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This practice research explores the relationship between intonation and microtonality, and 

questions how these approaches to understanding musical pitch can relate to one another in 21st 

century string performance. Drawing on elements of historical and contemporary string 

technique, current debates on Artistic Practice as Research, an evolving discourse surrounding 

embodiment, and my own creative practices of playing and teaching, this research develops a 

relational epistemology of musical pitch via various ways of modelling, practising, representing, 

and ultimately knowing pitch.  

The outcomes of this research are presented in seven Instances of Practice, a phrase chosen in 

place of the more conventional Ôcase studyÕ in keeping with this projectÕs core principle that 

embodied practice is epistemic, being Ôstructured by and productive of knowledgeÕ (Spatz, 2015: 

26). The accompanying portfolio, comprising six audio recordings and an original teaching 

resource, reflects discovery-led accounts of specific instances where embodied knowledge has 

been put to use in the practice of experimental music for solo violin and small string ensemble.  
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ÔIn this thick relationality, humanity attunes itself to its world.Õ  

ÐÐ Ben Spatz (2015: 31) 
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This PhD portfolio explores the relationship between intonation and microtonality, and questions 

how these approaches to understanding musical pitch can relate to one another in 21st century 

string performance.  

During my years with the Bozzini Quartet, an ensemble recognised as interpreters of what is 

frequently called ÔmicrotonalÕ music, I spent a significant portion of my time considering the 

topic of intonation. In developing my practice of tuning complex intervals in, for example, the 

extended Just Intonation works of James Tenney, I became increasingly sensitive to intonation 

when rehearsing a quartet by Beethoven. Simple, diatonic intervals became the focus of obsessive 

scrutiny, suddenly seeming to pose unresolvable intonation paradoxes and ultimately drawing the 

focus of many hours of rehearsal.  

Soon, the casual arrows with which I noted the inflection of significant pitches in my performance 

scores were replaced by cent deviation annotations. Ratios, too, began to appear, amongst other 

strategies adopted from my practices of ÔmicrotonalÕ musicÑ efforts to reify an implicit sense of 

intonation into something concrete and reliable. I also noticed a friction emerging between my 

own subtly shifting embodied knowledge of musical pitch, and the signifiers with which I daily 

engaged in practice.  

The power of a ratio (5/4) and a cent deviation (-14) to ground the intonation of a major third 

between myself and one of my colleagues could be suddenly thrown into flux when the slip of a 

finger by one or the other of us required real-time adjustments. The technique of tuning a pure 

third would invariably overtake its signifiers, which I came to believe held value not as 

reifications but rather, to borrow a term from social anthropologist Clifford Geertz, as thick 

descriptions1 of something that I was doing. The question of what I was doing was enough to 

motivate this research. 

!

                                                

1 Thick description (Ryle, 1949; Geertz, 1973) Ôrefers to the detailed account of field experiences in which the 
researcher makes explicit the patterns of cultural and social relationships and puts them in contextÕ (Cohen & 
Crabtree, 2006). A thick description can be Ôa way of providing cultural context and meaning that people place on 
actions, words, things, etc., [providing] enough context so that a person outside the culture can make meaning of the 
behaviorÕ (Ray, 2011). 
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The integrated practice research represented in this thesis and the attached portfolio of creative 

practices follow a Ôdiscovery-ledÕ (Bell, 2016: 19) approach adopted by a growing number of 

Artistic Research projects, which is not Ôpredominantly concerned with general methodological 

precepts or conclusions, or with divining law-like regularities in artistÕs behaviour, nor with 

arriving at binding judgements of taste in the aesthetic sphereÕ (Bell, 2016: 19). Running 

throughout all the components of this project are these questions: 

What is the relationship between intonation and microtonality, and how can these 

approaches to understanding musical pitch relate to one another in 21st century string 

performance? 

What is a technique of intonation and how may this area of embodied knowledge be directed 

in practice? 

How can string players interact with systems of musical notation, and make informed 

choices in our practices of notated scores?  

How can these reflections on techniques and practices of intonation and microtonality be 

impactful in the performance and pedagogy of new music? 

These questions are not those that initiated this research, but rather surfaced gradually through a 

patchwork of methodologies based in an essentially auto-ethnographic research strategy. 

Motivated by a desire to contribute something useful (for my own practice and that of others) yet 

fundamentally descriptive (that is to say, non-prescriptive) in nature, this research perhaps 

somewhat irreverently combines elements of common practice string technique, current debates 

on Artistic Practice as Research, an evolving discourse in the burgeoning field of embodiment, 

and my own daily practices of playing and teaching. Mixing like oil and water in a bucket I might 

call epistemology of practiceÑ a phrase borrowed from the theatre practitioner and theorist Dr 

Ben Spatz, whose work has been a primary inspiration for my ownÑ these reluctant components 

nonetheless suggest to me the potential for new ways of knowing my body, my instrument, and 

the music I play.  

This thesis is structured in three Parts: Five Chameleons (Chapters 1 and 2), Ways of Knowing 

(Chapters 3, 4 and 5) and Instances of Practice (Chapters 6 and 7). Part 1 unpacks five 
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multivalent concepts essential to my integrated practice researchÑ intonation, microtonality, 

technique, practice, and researchÑ and establishes a statement of position at the intersection of 

current discourse on Artistic Practice as Research through a concise literature review. 

Part 2 explores three contrasting yet ultimately complementary epistemologies of musical pitch 

space. Chapter 3 juxtaposes ways of modelling pitch relationships, outlining the derivation of 

various tuning systems (with a focus on Pythagorean and Just Intonation), and suggesting their 

potential application in various practices of string intonation. Chapter 4 undertakes a more 

substantial review of string technical and pedagogical literature, employing an informal thematic 

analysis (Braun & Clarke, 2006) to identify themes and patterns in the way a representative cross 

section of string author-practitioners reflect their practices of intonation through language. Three 

paradigms of string intonation technique are observed in the literature, and are reflected upon in 

light of the position on technique and practice established in Chapter 1. Components of an 

Embodied Paradigm of Intonation Technique are then proposed, drawing on aspects of 

conventional string intonation technique, as well as recent contemplations on listening and the 

aural imagination. Chapter 5 then considers the role of symbolic representationÑ both in the 

notation and annotation of musical scoresÑ in embodied practice, rationalising my own use of 

score annotation in the portfolio discussions which comprise the final two chapters. 

Part 3 presents seven Instances of Practice, a phrase chosen in place of the more conventional 

Ôcase studyÕ, in keeping with this projectÕs core principle that embodied practice is epistemic, 

being Ôstructured by and productive of knowledgeÕ (Spatz, 2015: 26). I view my own creative 

practices, here represented by six audio recordings and an original teaching resource, neither as 

complete (although all have been published or presented in public spheres) nor as self-contained 

assertions of my artistic perspective.  

My creative practice, like any other, is in flux, and, as it is represented here, reflects a shifting, 

malleable, still-amassing knowledge. The documented practices that comprise my portfolio thus 

reflect specific instances where embodied knowledge has been instantiated (as expanded upon in 

Chapter 1). At the same time, the propositions and positions being submitted here have arisen 

from sustained, prolonged experience and consideration, and are broadly applicable across many 

potential future practices. 
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Throughout this project, the elephant in the room has been my core repertoire, and the particular 

interpretive positions and freedoms afforded by it. I come to this research from a repertoire 

perspective that admittedly stands apart from many other contributors to the string intonation 

discourse. My practice is concentrated in what might broadly be called Ôexperimental musicÕ, a 

term with obvious ambiguities, but which has recently been clarified (at least in acknowledging 

its breadth) by Jennie Gottschalk, who writes: 

Experimental music is challenging to pin down because it is not a school or a trend or even 

an aesthetic. It is, instead, a positionÑ of openness, of inquiry, of uncertainty, of discovery. 

Facts or circumstances or materials are explored for their potential sonic outcomes through 

activities including composition, performance, improvisation, installation, recording, and 

listening. These explorations are oriented toward that which is unknown, whether it is 

remote, complex, opaque, or falsely familiar. (Gottschalk, 2016: 1) 

This principle of experimentation with and through music is important to me because it holds at 

its core the value of inclusivity. An experimental practice brings a non-normative attitude toward 

music-making, meaning any musical practice can be experimental if its aesthetic or interpretive 

boundaries are not pre-assigned by the practitioner. Without categorically disallowing any of the 

received traditions or conventions that accompany canonical artefacts, genres or performance 

traditions, an experimental practice, for me, foregrounds active listening and an ultimate curiosity 

about how music can potentially be known.  

It is in this spirit that I have arrived at the documented creative practices which comprise my 

attached portfolio. While these documents might in some settings be received as my 

ÔinterpretationsÕ of musical works, I do not view them as concrete positions that exclude other 

renderings, and therefore have not subjected them to qualitative means of ÔmeasurementÕ or 

assessment. Rather, I view them as Ôepistemic objectsÕ (Knorr Cetina, 2001: 181) which have 

emerged from my embodied research, and which feed back into new practices, provoking yet 

more questions that drive me to continue researching. 

 

!
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This research began as an investigation into microtonal notation systems and associated 

interpretive strategies and has arrived at an altogether different focus on epistemologies of 

practice. Many of my early research questions reflected practical considerations which affected 

me as a performer of contemporary string quartet music: What should this score sound like? What 

is this score asking me to do? How might this composer best notate this sound so I can play it?  

My initial aim, to categorise and frame various practices in terms of commonly associated 

notation systems, proved ultimately self-defeating, as the practice of pitch would inevitably 

deviate from any rules I tried to impose. Other questions then began to surface, motivated from 

within the practice itself: What is enabling me to ÔdoÕ this music? What relationships are being 

activated in my body when I imagine musical pitch? These questions became even more essential 

when asked in the context of teaching technique. Whatever models or descriptions might be 

present, I found my crucial role as a teacher to be one of mobilising and nurturing a studentÕs 

embodied knowledge. This trajectory is reflected in the structure of this thesis, which moves from 

discussions of modelling (Chapter 3) and notating (Chapter 5) pitch to reflections on embodied 

practices of playing (Chapter 6) and pedagogy (Chapter 7).  

The implications of this journey are perhaps helpfully ill ustrated by an anecdote from my year of 

teaching Ensemble Performance at the University of Leeds. During the winter of 2017 I created 

and taught an undergraduate module, designed as an introduction to string tuning practice and 

microtonal notation. At the outset, my goal for the module was to encourage students to reflect 

upon the question: how can understanding microtonal models of pitch space inform and enrich 

our practice of intonation, and vice versa?  

We began our first session with a group exercise. I asked the students to define two familiar 

terms: in tune and microtonal. The definitions could be formal or anecdotalÑ they had only to 

express the studentÕs personal understanding of each term. Following a period of personal 

reflection, each student shared their definitions with the group, and we compiled the following 

lists of keywords: 
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The group quickly identified certain common reference points in their collective understanding of 

these terms. Definitions of in tune tended to refer to three main ideas: those relating to accuracy, 

those employing qualitative descriptions of a sonic ideal, and those conceptualising pitch as 

relative. Definitions of microtonal similarly fell into three main concept areas: those relating to 

size (and more specifically smallness), those referring to unknowability, and once again, those 

which discussed pitch as relative. 

 

 Figure 0.1 Initial Leeds Concept Map 
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¥ right / right notes ¥ quarter tones 
¥ particular ¥ really small 
¥ exact ¥ smaller than semitones 
¥ desired sounds ¥ smaller than expected 
¥ sounds right ¥ frequencies between standards 
¥ comfortable / satisfying / consistent ¥ numbers 
¥ frequency adjusted to official standard ¥ not musically notated 
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¥ compromise ¥ hard to hear 
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¥ relative 

¥ relative  
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While the students clearly understood the two terms to be distinct from one another, they also 

remarked upon commonalities that appeared to link the two concepts. The harmonic series was 

jointly referenced, both explicitly (harmonics, overtones) and in qualitative terms (buzz, hum). 

Most notably, the capacity for pitch to be heard relationally seemed pivotal, and the students 

agreed that most of their other core concepts were in fact related through this central idea. 

 

Figure 0.2 Modified Leeds Concept Map 

 

In light of these apparent connections the group decided that our initial terms, in tune and 

microtonal, might be broadened and re-termed as intonation and microtonality, and could be best 

understood as being connected via a central idea: relationality. Preliminary links between 

keywords gave way to concept areas suggestive of interrelated practices: Listening, Modelling, 

Playing.  
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 Figure 0.3 Final Leeds Concept Map: Relationality 

 

This exercise, and the final concept map that arose from it (Figure 0.3), are illustrative of the 

practice-led processes that have influenced the trajectory of this research, and my shifting artistic 

perspective on musical pitch.  
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/0!&0!,(%)*2/5)!:.,55,9/0<!1/56,-*5)!,0! K*&6(/6)!L)5)&*6%E!

!

+*9*()()36:#;<9*%)4*6(&()36#&6=#1;9),(*4)'#>-)6?,5#
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! "K!

;99>5+-)+,!+(,!3&5-)'$*!%1&*/%!G@,&&,A/!.RKSM!F"D!;6*9;,8!3A!7*,&L1();&!+>&;&<!5A5+,6 5Q )5!=,99!

)5!+(,!)**9;1)+;7&!7:!+(,5,!-)+;7!678,95!*-7*75,8!3A!0)-1!2)3)+?!!

T)+;75!, B*-,55!U+(,!C;3-)+;7&5!*,-!5,17&8/!7-!1A19,5/!7:!+(,!+=7!+7&,5!17&1,-&,8/!<,&,-)99A!;&!+(,!

97=,5+!*755;39,!+,-654!GN)-+1(/!.R$VM!$SD?!UW)+>-)9!;&+,-C)954!1)&!3,!-,*-,5,&+,8!)5!U)!5&+$)!)6!

65/7,/'*$/%!XEY!+(,!5;6*9,-!+(,!*)++,-&/!+(,!67-,!17&57&)&+!+(,!-,5>9+;&<!1763;&)+;7&4!G2)3)+/!

FJJRM!SD?!@(,!*)'%)'&'*/ !)51-;3,8!+7!56)99L&>63,-/!7-!#)82)5(/5 !-)+;75/!()5!3,,&!)&!)B;76!7:!

Z,5+,-&!()-67&;1!+(,7-A!5;&1,![)9;9,7!17&+,&8,8!+()+!U)<-,,)39,!17&57&)&1,4!17>98!3,!735,-C,8!

3,+=,,&!+7&,5!=(75,!C;3-)+;7&5!=,-,!U1766,&5>-)39,!;&!&>63,-4!GN)-+1(/!.R$VM!.SKD?!2)3)+!

,9)37-)+,5!7&!+(;5!8,:;&;+;7&!7:!()-67&;1!17&57&)&1,M!

'7&5;8,-!+=7!*;+1(,5/!6,978;1)99A!1975,!+7!,)1(!7+(,-/!57>&8;&<!5;6>9+)&,7>59A?!\5!+(,A!)**-7)1(!

>&;57&/!=,!*,-1,;C,!)6*9;+>8,!678>9)+;7&!7-!9/&+$'"!=(;1(!<-)8>)99A!597=5!87=&?!\+!)!1,-+);&!

*7;&+/!+(;5!3,)+;&<!;5!-,*9)1,8!3A!)!*(,&76,&7&!7:!5*,1+-)9!:>5;7&!:1/5*/1+$9#/!1/5$)($*$+.;/!=(;1 (!

6)A!3,!9;],&,8!+7!)!:71>55;&<!7:!+(,!57>&8!7:!+(,!;&+,-C)9!.^.?!G2)3)+!_!P)A=)-8/!FJJ#M!SD! 

N)-+1(!1797>-:>99A!8,51-;3,5!(7=!U,)1(!17&57&)&1,!7-!176*)-)+;C,!17&57&)&1,!;5!)!9;++9,!5>&!` !

)-7>&8!=(;1(!8;557&)&+!5)+,99;+,5!19>5+,-4!G.R$VM!.".D/!=(;9, !@,&&,A!5>36;+5M!

5;&1,!7>-!*,-1,*+;7&!7:!*;+1(!;&+,-C)95!;&C79C,5!576,!8,<-,,!7:!)**-7B;6)+;7&/!+(,5,!:-,H>,&1A!

-)+;75!6>5+!3,!>&8,-5+778!+7!-,*-,5,&+!*;+1(,5!=;+(;&!)!1,-+);&!+79,-)&1,!-)&<,!Q !;?,?/!)!-)&<,!7:!

-,9)+;C,!:-,H>,&1;,5!=;+(;&!=(;1(!576,!59;<(+!6;5+>&;&<!;5!*755;39,!=;+(7>+!)9+,-;&<!+(,!()-67&;1!

;8,&+;+A!7:!)&!;&+,-C)9?!G@,&&,A!,+!)9?/!FJ."M!FRVD!!

07-,!-,1,&+!*75+>9)+;7&5!)37>+!*,-1,*+>)99A!3)5,8!;&+,-*-,+)+;7&5!7:!17&57&)&1,!()C,!

;6*9;1)+;7&5!:7-!5+-;&<!;&+7&)+;7&!+,1(&;H>,/!)&8!=;99!3,!8;51>55,8!:>-+(,-!;&!+(,!:7997=;&<!5,1+;7&?!!

2+-;&<!*9)A,-5!:;&8!+(,65,9C,5!>&;H>,9A!,&)39,8!+7!)357-3!-)+;75!;&+7!+(,;-!678,99;&<!7:!*;+1(!

5*)1, !3,1)>5,!5+-;&<!;&5+->6,&+5!*-7C;8,!735,-C)39,/!+)1+;9,!;&+,-:)1,5!=;+(!)!*(A5;1)9!

6)&;:,5+)+;7&!7:!97=L7-8,-!-)+;75M!+(,!()-67&;1!5,-;,5?!\&A!7*,&!5+-;&<!7:!)!C;79;&!6)A !3,!+)],&!

)5!)!:>&8)6,&+)9!:-,H>,&1A!G.^.D/!=(;9,!;+5!()-67&;1!7C,-+7&,5!7-!1&5+$&#%!8;5*9)A!5;6*9,!

:-,H>,&1A!-)+;75!)37C,!+()+!:>&8)6,&+)9?!@(,!5,17&8!*)-+;)9!7:!+(,!C;79;&45!\L5+-;&</!:7-!,B)6*9,/!

8;C;8,5!+(,!5+-;&<!;&+7!+=7!,H>)9!C;3-)+;&<!9,&<+(5/!8;5*9)A;&<!+(,!-)+;7!F^./!)&!71+)C,?!2;6;9)-9A/!

+(,!+(;-8!*)-+;)9!7:!+(,!5)6,!\ L5+-;&</!8;C;8;&<!+(,!5+-;&<!;&+7!+(-,,!,H>)9!9,&<+(5/!=;99!57>&8!)!

:;:+(!)37C,!+(,!5,17&8!*)-+;)9/!8;5*9)A;&<!+(,!-)+;7!S^F!G)!O>5+!:;:+(D?!%&!+(;5!6)&&,-/!)!5+-;&<!*9)A,-!

6)A!9;5+,&!+7!)&A!7:!+(,!*755;39,!1763;&)+;7&5!7:!*)-+;)95!G=;+(;&!+(,!6)+,-;)9!17&5+-);&+5!7:!+(,!



! "R!

;&5+->6,&+/!>*!+7!)**-7B;6)+,9A!+(,!. F+(!*)-+;)9D/!)&8!176,!+7!]&7= !)&A!7:!+(,!97=L7-8,-!-)+;75!

-,9)+,8!+7!+(,!:>&8)6,&+)9!:-,H>,&1A!7:!+()+!7*,&!5+-;&<?!

!

!"#$%&'()* )*'<'+/5=&#%!+3&+!&11/&5!$'!+3/!6$5%+!'$'/!1&5+$&#%!)6!&!3&5-)'$*!%/5$/%!)'!>?!
@&%/(!)'!435$%+$'/!A/-&'B%!($&"5&-!:A/-&'C!DEFGH!DD;!
!

a7=L7-8,-!-)+;75!8,51-;3,!+(,!5;6*9,5+!C,-5;7&5!7:!;&+,-C)9!19)55,5!=(;1(!)957!;&19>8,!67-,!

176*9,B!:-,H>,&1A!-,9)+;7&5(;*5!;&!7+(,-!+>&;&<!5A5+,65?!@(,!-,<;7&!7:!+79,-)&1,!7:!)!:)6;9;)-!

;&+,-C)9!5>1(!)5!)!6)b7-!+(;-8!6)A!;&19>8,!)!&>63,-!7:!8;::,-,&+!:-,H>,&1A!-)+;75!G5,,! 2)3)+!_ !

C7&!21(=,;&;+c/!FJJVD?!

!

!"#$%&'()*)+!I),5!($66/5/'+!JK&L)5!+3$5(%BC!+3/$5!5&+$)%!&'(!*/'+!(/=$&+$)'%?!
!

Z(,&!-,)8;&<!-)+;75!)5!176*7&,&+5!7:!176*9,B!()-67&;,5/!7-!=(,-,!+(,-,!;5! 67-,!+()&!7&,!

*9)A,-!;&C79C,8!;&!57>&8;&<!)&!;&+,-C)9/!;+!1)&!3,!(,9*:>9!+7!>5,!*/'+ !(/=$&+$)'%D!+7!8;5+;&<>;5(!

(7=! +(,!;&+7&)+;7&!3,()C;7>-!7:!,)1(!;&8,*,&8,&+!C7;1,!17&+-;3>+,5!+7!+(,!7C,-)99!-,9)+;7&5(;*?!

%&&7C)+,8!3A!6)+(,6)+;1;)&!\9,B)&8,-!O?!d99;5!;&!(;5!+-)&59)+;7&!7:!P,-6)&&!C7&!P,96(79+c45!

5,6;&)9!+,B+/!0'!+3/!M/'%&+$)'%!)6!N)'/!G.KK"D/!1,&+5!678;:A!'7667&!N -)1+;1,!N;+1(!W7+)+;7&!+7!

!

. !\!1,&+!-,*-,5,&+5!.e!7:!)!.F Ldfg!5,6;+7&,/!6)];&<!+(,!71+)C,!8;C;5;39,!;&+7!.FJJ!1,&+5?!
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! #J!

-,:9,1+!+(,!=;8+(!7:!;&+,-C)95!=;+(!<-,)+,-!*-,1;5;7&?!',&+5!1)&!-,:9,1+!+(,!;&+7&)+;7&!7:!5;&<9,!

*;+1(,5!)5!+(,A!8,C;)+,!:-76! .FLdfg /!)&8!;6*9A!+(,;-!-79,5!=;+(;&!*7+,&+;)9!97=L7-8,-!-)+;75?!

T)+;75!)-,!)!*)-+;1>9)-9A!-,9,C)&+!=)A!7:!678,99;&<!;&+,-C)95!;&!5+-;&<!*9)A;&</!)5!+(,A!8,:;&, !*;+1(!

;&!-,9)+;7&)9!+,-65!+()+!176*9,6,&+!+(,!;&+7&)+;7&!+,1(&;H>,!8;51>55,8!;&!' ()*+,- !. ?!N)-+1(!

-,:9,1+5!>*7&!+(,!+(;1],&,8!17&+,B+!=(;1(!-)+;7!678,95!1)&!9,&8!+7!+(,! 17&1,*+>)9;5)+;7&!7:!*;+1(/!

=-;+;&<M!

)!-)+;7!-,*-,5,&+5!)!+7&,!)&8!)&!;&+,-C)9!)+!7&,!)&8!+(,!5)6,!+;6,h!;&!;+5!1)*)1;+A!)5!+(,!5A6379!7:!)!

+7&,!;+!;5!+(,!7C,-!&>63,-!+()+!;5!&76;&)99A!-,*-,5,&+)+;C,`/!3>+!5;&1,!+(,!7C,-!&>63,-!,B;5+5!7&9A!

;&!-,9)+;7&!+7!+(,!>&8,-!&>63,-/!+(,!-)+;7!)1H>;+5!;+5!5,17&8!:>&1+;7&/!)5!-,*-,5,&+)+;C,!7:!)&!

;&+,-C)9`!GN)-+1(/!.R".M!$SD!

i7-!,B)6*9,/!+ (,!*;+1( !19)55!i !7&!+(,!C;79;&45!fL5+-;&<!Gi;<?!S?.?SD!17>98!3,!;6)<;&,8!G)67&<!

6)&A!7+(,-!7*+;7&5D!)5!)!O>5+!6;&7-!+(;-8!G#^"D!)37C,!+(,!7*,&!f L5+-;&</!7-!)5!)!5,*+;6)9!5,C,&+(!

G$^VD!)37C,!+(,!7*,&![ L5+-;&<?!%&!37+(!1)5,5/!+(,!-)+;7!<;C,5!+(,!*9)A,-!;&:7-6)+;7&!)37>+!+(,!

;&+7&)+;7&!7:!+(,!i !3A!8,:;&;&<!;+5!-,9)+;7&5(;*!+7!)&!7*,&!5+-;&<!-,:,-,&1, !*;+1(!G..̂D?!

2>35,H>,&+9A/!+(;5!i !6;<(+!3,176,!+(,!-,:,-,&1,!:7-!)&7+(,-!*;+1( /!:7-!;&5+)&1,/!+(,!I L:9)+!)!O>5+!

:7>-+(!GVŜD!)37C,!;+/!=(;1(!=7>98!3,!-,&8,-,8!C,-A!8;::,-,&+9A/!8,*,&8;&<!7&!+(,!7-;<;&)9!

-,:,-,&1,!*;+1( ?!

!

!"#$%&'()*)( !N8)!=/5%$)'%!)6!I!)'!+3/!=$)#$'!O2%+5$'"H!+,'/(!6$5%+!&+!PDG!*/'+%!&%!&!
-$')5!+3$5(!:FQR;C!65)-!83$*3!&!%,9%/7,/'+!1/56/*+!6),5+3!:GQS;!"$=/%!&!@26#&+!PDTU!
+,'/(!%/*)'(!&+! 2SR!*/'+%!&%!&!%/1+$-&#!%/=/'+3!)'!VC!65)-!83$*3!&!%,9%/7,/'+!1/56/*+!
6),5+3!:GQS;!"$=/%!&!@26#&+!2SW?!
!

@,&&,A!GFJ."M!FR"D!5>36;+5!+()+!-)+;75!)-,!U+(,!)**-7*-;)+,!9)&<>)<,!:7-!+(,!)&)9A5;5!)&8!

8,51-;*+;7&!7:!()-67&;1!-,9)+;7&54/!*-7*75;&<!+()+/!)9+(7><(!U*;+1(!;5!>5>)99A!17&1,;C,8!7:!)5!)!

7&,L8;6,&5;7&)9!17&+;&>>6/!9;],!:-,H>,&1A4!G@,&&,A!,+!)9?/!FJ."M!S#KD!)!6>9+;L8;6,&5;7&)9!

()-67&;1 !5*)1,!;5!;&!:)1+!)!67-,!)**-7*-;)+,!678,9?!@,&&,A45!678,95!7:!()-67&;1!5*)1,!+)],!+(,!
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! #. !

:7-6!7:! #&++$*/!5+->1+>-,5/!;&!=(;1(!U+(,!8;6,&5;7&5!7:!+(,!5*)1,!`!17--,5*7&8!+7!+(,!*-;6,!

:)1+7-5!-,H>;-,8!+7!5*,1;:A!+(,;-!:-,H>,&1A!-)+;75!=;+(!-,5*,1+!+7!)!-,:,-,&1,!*;+1(4!G@,&&,A!,+!)9?/!

FJ."M!S#KD?!!

@(,!#$-$+!GN)-+1(/!.R".D!7:!)!()-67&;1!5*)1, !;5!8,:;&,8!3A!;+5!(;<(,5+!<,&,-)+;&<!*-;6,!:)1+7-/!;?,?/!

;&!)&!' 2#$-$+!5*)1,!)99!-)+;75!17&+);&!&7!*-;6,!:)1+7-5!(;<(,-!+()&!'?F!i7-!,B)6*9,/!) !FL9;6;+!5*)1,!

=7>98!17&5+;+>+,!)&!71+)C,!GF.̂D!)&8!6>9+;*9,5!7:!;+5!<,&,-)+;&<!*-;6, !:)1+7-!GFD!-,5>9+;&<!;&!)!. L

8;6,&5;7&)9!)B;5!7:!>&9;6;+,8!71+)C,!+-)&5*75;+;7&5M!

?!?!?!.^.#/!.^K/!.^V/!.^F/!.^./!F^./!V^./!K^./!.#^.?!?!?!G07&c7/!FJJ"D?!

@,&&,A!-)+;7&)9;5,5!+()+!U+(,!&>63,-!7:!8;6,&5;7&5!7:!+(,!;6*9;,8!()-67&;1!5*)1,!=7>98!

17--,5*7&8!+7!+(,!&>63,-!7:!*-;6,!:)1+7-5!-,H>;-,8!+7!5*,1;:A!+(,;-!:-,H>,&1A!-)+;75!=;+(!-,5*,1+!

+7!+(,!-,:,-,&1,!*;+1(4!G@,&&,A!,+!)9/!FJ." M!FR"D/!3>+!8,51-;3,5!)!6,)&5!7:!5;6*9;:A;&<!)&A!

-,*-,5,&+)+;7&!7:!()-67&;1!5*)1,M!

+(,-,!;5!)!>5,:>9!8,C;1,!` !+()+!;&C7],5!j71+)C,L,H>;C)9,&1,k!)&8!;&C79C,5!1799)*5;&<!)99!+(,!*7;&+5!

=(7 5,!9)3,95!8;::,-!7&9A!3A!)!:)1+7-!7:!+(,!*7=,-!7:!F!;&+7!)!5;&<9,!*7;&+/!=(;1(!+(,&!-,*-,5,&+5!&7+!

)!5*,1;:;1!*;+1(!G7-!;&+,-C)9!=;+(!-,5*,1+!+7!.^.D!3>+!-)+(,-!)!j*;+1(!19)55k?!%!1)99!+(,!-,5>9+;&<!*;+1(!

5*)1,/!=(;1(!17&+);&5!7&,!8;6,&5;7&!9,55!+()&!+(,!7-;<;&)9!9)++;1,/!)!1$+*3!*#&%%!15)L/*+$)'!%1&*/?!

G@,&&,A!,+!)9?/!FJ."M!S$$D!

@(,!FL9;6;+!()-67&;1!5*)1,!,B,6*9;:;,8!)37C,!1)&/!+(,-,:7-,/!3,!-,*-,5,&+,8!)5!)! 1$+*32*#&%%!

15)L/*+$)'!7:!)!5;&<9,!*7;&+M!.^.?  

T)+;7!678,95!:)1;9;+)+,!+(,!176*)-;57&!7:!8;::,-,&+!7*,&L1();&!5A5+,65!=;+(7>+!-,9;)&1,!7&!

17&C,&+;7&5!7:!6>5;1!&7+)+;7&/!7:!=(;1(!,)1(! 8;::,-,&+!5A5+,6!1)--;,5!;+5!7=&!3;)5,5?!

\88;+;7&)99A/!-)+;75!*-7C;8,!)!:-)6,=7-]! +(-7><(!=(;1(!+7!H>)9;:A!)&8!8,C,97*!6>+>)9!

>&8,-5+)&8;&<5!7:!+(75,!5>3b,1+;C,!1()-)1+,-;5)+;7&5!7:!*;+1(!5*)1,!5><<,5+,8!;&!'()*+,- !. ?!

07C;&<!:-76!97=,-!+7!(;<(,-!9;6;+5!7:!()-67&;1!5*)1,/!)!5+-;&<!*9)A,-!1)&/!)5!2)3)+!GFJJ"D!

8,51-;3,5/!U3,<;&!+7!;&C,5+;<)+,!()-67&;1!6;1-7+7&)9;+A!7&!)17>5+;1!;&5+->6,&+5!=;+(!17&:;8,&1,!

+()+!X+(,AY!=;99!-,)8;9A!3,!)39,!+7!(,)-!)&8!-,*-78>1,!X6)&AY!*;+1(,54?!

!

F!2)3)+!GFJJ#M!VD!7::,-5!+(;5!(,9*:>9!,B*9)&)+;7&M!Ui7997=;&<!+(,!6>5;1)9!+,-6;&797<A!,5+)39;5(,8!3A!P)--A!N)-+1(/!=,!
=;99!8,:;&,!1'! X*-;6,! ' Y!)5!+(,!#$-$+!7:!+(,!;&+,-C)9?!i7-!,B)6*9,/!+(,!;&+,-C)9!"^S!=;99!3,!1)99,8!)!j"L9;6;+!;&+,-C)9k/!)99!
&)+>-)9!;&+,-C)95!<,&,-)+,8!3A!+(,!*-;6,5!F/!S/!)&8!"!=;99!3,!1)99,8!+(,!j"L9;6;+!5,+k/!)&8!57!7&?!@(,!5,+!7:!)99!1' L9;6;+!
;&+,-C)95!6)A!3,!678,99,8!>5;&<!O)6,5!@,&&,A45!17&1,*+!7:!3&5-)'$*!%1&*/

!
)5!)&!&L8;6,&5;7&)9!9)++;1,!=;+(!+(,!

*-;6,5! 1DC1TC???C1'! )5!)B,54?!



! #F!

")%8#1+$5#.!A.%+.#%0+.!!

!
NA+()<7-,)&!%&+7&)+;7&!GN%D/!&)6,8! ):+,-!+(,![-,,]!6)+(,6)+;1;)&!NA+()<7-)5! G#+(!1,&+>-A!I'dD!

=(7! ;5!1-,8;+,8!=;+(!+(,!17&5+->1+;7&!7:!+(,!:;-5+!Z,5+,-&!51)9,5/!8,-;C,5!*;+1(,5!+(-7><(!1();&5!7:!

)51,&8;&<!7-!8,51,&8;&<!:;:+(5!GŜFD!GI)-3;,-;/!FJJKM!"D?!

!
!
!"#$%&'()*), !N/''/.B%!T2($-/'%$)'&#!TCS!:S2#$-$+;!3&5-)'$*!%1&*/!:N/''/.!/+!&#?C!TXDRH!TER;!
!

N%!;5/!;&!N)-+1(45!+,-65/!)!SL9;6;+!+>&;&<!5A5+,6/!17&5;5+;&<!7:!;&+,-C)95!<,&,-)+,8!3A!+(,!*-;6,!

:)1+7-5!F!)&8!S?!@(,!NA+()<7-,)&!()-67&;1 !5*)1,!1)&!+(,&!3,!-,*-,5,&+,8!=;+(!@,&&,A45!FL

8;6,&5;7&)9!9)++;1,!Gi;<?!S?.?VD!)&8!)5!)!.L8;6,&5;7&)9!*;+1(L19)55!*-7b,1+;7&!*9)&, M!

?!?!?!.FK^K./!SF^F$/!.#^R/!V^S/!.^./!S^F/!R^K/!F$^.#/!K.^#V!?!?!?!!G07&c7/!FJJ"D!

\!N A+()<7-,)&!1(-76)+;1!51)9,!;5!73+);&,8!:-76!)!1();&!7:!+=,9C,!:;:+(5!GS^FD/!,)1(!=;+(!)!=;8+(!

7:!$J.?R#!1,&+5!G:-,H>,&+9A!-7>&8,8!+7!$JF!1,&+5!;&!1,&+!8,C;)+;7&!&7+)+;7&5D/!;&!17&+-)5+!+7!+(,!

.FLdfg!:;:+(!7:!$JJ!1,&+5?!@(,-,:7-,/!=(;95+!)!1;-19,!7:!.FLdfg! :;:+(5!1975,5!):+,-!5,C,&!71+)C,5/!

,)1(!1;-19,!7:!NA+()<7-,)&!:;:+(5!,B1,,85!5,C,&!71+)C,5!3A!)!56)99!)67>&+/!)**-7B;6)+,9A!7&,!

:;:+(!7:!)!.FLdfg! 5,6;+7&,!Gi;<?!S?.?"D?!@(;5!8;51-,*)&1A/!+(,!Y.+3&")5/&'!*)--&C !1)&!3,!

,B*-,55,8!)5!GS^FD.F!^F$!l!.?J.V /!7-!)!8;::,-,&1,!7:!FS?"!1,&+5!GI)-3;,-;/!FJJKM!RD?!!

  

24 

PD(f a, f b)  !  log(a)  - log(b )  = log(a/ b ) , wh er e f a and  f b  

ar e th e fun d am en tal  f r equen cies of  th e two ton es,  

a = f a/ gcd ( f a, f b) , b  = f b/ gcd ( f a, f b) , an d  a !  b  

 

 
 

Figur e 1. Th e 2,3 p lan e of  h ar mo n ic space, sh owin g th e p i t ch -h eigh t  

p r oject ion  axis 

 

Al th ough  th e p i t ch -h eigh t  axis i s ef fect ively  con t in uous, h ar mo n ic space 

i t sel f  i s n ot . In stead , i t  con sists of  a d iscon t in uous n etwor k  or  lat t i ce of  

poin ts. A d istan ce me asur e wh ich  I cal l  h ar m on ic d istan ce can  be d ef ined  

between  any  two poin ts in  th is space as p r opor t ion al  to th e sum of  th e 

d istan ces t r aver sed  on  a sh or test  path  con n ect in g th em ( i .e. alon g th e l in e 

segme n ts sh own  in  th e f igu r es) . (Th e Òme t r icÓ on  h ar mo n ic space is th us 

n ot  a Eucl id ian  on e, bu t  r ath er  a Òcity -b lockÓ me t r ic.)  Th is me asur e of  

h ar mo n ic d istan ce can  be expr essed  algebr aical ly  as fol lows: 

 
HD(f a, f b)  !  log(a)  + log(b )  = log(ab)  



! #S!

!

!"#$%&'()*)- !Y.+3&")5/&'!*$5*#/!)6!6$6+3%!8$+3!*/'+%C!%+&5+$'"!)'!>:PQ2!X;!
!

i;:+(5!1)&!3,!5+)1],8!)37C,!7-!3,97=!)!-,:,-,&1,!*;+1( /!*-7b,1+;&<!)!1;-19,!7:!:;:+(5!;&+7!5()-*5!7-!

:9)+5!-,5*,1+;C,9A/!)&8!+(,!5>*,-;6*75;+;7&!7:!+(,5,!+=7!1;-19,5!=;99!-,5>9+!;&!)!%1$5&#!7:!:;:+(5/!;&!

=(;1(!,)1(!*;+1(!;5!-,9)+,8!+7!;+5!/'3&5-)'$*! ,H>;C)9,&+!*;+1(!3A!)!NA+()<7-,)&!1766)!7:! FS?"!

1,&+5!Gi;<>-,! S?.?#D?!!

!

!"#$%&'()*). !Y.+3&")5/&'!%1$5&#!)6!6$6+3%!)'!>C!+35),"3!+3/!%3&51%!:),+/5!*#)*Z8$%/!
*3&$';!&'(!+35),"3!+3/!6#&+%!:$''/5!&'+$2*#)*Z8$%/!*3&$';!
!
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! #V!

d&()-67&;1!8;::,-,&1,!*-78>1,5!+=7!5;c,5!7:!NA+()<7-,)&!5,6;+7&,M!($&+)'$*!5,6;+7&,5!17&&,1+!

+=7!*;+1(!19)55,5!7:!8;::,-,&+!&)6,5!GimE[Dh!*35)-&+$*!5,6;+7&,5!17&&,1+!+=7!*;+1(!19)55,5!7:!+(,!

5)6,!&)6,!G' E'mD!GI)-3;,-;/!FJJKM!KD?!@(,!8;)+7&;1!5,6;+7&,!G2f D!()5!)!=;8+(!7:!RJ?F!1,&+5/!)&8!

;5!+(,!8;::,-,&1,!3,+=,,&!+(,!&)+>-)9!:7>-+(!GV^SD!)&8!+(,!NA+()<7-,)&!+(;-8!GK.^#VDM!;&!1,&+5!VRK!E!

VJ$?K!l!RJ?F!GI)-3;,-;/!FJJKM!$D?!@(,!1(-76)+;1!5,6;+7&,!G2' D!;5!+(,!5>6!7:!+(,!8;)+7&;1!5,6;+7&,!

)&8!+(,!NA+()<7-,)&!1766)M!RJ?F!n!FS?"!l!..S?$!GI)-3;,-;/!FJJKM!RD?!

I)-3;,-;! 8,67&5+-)+,5!Gi;<?!S?.?$D!(7=! +(,!3>;98;&<!7:!)!1(-76)+;1!51)9,!;&!5()-*5!7-!:9)+5!=;99!

)::,1+!+(,!-,9)+;C,!5;c,5!7:!,)1(!51)9,!8,<-,, /!U<;C,&!+()+!;&!+(,!NA+()<7-,)&!51)9,!2'! o!2f /!+(,!

5()-*!=;99!)9=)A5!3,!5()-*,-!+()&!+(,!,&()-67&;1)99A!,H>;C)9,&+!:9)+4!GI)-3;,-;/!FJJKM!RD?!

!

!"#$%&'()*)/ !@&59$/5$B%!+8)2%$[/!%/-$+)'/!*)-1&5$%)'!)6!Y.+3&")5/&'!*35)-&+$*!%*&#/%!
+35),"3!+3/!6#&+%!&'(!%3&51%C!83/5/!MO!\!($&+)'$*!%/-$+)'/!:EX?T!*/'+%;!&'(!M4!\!
*35)-&+$*!%/-$+)'/!:DDS?W!*/'+%;?!:@&59$/5$C!TXX]H!E;!
!

@(;5!-,)8;&<!7:!:9)+5!)5!97=,-!+()&!,&()-67&;1)99A!,H>;C)9,&+!5()-*5!1)&!1)--A!-)6;:;1)+;7&5!:7-!

+(,!6)* *;&<!7:!+(,!C;79;&!:;&<,-37)-8/!)5!=,99!)5!+(,!+-,)+6,&+!7:!&7+)+,8!*;+1(!;&!*-)1+;1,/!)5!

;99>5+-)+,8!3A!,)-9A!:;&<,-37)-8!6)* 5!)&8!:;&<,-;&<!*)++,-&5/!5>1(!)5!+(75,!*-7*75,8!3A!C;79;&;5+!

I)-+7976,7!')6*)<&79;!;&! .$R$!Gi;<?!S?.?KD?!

!
'
! "#$%&'()*)0!4&-1&"')#$B%!/'3&5-)'$*!6$'"/5$'"!*3&5+!:@&59$/5$C!TXX]H!DFS;'



! #"!

%&!*-)1+;1,/!6)&A!5+-;&<!*9)A,-5!GP,6)&/!.RK.h!2)556)&5()>5/!FJJVh!p;63,-/!FJJ"h!2)59)C/!

FJJKD!()C,!-,:9,1+,8!7&!+(,!)**-7*-;)+,&,55!7:!NA+()<7-,)&!%&+7&)+;7&!)5!)!678,9!:7-!-/#)($* !

;&+7&)+;7&Q +(,!-,9)+;C,9A!&)--7=!8;)+7&;1!5,6;+7&,5!<;C;&<!(;<(,-!9,)8;&<!+7&,5!)&8!)!67-,!

*-7&7>&1,8!8;::,-,&1,!3,+=,,&!6)b7-!)&8!6;&7-!;&+,-C)95?!\88;+;7&)9!17--,9)+;7&5!()C,!3,,&!

&7+,8!GI)-3;,-;/!FJJKM!.#"D!3,+=,,&!+(,!N%!)**-7)1(!)5!5,,&!;&!')6*)<&79;45!6,+(78/! )&8!=()+!

()5!3,,&!1)99,8!U,B*-,55;C,E:>&1+;7&)94!;&+7&)+;7&!GI)-3;,-;/!FJJKM!."$DQ )!*-)1+;1,!=(;1(!<);&,8!

*7*>9)-;+A!)67&<!5+-;&<!*9)A,-5!;&!+(,!.R+(!1,&+>-A/!)&8!:>-+(,-!;&+7!+(,!FJ+(!1,&+>-A/!)5!

1()6*;7&,8!3A!1,99;5+!N)397!')5)95!Gg40)99,A/!.RKSD?!Z(;9,!(;5+7-;1)9!+>&;&<!*-)1+;1,5!)-,!&7+!

+(,!:71>5!7:!+(;5!-,5,)-1(/!+(,!)**9;1)+;7&!7:!+(,!,B*-,55;C,E:>&1+;7&)9!)**-7)1(!=;99!3,!:>-+(,-!

8;51>55,8!;&!'()*+,-!V?!

!

B?*%!A.%+.#%0+.!

O>5+!%&+7&)+;7&!GO%D!8,-;C,5!;&+,-C)95!:-76!=(79,L&>63,-!-)+;75/!)&8!)885!8;6,&5;7&5!+7!+(,!

NA+()<7-,)&!()-67&;1!5*)1,!3A!+(,!;&19>5;7&!7:!(;<(,-!*-;6,!:)1+7-5?!@(,!675+!;66,8;)+,!

,B*)&5;7&!-,5>9+5!:-76!+(,!)88;+;7&!7:!+(,!&)+>-)9!+(;-8!G"^VD/!=(;1(!;5!&)--7=,-!)&8!67-,!

17&57&)&+!+()&!+(,!NA+()<7-,)&!+(;-8!GK.^#VD!3A!)!%.'+)'$*!*)--& !GK.^KJD/!7-!)**-7B;6)+,9A!F.?"!

1,&+5!GI)-3;,-;/!FJJKM!$D?!

\!" L9;6;+!O%!17&+);&5!-)+;75!8,-;C,8!:-76!+(,!*-;6,5!F/!S/!)&8!"/!)&8!1)&!3,!-,*-,5,&+,8!)5!)!SL

8;6,&5;7&)9!()-67&;1!5*)1,!Gi;<?!S?.?RD/!7-!)5!)!FL8;6,&5;7&)9!*;+1(L19)55!*-7b,1+;7&!*9)&,!Gi;<?!

S?.?.JD?!

!

!"#$%&'()*)1!N/''/.B%!R2#$-$+!S2($-/'%$)'&#!3&5-)'$ *!%1&*/!:N/''/.!/+!&#?!TXDRH!DWW;!



! ##!

!

!

!"#$%&'()*)*2!N/''/.B%!R2#$-$+C!T2($-/'%$)'&#!1$+*3!*#&%%!15)L/*+$)'!1#&'/!:N/''/.!/+!
&#?!TXDRH!DWW;!
!

" L9;6;+!O%!17&+);&5!+(,!*-;6)-A!;&+,-C)95!+()+!:7-6!+(,!3)5;5!7:!=()+!@,&&,A!GFJ."M!FR$D!1)995!

U+-;)8;1^+7&)9!6>5;14/!)5!;99>5+-)+,8!;&!+(,!:7997=;&<!+=7!9;6;+,8!*;+1(!19)55!*-7b,1+;7&5M!

!

 
diatonic major         diatonic minor  

!!
!"#$%&'()*)** 'N/''/.B%!J15$-&5.!3&5-)'$*!5/#&+$)'%!8$+3$'!+3/!($&+)'$*!%*&#/%B!:N/''/.!
/+!&#?!TXDRH!TE];!
!

@(,5,!+=7!1799,1+;7&5!1)&!3,!1763;&,8/!)&8!=;+(!+(,!)88;+;7&!7:!+=7!,B+-)!51)9,!8,<-,,5Q +(,!

6;&7-!5,17&8!G.#^." D!)&8!+(,!)><6,&+,8!:7>-+(!GV"^SFDQ :7-6!+(,!*-;6)-A!()-67&;1!

-,9)+;7&5(;*5!7:!+(,!.FL+7&,!1(-76)+;1!51)9,M!

!



! #$!

 
!
!"#$%&'()*)*+'N/''/.B%!J15$-&5.!3&5-)'$*!5/#&+$)'%!8$+3$'!+3/!*35)-&+$*!%*&#/B!
:N/''/.!/+!&#?!TXDRH!TE];!
!

07C;&<!;&+7!(;<(,-!9;6;+5!7:!O%/!+(,!;&19>5;7&!7:!,)1(!17&5,1>+;C,!*-;6,!:)1+7-!&,1,55;+)+,5!)&!

)88;+;7&)9!8;6,&5;7&!7-!)B;5!;&!-,*-,5,&+;&<!+(,!()-67&;1!5*)1,?!\!$L9;6;+!O%!;&19>8,5!+(,!*-;6,5!

F/!S/!"!)&8!$/!)&8!=7>98!-,H>;-,!)!VL8;6,&5;7&)9!()-67&;1!5*)1,!9)++;1,/!3>+!1)&!3,!-,*-,5,&+,8!)5!

)!*;+1(L19)55!*-7b,1+;7&!;&!+(-,,!8;6,&5;7&5?!\&!..L9;6;+!O%!711>*;,5!:;C,!8;6,&5;7&5!;&!()-67&;1!

5*)1,Q :7>-!)5!)!*;+1(L19)55!*-7b,1+;7&Q )&8!1)&&7+!3,!8;-,1+9A!-,*-,5,&+,8!7&!+(,!*)<,/!)9+(7><(!

-,1,&+!;&+,-)1+;C,!57:+=)-,/!5>1(!)5!+>3)!*9)A,-!T73;&!P)A=)-845!N,'$'"!^$' /!GP)A=)-8/!FJ.FE

.KDC!:>-&;5(,5!,::,1+;C,!,B+,&5;7&5!7:!+(,!9)++;1,!5+->1+>-,!;&+7!6>9+;*9,!8;6,&5;7&5!7:!()-67&;1!

5*)1,?!

2+-;&<!*9)A,-5!()C,!-,:9,1+,8!7&!+(,!)**-7*-;)+,&,55!7:!"L!)&8!$L9;6;+!O%!)5!678,95!:7-!3&5-)'$*!

;&+7&)+;7&!GP,6)&/!.RK.h!2)556)&5()>5/!FJJVh!p;63,-/!FJJ"h!2)59)C/!FJJKD/!+(,!97=L7-8,-!-)+;75!

<;C;&<!17&57&)&+/!&7&L3,)+;&<!5;6>9+)&,;+;,5!=(;1(!+,&8!+7!3,!17&5;8,-,8!U;&!+>&,4!3A!Z,5+,-&!

19)55;1)9!9;5+,&,-5?!%&!1>--,&+!5+-,)65!7:!*-)1+;1,/!(;<(,-!9;6;+5!7:!O%!()C,!5,-C,8!)5!51)::798;&<!:7-!

)!3-7)8,-!517*,!7:!;&+7&)+;7&!*-)1+;1,/!)&8!&7=!5(;&,!&,=!9;<(+!7&!-,1,;C,8!&7+;7&5!7:!

17&57&)&1,!)5!-77+,8!;&!+(,!5;6*9,5+!*-7*7-+;7&)9!-,9)+;7&5(;*5?!!

%&!1799)37-)+;7&!=;+(!P)A=)-8/!2)3)+!()5!*-7*75,8!)&!,B*)&8,8/!*,-1,*+>)99A!3)5,8!8,:;&;+;7&!7:!

17&57&)&1,!:7>&8,8!7&!+(,!*-;&1;*9,!(,!1)995!+,'/&9$#$+.M!U)!17&57&)&+!;&+,-C)9!;5!7&,!=(;1(!6)A!

3,!*-,1;5,9A!+>&,8!3A!,)-4/!=(;9,!U-,9)+;C,!17&57&)&1,!6)A!3,!8,51-;3,8!)5!+(,!8,<-,,!7:!8;::;1>9+A!

;&!)1(;,C;&<!)!*-,1;5,!;&+7&)+;7&4!G2)3)+!_ !P)A=)-8/!FJJ#M!.D?!2)3)+!(,-,!8-)=5!7&!@,&&,A45!

5/"$)'!)6!+)#/5&'*/ !*-;&1;*9,!;&!,5+)39;5(;&<!(;5!678,9!7:!+>&,)3;9;+A/!-,:,--;&<!+7!+(,!597=;&<!)&8!

>9+;6)+,!5+)3;9;5)+;7&!7:!3,)+;&<!)5!+=7!<9;55)&87!*;+1(,5!)**-7)1(!)!>&;57&!G.^.D?!\&!;&+,-C)945!

-,<;7&!7:!+79,-)&1,!1)&!3,!6)-],8!3A!+(,!*9)A,-45!*,-1,*+;7&!+()+!+(,!;&+,-C)9!;5!U&,)-9A!;&!+>&,4!



! #K!

G2)3)+!)&8!P)A=)-8/!FJJ#M!SD/!;?,?/!+(,!;&+,-C)9!57>&85!1975,!,&7><(!+7!)!97=L7-8,-!-)+;7!+7!3,!

17>&+,8!=;+(;&!+(,!17--,5*7&8;&<!;&+,-C)9!19)55?!\!+,'/&9#/!$'+/5=&#/!;&!2)3)+!)&8!P)A=)-845!

+,-65/!;5!7&,!=(;1(!1)&!3,!8,+,-6;&,8!3A!5;6;9)-!6,)&5/!>5;&<!7&9A!+(,!,)-?!

2)3)+!;5!1)-,:>9!+7!)1]&7=9,8<,!+()+!+>&,)3;9;+A!;5!&7+!U)&!)3579>+,!*-7*,-+A4/!3>+!-)+(,-!8,*,&85!

C)-;7>59A!7&!U-,<;5+,-/!-,9)+;C,!C79>6,!)&8!+;63-,!7:!+(,!57>&854/!)5!=,99!)5!7&!U+(,!,B*,-;,&1,!7:!

+(,!9;5+,&,-4!G2)3)+!_ !P) A=)-8/!FJJ#M!SD?!Z()+!;5!+>&,)39,!3A!7&,!*9)A,-!;5!&7+!&,1,55)-;9A!

+>&,)39,!3A!)&7+(,-?!i7-!)!5+-;&<!*9)A,-45!+,1(&;H>,!7:!;&+7&)+;7&/!+-)&5:7-6)+;C,!*7+,&+;)9!6)A!3,!

:7>&8!;&!+(,!)3;9;+A!+7!8;5+;&<>;5(!3,+=,,&!U+>&,)39,!17&57&)&1,54/!=(;1(!1)&!3,!8;-,1+9A!+>&,8!3A!

,)-/!U+>&,)39,!8;557&)&1,54/!=(;1(!1)&&7+!3,!+>&,8!8;-,1+9A!3A!,)-!3>+!=(;1(!6)A!3,!+>&,8!

U+(-7><(!)!5>11,55;7&!7:!17&57&)&1,54/!)&8!;&+,-C)95!=(;1(!)-,!')+! +>&,)39,!3A!,)-!G2)3)+/!FJJ"D?!!

\&!,B)6*9,!7:!)!9;],9A!+>&,)39,!17&57&)&1,!;5!+(,!b>5+!+(;-8!G"^VD/!=(;1(!1)&!3,!,)5;9A!

8;5+;&<>;5(,8!:-76!7+(,-!-)+;75!=;+(;&!;+5!-,<;7&!7:!+79,-)&1,!3A!;+5!8;5+;&1+;C,!8;::,-,&1,!+7&,!)&8!

3,)+;&<!*)++,-&/!,B)6;&,8!:>-+(,-!;&!'()*+,-!# ?!\5!)&!,B)6*9,!7:!)!+>&,)39,!8;557&)&1,/!2)3)+!

*-7*75,5!+(,!:7997=;&<!5,H>,&1,!7:!;&+,-C)95M!

!

!"#$%&'()*)*( 'JY#&.!+3/!)1/'!O2%+5$'"!+)"/+3/5!8$+3!@2'&+,5&#!)'/!*)--&!()8'!: 2DW?F!*/'+%;!
)'!+3/!>!%+5$'"!:D%+!6$'"/5C!1,5/!-&L)5!%$_+3!RQS;?!N)!+3/!*)--&2#)8/5/(!@2'&+,5&#C!+,'/!&'!>2
'&+,5&#!#)8/5/(!9.!&!*)--&!&'(!&!%/1+$-&#!*)--&!)'! +3/!`!%+5$'"!:2G]?]!*/'+%C!S5(!6$'"/5C!
'&+,5&#!%/=/'+3!WQG;?!N3/'!1#&.!+3/!)1/'!>!%+5$'"!:X!*/'+%;!+)"/+3/5!8$+3!+3/!#)8/5/(!>!:2G]?]!
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5)084)8,'9!'+-&08!&0+10)+&10!&0!)55!&+'!04)0(,!&'!(1/*-,%,06,6 9!)06!/1-,!&/*1-+)0+57!$'%()$9!
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)4+%1-,6!+,.+'9!)!*-&/)-7!/1+&<)+&10!',,/'!+1!2,!+1!,.+,06!+%,&-!1;0!*,6)818&()5!'*)(,' !27!

*-,',0+&08!'42[,(+&<,!)06!*,-'10)5!)**-1)(%,'!+1!+,(%0&:4,9!-)+%,-!+%)0!34-0&'%&08!)!01+&10!13!
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*5)7&08=!
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'488,'+&08!)!(45+4-,!13!&06&<&64)5'!31(4',6!10!&08,04&+7=!$%,!6-&<,!+1!&001<)+,!()09!&0!'1/, !()','9!

!
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)<)&5)25,!+1!*5)7,-'!31-!0,)-57!CIH!7,)-'9!%)<&08!2,,0!*-1*1',6!27!k55&'!&0!+%,!CL"I!,6&+&10!13!h,5/%15+Q@'!9"#$)&#
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*-1/1+,!&0(1/*5,+,!-,',)-(%!)06! 40'42'+)0+&)+,6!(5)&/'!10!1-&8&0)5&+7=!>0!;%)+!<,-8,'!10!)!

(1/&()557!1<,-'+)+,6!,.)/*5,!13!+%&'!)++&+46,9!+%,!&0354,0+&)5!*,6)8184,!T)-5!j5,'(%!*-,3)(,'!%&'!

211O9!<)&#=>$#-;#?!-+!"#6+'@!"(A#;&+%!+%,!31551;&08!6&'(5)&/,- !̂

b057!&0!(,-+)&0!'*,(&3&(!()','!%)<,!>!&06&()+,6!'14-(,'!)06!5&+,-)-7!-,3,-,0(,'=!aY>Z+!&'!13!
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)55!*1''&25,9!>!%)<,!)<1&6,6!6&'(4''&10'!;&+%!-,8)-6!+1!)4+%1-'!;%1',!1*&0&10'!6&33,-!

3-1/!/7!1;0 =!Bj5,'(%9!CD#Ĥ !IJ!

`%&5,!j5,'(%!()001+!2,!)''4/,6 !+1!'*,)O!31-!+%,!/)[1-&+7!13!'+-&08!*5)7,-'9!%&'!'+)0(, !+7*&3&,'!

(,-+)&0!6&'/&''&<,!)++&+46,'9!(1//10!)/108!/)07 !)4+%1-W*-)(+&+&10,-'9!;&+%!-,'*,(+!+1!-,',)-(%!

)06!+%,!&0+-&0'&(!(100,(+&10'!2,+;,,0!+%,&-!+,(%0&:4,!)06!-,5)+,6!3&,56'!13!O01;5,68,=!!
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;&+%&0!10,!*)-)6&8/!3)<14-!+%,!3&.&08!13!*&+(%,'!)((1-6&08!+1!'()5,'!1-!<&'4)5l%)*+&(!/)-O,-' E!

+%1',!;&+%&0!)! ',(106!*)-)6&8/! 31-,8-1406!+%,!-,5)+&10)5!()*)(&+7!13!*&+(%E!+%1',!;&+%&0!)!+%&-6!
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1**1-+40&+7!+1!'&+4)+,!/7!1;0!'*,(45)+&<,!;-&+&08'!)214+!,/216&,6!+,(%0&:4,!;&+%&0!+%1',!13!

1+%,-'!&0!+%,!3&,56=!$%&'!O&06!13!)0)57'&'!&'!0,(,'')-&57!',5,(+&<,RR&+!&'!01+!&0+,06,6!)'! )0!
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',5,(+&10!13!5&+,-)+4-,!27!)4+%1-W*-)(+&+&10,-'!-)08&08!3-1/!,'+)25&'%,6!)4+%1-&+&,'!B,=8=9!_)5)/&)0!

)06!j5,'(%J!+1!-,5)+&<,57!5,'',-!O01;0!(10+-&24+1-'!B,=8=9!h,/)0!)06!d&/2,-J=!$%,',! <)-&14'!

' 14-(,' !)-,!+-,)+,6!;&+%!,:4)5!;,&8%+&08!&0!/7!)0)57'&'RR)!(%1&(,!/)6,!;&+%!+%,!406,-'+)06&08!

+%)+!&+!;1456!5&/&+!,08)8,/,0+!;&+%!)'*,(+'!13! (45+4-)5!)06!)-+&'+&(!(10+,.+!'4--1406&08!+%,!
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6,'(-&*+&10!)331-6,6!27!+%,!+,-/ !?&0!+40,@=!
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$%&'!(%)*+,-!+%4'!(10+,.+4)5&','!/7!1;0 !*-)(+&(,' !)/&6'+!+-,06'!&0!'+-&08!*5)7&089!)06!,.)/&0,'!

/,+%16'!)06!*-,3,-,0(,'!13!&06&<&64)5!)4+%1-W*-)(+&+&10,-'!;&+%&0!,)(%!13!/7!*-1*1',6!*)-)6&8/'!

13!&0+10)+&10!+,(%0&:4,9!:4,'+&10&08!%1;!+%,/,' !&0!:4)5&+)+&<,9!6,'(-&*+&<,!5)084)8,!()0!-,<,)5!

406,-57&08!*-1(,'','!)06!,0+,5,(%&,'=!!

k57!,+!)5!Bcited in Braun & Clarke, 2006: 80) 01+,!+%)+!)07!6&'(4''&10!13!?+%,/,'!,/,-8&08@!()0!!

be misinterpreted to mean that themes ÔresideÕ in the dataÉ If themes ÔresideÕ anywhere, 

they reside in our heads from our thinking about our data and creating links as we 

understand them.  

V'! n&-8&0&)!A-)40!)06!n&(+1-&)!T5)-O,!(10+,069!?)07!+%,1-,+&()5!3-)/,;1-O!()--&,'!;&+%!&+!)!
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+40,@!;%&5,!+%,!-,'+!)-,!?14+!13!+40,@=!!
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!
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27!%&'!3&08,-&08!'(%,/)+&(!Bj&84-, !M=C=CJ=!h,!6,'(-&2,' !&+'!&/*5,/,0+)+&10^!

?V@!-,*-,',0+'!+%,!j&08,-W21)-6!13!)!n&15&09!10!;%&(%!)-,!/)-O,6!)55!+%,!$10,'!)06!

K,/&+10,'9!;&+%&0!+%,!T1/*)''!13!+%)+!>0'+-4/,0+9!)((1-6&08!+1!+%,!e&)+10&(O!K()5,a!>!
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B_,/&0&)0&9!C"IC^!CJ!
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)!N,(1/*,0',!/1-,!+%)0!)6,:4)+,!+1!+%,!e&'84'+!&+!/)7!8&<,=!B_,/&0&)0&9!C"IM^!GR#J!

_,/&0&)0&@'!/,+%16!%)6!)!31-/)+&<,!&0354,0(,!10!+%,!8,0-,!13!*,6)818&()5!+,.+'!31-!'+-&08'9!01+!

5,)'+!&0!+%)+!&+!,'+)25&'%,6!+%,!'()5,!)'!+%,!*-&/)-7!/,+%16!13!+-)&0&08!+%,!5,3+!%)06!BA1-4*^!"J=!

K4(%!;)'!&+'!&/*)(+9!K+1;,55!-,/)-O'9!+%)+!?*5)8&)-&',6!<,-'&10'!(10+&04,6!+1!2,!*425&'%,6!;,55!

&0+1!+%,!0&0,+,,0+%!(,0+4-7!)06!/)07!+-,)+&','!;,-,!2)',6!3&-/57!10!&+'!*-&0(&*5,'@!BK+1;,559!

GHHC^!GCJ=!j-1/!+%&'!*1&0+9!)06!31551;&08!_,/&0&)0&@'!,.)/*5,9!3&08,-21)-6!6&)8-)/'!)**,)-!

*-1/&0,0+57!&0!+%,!*,6)8187!13!'+-&08!&0+10)+&10=!

A)-+151/,1!T)/*)8015&@'!G&$-3-#H&>#?!-+!"-#BC"D"S#J!Bj&84-,!M=C=GJ!&'!;&6,57!)(O01;5,68,6!

)'!+%,!3&-'+!<&15&0!/,+%16!+1!&554'+-)+,!)06!6,'(-&2,!)!F7+%)81-,)0W+7*,!+40&08!'7'+,/!BK+1;,559!

CDLI^!GM"E!A)-2&,-&9!CDDC^!LGJ!&0!;%&(%!'%)-*'!)-,!*&+(%,6!%&8%,-!+%)0!+%,&-!,0%)-/10&()557!

,:4&<)5,0+!35)+'!BA176,09!CDIC^!GCGJ=!

!

!"#$%&'()*)+':&7$!-"#-;#I',H'("-+!C1#;!"(&>E-'>3#3!'(>',A#'1#H%E+!1)&3#!"#G&$-3-#

A)-2&,-&!)06!U)08',0! 12',-<,!+%)+!T)/*)8015&!?*-,',-<,6!+%,!,0%)-/10&(!6&'+&0(+&10!2,+;,,0!

+%,!'%)-*'!)06!35)+'9!;%&(%!Y/)7!2,Z!/)6,!&6,0+&()5!27!+%,!+,/*,-)/,0+!1057!&0!)!3,;!,.(,*+&10)5!

()','@!BA)-2&,-&!m!U)08',09!CDDC^!LGJ=!T)/*)8015&@'!3&08,-21)-6!(%)-+9!6,'(-&2,6!)'!31551;'9!

&554'+-)+,'!+%&'!1*+&10!31-!&0+10)+&10)5!(1/*-1/&',9!%,-,!-,3,--,6 !+1!)'!+%,!$,/*,-)/,0+^ #

!
#!$%,!6)+,!13!T)/*)8015&@'!1-&8&0)5!*425&()+&10!&'!40(103&-/,69!24+!A176,0!(&+,'!C"D"!&0!-,3,-,0(,!+1!V=!F1+%9!J&#
9"$K!LL&+!"(1('"(#3&>#?!--+,&$)-3&1!BA176,09!CDIC^!GCG9!30=!CDJ=!



! "D!

>0!)61*+&08!+%,!+,/*,-)/,0+9!+%,!3&08,-'!/4'+!2,!*5)(,6!4*10!+%,!'+-&08'!2,+;,,0!+%,!

5&++5,!5&0,'=!YaZ!T1--,(+0,''!13!&0+10)+&10!*-1%&2&+'!+,/*,-)/,0+!10!+%,!<&15&09!,.(,*+!&0!

(,-+)&0!()','^!C'+9!+1!5,'',0!+%,!/1<,/,0+'!13!3&08,-'9!G06579!+1!')+&'37!+%,!6,5&()(7!13!+%,!

,)-!;%,0!)((1/*)07&08!1+%,-!&0'+-4/,0+'9!#-6579!+1!3)(&5&+)+,!*,-31-/)0(,E!31-!&0'+)0(,!

;%,0!V W35)+!)06!_W'%)-*!'4((,''&<,57!1((4-!10!+%,!+%&-6!'+-&089!&+!&'!01+!0,(,'')-7!+1!

;&+%6-);!+%,!314-+%!3&08,-!&0!1-6,-!+1!,/*517!+%,!+%&-69!24+!+%,!314-+%!/4'+!2,!O,*+!

*-,'',6!4*10!+%,!'+-&089!)06!&+'!*1'&+&10!2,!/16&3&,6!)'!+%,!0)+4-,!13!+%,!%)-/107!/)7!

-,:4&-,=!BT)/*)8015&!$>'"1M#A&'%1*^!CLDI^!CfJ!

T)/ *)8015&@'!,.*5&(&+!(1//,0+)-7!10!%)-/10&(!(10+,.+!',+'!%&/!)*)-+!3-1/!/)07!1+%,-!

*-1*10,0+'!13!+%&'!*)-)6&8/9!7,+!%&'!-,)6&0,''!+1!)((1//16)+,!<)-&)+&10'!&0!+,/*,-)/,0+!31-!

-,)'10'!13!*-)(+&()5!3)(&5&+7!*-,W,/*+'!)0!,0'4&08!'%&3+!)/108!'1/,!*-)(+&+&10,-'!+1;)-6!)!

*-)(+&(,!13!'+-&08!&0+10)+&10!/1-,!'7/*)+%,+&(!+1!O,721)-6!+40&08'=!V!5,)6&08!*-1*10,0+!13!+%&'!

)++&+46,!;)'!+%,!<&15&0&'+!)06!*,6)8184,!i14&'!K*1%-=!>0!%&'!?!-+!"17)%+&#BCL#GJ!K*1%-!-,[,(+'!

,0%)-/10&(!6&33,-,0+&)+&10!&0!3)<14-!13!CG!,:4)557W+,/*,- ,6! ',/&+10,' =!h&'!*-,3)(,!?+1!F)-,0+'!

)06!$,)(%,-'@!6,3&0,'!?*4-,!&0+10)+&10@!)'!?+%)+!;%&(%!&'!)((1-6&08!+1!,:4)5!+,/*,-)/,0+E!31-!

/16,-0!/4'&( 9!01!1+%,-!,.&'+'@!BK*1%-!,6=!h15/,' 9!CLML^!&&&J=!K*1%-!(10+&04,'̂!!

$%,!'42[,(+'!13!40,:4)5!+,/*,-)/,0+9!)06!13!5)-8,-!)06!'/)55,-!',/&+10,'9!%)<,!01+!2,,0!

/,0+&10,6!&0!+%&'!K(%1159!)'!,&+%,-!;1456!1057!',-<,!+1!(1034',!+%,!61(+-&0,!13!+%,!,:4)5!'&Q,!13!

)55!CG!',/&+10,'=!BK*1%-!,6=!h15/,'9!CLML^!<&J!

`%&5,!K*1%-@'!/,+%16!61,'!01+!,0(14-)8,!+%,!4',!13!<&'4)5!3&08,-&08!(%)-+'9!&+!61,'!*-1*1',!

,.,-(&','! 31-!+%,!*5)7,-!+1!,'+)25&'%!+%,!*1'&+&10'!13!*&+(%,'!)5108!+%,!3&08,-21)-6!27!/4'(5,!

/,/1-7!)06!+%,!24&56&08!13!)!/,0+)5!/)*!13!3&08,-!'*)(&08=!b0,!'4(%!,.,-(&',!'+&*45)+,' !̂

j1-!+%,!)++)&0/,0+!13!01+,'!&0!*,-3,(+!+40,!&+!&'!01+!'433&(&,0+!/,-,57!+1!*5)(,!+%,!3&08,-'!

/,(%)0&()557!&0!-1+)+&10=!$%,!&0+,-<)5'!/4'+!2,!/,0+)557!/,)'4-,69!'1!+%)+!+%,!'+1*!13!

,)(%!01+,!/)7!2,(1/,!3)/&5&)-9!)06!+%,!*4*&5!/)7!',,O!)06!3&06!&+!)'!-,)6&57!)'!+%,!

(1/*1'&+1-!%&'!+7*,=!BK*1%-!,6=!h15/,'9!CLML^!CDJ!

>0!(10+-)'+!+1!+%,!;1-O'!13!_,/&0&)0&!)06!T)/*)8015&9!K*1%-@'!/,+%16!',,/'!01+!+1!

)((1//16)+,!+%,!01+&10!13!35,.&25,!&0+10)+&10!&0!)07!;)7=!>+!&'!5&O,57!+%)+!K*1%-!;)'!&0354,0(,6!

27!,:4)5W+,/*,-,6!O,721)-6!+40&08'9!;%&(%!)+!+%,!+&/,!13!%&'!*425&()+&10!;,-,!2,(1/&08!?+%,!

;&6,57!(45+&<)+,6!01-/!31-!&0+10)+&10!&0!8,0,-)5@!BK+1;,559!GHHC^!"GJ=!

!



! LH!

!

!

!

!

!

!

!"#$%&'()*),#51!3->&#N&>(&>C1#D!-+!"#;!"(&>E-'>3#
!

V!04/2,-!13!,)-57!GH+%!(,0+4-7!<&15&0!/,+%16'!-,+4-0!+1!_,/&0&)0&@'!/,+%16!13!/)-O&08!1-!

/,)'4-&08!+%,!3&08,-21)-69!24+!-,+)&0!K*1%-@'!,:4)557W+,/*,-,6!',/&+10,!&0+10)+&10=!n&15&0&'+!

>'&61-,!A,-8,-@'!9"&#*%"3>&3#O%"3',&"$'+#:$%3!&1!BCDC#J!3,)+4-,'!&/)8,'!13!/)-O,6!3&08,-21)-6' !

Bj&84-,!M=C=#J9!13!;%&(%!A,-8,-!;-&+,'^!

V!(1--,(+!/,0+)5!(10(,*+&10!13!+%,!,.)(+!*5)(,'!;%,-,!+%,!3&08,-'!/4'+!*-,''!+%,!'+-&08'!

()0!2,'+!2,!',,0!;%,0!+%,!3&08,-21)-6!&'!/)-O,6!133!/)+%,/)+&()557=!$%,!2,'+!/,+%16!&'!

+1!*)'+,!)!3&08,-21)-6!(%)-+!10!+%,!21)-6=!BA,-8,-9!CDC#^!CIJ!!

A,-8,-! 34-+%,-/1-, !*-1*1','!)!/,+%16!13!'&5,0+!*-)(+&(,9!;%&(%!&'!-,/&0&'(,0+!13!_,/&0&)0&@'9!

)5+%148%!A,-8,-@'!(1//,0+)-7 !'488,'+'!%,!/)7!01+!%)<,!2,,0!34557!);)-,!13!+%,!%&'+1-&()5!

*-,(,6,0+'!2,%&06!+%,!/,+%16^!

$%,!156!;)7!&'!+1!+,)(%!27!+10,'!)06!%)53!+10,'9!6,*,06&08!,0+&-,57!10!+%,!,)-!31-!

84&6)0(,=!$%,!,)-!&'!-,)557!1057!)!+,'+a!$%,!)-/!)06!%)06!/4'+!2,!+-)&0,6!+1!/)O,!+%,!

,.)(+!'*)(,'!+%-148%!+%,!',0',!13!3,,5&08a!+%,!)++,0+&10!'%1456!01+!2,!(103&0,6!+1!+%,!

,)-!)510,a!`,!-,(1//,06!+%)+!)55!13!+%,',!,.,-(&','!2,!*-)(+ &(,6!'&5,0+57a!>+!&'!+%,!

N,)5!F)8)0&0&!K,(-,+=!BA,-8,-9!CDC#^!CIJ!

F425&'%,6![4'+!*-&1-!+1!A,-8,-@'!/,+%169!<&15&0&'+!A,0[)/&0!T4++,-@'!O!>1$#:$&H1#!"#?!-+!"#

6+'@!"(!BCDCGJ!&0'+-4(+'^!

V'!)! $-"'+#(%!3&!+%,!'+46,0+!'%1456!24&56!)!'()5,!',(+&10a!)06!()--7!14+!+%,!1+%,-!

'&+4)+&10'!)3+,-!+%&'!6,'&809!13!(14-',!(%)08&08!+%,!'+)-+&08!+10,!)'!6&-,(+,6=!$%&'!;&55!

&0'4-,!&0+10)+&10!)06!%,5*!3&.!+%,!*&+(%!/1-,!6,3&0&+,57=!BT4++,-9!CDCG^!G#J!



! LC!

_&<,0!+%,!%&8%!6,8-,,!13!&0+10)+&10)5!-&814-!(1//)06,6!27!21+%!)4+%1-'9!&+!&'!'4-*-&'&08!+%)+!

0,&+%,-!133,-'!34-+%,-!(5)-&3&()+&10!)'!+1!+%,!'10&(!&6,0+&+79!1-!&0!A,-8,-@'!()',!+%,!?/)+%,/)+&()5@!

51()+&10'9!13!+%,!,.)(+!*&+(%,'!+1!;%&(%!+%,7!-,3,-=!>+!&'!(5,)-9!%1;,<,-9!+%)+!21+%!)4+%1-'!+-,)+!

&0+10)+&10!*-&/)-&57!)'!)!*%7'&()5!&/*1'&+&109!;%&(%!+%,7!)&/!+1!-,&0!&0!27!/,)0'!13!-,*,+&+&<,!

+-)&0&08=!!

`%,-,!'1/,!*-)(+&+&10,-'!/)*!+%,!,0+&-,!3&08,-21)-6!)'!)!;%15,9!1+%,-'!&0'+,)6!31(4'!10!3&.&08!1-!

51(O&08!&0!'/)55,-!40&+'!13!*&+(%=#$%,!01+,6!<&15&0!*,6)8184,!i,1*156!V4,-!%)6!)-84)257!10,!13!

+%,!8-,)+,'+!&0354,0(,'!10!21+%!+%,!N4''&)0!)06!V/,-&()0!'(%115'!13!<&15&0!*5)7&08!&0!+%,!5)+,!CD+%!

)06!,)-57!GH+%!(,0+4-&,'=!h&'!*%&51'1*%&,'!13!*,-31-/)0(, !)06!*,6)8187!)-,!-,(1-6,6!&0!%&'!211O9!

?!-+!"#6+'@!"(#'1#5#<&'7)#5$!BCDGCJ=!V4,-! *-13,'',' !+%)+!?3)45+7@!&0+10)+&10!-,'45+' !3-1/!

&0)6,:4)+,!)++,0+&10!+1!+%,!+40&08!13!;%15,!'+,*'!)06!%)53!'+,*'9!)06!-,(1//,06' !'()5, W2)',6!

*-)(+&(,9!)06!31-!2,8&00,-'9!'&/*5,!*&,(,'!;&+%!*&)01!)((1/*)0&/,0+!+1!?'15&6&37!+%,!,)-@!!

BV-0,79!GHHf^!ICJ^!!

c,85,(+!13!+%,!%)53W+10,!*-18-,''&10'!&'!)+!+%,!<,-7!-11+!13!*11-!&0+10)+&10g ;%&(%!61,'!

01+!/,)09!13!(14-',9!+%,!(1--,(+!&0+10)+&10!13!+%,!;%15,W+10,!&'!01+!+1!2,![4'+!)'!()-,34557!

(45+&<)+,6=!j1-!6&'+)0(,'!2,+;,,0!+%,!&0+,-<)5'9!)5-,)67!<,-7!'5&8%+!&0!+%,!3&-'+!314-!

*1'&+&10'9!2,(1/,!&/*1''&25,!13!/,)'4-,/,0+ g ,<,0!;&+%!+%,!)&6!13!)!/)80&37&08!

85)'' g &0!+%,!*1'&+&10'!)21<,!+%,!314-+%=!$%,-,31-,!+-7!+1!',(4-,!3-1/!+%,!<,-7!2,8&00&08!

+%,!/1'+!*,-3,(+!&0+10)+&10!13!;%15,W+10,!)06!%)53W+10,!*-18-,''&10'=!BV4,-9!CDLH^!#LRDJ!

V4,-@'!<&'&10!13!?*,-3,(+!&0+10)+&10@!&/*1',' !'*,(&3&(!(%)-)(+,-&'+&('!13!&0+10,/,0+!31-!,)(%!

&0+,-<)5!(5)''=!h,!*-,3,-' !0)--1;!+40&08'!31-!',/&+10,'9!'+)+&08!+%)+!?&3!+%,!%)53!'+,*'!)-,!01+!

'433&(&,0+57!0,)-!,)(%!1+%,-9!+%,&-!&0+10)+&10!;&55!)5;)7'!2,!642&14'@!BV4,-9!CDLH^!#LJ=!

K&/&5)-579!%,!-,[,(+' !/)[1-!+%&-6'!+%)+!)-, !$--!0)--1;9!'&0(,9!)'! i)[1'!_)-)/! 12',-<,'9!?+%,&-!4',!

&0!*5)7&08!6&)+10&(!'()5,'!0,(,''&+)+,'!)5'1!4'&08!2-1)6!',/&+10,'9!;%&(%!V4,-!(10'&6,-,6!+1!2,!

+%,!-11+!()4',!13!2)6!&0+10)+&10!&0!/,516&(!*5)7&08@!B_)-)/9!CDDH^!GHDJ=!

V4,-!)551;'!+%,!,.)(+ !*-1*1-+&10'!13!2-1)6!+%&-6'!)06!0)--1;!',(106'!+1!-,/)&0!40'*,(&3&,6!

+%-148%14+!%&'!211O=!h1;,<,- 9!&+!',,/'! +%)+!&0!+%&'!(10+,.+!%,!/,)0' !+%,/!&0!(10+-)'+!+1!+%,!

-,5)+&<,57!0)--1;!+%&-6'!)06!;&6,!',(106'!31406!&0!X4'+!>0+10)+&10=!n&15&0&'+!h)'',!A1-4*! 01+,'!

+%)+!&0!)66&+&10!+1!*-)(+&(&08!6&)+10&(!'()5,'9!V4,-!?'+-10857!4-8,'!+%,!*5)7,-!+1!*-)(+&(,!(%-1/)+&(!

'()5,'!)'!)0!)&6!31-!8116!&0+10)+&10a!Y24+Z!;%,+%,-!&+!&'!+;,5<,!,:4)5!%)53!'+,*'!&'!01+!,.*5&(&+@!

BA1-4*^!DJ=!AuerÕs f-,:4,0+!-,3,-,0(,'!+1!+%,!*&)019!21+%!)'!)!+14(%'+10,!13!)4-)5!+-)&0&08!)06!)'!



! LG!

)0!&6,)5!/16,5!31-!)-+&(45)+&10M9!/)7! &06&()+,!)!2&)'!+1;)-6!'1/,!<,-'&10!13!,:4)5!+,/*,-)/,0+=   

j1551;&08!V4,-@'!*,6)818&()5!)**-1)(%9!<&15&0&'+!U)&)!A)08@'!G'!'#N'"(#?!-+!"#G&$)-3 !BCDCDJ!

10(,!)8)&0!3,)+4-,'!)!3&08,-21)-6!(%)-+!Bj&84-, !M=C=MJ=!V5+%148%!*425&'%,6!+;1!7,)-'!,)-5&,-!+%)0!

V4,-@'!?!-+!"#6+'@!"(#'1#5#<&'7)#5$9!A)08@'!/,+%16!&'!)6<,-+&',6!)'!*-1<&6&08!?b-&8&0)5!k.,-(&','!

)06!K488,'+&10'!27!i,1*156!V4,-!)06!A)',6!10!%&'!+,)(%&08!F-&0(&*5,'@=!$%,!+,.+!&'!*40(+4)+,6!

27!'%1-+!:41+)+&10'!3-1/!V4,-9!(103&-/&08!+%,!<&-+4,'!13!,)(%!,.,-(&',=!!

!

!"#$%&'()*) ( #G'!'#N'"(C1#;!"(&>E-'>3#7)'>$#

!

A)08!'+)+,'!,/*%)+&()557!+%)+9!13!+%,!?/)[1-!'&0'!&0!<&15&0!*5)7&089!;%&(%!+%,!'+46,0+!'%1456!

-,8)-6!)'!+)211a!Y+%,!3&-'+!&'Z!3)5',!&0+10)+&10@!BA)089!CDCD^!CDMJ=!i&O,!A,-8,-!)06!T4++,-9!

A)08!61,'!01+!,5)21-)+,!10!;%)+!:4)5&3&,'!)!*&+(%!)'!?3)5', @9!01-!61,'!'%, !133,-!)07!*-,(&',!

&06&()+&10!13!%1;!)!'+46,0+!/&8%+!)--&<,!)+!)!(10<,-',57!?+-4,@!&0+10)+&10=!h1;,<,-9!%,-!

6&'(4''&10!13!61425,W'+1**&08!'488,'+'!)!5&O,57!)6%,-,0(,!+1!'1/,!/16,-)+,!<,-'&10!13!,:4)5!

+,/*,-)/,0+ I !̂!

>+!&'!)6<&')25,!31-!+%,!*4*&5!01+!+1!2,8&0!+1!'+467!61425,W'+1*'!2,31-,!%&'!&0+10)+&10!&'!',(4-,57!

,0148%!,'+)25&'%,6!31-!%&/!+1!2,!)25,!+1!*5)7!,<,-7!&06&<&64)5!+10,!&0!)!(5,)0!)06!*,-3,(+!/)00,-=!

`%,0!*5)7&08!61425,W'+1*'!%,!&'!125&8,6!+1!6&'+&084&'%!2,+;,,0!+;1!6&33,-,0+!+10,'!)+!10,!)06!+%,!

')/,!+&/,!)06!(10+-15!+%,/E!%,0(,9!&3!%&'!&0+10)+&10!&'!01+!*,-3,(+!&0!'&085,!+10,'!&+!;&55!2,!'+&55!

5,''!'1!;%,0!%,!&'!*5)7&08!+;1!+10,'=!BA)089!CDCD9!>n^!GIJ!

!
M!V'!,<&6,0(,6!&0!V4,-@'!'+)+,/,0+^!?$%,!+-)0'&+&10!Y2,+;,,0!'()5,!*&+(%,'Z!'%1456!2,!,33,(+,6!&0!)!/)00,-!)'!
(1/*5,+,57!&0)46&25,!)06!4001+&(,)25,!)'!&'!+%,!5,8)+1!/1<,/,0+!3-1/!01+,!+1!01+,a!10!+%,!*&)01@!BV4,-9!CDGC^!#MJ=!
I !A)08!6,'(-&2,'!?,0%)-/10&(!(%)08,@!)'!+%)+!?&0!;%&(%!+;1!6&33,-,0+!+10,'!)-,!-,06,-,6!&6,0+&()5!&0!*&+(%!+%-148%!4',!
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)!-,845)+1-!+1!+%,!,)-!)06!+1!+%,!*1'&+&10!13!+%,!3&08,-'=!$%&'!+-4,!&0+10)+&10!13!61425,!'+-&08'!10(,!

)(:4&-,6!;&55!,.+,06!+1!)55!*)-+'!13!+%,!<&15&0=!Bh168,'109!GHCMJ!

$%,!(,5,2-)+,6!<&15&0&'+!X1',*%!X1)(%&/!%)'!2,,0 !()55,6!?+%,!8-,)+!/)'+,-!13![4'+!&0+10)+&10!&0!

*-)(+&()5!/4'&(@!Bj455,-WU)&+5)069!CDHI^!#MJ9!)06!%&'!?!-+!"17)%+&#BCDHIJ9!(1W)4+%1-,6!;&+%!%&'!

'+46,0+!V06-,)'!U1',-9!-,35,(+'!+%&'!*-)(+&(,=!V0!)''1(&)+&10!;&+%!+%,!*%7'&(&'+!)06!*'7(%1W

)(14'+&(&)0!h,-/)00!<10!h,5/%15+Q!&031-/,6!X1)(%&/@'!)**-1)(%!+1!&0+10)+&109!)06!+%,!

?!-+!"17)%+&@'!&0+-164(+1-7!*-,3)(,!?b0!+%,!'&Q,!13!/4'&()5!&0+,-<)5'@CC!*-,',0+'!X4'+!'*,55&08'!13!

6&)+10&(!'()5,'!Bj&84-, !M=G=GJ!)06!+%,!'&/*5,!6&)+10&(!&0+,-<)5'!)'!3-,:4,0(7!-)+&1'!Bj&84-, !

M=G=#J=!

!

!

!

'
!"#$%&'()+)+'4-'7)!,C1#3!'$-"!7#17'+&#,&'1%>&3#!"#*&>$.#'"3#7->>&1H-"3!"(#4%1$#>'$!-1#
U4-'7)!,A#VW]YZ#V^\#

!

!

!

!

!

! !

#

!"#$%&'()+),'4-'7)!,C1#I-"1-"'"$#'"3#J!11-"'"$#!"$&>D'+1A#'"3#$)&!>#7->>&1H-"3!"(#+-K/->3&>#
;>&_%&"7@#-)+&1'!U4-'7)!,A#VW]YZ#V^\#
!

X1)(%&/@'!2&18-)*%,-9!X=!V=!j455,-WU)&+5)069!01+,'!+%)+!%&'!'42[,(+@'!&0+10)+&10!'+116!14+!)/108!

%&'!(10+,/*1-)-&,'9!6&<&6&08!*425&(!1*&0&10=!j1551;,-'!*-)&',6!X1)(%&/!31-!*5)7&08!?3)-!0,)-,-!+%,!

*1&0+!13!,.)(+!'(&,0+&3&(!+-4+%!+%)0!13!)07!1+%,-!<&15&0&'+@!Bj455,-WU)&+5)069!CDHI^!##J!;%&5,!)+!10(,!

!
CC!$-)0'5)+,6!3-1/!+%,!_,-/)0^! ??-"#3&>#(>`11&#3&>#,%1!L'+!7)&"#5"$&>D'+&"@!BX1)(%&/9!CDHI^!CIJ=!



! LL!

'1/,!(-&+&('!-,/)&0,6!40(10<&0(,6=!n&15&'+!U&(%),5!d&/2,-!-,*1-+' !+%)+!?A,-0)-6!K%);!savagely 

claimed [Joachim] did not play in just intonation, but simply out of tuneÕ (Kimber, 1974: 17)=CG!!

e,'*&+,!+%,',!(-&+&:4,'9!X1)(%&/@'!*,6)818&()5!/,+%16'!-,35,(+!%&'!(10(,-0!31-!-,5)+&10)5!

&0+10)+&10=!>0!10,!&0'+)0(,9!%,!()55'!&0+1!:4,'+&10!+%,!)**-1*-&)+,0,''!13!+%,!T!U)[1-!'()5,!)'!)!

2)'&'!31-!,'+)25&'%&08!+%,!<&15&0&'+@'!5,3+W%)06!*1'&+&109!)06!(-,6&+'!T%)-5,'!6,!Ao-&1+!)'!%)<&08!

2,,0!?+%,!3&-'+!+1!2-,)O!+%-148%!+%,!156!+-)6&+&10@!27!&0'+,)6!+,)(%&08!+%,!_!U)[1-!'()5,!3&-'+9!

'&0(,!?+%,!<&15&0!&'!)!_!&0'+-4/,0+@!BX1)(%&/9!CDHI^!CHJ=!

`%&5,!21+%!6,!Ao-&1+!)06!X1)(%&/!)5546,!+1!+%,!4',!13!1*,0!'+-&08'!)'!+40&08!-,3,-,0(,'9!+%&'!

*-&0(&*5,!&'!34-+%,-!,.*51-,6!&0!+%,!;-&+&08!13!b+)O)-!K,<(&O9!;%1',!:7)--+#-;#?!-+!"#5"$-"'$!-"#

-"#'#*'>,-"!7#N'1!1 !BCDGGJ!(1/*-&','!CM!<154/,'!13!-,5)+&10)557W2)',6!&0+10)+&10!,.,-(&','=!

K,<(&O@'!/,+%16!*-&1-&+&','!+%,!1*,0!'+-&08'!)'!(,0+-,'!13!&0+10)+&10)5!8-)<&+79!)-1406!;%&(%!)55!

+40&08!6,(&'&10'!/4'+!2,!2)',6=!h,!-)+&10)5&','!+%&'!*-&0(&*5,!)'!31551;'^!

$%,!*-)(+&(,!13!+40&08!+%,!<&15&0!&0!*,-3,(+!3&3+%'!&'!01+!;&+%14+!&0354,0(,!4*10!&0+10)+&10!10!+%&'!

&0'+-4/,0+=!j-1/!+%,!0,(,''&+7!13!+40&08!+%,!<&15&0!&0!+%&'!/)00,-!%)'!)-&',0!+%,!,.&8,0(7!+%)+!+%,!

&06&<&64)5!+10,'!13!)!'()5,!/4'+!2,!*-164(,6!6&33,-,0+579!)((1-6&08!)'!)07!'*,(&3&(!+10,!31-/'!)0!

&0+,-<)5!;&+%!)0!4**,-!1-!)!51;,-!1*,0!'+-&08=!$%1',!+10,'!31-/&08!&0+,-<)5'!;&+%!)0!4**,-!1*,0!

' +-&089!/4'+!2,!*-164(,6!'1/,;%)+!%&8%,-!+%)0!+%1',!31-/&08!&0+,-<)5'!;&+%!)!51;,-!1*,0!'+-&08=!

BK,<(&O9!CDGG^!<&J!

K,<(&O!61,'!01+!6&'(51',!+%,!/,)0&08!13!?'1/,;%)+!%&8%,-@!&0!/1-,!6,3&0,6!+,-/'9!)06!)!(4-&14'!

-,)6,-!/&8%+!2,!/1+&<)+,6!+1!',,O!34-+%,-!*-,(&'&10!;&+%&0!+%,!,.,-(&','!+%,/',5<,'=!p*10!

-,35,(+&109!K,<(&O@'!/4'&()5!,.)/*5,'!*-1<&6,!(10<&0(&08!,<&6,0(,!13!)0!'3'H$&3#<,-'&10!13!

X4'+!>0+10)+&10=!K,<(&O@'!'7'+,/!8-14*'!*&+(%,'!&0+1!+;1!()+,81-&,'^!?c1-/)5!$10,'@!)-,!*&+(%,'!

+40,6!+1!+%,!51;,-!0,&8%214-&08!1*,0!'+-&089!31-/&08!&0+,-<)5'!+'>(&>!+%)0!)!'1406&08!3&3+%E!

?$,/*,-,6!$10,'@!)-,!*&+(%,'!+40,6!+1!+%,!4**,-!0,&8%214-&08!1*,0!'+-&089!31-/&08!&0+,-<)5'!

K!$)!"!+%,!-)08,!13!)!'1406&08!3&3+%!BK,<(&O9!CDGG^!<&&&J=!j1551;&08!K,<(&O@'!*-&0(&*5,9!+%1',!

?c1-/)5@!*&+(%,'!'%1456!2,!+40,6!51;,-!+%)0!+%1',!;%&(%!)-,!?$,/*,-,6@C#!Bj&84-, !M=G=MJ=!

!

!
CG!>0!-,'*10',!+1!K%);9!d&/2,-!-,/)-O'!+%)+!?>3!X1)(%&/!-,)557!6&6!4',!X4'+!>0+10)+&10!&0!)!/,516&(!;)79!%,!/)7!<,-7!
;,55!&06,,6!%)<,!'1406,6!14+!13!+40,@!Bd&/2,-9!CDM"^!C"J=!$%&'!)'',-+&10!&'!34-+%,-!,.*51-,6!&0!+%&'!(%)*+,-!)'!&+!
*,-+)&0'!+1!+%,!1!,%+$'"&-%1a1%77&11!D&#&0+10)+&10!*)-)6&8/=!!
C#!K,<(&O@'!&6&1'70(-)+&(!4',!13!+%,',!+,-/'9!?+,/*,-,6@!)06!?01-/)5@!)-,!6&'(4'',6!&0!(10[40(+&10!;&+%!+%,!;-&+&08!13!
T%-&'+&0,!h,/)0!5)+,-!&0!+%&'!(%)*+,-=!



! LD!

'

!"#$%&'()+)(' F8->,'+C#'"3#F<&,H&>&3C#;!"(&>#H-1!$!-"1#U:&D7!LA#VWbbZ#D!!!\#
!

$%,!31551;&08!)001+)+&10!Bj&84-, !M=G=IJ!(1/*)-,'!K,<(&O@'!6&-,(+&<,!;&+%!&0+,-<)5!'&Q,'!+)O,0!

3-1/!)!" W5&/&+!X4'+!>0+10)+&109!&554'+-)+&08!)0!1<,-)55!(1--,'*106,0(,=!!

!

!"#$%&'()+)-#45#'""-$'$!-"#-;#7)>-,'$!7#H!$7)&1#-"#$)&#D!-+!"#J/1$>!"(A#$'L&"#;>-,#:&D7!LC1#
F8->,'+C#'"3#F<&,H&>&3C#;!"(&>!"(1#U:&D7!LA#VWbbZ#D!!!\#
#

$%&'!)001+)+&10!+)O,'!K,<(&O@'!+;1!<,-'&10'!13!+%,!(%-1/)+&(!*&+(%,'!)21<,!+%,!<&15&0@'!e!'+-&089!

+40,6!X4'+57!)8)&0'+!_!B?c1-/)5 @J!)06!V!B?$,/*,-,6 @J=!N,6!(,0+!6,<&)+&10'!'%1;!+%,!51()+&10!13!

,)(%!(%-1/)+&(!*&+(%!)'!&+!6,<&)+,'!3-1/!CGWkeb 9!;%&5,!254,!-)+&1'!6,'(-&2,!+%,!-,'45+&08!X4'+!

&0+,-<)5'!31-/,6!;&+%!,)(%!6-10,!'+-&08=!>+!&'!(5,)-!+%)+!)!8,0,-)557!%&8%,-!',+!13!*&+(%,'!-,'45+'!

3-1/!+40&08!+1!V9!;%&5,!)!8,0,-)557!51;,-!',+!13!*&+(%,'!)-&','!3-1/!+40&08!+1!_9!)06!+%4'!

K,<(&O@'!*-&0(&*5,!%)'!2,,0!/1'+57!')+&'3&,6=!b0,!01+)25,!&0(10'&'+,0(7!()0!2,!12',-<,6!&0!+%,!

j W'%)-*9!;%&(%!%,-,!&'!+40,6!51;,-!)'!f^I!2,51;!V!B)+!WCfJ!+%)0!&+!&'!)'!CI^L!10!_!B)+!WLJ=!b0,!

*1''&25,!,.*5)0)+&10!&'!+%)+!jq!340(+&10'!)'!+%,!5,)6&08!+10,!&0!+%,!O,7!13!_9!)06!)'!'4(%!/&8%+!

&0!'1/,!*-)(+&(,'!2,!&0+10,6!%&8%,-!&0!1-6,-!+1!0)--1;!+%,!',/&+10,!2,+;,,0!5,)6&08!+10,!)06!

+10&(9!;&+%!+%,!81)5!13!'%)-*,0&08!+%,!*-13&5,!13!+%,!O,7!B',,! A)-2&,-&9!CDDC^!LGJ=!$%,!<)84,0,''!

13!K,<(&O@'!+,-/&015187!/)O,'!)07!&0+,-*-,+)+&10!'*,(45)+&<,=!



! DH!

T5)-&3&()+&10!13!K,<(&O@'!12[,(+&<,'!()0!&0'+,)6!2,!31406!&0!+%,!+-&)5!)06!*-)(+&(,!13!%&'!/)07!

/4'&()5!,.)/*5,'=!$%-148%!04/,-14'!6,'(-&*+&10'!13!+%,!'1406&08!:4)5&+&,'!13!(51',!*1'&+&10!

&0+,-<)5'9!K,<(&O!&554'+-)+,'!%&'!*-1(,''!13!+40&08!*&+(%,'!&0!X4'+!>0+10)+&10!+1!+%,!'4--1406&08!

1*,0!'+-&08'=!>0!*,-31-/&08!61425,W'+1*'9!%,!6,'(-&2,'!<)-&)25,!&0+10)+&10!6,*,06&08!10!1*,0W

'+-&08!(10+,.+!Bj&84-, !M=G="J=!

!

!"#$%&'()+). #:&D7!LZ#F$)&#1&,!$-"&#UE/7\#,%1$#E&#1$-HH&3#1+!()$+@#3!;;&>&"$#!"#&'7)#E'>M#5"#$)&#;!>1$#
,&'1%>&#$)&#1&,!$-"&#!1#!"#$)&#)!()&1$#H-1!$!-"c#!"#$)&#1&7-"3A#!"#$)&#+-K&1$c#!"#$)&#$)!>3#!$#!1#$)&#
1,'++&1$#1&,!$-"&#H-11!E+&c#!"#$)&#;-%>$)A#$)&#+'>(&1$MC#U:&D7!LA#VWbbZ#D!!\#
#

V!X>!)001+)+&10!(103&-/'!+%)+!K,<(&O@'!)'',''/,0+!13!,)(%!&0+,-<)5!*5)(,/,0+!&'!(10'&'+,0+!;&+%!

X4'+!>0+10)+&10!Bj&84-, !M=G="J=!>0!+%,!)001+)+&10!2,51;9!+%,!AWk!*,-3,(+!314-+%!&'!+40,6!)'!+%,!

-)+&1!M^#9!+%,!TWk!/)[1-!+%&-6!&'!+40,6!I^M9!+%,!eWA!'&.+%!&'!+40,6!I^#9!)06!+%,!eWT!',<,0+%!&'!

+40,6!"^M=!T1--,'*106&08!-,6!(,0+!6,<&)+&10'!6,'(-&2,!+%,!*1'&+&10!13!,)(%!6&'(-,+,!*&+(%=!$%,!

'&Q,!13!-,'45+&08!+!"&'>!AWT#',/&+10,!&'!&554'+-)+,6!&0!8-,,09!)'!&+!6,<&)+,'!3-1/!)!CHHW(,0+!

,:4)557!+,/*,-,6!',/& +10,=!

!

!

!"#$%&'()+)/' 45#'""-$'$!-"#-;#:&D7!LC1#17)&,'$!7#;->#1&,!$-"&#$%"!"(#U:&D7!LA#VWbbZ#D!!\#

V53-,6!N,/79!;%1',!(1//,0+)-7!*-,3)(,'!+%,!k085&'%!5)084)8,!,6&+&10!13!+%,!:7)--+#-;#?!-+!"#

5"$-"'$!-"#-"#'#*'>,-"!7#N'1!1 9!*-)&','!+%,!/,+%16!)'!8-1406W2-,)O&089!'+)+&089!?F-13,''1-!

K,<(&O!&'!+%,!3&-'+!+1!133,-!)!'(&,0+&3&(!,.*5)0)+&10!13!Y+%,!(%)55,08,'!13!&0+10)+&10Z!10!+%,!2)'&'!

13!+%,!5);'!13!)(14'+&('@!BN,/7!&0!K,<(&O9!CDGG^!&&&J=!`%&5,!+%&'!)((15)6,!&'!01+!&0!3)(+!

'4**1-+)25,9!K,<(&O@'!/,+%16!&'!010,+%,5,''!01+,;1-+%7!;&+%&0!&+'!8,0-,9!)'!&+!*-1*1','!)0!
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! DC!

1-&8&0)59!(1/*5,+,!+%,1-7!13!<&15&0!&0+10)+&109!'+,//&08!3-1/!+%,!,'',0+&)5!%)-/10&(!

(%)-)(+,-&'+&(!13!+%,!&0'+-4/,0+g +%,!1*,0!'+-&08'!+40,6!&0!3&3+%'=!!

!

.(*7=/%03,7+#>#.7443++(?3#10/,0%/(,0##

K,<(&O@'!)**-1)(%!/&8%+!2,!',,0!+1!+-,)6!)!3&0,!2)5)0(,!2,+;,,0!+%,!%)-/10&(!(1%,'&10!13!X4'+!

>0+10)+&109!+%,!*%7'&()5!&/*,-)+&<,'!13!)!'+-&08!+40,6!&0!F7+%)81-,)0!3&3+%'9!)06!+%,!(10+,.+4)5!

6,/)06'!13!/4'&()5!*,-31-/)0(,=! $%&'!2)5)0(,!&'!&+',53!+%,!31(4'!13!)!04/2,-!13!-,5)+&10)557W

/1+&<)+,6!)**-1)(%,'!+1!&0+10)+&109!;%&(%!,/*517!)!*4-*1',345!/&.+4-,!13!6&33,-,0+!$%"!"(#

1@1$&,19!6,*,06&08!10!(10+,.+=#F-1*10,0+'!13!+%&'!'42W*)-)6&8/!-,(1//,06!(10+-)'+&08!

'+-)+,8&,'!&0!+%,!+40&08!13!1!,%+$'"&-%1!B1-!%)-/10&(J!)06!1%77&11!D&!B1-!/,516&(J!*&+(%!

-,5)+&10'%&*'g +%,!31-/,-9!&+!&'!(10+,06,69!'%1456!2,!+40,6!&0!X4'+!>0+10)+&10!BX>J9!+%,!5)+,-!&0!

F7+%)81-,)0!>0+10)+&10!BF>J=!$%,!8,0,-)5!*-&0(&*5,9!;%&5,!/1-,!(1//10!)/108!GH+%!(,0+4-7!

*425&()+&10'9!;)'!'488,'+,6!&0!CLfD!27!j-,0(%!*%7'&(&'+'!T1-04!)06!U,-()6&,-9!;%1',!

,.*,-&/,0+'!5,6!+%,/!+1!(10(546,!+%)+!+%,!F7+%)81-,)0!)06!X4'+!+40&08!'7'+,/'9!;%&5,!

&0(1/*)+&25,!&0!+%,1-79!(1456!2,!(1/2&0,6!,33,(+&<,57!&0!*,-31-/)0(,!BA)-2&,-&!CDDC^!LMJ=!

n)-&14'!+,-/'!%)<,!(%)-)(+,-&',6!+%,',!+;1!/16,5'!13!&0+10)+&10=!$%,',!&0(546,^!?(%1-6)5@!)06!

?5&0,)-@CM!Bh,/)09!CDLĈ !CHJE!?'+)+&(@!)06!?O&0,+&(@CI!Bh,/)09!CDLĈ !CMJE!?/,516&(@!)06!

?%)-/10&(@!Bd&/2,-9!GHHI^!CJE!?'&/45+)0,14'@!)06!?'4((,''&<,@!Bh,/)09!CDfM^!CMJ=!$%,!

1!,%+$'"&-%1a1%77&11!D&!*)&-&08!'488,'+,6!27!T)')5'!&'!/1'+!)**-1*-&)+,!&0!+%,!*-,',0+!'+467!

2,()4',!&+!)((1//16)+,'!+%,!;&6,'+!<)-&,+7!13!*&+(%!(10+,.+'!)06!)551;'!31-!+%,!6&'(4''&10!13!

*&+(%,'!21+%!&0!)!/4'&()5!(10+,.+!)06!&0!&'15)+&10=!

F,-%)*'!+%,!/1'+!5&+,-)5!&0'+)0(,!13!+%&'!'&/45+)0,14'l'4((,''&<,!*)-)6&8/!&'!133,-,6!&0!+%,!

*,6)818&()5!5&+,-)+4-,!BGHHMg CGJ!)06!)((1/*)07&08!&0'+-4(+&10)5!<&6,1'!13!<&15&0&'+!d4-+!

K)''/)0'%)4'=!h&'!;,2!-,'14-(,9! ?!-+!"#G'1$&>7+'11#d#<)&#:'11,'"1)'%1#<>'3!$!-"#;->#?!-+!"#

6+'@!"(9!)6<1()+,'!F7+%)81-,)0!>0+10)+&10!)'!+%,!2)'&'!13!/,516&(!*5)7&089!)06!X4'+!>0+10)+&10!

31-!61425,W'+1*'!)06!(%1-6'=!K)''/)0'%)4'!6,'(-&2,'^ !

YF7+%)81-,)0!>0+10)+&10Z!*-1<&6,'!4'!;&+%!+%,!5)-8,!;%15,!'+,*'!)06!0)--1;!%)53!'+,*'!+%)+!5,06!

,.*-,''&10!+1!/)[1-!)06!/&01-!+%&-6'9!)06!+1!5,)6&08!+10,'=!BK)''/)0'%)4'9!GHHMg CG^!

F7+%)81-,)0!>0+10)+&10J!!

!
CM!b-&8&0)5!_,-/)0^!?)OO1-6&'(%,-!)06!?5&0,)-,-@!Bh,/)09!CDLC^!CHJ!
CI!b-&8&0)5!_,-/)0^!?K+)+&(%,@!)06!?O&0,+&'(%,@!Bh,/)09!CDLC^!CMJ!



! DG!

V07!'()5,9!/,5167!1-!*)'')8,!;&+%!10,!5&0,!13!/4'&(!;&55!'1406!(5,)0,-!;&+%!5)-8,!;%15,!'+,*'9!

0)--1;!%)53!'+,*'9!5)-8,!/)[1-!+%&-6'9!0)--1;!/&01-!+%&-6'9!)06!%&8%!',<,0+%'!1-!5,)6&08!+10,'=!

`%,0!;,!*5)7!61425,!'+1*'9!;,!%)<, !+1!4',!X4'+!>0+10)+&10=!P14!;&55!3&06!+%)+!+%,',!+;1!'7'+,/'!

)-,!01+!(1/*)+&25,9!)06!'1/,+&/,'!714!%)<,!+1!/)O,!(%1&(,'!)06!(1/*-1/&','= !BK)''/)0'%)4'9!
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HARMONIC INTONATIONMELODIC INTONATION

The Just Intonation C Major Scale  (compare Pythag. scale)

The Primary Triads (I, IV, V) in C Major
Tuned Harmonically (Just Intonation)

IV I V

&
? ww

ww
ww

w

Ð

Ð
Ð

Ð

& wwwwwwww
The Pythagorean C Major Scale  (compare just scale)

Pythagorean Tuning Ñ Overlapping ÒCircleÓ of Fifths

Pythagorean Tuning Extended to Yield 
the Seven Notes of the C Major Scale

Note that the interval from D to AÐ is a comma narrower than a 
true fifth, requiring adjustment when both notes are sounding 
at the same time.  Most players find the 182-cent whole tones 
and 112-cent semitones melodically less satisfying than their 
Pythagorean counterparts.

The Harmonic Series
(Basis of Just Intonation)

Harmonically Pure Perfect Fifths
(Basis of Pythagorean Intonation)

[81/16 x C]

[27/8 x C]

[9/4 x C]

[3/2 x C]

IIV V

182

90

112

112
182

204
204

90

204

204

204

204
204204

The difference is 21.5 cents* 
Ñthe syntonic comma.

The b/# difference is 23.5 cents* Ñ the Pythagorean comma.

* There are 1200 cents in an octave Ñ
  100 cents in each semitone on the piano.

The numbers indicate the size in cents* of each step.

The numbers indicate the size in cents* of each step.

EQUAL TEMPERAMENT

3:2
3:4

4:3

2:3

4:3
4:3

3:4
3:4

3:4
3:2

2:3

2:3
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The same notes within one octave

The same notes within one octave

The roots of the primary 
triads are pure perfect 
fifths apart.  The third 
and fifth of a just triad 
are tuned in relation to 
the harmonic partials of 
its root.

Note that the third of 
the just triad is a 
comma lower than if it 
had been derived by 
tuning only perfect 
fifths (Pythagorean).

The pitches of these 
primary triads provide 
the notes of the just 
intonation C major scale 
below.

These pitches, in stepwise order, form 
the Pythagorean C major scale below.

The Pythagorean comma reflects our melodic tendencies to 
play sharps higher than flats and to emphasize major/minor 
distinctions.  (Harmonically we must often do the reverse.)

Pythagorean E is higher than the EÐ of the harmonic series of C.  While melodically desirable, E is not 
in tune harmonically with the C (or G).  Adjustment is needed when both E and C (or G) are sounding at 
the same time.  We can observe this by playing the two double stops at right.  The E must be adjusted!

3 ¥

1 ¥

& w
w

ww! Ð

µ =  partials that coincide 
     when tuning pure fifths

The numbers indicate 
the frequency ratio of 
each fifth or fourth.

!  P5

2 ¥

Equal temperament is the present-day [mis]tuning of keyboard 
instruments.  It avoids the Pythagorean comma by using fifths 
that are about 2 cents (1/12 comma) narrow.  Unlike historic 
keyboard temperaments, it makes no attempt to provide any 
harmonically pure thirds.   Equal temperament, with its 12 
equal semitones, only approximates true intervals, although it 
does so equally in all keys.  Good intonation is better!

compare:

Melodic and Harmonic Intonation in Relation to Equal Temperament

When playing melodically we are influenced by the compelling relationships among perfect intervalsÑfourths, fifths, and octaves.  
When tuning chords and double stops we are influenced by the harmonic series, including harmonically pure thirds and sixths.  
When playing with keyboard accompaniment we are influenced by equal temperament.  To play in tune we must weave an artistic 
path among these influences, listening intently and adjusting to achieve the most musically satisfying effect at any given moment. 

Every note we play is actually a 
series of harmonics extending 
even beyond the pitches shown 
here.  When we tune harmonic 
intervals, as in double stops and 
chords, it is agreement among 
harmonics that informs us that the 
notes are in tune with each other.

Notice consistently wide whole tones and narrow semitones, 
reflecting our ÒexpressiveÓ melodic tendencies.
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%1;,<,- !)!6,<1+,6!6&'(4''&10!13!&0+10)+&10!&'!01+)257!)2',0+=!K1/,!-,3,-,0(,!+1!&0+10)+&10!+)O,'!
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F-)(+&'&08!&0<)-&)257!;&+%14+!<&2-)+19!)'!'1!/)07!+,)(%,-'!-,(1//,06!31-!-,)'10'!13!

&0+10)+&109!&'!)0!14+6)+,6!/,+%16!&0!/7!1*&0&10=!V3+,-!)559!,<,0!;%,0!<&2-)+1!&'!4',69!
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13!5&'+,0&08!?)&/,6!)+!,.+-)(+&08!+%,!/,'')8,!3-1/!)0!4++,-)0(,!1-!*-1*1'&+&10@!)06!,.+,06&08!+1!

?:4)'&W5&084&'+&(!8-)//)-'!)'!;,559!5&O,!+%1',!13!+10)5!+%,1-7@!Bd)0,9!GHCG^!MMHJ=!t7-%$&>#

'488,'+'!+%,!&6,0+&3&()+&10!13!'10&(!12[,(+'!?10!+%,!2)'&'!13!+%,&-!6&'+&084&'%&08!'10&(!

(%)-)(+,-&'+&('@!BK(%),33,-9!CDff^!CHfJ9!;%,-,!?12[,(+'!*-,',0+,6!*,-(,*+4)557!)-,!*1'&+,6!)'!-,)557!

,.&'+&08@!Bd)0,9!GHCG^!MMHJ=!V'!K(%),33,-!;-&+,'9!?$1!5&'+,0!Yt7-%$&>Z!%,-,!&'!+1!&0+,06!YD!1&>Z9!

)(-1''!+%,!&0'+)0+!13!+%,!'1406!&+',539!'1/,+%&08!1+%,-!+%)0!&+@!Bd)0,9!GHCG^!MMHJG#=!!

t7-%$&>#+%4'!+)O,'!)!?',5,(+&<,9!*1'&+&10)5!)06!&06,.&()5@!)++&+46,!+1;)-6!5&'+,0&089!;%&(%!&'!?31-!

+%,!/1'+!*)-+9!40-,35,(+&<,@!Bd)0,9!GHCG^!MMHJ=!j&0)5579!&0!&"$&"3>&A#5&'+,0&08!&'!6&-,(+,6!?+1;)-6!

'1406'!)'!'4(%9!01+!+1!+%,!'&80&3&()+&10'!1-!&06&(,'!+%)+!)-,!)''1(&)+,6!;&+%!'1406'@!Bd)0,9!GHCG^!

MMHJ=!$-)0'5)+,6!&0!'1/,!(10+,.+'!)'!?%,)-&08@A#&"$&"3>&!6&33,-'!3-1/!T7-%$&>!B5&'+,0&08J9!)'!A-&)0!

d)0,!;-&+,'9!&0!+%)+!&+!?&/*5&,'!)0!,/*%)'&'!10!+%,!',0'1-7!-,5)+&10'%&*!2,+;,,0!;1-56!)06!

5&'+,0,-9!)!5&'+,0&08!+%)+!2,8&0'!01+!;&+%!+%,!',)-(%!31-!/,)0&08'!24+!10!+%,!2)'&'!13!+%,!',0'1-7!

:4)5&+&,'!13!'1406'@!Bd)0,9!GHCG^!MM#J=!

$%,!6&'(-&/&0)+&08!,)-!&/*5&,6!&0!/)07!13!+%,!*-,(,6&08!6&'(4''&10'!13!&0+10)+&10!+,(%0&:4,!

/&8%+!+)O,!)!*1'&+&10!'1/,;%,-,!2,+;,,0!K(%),33,-@'!T7-%$&>#)06!7-,H>&"3>&9!2,&08!(10(,-0,6!

*-&/)-&57!;&+%!6&'(,-0&08!;%)+!&'!1!("!;!&3!27!*&+(%g 21+%!&0!+%,!/,)0&08'!)06!<)54,'!)''&80,6!+1!

3-,:4,0(&,'!1-!-,(180&')25,!*-1*1-+&10'9!)06!)'!+%,',!)-,!'&+4)+,6!;&+%&0!?:4)'&W8-)//)+&()5@!

(10+,.+'9!;%,0!&0+10)+&10!6,5&0,)+,'!)!*)-+&(45)-!+10)5&+7!1-!%)-/10&(!8-)//)-=!h1;,<,-9!;&+%!

%,)<7!,/*%)'&'!10!'&80&3&()+&109!'4(%!)!5&'+,0,-!/)7!3&06!+%,/',5<,'9!&0!+%,!;1-6'!13!*%&51'1*%,-!

X,)0Wi4(!c)0(79!0,81+&)+&08!)!+,0'&10!1-!2)5)0(,!2,+;,,0!&"$&"3>&#)06!T7-%$&>g ?)!',0',!B+%)+!

10,!5&'+,0'!+1J!)06!)!+-4+%!B+%)+!10,!406,-'+)06'J@!Bc)0(79!GHH"^!GJ=!

!

!

!
G#!$-)0'5)+,6!3-1/!+%,!j-,0(%!̂?{(14+,-!,'+!&(&!,0(1-,!<&',-9!|!+-)<,-'!5,!'10!&0'+)0+)0o!54&W/}/,9!40,!)4+-,!(%1',!:4,!
54&!===@!BK(%),33,-9!CDff^!CHfJ=!

!



! CC#!

K*)+Q!BGHCI^!ICJ!-,(180&','!)!'14-(,!13!+%&'!+,0'&10!&0!+%,!21679!01+&08!?+%)+!,*&'+,/&(!*-)(+&(,!

&0<15<,'!)!(10+&0414'!)06!/4+4)557!(10'+&+4+&08!+-)0'31-/)+&109!2)(O!)06!31-+%9!2,+;,,0!+%,!+;1!

()+,81-&,'!13!(10'(&14'!)06!40(10'(&14'!O01;5,68,9!1-!;%)+!10,!%)'!BO01;5,68,J!)06!;%)+!10,!

&'!B&6,0+&+7J@=!h1;,<,-9!+%,7!)-84,!+%)+!?+%,!'%)-*!6&'+&0(+&10!2,+;,,0!;%)+!10,!\%)']!)06!;%)+!

10,!\&']!3)&5'!+1!)((140+!31-!+%,!3)(+!+%)+!+%,!5)++,-!6,<,51*'!6&-,(+57!14+!13!+%,!31-/,-@!BK*)+Q9!

GHCI^!I#J=!c)0(7!/&8%+!)8-,,9!-,35,(+&08!10!+%,!?'%)-,6!'*)(,!13!/,)0&08!)06!'1406@!;%&(%!%,!

()55'!?-,3,-,0(,!Y>&"D-!Z@!1-!?-,3,--)5@!Bc)0(79!GHH"^!"J^!

U,)0&08!a!&'!/)6,!13!)!+1+)5&+7!13!-,3,--)5'^!3-1/!)!'&80!+1!)!+%&089!3-1/!)!'+)+,!13!+%&08'!+1!)!

:4)5&+79!3-1/!)!'42[,(+!+1!)01+%,-!'42[,(+!1-!+1!&+',539!)55!'&/45+)0,14'57=!K1406!&'!)5'1!/)6,!13!

-,3,--)5'^!&+!'*-,)6'!&0!'*)(,9!;%,-,!&+!-,'1406'!;%&5,!'+&55!-,'1406&08!\&0!/,]=!!

Bc)0(79!GHH"^!"RLJ!

j1-!c)0(79!5&'+,0&08!&'!01+!)0!)(+&10!()--&,6!14+!4*10!)!'1406!B12[,(+J!27!)!5&'+,0,-!B'42[,(+J9!24+!

-)+%,-9!&0!+%,!(10(,*+!13!>&"D-!9!(1001+,'!)!-,5)+&10)5!'*)(,!&0!;%&(%!?+1!5&'+,0!&'!+1!,0+,-!+%)+!

'*)+&)5&+7!27!;%&(%9!)+!+%,!')/,!+&/,9!>!)/!*,0,+-)+,69!31-!&+!1*,0'!4*!&0!/,!)'!;,55!)'!)-1406!/,9!

)06!3-1/!/,!)'!;,55!)'!+1;)-6!/,@!Bc)0(79!GHH"^ !CMJ=!$%,!*5)7,-9!1-!31-!c)0(7!?+%,!'42[,(+!;%1!

&'!5&'+,0&08@9!&'!+%4'!)5'1!?\'42[,(+!+1!5&'+,0&08]!&0!+%,!',0',!+%)+!10,!()0!2,!\'42[,(+!+1]!40,)',9!)0!

)&5/,0+9!1-!)!(-&'&'@!Bc)0(79!GHH"^!GCJ=!p5+&/)+,579!c)0(7!'488,'+'9!+%,7!)-,!?*,-%)*'!01!'42[,(+!

)+!)559!,.(,*+!)'!+%,!*5)(,!13!-,'10)0(,@!Bc)0(79!GHH"^!GGJ=!

d)0,!'42/&+'!+%)+!?c)0(7@'!)++,0+&10!+1!+%,!6&33,-,0(,!2,+;,,0!&"$&"3>&!)06!T7-%$&>!&'!45+&/)+,57!

)!;)7!13!-,31-/45)+&08!+%,!:4,'+&10!13!+%,!'42[,(+!27!,0(14-)8&08!)!'%&3+!a!Y+1;)-6Z!)!'42[,(+!

+%)+!&'!5&'+,0&08!+1!+%,!&03&0&+,!>&"D-!#13!/,)0&089!'14069!)06!',53@!Bd)0,9!MMf=J!>0!+%&'!/16,!13!

5&'+,0&08!?01!-,64(+&10!1-!6,(&'&10!2,+;,,0!T7-%$&>!)06!&"$&"3>&!Y0,,6Z!2,!/)6,@!Bd)0,9!MMfJ=!

$%,!*5)7,-!+%4'!0,&+%,-!34557!6,+,-/&0,'!;%)+!&'!'1406&08!+%-148%!5&'+,0&089!01-!&'!+%,&-!5&'+,0&08!

;%1557!'42[,(+!+1!;%)+!&'!'1406&089!24+!-)+%,-!+%,!*5)7,-!&'!+%,!1!$&!13!5&'+,0&089!'488,'+&08!+%)+!

5&'+,0&08!&'!01+!'15,57!+%,!61/)&0!13!?+%,!,)-@!24+!)!;%1557!,/216&,6!+,(%0&:4,!&0!;%&(%!

(10+&04)0+!*-1(,'','!13!12',-<)+&109!-,35,(+&10!)06!,0)(+/,0+!(1&0(&6,=!$-)6&+&10)5!01+&10'!13!

)46&)+&10!)'!)!6&-,(+&<,!31-!216&57!)(+&10!)-,!'%1;0!+1!2,!&0(1/*5,+,!&0!+%,!(10+,.+!13!+%&'!

,/216&,6!+,(%0&:4,=!!

N,(,0+!-,',)-(%!&0!0,4-1'(&,0(,!%)'!6,/10'+-)+,6!+%)+!?the sensory experience of musical 

patterns is intimately coupled with actionÕ9 and more specifically that Ô/4'&()5!*-)(+&(,!a!2&06Y'Z!

-,*-,',0+)+&10'!13!'1406!)06!/1+&109!'1!+%)+!3&08,-!/1+&10'!+-&88,-!&/)8&0,6!'14069!)06!%,)-6!



! CCM!

'1406!+-&88,-'!&/)8&0,6!3&08,-!/1+&10'@!BU)-845&'!,+!)5M9!GHHD^!G"MJ=!j4-+%,-/1-,9!&+!%)'!2,,0!

'%1;0!+%)+!?\/,0+)5!*-)(+&(,]!)06!*%7'&()5!/1<,/,0+'!'%)-,!)!(1//10!0,4-)5!'42'*)(,@!Bc)+-)[!

m!_)0845579!GHCL^!DDLJ9!)06!+%)+!(10',:4,0+57!&/)8&0,6!)(+&10!()0!2,!)6)*+,6!&0+1!+%,!*%7'&()5!

61/)&0=!Audiation, or activation of the aural imagination, might thus be considered a listening 

practice; in both instances, the same embodied techniques are engaged.!

!

G7&%=#1*%)(0%/(,0#

N,(,0+!*-)(+&(,'!13!,.*,-&/,0+)5!/4'&(!%)<,!,'+)25&'%,6!*-,(,6,0+'!31-!+%,!,08)8,/,0+!;&+%!

?&0+,-0)5&Q,6!)4-)5!&/*-,''&10'@!B_1++'(%)5O9!GHCf^!CG#J!)'!5&'+,0&08!*-)(+&(,'=!V!*-&/)-7!,.)/*5,!

&'!+%,!;1-O!13!(1/*1',-!F)45&0,!b5&<,-1'9!;%1',!J&&H#P!1$&"!"(!*-) (+&(,!'%,!6,'(-&2,'!)'!?)!

*%&51'1*%7!)06!)!*-)(+&(,!YaZ!+%)+!,.*51-,'!+%,!6&33,-,0(,!2,+;,,0!+%,!&0<1540+)-7!0)+4-,!13!

%,)-&08!)06!+%,!<1540+)-7!',5,(+&<,!0)+4-,!13!5&'+,0&08@!Bi,57!m!K)406,-'9!GHCG^!GDHJ=!>0!0'>#

6!&7&!BCDDLJ!b5&<,-1'!*1','!:4,'+&10'!)214+!5&'+,0&089!;%&(%!&0(546,^!

V-,!714!5&'+,0&08!01;S!

T)0!714!%,)-!01;!)06!)5'1!5&'+,0!+1!714-!/,/1-7!13!)0!156!'1406S!

>3!714!(1456!%,)-!)07!'1406!714!;)0+9!;%)+!;1456!&+!2,S!

V5+%148%!0'>#6!&7&#;)'!1-&8&0)557!(10(,&<,6!+1!8,0,-)+,!'14-(,!/)+,-&)5!31-!)!-)6&1!) `>1H!&+A#

X)/,'!K)406,-'!'488,'+'!+%)+!?+%,!0)+4-,!13!+%,!)(+&<&+&,'!'488,'+,6!27!+%,!'(1-,!/&8%+!<)-7!

(10'&6,-)257@!Bi,57!m!K)406,-'9!GHCG^!GD#J!)06!(1456!*1+,0+&)557!&0(546,!,0+&-,57!&0+,-0)5&',69!

40<1&(,6!&0'+)0+&)+&10'=!`%,+%,-!+%,!;1-O!&'!*,-31-/,6!?+%-148%!)!/,0+)5!-,)5&Q)+&109!1-!)'!)!

;-&++,0!1-!'*1O,0!,.,-(&',@9!K)406,-'!-,/)-O'9!?Y&Z+!;1456!2,!\'10&(]!&0!+%,!',0',!+%)+!'1406!)06!

%,)-&089!21+%!)(+&<,!)06!-,(,*+&<,9!)-,!+%,!31(&!13!)++,0+&10!)06!'+&/45&!13!);)-,0,''@!Bi,57!m!

K)406,-'9!GHCG^!GDMJ=!

K1406!)-+&'+!)06!(1/*1',-!V/010!`15/)0!+)O,'!'4(%!31(&!+1!)!5&'+,0&08!*425&(!&0!%&'!5,'(!"'>@#

6!&7&1#BCDDLRJ9!;1-O!%,!6,'(-&2,'!)'!?(1/*1'&08!&0!+%,!/&06!13!+%,!)46&,0(,@!Bi,57!m!K)406,-'9!

GHCG^!MGHJ=!h&'!<,-2)5!'(1-,!31-!O&E>%'>@#b^A#b]]]#2,8&0' !̂

V!0,;!'14069 !)!<,-7!0,-<14'9!+)4+!)06!0,-<,W-)(O&08!'1406=!P14!%,)-!&+!)06!)5/1'+!;)0+!+1!

*4+!714-!3&08,-!&0!714-!,)-!+1!6)/*,0!&+9!24+!714!%156!2)(O9!-,)'10&08!+%)+!&+!;&55!/4+)+,9!&+!

;&55!+4-0!&0+1!'1/,+%&08!,5',9!24+!&+!61,'0@+a=!k<,-7!10(,!&0!)!;%&5,!+%,!<154/,!',,/'!+1!

%)<,!)!2,)-&08!)06!&+!&'!*1''&25,!+%)+!*,-%)*'!&+!;&55!6&')**,)-9!24+!&+!61,'0@+a=!`%,0!714!



! CCI!

B)06!>J!'*&0!14-!%,)6'!&+!',,/'!+1!)5+,-!1057!'5&8%+579!24+!+%,0!714!-,(180&Q,!+%)+!&+!6&60@+!

-,)557!(%)08,=!B`15/)0!&0!_1++'(%)5O9!GHCf^!CGfJ!

`15/)0!;-&+,'! +%)+!+%,',!;1-O'!;,-,!/1+&<)+,6!27!)!6&'(1/31-+!;&+%!%&'!1;0!)''4/*+&10!+%)+!!

'1406!&'!)!5&+,-)5!*%7'&()5!,0+&+79!;%&5,!+%,!1+%,-!)'*,(+!13!?'1406@9!+%,!&/)8&0)-7!10,9!+%,!

10,!;,!()0!-,()55!&0!14-!/&06!;&+%14+!)07!*%7'&()5!',0')+&109!>!+-,)+,6!)'!)!',*)-)+,!,0+&+7=!

B`15/)0!&0!i,57!m!K)406,-'9!GHCG^!MGHJ!

T1/*1',-!X,00&3,-!`)5'%,!6,'(-&2,'!)!'&/&5)-!*-1(,''!13!)4-)5!&/)8&0&089!;%&(%!()0!34-0&'%!)!

'1406,6!<1()5!*,-31-/)0(,^ !

$%,!*,-31-/,-9!31-!,.)/*5,9!/&8%+!2,!-,:4&-,6!+1!&/)8&0,!+%,!&0'&6,!13!+%,&-!2167!)'!+%,!

&0+,-&1-!13!)!/140+)&0!3455!13!/&0,'9!3,,5!+%,!25116!/1<&08!+%-148%!+%,&-!<,&0'!)'!+&07!()-+'!

()--7&08!6&)/106'!+1!)06!3-1!+%-148%!)!+400,5!'7'+,/9!)06!+%,0!+&*!+%,',!+&07!&/)8&0)-7!

6&)/106'!&0+1!+%,&-!5408'!+1!*-,*)-,!31-!(-,)+&08!)!'1406=!B`)5'%,!&0!K)406,-'9!GHHD^!#MMJ!

$%,',!?40-,)5!'1406'@!BF-&,'+9!GHC#^!GHLJ9!)-,!31-!`)5'%,!?)+!+&/,'!&/)8&0)-79!'1406'!;%&(%!

340(+&10!)'!(10(,*+4)5!6,'(-&*+&10'@ B`)5'%,!&0!K)406,-'9!GHHD^!#MMJ=!c10,+%,5,''9!+%,!*-1(,''!13!

&/)8&0&08!'1406!()0!%)<,!)!*-131406!,33,(+!10!+%,!*,-31-/,-9!)'!`)5'%,!,.*5)&0'^ !

/7!&0+,0+&10!&'!+%)+!)55!+%&'!*-,*)-)+&10!)06!6,5&()+,!)++,0+&10!/,)0'!+%)+!;%,0!+%,!*,-31-/,-!

,/&+'!)!<1()5!'1406!;%&(%!)+1/&Q,'!+%,!6&)/106!64'+9!(-,)+&08!)!(-7'+)55&0,!/&'+!+%-148%!+%,!

)&-9!+%,-,@'!)!:4)5&+7!+1!+%,!'1406!;%&(%!(1/,'!3-1/!+%,',!&/)8&0&08'=!B`)5'%,!&0!K)406,-'9!

GHHD^!#MMJ!

>0!,)(%!13!+%,',!,.)/*5,'!6,'(-&*+&<,9!<,-2)5!01+)+&10!%)'!2,,0!4',6!)'!)!/,)0'!13!&0(&+&08!+%,!

)4-)5!&/)8&0)+&10=!K&/&5)-!*-1(,'','!%)<,!2,,0!*-1*1',6!;&+%!*)-+&(45)-!)++,0+&10!+1!*&+(%=!

b5&<,-1'@!<)&#<%"!"(#G&3!$'$!-"#BCD"CJ!3-1/!O-%>#G&3!$'$!-"1#;->#9>7)&1$>'#BCDDfJ#&0'+-4(+'^!

A,8&0!27!*5)7&08!)!*&+(%!+%)+!714!%,)-!&0!714-!&/)8&0)+&10=!V3+,-!(10+-&24+&08!714-!*&+(%9!

5&'+,0!31-!)01+%,-!*5)7,-@'!*&+(%!)06!+40,!&0!40&'10!+1!+%,!*&+(%!)'!,.)(+57!)'!*1''&25,=!i&'+,0!

)8)&0!)06!*5)7!)!*&+(%!+%)+!01!10,!,5',!&'!*5)7&08=!$%,!64-)+&10!13!*&+(%,'!&'!6,+,-/&0,6!27!+%,!

64-)+&10!13!)!(1/31-+)25,!2-,)+%!1-!21;=!Bb5&<,-1'9!CDDfJ!

`%,-,!b5&<,-1'!&0<&+,'!*5)7,-'!+1!1'(&55)+,!2,+;,,0!/)+(%&08!)06!6&33,-,0+&)+&08!1$'$&3!-,3,-,0(,!

*&+(%,'9!&0+,-6&'(&*5&0)-7!)-+&'+!V6)!_-)''!&0<1O,'!!,'(!"&3 !-,3,-,0(,!*&+(%,'!&0!1-6,-!+1!*-1<1O,!

)01+%,-!,.*,-&,0(,!13!5&'+,0&08!+1!&0+10)+&10=!I'>3!"'+# BGHC#J!&0(546,'!)!*)8,!13!31406!314-W*)-+!

(%1-)5,!/4'&(9!;%&(%!_-)''!)''&80'!+1!)07!314-!'4'+)&0&08!&0'+-4/,0+'=!F5)7,-'!)-,!)'O,6!+1!



! CCf!

*-18-,''!+%-148%!+%,&-!&06&<&64)5!*)-+'!511',57!&0!40&'109!;%&5,!+40&08!,)(%!*&+(%!)((1-6&08!+1!

<)-&14'!&/)8&0,6!%)-/10&(!(10+,.+'9!;%&(%!)-,!'488,'+,6!&0!+%,!*,-31-/)0(,!&0'+-4(+&10'=!$%,!

-,'45+!&'!)0!40()007!%)-/1079!&06,+,-/&0)+,!&0!'1406&08!24+9!31-!+%,!*5)7,-9!-&81-14'57!'+-4(+4-,6!

&0!&+'!+,(%0&:4,!13!&0+10)+&10=!$1!&0'+)0+&)+,!+%&'!'(1-,9!*5)7,-'!/4'+!)46&)+,!%)-/10&(!(10+,.+'9!

,/2167&08!01+!1057!+%,!*&+(%,'!+%,7!;&55!'1406!24+!)5'1!+%,!(10+,.+4)5!&0354,0(,'!13!&/)8&0,6!

*&+(%,'!;%&(%!;&55!0,<,-!'1406=!_-)''!-,/)-O'^!

>/)8&0,!)!%&'+1-&()5!'7/*%10&(!/)'%W4*g +%,!+-4/*,+!3-1/!_,-/)07!&0!CDH#9!+%,!(,551'!!

3-1/!A-&+)&0!&0!CDfH9!+%,!+42)!3-1/!V/,-&()!&0!+%,!CDDH'9!+%,!*,-(4''&10!3-1/!/16,-0W6)7!

V4'+-)5&)=!V55!*5)7&08!+18,+%,-9!&0!+%,&-!1;0!*&+(%9!)+!+%,&-!1;0!+,/*1a!&+!;1456!2,!)!
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Christopher Fox
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# # % &
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Ptolemy's Observation

Taylor Brook
Just Intonation Etudes for Strings

I - Major Thirds
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microtonality and just intonation

general notation

J - j - K - k - L - l  �I�X�X�Z�W�`�Q�U�I�\�M�T�a�������������\�W�V�M���Æ�I�\���W�Z���[�P�I�Z�X

 

B - µ   �I�X�X�Z�W�`�Q�U�I�\�M�T�a�����������\�W�V�M���Æ�I�\���W�Z���[�P�I�Z�X

��������3 - 2 �I�X�X�Z�W�`�Q�U�I�\�M�T�a�����������\�W�V�M���Æ�I�\���W�Z���[�P�I�Z�X

The following acccidental nomenclature is also used to approximate exact pitches:

The microtones that saturate this work are used to approximate just intervals, therefor small adjustments should be made by ear to 
play these intervals perfectly in tune. I advise the soloist to develop a sense of  tonal centre and mode throughout the work in order to 
obtain the most precise and sensitive tuning.

�<�P�M���I�K�K�Q�L�M�V�\�I�T�[���[�P�W�_�Q�V�O���\�P�M���\�_�M�T�N�\�P���\�W�V�M�����W�V�M���[�Q�`�\�P���W�N ���I���[�M�U�Q�\�W�V�M�����I�T�\�M�Z�I�\�Q�W�V�[���[�P�W�]�T�L���J�M���\�P�W�]�O�P�\���W�N ���I�[���M�`�\�Z�M�U�M�T�a���[�U�I�T�T���Q�V�Æ�M�K�\�Q�W�V�[���W�N ��
the pitch. This minute alteration in pitch equals the difference between the just major third (the fourth harmonic, accessible on any 
string or brass instrument) and the equal temperament major third. In other words, it is best to treat the notes with these accidentals as 
�Q�N ���\�P�M�a���Z�M�Y�]�Q�Z�M�L���I���[�T�Q�O�P�\���Q�V�Æ�M�K�\�Q�W�V���N�W�Z���\�P�M���[�I�S�M���W�N ���O�W�W�L���\�]�V�Q�V�O����
 The sixth-tone (one third of  a semitone) alteration equals the difference between the seventh harmonic and the equal 
�\�M�U�X�M�Z�I�U�M�V�\���U�Q�V�W�Z���[�M�^�M�V�\�P�����1�V���W�\�P�M�Z���_�W�Z�L�[�����\�P�M���[�M�^�M�V�\�P���P�I�Z�U�W�V�Q�K���Q�[���I���[�Q�`�\�P���\�W�V�M���Æ�I�\���W�N ���\�P�M���M�Y�]�I�T���\�M�U�X�M�Z�I�U�M�V�\���U�Q�V�W�Z���[�M�^�M�V�\�P�����<�P�Q�[��
difference may be demonstrated by sounding the seventh harmonic on the fourth string of  the violin; the pitch of  this harmonic will be 
�I���[�Q�`�\�P���\�W�V�M���Æ�I�\���W�N ���I�V���M�Y�]�I�T���\�M�U�X�M�Z�I�U�M�V�\���.��
 The quarter-tone alteration should be precisely halfway between the equal tempered pitches. The quarter-tone alteration can 
be heard at the 11th partial of  the harmonic series, which is exactly halfway between the perfect fourth and the tritone.

�G�R�W�W�H�G���O�L�Q�H�������6�L�J�Q�L�À�H�V���D���J�U�D�G�X�D�O���F�K�D�Q�J�H���I�U�R�P���W�K�H���P�D�U�N�L�Q�J���D�W���W�K�H���E�H�J�L�Q�Q�L�Q�J���R�I���W�K�H���G�R�W�W�H�G���O�L�Q�H���W�R���Z�K�D�W���L�V���P�D�U�N�H�G���D�W���W�K�H���H�Q�G�����7�K�H���G�R�W�W�H�G��
�O�L�Q�H���L�V���X�V�H�G���E�R�W�K���I�R�U���W�H�P�S�R���F�K�D�Q�J�H�V���D�V���Z�H�O�O���D�V���S�O�D�\�L�Q�J���W�H�F�K�Q�L�T�X�H�V�����)�R�U���H�[�D�P�S�O�H�����L�I���\�R�X���À�Q�G���L�Q���\�R�X�U���S�D�U�W���D�Q���´�R�U�G�µ���P�D�U�N�H�G���Z�L�W�K���D���G�R�W�W�H�G��
�O�L�Q�H���O�H�D�G�L�Q�J���W�R���´�D�O�W�R���V�X�O���W�D�V�W�R�µ���W�K�H�Q���L�W���V�K�R�X�O�G���E�H���H�[�H�F�X�W�H�G���D�V���D���J�U�D�G�X�D�O���P�R�Y�H�P�H�Q�W���R�I���W�K�H���E�R�Z���I�U�R�P���W�K�H���R�U�G�L�Q�D�U�\���S�O�D�\�L�Q�J���S�R�V�L�W�L�R�Q���W�R���W�K�H��
alto sul tasto position for the duration between the beginning of the dotted line and the end.

Grace notes with a line through the stem should be played before the beat.

Glissandi must be performed for the entire duration of the note.

¿ - niente - (A dynamic approaching silence.)

�·��- dampen symbol
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Timings are approximate

Play with a balanced, moderate dynamic

The notes in each of the four chords (indicated by boxed numbers) should be played on a single string

All glissandi are in unison and should be double-stopped. During glissandi, each player should slowly slide one finger 
to a tone slightly flatter than the first, before sliding the other finger down to achieve a unison. Continue this process until 
the destination note is reached. This process should sound entirely fluid and should produce a continuously-sounding glissando

Scordatura may be used to achieve greater control over the double-stopped glissandi

"# "" "# "" "#$ "" "
#
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&3121+(/!9&+'*+'!S(+0T!+&'!(8!(!3*?/(9*4*+'B!CF*+*'';!GH"`<!G[J,!N63&726!(++&'('1&+;!0(+9*!'6*&318'!

D9&''!0*q(67+'(!8722*8'8!$'6*!?(2*!)*9&4*8!/*88!(!8'('19!81'*!.&3!8>4)&/19!0*?19'1&+!(+0!4&3*!&.!

(+!1+'*3(9'1:*!&)U*9'B!C0*q(67+'(;!a9d3*2&3!n !^/(9=5*//;!GHH[<!I]J,!

W//!'6*8*!9&+'*4?/('1&+8!8722*8'!'6('!(++&'('1&+!9(+!1+./7*+9*!'6*!5(>!(! ?/(>*3!3*/('*8!'&!(!89&3*,!

a>!&5+!(++&'('1&+8!.7+9'1&+!C1+!d**3'VB8!'*348J!'&!&7,%M$-!'6*!+&'('1&+B8!9(?(91'>!'&!0*8931)*!

?1'96!4*(+1+2.7//>;!(+0!'&!&?*+!7?!8?(9*!CD()(';!GH"]J!1+!4>!&5+!3*./*9'1:*!'*96+1L7*,!W!3('1&!

(++&'('1&+;!.&3!*@(4?/*;!(9'1:('*8!/$?+&,(-+?,&BP )*'5**+!?1'96*8!51'61+!'6*!47819(/!9&+'*@';!)7'!

(/8&!1+!'6*!.()319!&.!4> !&5+!'*96+1L7*,!^>!3*?3*8*+'1+2!1+'*3+(/18*0!3*.*3*+9*8!(8!&)8*3:()/*!

4('*31(/8;!4>!(++&'('1&+8!4(>!'6*+!$6*/?!'&!96(3'!'6*!2*+*818!&.!(!?1*9*!)>!21:1+2!(!2/14?8*!&.!1'8!

0*:*/&?1+2!?&*818B!C0*!q(*';!Z(881*38!n !_(+!k*+!k31*8;!GH"`<!`"J,!



! "##!

!

!

!

!

!

!

!

"#$%!&'!()*%#)+,*!-.!"$#+%/+,!

! !



! "#$!

!

!

! !



! "#%!

0'!()*%#)+,*!-.!"$#+%/+,!(1!!
!!!!!234/-!5,+-$4/)6*7!8+-$,!2))-%#%/-)*!#)4 !9-::,)%#$/,* !

!

&'(!)*+,-*./*!*-!012/*!+(3*+2/456!78))(42/9!8:!&+03;6!"<=>!61?@/,,(2!A/,'!,'/6!,'(6/6!5/B(6!

(B/2(43(!*-!6/9!/46,043(6!*-!)+03,/3(!61++*142/45!4*,0,(2!3*43(+,!@16/3!-*+!6*.*!B/*./4!*+!6@0..!

6,+/45!(46(@?.(C!D03'!6,12E!)+(6(4,(2!'(+(!,0;(6!,'(!-*+@!*-!0!2/0.*51(!?(,A((4!">!04!012/*!

+(3*+2/45!042!F>!0!+(-.(3,/B(!3*@@(4,0+E!*4!,'(!!"##$%&'()*(+&#)&"#+)&(#$,-&+./$!?(/45!

-*+(5+*142(2:!61))*+,(2!?E!6(3,/*46!*-!044*,0,(2!63*+(C!&'(!-*..*A/45!)/(3(6!0+(!2/63166(2G!

 

!

&'+*15'*1,!,'(!,(9,:!,/@(!/42(9(6!-*+@0,,(2!/4!6H10+(!?+03;(,6II /C(C:!J99G99KII /42/30,(!+(-(+(43(!

)*/4,6!*4!,'(!+(3*+2/456:!3*++(6)*42/45!,*!(90@).(6!5/B(4!/4!,'(!044*,0,(2!63*+(!(90@).(6C!

!

"#%%,$)*!-.!()%-)#%/-)!;,+<)/=3,!

&'(!6/9!)/(3(6!./6,(2!0?*B(!'0B(!?((4!6(.(3,(2!?(3016(!,'(E!0--*+2!2/63166/*4!*-!6)(3/-/3!)0,,(+46!

*-!/4,*40,/*4!,(3'4/H1(:!A'/3'! 0+(!5+*1)(2!06!-*..*A6G!!

!

! "#$%#&'( ! )*+,' ! -.&+(/$'.+0+*#. ! 1/(0+*#. !

=C"! L0+,/4!8+4*.2! 01+!!2+&/$#!7FM"$>! 6*.*!B/*./4! F#G$F!

=CF! N'/E*;*! OP.0B4/36! 3%$$-"&4(5)+#%"'!7FMMQ>! 6,+/45!,+/*! ""GM"!

=C#! R*A0+2!O;(@),*4! 6$&4%+1'!7FMM=>! 6,+/45!H10+,(,! "SGF$!

=C$! T0@(6!U((;6! 7+&4*$11!7FM"V>! 6*.*!B/*./4! %SG$F!

=C%! T*'4!N05(! 3)/%!7"SQS>! 6,+/45!H10+,(,! #MGMM!

=C=! O3*,,!L3!W015'./4! 6-$($&41$''(8)9+1+#:()*(
1+'#$&+&;(7FM"%>!

B/*./4!A/,' !./B(!
(.(3,+*4/36!

VFGMM!



! "#=!

8>! XYZ!!

U'(+(!.*30.! )/,3'! +(.0,/*46'/)6!0+(!-*+(5+*142(2:!042!,(3'4/H1(!/6!2/+(3,(2!,*A0+2!

+(3*54/6/45!042!6*142/45!.*30./6(2!6/@1.,04(/,/(6!A/,'!)0+,/31.0+!+(.0,/*40.!)+*)(+,/(6C!!

[> ! \-:!&'(4 !!

U'(+(!)+(2/3,/B(!042Y*+!@*21.0,*+E!6,+0,(5/(6!0+(!-*+(5+*142(2:!042!,(3'4/H1(!/6!

2/+(3,(2!,*A0+2!.0+5(+<630.(!,14/45!63'(@06C!

N>! \42(,(+@/40,(!]/,3'!O)03(6!!

U'(+(!,'(!*331++(43(!*-!6/@1.,04(/,/(6!/6!4*,!)+(2(,(+@/4(2:!042!,(3'4/H1(!/6!2/+(3,(2!

,*A0+2!,'(!4(5*,/0,/*4!*-!3*4,/45(43E!042Y*+!(@(+5(4,!3*4-/51+0,/*46C!

D03'!*-!,'(6(!)0,,(+46!/6!+(-.(3,(2!1)*4!/4!,A*!3*4,(9,6G!-/+6,:!A'(+(!/4,*40,/*4!/6!+8!1+,+#!/4!,'(!

4*,0,/*4!7/C(C:!A'(+(!N*@@*4!]+03,/3(!]/,3'!^*,0,/*4!/6!16(2>:!042!6(3*42:!A'(+(!/4,*40,/*4!/6!

@*+(!$<!1+,+#1:!2(63+/?(2!?E!,'(!4*,0,/*4!7/C(C:!A' (+(!6*@(!@044(+!*-!@/3+*,*40.!4*,0,/*4!/6!

16(2>C!!

86!,*13'(2!1)*4!/4!,'(!/4,+*213,/*4!,*!,'/6!,'(6/6:!,'(6(!6/9!)/(3(6!@/5',!0..!?(!+(50+2(2!06!

?(.*45/45!A/,'/4!04!_(9)(+/@(4,0.!@16/3`!/2/*@a A'/3'!-*+!@(!@(046!6/@).E!,'0,!,'(E!/4B/,(!0!

)0+,/31.0+!-*316!*4:!042!0,,(4,/*4!,*:!6*142C!&'(E!6'0+(!3(+,0/4!6/@/.0+/,/(6:!A/,'! )(+'0)6! ,'(! @*6,!

*?B/*16!0@*45!,'(6(!?(/45!0!2(5+((!*-!61+-03(!6/@)./3/,E!A'/3':!,'+*15'!03,/B(!042!0,,(4,/B(!

./6,(4/45:!+(B(0.6!2(5+((6!*-!3*@).(9/,E!,'0,!2(()(4!A/,'!04!(B*.B/45!)+03,/3(C!!

&'(!-*316!*-!,'(!3*@@(4,0+/(6!'(+(!/6!*4!,'(!)0,,(+46!*-!/4,*40,/*4!,(3'4/H1(!A'/3'!2(-/4(!(03'!

)+03,/3(C!b/63166/*4!*-!*,'(+!06)(3,6!*-!)(+-*+@043(!)+03,/3(!7(C5C:!)'+06/45:!5(6,1+(:!(,3C>!/6!B(+E!

./@/,(2C!&'(!61/,0?/./,E!*-!(03'!*-!@E!+(42(+/456!/6!3(+,0/4.E!*--(+(2!1)!-*+!2(?0,(!042!/6!

2/63166(2!/4!(03'!306(!6,12E!+(6)(3,/B(.EC!R*A(B(+:!,'(!3*4,+/?1,/*4!?(/45!@02(!'(+(!/6!/4!,'(!

2/63166/*4!*-!,(3'4/H1(:!4*,!*-!/4,(+)+(,0,/*4C!b/6)0+0,(!0))+0/60.6!*-!3'*/3(6!@02(!*+!*1,3*@(6!

+(42(+(2!/4!,'(6(!)0+,/31.0+!+(3*+2/456!0+(!A(.3*@(:!?1,!2*!4*,!142(+@/4(!,'(!-*30.!)*6/,/*4!*-!

,'/6!+(6(0+3'!,'0,!">!,'(! )0,,(+46!*-!,(3'4/H1(!?(/45!2/63166(2!304!?(!2/+(3,(2!,*A0+2!04E!41@?(+!

*-!)*,(4,/0.!)+03,/3(6:!042!F>!,'0,!5/B(4!+(42/,/*46!7613'!06!,'(!6/9!61?@/,,(2!'(+(>!+(-.(3,!

/46,04,/0,/*46!*-!,(3'4/H1(:!A'/3'! 0+(!4(3(660+/.E!_/43*@).(,(`!7O)0,P:!FM"%G!=#>:!042!-+*@!A'/3'!

\:!'0B/45!3*4,/41(2!,*!)+03,/6(:!A/..!/4(B/,0?.E!'0B(!@*B(2!*4!0,!,'(!,/@(!*-!,'(/+!(B(4,10.!

./6,(4/45C!

c*+!,'(6(!+(06*46:!06!A(..!06!06)(3,6!*-!01+0.!,(3'4/H1(!2/63166(2!?(.*A:!@(,'*26!*-!@(061+/45!

@*@(4,6!*-!/4,*40,/*4!)+03,/3(!7/(C!6)(3,+*5+0)'/3!040.E6(6:!(.(3,+*4/3!,14(+6:!(,3C>!'0B( !4*,!?((4!



! "#V!

16(2C!U'/.(! 613'!H104,/,0,/B(!A*+;!A* 1.2!?(!)*66/?.(:!042!3*1.2!3(+,0/4.E!)+*B/2(!0B(41(6!-*+!

-1,1+(!+(6(0+3':!0,,(@),6!,*!+(/-E!(@?*2/(2!;4*A.(25(!/4!H104,/,0,/B(!,(+@6!A*1.2!'(+( !

142(+@/4(!,'(!(66(4,/0.!H1(6,/*4!?(/45!(9).*+(2G!,'(!14)03;/45!*-!0!+(.0,/*40.!()/6,(@*.*5E!*-!

@16/30.!)/,3'!B/0!/4,*40,/*4!,(3'4/H1(C!\4!,'/6!6,12E:!+(-.(3,/*46!*4!,(3' 4/H1(:!+0,'(+!,'04!/,6!

.*30./6(2!*1,3*@(6:!02B043(!/,6!*A4!)*,(4,/0.!-1,1+(!0))./30,/*4:!06!A/..!?(!6'*A4 !/4!,'/6!3'0),(+ C!

!

><,$,!,#+<! ?/,+, !*/%*!@/%</)!%<,!?$-A,+%!

!

( !"#$%&'()*)+'7-$%$($",-(!+$,$('+#'(=+#-+&(#-$(!%)>$,#!

!

O(3,/*46!=C"!78+4*.2>:!=CF!7OP.0B4/36>:!=C$!7U((;6>!042!=C=!7L3!W015'./4>!2/63166!@E!)+03,/3(!*-!

3*@)*6/,/*46!-*+!6*.*!B/*./4!*+!6@0..!3'0@?(+!(46(@?.(:!A'/3'!A(+(!+(3*+2(2!21+/45!,'(!)(+/*2!

*-!,'/6!+(6(0+3'C!&'(6(!6(3,/*46!,'(+(-*+(!-143,/*4!+0,'(+!3*4B(4,/*40..E!06!306(!6,12/(6!*-!

2*31@(4,(2!)+03,/3(C!&'(!,'+((!6*.*!B/*./4!)/(3(6!78+4*.2:!U((;6:!L3!W015'./4>!A(+(!*+/5/40.!

3*@@/66/*46C!!

O(3,/*46!=C#!7O;(@),*4>!042!=C%!7N05(>!3*43(+4!3*@)*6/,/*46!-*+!6,+/45!H10+,(,:!A'/3'!A(+(!

+(3*+2(2!21+/45!@E!,(41+(!A/,'!,'(![*PP/4/!d10+,(,:!)+/*+!,*!,'(!6,0+,!*-!,'/6!+(6(0+3'C!\,!A06!

/@)*+,04,!,*!@(!,*!/43.12(!0!2/63166/*4!*-!,'(6(!,A*!)/(3(6!?(3016(!,'(E!A(+(!3+13/0.!_(4,+E!

)*/4,6`!/4!@E!)+03,/3(!,'0,!+(61.,(2!/4!,'(!(B(4,10.!)1+61043(!*-!,'/6!+(6(0+3':!042!022/,/*40..E!

?(3016(!,'(E!031,(.E!/..16,+0,(!3(+,0/4!)0,,(+46!*-!/4,*40,/*4!,(3'4/H1(!A'/3'!0+(!,'(4!(9)042(2!

1)*4!/4!@E!2/63166/*4!*-!,A*!+(3(4,!6*.*!A*+;6!7U((;6!042!L3!W015'./4>C!LE!2/63166/*4!*-!

(03'!H10+,(,!/4!,'/6!+(6(0+3'!3*4,(9,!/6!,'(+(-*+(!.(66!0!306(!6,12E!*-!2*31@(4,(2!)+03,/3(:!042!

@*+(!2/+(3,(2!,*A0+2!,'(!040.E6/6!*-!)0+,/31.0+!3'0..(45(6!042!0--*+2043(6!A'/3'!A(+(!+(B(0.(2!

,'+*15'!@E!/4/,/0.!)+03,/3(!*-!,'(6(!A*+;6:!042!/4!A'/3'!)*,(4,/0.! -1,1+(!)+03,/3(6!@/5',!?(!

������
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! "#Q!

6/,10,(2C!&'(!+(3*+2/456!78))(42/9!8:!&+03;6!#!042!%>!0+(!61?@/,,(2!06!+(-(+(43(!@0,(+/0.6!74*,!

06!)*+,-*./*!61?@/66/*46>e!'*A(B(+ :!,'(!033*@)04E/45!63*+(!044*,0,/*46!042!3+/,/30.!+(-.(3,/*46!

+()+(6(4,!*+/5/40.!+(6(0+3'C!!

&'(!+(-.(3,/*4! 1)*4!4063(4,!)+03,/3(6a ?(514!)+/*+!,*!,'(!+(6(0+3'!)(+/*2!042!2(B(.*)(2!21+/45!

/,6!3*1+6(a /6!0!4(3(660+E!3*@)*4(4,!*-!,'/6!+(6(0+3'!/4!,'0,!/,!3*4,(9,10./6(6!,'(!/4/,/0.!

@*,/B0,/*46!A'/3'!.(2!@(!,*!,'(!)+*f(3,:!042!2(@*46,+0,(6!'*A!,'(!+(6(0+3':!'0B/45!?((4!30++/(2!

*1,:!4*A!/4-*+@6!042!(4+/3'(6!@E!)(+3(),/*4!*-!)06,!)+03,/3(6C!c1+,'(+@*+(:!*4!0!)+03,/30.!4*,(:!

,'(!2(B(.*)@(4,!*-!,(3'4/H1(!06!/,!/6!142(+6,**2!/4!,'/6!,'(6/6!2*(6!)*#$&:!?1,!2*(6!4*,!&$,$''"%+1::!

/4B*.B(!,'(!/@@(2/0,(!)+03,/3(!*-!04!/46,+1@(4,C!&'(!03,/B0,/*4!*-!,'( !01+0.!/@05/40,/*4:!042!,'(!

2(B(.*)@(4,!*-!3*54/,/B(!+()+(6(4,0,/*46!,'0,!3*4,+/?1,(!,*!,'(!+(-.(3,/B(!2E40@/3:!304!0.6*!

3*4,+/?1,(!,*!,'(!@0,1+0,/*4!*-!,(3'4/H1(:!042!,'(+(-*+(!3*1.2!?(!3*46/2(+(2!06!)+03,/3(6!/4!,'(/+!

*A4!+/5',C!!

LE !)+*f(3,(2!+(0./60,/*46:!(9).*+(2!/4!O(3,/*46!=C#!042!=C%!,'+*15'!044*,0,(2!63*+(6:!,'(+(-*+(!

@0E!?(!+(02!?*,'!06!,'(*+(,/30.!040.E6(6!*-!@16/30.!@0,(+/0.:!A'/3'!2(63+/?(!0!6E6,(@0,/3!

0))./30,/*4!*-!6*@(!*-!,'(! )0,,(+46!*-!,(3'4/H1(!(9).*+(2!,'+*15'*1,!,'/6!3'0),(+ :!042!0.6*!06!

2(63+/),/*46!*-!)*,(4,/0.!)+03,/3(a *-!)/,3'!+(.0,/*46'/)6!, '0,!\!304!012/0,(!042!(@?*2E:!042!

A'/3'!@0E!/42((2!?(!30..(2!1)*4!/4!6*@(!-1,1+(!/46,043(!*-!)+03,/3(C!b+0A/45!1)*4!,'(6(!

2/63166/*46:!N'0),(+!V!A/..!,'(4!022+(66!'*A!613'!,(3'4/H1(!304!?(!3*@@14/30,(2!(--(3,/B(.E!/4!

,'(! )(205*5/30.!6)03(:!)+(6(4,/45!04!*+/5/40.!,(03'/45!+(6*1+3(!78))(42/3(6![!042!N>!0.*456/2(!

3+/,/30.!+(-.(3,/*46!*4!,(03'/45!06!0!3+(0,/B(!)+03,/3(C!

!

0'B!C#$%/)!2$)-D41!!"#$%&#'()*!EFGBHI!

L0+,/4!8+4*.2!3*@)*6(2!01+!(2+&/$#!-*+!@(!/4!FM"$!06!0!3*@@/66/*4!A/,'!61))*+,!-+*@!,'(!

N04020!N*143/.!-*+!,'(!8+,6C!&'/6!)*+,-*./*! 61?@/66/*4!78))(42/9!8:!&+03;!" >!A06!+(3*+2(2!?E!

O/@*4!g(E4(..!0,!L/2'*)(6,*4(6!7hi>!/4! L0E!FM"=:!042!+(.(06(2!*4!,'(!84*,'( +!&/@?+((.0?(.!

70,"M=!2"%#+&(?%&)14@(6-$(0!+#(A$1$#">!/4!L0E!FM"VC!&'(!)/(3( !3*46/6,6!*-!,A*!3*4,+06,/45!

6(3,/*46a ,'(!-/+6,!?*A(2!042!,'(!6(3*42!).13;(2 a ,'(!-/+6,!*-!A'/3'!A/..!?(!2/63166(2!'(+(!A/,'!

+(6)(3,!,*!)0,,(+46!*-!/4,*40,/*4!,(3'4/H1(!+(.(B04,!,*!,'(!6*142/45!*-!,14(0?.(!/4,(+B0.6!

3*4,0/4/45!*)(4<6,+/45!2+*4(6:!,'(!/2(4,/-/30,/*4!*-!/4,(+B0.6!?E!A0E!*-!,'(/+!4+**$%$&,$(#)&$':!042!

,'(! %$!$"#"9+1+#:!*-!T16,!/4,(+B0.6C!



! "#S!

><#%!/*)J%!/)!%<,!*+-$,!

N*@@*4!]+03,/3(!]/,3'!^*,0,/*4!/6!16(2!,'+*15'*1,!01+!(2+&/$#:!06!/6!3*46/6,(4,!A/,'!8+4*.2̀ 6!

)+03,/3(!*-!3*@)*6/45!-*+!6@0..!3'0@?(+!(46(@?.(6!042!6*.*!/46,+1@(4,6C!g(-.(3,/45!*4!,'/6!

3'*/3(:!8+4*.2!3*@@(4,6G!

\4!5(4(+0.:!@E!,0;(!*4!4*,0,/*4!/6!,*!16(!,'(!@*6,!3*@@*4!)+09/6j! \!A04,!,'(!?06/3!J4*,0,/*4K!,*!

?(!B$%:!-0@/./0+:!042!,'(4!\!f16,!4)&C#!/43.12(!0!.*,!*-!6,1--!/4!,'(!63*+(C!&*!@(!/,`6!./;(!04!*--(+/45!

,'0,!,'(4!,'(!@16/3/04!?+/456!/4!,'(/+!@16/3/046'/)!,*!6'0)(C!&*!@(!,'(!(06/(6,!A0E!,*!2*!,'0,:!/4!

,(+@6!*-!;(()/45!,'0,!)+*3(66!*)(4 :!/6!,*!'0B(!J,'(!63*+(K!?(!06!4*+@0,/B(!06!)*66/?.(C!7LC!8+4*.2:!

)(+6*40.!3*@@14/30,/*4:!$!81516,!FM"Q>"!

\4!;(()/45!A/,'! 8+4*.2`6!6(4,/@(4,6!*4!*)(44(66!042!)(+6*40.!@16/3/046'/):!042!*A/45!,*!@E!

.*45!A*+;/45!+(.0,/*46'/)!A/,'! '/@:!\!-(.,!./3(46(!,*!2(B(.*)! 0!T16,!\4,*40,/*4!)+03,/3(!/4!,'/6!

A*+;:!(B(4!,'*15'!*4(!/6!4*,!(9)./3/,.E!6,0,(2!/4!,'(!,(9,C !\!A06!@*,/B0,(2!-+*@!,'(!*1,6(,!,*!
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slip minuet
(for Mira Benjamin)

    Not stately; rather a slow motion almost-dance
  (sometimes swaying/staggering with a slight bounce)

by Martin Arnold

© Martin Arnold 2013
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*-!'0+@*4/3!+(-(+(43(:!042!/4!,'(!60@(!@044(+!2/63166(2!/4!L0+,/4!8+4*.2`6!@16/3!7=C">!304!

!
=!\!4*,(!,'0,!,'/6!+(0./60,/*4!A06!/4-*+@(2!?E!,'(![*PP/4/!d10+,(,`6!)+/*+!+(3*+2/45!7FMMV>!*-!O;(@),*4`6!H10+,(,6:!/4!
A'/3'!\!A06!4*,!).0E/45C!



! "%$!

6,+(0@./4(!,'(!.(0+4(2!+(6)*46(6!042!+(3(/B(2!)+03,/3(6!*-!,'(!).0E(+6:!3*4,+/?1,/45!,*!0!@*+(!

3*'(6/B(!(46(@?.(!6*142C!

&'/6!6*.1,/*4!,*!*1+!-/+6,!3'0..(45(:!'*A(B(+:!+(/4-*+3(2!,'(!(9/6,(43(!*-!0!6(3*42!3'0..(45(G!/4!

0,,(42/45!,*!,'(!/4,*40,/*4!*-!6/@1.,04(/,/(6:!A(!-*142!*1+6(.B(6!/4(B/,0?.E!8)4/1"#+&;!

@/3+*,*40..E!,'+*15'!3'0/46!*-!)1+(!/4,(+B0.6!7c/51+(!=C#CF>!06!A(!2+/-,(2!-0+,'(+!-+*@!(03'!/4/,/0.!

+(-(+(43(!)/,3'C!&'(!063(46/*4!?E!@/4*+!6/9,':!A'/3'!R0++/6*4!-/426!,*!?(!).(06/45.E!6E@@(,+/30.:!

/6!/4!)+03,/3(!0!6*1+3(!*-!-1420@(4,0.!"':88$#%: !/4!0!+(.0,/*40.!,(3'4/H1(!*-!6,+/45!H10+,(,!

/4,*40,/*4C!

'
'
!"#$%&'()-),'V-"+&()*(Z/'#(8+&)%('+<#-'(
(
(

R(+(:!(03'!@/4*+!6/9,'!7QY%>!/6!"$!3(4,6!=+4$!*-!0!"F<Dbq!6/9,':!3*4,+/?1,/45!,*!04!*B(+0..!

@*21.0,/*4!*-!n%=!3(4,6!03+*66!,A*!*3,0B(6C!86!/..16,+0,(2!0?*B(!7c/51+(!=C#CF>:!04!/4,*40,/*4!

6,+0,(5E!+**,(2!+/5/2.E!/4!T16,!\4,*40,/*4!304!H1/3;.E!.(02!).0E(+6!,*!0++/B(!0,!*3,0B(!+&$./+B"1$&,$!

A/,'!/4/,/0.!+(-(+(43(!)/,3'(6:!042!,*!,'16!(6,0?./6'!4(A!+(-(+(43(!)/,3'(6!A'/3'!0+(!61?6,04,/0..E!

2(B/0,(2!-+*@!,'(!,14/45!*-!,'(/+!/46,+1@(4,6C!&0;(4!/4!3*4,(9,!7c/51+(!=C#C#>:!042!0661@/45!,'0,!

(03'!6133(66/B(!+(-(+(43(!)/,3'!/6!+(03'(2!,'+*15'!0!6/@/.0+!3'0/4!*-!T16,!@/4*+!6/9,'6:!,'/6!,14/45!

6,+0,(5E!A*1.2!+(61.,!/4!04!1)A0+2!@*21.0,/*4!*-!@*+(!,'04!%M!3(4,6!/4!f16,!-*1+!?0+6C!!

\4!,'(! (90@).(!?(.*A :!,'(!/4,+*213,/*4!*-!0!)(20.![!7n$F>!/4!@(061+(!=V:!+(61.,6!/4!,'(!(B(4,10.!

0++/B0.!*-!0!4(A!+**,!D!7n$M>!/4!@(061+(!VM:!A'/3'!A/..!6(+B(!06!,'(!+(-(+(43(!)/,3'!-*+!,'(!4(9,!

304*4!/,(+0,/*4C!\,!/6!(06E!,*!-*+(6((!'*A:!5/B(4!6(B(+0.!@*+(!304*4!6(H1(43(6:!0!H10+,(,!@/5',!

@*21.0,(!-0+!(4*15'!*1,!*-!,14(!A/,'!,'(/+!*A4!/46,+1@(4,6!,*!+(42(+!).0E/45!)+*'/?/,/B(.E!

3*@).(9C!
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! "%%!

!

!"#$%&'()-)-(Z[("&&)#"#+)&()*(!+#,-(,$&#%$'(",%)''(88(cGHSP()*(&(42+/.6!
!
!
!

()%-)#%/-)!K$/.%!

\4!0!'0+@*4/3!,(9,1+(!06!B0+/*16!06!O;(@),*4`6:!0.,(+40,/B(6!,*!0!)1+(:!3'0/4<?06(2!,14/45!)+03,/3(!

@0E!0))(0.C!](+'0)6!,'(!@*6,!6,+0/5',-*+A0+2!0))+*03'!/6!,*!0)).E!6*@(!@(061+(!*-!B/?+0,*:!

A'/3'!*?631+(6!,'(!/@@(2/03E!*-!)/,3'!+(.0,/*46'/)6!/4!@13'!,'(!60@(!@044(+!+(3*@@(42(2!?E!

m0.0@/04:!2/63166(2!/4!N'0),(+!$C!O;(@),*4:!04!033*+2/*4/6,:!@/5',!4*,!*?f(3,!,*!,'/6!6,+0,(5E:!

'0B/45!*43(!H1/))(2:!_\!2*4`,!A04,!B/?+0,*:!?1,!\!A04,!,'(!!)''+9+1+#:!*-!B/?+0,* !̀7RC!O;(@),*4:!

)(+6*40.!3*@@14/30,/*4:!"!T1.E!FM"V>C!LE!)(+6/6,(43(!A/,'!,'(!.0?*+/*16!,06;!*-!,14/45!6$&4%+1'!

A/,'*1,!B/?+0,*!042!A/,'!0,,(4,/*4!,*!.*A <*+2(+!6/@1.,04(/,/(6!/6:!-*+!@(:!f16,/-/(2!/4!@E!A'*.(<

'(0+,(2!05+((@(4,!A/,'!O;(@),*4`6!0))+0/60.!,'0,!0!_@/+031.*16`!(9)(+/(43(!*-!6*4*+/,E!304!0+/6(!

-+*@!613'!0!)+03,/3(C!!

&'(!0))+*03'!(9).*+(2!'(+(!/4B*.B(6!+( <*+/(4,0,/45!4*,!,'(!)0,,(+4!*-!/4,*40,/*4!,(3'4/H1(!7A'/3'!

+(@0/46!+**,(2!/4!.*A<*+2(+!+0,/*6>!?1,!,'(!6,+0,(5E!,'+*15'!A'/3'!+(-(+(43(!)/,3'(6!0+(!*?,0/4(2C!

&'/6!0))+*03'!/6!/4-*+@(2!?E!B*30.!6E4,'(6/6!63'*.0+!b0B/2!LC!R*A0+2`6!+(6(0+3'!*4!,'(!

/4,*40,/*4!6,+0,(5/(6!(@).*E(2!?E!"(,"!$11"!O8&[!H10+,(,6C!R*A0+2!4*,(6!,'0,!O8&[!B*30.!

H10+,(,6:!./;(!6,+/45!H10+,(,6:!,(42!,*A0+2!_4*4<(H10.!,(@)(+0@(4,`:!042!,'0,!06!0!+(61.,!,'(E!

/4(B/,0?.E!(9)(+/(43(!_/4,*40,/*4!2+/-,`!A/,'!@*21.0,/*4!7R*A0+2:!FMMVG!#MM>C!g0,'(+!,'04!
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! "%=!

6((;/45!,*!3*++(3,!,'/6!,(42(43E:!R*A0+2!7FMMVG!#"$I "%>!A+/,(6!,'0,!_/,!304!?(!3*5(4,.E!0+51(2!

,'0,!J/4,*40,/*4!2+/-,K!/6!,'(!*4.E!A0E!,*!+(@0/4!/4<,14(`:!6155(6,/45!/46,(02!,'0,!/-!3*++(3,/*4!/6!

+(H1/+(2!-*+!)+03,/30.!*+!0+,/6,/3!+(06*46:!0.,(+40,/B(!6,+0,(5/(6!6'*1.2!?(!3*46/2(+(2:!!

)(+'0)6!?06(2!*4!-/42/45!0!)*/4,!/4!,'(!@16/3!A'(+(!0!)/,3'!6'/-,!304!?(!(@).*E(2J:K!*+!?E!

3*463/(4,/*16.E!@*2/-E/45!,'(!,14/45!0.*45!,'(!./4(6!02*),(2!?E!,'(!8@(+/304![0+?(+6'*)!

6/45(+6C!7R*A0+2:!FMMVG!#"%>!

&'(!6,+0,(5E!'(+(!0..12(2!,*!?E!R*A0+2!/6!2(63+/?(2!/4!5+(0,(+!2(,0/.!?E!8@(+/304![0+?(+6'*)!

B*30./6,!T/@!g/3'0+26!/4!'/6!033*14,!*-![0+?(+6'*)!B*30.!,(3'4/H1(G!

&'(!W(02!'06!,'(!+(6)*46/?/./,E!-*+!6/45/45!,'(!@(.*2E!042!6,0E/45!/4!;(EC!&'(!'0+@*4E!

6/45(+6!61))*+,!,'(!W(02!?E!6/45/45!'0+@*4E!/4!,14(!A/,'!,'(!@(.*2EjC!!D66(4,/0..E!A(!16(!

f16,!/4,*40,/*4!-*+!'0+@*4/3!,14/45!A'/.(!+(@0/4/45!,+1(!,*!,'(!(6,0?./6'(2!,*40.!3(4,(+C!

7g/3'0+26:!FMM"G!"=>!

R*A0+2`6!6,12/(6!*-!/4,*40,/*4!2+/-,!/4!O8&[!(46(@?.(6!61))*+,!g/3'0+26`!033*14,!*-!0!2*@/404,!

7/4!,'/6!306(!8$1)4+,>!./4(!-143,/*4/45!06!0!8)9+1$(%$*$%$&,$(!+#,-!0+*142!A'/3'!*,'(+!B*/3(6!,14(:!

A/,'!0!5(4(+0.!0,,(4,/*4!,*!3*46*404,!6/@1.,04(/,/(6C!R*A0+2`6!FMMV!6,12E!*4!,'/6!,*)/3!7c/51+(!

=C#C$>!+(B(0.6!,'(!2/--(+(43(!?(,A((4!)+(2/3,(2!2+/-,!*-!04!(46(@?.(!7,0;/45!0!6,+/3,!T\!+(02/45!06!

,'(!?06/6!*-!,'(!)+*f(3,/*4>!042!,'(!03,10.!2+/-,!*-!,'(!(46(@?.(!/4!3*4,+*..(2!)+03,/30.!,(6,6C!
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!

!"#$%&'()-).([&#)&"#+)&(4%+*#(+&("(,"!$11"('+&;+&;(MX)="%4E(bPPS@(^GGQ(
!

R(+(:!,'(!,*)!5+0)'!6'*A6!,'(!)+(2/3,(2!2+/-,!*-!04!O8&[!B*30.!H10+,(,!)(+-*+@/45!0!)06605(!/4!

6,+/3,!T\C!84!*B(+0..!2+/-,!*-!0))+*9/@0,(.E!FF!3(4,6!/6!)+*f(3,(2:!@(04/45!,'(!H10+,(,!A/..!0++/B(!0,!

0!)/,3'!3(4,+(!0?*1,!"Y"M,'!*-!0!,*4(!.*A(+!,'04!,'(/+!/4/,/0.!+(-(+(43(!)/,3'C!&'(!?*,,*@!5+0)'!

6'*A6!,'(!03,10.!)/,3'!2+/-,!*-!0!H10+,(,!)(+-*+@/45!,'(!(9(+3/6(C!&'(!*B(+0..!3*4,*1+!*-!,'/6!5+0)'!

2(63+/?(6!0!5(4(+0.!02'(+(43(!,*!T16,!/4,*40,/*4!7)0+,/31.0+.E!/4!,'(!2*A4A0+2!)/,3'!2+/-,!0+*142!

@(061+(6!-*1+!042!-/B(>:!'*A(B(+!3(+,0/4!*?B/*16!/4,(++1),/*46!/4!,'0,!2*A4A0+2!2+/-,!/42/30,(!

,'0,!02f16,@(4,6!'0B(!?((4!@02(C!\,!/6!0))0+(4,!,'0,!0,!;(E!)*/4,6!21+/45!,'(!)06605(:!*4(!*+!@*+(!

*-!,'(!6/45(+6!+(2/+(3,6!,'(!'0+@*4/3!@*B(@(4,!-*+!)+03,/30.!*+!*,'(+!@16/30.!+(06*46C!86!0!+(61.,:!

,'(!6,0+,/45!)/,3'!3(4,+(!/6!0))+*9/@0,(.E!+(,0/4(2!0,!,'(!(42!*-!,'(!)06605(C!

!

"$,4/+%/P,!8%$#%,6/,*!

&'(!6,+0,(5E!3'0+03,(+/6(2!?E!R*A0+2`6!2/05+0@!6((@6!B(+E!A(..!61/,(2!,*!,'(!3'0..(45(6!)*6(2!

?E!6$&4%+1':!?(3016(!/,!0..*A6!,'(!).0E(+6!,*!)+/*+/,/6(!,'(!/4,*40,/*4!*-!3*46*404,!6/@1.,04(/,/(6:!

A'/.(!+(,0/4/45!6*@(!-.(9/?/./,E!A/,'!+(50+2!,*!">!,'(!*B(+0..!)/,3'!3(4,+(!042!'*A!/,!6/,6!/4!,'(!

and that exercises using a seventh should be
avoided in investigations such as this one.

Exercises 3 and 4 seem to track closely the just
tuning-based prediction. The Þrst half of exercise
1 is also reasonably close to the prediction, but its
second half is not. Perhaps the singers cannot

switch direction. Perhaps there is something about
going sharp that is being resisted (note that this is
the only exercise where the prediction is sharpening
pitch). What is clear is that this quartet does change
its pitch center in a manner that seems to be con-
sistent with a just intonation prediction. These

FIGURE 8. Predicted variation for just tuning referenced to equal-tempered tuning in cents (up-
per) and measured f0 variation in cents (lower) for exercise 4. Notes are normalized to the Þrst tenor
note, which is the tonic. Two sets of predicted values are shown for the soprano and alto parts based
on calculating the dominant sevenths (Figure 4) in chord 2 of each bar (soprano) and in chord 4 of
each bar (alto) either as a seventh above the tonic (sevenths) or as a minor third above the dominant
(thirds). As the reference notes are in the tenor and bass parts throughout this exercise, the predic-
tions for the tenor and bass parts are not affected by how the sevenths are calculated. Each point
represents data for the note of the chord (C) in a particular bar (B) by sung part (SATB). (Cent
scales have the same range to facilitate visual comparison.)
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(6,0?./6'(2!,14/45!*-!,'(!/46,+1@(4,6:!042!F>!'*A!,'(!304*4!61?f(3,6!0+(!)(+-*+@(2!06!@(.*2/(6C!

&'(!-*..*A/45!044*,0,/*4!*-!,'(!304*4!6(3,/*4!?(,A((4!@@C!="I VM!)+/*+/,/6(6!.*A<*+2(+!,14/456!

-*+!6/@1.,04(*16!)/,3'!+(.0,/*46'/)6:!A'/.(!@0;/45!.*30.!2(3/6/*46!/4!,'(!6133(66/B(!+(.0,/*46'/)6!

,'0 ,!;(()!)/,3'!3(4,+(6!+**,(2!,*!*4(!*-!,'(!-/B(!*)(4!6,+/456!7c/51+(!=C#C%>C!&'/6!2(3/6/*4!@(046!

,'0,!6*@(!@(061+(6!0+(!,14(2!,*!0!')/&4+&; !+(-(+(43(!)/,3':!A'/.(!*,'(+6!0+(!,14(2!,*!04! /&'#"#$4!

+(-(+(43(!)/,3'C!&'(!*B(+0..!,14/45!6,+0,(5E!@/5',!?(!30..(2!1),"11:(Z/'#E(;1)9"11:(5:#-";)%$"&C!

!

!"#$%&'()-)/(&(42+/.6E(88F(cGHSP(`_@PIa(
!

\4!,'(!0?*B(!(90@).(:!,'(!0.,(+0,/*4!/4!/4,*40,/*4!4(3(66/,0,(2!?E!0!3'045/45!+(-(+(43(!)/,3'!/6!

3.(0+.E!/..16,+0,(2!/4!,'(!2/--(+(43(!?(,A((4!,'(!-*1+,'!)/,3'!/4!(03'!304*4!(4,+E:!042!,'(!

61?6(H1(4,!-/+6,!)/,3'!/4!(03'!4(A!(4,+EC!\4!@(061+(!=":!,'(!+(-(+(43(!)/,3'!D!7nF>!-*+@6!0!@/4*+!

,'/+2!7=Y%>!A/,'!m!7n"Q>C!\4!,'(!-*..*A/45!@(061+(:!0!4(A!+(-(+(43(!)/,3'!*-!N!7<=>!+(H1/+(6!,'(!

B/*.0!,*!/4,*4(!,'(!m!7<$>!FF!3(4,6!.*A(+C!84!040.*5*16!0.,(+0,/*4!/6:!'*A(B(+:!144(3(660+E!

?(,A((4!@(061+(6!=F!042!=#:!06!,'(!+**,!N!/6!+(,0/4(2:!042!,'(!/4,*40,/*4!*-!,'(!D<-.0,6!304!+(@0/4!

3*46/6,(4,!?(,A((4!,'(!B/*.0!042!,'(!6(3*42!B/*./4!(4,+EC!

!
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! "%S!

!

!"#$%&'()-)('&(42+/.6E(88(cTHcS(
!

]0+,/31.0+!/4,*40,/*4!3'0..(45(6!0+/6(!/4!@C!=%G!/4!,'(!-/+6,!,'+((!H10B(+6:!0!)*,(4,/0.!m!+(-(+(43(!

)/,3'!/6!*?631+(2!?E!+0)/2!'0+@*4/3!@*B(@(4,!042!0!'/5'!2(5+((!*-!3'+*@0,/3/6@!?(,A((4!

B*/3(6C!\4!,'/6!@*@(4,:!./;(!@04E!*,'(+6!,'0,!0))(0+!)(+/*2/30..E!,'+*15'*1,!,'(!)/(3(:!/,!/6!./;(.E!

,'0,!0!H10+,(,!@/5',!,0;(!0!.**6(+!0))+*03'!,*!'0+@*4/3!/4,*40,/*4:!*),/45!/46,(02!,*!,14(!,'(6(!

)/,3'(6!6133(66/B(.E!06!,'(E!0))+*03'!0!@*+(!6,0?.(!3*@@*4!+(-(+(43(!)/,3'C!&'/6!6,0?/./,E!0++/B(6!

/4!,'(!.06,!-*1+!H10B(+6!*-!,'(!@(061+(:!A'(+(!\!'0B(!/2(4,/-/(2!D!7nF>!06!0!6,0?.(!+(-(+(43(!)/,3':!

4*,!?(3016(!D!/6!0!)0+,/31.0+.E!*?B/*16!+**,!-*+!04E!*-!,'(!)/,3'!@0,(+/0.!/4!,'/6!*+!,'(!/@@(2/0,(!

61?6(H1(4,!@(061+(6:!?1,!?(3016(!,'/6 !)+(2/3,/B(!6,+0,(5E!-03/./,0,(6!0!3+13/0.!,+046/,/*4!,*A0+2!,'(!

(42!*-!,'(!304*4!6(3,/*4C!!

&'/6!304*4!6(3,/*4!+(6*.B(6!*4!04!D!@0f*+!,+/02!0,!,'(!(42!*-!@C!VM:!-*..*A/45!,'+((!@(061+(6!*-!

)(20.![:!A'/3'!@/5',!'0B(!,'(!,(42(43E!,*!?(!'(0+2!06!0!)+*.*45(2!2*@/404,!*-!DC!&*!0B*/2!,'(!

143*@-*+,0?.(!1)A0+2!@*21.0,/*4!2(63+/?(2!/4!c/51+(!=C#C#:!,'(![!)(20.!/4,+*213(2!/4!@C!=V!304!

?(!,14(2!,*!04!146,0,(2!D!+(-(+(43(:!/4!04,/3/)0,/*4!*-!,'(!(B(4,10.!+(6*.1,/*4!/4!,'(!.06,!3+*,3'(,!

).0E(2!?E!B/*./4!F!/4!@C!VMC!&'(!60@(!D!+(-(+(43(!304!?(!)+(<(@),(2!/4!@(061+(6!=%I =V!7c/51+(!

=C#C=>G!D!7nF>!).0E(2!?E!B/*./4!F!7@C!=%:!.06,!3+*,3'(,>!-*+@6!0!@/4*+!,'/+2!7=Y%>!A/,'!m!7n"Q>!/4!

B/*./4!":!.(02/45!,*!0!*3,0B(!7FY">!m!)(20.!/4!,'(!B/*.0!7@C!==>!042!04!(B(4,10.!@0f*+!,'/+2!7%Y$>!

A/,'!,'(![!7n$>!/4!B/*./4!F!7@C!=V>C!8!6,+0,(5E!613'!06!,'/6!@/5',!033*14,!-*+!,'(!'0+@*4/3!

/4,(++1),/*46!*+!+(2/+(3,/*46!*?6(+B(2!?E!R*A0+2!/4!'/6!6,12/(6!*-!/4,*40,/*4!2+/-,C!!
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! "=M!

5,.D,+%/)6!-)!?$/-$!?$#+%/+,!

&'(!)+(3(2/45!(90@).(6!0+(!4*,!./,(+0.!2(63+/),/*46!*-!,'(!,(3'4/H1(6!042!6,+0,(5/(6!(@).*E(2!?E!

,'(![*PP/4/!d10+,(,!/4!*1+!FM"#!+(0./60,/*4C!&'(E!0+(:!'*A(B(+:!/4-*+@(2!?E!@04E!*-!,'(!-/4(.E!

2(B(.*)(2!,(3'4/H1(6!*-!+(.0,/*40.!,14/45!A'/3':!A'/.(!)(+'0)6!.(66!(9)./3/,.E!+()+(6(4,(2!*4!,'(!

)05(:!A(+(!3+13/0.!,*!(6,0?./6'/45!,'(!5+*1)`6!6/540,1+(!).0E/45!0(6,'(,/3!042!6*142C!!

LE!/4,(+(6,!/4!-*..*A/45!,'0,!/@)./3/,!)+03,/3(!7A/,'!A'/3'!\!?(30@(!/4,/@0,(.E!-0@/./0+>!,*!,'/6!

@*+(!(9)./3/,!(B0.10,/*4!*-!)0,,(+46!*-!/4,*40,/*4!,(3'4/H1(:!6)+/456!-+*@!,'(!6,+(45,'!*-!@E!

+(3*..(3,/*4!*-!?*,'!,'(!(9,+0*+2 /40+E!3'0..(45(6!A(!(43*14,(+(2!/4!,14/45!,'/6!)/(3(:!042!0.6*!

A'0,!,'0,!)+03,/3(!+(B(0.(2!,*!@(!0?*1,!,'(!/4'(+(4,!30)03/,/(6!042!)/,-0..6!*-!+(.0,/*40.!/4,*40,/*4!

,(3'4/H1(C!\4!+(B/6/,/45!,'0,!)+/*+!)+03,/3(!,'+*15'!,'(!.(46!*-!,'/6!+(6(0+3':!\!4*,(!H10./,/(6!/4!,'(!

).0E/45!A'/3'!6155(6,!)*/4,6!*-!3*431++(43(!A/,'!,'(!6,+0,(5/(6!2(63+/?(2!/4!,'(!0?*B(!040.E6/6C!

c*+!(90@).(:!./6,(4/45!,*!,'(!304*4!0,!@C!="!J$GMSK!0!4*,0?.(!16(!*-!,'(!*)(4!D<6,+/45!?E!,'(!

B/*./46!6155(6,6!04!/4,*40,/*4!6,+0,(5E!,'0,!05+((6!A/,'!@E!1),"11:(Z/'#E!;1)9"11:(5:#-";)%$"&!

066(66@(4,C!&'/6!/6!)0+,/31.0+.E!4*,/3(0?.(!03+*66!?*,'!B/*./4!)0+,6!/4!@@C!=%I ==:!A'(+(!*?B/*16!

*)(4!D6!-*+@!3*46*404,!@/4*+!,'/+26!A/,'!m6!7-/+6,!?(,A((4!,'(!,A*!B/*./46:!042!,'(4!?(,A((4!

B/*./4!"!042!B/*.0>C!\4!*+2(+!-*+!B/*./4!"!,*!0++/B(!0,!,'(!,'/+2!)/,3'!/4!@C!==!*4!04!*)(4!6,+/45!06!

,'/6!3*46*404,!,'/+2!A/,'!,'(!m !0.+(02E!6*142/45!/4!,'(!B/*.0:!,'(!B/*./6,!@16,!'0B(!,14(2!'(+!m!06!

0!)+(<(@),/B(!,'/+2!*4!D:!042!4*,!,*!6*@(!*,'(+!+(-(+(43(!7613'!06!'(+!*A4!*)(4!m>C!822/,/*40..E:!

4*,/3(0?.(!0.,(+0,/*46!/4!)/,3'!03+*66!(4,+043(6!)*/4,!,*!6'0+(2!+(-(+(43(!)/,3'(6a -*+!(90@).(:!

,'(!/4,*40,/*4!*-!,'(!B/*./6,`6!(4,(+/45!m!/4!@C!=F!6*1426!4*,/3(0?.E!.*A(+!,'04!,'0,!*-!,'(!3(../6,`6!

m:!,A*!3+*,3'(,6!)+/*+:!A'/3'!05+((6!A/,'!,'(!040.E6/6!)*6/,(2!/4!c/51+(!=C#C%C!!

!

><#%!(!+#$$M!.-$@#$4!

\4!*1,./4/45!,'(!)+(3/6(!,14/45!)0,,(+46!)+*)*6(2!'(+(:!\!2*!4*,!@(04!,*!6155(6,!,'0,!0!4*,(<?E<

4*,(!3(4,!2(B/0,/*4!044*,0,/*4!/6!0!)+03,/30.!7*+!(B(4!3*46,+13,/B(>!@(,'*2!-*+!0!H10+,(,!,*!02*),!/4!

2(B(.*)/45!0!+(0./60,/*4!*-!6$&4%+1'F!LE!*A4!).0E/45!63*+(!3(+,0/4.E!2*(6!4*,!2/6).0E!0!3(4,!

@0+;/45!*4!(B(+E!)/,3':!0.,'*15'!\!2*!16(!/4,(+@/,,(4,!044*,0,/*46!,*!51/2(!@E!/4,*40,/*4!

,(3'4/H1(!0,!6,+0,(5/3!@*@(4,6C!!

\!A*1.2!0+51(:!'*A(B(+:!,'0,!0!2(,0/.(2!)+03,/3(!*-!/4,*40,/*4!/4!,'/6!)/(3(!2(@0426!0!8/#/"1(

/&4$%'#"&4+&;("8)&;(#-$(!1":$%'!+(50+2/45!3*46,04,.E!6'/-,/45:!*-,(4!8)9+1$(+(-(+(43(!)/,3'(6:!



! "=" !

042!022/,/*40..E!,'0,!/4!3(+,0/4!3+13/0.!@*@(4,6:!)+(2/3,/B(!*+!04,/3/)0,*+E!6,+0,(5/(6!0+(!+(H1/+(2!

,*!-03/./,0,(!.0+5(+<630.(!7@1.,/<@(061+(>!/4,*40,/*4!)0,,(+46C!O13'!6,+0,(5/(6!304!0.6*!(40?.(!

(46(@?.(6!,*!4(5*,/0,(!'0+@*4/3!(4B/+*4@(4,6!2(-/4(2!?E!B0+E/45!2(5+((6!*-!/42(,(+@/403E:!06!

A/..!?(!(90@/4(2!/4!O(3,/*4!=C%!A/,'!,'(!A*+;!*-!T*'4!N05(C!

&'(!61?6,04,/0.!3*4,+/?1,/*4!,*!,'/6!+(6(0+3'!0--*+2(2!?E!,'/6!+(-.(3,/*4!*4!6$&4%+1'!/6!/4!/,6!

/..16,+0,/*4!,'0,!,'(!)+(2/3,/*4!*+!04,/3/)0,/*4!*-!,14/45!)0,,(+46((66(4,/0..E!+(H1/+(6!0!!"%#+#+)&+&;(

*-!@E!,(3'4/H1(C!\4!*,'(+!A*+26:!/4!*+2(+!,*!012/0,(!*4(!,'/45!A'/.(!04*,'(+!,'/45!/6!)'E6/30..E!

6*142/45:!\!4((2!,*!3*@)0+,@(4,0./6(!,'(!@0410.:!*?6(+B0,/*40.!042!+(-.(3,/B(!3*@)*4(4,6!*-!

,(3'4/H1(!,'0,:!14,/.!4*A:!'0B(!?((4!2/63166(2!*4.E!06!,'(E!-143,/*4!,*5(,'(+!06!04!/4,(5+0,(2:!

(@?*2/(2!)+*3(66C!&'/6!)0+,/,/*4/45!*-!(.(@(4,6!*-!,(3'4/H1(!A/..!?(!(9).*+(2!-1+,'(+!/4!,'(!4(9,!

6(3,/*4!A/,'!,'(!A*+;!*-!T0@(6!U((;6C !

!

0'H!T#:,*!>,,N*1! 4#'/5)""%EFGBUI!
!

T0@(6!U((;6!3*@)*6(2!7+&4*$11!-*+!@(!/4!FM"V:!06!0!3*@@/66/*4!A/,'!61))*+,!-+*@!,'(!]gO!

c*1420,/*4:!hiC!&'/6!)*+,-*./*!61?@/66/*4!78))(42/9!8:!&+03;!$>!A06!+(3*+2(2!?E!O/@*4!

g(E4(..!0,!O,!]01.`6!R0..:!h4/B(+6/,E!*-!R122(+6-/(.2!7hi>!/4!^*B(@?(+!FM"Q:!042!+(.(06(2!*4!

,'(!84*,'(+!&/@?+( !.0?(.!70,"#S!Z"8$'(7$$U'@(7+&4*$11>!/4!L0E!FM"SC!&'/6!=M<@/41,(!3*4,/41*16!

)/(3(!-*+!6*.*!B/*./4!/6!6,+13,1+(2!/4!,A(.B(!6(3,/*46!7\I X\\>:!042!63*+(2!16/45!RDT\!]/,3'!^*,0,/*4!

A/,'!022/,/*40.!3(4,!2(B/0,/*46C!

O(3,/*46!k\\!,*!X!A/..!?(!2/63166(2!'(+(!A/,'!+(6)(3,!,*!)0,,(+46!*-!/4,*40,/*4!,(3'4/H1(!+(.(B04,!

,*!,'(!6*142/45!*-! '$!#+8"1!042!/&4$,+8"1!,14(0?.(!/4,(+B0.6:!,'(!).03(@(4,!*-!,'(6(!/4,(+B0.6!/4!

%$1"#+)&"1('$./$&,$:!042!,'(!/4,+*213,/*4!*-!9)4+1:(')/&4' !76/45/45!042!A'/6,./45>!/4,*!,'(!

,(3'4/H1(C!

!

V-4/DM!8-3)4*!!

]/,3'(6!)+*213(2!-+*@!A/,'/4!,'(!?*2E II (/,'(+!6145!*+!A'/6,.(2II *331+!,'+*15'*1,!7+&4*$11!06!

3*@)*4(4,6!*-!)+(3/6(.E!,14(2!2E026!042!3.16,(+6C!\!'0B(!0.@*6,!4*!B*30.!,+0/4/45e!\!'0B(!,0;(4!

*4(!B*/3(!.(66*4!/4!@E!./-(:!A/,'!@(PP*<6*)+04*!W13E!m*220+2:!/4!)+()0+0,/*4!-*+!,'/6!)/(3(C!\!



! "=F!

-((.!@13'!@*+(!6(31+(!/4!@E!0?/./,E!,*!)+*213(!)1+)*6(-1.!)/,3'!*4!,'(!B/*./4!,'04!\!2*!A/,'!@E!

B*/3(C!!

h)*4!+(-.(3,/*4:!,'(!@0/4!,(3'4/30.!2/--(+(43(!?(,A((4! '+&;+&;!042!!1":+&;!0!)/,3'!./(6!/4!,'(!

(403,/B(!)'E6/30.!0+(0!*-!,(3'4/H1(!7A'0,!\!'0B(!?((4!30../45!8"&/"1 !,(3'4/H1(!/4!)+/*+!

2/63166/*46>C!q?6(+B0,/*40.!042!+(-.(3,/B(!3*@)*4(4,6!*-!?*,'!,(3'4/H1(6!0+(!@13'!,'(!60@(II

,'0,!/6!,*!60E:!\!012/0,(!0!B*/3(2!)/,3'!/4!,'(!60@(!@044(+!,'0,!\!2*!0!).0E(2!)/,3'e!@E!/4,(+40./6(2!

01+0.!/@)+(66/*46!*-!?*,'!0+(!03,/B0,(2!/4!,'(!60@(!A0Ee!,'(!60@(!3*54/,/B(!042!6E@?*./3!

+()+(6(4,0,/*46!304!-((2!/4,*!?*,'!+(-.(3,/B(!2E40@/36C!&'(6(!/46/5',6!@/5',!(9).0/4!A'E!\!-/42!/,!

2/--/31.,!,*!6/45!042!).0E!0,!,'(!60@(!,/@(G!,A*!2/6,/43,:!6/@1.,04(*16!)+*3(66(6!0+(!2+0A/45!-+*@!

,'(!60@(!0+(06!*-!@E!,(3'4/H1(C!!

&'(!4(5*,/0,/*4!*-!B*/3(2!042!/46,+1@(4,0.!)/,3'!/4!B0+/*16!3*@?/40,/*46!,'+*15'*1,!7+&4*$11!

+(./(6!*4!6*+,/45!012/0,(2!042!(403,(2!(B(4,6!/4,*!@0405(0?.(!6(H1(43(6C!\4!5(4(+0.:!@E!)+(-(++(2!

*+2(+!/6!,*!(6,0?./6'!7*+!)+()0+(>!B/*./4!)/,3'7(6>!-/+6,:!042!,'(4!,14(!,'(!B*/3(!/4!+(.0,/*46'/)C!

U((;6!A06!0A0+(!*-!,'/6!)+(-(+(43(!21+/45!,'(!3*@)*6/,/*4!)+*3(66:!042!?1/.,!6*@(!'(.)-1.!

@(3'04/6@6!/4,*!,'(!63*+(G!6145!)/,3'(6!4(0+.E!0.A0E6!-*+@!0!,14(0?.(!/4,(+B0.!A/,'!*4(!*+!@*+(!

)/,3'(6!0.+(02E!(6,0?./6'(2!*4!,'(!B/*./4C!!

c*+!(90@).(:!/4!6(3,/*4!\X!J$%GMMK!\!(6,0?./6'!0!-/-,'!7#YF>!A/,'!,'(!*)(4!8!042!b!6,+/456:!042!,'(4!

6/45!/4,(+@/,,(4,!)/,3'(6!0?*B(!,'/6!2+*4(C!D03'!*-!,'(6(!)/,3'(6!-*+@6!0!,14(0?.(!/4,(+B0.!A/,'!

(/,'(+!,'(!8!*+!,'(!b!7c/5C!=C$C">C!c/+6,:!N!7<##>!/6!,'(!6(),/@0.!6(B(4,'!*4!b!7VY$>:!042!,'/6!

/4,(+B0.!/6!+(/4-*+3(2!?E!,'(!8:!-*+@/45!0!T16,!2*@/404,!6(B(4,'!7$Y=YV>C!^(9,:!@E!+(-(+(43(!)/,3'!

3'045(6!,*!8:!042!\!6/45!0!T16,!@/4*+!,'/+2!7=Y%>:!(--(3,/B(.E!/54*+/45!,'(!b!/4!@E!012/0,/*4C!!

!
'

!"#$%&'().)+'U/42-(.. E(0$,#+)&([dE('$,)&4(!";$(`_T@PPa!
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! "=#!

&'(!,'/+2!)/,3'!/4!,'/6!6(H1(43(!/6!-*142!,'+*15'!0!@*+(!/42/+(3,!012/0,/*4a \!/@05/4(!,'/6!/!!$%(

'$!#+8"1()/,3'!06!,'(!@/++*+!/4,(+B0.!*-!,'(!6(),/@0.!6(B(4,'!*-!8!7VYQ>:!042!,'(4!/4B(+,!,'0,!

)+*)*+,/*4!,*!'(0+!0!)/,3'!A'/3'!/6!04!(H10.!2/6,043(!7"#"!3(4,6>!0?*B(!,'(!8C!&'(!/4,(+B0.!+(,0/46!

,'(!VYQ!,14(0?.(!+0,/*C!!

!

R-D4/)6!#)4!C#%+</)6!

b+*4(6:!06!6((4!/4!,'(!0?*B(!(90@).(!7c/51+(!=C$C">:!)+*B/2(!6,0?.(!+(-(+(43(6!*4!A'/3'!\!304!

,14(!B*30.!)/,3'(6C!\4!@13'!*-!7+&4*$11E('*A(B(+:!'0+@*4/(6!0+(!/4,(+@/,,(4,!042!+*,0,(!+0)/2.E:!

042!\!3044*,!+(.E!*4!0!3*46/6,(4,!/46,+1@(4,0.!+(-(+(43(!)/,3'!06!0!?06/6!-*+!B*30.!/4,*40,/*4C!\4!

613'!306(6:!6145!)/,3'(6!@16,!?(!033(66(2!?E!@(046!*-!146,0,(2!7012/0,(2>!+(-(+(43(6:!*+!?E!

6133(66/B(!+(.0,/*46'/)!,*!(0+./(+!6,0,(2!)/,3'(6C!q43(!050/4:!U((;6!04,/3/)0,(2!,'/6!3'0..(45(!/4!

,'(!3*@)*6/,/*4!)+*3(66II )/,3'! 3*4,(4,!/6!*-,(4!6,0,(2!/4!,'(!B/*./4!!%+)%!,*!?(/45!6,0,(2!/4!,'(!

B*/3(:!0..*A/45!@(!,*!'(0+!04!$<#$%&"1+'$4(B(+6/*4!*-!0!)/,3'!,'0,!+(/4-*+3(6!@E!012/0,/*4!?(-*+(!

B*30./6/45C!\4!O(3,/*4!k\\\!76E6,(@!#>!(03'!*-!,'(!B*30.!)/,3'(6!/6!6*142(2!06!)0+,!*-!0!2E02!/4!,'(!

B/*./4!2/+(3,.E!?(-*+(!/,!/6!6145!06!0!3*@)*4(4,!*-!0!@*+(!3*@).(9!3.16,(+6!7c/51+(!=C$CF>C!LE!

6(H1(43(!*-!,(3'4/H1(!'(+(!@/5',!?(!3+12(.E!2(63+/?(2!06!-*..*A6G!!

">!)+()0+(!3'*+2!#G!012/0,(!,'(!QYV!/4,(+B0.!

F>!6*142!/,:!+(5/6,(+!,'(!)/,3'!*-!,'(!m!7<#">!

#>!)+()0+(!3'*+2!$G!012/0,(!,'(!%Y$!,'/+2:!!%$!"%$(#-$($89)4+$4(",#+)&!

$>!6*142!,'(!%Y$!,'/+2:!?1,!+(2/+(3,!012/0,/*4!?03;!,*!,'(!m!7<#":!QYV>!

%>!+(.E!*4!,'(!'042!,*!+(,0/4!,'(!%Y$!,'/+2!7A'/3'!/6!+(./0?.(!/4!@E!,(3'4/H1(>!042!*?6(+B(!

,'(!QYV!6(3*42a 761?,.E>!02f16,!,'(!6145!)/,3'!/-!4(3(660+E!

!

!

!"#$%&'().),'U/42-(.. E(0$,#+)&(A[[[E(':'#$8(^(`^O@PTa(
!
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! "=$!

\4!@13'!,'(!60@(!@044(+!\!304!,'(4!6/45!0!6,0?.(!m!7<$>!,'+((!3'*+26!.0,(+:!A/,'/4!04!(B(4!'/5'(+!

2(5+((!*-!'0+@*4/3!3*@).(9/,EC!&'/6!60@(!)0,,(+4!*-!,(3'4/H1(!/6!(--(3,/B(!A'(+(!6,055(+(2!

3'045(6!.(,!@(!!+;;:9",U( 012/0,/*46!*4!(6,0?./6'(2!)/,3'(6!7c/5C!=C$C#>C!\4!O(3,/*4!k\\!7?(5/44/45!

/4!6E6,(@!=>!,'(!6(),/@0.!c!7<#%>!/6!2/--/31.,!,*!,14(!/4!,'(!3*4,(9,!*-!,'(!co!7<"=>!0.6*!?(/45!

6*142(2e!,'(!"$G"%!6(@/,*4(!/6!4*,!04!/4,(+B0.!A'/3'!\!-/42!+(./0?.E!,14(0?.(a 4*+:!/43/2(4,0..E:!

2*(6!/,!0))(0+!*4!O0?0,`6!./6,!*-!/4,(+B0.6!,14(0?.(!?E!(0+!7O0?0,!042!B*4!O3'A(/4/,P:!FMM$G!"V>C!

LE!6,+0,(5E!'(+(!/6!,*!(6,0?./6'!,'(!%Y$!,'/+2!/4!,'(!B/*./4:!042!,'(4!,*!012/0,(!,'(!6(),/@0.!c!06!/,!

A/..!6*142!/4!,'(!*)11)=+&;!3'*+2!706!VYQ!A/,'!m>C!!

'

!"#$%&'().)-(7+&4*$11E(0$,#+)&(A[[E(':'#$8(c(`^^@T^a(

(

&'(!30)03/,E!*-!@E!@0410.!,(3'4/H1(!,*!616,0/4!0!)/,3'!0331+0,(.E!A'/.(!,'(!+(6,!*-!@E!,(3'4/H1(!

/6!2/+(3,(2!,*A0+2!012/0,/45!042!6/45/45!04!(4,/+(.E!2/--(+(4,!)/,3'!/6!(4,/+(.E!3+13/0.!,*!,'(!
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n#M!3(4,6C!O1?6(H1(4,!(4,+/(6!A*1.2!,'(4!,0;(!,'/6!06!,'(!4(A!+(-(+(43(!)/,3'a 3*46,/,1,/45!0!

61?6,04,/0.!@/3+*<'0+@*4/3!@*21.0,/*4:!4(0+.E!0!6/9,'<*-<0<,*4(!6'0+)!/4!+(.0,/*4!,*!,'(/+!*)(4!

6,+/456C!
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! "V=!

U'/ .(!,'(+(!/6!4*,'/45!@16/30..E!*+!@(,'*2*.*5/30..E!)+*'/?/,/B(!0?*1,!,'/6!(B(4,10./,E:!6(B(+0.!

/46,+1@(4,0.!042Y*+!,(3'4/30.!-03,*+6!@0;(!/,!/@)+03,/30.!06!04!*B(+0..!/4,*40,/*4!6,+0,(5EC!c/+6,:!

8 <-.0,!/6!4*,!04!/2(0.!+**,!*4!A'/3'!,*!,14(!,'(!)/,3'!3*..(3, /*4!/4!,'(!6(3*42 <,/@(!?+03;(,:!06!@*6,!

*-!,'(!)/,3'(6!+(.0,(!,*!8 <-.0,!?E!0!6(@/,*4(a 04!/4,(+B0.!A'/3'!-*+!@(!/6!4*,!0.A0E6!+(./0?.E!

,14(0?.(C!O(3*42:!)/,3'(6!?(5/4!,*!6/,!0A;A0+2.E!+(.0,/B(!,*!,'(!*)(4!6,+/456:!@(04/45!,'0,!

6,*))(2!0.,(+40,/B(6!A/..!'0B(!,*!?(!16(2a 06!6((4!/4!]0+,!#:!A/,'!,'(!8n#$ a 042!,'/6!A/..!

4(3(660+/.E!0--(3,!,'(!*B(+0..!6*142!)+*-/.(!*-!,'(!(46(@?.(C!!

c1+,'(+@*+(:!*B(+.0)6!/4!,'(!3*1+6(!*-!-1+,'(+!,/@(!?+03;(,6!A*1.2!./;(.E!+(61.,!/4!0!3'0/4!*-!.*A<

*+2(+!,14/456!A'/3':!06!/..16,+0,(2!/4!O;(@),*4`6!6$&4%+1'(7=C#>:!3*1.2!(06/.E!+(61.,!/4!-0+!5+(0,(+!

@/3+*<'0+@*4/3!@*21.0,/*4C!\++(3*43/.0?.(!2/--/31.,E!@0E!0+/6(!/-!,'(!/4,*40,/*4!*-!4*,0,(2!

)/,3'(6!A(+(!,*!2+/-,!)( +'0)6!@*+(!,'04!*4(!,'/+2!*-!0!,*4(!70+*142!v==!3(4,6>!0A0E!-+*@!,'(!

/46,+1@(4,0.!)/,3'!3(4,+(C!&'/6!04*@0.E!/..16,+0,(6!,'(!/4'(+(4,!/@)+03,/30./,E!*-!0!)1+(.E!

+(.0,/*40.:!3'0/4<?06(2!T\!)+03,/3(!/4!/42(,(+@/40,(!'0+@*4/3!(4B/+*4@(4,6:!042!6155(6,6!,'0,!

6*@(!-1+,'(+!@(061+(6!*-!3*46,+0/4,!3*1.2!?(4(-/,!).0E(+6!3'**6/45!,*!(9).*+(!613'!0!)+03,/3(C!

q4(!*),/*4:!2+0A/45!*4!6,+0,(5/(6!(9).*+(2!/4!O(3,/*4!=C#:!/6!,*!022!0!6/@).(!E(,!-1420@(4,0.!

)+(-(+(43(!+1.(!-*+!*)(4!6,+/456!042!(H1/B0.(4,!/4,*40,/*46:!06!,'/6!A/..!./@/,!,'(!41@?(+!*-!

)*,(4,/0.!+(-(+(43(!)/,3'(6!?E!)+*B/2/45!-*1+!3(4,+(6!*-!/4,*40,/*40.!_5+0B/,E`!+(.0,(2!,'+*15'!0!

6,+/45<-+/(42.E!]E,'05*+(04!)/,3'!6)03(C!c/51+(!=C%CQ!)+*f(3,6!0!+(02/45!*-!,'(!60@(!,A*!,/@(!

?+03;(,6:!,'/6!,/@(!,0;/45!m!7<$:!/4!;(()/45!A/,'!,'(!B/*./4`6!]E,'05*+(04!/4,*40,/*4>!06!,'(!

3*@@*4!+(-(+(43(!)/,3'!-*+!?*,'!,/@(!?+03;(,6C!\4!,'(!-/+6,!,/@(!?+03;(,:!m!/6!04!/&J'#"#$4!

+(-(+(43(!)/,3'!A'/3'!4*4(,'(.(66!+(.0,(6!3.(0+.E!,*!,'(!)/,3'!3*4,(4,!/4!]0+,!":!-+*@!A'/3'!*,'(+!

,14(0?.(!/4,(+B0.6!304!,'(4!?(!2(+/B(2C!h)*4!,'(!0++/B0.!*-!,'(!6(3*42!,/@(!?+03;(,:!0!616,0/4(2!m!

+(-(+(43(!)/,3'!(40?.(6!)/,3'!@0,(+/0.!,*!0++/B(!/4!04E!*+2(+!A'/.(!+(,0/4/45!04!*B(+0..!)/,3'!3(4,+(!

,'0,!/6!4(5*,/0?.(!A/,'/4!,'(!@0,(+/0.!/@)*6/,/*46!*-!,'(!/46,+1@(4,6C!



! "VV!

!

!"#$%&'()/)1'c*1+E(0$,#+)&(?(`PCPPhHGCPSFTha(=+#-(i(%$*$%$&,$(!+#,-'
'
'

[E!+(,0/4/45!,'/6!6,0?.(!+(-(+(43(!?(,A((4!02f03(4,!?+03;(,6:!,'(!(46(@?.(!304!3*4-/2(4,.E!)+(2/3,!

04E!*-!,'(!)*66/?.(!+(.0,/*46'/)6!A'/3'!@0E!*331+!/4!,'(!*)(4! 6,+13,1+(C!8!+(B/6(2!./6,!*-!

)+(-(+(43(!+1.(6!-*+!,'/6!)+03,/3(:!,'(4:!@/5',!?(G!

"C! ]+(-(+!4*!B/?+0,*!*4!0..!@0,(+/0.!

FC! ]+(-(+!*)(4!6,+/456!042!(H1/B0.(4,!/4,*40,/*46!

#C! ]+(-(+!6/@1.,04(*16!*B(+!6133(66/B(!)/,3'!+(.0,/*46'/)6! !

$C! ]+(-(+!.*A<*+2(+!,14/456!1)!,*!V<./@/,!T16,!\4,*40,/*4!

!

!

5,.D,+%/)6!-)!?$/-$!?$#+%/+,!

\4!3*@@*4!A/,'!@E!+(-.(3,/*46!*4!,'(![*PP/4/!d10+,(,`6!+(3*+2/45!*-!O;(@),*4`6!6$&4%+1'(7=C#>:!

*1+!+(0./60,/*4!*-!3)/%!/6!4*,!2/+(3,.E!+()+(6(4,(2!?E!,'(!0?*B(!(9).*+0,*+E!63*+(!044*,0,/*46C!\,!
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! "VQ!

2*(6:!'*A(B(+:!5/B(!(B/2(43(!*-!0!)+03,/3(!/4!A'/3'!6/@/.0+!)0,,(+46!*-!/4,*40,/*4!,(3'4/H1(!0+(!

-*+(5+*142(2C!!

&'(![*PP/4/6`!0))+*03'!,*!/4,*40,/*4!/6!2/--/31.,!,*!61@@0+/6(!?(3016(!/,!'06!?((4!2(B(.*)(2!

03+*66!E(0+6!*-!)+03,/3(C!&'(/+!2/6,/43,/B(!6*142a 3'0+03,(+/6(2!?E!04!*B(+0..!0?6(43(!*-!B/?+0,*:!

04!0,,(4,/*4!,*!,'(!/4,*40,/*4!*-!6/@1.,04(/,/(6:!042!0!3*43(+4!-*+!,14/45!06!04!/4,(5+0.!06)(3,!/4!

3+0-,/45!6*4*+/,Ea '06!?((4!0++/B(2!0,!,'+*15'!,'(!)+03,/3(!*-!+()(+,*/+(!,'0,!-*+(5+*1426!042!

+(/4-*+3(6!,'(6(!H10./,/(6C!O3*+(!044*,0,/*4:!06!(@).*E(2!/4!@E!*A4!2/63166/*46:!A06!4*,!0!

)+/@0+E!-(0,1+(!*-!,'(!5+*1)`6!A*+;/45!@(,'*2*.*5E!70.,'*15'!/42/B/210.6!@0E!/42((2!'0B(!

(@).*E(2!,'(/+! *A4!6E6,(@6!*-!044*,0,/*4>C!R*A(B(+:!+('(0+60.6!A(+(!*-,(4!3'0+03,(+/6(2!?E!

3*@@(4,6!./;(:!_4*:!E*1+!m!'06!,*!?(!0!,'/+2!,'(+(:`!*+!_,'/6!*4(!/6!04!8!3.16,(+`C!!

\4!(9)042/45!*4!,'/6!)+03,/3(!/4!@E!*A4!+(6(0+3':!@E!0/@!/6!4(/,'(+!,*!+(6,0,(!/,6!B/+,1(6!7A'/3'!\!

?(./(B(!6)(0;!-*+!,'(@6(.B(6>!4*+!,*!H1(+E!04E!*-!/,6!@(,'*26C!LE!-*316!/6!,'(!+(-/4(@(4,!@E!

*A4!,(3'4/H1(:!042!,'(!3*46/2(+0,/*4!*-!'*A!,'/6!.(0+4/45!@0E!?(!/@)03,-1.!/4!@E!A/2(+!)+03,/3(!

*-!).0E/45!042!,(03'/45C!!

q4(!A0E!,'(6(!(9).*+0,*+E!040.E6(6!'0B(!/4-*+@(2!@E!,(3'4/H1(!/6!,'0,!,'(E!'0B(!5/B(4!@(!0!

3.(0+(+!)/3,1+(!*-!A'E!3(+,0/4!)/,3'(6!*+!'0+@*4/3!6)03(6!A(+(!0.A0E6!3'0..(45/45!,*!4(5*,/0,(!/4!

*1+!H10+,(,`6!)+03,/3(!*-!3)/%F(\4!*1+!+(3*+2/45:!,'(!).03(@(4,!*-!)/,3'!@0,(+/0.!A/,'/4!(03'!,/@(!

?+03;(,!A06!.(-,!,*!,'(!2/63+(,/*4!*-!(03'!).0E(+!/4!,'(!@*@(4,C!U'/.(!\!3044*,!6)(0;!-*+!@E!

3*..(051(6:!@E!*A4!2(3/6/*46!A(+(!6*@(,/@(6!@*,/B0,(2!?E!301,/*164(66!*+!143(+,0/4,E!0?*1,!

/4,(+B0.6!,'0,!@/5',!+(61.,a ,'0,!/6!,*!60E:!\!6*@(,/@(6!A0/,(2!,*!'(0+!04*,'(+!).0E(+`6!(4,+043(!

?(-*+(!).03/45!04!0@?/51*16!)/,3'!/4!+(.0,/*46'/)C!(

m/B(4!,'(!./@/,(2!0@*14,!*-!)/,3'!@0,(+/0.!/4!3)/%:!\!0@!3*4B/43(2!,'0,!04!040.E6/6!*-!6'0+(2!

+(-(+(43(!)/,3'(6!042!,'(!61?6(H1(4,!+(.0,/*46'/)6!-*+@(2!?E!3*@)*4(4,!)/,3'(6!A/,'/4!(03'!,/@(!

?+03;(,!A*1.2!?(!?*,'!)+03,/30.!042!3*46,+13,/B(C!\4!)+03,/6/45!+(.0,/*40.!/4,*40,/*4!/4!,'(!3*4,(9,!

*-!/42(,(+@/40,(!'0+@*4/(6:!613'!0!)+*3(66!A*1.2!5/B(!@(!5+(0,(+!3*4-/2(43(!/4!,'(!012/0,/*4!*-!

@E!*A4!)/,3'!@0,(+/0.6:!?*,'!/4!/4,1/,/B(!).03(@(4,6:!06!A(..!06!/4!6,+13,1+(2!6E6,(@6C!!

!

><#%!(!+#$$M!.-$@#$4!!

86!2/63166(2!/4!O(3,/*4!=C"!701+!(2+&/$#>:!*4(!?(4(-/,!*-!61)(+/@)*6/45!0!,14/45!6E6,(@!*4!0!

+(02/45!*-!N*@@*4!]+03,/3(!]/,3'!^*,0,/*4!/6!/4!,'(!)*,(4,/0.!,*! -/.,(+!6*@(!*-!,'(!.(0+4(2!



! "VS!

+(6)*46(6!042!+(3(/B(2!)+03,/3(6!,'0,!304!0331@1.0,(!/4!,(3'4/H1(C!&'(!)+*f(3,/*4!*-!0!V<./@/,!T\!

'0+@*4/3!6)03(!'(.)6!@(!,*!/@05/4(!0!)+03,/3(!*-!/4,*40,/*4!3'0+03,(+/P(2!?E!'/5'!2(5+((!*-!

'0+@*4/3!3*46*4043(C!\4!2(B(.*)/45!,'/6!)+03,/3(:!'*A(B(+:!\!304!-*+(6((!'*A!6/@/.0+!)0,,(+46!*-!

/4,*40,/*4!,(3'4/H1(!@/5',!?(!2/+(3,(2!,*A0+2!(4,/+(.E!2/--(+(4,!+(42(+/456C!!

&0;/45!1)!(0+./(+!6)(31.0,/*4!0?*1,!)+03,/3(6!*-!/4,*40,/*4!,'0,!2*!&)#!-*+(5+*142!.*A<*+2(+!

3*46*4043(:!?1,!A'/3'!+(,0/4!0!-1420@(4,0..E!+(.0,/*40.!/4,*40,/*4!,(3'4/H1(:!)+(-(+(43(!+1.(6!

050/4!-1+4/6'!3+(0,/B(!3*46,+0/4,6C!c*+!(90@).(G!

"C! ]+(-(+!4*!B/?+0,*!*4!0..!@0,(+/0.!

FC! ]+(-(+!,'(! &$"%$'#()!$&('#%+&;!06!0!+(-(+(43(!)/,3'!

#C! ]+(-(+!.*A<*+2(+!,14/456!1)!,*!V<./@/,!T16,!\4,*40,/*4!

&'/6!6(,!*-!)+(-(+(43(!+1.(6!2/--(+6!-+*@!@E!)+(B/*16!6(,!*4!*4.E!*4(!)*/4,!7FC>!042!E(,!+(61.,6!/4!0!

)+*-*142.E!2/--(+(4,!3*..(3,/*4!*-!)/,3'(6G!

!

!"#$%&'( )/ )2!c*1+E(0$,#+)&(?(`PCPPhHPC^SFTha(=+#-(+&4$!$&4$&#()!$&J'#%+&;(%$*$%$&,$'(
!

R(+(:!(03'!)/,3'!-*+@6!0!,14(0?.(!/4,(+B0.!A/,'!0!4(0+?E!*)(4!6,+/45!7*+!*3,0B(!(H1/B0.(4,>:!A'/.(!

,'(! %$'/1#"&#!/4,(+B0.6!-*+@(2!?E!,'(!6*142/45!)/,3'(6!@0E!?(!/&#/&$"91$F!c*+!(90@).(:!/4!]0+,6!#!

042!$!7c/51+(!=C%CS>:!8<-.0,!7nQ>!042!b<-.0,!7<F">!-*+@!0!-*1+,'!,'0,!/6!0))+*9/@0,(.E!#M!3(4,6!

40++*A!*-!,'(!f16,!-*1+,'!7$Y#>:!+(61.,/45!/4!A'0,!/6!7-*+!@(>!04!14,14(0?.(!-+(H1(43E!+0,/*!*-!

F"Y"=C!!
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! "QM!

&'(!)0,,(+4!*-!/4,*40,/*4!,(3'4/H1(!)+*f(3,(2!'(+(!/6:!/4!-03,:!.0+5(.E!143'045(2!-+*@!,'*6(!

2/63166(2!,'+*15'*1,!,'/6!6(3,/*4:!042!/42((2!-+*@!,'0,!(9(@)./-/(2!/4!@E!2/63166/*4!*-!6$&4%+1'(

7=C#>C!\4!0..!306(6:!,'(!/46,+1@(4,0.!/4,*40,/*4!/4!-/-,'6!/6!1,/./6(2!,*!)+*B/2(!6,0?.(!+(-(+(43(6!*4!

A'/3'!,14(0?.(!'0+@*4/(6!304!?(!?1/.,C!&'(!2/--(+(43(!'(+(!/6!,'0,!+(-(+(43(6!0+(!,0;(4!

/42()(42(4,.E!?E!(03'!).0E(+:!+0,'(+!,'04!06!0!3*..(3,/B(:!042!,'(!+(61.,04,!'0+@*4/3!.042630)(!

,'16!50/46!@04E!2(5+((6!*-!3*@).(9/,EC!!

U'(+(!,'/6!+(-.(3,/*4!*4! 3)/%(3*4,+/?1,(6!61?6,04,/0..E!,*!,'/6!+(6(0+3'!/6!/4!5/B/45!3.(0+!(B/2(43(!

*-!'*A!*4 (!)0,,(+4!*-!/4,*40,/*4!,(3'4/H1(!304!6,+13,1+(!B06,.E!2/--(+(4,!+(0./60,/*46:!/4!A'/3'!

*))*6/45!6*4/3!6/54/-/(+6!@0E!@06;!,'(!)+(6(43(!*-!6'0+(2!,(3'4/30.!)0,'A0E6C!&'/6!/46/5',!A/..!

?(!-1+,'(+!(9).*+(2!/4!,'(!-*..*A/45!6(3,/*4!7=C=>C!

!

0'0!8+-%%!C+!Z#36<D/)1!3-)%)'/")22%617#"#*8%15%"#2*)'#'9%EFGB0I!

O3*,,!L3!W015'./4!3*@)*6(2!6-$($&41$''(8)9+1+#:()*(1+'#$&+&;!-*+!@(!/4!FM"=!06!0!)0+,!*-!0!

3*..0?*+0,/B(!+(6(0+3'!042!3+(0,/*4!)+*f(3,:!61))*+,(2!?E!,'(![+/,,(4!](0+6!c*1420,/*4!7hi>C!&'/6!

)*+,-*./*!61?@/66/*4!78))(42/9!8:!&+03;!=>!A06!+(3*+2(2!?E!O3*,,!L3!W015'./4!042!](,(!c1+4/66!

0,!,'(!O,04.(E!m.066(+!D.(3,+*4/3!L16/3!O,12/*6:!m*.26@/,'6:!h4/B(+6/,E!*-!W*42*4!7hi>!/4!

b(3(@?(+!FM"Q:!-*+!).044(2!+(.(06(!/4!FMFM!7.0?(.!,*!?(!3*4-/+@(2>C!!

&'(!)/(3(!304!?(!).0E(2!/4!)0+,!*+!/4!-1..:!5/B/45!0!B0+/0?.(!21+0,/*4e!,'/6!+(0./60,/*4!*-!,'(!

3*@).(,(!63*+(!.06,6!0))+*9/@0,(.E!VM!@/41,(6C!&'+((!)+*3(21+0.!(.(@(4,6!3E3.(!,'+*15'*1,:!

2(,(+@/4/45!,'(!21+0,/*4:!)03/45!042!-*+@!*-!(03'!+(0./60,/*4G!6/&+&;(7*@/,,(2!-+*@!6,12/*!

B(+6/*4>E(0$$U+&;NV"!#/%+&;(J(5C:!"G"M:!F"GMQKE(042!V-)%"1$'(J(5C:!$G#Ve!SG$%e!"SG"$KC!&'(6(!

)+*3(21+(6!0+(!2/63166(2!06!,'(E!(./3/,!)0,,(+46!*-!/4,*40,/*4!,(3'4/H1(!+(.(B04,!,*!,'(!4(5*,/0,/*4!

*-!@0,(+/0.!05(43E!042!3*4,/45(43E!/4!,'(!'0+@*4/3!6)(3,+0!*-!(9,+(@(!',)%4"#/%"':!042!,'(!

(9,(+40./6/45!*-!/4,(5+0.:!/4,(+40.!)+*3(66(6!?E!./B(!(.(3,+*4/3!/4-+06,+13,1+(C!

!

WK$-),!V-@/)6J!!

&'(!@0f*+/,E!*-!6*4/3!@0,(+/0.!/4!,'/6!)/(3(!/6!5(4(+0,(2!,'+*15'!_2+*4(!?*A/45`II 0!@(,'*2!*-!

03,/B0,/45!,'(!'0+@*4/3!6)(3,+0!*-!*)(4!6,+/456!,'+*15'!61?,.(!3'045(6!/4!?*A!)+(661+(:!045.(!042!

)*6/,/*4:!06!2(63+/?(2!?E!L3!W015'./4!7FM"V>G!



! "Q"!

\!-*142!,'0,!6.*A!042!5(4,.(!2+*4(!?*A/45!'/1 (!)&#!*4!*)(4!6,+/456!0..*A6!,'(!6,+/45!-1420@(4,0.!

,*!3*..0)6(!042!+(B(0.!/46,(02!*4(!*+!@*+(!'/5'(+!)0+,/0.6j!&'(!6,+/45!6)(3,+1@!@*B(6!-+*@!?(/45!
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+0416+!9-'.(A!S1'012'-01!-+!21!-1')L/2')6!.0,901)1'!07!9-'.(! +0416)6!01!2!+'/-1L!-1+'/4,)1'5!

1).)++-'2')6!*8!'()!,2')/-23! 2770/621.)+!07!'()!-1+'/4,)1'HH'()/)!2/)!P)/8!7)N! .2+)+!N()/)!'()!

+0416-1L!07!2!9-'.(! 60)+!10'!-1P03P)!2!9328)/:+!-1'012'-01!').(1-T4)A!S!(2P)!2/L4)6!'(2'! 2!

+*,&'(-.&,#*/()'*7-,-69 !07!9-'.(!;01)!-1!N(-.(!9-'.()+!2/)!,06)33)65!6)7-1)6!216!-,2L-1)6!-1!

/)32'-01+(-9!'0!0'()/!9-'.()+@!-+!299/09/-2')!216!-1!,218!.2+)+!-1)P-'2*3)!-1!2!+'/-1L!9/2.'-.)!

.01')M'A!

U-./0'0123-'8!-+!23+0!2*04'!,06)33-1L!9-'.(!/)32'-01+(-9+5!216!'(4+5!2+!V0*!<-3,0/)!;"##=>!?@!(2+!

/)73).')65!,28!+)), !'0!*) !+0,)'(-1L !07!2!/)641621'!.01.)9' !-1!'()!.01')M'!07!+'/-1L!-1'012'-01!

').(1-T4)A!R+!01)!07!,8!W))6+!+'46)1'+!P)/8!2+'4')38!.0,,)1')65!%+05!233!'(-+!,-./0'0123!+'477!-+!

O4+'!,0/)!'41-1LX:!Y01)'()3)++5!,-./0'0123!,06)3+!74/1-+(!+0.-2338!6)7-1)65!+8,*03-.!

6)+./-9'-01+!;C92'D5!"#E=>!GE@5!N(-.(!S!(2P)!2/L4)6!.21!7))6!-1'0!2!/)73).'-P)!6812,-.!07!



!

! "E#!

),*06-)6!').(1-T4)A! R!+'/-1L!9328)/:+!*70-2(*2#/+&4'(4*)!07!,-./0'0123-'8!2/)!'(4+!+'/4.'4/)6!*8!

'()-/! '*4%.(<5*!07!-1'012'-01A!

8"#$%&'#()#&##+',"!-.+/$0/!"#$"%#!$"#&.2#%-1#7&9#'%()#&+*&#-:#+&1$2!+2/3"$4)+25+#

0*#2(+*4'*2#(.#6(%'#!'+; !

S!P-)N!,8!-1'012'-01!').(1-T4)!2+!*70-2(*2#=.-1 ,*26*#-:#/('4%#)/&4*!'(2'! 6)7-1)+!(0N!S!9/2.'-+)!

,4+-.23!9-'.( 5!70330N-1L!'()!9/),-+)!+)'!04'!*8!V)1!C92'DA!S!(2P)!9/090+)6!;J(29')/!E@!'(2'!

-1'012'-01!').(1-T4)!,-L('!*)!/)9/)+)1')6!2+!2 1!)9-+'),-. !.8.3)!-1P03P-1L!'(/))!.01'-1421'!

9/0.)++)+>!)12.'-P)Z,214235!0*+)/P2'-0123!216!/)73).'-P)A!S1!.01'/2+'!'0!2!N(2'!S!P-)N!2+!2!

6-+9/090/'-012')!70.4+!01!,21423!').(1-T4)!9/090416)6!*8!,218!.4//)1'!216!(-+'0/-.23!+'/-1L!

9328)/+!;J(29')/!?@5!S!(2P)!+4LL)+')6!'(2'! ,()'*.(.6 !216!'()!&5+&,#(7&6(.&'(-.!2/)!-1')L/23!

)3),)1'+!07!-1'012'-01!').(1-T4)A!S1!3-1)!N-'(!C92'D:+!2++)/'-01!;"#E=>!EE@!'(2'! ),*06-)6!9/2.'-.)!

.21!-1.346)!%'(04L('5!,-165!*/2-15!-1')33).'5!/2'-0123-'85!+9)).(5!216!321L42L):5!S!(2P)!74/'()/,0/)!

2/L4)6!'(2'!P2/-04+!299/02.()+!'0!7-2*,,(.6 !;J(29')/!G@!216!.-'&'(.6 !;J(29')/!=@!9-'.(!.21!+)/P)!

2+!-1')L/23!,2')/-23+!-1!2.'-P2'-1L!'()!24/23!-,2L-12'-01A!!

B()! >.)'&.4*)#-:#?+&4'(4*!9/)+)1')6!-1!J(29' )/+!F!216![!L-P)!)P-6)1.)!07!.01./)')!%,0,)1'+!07!

60-1L:!;C92'D5!"#E=>!?#@!-1!N(-.(!,8!),*06-)6!Q10N3)6L)!N2+!94'!'0!4+)A!B(/04L(!'()+)!

/)73).'-01+!01!9/2.'-.)5!'()!-1')/2.'-01!*)'N))1!.0,901)1'+!07!,8!').(1-T4)!216!'()! 7&'*+(&,#

&::-+2&.4*)#&.2#&6*.4(*)!-:#'%*#(.)'+57*.' !2/)!)34.-62')6A!!

@"#A-1#4&.#)'+(.6#/,&9*+)#(.'*+&4'#1('%#)9)'*7)#-:#"$#%#!$"3#&.2#7&=*#(.:-+7*2#4%-(4*)#(.#

-5+#/+&4'(4*)#-:#.-'&'*2#)4-+*);##

Y0'2'-01!,28!*)!/)L2/6)6!2+!%+'/4.'4/)6!,)21-1L!90')1'-23!N(-.(!-+!+)1+-'-P)!'0!.01')M':!;W)38!\!

C2416)/+5!"#E">![?@A!Y0'2'-01!2''),9'+!%'0!.-/.4,+./-*)!216!,2Q)!,21-7)+'!'()!9/0.)++)+!*8!

N(-.(!N)!70/,!.0L1-'-P)!/)9/)+)1'2'-01+!07!,4+-.23!,2')/-23+:!;<-3,0/)5!E$$=>!?=K@5!74/1-+(-1L!

+0.-2338]6)7-1)6!+-L1-7-)/+!'(2'!9/0P0Q)!'()!24/23!-,2L-12'-01!;<0''+. (23Q5!"#EF@A!Y0'2'-01!.21!

-1.-')!),*06-)6!/)+901+)5!2+!-,2L-1)6!2.'-01!,28!*)!2629')6!-1'0!'()!9(8+-.23!60,2-1!;Y2'/2O!\!

<21L43385!"#EK>!$$K@A!Y0'2'-01!.21!*)!0P)/N/-'')1!216!,21-9432')6!'(/04L(! 9/2.'-.)+!07!

2110'2'-015!216!'(4+!,28!%()39!'0!.(2/'!'()!L)1)+-+!07!2!9-).)!*8!L-P-1L!2!L3-,9+)!07!-'+!

6)P)309-1L!90)+-+:!;^)!W2)'5!J2++-)/+!\!_21!^)1!^/-)+5!"#E=>!=E@A!Y0'2'-01!74/1-+()+!

6)+./-9'-01+!N(-.(!2/)!23N28+!-1.0,93)')5!2+!I10//!J)'-12!;"##E>!EK?@!2/L4)+>!



!

! "EE!

2!+'2*3)!12,)!-+!10'!21!)M9/)++-01!216!-16-.2'0/!07!+'2*3)!'(-1L(006A!`2'()/5!12,-1L!&! -+!2!N28!'0!

941.'42')!734M5!'0!*/2.Q)'!216!-L10/)!6-77)/)1.)+5!'0!6).32/)!'(),!2+!90-1'-1L!'0!21!-6)1'-'8]70/]2]

92/'-.432/]94/90+)A!!

B0!92/29(/2+)!C2338]a21)!Y0/,21!;"#EF2@5!'()/)!2/)!'(-1L+!S!N21'!'0!60!N-'(!10'2'-015!216!'()/)!

2/)!'(-1L+!S!N21'!('#'0!60A!S1!'()!N2Q)!07!'(-+!/)+)2/.(5!S!7-16!,8+)37!')33-1L!+'46)1'+>!%b04/!*068!

-+1:'!()/)! '0!2.'-P2')!+.0/)+c!+.0/)+!2/)!0990/'41-'-)+!'0!2.'-P2')!804/!*068A:!

B"#A-1#4&.#'%*)*#+*:,*4'(-.)#-.#'*4%.(<5*)#&.2#/+&4'(4*)#-:#(.'-.&'(-.#&.2#7(4+-'-.&,('9#0*#

(7/&4':5,#(.#'%*#/*+:-+7&.4*#&.2#/*2&6-69#-:#.*1#75)(4;#

S'!N0436!*)!'00!+-,93-+'-.!'0!+'2')!'(2'!'()!.01.34+-01!07!'(-+!/)+)2/.( !-+!'(2'!'41-1L!-+!/)2338!O4+'!2!

N28!07!3-+')1-1L5!*4'!'()/)!-+!+0,)'(-1L!'0!'(2'A!S!.2,)!'0!'(-+!/)+)2/.(!/)L2/6-1L!+0416!2+!21!)16!

90-1'!'0!9/2.'-.)c!').(1-T4)!;Q10N3)6L)!(04+)6!-1!,8!*068@!N2+!6-/).')6!'0N2/6!+0416],2Q-1LA!S!

N21')6!'0!416)/+'216!'()!/)32'-01+(-9+!'(2'!.0436!*)!70/,)6!*8!,4+-.23!9-'.(HHS!(2P)!)16)6!49!

/) 7/2,-1L!'(2'!T4)+'-01!2+!*)-1L!.01.)/1)6!N-'(!'()!/)32'-0123!+92.)!'(2'!6)7-1)+!,8 !9/2.'-.) A!

S!.2//8 !70/N2/6!,218!1)N!92'(N28+!07!').(1-T4)!-1'0!,8!74'4/)!9/2.'-.)+!07!9328-1L!216!

')2.(-1L A!B(-+!/)+)2/.(! (2+!)12*3)6!,) !'0!9)/.)-P)!30N]0/6)/!-1')/P23+!*8!N28!07!'()-/!6-77)/)1.)!

'01)+5!216!'0!,2Q)!+.0/) !2110'2'-01+!'(2'!+4990/'!'(-+!),*06-)6!').(1-T4)!;FAE@A!d-'(-1 !P2/8-1L!

%(2/,01-.!-6)1'-'-)+:!;CD32P1-.+5!"#EK@!'() !1)L0'-2'-01!07!+*6(-.)#-:#'-,*+&.4*!.21!)12*3)!,2')/- 23!

)M930/2'-01+!07!'5.*&0(,('9!;C2*2'5!"##=@5!2301L+-6)!N(-.( !S!(2P)!.01+-6)/)6!'()!'(/)+(036+!07!

/)9)2'2*-3-'8!;FA"@A!S!(2P)!)M930/)6!'()!-,93-.2'-01+!07!9/)6-.'-P)!0/!21'-.-92'0/8!+'/2')L-)+!'(2'!

72.-3-'2')!32/L)/]+.23)!;,43'-],)2+4/)@!-1'012'-01!92'')/1+5!*0'(!-1!6)')/,-12')!;FAG@!216!

-16)')/,-12')!;FA=@!(2/,01-.!)1P-/01,)1'+A!

S7!S!,-L('!6/2N!218!9)/+0123!%.01.34+-01+:!7/0,!'(-+!N0/Q5!'()!7-/+'!N0436!*)!'(2'!-1'012'-01!

').(1-T4)! -+!10'!2*04'!*)-1L!(.#'5.* 5!-'!-+!2*04'!'5.(.6 A!eP)1!-1!'()!9/)+)1.)!07!(-L(38!+9).-7-.!

,-./0'0123!10'2'-01!;FA?@!S!30.2')!. /)2'-P-'85!2+!N)33!2+!/-L04/5!2+!,4.(! -1!'()!/)7 3).'-P)!9/0.)++)+!

07!-1'012'-01!').(1-T4)!2+!-1!'()!04'N2/6!+-L1-7-)/+!07!218!-1+'21.)!07!9/2.'-.)A!B()!+).016!N0436!

*)!'0! /).0L1-+)!'(2' !),*06-)6!').(1-T4)! 74/1-+()+!.0,,01! )9-+'),030L-.23!92'(N28+!'(2'!

.011).'!9/2.'-.)+!07!+)),-1L38!6-+92/2')!L)1/)5!2)+'()'-.! 0/!.01')1' A!eP)1!-1!'()!2*+)1.)!07!3)7']

(216!7-1L)/-1L!;FAF@5!-1'012'-01!').(1-T4)!-+!9/)+)1'!-1!'()!),*06-)6! +*4-6.('(-. !07!9-'.(A!V0'(!07!

'()+)!-1+-L('+!+4LL)+'!'0!,)!'(2'! -1'012'-01!').(1-T4)!-+!43'-,2')38!2*04'!92/'-.-92'-1L!-1!2!

/)32'-0123!6812,-.!'(/04L(!2!+4+'2-1)6!216!/-L0/04+!9/2.'-.)!07!3-+')1-1LA!



!

! "E" !

C0,)!07!'()!+'/2')L-)+!6-+.4++)6!()/)! ,28! *)!()39743!'0!0'()/! 9328)/+A!U8!-1P)+'-L2'-01+!-1'0!

,06)33-1L!216!6)+./-*-1L!9-'.(!+92.)!(2P)!.)/'2-138!()39)6!,)!'0! +0/'!'()!.01+'/4.'-P)!7/0,!

41.01+'/4.'-P)!)3),)1'+!07!,8!-,93-.-' !+)1+)!07!'41-1L5!216!'0!2.Q10N3)6L)!(0N!3)2/1)6!

/)+901+)+!216!/).)-P)6!9/2.'-.)+!,-L('!()39!0/!(-16)/!,8!').(1-T4) A!S1!J(29')/!E!S!90+)6!'()!

T4)+'-01>!%-1#7(6%'#-5+#/+&4'(4*)#-:#7(4+-'-.&,('9#(.:-+7#&.2#*.+(4%#-5+#'*4%.(<5*)#-:#

(.'-.&'(-.; !S!9)/.)-P)!'(2'!,8!9/2.'- +-1L!07!,-./0'0123-'8!(2+!/)7-1)6!'()!+)1+-'-P-'8!07!,8!

0*+)/P2'-01!+'/2')L8!;<-3,0/)5!E$$=>!?=K@!-1!'()!+0416-1L!07!,4+-.23!9-'.(A!C4*O).'-P)385!S!7))3!

,0/)!72.-3-'8!-1!,8!').(1-T4)!07!-1'012'-01HHN(-.( 5!-/01-.23385!S!10N!7))3!.2//-)+!3)++!+-L1-7-.21.)!

70/!,8!2/'-+'-.!9/2.'-.)!'(21!-'!,-L('!(2P)!2'!'()!04'+)'A !B41-1L!(2+!*).0,)!2 !.2//-)/!70/!2!N-6)/!

9/2.'-.)!07!3-+')1-1LA!!

f)/(29+!'()! ,0/)!9/070416!-,92.'!07!'(-+!/)+)2/.(!(2+!*))1!01! '() !')2.(-1L!9/2.'-.) !N(-.(!S!2,!

10N!+0!70/'412')!'0!94/+4)!2'!<036+,-'(+A!S1!N0/Q-1L!N-'(!,8!+'46)1'+5!S!2,!+'/4.Q!*8!'()!N-6) ]

/)2.(-1L!2993-.2*-3-'8!07!'()+)!.01'),932'-01+!07!),*06-)6!9/2.'-.)!-1!,218!2/)2+5!P)/8!7)N!07!

N(-.(!(2P)!,4.(! '0!60!N-'(!-1'012'-01A!^4/-1L!2!/).)1'! 6-+.4++-01!01!'() !/03)!07!10'2'-01!-1!

),*06-)6!9/2.'-.) 5!S!2+Q)6!,8! +'46)1'+5!%-1#4&.#9-5#*70-29#&#)4-+*;!B()-/!21+N)/!N2+!

+4/9/-+-1L!216!0*P-04+!-1!)T423!,)2+4/)>!%-1#4&.#9-5#.-';##

R+!N)33!2+!L-P-1L!2!93)2+-1L38!.01.-+)!+4,,2'-01!07!'(-+!/)+)2/.( 5!'(-+!21+N)/!6-P43L)+!'()!

9/070416!-,93-.2'-01+!70/!6)P)309-1L!,4+-.-21+!07!299/02.(-1L!'()-/! ').(1-T4)!2+!),*06-)6!

Q10N3)6L)!;C92'D5!"#E=@A!S!0*+)/P)!*)1)7-'+!07!'(-+!)9-+'),030L8!07!9/2.'-.)!-1!2/)2+!/21L-1L!

7/0,! -1+'/4,)1'23!').(1-T4)!'0!9)/70/,21.)!21M-)'85!0..492'-0123!()23'(!'0!/)+)2/.(!'(/04L(!

./)2'-P)!9/2.'-.)A!!

%e9-+'),-.!f/2.'-.):5!2+!I10//!J)'-12!;"##E>!EK=@!94'+!-'5!-+!%*2+)6!4901!2!70/,!07!/)32'-01+(-9!&!

'(2'!*8!'()!12'4/)!07!-'+!6812,-.!'/21+70/,+!-'+)37!216!'()!)1'-'-)+!70/,)6!*8!'()!/)32'-01+(-9:A!

B(-+!/)+)2/.( !932.)6!-1'012'-01!').(1-T4)!2'!'()!70/)L/0416!07!,8!9/2.'-.)5!216!-1!60-1L!+0!

/)7/2,)6!'(2'!9/2.'-.)!2+!01)!2*+0/*)6! *8!2!'(-.Q!/)32'-0123-'8A!B(-+!70.4+!01!'()!/)32'-01+(-9+!

*)'N))1!9-'.()+! (2+!*/04L('!'0!3-L('!0'()/!/)32'-01+(-9+HH*)'N))1!6-77)/)1'!.0,901)1'+!07!

').(1-T4)5!,8!*068!216!'()!-1+'/4,)1'5! ,8!9/2.'-.)+!216!'(0+)!07!0'()/+ 5!216!*)'N))1!N28+!07!

Q10N-1LA!!



! "#$!

!
!
!
!
!
!
!
!
!
!
!
!

"#$#%#&'#(!
!
!



! "#%!

!!
! !



! "#&!

"#$#%#&'#(!
!

'(()*++,!-.!/"00%1.!234567853!98:6);!<=6!+8:6!8)!+67>*7?85@6!)+8@6.!!"#$%#&'()"*+","'#)- ,!. /" 1,!
" AB.!

'5C67)65,!<.!/"0#B1.!'5 !DEF6@3!3=83!G6(*5:)!3*!H*!D56.!!"#$%#&'()"*+","'#)- ,!/0 /&1,!#"A#B.!!

'++(6E8I?,!J.! /#KLB1.!1-"*2#3*'(4*5)6"()"*%$*53#6(7*!"#$%#&'()".!J=67?85!D8M);!'(>76C!
9IE(4)=45:!N*?+85O.!

'7(85C67,!'.!/"0#P1.!'734)34@!76)687@=!8)!8!)+6@I(834Q6!+78@34@6.!8%9#(':*%$*2#36,36)*+","'#)-.!
-63746Q6C!>7*?!=33+;RRF87S*5(456.563R8734)34@S76)687@=S8)S)+6@I(834Q6S+78@34@6R!

'756O,!T.!/"00B1.!2*;%&<'#6,%(*%$*3-"*=6%:6(*!"4'7%7>*%$*29"#?*@:",)-?*'(4*A':'&6'(B*
C&<#%D6(7*2))",,6E6:63>*'(4*F,"*1-#%97-*;-'#')3"#6G'36%(*'(4*C(4"H6(7I!/U5+IE(4)=6C!V.VI).!
WC.!<=6)4)1.!'7(45:3*5;!U54Q67)43O!*>!<6X8).!

'75*(C,!V.!/"0#%1.!J(4+!V45I63.!YVI)4@8(!)@*76Z.!J6(>S+IE(4)=6C.!

'I67,![.!/#K"#1 .!=6%:6(*!:'>6(7*2,*C*1"')-*C3.!H6\!]*7M;! ^.!'.!J3*M6).!

'I67,![.!/#KL01 .!=6%:6(*!:'>6(7*2,*C*1"')-*23.!H6\!]*7M; !_*Q67.!

G84((*3,!9.!/#L$%1.!JK'#3*49*D6%:%(L M%9D"::"*NO3-%4".!9874);!(`2?+74?6746!CI!N*5)67Q83*476!C6!
VI)4aI6 .!

G85:,!V.!/#K#K1.!N'P'*Q'(7*=6%:6(*N"3-%4*R=%:9&",*CSC=T.!H6\!]*7M;!N87(!^4)@=67.!

G87E4674,!9.!/"00L1.!U(-'#&%(6)*C(,3#9&"(3,*'(4*N9,6)*0VWXS0.XX.!-*?6;!2(![6Q8536.!

G87E4674,!9.!b !V85:)65,!J.!/#KK#1.!c4*(45!253*5834*5;!'!d4)3*74@8(!JI7Q6O.!U'#:>*N9,6),!0. /#1,!
BKALL.!

G87(*\,!N.!/"0#%1.!D5!-8?4>4@834*5)!*>!253*5834*5.!Y9(,3NF5CY!#B.!N*(*:56;!e67?85O.!

G873=6),!-.!/#KBP1.!U:"&"(3,*%$*5"&6%:%7>!/'.! [8Q67)!b !N.!J?43=,!<785).1.!H6\!]*7M;!d4((!85C!
f85:.!/D74:458(!\*7M!+IE(4)=6C!#KB%1!

G6((,!_.!/WC.1!/"0#B1.!N6(4*3-"*A'<Z*[%#\6(7*<'<"#,*%(*<#')36)"]E',"4*4%)3%#':*#","'#)-*6(*3-"*
)#"'36D"*'#3,*'(4*&"46'I!_IE(45;!_4)34((67`)!976)).!!

G65F8?45,!V.!b!H4@M6(,![.!/"0#P1.!gN*776)+*5C65@6!*5!<I545:̀ ,!;"+"M"N*8%9#(': ,!^,!%KA&P.!

G67:67,!2.!/#K#$1.!_("*`9(4#"4*@9(4'&"(3':*53946",.!H6\!]*7M;!^4)@=67.!

Gh74*3,!N.!/#L&L1.!NO3-%4"*4"*D6%:%(.!9874);!J@=*33.!

G6I:67,!'.! b !c746i65,!J.!/"0##1.!2, \6(7*a9",36%(,?*1#>6(7*2(,b"#,.!d885S'?)367C8?;!WC434*5!
f85C6(\64)67.!

G(I?,!_.!/#KPP1.!;',':,*'(4*3-"*2#3*%$*C(3"#<#"3'36%(I*G67M6(6O;!U54Q67)43O!*>!N8(4>*7548!976)).!

G*7:C*7>>,!d.!/"0#"1.!1-"*c"E '3"*%(*+","'#)-*6(*3-"*2#3,I!-63746Q6C!>7*?!
=33+);RRM*5)3.:I.)6RC4:438('))63)R#$""R#$""P#$j3=6jC6E836j*5j76)687@=j45j3=6j873).+C>!

G*7I+,!d.!/5.C.1.!'!d4)3*7O!*>!J3745:!253*5834*5.!-63746Q6C!>7*?!
=33+;RR\\\.=8))6E*7I+.@*?R8=4)3*7O*>453*5834*5>458(#.+C>!

G*OC65,!_.!/#K&#1.!976((6I7,!e6?454854,!85C!kI)3!253*5834*5.!8%9#(':*%$*3-"*2&"#6)'(*
N9,6)%:%76)':*5%)6"3>,!V/$1,!"0" A"#K.!

G*i6?85!J@465@6!Y'5C67)65,!9.Z.!/"0#&1.!Q"'3,!Yc4C6*!>4(6Z.!-63746Q6C!>7*?!
=33+);RR\\\.O*I3IE6.@*?R\83@=lQm%VP"MnI(eTM !



! "#B!

G78I5,!c.!b !N(87M6,!c.!/"00B1.!U)45:!3=6?834@!858(O)4)!45!+)O@=*(*:O.!a9':63'36D"*+","'#)-*6(*
!,>)-%:%7>!d/"1,!PPA#0#.!

G7**M,!<.!/"0#01.!^843=!45!HI?E67).*YVI)4@8(!)@*76Z.!J6(>S+IE(4)=6C.!

G7**M,!<.!/"0#B1.!93*(6?O`)!DE)67Q834*5.*YVI)4@8(!)@*76Z.!J6(>S+IE(4)=6C.!

G745:)(4C,!W.!/"00%1.!29#':6G".!-63746Q6C!>7*?!
=33+);RR\\\.I7E85C4@34*587O.@*?RC6>456.+=+l367?m'I78(4i6!

GI73,!f.!/"00K1.!f8O)!*>![4)36545:.!J6(>S+IE(4)=6C.!-63764Q6C!>7*?!
=33+;RR\\\.\87765EI73.@*?R\8O)j*>j(4)36545:R!

N8:6,!k.!/#KLK1.!@%9#.!H6\ !]*7M;!d6??67!976)).!

N8:6,!k.!/#KK#1.!V6)*)34@=8.!N9,6\1"H3"!VX/#1,!"P.!

N8?E74C:6!_4@34*587O.!/"0#K1.!C(3%('36%(.!-63746Q6C!>7*?!
=33+);RRC4@34*587O.@8?E74C:6.*7:RC4@34*587OR65:(4)=R453*5834*5!

N8?+8:5*(4,!G.!/#PKPl1.!N"3%4%*<"#*D6%:6(I*V4(85;!-4@*7C4.!

N8?+8:5*(4,!G.!/#L&K1.!M"b*'(4*!#%7#",,6D"*N"3-%4*%(*3-"*N")-'(6,&,*%$*=6%:6(*!:'>6(7!/k.!
G4)=*+,!<785).1.*G*)3*5;!D(4Q67!_43)*5.!

N8+78,!^.!b ![I4)4!9.![.!/"0#%1.!1-"*5>,3"&,*=6"b*%$*J6$".!N8?E74C:6;!N8?E74C:6!U54Q67)43O!
976)).!

N87367,!9.!/"00P1.!253676)3;!<=6!W3=4@)!*>!25Q6534*5.!25!W.!G877633!b!G.!G*(3!/WC).1,!!#')36)"*',*
+","'#)-B*2<<#%')-",*3%*;#"'36D"*2#3,*U(e96#>!/++.!KKA##"1I![*5C*5;!2.G.!<8I74).!

N877I3=67),!V.!/#KKL1.!1-"* ;#'$3*%$*1-%97-3I!N8?E74C:6;!N8?E74C:6!U54Q67)43O!976)).!

N8)6O,!-.!/"0#&1.!_6Q6(*+45:!8!9=65*?65*(*:4@8(!'++7*8@=!3*!VI)4@!H*3834*5.!_#7'(6,"4*
5%9(4,!/X/" 1,!#!B0A#P0.!

N6@@876((4,!2.!/"0#%R#&1.!_I5)38E(6.*YVI)4@8(!)@*76Z.!J6(>S+IE(4)=6C.!

N6@@876((4,!2.!/"0#&1.!G*\ I*YVI)4@8(!)@*76Z.!J6(>S+IE(4)=6C.!

N63458,!T.!T5*77.!/"00#1,!DEF6@3I8(!+78@34@6.!25!<.-.!J@=)3iM4!63!8(.!/WC).1,!1-"*!#')36)"*19#(*6(*
;%(3"&<%#'#>*1-"%#>!/++.!#P&A#LL1.![*5C*5;!-*I3(6C:6.!

N=74)365)65,!k.!/"0#L1.!5%9(4*'(4*3-"*2",3-"36),*%$*!:'>B*2*N9,6)':*_(3%:%7>*%$*;%(,3#9)3"4*
U&%36%(,.!98(:78Q6;!V8@V4((85.!

N(87M6,!W.!/#KK&1.!WX+76))4*5!45!967>*7?85@6;!e6567834Q43O,!967@6+34*5!85C!J6?4*)4).!25!k.!-45M!
/WC.1,!1-"*!#')36)"*%$*!"#$%#&'()"!/++.!"#A%&1.!N8?E74C:6;!N8?E74C:6!U54Q67)43O!976)).!

N**M,!H.!/"0#$1.!Q">%(4*3-"*5)%#".!DX>*7C;!DX>*7C!U54Q67)43O!976)).!

N*=65,!_.!b !N78E3766,!G.!/"00B1.!<=4@M!_6)@74+34*5.!a9':63'36D"*+","'#)-*A964":6(",*!#%P")3.!
-63746Q6C!>7*?!=33+;RR\\\.aI8(76).*7:Rd*?6<=4@S$BKP.=3?(!

N*7?467,!'.!/ "0#01.!96343!nI83I*7!YVI)4@8(!)@*76Z.!J6(>S+IE(4)=6C.!

NIE87)4,!J.!/"0#%1.!fF($#"336(7*3-"*D6%:6(KB*1-"%#>?*)%&<%,636%(*'(4*<#')36)"*%$*&6)#%3%(':*,3#6(7*
&9,6)*/U5+IE(4)=6C!V8)367)!3=6)4)1.!-*O8(!'@8C6?O!*>!VI)4@,![*5C*5.!

NI3367,!G.!/#K#"1.!@6#,3*53"<,*6(*=6%:6(*!:'>6(7 .!G*)3*5;!'.!9.!J@=?4C3.!

C6![863,!<.,!N8))467),!W.!b !c85!_65!_746),![.!/"0#&1.!N768345:!EO!'55*38345:.!!"#$%#&'()"*
+","'#)- ,!/X/B1,!%$A&".!

C6[8=I538,!J.,!V@e76:*7,!f.! b !G(8@M\6((,!'.!/"00%1.!<785)8@38E(6).*!"#$%#&'()"*+","'#)- ,!
. /" 1,!BPAP".!



! "#P!

_6[4*,!<.!/#KL%1.!;6#)9&,)#6E6(7*3-"*_<"(*F(6D"#,".!U54Q67)43O!976))!*>!'?674@8.!

_*:85385S_8@M,!V.!/"0#&1.!2#36,36)*!#')36)"*',*+","'#)-*6(*N9,6).!^875=8?;!')=:836.!

_I>>45,!-.!/"00P1.!`%b*Ue9':*1"&<"#'&"(3*+96("4*`'#&%(>*R'(4*[->*g%9*5-%9:4*;'#"TI!H6\!
]*7M;!H*73*5.!

^(6)@=,!N.!/#K$081.!1-"*2#3*%$*=6%:6(*!:'>6(7I*Q%%\*1b%;!2#36,36)*#"':6G'36%(,*h*C(,3#9)36%(I!/^.!
d.!V87365),!<785).1.!H6\!]*7M;! N87(!^4)@=67.!

^(6)@=,!N.!/#K$0E1.!1-"*2#3*%$*=6%:6(*!:'>6(7?*1b%*=%:9&",I!/"5C!76Q4)6C!6C.1!G*)3*5;!N87(!
^4)@=67.!

^*X,!N.!/"0#%81.!D+6545:!D>>67!*7!N*5378@3I8(!DE(4:834*5l!D5!3=6!976)@74+34Q6!^I5@34*5!*>!
H*3834*5!45!VI)4@!<*C8O.!1"&<%,!̂ i ,!BA#K.!

^*X,!N.!/"0#%E1.!J*?6!-6@653!G7434)=!J3745:!nI87363).!;%(3"&<%#'#>*N9,6)*+"D6"b,!dd/$1,!"BBA
"L0.!

^I((67SV843(85C,!k.!'.!/#K0&1.!8%,"<-*8%')-6&.![*5C*5!b!H6\!]*7M ;!k*=5![856,!<=6!G*C(6O!
d68C.!

e8(8?485,!2.!/#KB"RL&1.!!#6()6<:",*%$*=6%:6(*!:'>6(7*'(4*1"')-6(7*/"5C!6C.1.!W5:(6\**C!N(4>>),!
H.k;!976534@6Sd8((.!

e878?,![.!/#KK01.!1-"*C($:9"()"*%$*3-"*5<'36':]1"&<%#':*53#9)39#"*%$*N%D"&"(3*%(*C(3%('36%(*
c9#6(7*;-'(7",*%$*!%,636%(*6(*=6%:6(*!:'>6(7.!d6()45M4;!J4E6(4I)S'M836?48.!

e6673i,!N.!/#KP$1.!1-"*C(3"#<#"3'36%(*%$*;9:39#",I!H6\!]*7M;!G8)4@!G**M).!

e6?454854,!^.!/#P&%1.!1-"*2#3*%$*!:'>6(7*%(*3-"*=6%:6(I*[*5C*5 ;!974536C!>*7!3=6!8I3=*7!EO!k.!
k*=5)*5.!

e6745:67,!k.V.,!V8@[6*C,!-.!G.,!b!'((65,!V.![.!/"00K1.!967@64Q6C!+43@=!*>!Q4*(45!85C!@6((*!
Q4E783*!3*56)!8?*5:!?I)4@!?8F*7).!8%9#(':*%$*+","'#)-*6(*N9,6)*U49)'36%(,!jW,!$&#A$B$.!!

e4(?*76,!G.!/#KK&1.!N=85:45:!3=6!V638+=*7;!-834*!V*C6()!*>!VI)4@8(!943@=!45!3=6!f*7M!*>!d877O!
9873@=,!G65!k*=5)3*5,!85C!k8?6)!<6556O.!!"#,<")36D",*%$*M"b*N9,6),!dd/#1,!%&LA&0$!

e4(?*76,!G.!/"00&1.!N6)#%3%(':63>B*&>*<'#3*6(*63,*4%b($'::I!YT6O5*36![6@3I76Z.!UT!V4@7*>6)3!#!

e(*Q67,!-.!/ "0##1.!J6Q653=*25Q67)4*5).!YVI)4@8(!)@*76Z.!J6(>S+IE(4)=6C.!

e*6=7,![. !/#KK"1.!1-"*C&'76('#>*N9,"9&*%$*N9,6)':*[%#\,I!DX>*7C;!DX>*7C!U54Q67)43O!976)).!

e*7C*5,!W.!/"0#L1.!1-"*A%#4%(*C(,36393"*$%#*N9,6)*J"'#(6(7B*2946'36%(I!-63746Q6C!>7*?!
=33+);RR:4?(.*7:R?(3R8IC4834*5R!

e*33)@=8(M,!k.!/"0#B1.!UH<"#6&"(3':*N9,6)*56()"*0.WX.!H6\!]*7M ;!G(**?)EI7O.!

e*I(C ,!W.!/"0##1.!Q"-6(4*Q'#,B*1-"*c"$6(636D"*A964"*3%*N9,6)*M%3'36%(.![*5C*5 ;!^8E67.!

e743365,!'.!/"0#&1.!_6367?45834*5!85C!H6:*34834*5!45!'734)34@!978@34@6!8)!-6)687@=!45!VI)4@.!25!
_*:85385S_8@M,!V.!/WC.1,!2#36,36)*!#')36)"*',*+","'#)-*6(*N9,6)!/++.!P$AK01.!̂875=8?;!')=:836 .!

d87?67,!k.!/"00P1.!`%b*3%*1"')-*U(7:6,-I*d87(*\ ;!9687)*5!WCI@834*5![4?436C.!

d8Q8),!T.!/#KB#1.!2*M"b*2<<#%')-*3%*=6%:6(*!:'>6(7I*[*5C*5 ;!G*)\*73=!b!N*. ![3C.!

d8O\87C,!-.!/"0#" A#K1.!`'>b'#4*19(6(7*=6(" .!-63746Q6C!>7*?!=33+;RR\\\.3I545:Q456.@*?!

d6?85,!N.!/#KL#1.!C(3%('36%(*'9$*53#"6)-6(,3#9&"(3"(B*N":%46,)-",*9(4*-'#&%(6,)-",*
- k#"(I!T8))6(o![*5C*5;!Gp765764367.!

d*C:6)*5,!9.!/"0#%1.!i*=6"b,*%(*C(3%('36%(.!-63746Q6C!>7*?!
=33+);RR\\\.3=6)378C.@*?R368@=45:RLSQ46\)S*5S453*5834*5R#L".8734@(6!



! "#L!

d*\87C,!_.!V. !/"00P1.!253*5834*5!C74>3!45!8!@8+6((8!J'<G!aI87363!)45:45:!\43=!M6O!
?*CI(834*5.!8%9#(':*%$*D%6)"B*%$$6)6':*P%9#(':*%$*3-"*=%6)"*@%9(4'36%(,!/0 /$1,!$00A$#&.!

25:*(C,!<.!/"00P1.!J6(",B*2*Q#6"$*`6,3%#>.!H6\!]*7M;!-*I3(6C:6 .!

25:*(C,!<.!/"0#01.!G745:45:!<=45:)!3*![4>6;!N76834Q6!W5385:(6?653)!45!8!f*7(C!*>!V836748(.!U5+;*
M'36%(':*;"(3#"*$%#*+","'#)-*N"3-%4,?*MN+;*[%#\6(7*!'<"#*5"#6",?*0jI*

25:*(C,!<.!/"0#$1.!1-6(\6(7*1-#%97-*N'\6(7I*-63746Q6C!>7*?!
=33+);RR\\\.O*I3IE6.@*?R\83@=lQm]:56P"S%iO*!

k8@*EO,!-.!/#KL&1.!=6%:6(*1")-(6e9"B*2*<#')36)':*'(':>,6,*$%#*<"#$%#&"#,I!J6Q65*8M);!H*Q6((*.!

k65633,!^.!/"0#&1.!H*36)!*5!'55*3834*5.!!"#$%#&'()"*+","'#)- ,!/X/B1,!"%A"&.!!

k*8@=4?,!k.!/#K0&1.!=6%:6(*5)-%%:*/V*>>83,!<785).1.*G67(45;!J4?7*@M.!

k*=5)*5,!9.!/"00%1.!qWX+76))4Q6!253*5834*5r!45!J3745:!967>*7?85@6;!97*E(6?)!*>!'58(O)4)!85C!
25367+763834*5.!25!k.!_8Q4C)*5!/WC.1!/"00%1,!1-"*N9,6)*!#')3636%("#!/++.!PKAK01.!'(C67)=*3;!
')=:836 .!

T88)378,![.!/"0##1.!2((%3'36%(*'(4*3-"*)%%#46('36%(*%$*)%7(636D"*<#%)",,",*6(*[",3"#(*2#3*N9,6)*
<"#$%#&'()"I!Yc4C6*Z.!-63746Q6C!>7*?;!=33+);RR\\\.)>I.@8R@*:5434Q6S)@465@6RC6>4545:S@*:5434Q6S
)@465@6S)6746)RC@)S87@=4Q6R"0##R>8((RM88)378S855*3834*5S@**7C45834*5S@*:5434Q6S+7*@6))6)S
\6)3675S873S?I)4@S+67>*7?85@6.=3?(!

T856,!G.!/"0#"1.!k685S[I@!H85@O!85C!3=6![4)36545:!JIEF6@3.!;%(3"&<%#'#>*N9,6)*+"D6"b?*$#/&A
B1,!%$KA%%P.*

T855*,!V.!/"00$1.!<=*I:=3)!*5!=*\!3*!+(8 O!45!3I56;!+43@=!85C!453*5834*5.!;%(3"&<%#'#>*N9,6)*
+"D6"b,*// /#A" 1,!$&A&".!

T855*,!V.!/"00P1.!976)@74+34Q6!5*3834*5;![4?43)!85C!@=8((65:6).!;%(3"&<%#'#>*N9,6)*+"D6"b,!
/^ /" 1,!"$#A"%&.!

T87+,!k.!/#KL#,!"B!'+74(1.!e8(8?485s '!e7683!c4*(45!<68@=67.!1-"*M"b*g%#\*16&",I!-63746Q6C!
>7*?!=33+);RR\\\.5O34?6).@*?R#KL#R0%R"BR873)R:8(8?485S8S:7683SQ4*(45S368@=67.=3?(!

T6558\8O,!e.!/"0#01.!^4)=!946!85C!VO!94t838;!VI)4@8(!J@*76)!N*5)4C676C!8)!J63)!*>!25)37I@34*5).!
C(3"#('36%(':*+"D6"b*%$*2",3-"36),*'(4*5%)6%:%7>*%$*N9,6),!V//" 1,!$&&A$PP.!

T6556CO,!V.!/WC.1I*/#KKB1.!1-"*;%()6,"*_H$%#4*c6)36%('#>*%$*N9,6)?*@%9#3-*U4636%(I*DX>*7C;!
DX>*7C!U54Q67)43O!976)).!

T=85!'@8C6?O!YJ853*94637*,!_.Z!/"0#B1.!Q"'3*$#"e9"()>!Yc4C6*!>4(6Z.!-63746Q6C!>7*?!
=33+);RR\\\.O*I3IE6.@*?R\83@=lQmN8K#4DceCK'!

T4?E67,!V.!/#KP%1.!C(3%('36%(*='#6'E:",*6(*3-"*!"#$%#&'()"*%$*1b":D"]1%("*N9,6).!_V'!
<=6)4),!<=6!N83=*(4@!U54Q67)43O!*>!'?674@8.!

T4?E67,!V.!/#KK"1.!<68@=45:!8!?6(*C4@R=87?*54@!8\87656))!*>!453*5834*5.!2&"#6)'(*53#6(7*
1"')-"# ,!V//"1,!&KAB$.��!

T4?E67,!V.!/"00&81.!!:'>6(7*N":%46)'::>*'(4*`'#&%(6)': :>*6(*19("I!-63746Q6C!>7*?!
=33+;RR?jM4?E67.374+*C.@*?R=87j45j3I56.+C>!

T4?E67,!V.!/"00&E1.!V6(*C4@!85C!d87?*54@!253*5834*5!45!-6(834*5!3*!WaI8(!<6?+678?653.!
Y25>*:78+=4@Z.!-63746Q6C!>7*?!=33+;RR?jM4?E67.374+*C.@*?R=87?6(.+C>!

T4?SN*=65,!J.!/"00K1.!C(*3-"*Q:6(\*%$*'(*U'#.!H6\!]*7M;!N*5345II?. !

T(645,!k.!/"0#P1.!f=83!4)!8734)34@!76)687@=l!8%9#(':*%$*2#36,36)*+","'#)-.!-63746Q6C!>7*?!=33+;RRF87S
*5(456.563R\=83S4)S8734)34@S76)687@=R!



! "#K!

T(64567,!V.,!_8(65Ep@M,!G.,!b!JQ65))*5,!9.!/#KK$1.!29#':6G'36%(L 2(*_D"#D6"b.!-63746Q6C!>7*?!
=33+;RR\\\.?833?*538:.@*?R8I78(4i834*5R?6C48R'I78(4i834*5u"0Su"0'5u"0DQ67Q46\.+C>!

[87567,!e.!/#KLK1.!k*=5!N8:6!45367Q46\;!v2!:8Q6!I+!3=6!5*34*5!*>!@*??I54@834*5!8)!4?+78@34@8(!45!
?O!@8)6vI!1-"*A9'#46'(I !-63746Q6C!>7*?!=33+);RR\\\.3=6:I87C485.@*?R?I)4@R>7*?S3=6S87@=4Q6S
E(*:R"0#&RC6@R0LRF*=5S@8:6S45367Q46\S5*Q6?E67S#KLK!

[66CO,!_.!b !d8O56),!G.!/"00#1.!253*5834*5!/441.!25!J.!J8C46!b!k.!<O776((!/WC).1,!A#%D"*N9,6)*
_(:6(" .!-63746Q6C!>7*?!=33+);RRC*4.*7:R#0.#0K$R:?*RKPL#&B#&K"B$0.8734@(6.&$PB"!

[6(O,!k.!/"00BR#$1.!<=6!d87?*54@)!*>!-68(!J3745:)!YVI)4@8(!)@*76Z.!J6(>S+IE(4)=6C.!
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LSTwo Ensemble Ñ Advanced Intonation for Strings
Week 1: Exercises for Listening to Intonation

1. Two EÕs

Start with E on your D stringÉ
1) Tune it as a 6th with G below Ñ really listen for that ringing, smooth intonation.
2) Keep your Þnger where it isÉ now try out that same E as a 4th with A above.  What 

do you notice?  What must you do in order to tune the E with the A?
3) Now try your new E with G again.  What do you hear?

!  Try this exercise individually, then in pairs.

Ex. 

Variation.

2. Hearing Beats: Unisons

Beats are the pulsations we hear when we play a pitch which is almost the same as 
another pitch.  Try hearing beats on your own instrument by sliding very slowly into a 
unison with one of your open strings.  As you approach the perfect unison, the beats will 
start to slow down Ñ listen that moment when the beats stop and the tone sounds 
completely smooth.

Ex. 
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Here are two links to helpful videos that explain exactly whatÕs going on when we hear 
beats:
- https://www.youtube.com/watch?v=4M72kQulGKk
- https://www.youtube.com/watch?v=Ca91iOVGd9A

3. More sliding Ôinto-tuneÕ

Sometimes itÕs difÞcult to tell exactly where you want to place a pitch.  You can use the 
sliding-into-tune exercise to test any interval.

Start with an interval thatÕs obviously Ôout of tuneÕ and slide towards your goal Ñ listen 
for that moment when the beats stop and the sound becomes smooth and resonant. 

Ex. 

You can also slide around the pitch youÕre trying to tune.

Ex.

�E�H�D�W�V��
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4.  Open String Conundrums

An exercise for pairs Ñ violin & viola/cello. Make sure both instruments are tuned to 
the same A, and in perfect Þfths (listen for beats!). 

a) Cello/Viola Ñ play your open C, long and sustained.
b) Violin Ñ add your open EÉ Does the 3rd sound in tune?

Ex.

Variation for three players:

a) Cello/Viola Ñ play your open C, long and sustained.
b) Violin 1 Ñ play a C on your G string, making sure you tune a perfect octave to the 

cello. Now add the Major 3rd above (E on the D string). 
c) Violin 2 Ñ add your open E string.  Does the octave sound in tune?

Ex. 

�,

�,�9

��
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5. Pass the thirds

An exercise for groups of 4.
a) Player one starts by playing an open string Ñ long and sustained.
b) Player two adds a note, a Major 3rd above.
c) (Player one stops.) Player three adds a new note Ñ a Major 3rd above.
d) (Player two stops.) Player four adds a new note Ñ a Major 3rd above.
e) Compare player fourÕs note to player oneÕs note.  What has happened?

Variation: for the whole group.
a) Player one starts by playing an open string Ñ long and sustained.
b) Player two adds a note, either a Major or Minor 3rd above OR below.
c) (Player one stops.) Player three adds a new note Ñ either a Major or Minor 3rd 

above OR below.
d) (Player two stops.) Player four adds a new note Ñ either a Major or Minor 3rd 

above OR below.
e) Continue until everyone has played a note. Now compare your ending note to the 

Player oneÕs Þrst open string.  What has happened?

Ex. A chain of pure (Just) Major 3rds:

6. E# = F?

When we look at a piano keyboard, e# is the same as F.  This is not always the case on 
stringed instruments. Try tuning the e#/f note as follows and hear the difference between 
this note in two contexts:

Ex. 

������ ��

� � � �� � � � � �� � � � � �� �

������ �> ������ �>
� @ � �� �� �

�$���$� • � �� �� �

�� ��
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7. Melodies vs. Harmonies

Sometimes in classical string music we tune the same note differently, depending on 
whether it is part of a melody or a harmony.  Try this example and think about how you 
would choose to tune the EÕs:

*Exercises adapted from Christine HemanÕs book Intonation aux 
streichinstrumenten (Barenreiter, 1964).
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HARMONIC INTONATIONMELODIC INTONATION

The Just Intonation C Major Scale  (compare Pythag. scale)

The Primary Triads (I, IV, V) in C Major
Tuned Harmonically (Just Intonation)

IV I V
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The Pythagorean C Major Scale  (compare just scale)

Pythagorean Tuning Ñ Overlapping ÒCircleÓ of Fifths

Pythagorean Tuning Extended to Yield 
the Seven Notes of the C Major Scale

Note that the interval from D to AÐ is a comma narrower than a 
true fifth, requiring adjustment when both notes are sounding 
at the same time.  Most players find the 182-cent whole tones 
and 112-cent semitones melodically less satisfying than their 
Pythagorean counterparts.

The Harmonic Series
(Basis of Just Intonation)

Harmonically Pure Perfect Fifths
(Basis of Pythagorean Intonation)

[81/16 x C]

[27/8 x C]

[9/4 x C]

[3/2 x C]

IIV V

182

90

112

112
182

204
204

90

204

204

204

204
204204

The difference is 21.5 cents* 
Ñthe syntonic comma.

The b/# difference is 23.5 cents* Ñ the Pythagorean comma.

* There are 1200 cents in an octave Ñ
  100 cents in each semitone on the piano.

The numbers indicate the size in cents* of each step.

The numbers indicate the size in cents* of each step.

EQUAL TEMPERAMENT

3:2
3:4

4:3

2:3

4:3
4:3

3:4
3:4

3:4
3:2

2:3

2:3

& wwwwwww
The same notes within one octave

The same notes within one octave

The roots of the primary 
triads are pure perfect 
fifths apart.  The third 
and fifth of a just triad 
are tuned in relation to 
the harmonic partials of 
its root.

Note that the third of 
the just triad is a 
comma lower than if it 
had been derived by 
tuning only perfect 
fifths (Pythagorean).

The pitches of these 
primary triads provide 
the notes of the just 
intonation C major scale 
below.

These pitches, in stepwise order, form 
the Pythagorean C major scale below.

The Pythagorean comma reflects our melodic tendencies to 
play sharps higher than flats and to emphasize major/minor 
distinctions.  (Harmonically we must often do the reverse.)

Pythagorean E is higher than the EÐ of the harmonic series of C.  While melodically desirable, E is not 
in tune harmonically with the C (or G).  Adjustment is needed when both E and C (or G) are sounding at 
the same time.  We can observe this by playing the two double stops at right.  The E must be adjusted!

3 ¥

1 ¥

& w
w

ww! Ð

µ =  partials that coincide 
     when tuning pure fifths

The numbers indicate 
the frequency ratio of 
each fifth or fourth.

!  P5

2 ¥

Equal temperament is the present-day [mis]tuning of keyboard 
instruments.  It avoids the Pythagorean comma by using fifths 
that are about 2 cents (1/12 comma) narrow.  Unlike historic 
keyboard temperaments, it makes no attempt to provide any 
harmonically pure thirds.   Equal temperament, with its 12 
equal semitones, only approximates true intervals, although it 
does so equally in all keys.  Good intonation is better!

compare:

Melodic and Harmonic Intonation in Relation to Equal Temperament

When playing melodically we are influenced by the compelling relationships among perfect intervalsÑfourths, fifths, and octaves.  
When tuning chords and double stops we are influenced by the harmonic series, including harmonically pure thirds and sixths.  
When playing with keyboard accompaniment we are influenced by equal temperament.  To play in tune we must weave an artistic 
path among these influences, listening intently and adjusting to achieve the most musically satisfying effect at any given moment. 

Every note we play is actually a 
series of harmonics extending 
even beyond the pitches shown 
here.  When we tune harmonic 
intervals, as in double stops and 
chords, it is agreement among 
harmonics that informs us that the 
notes are in tune with each other.

Notice consistently wide whole tones and narrow semitones, 
reflecting our ÒexpressiveÓ melodic tendencies.
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