rotating Matsumushiphone | 50 | 56 915663
Wﬁqmrc Buzzing Lithophone ['60 67 87 | 44| 65

&qmrc stepped Bonangophone 5 _Sg EZ 57
IV, Cubic Mbra [43]67] 76| 44|58
v, Sqmrc Bmms(l()xla 570736 48 44 50|
IV, ’\quart Panpipe (bun_mcn;h npz) 47T 44 | 63 39 48
lV \q\nrt Ahmhko(‘hmmtbdccmﬁi *937 0() 67 89 87
v, |Chinese Opera Gongophone (MIDI) | 73 78 74 | 44|67

Fig. 61. Evaluation for the square layout group.

2.3.4.4 An assessment of the square conic bellophone and its group

All the struck idiophones designed for this group receive slightly higher evaluation than
the others in terms of timbre, while the square Ahualulco chromelodeon for microtonality
(100% capability value) and sliding pitch (93%), can be easily improved incorporating a
mechanised-MIDI player system to the keyboard to make it an ideal instrument to provide

microtonal and sliding pitch guidelines to an ensemble together with the conic bellophone.

2.3.5 Prototype 5: Rectangular layouts and the rectangular conic bellophone

The rectangle and the square are unusual shapes for musical instruments and particularly
among mallet instruments, which have trapezoidal shape layout. The interest for equal
distances between striking points led us to explore rectangle shapes in six different new
mallet instruments and in instruments of totally different nature (plucked string, reed

keyboard and sliding brass).

2.3.5.1 The development of the rectangular conic bellophone prototype

Hammered conic bells were still used for this bellophone development phase. There was
some initial doubt about whether the frame would be twelve-by-eight or the other way
around to cover one octave range. If 10 bells straight-line horizontal row were already a
tight stretch to perform a smooth glissando in the square conic bellophone (from left to
right), 12 bells straight horizontal line would have been almost impossible. Consequently

the layout employing 8 bells in the horizontal by 12 bells in the vertical layout, was

127



Chapter Two: Instrument development

adopted in the end. Finally, and in order to make easy the exact slide of a semitone
between two notes contained within the 12-et, an additional bell was placed in each row (a
total of 9 bells), repeating the note that comes in the sequence of an 8 bell row and
particularly the note of the bells above the one on the very left of the sequence. This
repeated note also allows the performer to perform smooth glissandi employing several
rows, since there are two options about where to play the note in the sequence that can
easily disrupt the smoothness of glissando between 12-et notes. An additional row can be
placed on top of the frame so either 9 extra notes in the sequence can be placed above to
achieve several types of stretched octaves or simply 9 different tones above the octave
required by the composition, regardless of which pitch they have within the indicated high
register. The three-dimensional prototype prepared (Figs. 62 and 63) allows frame rotation
at the point the square frame joints the stand to allow adjustment with a slight angle, being
represented in the diagram in vertical position. The stand is supposed to have adjustable

height so it is represented here at its lowest possible height.

Figs. 62 and 63. Eye-level and aerial views of the rectangular conic bellophone.

2.3.5.2 Feedback from the compositional practice for the rectangular layout

Having extended the rectangular twelve-by-eight layout to have repeated notes in a ninth
column (a twelve-by-nine grid, extendable to thirteen-by-nine) to cover a full semitone
step (eight sixteenthtone steps) by means of glissando, Study No 3 (Glissando study/ Sc. 3/
CD-tk 3/ DVDI-tk 3) was composed illustrating a parallel glissandi among two parts 375 ¢
apart, close to the a just major third (ratio 5/4, 386.3 ¢).
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The rectangular frame is longer on the vertical axis to cover just above an octave. It seems
easy to play a one part gliding tone for the Glissando study by sharing half of the
instrument with each mallet, but when the parallel parts are initiated it seems better to play
the parallel glissandi with two mallets in one hand, also sharing each half of the instrument
with the corresponding hand, rather than using one mallet for each of the two parallel parts
since the body has to follow the horizontal in parallel to keep it steady. This suggests the
curving of the horizontal to ease such kind of movement, and after this prototype a gradual

return to the usage of curves in the prototype design made a consistent change in the

evaluations.

2.3.5.3 Feedback from the variant conceptual instruments with rectangular layout

The most remarkable value observed is the 100% microtonal capability given to the
Ahualulco portative organ (Fig. 64). This instrument (V,) has a similar keyboard design
than the square Ahualulco chromelodeon (1Vy), although it uses pipes instead of reed.
This instrument, also having MIDI capabilities, constitutes an ideal instrument to perform
with the rectangular conic bellophone (in terms of exploring pitch resources) while

keeping rectangular shapes in the stage for corporeal expression purposes.

There is also a remarkable timbre in a trianglephone (with square frame), which makes it
rather unique. However, its pitch is not as definite as it would be desired, which can be an

issue when provided reference pitch to other parts.

GI’OUP V Glis.Micr.Tim.C.E. Tot.

V, |Rectangular Conic Bellophone 43 |67 |81 67|65
V, | Trianglephone 70 |44 |94 | 39|62
V., | springophone 53 |44 85|50 58
V| Tubular Springophone 372881 44|48
V. [Carrillo Sympathy Harp 67|78 |83 |56]|71

V; |Finger Rectangular Booms (8x6) 50|39 |61 56|51
V; |Ahuahiico Portative Organ (Solar U) | 70 | 100| 52 | 44 | 67
V,, |Double Shiding Bass Trombone 87|61|72|50)|68
V. |Marimbaflor 63|67 |67|56|63

Fig. 64. Evaluation for the rectangular layout group.
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2.3.5.4 An assessment of the rectangular conic bellophone and its group

The rectangular layout of a hybrid instrument proposed, the marimbaflor, suggests the
usage of numerical notation using two digits to provide horizontal and vertical position
respectively within the rectangular grid. The marimbaflor’s layout was defined by the
geometry related to the mathematical formula used for a composition originally for conic
bellophone and guitar duo but envisaged to have at least this additional instrument.'®
From the visual point of view, the rectangular conic bellophone matches the rectangular
layout of the marimbaflor, and the corporeal expression of the performer by using similar
movements in the performance. This idea still needs reconsideration and the guitar could
also be conceived with rectangular body,'®" while the Ahualulco portative organ, or the
version using a ten-by-ten keyboard (using two consecutive squares to make a rectangle

and reach a wider range) also have the potential to be incorporated into the project.

This group in general (and the previous) has more potential than what the evaluation can
offer. In this case documenting the potential is a very important part of the overall
instrument development practice, and in this case the ideas have been sketched in Chapter

3 as part of the compositional works in progress they belong to.

The rectangular conic bellophone has suggested and informed the composition of an
important work for the exploration of clusters with conic bells, Study No 4 (Timbral study/
DVDIl-tk 4). Its sampled simulation (CD-tk 4) remains as sounding proof for future
reference when composing for conic bellophone using clusters, regardless of which

prototype is used.

The rectangular conic bellophone might not be as ideal for performing fast passages with
glissandi as it is for microtonality. By having each row containing a semitone it is very
easy to locate the seven microtonal values placed between each regular note of the 12-et,
and since this is done keeping equal distance between striking points (unlike trapezoidal
layouts) it is also easy to perform parallel glissando between notes that are located close to

each other.

19 This composition extends the work Improvisatory patterns 11 (Soled) as submitted, but still at an early
drafting stage to be considered for this research, which is why is not explained in Ch.3.
101 1 a similar way than the body of the Moroccan hajhuj.
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2.3.6 Prototype 6: Concentric layouts and the concentric conic bellophone

With the initial idea of having an ergonomic layout in which sounding bodies are mounted
into each other or inside each other to save space, the term concentric was adopted
involving this way cylindrical or spherical symmetry as it was previously done when

conceiving the conic bells.

2.3.6.1 The development of the concentric conic bellophone prototype

A test was run using regular conic bells placing cones slightly inside each other. The result
is a substantial reduction of the bell’s volume, which is not desired here. Therefore, in
order to fit around 10 bells vertical in a slightly curved line (to favour vertical mallet
sliding), the shape of the bell has been changed and therefore the bells are not considered
conic bells anymore, but wide cone bells. The angle between the side of the bell’s cone
and the axis, here considered is 30°. A rectangular frame holds ten vertical bars, each of

them containing ten bells (Figs. 65 and 66).

/////////i
" -

®

L

Figs. 65 and 66. The concentric conic bellophone starting at ground level and knees level respectively.

The sound of wide cone bells and in general conical shape bells with wider angle between
side and axis than the conic bell proved to be slightly more inharmonic in early

experimentation but did not considerably affect pitch clarity, which is what matters.
Fig. 65 and Fig. 66 contain cones of the same size as something that needs to be detailed in
this representation, since the gradation of pitch can be used in three different ways

according to the needs of the composition:

(1) Ascending pitch from left to right and starting at the bottom left bell.
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(2) Ascending pitch from top to bottom and starting with the top left bell going
down the vertical and then moving onto the next vertical.

(3) Ascending pitch from bottom to top and starting with the bottom left bell going

up and then moving onto the next vertical.

2.3.6.2 Feedback from the compositional practice for the concentric conic bellophone

The work composed for the concentric conic bellophone, Timbral study (Study No 4/ Sc. 4/
CD-tk 4), employs ascending pitch from left to right and starting at the bottom left bell.
Therefore the bells get smaller as one goes further up in the verticals, with the smallest at
the top-right side of the frame. The composition requires the striking points to be equally
distant, so the four-mallet clusters can easily be achieved throughout the grid. This
exploration of clusters in three verticals covers four bells per cluster (see p. 170), which
produces a harmonically rich sound resembling that of distant church bells. By using the
ten-by-ten layout, each horizontal contains three clusters, the middle cluster sharing a note

with the one to the left, and another note with the one to the right.

The performer is invited in this work to ornament the clusters doing downwards glissando,
suggested by the curves found in the verticals which can also be considered tied cluster
notes, and the performer can choose how many tied clusters produces the most pleasant
and (or) interesting sound, although this is limited by the tempo at which the work is

performed.
2.3.6.3 Feedback from the variant conceptual instruments with concentric layout

The MIDI multi concentric ceramic drums (enchanted forest), a set of mechanised
microtonal tapping drums, is a major contribution to the group, and not only due to its
highest total evaluation but also a 97% of glissando capability (Fig. 67), and particularly
microdiscrete-sliding pitch that can ideally arrange in sequence around the performance
space. This instrument would be ideal to combine the concentric conic bellophone and
mask the sharp attack produced by wide conic bells when microdiscrete-sliding pitch is
played. The curved bars supporting the wide conic bells in a vertical plane would have

also match the spherical shape of the ceramic pots of the enchanted forest.
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To make up for the lack of performer when using instrumentation with the enchanted
forest, a concentric ceramic drum can be incorporated to have a performer involved in the

tapping process too, and interacting with mechanised tapping actions.

This group also has an instrument with a distinctive highly metallic timbre, the
tettouphone, which could also be considered to cut through the timbre of a large ensemble
or orchestra. This instrument, using cylindrical concentric shapes, can produces a wide
range of volume keeping its sound quality, unlike the concentric conic bellophone which
cannot produce a pleasant sound when stroke too hard. Experimenting with different
materials would be required to find the ideal one to provide referential microtonal and

sliding pitches to other instruments of an ensemble or orchestra.

Group VI Glis. Micr. Tim. C.E. Tot.

VI,|Concentric Conic Bellophone W43]56‘4a 7856
V],ur\mhmcs(lhukbrorzcam;\ab) 53|39 70 56 Sg
VL | Toroidal Hand Rotating Mbira J_éo 39| ( 7937\} MEB
V) — 5756 | 85|44 60|
VIt(onn.cmnc l‘rell:ssVasclulc(smS) ﬁ50 56 72 61
V1| Cone. Coramn. Drun (Doubk) 90 (1750|9463
Vl‘(;;. nglhuhl&nml(:hdwn;:ln'nc) 80 (67 |59 |39 sf
WimCamo:,msm“axdfo) 93\67L61’;44 66 |
Vi lwmmm nc CerDrums (Ench Forest) I 97|78 |57 |89|80

Fig. 67. Evaluation for the concentric layout group.

2.3.6.4 An assessment of the concentric conic bellophone and its group

The tettouphone (chromatic version of the Japanese fettou), which provides a perspective
on how metal cylinders can be placed concentrically, was the most inspiring variant
conceptual instruments. The variety of smoothness of timbres makes the group exquisite

and unique in sound quality.

2.3.7 Prototype 7: Arched layouts 1,'? and the 3S conic bellophone

While using straight lines in the designs (trapeziums, squares and rectangles),

microtonality was fairly easy to achieve by placing the bells in the appropriate order.

192 Arched layouts are covered within the periods in which prototypes 7 to 9 were developed, represented
with the roman numerals | to I11.
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However, in order to achieve sliding pitch the movements seemed a bit forced and the
fluidity of the performer’s movement when covering a full range glissando either in
ascending or descending order was not ideal while almost impossible for parallel glissando
more than a third apart. For this reason a new series of arched layouts were initiated

determining in the end the ideal prototype for conic bellophone.

2.3.7.1 The development of the 3S conic bellophone prototype'”

This instrument is also named the arched conic bellophone I (Fig. 68), to relate to the
group name (used in Fig. 69). The frame consists of three poles or stands and six metal
bars, each of them divided into two (on fitting and locking inside the other) for portability
purposes. Each bar is locked into the side-poles, passing through the middle pole to get

support but not being locked to it, so it can easily be adjusted.

Fig. 68. The 3S conic bellophone.

This instrument was initially intended to have semi-circular shape but in that case two
performers would not be able to play due to the restricted space. For that reason the final

shape adopted was arched.

2.3.7.2 Feedback from the compositional practice for the 3S arched conic bellophone

Study No 5 (Polyrhythmic study/ Sc. 5/ CD-tk 5/ DVDI-tk 5) was composed in parallel to
the development of this prototype. The difficulties of a study using two parts with crossed

103 3§ means three stands referring to the three poles holding the whole frame.
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rhythms was thought as an ideal way of practicing fast note location on what so far was

considered an ideal layout for the conic bellophone in terms of microtonality.

Study No 6 (Sc. 6/ CD-tk 6/ DVD1-tk 6), for four hands, was initiated while this instrument

was being developed, as a way of illustrating the corporeal limits of this instrument.

The struggle to reach the notes easily in Study No 5, while Study No 6 did require slightly
over an octave of range, led to the next prototype in which additional bells are incorporated
while the shape can be adjusted between semicircle and arch to match the number of

players.

2.3.7.3 Feedback from the variant conceptual instruments with arched layout I (3 or 4
legs support)

Several instruments from this conceptual variant group where thought of as sharing the
frame (these being the ones whose name starts with ‘waterfall’, employing the quarter-
section of a cylinder in horizontal position). These instruments have four legs and can be
placed facing each other so the overall shape of the two frames together is half-cylinder.
Two of them, VIl and VIl4, have exceptional timbre values within the group and can be
considered to accompany an ensemble with this bellophone prototype or in general any of
the prototypes to follow since they are also arched (if we consider a semicircle to be an

arch), if we look at visual harmony of this shape in the stage.

The arched conic bellophone I has low glissando capabilities compared to the last four
instruments of the group. Considering that those four instruments are blown instruments
and with low corporeal expression capabilities, they can be considered somehow

complementary for a balanced overall evaluation of the ensemble.

The ceramic arched tongued boxes, having a similar value to the arched conic bellophone
1, it has a very different timbre which could be explored adding resonators or buzzing
membranes to its design in order to expand the range of possible sounding qualities to
combine with any of the arched conic bellophones, both having high corporeal expression

and very similar shape.
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Group V II Glis. Micr. Tim. C.E. Tot.

VII, [Arched Canic Bellophane 1(3) | 60 | 78 | 59| 78( 69
V11, |Waterfall Gender (Slenthem) 60| 78|93|72] 76
VL, |Waterfall Clavescrapopbone | 53 | 67| 56| 67 61
V11, | Waterfall Copper Tubaphone 160 89 89 72|78
VIL | Corame Arched Tongae boxes |50 67 59 67 61
V11| Sliding Bird Whistle ;AJ_QAOJS_G ‘E?iﬁ_ 66|
VII, |Siiding Cooperative Arched Ocarna | 80 | 78 | 61 | 61| 70
VI, | Cooperative Brass StdingArches (coil) | 93 | 100| 74 | 72| 85
VII | Cooperative Kakkou Side Whiste | 80 | 78 | 56 | 67 | 70

Fig. 69. Evaluation for the arched layout I group.

2.3.7.4 An assessment of the three stand arched conic bellophone I and its group

It is probably the high corporeal expression capability of the arched conic bellophone 1
that makes it remarkable among the (partly due to its arched shape invites several players
to play in order to reach comfortably both sides of the instrument, while this also makes it
difficult to achieve smooth glissando in comparison with other instruments of the group,

suggesting flexibility of curvature in future prototypes.

In terms of pitch, the arched conic bellophone I has much better microtonal capabilities
than glissando, and it has learnt from the ceramic arched boxes, that the adjustment of
curvature in the arch adopted can make the instrument adjustable to the number of players

that need to perform without compromising sliding properties.

2.3.8 Prototype 8: Arched layouts 11, and the /6S conic bellophone (arched conic
bellophone II)

The 168 conic bellophone, or arched conic bellophone 11, constitutes the final prototype of
conic bellophone and it was fully built as part of this research project. Posterior prototypes

were sketched and proposed, and are extended versions of this prototype.

These second group of arched layouts also try to adopt elements that are transformable into
curvilinear and free layouts, as in the case of the arched conic bellophone II, which
employs stands that can be placed in many different ways, although the semicircle
disposition proposed here has been envisaged for the compositional practice, as described

on pp. 138-139.
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2.3.8.1 The development of the arched conic bellophone 11 prototype

Microphone stands where initially used for holding the conic bells in the beginning when
acoustical tests were being performed. It was convenient to simply use stands to get the
desired layout at this stage and search for a convenient distribution according to the needs

of the composition.

In the first performance employing the final prototype of conic bells (spun bells), each of
them was placed onto different musical stands to form a large arch that can be reached

with two performers (Fig. 70).

Fig. 70. Rehearsal (from left to right: Lee Ferguson, Petar Curic and the author) using a curvilinear

simplified layout of the conic bells (for the notes being played).

Later on, as an attempt to have one octave range played by one single performer, the semi-
circle layout of the conic bellophone was conceived employing 96 bells attached to 16
stands (six bells per stand). Figure 71 was a diagram developed (before the instrument was
built) by taking a top view picture of a stand with six bells, and rotating it 11.25 degrees,'**
and 15 times to recreate what a wide view of the conic bellophone from the performers
eyes would look like. In this case the notation indicated in the diagram was based on the
assumption that the lowest ideal bell w