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files. Now, 31 years after the original publication, the programs I used to create the 
book are defunct, and the files obsolete. Everything other than the text had to be 
reconstructed from scratch for this Third Edition. 

In the 1970s and 80s, as I was conducting research on the history of multiphonics 
and exploring them on the saxophone, they were still considered an edgy new 
resource for composers and performers. Many new compositions in what has come to 
be called the concert saxophone repertoire included them, and many of us involved 
in the New Music scene of the day were eager to push boundaries. Two decades into 
the 21st Century, multiphonics are no longer a novelty, but a cursory internet search 
confirms that research continues. 
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of writings on the topic, current as of 1989. 

Finally, I am now offering this book as a free download, available at my website, 
<tombergeron.us>, subject to copyleft restrictions, as specified in the copyright 
notice on Page ii. The recorded examples from Chapter 6 are also available at that 
site, under the same terms. 

~ Tom Bergeron, June 2020 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1   
I N T R O D U C T I O N  

In addition to the sounds generally considered characteristic of the instrument, 
the saxophone is capable of producing sonorities which comprise multiple non-
harmonically related pitches, to which the term multiphonic has been applied. 

These multiphonic sonorities can be organized according to a conceptual structure I 
have christened a Scalar Model, as it facilitates the identification of series of 
multiphonics — multiphonic ”scales” — which have sequential fingering combinations, 
and which subsequently tend to produce sequential-sounding sonorities. 

PURPOSES 

The five purposes of this work are: 

1. To provide a historical review of previous research on woodwind multiphonics 
in general, and saxophone multiphonics in particular. 

2. To describe the acoustical and mechanical basis for the Scalar Model.  

3. To propose a notational system which is based on these acoustical and 
mechanical principles. 

4. To define the concept of a multiphonic scale. 

5. To provide a conceptual framework — a Scalar Model — for organizing the 
multiphonic potential of the saxophone.  

OVERVIEW 

In more than two decades since the publication of Bruno Bartolozzi's seminal 
work, New Sounds for Woodwind, few writers on the subject of multiphonics have 



sought a new approach to the topic. The approach taken by Bartolozzi — and those 
who have followed his lead — consists of developing what may be characterized as a 
descriptive catalog of multiphonics. Nevertheless, a handful of writers may be 
identified who have explored underlying principles of multiphonic tone production, 
and the potential of generating series of multiphonics with definable relationships. 
This review of previous work concerning woodwind multiphonics from the 
perspective of performers and composers is the subject of Chapter 2. 

In Chapter 3, I examine the work of acousticians John Backus and Arthur Benade 
related to a view of the saxophone as a mechanical apparatus capable of executing a 
wide variety of acoustical chambers. The acoustical/mechanical theory thus 
developed is the basis of the Scalar Model.  

In this context, an acoustical chamber may be defined as a particular configuration 
of open and closed holes on the saxophone. Traditional fingering diagrams are 
inefficient means of representing these configurations because they require the 
performer to assimilate too many discrete bits of information. The system of 
multiphonic notation proposed in Chapter 4 condenses the information, using 
standard monophonic fingerings as points of reference.  

The definition and classification of multiphonic scales is the topic of Chapter 5, 
with examples being provided in Chapter 6. A recording of these is available online at 
<tombergeron.us>.  

In addition to providing a means for generating and classifying multiphonic scales, 
the Scalar Model provides a conceptual structure onto which any multiphonic 
sonority may be coherently mapped. An iteration of this structure is provided in 
Chapter 7, dubbed the Multiphonic Master Scale. 

Chapter 8 presents a brief examination of the physiology of multiphonic tone 
production; and the conclusions in Chapter 9 include potential implications for 
saxophonists, other woodwind players, and composers. 

METHODS AND PROCEDURES 

In the summer of 1969, Donald Sinta introduced me to the concept of 
multiphonics, and I soon began searching for general principles which would allow 
me to develop the playing fluency I suspected was possible. Although Thom David 
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Mason's  list served as a useful point of departure, my initial research was conducted 1

almost entirely independently — at home and within the confines of university practice 
rooms and often to the dismay of those within earshot. 

I first formally presented my system at a meeting of the North American 
Saxophone Alliance in April, 1977, under the title ”Multiphonics: A Scalar Approach.” 
The notational system presented in the present work evolved during the course of 
explaining the Scalar Model to students and colleagues since that time. 

In addition to direct investigation of multiphonics, I have examined related 
publications and systematically cataloged multiphonics used in the saxophone 
literature. In the course of this research, I discovered a few currents of thought that I 
believe to have been headed in the direction outlined here. Nevertheless, the Scalar 
Model represents an original approach to understanding saxophone multiphonics — 
an approach developed through 20 years of exploration and practical application.  

LIMITATIONS 

It is beyond the scope of this work to examine the work of improvising musicians 
such as John Coltrane and Pharoah Sanders, who were integrating multiphonic 
sonorities into their sounds as early as the 1960s. Nevertheless I must acknowledge 
their influence, as the mastery and fluidity they displayed served notice that these 
sonorities were interrelated and systemically comprehensible. 

It is specifically beyond the scope of this work to catalog the pitch content of 
multiphonic sonorities. To the contrary, I argue that a saxophone fingering establishes 
a resonance spectrum with an indeterminate range of potential sonorities — 
monophonic and/or multiphonic — and that the characteristic of that resonance 
spectrum can vary from instrument to instrument and from player to player. 

SUMMARY 

This treatise proposes a conceptual model for organizing the saxophone's 
multiphonic universe. In that this model is logically structured on acoustical principles, 
it is of practical value to both performers and composers. Though consistent with the 
findings of other researchers, this work goes beyond their findings, embodying an 

 Mason, ”The Multiphonic Resources of the Saxophone.”1
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innovative approach, herein characterized as a scalar. This approach provides a 
means of classifying sequences of multiphonics as scales, and of mapping the 
multiphonic potential of the saxophone onto a Scalar Model. 
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2   
H I S T O R I C A L  

P E R S P E C T I V E  

Coinage of the term multiphonic is attributed by Lawrence Singer to 
Reginald Smith Brindle,  who translated and edited the ground-breaking 1

book New Sounds for Woodwind, by Italian Composer/Violinist Bruno 
Bartolozzi, published in 1967. In the text, the term is used exclusively as an adjective, 
as in ”multiphonic possibilities,” and ”multiphonic sounds”.   2

 In The Avant Garde Flute, Thomas Howell defines ”multiphonic fingering” as ”a 
fingering that generates a group of two or more pitches sounding simultaneously, 
together with the additive and differential frequencies they generate”.  3

The actual sonority generated by such a fingering has been given various names. 
Bartolozzi/Brindle used the term ”sound amalgam;” several subsequent writers chose 
the term ”multiple sonority” (Heiss,  Caravan,  Dick,  and Farmer ). Other terms used 4 5 6 7

include ”new sonority” (Smith ), ”woodwind chord” (Singer ), ”simultaneous 8 9

sound” (Londeix ), and ”cluster” (Wilson ). Gradually, however, the term multiphonic 10 11

 Singer, ”Multiphonic Possibilities of the Woodwinds,” 313. 1

 Bartolozzi, New Sounds for Woodwinds, 45.2

 Howell, The Avant-Garde Flute, 32.3

 Heiss, ”Some Multiple Sonorities for Flute, Oboe, Clarinet, and Bassoon.”4

 Caravan, Extensions of Technique for Clarinet and Saxophone.5

 Dick, The Other Flute: A Performance Manual of Contemporary Techniques.6

 Farmer, Multiphonic Trills and Tremolos for Clarinet.7

 Smith, ”Contemporary Clarinet Sonorities.”8

 Singer, ”Letters to the Editor: Multiphonics.”9

 Londeix, Hello! Mr. Sax: Or Parameters of the Saxophone.10

 Wilson, Interview with author.11



came to be used in the nominal, as well as the adjectival case, so that Bartolozzi/
Brindle’s adjective has also become a noun. In this work, I use the terms multiphonic, 
multiphonic sonority, and sonority more or less synonymously. 

THE WRITERS 

Reference to woodwind multiphonics can be found as far back as the late 1950s. 
Gerald Farmer and Thom David Mason identify Luciano Berio's Sequenza and Franco 
Evangelisti's Proporzioni for solo flute from this period.  Farmer also identifies a 12

number of works for clarinet dating from the early 1960s. One of the earliest 
examples from the saxophone literature, published in 1970, is William Duckworth's 
Reel Music, for saxophone quartet. Jean-Marie Londeix asserts that ”the first musical 
work of major importance for saxophone that used simultaneous sounds (double and 
triple) seems to be the Sonate pour saxophone-alto et piano by Edison Denisov.”  13

Bartolozzi's 1967 book New Sounds for Woodwind is widely hailed as a ground-
breaking work that led to an intense period of investigation in the early 1970s. In 
writing the book, Bartolozzi worked closely with bassoonist Sergio Penazzi, oboist 
Lawrence Singer, flutist Pierluigi Mencarelli, and clarinetist Detalmo Corneti. The 
absence of a saxophonist among his collaborators is perhaps what compelled 
Bartolozzi to explain that ”rather than deal with woodwind instruments of every kind, it 
has been thought sufficient to deal only with the main representatives of each group 
— flute, oboe, clarinet, and bassoon.”  It doesn’t seem to have occurred to him that 14

his list includes two representatives of the double-reed conical bore group, while 
omitting the single reed conical bore group entirely. Despite this limitation, the book 
does contain information on a variety of techniques, with multiphonics accounting for 
about half of the book.  

Although Bartolozzi was the most influential early writer, he was not actually the 
first author to deal with multiphonics. That distinction probably belongs to John Heiss 
who, in 1966, published a list of ”double-stops, triple-stops, quadruple-stops, and 
shakes” for the flute in the journal Perspectives of New Music.  Two years later Heiss 15

 Farmer, Multiphonic Trills and Tremolos; Mason, ”Multiphonic Resources.”12

 Londeix, Hello! Mr. Sax.13

 Bartolozzi, New Sounds for Woodwinds, 6.14

 Heiss, ”For the Flute: A List of Double-Stops, Triple-Stops, Quadruple-Stops, and Shakes,” 139.15

                                                                                                                                                                        2



wrote a second article on the topic, which included a list of multiphonic fingerings for 
the same four woodwinds explored by Bartolozzi — again, no saxophone.  16

It was Thom David Mason who published the first list of multiphonic fingerings for 
saxophone, in a 1970 article entitled ”The Multiphonic Resources of the Saxophone” 
for the World Saxophone Congress newsletter. This list, which includes 76 fingerings, 
was to remain for several years the only source of multiphonic information addressed 
specifically to the saxophonist. 

Flutists, meanwhile, saw the publication of no fewer than four comprehensive 
books on new flute techniques during the early 1970s, each more comprehensive 
than the last. The first of these, by Sheridan Stokes and Richard Condon, contains 30 
multiphonic fingerings.  The next, by James Pellerite, contains 109.  Thomas 17 18

Howell's The Avant-Garde Flute, published in 1974, contains 1,826 multiphonic 
fingerings. The most advanced and well-organized of this group of publications is The 
Other Flute, by Robert Dick.  

It was not until the mid-70s that the first major works dealing specifically with 
saxophone multiphonics appeared: Ronald Caravan's 1974 doctoral dissertation 
Extensions of Technique for Clarinet and Saxophone, followed in 1975 by Ken Dorn's 
Technique of the Saxophone Volume I: Multiphonics. Caravan's book includes a 
detailed discussion of the production and use of multiphonics, and a list of 44 
fingerings for the saxophone. Dorn's book includes more than three hundred pitch 
combinations, together with one or more fingerings that will ostensibly produce that 
pitch combination.  

Two years later, Gerald Farmer completed his doctoral dissertation, Multiphonic 
Trills and Tremolos for Clarinet — still the most comprehensive list of its kind. Five years 
after that, two works appeared which were to be significant for saxophonists. 

The first of these, “Bassoonographie,” by Heinz Riedelbauch, represents a striking 
departure from previous approaches to the subject, and will be taken up later in this 
chapter. The second publication, Les Sons multiples aux saxophones by Daniel 
Kientzy, was the most extensive collection of saxophone multiphonics yet to appear. It 
includes five separate lists, one each for the sopranino, soprano, alto, tenor, and 
baritone saxophones. The total number of entries is 583, and the individual lists range 
in number from 88 for the soprano to 149 for the tenor. The original publication 

 Ibid., ”Some Multiple Sonorities.”16

 Stokes & Condon, Special Effects for Flute.17

 Pellerite, A Modern Guide to Fingerings for the Flute.18
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included two cassette tapes, on which were recorded every one of the examples, 
played by the author. 

More recently, two additional books have appeared on saxophone technique, 
each of which contains a section on multiphonics. Hello! Mr. Sax: Or Parameters of the 
Saxophone, by Jean-Marie Londeix, includes a list of multiphonics for each of three 
saxophones — soprano, alto, and tenor — with 35, 45, and 46 entries, respectively. 
Extended Technique for the Saxophone, by J.  Michael  Leonard, contains a short 
section on multiphonics, including a list with 45 entries. To date, then, six authors have 
published lists of saxophone multiphonics, yet none of the six propose a systematic 
theory, or overall conceptual scheme. 

THE DESCRIPTIVE APPROACH 

Whatever else might be said about Bartolozzi's seminal book, his approach to 
multiphonics has remained dominant for over 20 years. His approach is best 
characterized as descriptive, in that Bartolozzi — and, perhaps due to his influence, 
most subsequent writers — is mainly concerned with describing multiphonic potential. 
This descriptive approach is best revealed by a closer look at the organization of New 
Sounds for Woodwind. Bartolozzi's Chapter 3, ”multiphonic possibilities,” outlines 
three main sections: 

(a) the linking of monophonic and multiphonic sounds; (b) the production of 
homogeneous sound amalgams, in which a fundamental is accompanied by 
harmonics of more or less equal volume; (c) sound amalgams which contain 
sounds of different timbre, the most distinctive type being that in which two 
sounds are emitted about a semitone apart with, in addition, their respective 
harmonics.  19

The first section gives several examples of multiphonic fingerings for each 
instrument, for which it is possible to begin the sonority with a single pitch, bring in 
the rest of the multiphonic, and sometimes end with a different single pitch. The 
second section comprises fingerings that produce  

up to five or six sounds, their main characteristic being that all sounds are of 
approximately the same volume and tone colour.  20

The third section consists of fingerings for  

 Bartolozzi, New Sounds for Woodwinds, 45.19

 Ibid., 51.20
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sound amalgams [which] contain sounds of such sharply contrasting colour 
that the effect is immediately recognizable as being altogether different from 
homogeneous sound amalgams.  21

In all of these cases, fingerings are provided and the pitches ostensibly produced 
carefully notated, but there is no apparent organization of the multiphonic list beyond 
these descriptive categories. In other words, although Bartolozzi provides descriptive 
information that is at least interesting, and perhaps useful, he stops short of providing 
an overall framework for understanding the phenomenon of multiphonics. Nowhere 
does he explain, for example, why the distinction between ”homogeneous sound 
amalgams” and sound amalgams of ”sharply contrasting colour” is important, or, 
indeed, if his categories are anything but arbitrary.  22

John Heiss was probably the first to propose an acoustical theory of multiphonics, 
noting that 

in the majority of cases a fingering is employed which produces two or more 
possible tube-lengths for use in the production of tone. Several adjacent tone-
holes on the upper portion of the instrument are closed while a single small 
hole, usually nearest to the embouchure and therefore above the closed holes, 
remains open.”  23

However, he does not seem to be proposing any organizational scheme. His list of 
multiphonics is presented in what appears to be random order. Heiss introduces, 
nevertheless, at least one descriptive innovation — that being the use of ”small 
noteheads [which] refer to softer tones among a collection of louder ones.”  24

 Thom David Mason's list also appears to be random, and his approach 
descriptive. Like Heiss, he included an indication of ”prominent notes,” though he 
used arrows rather than large noteheads.  Both Heiss and Mason dispense with 25

Bartollozzi's rudimentary categories based on degree of homogeneity, but at the 
same time, neither proposes any other organizing scheme.  

James Pellerite, writing in 1972, was the first to organize multiphonics logically, 
arranging them in ascending order of, first the lowest, then the next-lowest pitch 
produced. In addition, he included a descriptive footnote for each fingering; and, in a 
set of appendixes, categorized the multiphonics in terms of ”tonal characteristics and 

 Ibid., 57.21

 Bartolozzi, New Sounds for Woodwinds, 45 & 57.22

 Heiss, ”For the Flute,” 136.23

 Heiss, ”For the Flute,” 137.24

 Mason, ”Multiphonic Resources,” 5.25
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dynamic ranges,” as well as according to the number of pitches produced.  Like 26

Pellerite, Thomas Howell organized his list of 1,826 flute multiphonics by pitch. In 
addition to his main list, Howell included an ”index to multiphonic list by pitch,” which 
is a cross-reference of every multiphonic containing each pitch of the chromatic 
scale.  27

The innovations introduced by Pellerite and Howell may be taken as an indication 
that they recognized a need to organize a list of multiphonics. Nevertheless, although 
Pellerite's and Howell's lists of multiphonics are longer and more detailed than those 
that preceded them, the approach each represents is essentially descriptive. Pitch 
content, used as an organizational determiner, is more refined than simple categories, 
but it is descriptive nonetheless. 

 Another example of the descriptive approach, Ken Dorn's 1975 book, 
Multiphonics, was distinctive in at least one respect: Consisting of a catalog of more 
than 300 pitch combinations — usually two or three pitches — it includes, in all but a 
few cases, at least several ways to play each combination. For one set of pitches, Dorn 
provides approximately four thousand fingerings! It is curious that, though Dorn 
grouped the fingerings according to pitch content, the pitch combinations 
themselves do not appear to be logically ordered. An index of pitch content or other 
organizational aid might have enhanced the usefulness of this work. 

The most comprehensive work on saxophone multiphonics to date is perhaps also 
the best example of the descriptive approach. In Les sons multiples aux saxophones, 
Daniel Kientzy gives a detailed accounting of various characteristics of over 500 
multiphonics, including such factors as pitch content, dynamic range, articulation rate, 
trill combinations, and separate pitches that may be isolated. Furthermore, Kientzy 
was the first author to have treated the individual members of the saxophone family 
separately. Seven years later, Jean-Marie Londeix, writing in his book Hello! Mr. Sax, 
hailed Les Sons Multiples as ”an exhaustive collection containing an impressive 
number of simultaneous sounds for the various members of the saxophone family.”  28

Although Kientzy's list is not in fact randomly ordered, there is no indication that he 
intends the rather obscure ordering to be apparent to the reader.  29

 Pellerite, A Modern Guide, 59.26

 Howell, The Avant-Garde Flute, 177.27

 Londeix, Hello! Mr. Sax, 3128

 Kientzy, Les sons multiples aux saxophones.29
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Londeix's own book, published in 1989, contains 130 examples of multiphonics, 
divided among three sections, one each for soprano, alto and tenor saxophones, with 
each section being ordered by ascending pitch. Londeix clearly states his intention of 
presenting a collection of ”easily produced simultaneous sounds which require no 
special preparation.”  30

Also published in 1989, J. Michael Leonard's book Extended Technique for the 
Saxophone contains 45 examples of multiphonics. In each example is an arrow 
pointing to one of the pitches to ”indicate a relative primary focusing of the air stream 
which may help enhance the initial production of the specific multiphonic.” Again, the 
fingerings are not ordered. In the explanatory remarks, Leonard mentions that ”the 
multiphonics listed on the next page are in no specific ordering.”   31

Although Kientzy's, Londeix's, and Leonard's books contain a wealth of carefully 
presented information, only Londeix puts his multiphonics in an obvious order. 
Furthermore, none of the three authors offers theories or explanations that take the 
reader beyond a descriptive approach.  

THE NATURE OF THE DESCRIPTION 

Within the books mentioned above, six classes of descriptive information can be 
identified: (I) Fingering — the most common class of information; (II) Pitch — including 
reference to the relative prominence of various pitches and to microtonal subtleties; 
(III) Production — including such suggestions as more or less mouthpiece, more or less 
lip pressure, and greater or less air pressure, as well as indications of difficulty and 
reliability; (IV) Texture/Category — information such as Bartolozzi's ”homogeneous/
non-homogeneous” categories,  and other textural descriptions such as ”rolling 32

tone” and ”breathy timbre;" (V) Musical Properties — variables such as dynamic range 
and speed of articulation; and (VI) Special Effects — including suggestions for slurring 
to and from single pitches, and possible trills and shakes.  

 Ibid., 31.30

 Leonard, Extended Technique for the Saxophone, 51.31

 Bartolozzi, New Sounds for Woodwinds, 4632
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Class I: Fingering 

Though the tendency over the last twenty years among compilers of multiphonic 
lists has been toward more and more detailed information concerning each sonority, 
there is substantial disagreement as to the value of the various classes of information. 
If any class of information is generally perceived to be indispensable, it is that of Class 
I — fingering.  

Fingering information may take the form of a graphic diagram of the instrument 
keys, such as that used by Stokes and Condon,  or it may be more abstract, as is the 33

key-numbering system devised by Dorn.  While they all accomplish the same 34

purpose, some systems of fingering notation are easier to interpret than others. 
Several authors have commented on these differences. Arguing in favor of intuitive 
fingering notation, Nora Post comments that ”performers find [Bartolozzi's] notation 
awkward because it requires that arbitrary numbers representing each key of an 
instrument be memorized.”  35

Ultimately, the problem with most fingering diagrams lies not in the particular 
format of the diagram, but in the overall conception of diagrams in general; they 
require the performer to assimilate too many bits of information. The traditional 
fingering diagram is an inefficient way of transmitting essential information; what is 
needed is a system of notation which condenses the information, thereby presenting 
it in manageable chunks. 

Such a system has been proposed by Heinz Riedelbauch. In an 1982 article for 
Interface, he presents a streamlined, graphic representation of bassoon fingerings.  36

The system was devised for exactly the purpose of simplifying the process of reading 
multiphonic fingerings, and shows not only the placement of the fingers, but the 
resulting changes inside the instrument. 

Similarly, the notation system proposed here in Chapter 4 is intended to provide a 
concise, structurally informative alternative to conventional fingering charts and 
diagrams. 

 Stokes & Condon, Special Effects for Flute.33

 Dorn, Saxophone Technique Volume I: Multiphonics.34

 Post, ”Multiphonics for the Oboe,” 115.35

 Riedelbauch, "Bassonographie: eine Klangfarbengriffschrift für Fagott und Basson.”36
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Class II: Pitch 

Class II, pitch information, is the most problematic kind of multiphonic information. 
The difficulties with reliability and consistency have been pointed out by a succession 
of writers, many of whom use the Bartolozzi book as an example. For example, Paul 
Zonn seems to be warning the reader that Bartolozzi's fingerings do not necessarily 
produce the notated pitches when he writes that 

not every fingering produces the same result for every clarinetist…. Many 
sounds are constant from player to player, but … an even greater number are 
unique to individual players…. We all have to be careful when accepting any 
published collection of multiple sounds, such as those appearing in the 
Bartolozzi book.  37

Ronald Caravan confirms that his colleagues find that  
many of the special fingerings presented in Bruno Bartolozzi's New Sounds for 
Woodwind are not particularly dependable or stable.  38

Phillip Rehfeldt is more emphatic in asserting that something is wrong with 
Bartolozzi's fingerings. He concludes that  

most Americans agree that much of what Bartolozzi recommends simply 
doesn't work.  39

This notion that some fingerings ”don't work” in this context cannot mean that 
Bartolozzi's fingerings do not produce multiphonics, because in two other articles — 
one previous to the one quoted above, and one since — Rehfeldt asserts that a 
multiphonic is possible on virtually any fingering:  

Multiphonics are possible with virtually all finger combinations available on the 
instrument.  40

Because all fingerings have overtones, there virtually is not a ”fundamental” on 
the instrument which will not produce some type of multiple sound.  41

Zonn agrees with Rehfeldt:  
The computer has printed for me over [one half] million fingering 
combinations possible on the clarinet, including [half]-holing. I have produced 

 Zonn, ”Some Sound Ideas for Clarinet,” 17-1837

 Caravan, Extensions of Technique, 22-2338

 Rehfeldt, ”Woodwind Reviews,” 7.39

 Rehfeldt, ”Clarinet Resources and Performance,” 10.40

 Rehfeldt, ”Some Recent Thoughts on Multiphonics,” 21.41
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double-stops or multiphonics on 97% of these fingerings in a random 
sampling.  42

The problem that these three writers are alluding to is not that Bartolozzi's 
fingerings don't produce multiphonics, but that they don't produce the pitches 
Bartolozzi notated. The fact that a given fingering may yield different, perhaps 
unpredictable results from one performer to the next — or from one brand of 
instrument to the next — is a problem only for those who presume that this should not 
be the case. Performers and composers who rely on descriptive models find 
themselves wondering why published fingerings don’t produce the promised result. 

Performers, especially, often find themselves in a quandary due to descriptivism. 
By far the most common approach composers have taken when including 
multiphonics in their scores is to indicate the desired pitches, together with a 
fingering that will ostensibly produce those pitches. When a suggested fingering 
does not produce the indicated pitches, a player may decide to use the fingering 
anyway, with whatever pitches it does produce; or they may search for a different 
fingering that does in fact produce those pitches. In any case, the player may be left 
to wonder, for example: Does the composer really mean to insist on those specific 
pitches? Are the notated pitches merely approximations? Does a fingering actually 
exist that will produce those pitches on my instrument? 

That the relationship between multiphonic fingerings and multiphonic sonorities is 
not a simple one-to-one correspondence has been addressed by a number of 
composers. William Albright , in the performance notes to Doo-Dah, adds a 
disclaimer that pitches are only approximations and that  

any [multiphonics] that are too difficult or for which substitutes can be found 
should be omitted.  43

Walter Hartley adopts a similar strategy in Sonorities IV, when he suggests that  
the saxophonist may change or omit any of the multiphonics, within the same 
time-span; or the whole section may be omitted.  44

Making clear that it is the timbre, and not the pitches that are important, Marvin 
Lamb, in A Ballad of Roland, hedges with: 

The multiphonics and fingerings given in the score are suggestions only. It is 
important that the F# /C# /F multiphonic, or its equivalent, be of an abrasive, 

 Zonn, ”Some Sound Ideas,” 19.42

 Albright, Doo-Dah, 1.43

 Hartley, Sonorities IV, 3.44

                                                                                                                                                                        10



”high energy” quality. Conversely, the F/G or its equivalent, should have a soft, 
ethereal, transparent sound.  45

These three composers have thus given the performer permission to change the 
multiphonics in the score. Frank McCarty and Steven Galante also ask the performer 
to choose from a list of suggestions, or to ”invent your own.”  In Galante's Saxsounds 46

1, the player is to ”assign the multiphonics he has chosen the numbers 1, 2 and 3.”  47

George Heusenstamm, in Saxoclone, goes one step further, dispensing with even so 
much as suggested multiphonics: 

In this composition…. a series of six 3-tone multiphonics are called for. The 
performer must prepare, in advance, his own repertory of six chords and be 
able to produce them as called for by number in the score.  48

Apparently, for Heusenstamm as well as for the five previously cited composers, 
the actual pitches of the multiphonics are not crucial. In contrast, a handful of other 
composers — van Appledorn, Blank, Curtis-Smith, Diemente, Korte, Moevs, Moss, 
Nagy-Farkas, Ott, and Smolanoff — provide only pitches without suggested fingerings, 
making it clear that the notated pitches are indeed crucial and that, furthermore, it is 
the performer's task to find a way to produce them.  To be fair, four of these 49

composers (van Appledorn, Blank, Moevs, and Smolanoff) refer the performer to 
Dorn's catalog, but then we’re right back where we started. 

The Scalar Model sidesteps the dilemma of multiphonic fingerings with 
indeterminate results, relying on a structural definition of saxophone multiphonics, 
and accepting all descriptions as equally valuable and equally suspect. From the 
Scalar perspective, a multiphonic fingering establishes a spectrum of pitch potential 
which is not fundamentally different from player to player — although it may be quite 
different from one brand of instrument to another. Yet, even given an identical 
instrument design, the actual sonority produced may vary because subtle — even 
dramatic — changes may result from the performer's manipulation of the air column, 
changes which are approximately analogous to timbre variation in a monophonic 
context. Perhaps it may be said that the degree to which a composer is accustomed 
to specifying timbre (with indications such as sub-tone, or biting) is the degree to 

 Lamb, A Ballad of Roland, 5.45

 McCarty, Five Situations for Four Saxophones, 2.46

 Galante, Saxsounds I, ii.47

 Heusenstamm, Saxoclone, 2.48

 Appledorn, Liquid Gold; Blank, Three Novelties; Curtis-Smith, Unisonics; Diemente, Mirrors IV; Korte, 49

Symmetrics; Moevs, Paths and Ways; Nagy-Farkas, Sonatine; Ott, Quartet; Smolanoff, Parables.
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which he or she might reasonably expect to be able to specify multiphonic pitch 
content. 

Zonn makes a point along these same lines, concluding that, while the composer 
may suggest general parameters, the control of actual pitch content rests with the 
player. 

Perhaps the best notation for multiphonics is the one used by William O. Smith 
in his Variants for Solo Clarinet, movement IV. The notation signifies an array of 
pitches within the defined outer limits. This allows some leeway for players who 
get different interval colorations.  50

A similar approach is taken by Heinz Riedelbauch, in his bassoon composition 
anagen II/81, in which he uses graphic notation that suggests only the general 
placement and strength of the multiphonic sonority's components — closer to a 
graphic description of timbre than of pitch. 

Embedded in the Scalar Model is an inference that even general suggestions such 
as those proposed by Zonn and Riedelbauch may not be very useful to the performer. 
The approach suggested by the Scalar Model is for a composer to specify the 
multiphonic fingering — thereby specifying acoustical parameters — and trust the 
player to execute the passage in a musically effective manner. 

Class III: Production 

Class III information — that having to do with production of multiphonic sonorities 
— has become less common over time. For example, whereas Bartolozzi specifies six 
degrees of lip pressure (seven if one includes normal), five degrees of air pressure, 
and three embouchure placements,  Kientzy uses only five symbols, representing 51

more breath, less breath, more reed, tighten embouchure, and relax embouchure.  52

Caravan argues that, because of the many variables, 
such as reeds, mouthpieces, instruments, and players…. Symbolic or other 
sorts of directions often notated with multiple sounds (e.g., ”augment air 
pressure,” ”reduce embouchure pressure,” ”more mouthpiece”) … should 
probably be left out of the music entirely.  53

 Zonn, ”Some Sound Ideas,” 19.50

 Bartolozzi, New Sounds for Woodwinds.51

 Kientzy, Les sons multiples.52

 Caravan, Extensions of Technique, 25.53
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Caravan then goes on to describe ”an analogous situation involving tone 
production,” wherein high pitches on the clarinet may require embouchure/air 
adjustments — adjustments which a teacher may suggest to a student, but which one 
would not expect to find indicated in a score.  54

Class IV: Texture/Category 

The attempt to categorize individual multiphonics first took the form of devising 
textural/timbral descriptions, such as Bartolozzi's twin categories of ”homogeneous 
sound amalgams” versus ”sound amalgams containing sounds of different timbre;”  55

and F. Gerard Errante’s similar either/or construct comprising 
two categories: a multiple sound, producing a rather raspy, raucous sonority 
where not all the pitches can be clearly defined; and, a split tone, usually more 
gentle in quality, where two distinct pitches may be perceived.  56

One of the most fanciful textural description of multiphonics is embodied in a 
proposal by Lawrence Singer that would assign to each tone in the multiphonic a 
numerical intensity rating, along with a color-coded timbre rating: light-to-dark tones 
represented by warm-to-cool colors.  57

Attempts to devise categories have by no means been limited to texture, however. 
In an earlier article, Singer took a mixed approach, suggesting eight categories:  

1) chords consisting of two through six sounds simultaneously, 2) trilling 
chords, 3) homogeneous chords (absence of beats), 4) non-homogeneous 
chords (presence of beats), 5) chords with dominating high frequencies, 6) 
chords with dominating medium frequencies, 7) chords with dominating low 
frequencies, 8) chords with quartertones.  58

In the same year, Rehfeldt took a different, but equally eclectic approach, 
emphasizing means of production: 

The sonorities have been divided into two large categories according to means 
of production. Those in category I are produced with generally less jaw 

 Ibid., 26.54

 Bartolozzi, New Sounds for Woodwinds, 51, 57.55

 Errante, ”Clarinet Multiphonics: Practical Applications,” 5.56

 Singer, ”Woodwind Development: A Monophonic and Multiphonic Point of View.” (The idea of warm-57

to-cool colors signifying light-to-dark tone seems counter-intuitive in a world where a warm tone is 
generally described as a dark one.)

 Singer, ”Multiphonic Possibilities,” 34.58
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pressure, and with jaw often further forward than required for normal playing. 
The result is a more homogeneous sound complex, generally more restricted 
in range, and produced with good control owing to a better wind resistance 
factor. These multiphonics are further grouped into categories a, b, c, and d, 
according to maximum dynamic limitation....  

Multiphonics listed in category II are produced with increased jaw pressure and 
are characteristically of wider range, higher tessitura, more shrill in quality, and 
produced with a reliability factor which often borders on indeterminate.... 
These are further divided into categories a and b according to relative ease of 
production.  59

Four years later, Rehfeldt was willing to settle on four categories of sonorities, 
organizing them this time by texture rather than production: 

There are four types of multiphonics in the present literature: most prevalent is 
a full sonority of at least three pitches in the composite range of approximately 
[A∫3 to F6] ... a two-pitched type, generally possible only at softest dynamic 
levels ... a sonority in which combination tones cause prominent beating 
sounds ... and finally, a type in which one or more of the high harmonic ”areas” 
is produced in combination with a low fundamental.  60

As with production schemes, these texture schemes rely on distinctions that are to 
some extent arbitrary. One is tempted to argue that the degree of arbitrariness is 
directly proportional to the number of words required to define the category. In any 
case, the use of Class IV information seems to have fallen out of favor since its heyday 
in the 1970s. The above woodwind schemes are dated, and none of the six authors 
who list saxophone multiphonics uses arbitrarily-devised categories.  

Class V: Musical Properties 

Class V information — musical properties — is mainly for the benefit of composers 
who wish to draw from a list of multiphonics. It differs from Class IV information in that 
the author makes no attempt to group the multiphonics according to these 
descriptors, but simply offers the information. The most common types of class V 
information are dynamic range and articulation rate. 

James Pellerite was the first to mention the dynamic tendencies of individual 
multiphonics, labeling the dynamic continuum for flute as ”Reasonably Soft, Medium 

 Rehfeldt, ”Multiphonics for Clarinet,” 10.59

 Rehfeldt, ”Some Recent Thoughts,” 21.60
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Range, [or] Fairly Loud.”  His system was improved upon by Thomas Howell, and 61

further refined by Robert Dick — the latter of whom assigned to each multiphonic a 
dynamic range, such as n-ff, n-p, or mf-f.  In that 1974 work, Dick not only refined the 62

description of dynamic tendency, but was the first to assign a response characteristic 
to the multiphonics in a list, using a 1-5 rating. In addition, he included descriptions of 
timbre, modulation, noise, and residual tones. Adopting similar strategies, two of the 
six authors of saxophone lists — Kientzy and Londeix — provide Class V information, 
both indicating articulation and dynamic properties.  63

Class V information, like that of Class II, is of greatest value to the composer. The 
performer, after all, has direct access to such information through his or her own 
instrument. Although ultimately non-essential, Class V information can provide a 
general sense of the practical limitations of individual multiphonics.  

Class VI: Special Effects 

Class VI information is that which comes in the form of suggestions or possibilities 
beyond the multiphonic sonority itself. One of the most extensive uses of this class of 
information is found in Kientzy's Les sons multiples. In it, each entry includes a section 
on ”multiple sounds with which shakes are possible,” ”component notes of a multiple 
sound [which] can be played separately,” and the possibility of preceding or following 
”the multiple sound by one of its component notes by using the fingering especially 
indicated.”   64

Special effects were not new at the time; several examples may be found in 
Bartolozzi's New Sounds. One particularly intriguing special effect is the concept of an 
”aleatory fingering” — presumably one that is unstable and therefore yields 
unpredictable results.  Bartolozzi understood something of the variability of 65

multiphonic sonorities. 

 Pellerite, A Modern Guide, 59.61

 Howell, The Avant-Garde Flute; Dick, The Other Flute.62

 Kientzy, Les sons multiples; Londeix, Hello! Mr. Sax.63

 Kientzy, Les sons multiples, 7.64

 Bartolozzi, New Sounds for Woodwinds, 67.65

                                                                                                                                                                        15



DEFINITIVE CURRENTS 

While many of the conventions introduced by Bartolozzi in 1967 have been either 
refined or tossed aside, his basic conception of multiphonics as isolated sounds to be 
discovered and catalogued has remained the dominant model for over two decades. 
Few researchers have questioned his approach, or suggested an alternative.  

The work of those few who have taken a different approach may be characterized 
as definitive, as opposed to descriptive, in that the authors seek not simply to discover 
the multiphonic universe, but to order it. Currents of thought leading to a definitive 
model of saxophone multiphonics, such as the Scalar Model proposed here, can be 
found in the work of three writers, Ronald Caravan, Robert Dick, and Heinz 
Riedelbauch, as well as that of four composers, and saxophonist Bert Wilson. 

Ronald Caravan 

While Ronald Caravan's Extensions of Technique is essentially descriptive, two of 
its features may be seen to foreshadow a new approach. The first is a short section 
entitled ”Connecting multiple sonorities,” which contains several examples of closely-
related multiphonics in a series.  Bartolozzi's New Sounds contains a similar section 66

entitled ”Successions of homogeneous sound amalgams;” but while the Bartolozzi 
successions were chosen ”particularly to show the interesting independent 
movement of the parts that can be produced in each sequence,” Caravan's 
successions appear to have been chosen for the relatively simple fingering patterns 
which they represent.  67

The second feature that suggests a definitive approach is found in Caravan's 
acoustical theory of multiphonics: 

Two separate tube-length segments are resonating simultaneously when a 
multiphonic is produced. The multiphonic fingering generally involves one 
open hole which serves as a vent hole for one tube length and the effective 
termination of the pipe for another length. This opening is referred to as the 
”register-terminator” opening. Cursory studies indicate that the size and 
placement of the register-terminator opening are significant.  68

 Caravan, Extensions of Technique, 49.66

 Bartolozzi, New Sounds for Woodwinds, 56.67

 Caravan, Extensions of Technique, xi-xii.68
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These findings, consistent with the acoustical/mechanical theory underlying the 
Scalar Model (see Chapter 3), serve as the basis of Caravan's organizing scheme for 
his list of multiphonics. Caravan, however, fails to offer an overt conceptual link 
between the acoustical theory and the organizing scheme. This link is an essential 
component of the Scalar Model. 

Robert Dick 

Although Caravan may have had a structural scheme in mind, Robert Dick, in The 
Other Flute, was the first to purposefully guide the reader beyond a descriptive 
approach. His chapter entitled ”Multiple Sonorities” includes 3 sections: ”A. Multiple 
Sonorities Based on Natural Harmonics.... B. Multiple Sonorities Based on Fingerings 
of Pitches in the Chromatic Scale…. C. Multiple Sonorities Based on the Microtonal 
Segments.”  This last presents series of closely-related fingerings which may be used 69

to produce multiphonics as well as descending microtonal single-pitch ”segments.”  

The organization of this book is significant because it suggests that, at least on 
flute, any fingering can be used to generate a multiphonic. While the descriptive 
approach always seems to entail finding some fingerings that produce multiphonics, 
then organizing them, Dick's approach was to choose a logical set of fingerings, then 
find the sonorities that they produced.  

In the introductions to sections 3A, ”Multiple Sonorities Based on Natural 
Harmonics” and 3B, ”Multiple Sonorities Based on Fingerings of Pitches in the 
Chromatic Scale,” Dick discusses two logical constructs for choosing multiphonic 
fingerings, and the characteristics of the resulting sonorities:  

The regular fingerings from low B3 to D5 yield multiple sonorities in chromatic 
sets of octaves, perfect fifths, perfect fourths, major thirds, minor thirds, and 
major seconds.  70

The many alternative fingerings of pitches in the chromatic scale are not only 
valuable for the timbres they yield, but are also the source of the most varied 
and extensive group of multiple sonorities. Within the major tenth [from B3 to 
D5], double-stops are produced that form almost every conceivable interval, 
both diatonic and microtonal.  71

 Dick, The Other Flute, 83, 86.69

 Ibid., 83.70

 Ibid., 86.71
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Thus he is proposing that the first logical construct — the normal fingerings for the 
chromatic scale — produces a predictable set of multiphonic sonorities, while the 
second logical construct — alternate fingerings for the chromatic scale — produces a 
less predictable set of sonorities. 

Dick's Section 3C, ”Multiple Sonorities Based on the Microtonal Segments,” 
represents by far the most important current of thought leading to the Scalar Model.  72

In this section, Dick uses what he calls ”microtonal segments,” which are derived 
through the application of a simple structural principle. In Chapter 2, he explains that 
”these short scales were built by leaving one hole open and fingering downwards as 
if a regular chromatic scale were being played.”  In Chapter 3, he describes the 73

resulting sonorities: 
The multiple sonorities produced by the fingerings of the microtonal segments 
… can be distinguished by two characteristics: they usually form short, parallel 
microtonal scales or microtonal ”wedge-like” figures such that each interval is 
wider than the last…. Most of the parallel scales and ”wedges” are easily 
played…. 

 It is suggested that the multiple sonorities based on the microtonal 
segments can be used for the construction of unique interval and timbre 
sequences that can be performed with unusual facility…. 

 It is suggested to composers that, when including multiple sonorities based 
on the microtonal segments in composition, two staves be used, the upper 
showing the pitches sounding and the lower notating the fingerings.  74

Two important ideas can be inferred from Dick's approach to multiphonics in this 
chapter. The first is the notion that sequences of multiphonics based on closely-
related fingerings — ”sequences that can be performed with unusual facility” — will 
tend to produce closely related sonorities — ”parallel scales and ‘wedges’.”  This is 75

perhaps the most important new concept in the understanding of multiphonics since 
Bartolozzi. The second idea — which we can infer from Dick's approach — is the notion 
that it is possible to represent a fingering with a shorthand symbol that is more 
efficient than a traditional fingering chart. Dick's symbol consists of a notehead on a 
standard staff, together with an indication of which additional key to depress, or 

 Ibid., 11872

 Dick, The Other Flute, 58.73

 Ibid., 118.74

 Ibid., 118.75
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which key to let up. For example, one of the multiphonic sequences is produced by 
fingering a descending chromatic scale from F4 to B3, with the G# key depressed.  

This idea of a shorthand symbol is a deceptively simple idea because, unlike a 
traditional diagram, it draws on the player's readily accessible knowledge of standard 
fingerings, and, perhaps more importantly, makes clear at first impression what 
portion of the fingering has changed or remained. Its effectiveness lies in its 
simplicity.  

Heinz Riedelbauch 

If simplicity is the goal for multiphonic notation, then Heinz Riedelbauch is 
responsible for the most elegant solution yet proposed for condensing fingering 
information.  His system, like Dick's, makes use of the player's wealth of information 76

and experience, but is more adaptable to a wide range of fingering possibilities. The 
source of its elegance is the way in which numerous bits of information may be 
represented in an easily-assimilated graphic image. The image is an abstract 
representation of the bore of the instrument — a sort of cross-section — showing the 
placement of the holes in relation to the curve at the boot. A continuous line 
represents an uninterrupted column of air, with open circles and letters indicating 
open vents. Riedelbauch's system accomplishes with a graphic image what the Scalar 
Model notational system, proposed in Chapter 4, accomplishes with a multiphonic 
code. 

Four Composers 

It is perhaps significant that Caravan, Dick, and Riedelbauch are all composers as 
well as performers, giving them a perspective others may not enjoy. One might 
speculate that Dick's and Riedelbauch's notational systems were inspired by a 
composer's need for graphic efficiency. They are not alone in this respect. As early as 
1972, Bruce Faulconer had devised a shorthand code which he used in Music for 
Saxophone and Percussion:1972. His code consists of square noteheads positioned 
like regular notes on a staff, above each of which is an indication to omit or add 
certain keys. For example, the first multiphonic in Music for Saxophone shows low B∫ 

 Riedelbauch, ”Bassonographie: eine Klangfarbengriffschrift für Fagott und Basson.”76
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3, with the indication ”w/o RH3,” meaning ”without depressing the right-hand third 
finger.”  77

Faulconer's system is echoed in the code employed by Étienne Rolin in 
Aphorismes VII. For most multiphonics, Rolin notates a single pitch on a staff, with an 
indication to ”add” or ”subtract” a particular key. For example, a C3 is notated, and the 
indication ”(–4)” appears above it.  The intended pitches are given in brackets. 78

Faulconer's and Rolin's systems, as well as Dick's system of notating microtonal 
segments, may be seen as leading directly to the Scalar Model. 

At least two other composers have taken an approach consistent with that implied 
by the aesthetics of the Scalar Model. Both William Duckworth and Bengt Lorentzen 
use a system that, like Faulconer's, specifies only multiphonic fingering and rhythm.  79

This approach relies on the performer to select from the spectrum of potential 
sonorities a multiphonic suitable for the situation. 

Bert Wilson 

Bert Wilson has taken a unique path in his exploration of multiphonics. Because of 
his interest in incorporating multiphonics into his tonally-oriented music, Wilson has 
developed a system that includes series of multiphonics with harmonic meaning (for 
example, ”ii–V–vi” in A major). His acoustical theory of multiphonics echoes Caravan’s 
quite closely, but it is the fluidity with which he plays multiphonic sequences that most 
dramatically indicates the direction of his work. Wilson's sequences are unlike many 
of those generated by the Scalar Model, because of his overriding concern that the 
sequences make sense in a tonal context. In contrast, sequences — or scales — in the 
Scalar Model provide their own context, and thus may or may not have traditional 
Tonal inferences. Nevertheless, Wilson's philosophy and acoustical theories run 
parallel to those of the Scalar Model to a remarkable extent.  80

 Falconer, Music for Saxophone and Percussion, 3.77

 Rolin, Aphorismes VII, 5.78

 Duckworth, Pitt County Excursions; Lorentzen, Round.79

 Wilson, Interview with the author; Caravan, Extensions of Technique.80
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TOWARD A SCALAR MODEL 

These definitive currents encompass four fundamental assumptions underlying 
the Scalar Model. As the concept of a Scalar Model is developed in the following 
chapters, the reader should keep in mind the following points: 

1. The saxophone is capable of producing a multiphonic sonority on virtually any 
fingering. 

2. Fingerings that are closely related structurally will tend to produce similar 
spectra of sound potential. 

3. The notation of multiphonic fingerings is best accomplished with an efficient, 
structurally informative code. 

4. The actual pitches produced by multiphonic fingerings represent a secondary 
level of information. The primary level of information — the multiphonic fingerings 
themselves — serves to build a conceptual model of the multiphonic potential of the 
saxophone. 
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3   
A C O U S T I C A L  &  

M E C H A N I C A L  
P R I N C I P L E S  

The Scalar Model is founded upon a set of acoustical/mechanical principles: 
a view of the acoustical properties of the saxophone from a mechanical 
perspective.  

ACOUSTICAL BASIS 

In order to understand the acoustical basis of the Scalar Model, we will begin with 
a few principles elucidated by acousticians John Backus and Arthur Benade. In an 
article for the Journal of the Acoustical Society of America, Backus made the following 
observations: 

The orchestral woodwind instruments ... have arrived at their present forms as a 
result of some centuries of empirical development. Basically, these instruments 
are conical or cylindrical air columns whose lengths can be varied by opening 
or closing holes (by means of the fingers or by pads and keys provided for the 
purpose) drilled at appropriate places along the length of the instrument. At 
any open hole configuration, as selected by the player for a given note to be 
played, the air column has usually several resonances. The frequencies of these 
resonances determine the pitch of the tone produced and hence the 
instrument's intonation; they also determine to a considerable degree the 
partial tone structure of the internal standing wave generated in the air column, 
and hence the quality of the radiated sound. 

 The historical development of the woodwind instruments has therefore 
been empirically directed toward a design that puts the resonances at those 



frequencies that allow the instrument to generate a steady tone of acceptable 
intonation and tone quality…. 

 Learning to play an instrument involves learning a particular pattern (or 
patterns) of keys to be pressed for each written note; long practice enables the 
player to do this quickly and without conscious thought…. 

 The number of possible combinations of open and closed holes is much 
larger than the number of combinations used for the standard fingerings…. 
These unusual fingerings will distort the resonance spectrum of the instrument, 
putting the resonances at frequencies where they will not necessarily 
cooperate to produce the usual instrument tone. Instead, the use of some of 
these fingerings will produce tones of a much different quality; they will not 
have a single definite pitch, but instead appear to be composed of two or 
more pitches sounding simultaneously; they may also have a pronounced 
beating characteristic. Such tones have been named multiphonic tones or 
simply multiphonics.  1

In these remarks, Backus makes two key points. First, he asserts that, for each open 
hole configuration, the air column has a particular set of resonances which establishes 
the partial tone structure of the internal standing wave. 

Any time air is physically constrained by some apparatus functioning as a 
resonating chamber, it will have a tendency to resonate at some frequencies and not 
at others. If the air is caused to vibrate at one of the resonant frequencies, then the 
vibration will be amplified. If the air is caused to vibrate at some frequency that is not 
resonant within the system, then it will tend to be damped. It is a fairly simple matter 
to measure the resonances of an acoustical system; both Backus and Benade have 
conducted numerous experiments.  2

In order to visualize the ”partial tone structure” to which Backus refers, imagine a 
string vibrating under tension. As the string vibrates in halves, thirds, quarters, and so 
on, overtones are produced in whole-number ratios to the fundamental — 2:1, 3:1, 
4:1, and so on. These partial vibrations are also in effect in a vibrating air column, but 
unlike a vibrating string the air column is constrained by a physical apparatus. It is 
thus not left to vibrate freely in perfectly-tuned, mathematically precise partials, but is 
stretched and squeezed in accordance with the resonant characteristics of its physical 
constraints. 

 Backus, ”Multiphonic Tones in the Woodwind Instruments,” 591.1

 Backus, ”Input Impedance Curves for the Reed Woodwind Instruments;” Benade, Fundamentals of 2

Musical Acoustics.
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An ideal monophonic ”open hole configuration” would have a resonance at 
exactly every frequency corresponding to the natural overtones of the fundamental — 
the first partial — being produced: Its resonant frequencies would be related by 
whole-number ratios. In reality, it is not possible to build a saxophone with a 
resonance corresponding to every audible partial for every pitch of the chromatic 
scale. For one thing, opening a hole in a tube does not produce a pure new tube. 
There is acoustical weight associated with the remaining, now partially-present tube. 
For that matter, the tube is not pure to begin with: The inside is principally a hard, 
reflective surface; but it has many soft, absorbent pads — some areas of which are 
covered with flat or convex reflectors — which are not flush with the inside surface of 
the tube.  

To complicate things further, the octave key on a saxophone operates one of two 
tiny vents. These vents do something akin to pressing lightly on a vibrating string at 
the midpoint. However, to be acoustically precise there ought to be a vent for every 
fundamental. Instead, the lower octave vent must serve as an approximation of the 
midpoint for the tube lengths that produce D4 through G#4, and the upper vent an 
approximation for all shorter tube lengths. 

For all of these reasons and more, accommodations must be made in the design 
of a saxophone to achieve the best possible intonation and tonal characteristics. 
Whatever skewing of the partial structure may be found in a particular design may 
have been minimized by a crafty engineer, but it’s simply impossible to create an 
instrument with an acoustically pure set of resonant frequencies for every open hole 
configuration. Some partials will be enhanced because they have a corresponding 
cooperating resonance; other partials will be muted, for lack of such a resonance; 
while still others will be pulled out of tune with the fundamental. 

This is true for the fingerings intended to produce a tempered chromatic scale. As 
for non-standard fingerings, Backus points out that ”unusual fingerings will distort the 
resonance spectrum of the instrument, putting the resonances at frequencies where 
they will not necessarily cooperate to produce the usual instrument tone” — the air 
column will not, or can be coaxed so as not to, maintain its integrity as a single 
standing wave.  3

There is a limit to the degree of complexity that can be accommodated by a single 
standing wave. At some point, the air column breaks up into two, or perhaps more, 
simultaneous standing waves. The tones thus produced, as Backus notes, ”will not 

 Backus, ”Multiphonic Tones,” 591.3

                                                                                                                                                                        3



have a single definite pitch, but instead appear to be composed of two or more 
pitches sounding simultaneously.”  Having analyzed waveforms produced by a variety 4

of multiphonics, Backus concludes that multiphonic sonorities are composed of two 
principal tones, together with their respective overtones, and various ”sidebands,” or 
resultant tones — difference tones and additive tones.  5

Arthur Benade, in Fundamentals of Musical Acoustics, adopts a similar position, 
except that, unlike Backus, he allows for the possibility that a multiphonic may include 
three or more principal tones. In summarizing his discussion of multiphonics, he 
asserts that 

a multiphonic oscillation is made up of a collection of components whose 
frequencies are connected to one another by an elaborate set of heterodyne 
relationships. The ordinary tones of woodwind instruments also fit this 
description, but the frequency components in normal tones are limited to 
those belonging to a single harmonic series.  6

In Benade’s view, there is a clear distinction between multiphonic and 
monophonic tones. As long as the standing wave is able to accommodate the partials 
as part of a single harmonic series, then that tone will be perceived as monophonic. If, 
however, the standing wave breaks up into two or more partial standing waves, then 
that tone will be perceived as multiphonic.  

These partial standing waves operate in a state of balanced interference with one 
another, giving rise to Benade’s ”elaborate set of heterodyne relationships.” It is the 
nature of this set of heterodyne relationships that will determine the aural 
characteristics of the tone produced. The Scalar Model is based on two related 
premises: 

1. It is the nature of the physical apparatus constraining the air that determines the 
nature of the heterodyne relationships — and hence the aural characteristics of the 
sonority.  

2. The characteristics of multiphonic sonorities that may be produced on two 
separate apparatuses will be similar to the degree that the apparatuses are 
structurally, and therefore acoustically, similar. 

 Ibid., 591.4

 Backus, ”Multiphonic Tones,” 593.5

 Benade, Fundamentals of Musical Acoustics, 565.6
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MECHANICAL BASIS 

The acoustical principles embodied in the work of Backus and Benade help to 
formulate a view of the saxophone as a conical tube, capable of executing a wide 
variety of open hole configurations — or fingerings. The mechanical perspective of the 
Scalar Model posits that, since each fingering represents a particular resonance 
spectrum, acoustical principles can be expressed as a system of fingerings.  

In any formal system, a set of core words, which may have fairly fluid meaning in 
common usage, have specific and limited meaning in the context of the system. For 
the sake of clarity, core words crucial to understanding the Scalar Model must be 
defined. 

Key 

The pads on the saxophone are operated by the player through the use of 23 keys 
(see Figure 1). There are two main categories of keys, those that close holes and those 
that open them, and they are identified as press-close, and press-open, respectively. 
Traditionally, each key is given an intuitive name that corresponds to the pitch 
produced when that key is added to all of the keys ”above” it on the instrument. Keys 
that close holes lower the pitch one or one-half step, and are named for the lower 
pitch thus produced, while keys that open holes raise the pitch one-half step, and are 
named for the upper pitch thus produced. The former category includes the Low B∫, 
Low B Low C, D, E, F, G, A, Bis B∫, and B keys. The latter category is comprised of the 
Low C#, Low E∫, Side F#, G#, Side B∫, Side C, High D, High E∫, High E, High F and 
High F# keys. 

There are two keys that do not properly belong to either category, the octave key, 
and the Auxiliary F key. The octave key opens one of two holes, depending on which 
other keys are depressed. Moreover, the dimensions of these holes are of a different 
magnitude than those of the holes controlled by other keys, and hence the octave key 
serves a unique function. The Auxiliary F key allows the player to simultaneously 
activate the B and High F keys, and is hence more accurately expressed as a 
combination of these keys. 
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Figure 1. Saxophone Key Names

Fingering 

A fingering — Backus’s ”open hole configuration” — is any combination of 
depressed or activated, and non-activated keys. A saxophonist chooses a fingering 
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for its sound-producing potential — for the resonance spectrum that it establishes. 
Thus, a fingering may be viewed as defining a resonance spectrum. 

One important distinction must be drawn between conventional fingering systems 
and that suggested by the Scalar Model. Traditionally, a fingering is described in 
terms of which keys the player must depress. From this perspective, each key may be 
assigned one of two properties for any fingering: it is either activated, or it is not. Each 
key is either on or off. It is of no concern, from this perspective, that to depress the G-
key is to close a vent (press-close), whereas to depress the G#-key is to open a vent 
(press-open).  

The Scalar Model, in contrast, requires the player to distinguish between press-
close and press-open keys. In formal terms, the Scalar Model defines fingerings in 
terms of Vents, Tubes, and Load-Keys. 

Tube  

The basic design goal of a woodwind instrument is to enable a standing wave of 
air constrained by a tube of variable length. When holes in the tube are opened, 
beginning at the bottom end of the tube, those holes effectively shorten the length of 
the tube, changing the frequency of the standing wave: The shorter the effective tube, 
the higher the frequency. A standard high-F# modern saxophone has 21 executable 
tube lengths, which may be identified for their intended monophonic pitches, 
ranging from B∫3 to F#5 — as illustrated in Figure 3. 

In monophonic practice, the fingerings shown for D5-F#5 are not intended as 
standard fingerings for those pitches, but rather are designed to be used in 
conjunction with the octave key to produce D6-F#6. Neverthess, in the Scalar Model 
they are identified for the (approximate) pitches they produce at their fundamental. 

Two other anomalies must be noted. First, in standard practice the fingering 
indicated for F#4 — “forked” F# — is typically considered an alternate fingering. In the 
Scalar Model, the other, more commonly preferred, fingering is not acoustically 
equivalent as a generator of multiphonics, and is better represented as a variation of 
the fingering for E4 — an idea that will become clear in the following sections. 
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Second, the two standard fingerings for B∫4 are sufficiently equivalent acoustically 
to be considered alternate fingerings for one another. 

Figure 3. The Twenty-One Multiphonic Tubes
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Vent 

The saxophone is a conical tube with 25 holes or vents. Each vent is by default, or 
may be by player action, closed by a corresponding pad, which in turn is operated by 
a key. When a pad is lifted — either actively or passively — the tube is said to be vented 
at that point. A vent, then, is a hole in the conical tube executed by lifting a pad. 

Of the saxophone's 25 vents, there are two types. The primary type includes the 
23 vents whose purpose is to vent enough air to effectively change the length of the 
tube. The other two — those operated by the octave key — have the purpose of 
helping the player to play a pitch at the second partial. They will be considered 
separately. 
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Figure 2. Saxophone Vent Numbers

Of those 23 vents, 16 can be controlled independently. These 16 vents are 
numbered consecutively — in order of their physical location on the cylinder, and not 
necessarily in order of the location of their corresponding key — beginning with the 
vent nearest the large end of the tube (see Figure 2). A vent may occupy any one of 
these 16 Vent locations, identified as the series V1 through V16. 

                                                                                                                                                                        10



Each vent location is controlled by a particular key. Those keys that control such 
vents may be identified by V number in addition to their key name. The keys that 
control V1, V3, V4, V6, V7, V9, and V11 are press-close keys. These vents are executed 
by releasing the corresponding key. The remaining vents (V2, V5, V8, V10, V12, V13, 
V14, V15, V16) are controlled by press-open keys.  

MONOPHONIC VS MULTIPHONIC FINGERING 

Standard fingerings are designed to enable production of monophonic sonorities. 
A fingering is a multiphonic fingering not because it will necessarily produce a 
multiphonic, but rather because of the player's intention to produce a multiphonic. 
Virtually any fingering can be used to produce either a monophonic or multiphonic 
sonority. It is up the player to select the desired result. A particular fingering does not 
guarantee a particular sonority, whether mono- or multiphonic. 

Fingerings are selected for their appropriateness to a particular situation. If a 
player intends to select a monophonic sonority, then the player will choose an 
appropriate fingering; conversely, if a player intends to select a multiphonic sonority, 
then the player will tend to choose a fingering with high multiphonic potential. A 
given fingering may well be chosen for either purpose. It is the intent of the player, 
and not some property that a fingering may or may not possess, that defines it as a 
multiphonic fingering. 

MULTIPHONIC CONDUCIVITY AND THE RESONANCE SPECTRUM 

Although it is true that any given fingering has the potential of producing either a 
monophonic or multiphonic tone, some fingerings have a resonance spectrum more 
conducive to producing a multiphonic result than do others. This property of a 
fingering is its multiphonic conducivity, and it ranges from high to low, depending on 
the characteristics of a fingering's resonance spectrum.  

The resonance spectrum is the set of potential pitches established by the 
fingering. Resonance spectrums in which the potential frequencies are related by 
complex ratios tend to have high multiphonic conducivity. Conversely, when the 
frequencies are related by simple whole-number ratios — that is, the pitches belong 
to, as Benade would say, ”a single harmonic series” — the overtones tend to resolve 
into the fundamental, resulting in a monophonic tone. 
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Whether or not a particular player can actually produce a multiphonic, even when 
executing a fingering with high multiphonic conducivity, is dependent upon a 
complex field of interacting forces, including those related to the particular 
instrument, mouthpiece and reed being used, and those related to the player's ability 
and experience (see Chapter 7). 

ALTERING THE RESONANCE SPECTRUM 

Backus has pointed out that each of the standard fingerings has been empirically 
designed to maximize the degree to which its resonance spectrum conforms to the 
natural overtone structure of the monophonic tone — the production for which it is 
intended. Not coincidentally, the fingerings identified in the Scalar Model as pure 
tubes tend to have relatively low multiphonic conducivity. What follows, then, is a 
consideration of two procedures for altering the resonance spectrum of a tube, 
thereby in many if not most cases improving its multiphonic conducivity. By 
implementing the following two procedures, new fingerings with potentially higher 
multiphonic conducivity will be created from the original pure tube. 

Venting The Tube 

Venting a tube is the most effective strategy for exploring multiphonic potential of 
a woodwind instrument. To vent a tube is to open a hole within the compass of that 
tube — a hole which in itself is not sufficient to effectively shorten the length of the 
tube. A single vent in a tube will often produce a distorted resonant spectrum with 
high multiphonic conducivity. Additional vents will change the tube’s resonant 
properties further. 

For example, the C tube can be vented at any of 15 locations, from V2 through 
V16. In this case, V1 is not a potential vent location, since to vent the C tube at V1 
would be indistinguishable from changing to a D tube. A vent at any of the 15 
potential locations (V2 through V16) would dramatically alter the acoustical properties 
of the C tube. Venting the tube at additional positions would further alter the 
resonance spectrum. 

Figure 4 demonstrates venting of a C tube. In Figure 4A, the C tube is pure, or 
unvented. In figure 4B, the tube has been vented at V11, making it a uni-vented tube. 
Subsequently, in figures 4C and 4D, vents are added at V8 and V5, creating bi-vented 
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and a tri-vented tubes. In the terminology of the Scalar Model, the fingering in figure 
4D consists of a C tube with V11, V8, and V5. 

The Scalar Model posits a functional limit of three vents for any given tube length. 
If a fourth vent were to be added to a tube, that fingering could more efficiently — and 
usually, in acoustical terms, more accurately — be defined as a derivative of some 
other, shorter, tube-length. This 3-vent limit is arbitrary in the sense that the Scalar 
Model could just as easily accommodate, for example, a 2-vent or 4-vent limit. It is not 
arbitrary in the sense that a 3-vent limit seems reasonable for practical application. 

Figure 4. Venting A C-Tube

Most tubes can be vented at multiple locations.  
Figure 4A illustrates an unvented C tube. 

Figures 4B, 4C, and 4D illustrate, respectively a uni-vented, bi-vented, and tri-vented C tube.

Adding Load Keys 

The design of a woodwind instrument relies on a process of successive opening of 
holes, from the bottom on up. When a player normally intends to play A4, they will 
open not only the G key, but all of the press-close keys below it. Should some of 
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those keys below the G key remain closed, the resultant tube may be sufficiently 
compromised such that the resonant spectrum is not well-suited to a monophonic, in-
tune A4.  

Furthermore, there are many fingerings executable on the saxophone that could 
not be completely described using the 3-vent limit as described above. For example, 
Figure 5A shows what might be described as Vents 11, 8, 5, and 3 on a C tube. 

Figure 5. Adding A Load-Key

The C tube in A has four vents. 
A better description of this fingering is an E tube with three vents and a load key.

Seen from a different perspective, this fingering is identical to an E tube with Vents 
11, 8, and 5 (Figure 5B) except that, as illustrated in Figure 5C, the C-Key must be 
depressed. In the terminology of the Scalar Model, the acoustical system represented 
in Figure 5B is weighted, in Figure 5C, with an acoustical load. Depressing the C key 
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alters the resonance spectrum of the tri-vented E tube, creating a load variation. The 
C key in this case serves as a load key. Load variations may include the addition of two 
or more load keys, though in practice it is rare to find a multiphonic fingering with 
more than two load keys. In such cases, the multiphonic sonorities produced are often 
indistinguishable from multiphonics produced on similar fingerings with fewer load 
keys. A simple definition of a load key is that it is an additional activated key below the 
compass of the theoretical tube.  

Positive and Negative Load 

 Most standard fingerings — most unvented tubes — have what might be called 
default load keys. For example, when the the G tube is executed, the Low C#, Low E∫, 
and Side F# keys all remain non-activated. This means that the resistance which is the 
result of those potential vents remaining closed is a natural part of the pure G tube: it 
is included in the default load for that tube (see figure 6A).  

Figure 6. Positive And Negative Load

Figure 6A is a G tube with normal load (NL). 
Figure 6B is a G tube with positive load (the C key). 

Figure 6C is a G tube with negative load (the E∫ key).

The Scalar Model treats default load as part of a defined tube. Only that part of the 
load which is not part of the standard fingering — in this case, for G4 — need be 
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brought to the player's attention. For example, if the C key is to be depressed with a 
G tube (Figure 6B), it is noted as a load key, for it adds a positive load. Similarly, when 
the Low E∫ key is to be depressed with that same tube (Figure 6C), it is also noted as a 
load key, because it adds a negative load. Press-close load keys add positive load, 
whereas press-open load keys add negative load. However, indicators for load keys 
do not distinguish between positive and negative load. When a load key is called for, 
the player activates it, thereby either opening or closing a vent. 

TOWARD A SYSTEM OF NOTATION 

By making reference to tubes, vents, and load keys, it is possible to define any 
fingering executable on the saxophone. Furthermore, by conceiving of the 
saxophone as a set of tubes with potential vents and loads, a player is able to explore 
and invent fingerings that are likely to represent distorted resonance spectrums and 
therefore likely to be conducive to producing multiphonics. This definition of 
fingerings is facilitated in the Scalar Model by a system of notation — the subject of 
the next chapter.  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4   
M U L T I P H O N I C  

N O T A T I O N  

SCALAR NOTATION VERSUS CONVENTIONAL NOTATION 

On the Notation of Pitch 

It is unusual for a multiphonic sonority to consist entirely of pitches that can be 
mapped neatly onto the tempered scale. Some degree of approximation would 
be required to do so for most multiphonics. Furthermore, many or even most 

multiphonic fingerings are not limited in potential to one set of identifiable tones 
played within consistent intonational limits. From the perspective of the Scalar Model, 
each multiphonic fingering establishes a field of potential sonorities, the richness of 
which may or may not be predictable. 

In contexts where it is deemed desirable to notate pitch (and to the extent that it is 
possible) any available technique may be used in conjunction with Scalar notation. 
However, from the perspective of the Scalar Model, such information is of secondary 
importance. It is the fingering itself, as expressed in Scalar terms, that represents the 
primary level of information.  

Unlike the set of all possible multiphonic sonorities, the set of all multiphonic 
fingerings executable on the saxophone is enumerable, large though it may be. The 
Scalar notational system, therefore, provides a means of enumerating multiphonic 
fingerings, giving in the process prominence to those fingerings that are both 
relatively easy to execute, and likely to have high multiphonic conducivity. 
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Bits and Chunks 

Traditional fingering systems generally consist of either a graphic representation 
of the saxophone, such as that used in Chapter 3; or a set of number or letter 
identifiers for the various keys. The former is the more common of the two, whereas 
the latter differs more in style than in substance.  

Traditional fingering diagrams presuppose for each key a default value of “Off,” or 
“not depressed,” and specifically indicate which keys should be given the alternate 
value of “On,” or ”depressed.” A saxophone fingering diagram, then, consists of 23 
bits of on/off information. Though the saxophonist need only be apprised of which 
bits have a value of On, in order to decode a fingering diagram, the player will 
regularly be called upon to process as many as eight or ten discrete bits of “depress” 
indicators for each fingering. For example, the fingering for E∫ 5 shows a value of On 
for eight separate keys, all other keys having the default value of Off.  

These eight bits of information are much more efficiently expressed in the form of 
a larger chunk of information — in this case E∫ 5. As Backus points out,  

learning to play an instrument involves learning a particular pattern (or 
patterns) of keys to be pressed for each written note; long practice enables the 
player to do this quickly and without conscious thought. 

In other words, standard fingerings are readily accessible chunks of information. 
Therefore, to the extent that a given fingering conforms to the established standard, 
that fingering is much more efficiently expressed in terms of its learned, or chunked, 
identity than in terms of the discrete bits comprising it. Whereas a traditional 
fingering diagram transmits information bits, the Scalar Model utilizes more efficient 
information chunks. 

The 21 multiphonic tubes are the basic chunks of information. Additional bits of 
information are then added in the form of the vents and load keys that distinguish a 
particular fingering from a pure tube. In practical application, a multiphonic fingering 
generally consists of no more than one chunk plus one to three bits of information — 
for example, an E∫ tube with V9 & V7.  

The information thus expressed becomes itself a larger chunk of information, and 
may be compared to other similar chunks. So, for example, an F tube with V12 & V8 
differs only slightly from an E tube with V12 & V8, and in a slightly different way from 
an F tube with V12 & V9. Furthermore, it is possible to describe the similarities and 
differences with terms and concepts that make structural sense. In other words, scalar 
notation reflects the conceptual structure that is the Scalar Model. 
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SCALAR NOTATION  

Horizontal and Vertical Format 

Scalar notation defines a multiphonic fingering as a tube with vents, and possibly 
with load keys. These two or three components of a fingering may be represented in 
one of two formats, depending on context. In a prose context, horizontal format is 
most appropriate, whereas in a musical context, vertical format is usually more 
effective. 

Horizontal Format 

A multiphonic code may take the form of a formalized ”word” by separating the 
three components with a slash. In this horizontal format, the fingering consisting of 
Vent 12 on a G tube with a B load key is notated 12/G/B (see Figure 7A). In cases of 
bi- and tri-vented tubes, the vent locations are arranged in descending order, and 
separated by decimal points. For example, 12.7.4/C (see Figure 7B), indicates a C 
tube with V12, V7, & V4. Unvented tubes are indicated by entering a zero as the vent 
location, for example 0/F (see Figure 7C). 

Multiple load keys are also arranged in descending order, but are separated by 
dashes, for example: E∫-C-C# (see Figure 7D). Note that the first two components are 
always present, whereas, if the fingering does not include load keys, the second slash 
and load component is missing from the code. 

Vertical Format 

In a musical context, the multiphonic code is expanded to occupy two or three 
positions vertically — one line for each component, so that the code occupies two 
lines if there is no load, and three if there is load. The multiphonic code in vertical 
format may be placed below standard notation, in the place that lyrics might 
otherwise occupy. For comparison, the four examples from Figure 7 are expressed in 
both horizontal and vertical format in Table 1. 
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Figure 7. Horizontal Format

Table 1. Horizontal and Vertical Formats

Horizontal Format Vertical Format

12/G/B 12
G
B

12.4.7/C 12.7.4
C

0/F 0
F

12/G/Eb-C-C# 12
G

Eb-C-C#
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Encoding and Decoding 

To be expressed as a multiphonic code, fingering information must be encoded — 
it must be translated into Scalar notation. Conversely, to execute a fingering, a 
saxophonist must decode the information. The formal rules of encoding/decoding 
are presented below. 

Vents 

The first formal rule for encoding vent information is that, to be listed as such, a 
vent must exist within the compass of the presumed tube. For example, the lowest 
possible vent on a G tube is V8, since opening Vent 7 would execute an A tube, and 
Vents 1 through 6 lie below the compass of the presumed tube (see figure 8). 

Figure 8. Vents Below The Compass Of The G-Tube

The second formal rule addresses the dichotomy of press-close versus press-open 
keys (see Chapter 3). In a conventional fingering diagram, the default value of each 
key is ”not-depressed,” regardless of whether that value will result in an open or 
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closed vent. In contrast, the presence of a vent number in a multiphonic code 
indicates that the condition of that vent is to be open, and only indirectly indicates the 
condition of the key that controls it. The multiphonic code presupposes a default 
value of closed for all vents within the compass of the tube. If a vent is to be opened, 
the player must determine whether the vent is controlled by a press-close or press-
open key.  

The following statements summarize the two formal rules regarding encoding and 
decoding vent information: 1) Vents listed in a multiphonic code are only those within 
the compass of the presumed tube which have a value of open. 2) Vents are opened 
by either activating a press-open key, or releasing a press-close key. Vents controlled 
by press-open keys are: V2, V5, V8, V10, V12, V13, V14, and V15. Vents controlled by 
press-close keys are: V1, V3, V4, V6, V7, V9, and V11.  

Figure 9. Press-Open And Press-Close Keys

Vents in Figure 9A are controlled by press-open keys 
Vents in Figure 9B are controlled by press-close keys
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Tubes 

The saxophone consists of 21 executable tubes, corresponding to the 21 
fundamental pitches which comprise the chromatic scale from B∫3 to F#5 (see Figure 
11).  

In order that the multiphonic code be unambiguous, each tube must have a 
unique code. More to the point, there must be a way of distinguishing between, for 
example, the B∫3 tube and B∫4 tube. The necessary distinctions are accomplished by 
observing three formal rules: 

1) The code for a tube corresponding to a pitch in the chromatic scale from B∫3-
A4 is identical to the name of that pitch class. (for example: C or G#). 

2) The code for a tube corresponding to a pitch in the chromatic scale from B∫4-F5 
is identical to the name of that pitch class, preceded by a bullet (for example: •B or 
•C#). When speaking, the bullet may be read as ”Top,” as in ”Top B,” or ”Top C#.” 

3) If the octave key is to be depressed, the tube code is followed by an asterisk (for 
example: E∫* or D*). When speaking, the asterisk may be read as ”star,” as in ”the star 
tubes,” or ”E∫-star tube.” 

The third formal rule flows from the intended function of the octave key, which is 
to eliminate the first partial in favor of the second. Acoustically speaking, opening the 
octave key is akin to lightly touching a vibrating string at its halfway point — or, more 
precisely in the case of the saxophone, somewhere near the halfway point. Although 
it also has collateral side-effects, its overall effect is sufficiently close to its intended 
purpose that it is considered an intrinsic feature of a tube, and not a vent location (see 
Figure 11). 

Load keys 

The code for a load key is the same as the monophonic name for that key (see 
Figure 1). In the rare instance in which a key named for a pitch above A4 might 
function as a load key, a bullet precedes the letter name. For example, the Top F (•F) 
tube may have a Top B (•B) load key (0/•F/•B). 

Contrary to the case for Vents, the default value for all load keys is ”not-
depressed.” The execution of all load keys listed in a multiphonic code requires the 
activation of a key, whether to do so results in positive or negative load. (See Chapter 
3: Positive and Negative Load.)  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Figure 10. Multiphonic Tube Codes
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Figure 11. Star-Tubes

The octave key may be added to any fingering.  
It is not considered a vent, but an intrinsic feature of a tube. 

Procedural Conventions 

When representing the multiphonic code in vertical format, there are two sets of 
procedural conventions that should be observed to maximize notational consistency, 
clarity, and conciseness. 
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Alignment  

The three lines of multiphonic code are aligned vertically, with the vent code on 
the first line, the tube code directly below it, and the load keys, if any, on the third line. 
If the multiphonic code is to be used in conjunction with standard musical notation, 
say to indicate rhythm or desired pitches, then the code will appear directly below the 
musical symbol.  

The constant component 

When several multiphonics are arranged in a series, it is not uncommon for one or 
more of the code's components to be constant through two or more consecutive 
items in the series. In such cases, the repeated components are carried forward with a 
continuous line, as would be the case with a syllable of lyric continuing through two 
or more notes in a musical score (see Example 1). 

Example 1. Multiphonic Series with Constant Components

SUMMARY 

Multiphonic fingerings may be clearly and efficiently expressed as a code 
consisting of two or three components. This code may appear in horizontal or vertical 

Changing vent with constant tube

3 4 5 6

Bb

Constant vent with changing tube

9

Eb E F F#

Constant vent & tube with changing load

12

G

Bb B C C#

                                                                                                                                                                        26



format (see Figure 12) — the latter of which may be used in conjunction with 
traditional notation of rhythm and/or pitch. 

Figure 12. Multiphonic Series

This series of multiphonic fingerings is shown as encoded in both horizontal format 
(above) and vertical format (below).
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5   
T H E  S C A L A R  M O D E L  

The Scalar Model defines organizing principles of multiphonic fingerings which 
serve to build a conceptual model of the saxophone as a generator of multiphonics. 
This conceptual model provides a roadmap for the creation and exploration of 
multiphonic scales. 

MULTIPHONIC SCALES 

A multiphonic scale is a series of multiphonics in which one or more of the 
components of the multiphonic code follows a logical sequence. For example, the 
standard fingering for B∫3 on the saxophone may be altered by opening, individually 
and sequentially, V1, V2, V3, V4 and V5. This logical sequence of alterations 
represents one class of multiphonic scale — a vent scale. Another class of multiphonic 
scale may be represented by sequentially executing the fingerings for B∫3, B3, C4, 
C#4, D4, E∫4, and E4, all the while maintaining Vent 7 open — a tube scale. 

The Scalar Model does not address itself to the pitch content of multiphonic 
sonorities. Rather, it defines physical properties of the acoustical system, which in turn 
establish resonant characteristics. It is these resonant characteristics which determine 
the potential sonorities that may be produced. Fingerings with similar physical 
characteristics tend to have the potential of generating sonorities with similar aural 
characteristics — a principle which forms the basis of the Scalar Model. 

THE THREE DIMENSIONS OF THE SCALAR MODEL 

As defined by the Scalar Model, a multiphonic fingering may be expressed as a 
code comprised of two or three components, representing the vent(s), tube, and 
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load. The elements of these code components serve as the basis for mapping the 
multiphonic potential of the saxophone onto a scalar model. 

Traditional scales are based on a one-dimensional model. That is to say, a 
monophonic scale is said to go up or down, using the vertical axis as a metaphor for 
the one dimension the scale occupies. In contrast, the Scalar Model is three-
dimensional, hence a visual metaphor must project three spatial dimensions. A 
sequence of tube changes may be plotted along the horizontal (x) axis, vent changes 
along the vertical (y) axis, and load variations along the third (z) axis (see figure 14). 

Figure 13. The Three Dimensions Of The Scalar Model

From this visual metaphor can be derived separate directional terms for each of 
the three components. The tube may become progressively shorter or longer; a vent 
may move up or down; and the load may increase or decrease.  
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SCALE CLASSIFICATION  

A series of multiphonics comprise a multiphonic scale if the components of the 
multiphonic code are sequential along one or more of the three axes of the 
multiphonic universe. Scales fitting this definition fall into one of three families: 
simple, compound, and hybrid. 

Simple Scales 

Simple scales are those in which one of the components changes sequentially, 
while the other two remain constant. There are three genera of simple scales: tube 
scales, vent scales, and load variations.  

Tube scales 

Simple tube scales are generated by changing the length of the tube. In a simple 
tube scale, only the tube changes, while any open vents remain open, and load 
remains constant. See Example 2. 

Example 2. Simple Tube Scale

Vent scales 

Simple vent scales are generated by changing the position of the vent or vents in a 
tube. A tube may have as many as three vents, designated in descending order of 
their respective vent locations as the primary, secondary, and tertiary vents. There are 
three species of simple vent scales — single, double and triple-vent scales. In addition, 
there are three sub-species of simple single-vent scales, identified as primary, 
secondary, or tertiary scales. 

A simple single-vent scale may be built on uni-, bi-, or tri-vented tubes, but only 
one vent — the primary, secondary, or tertiary vent — changes position. See Example 3. 

8

Bb B C C# D Eb
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Example 3.Simple Single-Vent Scales

A simple double or triple-vent scale is one in which the position of two or three 
vents changes simultaneously. See Example 4. 

Example 4. Simple Double-Vent Scales

Load variations  

Simple load variations are series of multiphonics in which only the load changes. 
Load keys are always listed in descending chromatic order, and any portion of this 
component may change sequentially. See Example 5. 

Primary Scale

4 5 6 7 8 9

C

Secondary Scale

8.2.1 8.3.1 8.4.1 8.5.1 8.6.1 8.7.1

B

Tertiary Scale

11.9.1 11.9.2 11.9.3 11.9.4 11.9.5 11.9.6

Bb

7.5 8.6 9.7 10.8 11.9

E

15.12.6 15.11.5 15.10.4 15.9.3 15.8.2

C
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Example 5. Load Variations

Notice in Example 5 the absence of a load key indicator at the fourth position in 
the table — the fourth multiphonic in the series. When no load keys are called for, that 
component is left blank in the notation — whereas there will always be a tube 
specified, and the lack of any vent is indicated with a zero. 

Compound Scales 

Compound scales are those in which any two or three of the components of a 
multiphonic code change simultaneously. There are three genera of compound 
scales: tube-vent, tube-load, and vent-load scales. The genera of tube-vent and vent-
load scales each contain three species, classifiable as compound single-vent, 
compound double-vent, or compound triple-vent scales. Furthermore, each genus of 
compound single-vent scales contains three sub-species, identified as compound 
primary, compound secondary, or compound tertiary scales. See Example 6. 

Example 6. Compound Scales

10

F#

Bb B C C# Eb

Compound Primary Scale

7 8 9 10 11 12

C C# C Eb E F

Compound Secondary Scale

9.1 9.2 9.3 9.4 9.5 9.6

Bb B C C# C Eb

Compound Double-Vent Scale

13.12 12.11 11.10 10.9 9.8

C C# D Eb E
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Hybrid Scales 

A hybrid scale is one which comprises multiple, perhaps overlapping, segments, 
each of which fits the definition of a particular genus or species of simple or 
compound scale, but which does not in its entirety fit a single designation. The family 
of hybrids is the most complex family of multiphonic scales. Although the potential 
genera and species are not practically enumerable, the examples of hybrids found in 
this work demonstrate strategies for generating hybrid scales. See Example 7. 

Example 7. Hybrid Scales

SUMMARY 

The Scalar Model is founded on acoustical/mechanical principles which may be 
used to generate series of multiphonics, defined as multiphonic scales. Scales may 
move along one or more of three axes: the tube may be shortened or lengthened, 
the vents may move up or down, and the load may increase or decrease. Because 
multiphonic scales represent sequential alterations of a resonance chamber, the 
resonance spectrums which are thus established tend to be conducive to producing 
multiphonic sonorities with sequential aural characteristics. Table 2 summarizes the 
various families, genera, and species of multiphonic scales. 

1 2 3 4 5 6

Bb B C C# D Eb

9.7 10.7 10.8

E F F#

Bb B C
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Table 2. Multiphonic Scale Classification

Family Simple

Genus Tube Vent Load

Species Single Double Triple

Sub-
species

Primary
Secondary

Tertiary

Family Compound

Genus Tube-vent Tube-load Vent-load

Species Single Double Triple Single Double Triple

Sub-
species

Primary
Secondary

Tertiary

Primary
Secondary

Tertiary

Family Hybrid
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6   
M U L T I P H O N I C  S C A L E S  
R E C O R D E D  E X A M P L E S  

A recordings of the examples of multiphonic scales presented in this chapter may 
be found online at <tombergeron.us>. They are arranged in order of ascending 
primary vent number, with the first three examples being produced on unvented 
tubes. Additionally, the 16 vents are divided into three informal vent areas as follows: 
Vents 1-6 comprise the right-hand vent area, Vents 7-11 comprise the left-hand vent 
area, and Vents 12-16 comprise the palm-key vent area. Finally, within these areas and 
throughout, the examples generally progress from simple to complex. 

These multiphonic scales may be played such that vents move up or down, the 
tube shortens or lengthens, the load increases or decreases, or combinations of these 
changes are achieved. They serve to illustrate the sense in which the Scalar Model is 
scalar; each example is based on a series of multiphonics in which one or more 
components of the multiphonic code is sequential across the series. 

There is no one reason for these 54 examples, as opposed to some other 
collection, to be chosen to represent the Scalar Model. Rather, some were chosen 
because they are accessible; some because they were familiar; others for the 
particular species of scale they represent; and others for their sound.  

Finally, these examples are designed to demonstrate the musical value of 
multiphonic scales. In each case, the meter, rhythm, and tempo was settled on after 
playing the series in a variety of ways, searching for the one expression that seemed 
best suited to the scale.  
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UNVENTED TUBES 

Recorded Example 1 

 
Recorded Example 1 (RE-1) demonstrates that, even the unvented B∫ tube — the 

purest acoustical tube executable on the saxophone — can be used to produce a 
multiphonic. At first, the emphasis on successive upper partials produces what could 
be described as a timbre changes; but with the addition of the out-of-tune seventh 
partial, the sonority no longer resolves into a single pitch. 

Recorded Example 2 

 
In RE-2, the addition of the octave key to a tube (indicated by the asterisk) tends to 

stabilize — even exaggerate — the upper partials. This scale includes six unvented 
tubes and a star tube variation of each. (see Chapter 4) 

Recorded Example 3 

 
RE-3 is a series of unvented star tubes. These are, of course, the same fingerings 

one would use to produce a monophonic chromatic scale from G5-F6, but in this case 
using exaggerated focus to bring out the upper partials. 
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SIMPLE TUBE SCALES IN THE RIGHT-HAND AREA 

Recorded Example 4 

 
Vent 1 can be applied to only two tubes (B∫ and B). RE-4 also makes use of a star 

tube variation.  

Recorded Example 5 

 
Vent 2 may be used to generate three uni-vented tubes. RE-5 is a simple single-

vent tube scale, covering the range of these three uni-vented tubes.  

Recorded Example 6 

 
RE-6 uses two bi-vented tubes. With a primary vent on V2, the only possible 

location for a secondary vent is V1, and B∫ and B are the only two possible tubes.  

Recorded Example 7 
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This simple tube scale (RE-7) encompasses four uni-vented tubes with V3 held 

constant. 

Recorded Example 8 

 
RE-8 is based on a single multiphonic fingering, and illustrates the variability that is 

sometimes possible by changing focus. While the Scalar Model does not provide a 
notational means for identifying a particular sonority from among a spectrum of 
possibilities, it could accommodate a variety of systems designed for that purpose.  

Recorded Example 9 

 
RE-9 utilizes two bi-vented tubes — the only two available with V3 & V1. 

Recorded Example 10 
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Vent 4 may be used as the single — or lowest — vent with five tubes, four of which 
are included in RE-10.  

Recorded Example 11 

 
All but one of the fingerings in RE-11 appear in the previous example (RE-10), but 

in this case the upper partials of the sonority are emphasized. The one new fingering 
in this example is the star tube variation (4/C# *) at the end.  

Recorded Example 12 

 
This simple tube scale (RE-12) covers a range of three bi-vented tubes. The final 

sonority in the series is produced on the same fingering as is the penultimate 
sonority, with a focus on the upper partials. 

Recorded Example 13 

 
Vent 5 poses a bit of a mechanical problem for the performer. Caravan suggests 

using the thumb to depress the F# key (V5).  Another solution is to modify the 7

saxophone by the addition of a cork riser on the F# key, so that it is approximately 

 Caravan, Extensions of Technique.7
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between and beneath the second joint of the middle and ring fingers. The ring finger 
may be used when the key serves as an F# key, and the middle finger when it serves 
as a control for V5. In both cases, the finger will contact the key at approximately the 
second joint. In this way, the pads of both fingers remain over the pearls — a situation 
that is desirable for playing F#, as well as for playing multiphonics. 

Recorded Example 14 

 
The multiphonic fingering 6/B∫ has a resonance spectrum sufficiently different 

from that of 6/B that it does not readily respond to the focal setting maintained 
throughout the rest of this series (RE-14). It is, in this case, played with a brighter 
timbre. One could say that, at this point (6/B to 6/B∫), the scale crosses a break in the 
multiphonic continuum.  

Recorded Example 15 

 
As a general rule, the net effect of changing tube-length tends to decrease as the 

number of vents increases. This principle supports the notion of a 3-vent limit (see 
Chapter 3). Here (RE-15), the sonorities are quite close from the C tube through the E 
tube, but there is break when moving down to the B tube. 
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VENT SCALES IN THE RIGHT-HAND AREA 

Recorded Example 16 

 
RE-16 is the first of the recorded examples to use a tube as the constant 

component of the multiphonic code — this is a simple single-vent scale. On this B∫ 
tube there is a break between V4 and V5, such that upper partials are more prominent 
in the last two sonorities. 

Recorded Example 17 

 
RE-17 contains the same set of multiphonics as RE-16, but in this case the scale is 

played faster and in both directions.  

Recorded Example 18 

 
RE-18 is built on the same vent sequence as RE-17, but here it is on a B tube. The 

break that is so prominent with the B∫ tube is not in evidence here, as in this case it is 
possible to maintain a more consistent focus throughout. 
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Recorded Example 19 

 
In RE-19, we can hear a slight break between V3 and V4.  

Recorded Example 20 

 
RE-20, the first example of a secondary scale, is built on a bi-vented B∫ tube. There 

is something about the interplay between V4 & V6 that changes the resonance 
spectrum characteristics such that the sonority produced on 6.4/B∫ is quite different 
from the rest of the scale. 

Recorded Example 21 

 
In RE-21, a bi-vented C* tube is the basis for a secondary vent scale. 

COMPOUND SCALES IN THE RIGHT-HAND AREA 

The two examples in this section illustrate compound scales — ones in which both 
vent and tube change simultaneously.  
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Recorded Example 22 

 
RE-22 is a parallel compound primary scale. It is parallel in that the vent moves up 

while the tube is shortened. 

Recorded Example 23 

 
In a contrary compound primary scale such as this (RE-23), the vent moves up 

while the tube is lengthened, and vice-versa. 

SIMPLE SCALES IN THE LEFT-HAND AREA 

The right-hand area, which encompasses Vents 1-6, is separated from the left-hand 
area, which encompasses Vents 7-11, by a mechanical/acoustical gap, consisting of 
two vents that are not independently operable. First, there is a vent connected to the 
F, E, and D keys that cannot be opened independently — but rather opens 
automatically when all three of those keys are released, and is closed with any one of 
those keys is depressed. Similarly, the vent associated with the G# key cannot be 
opened unless, again, all of those same three keys are released. As a result, the 
transition from V6 to V7 represents a change in actual vent location akin to a skip of 
three usual vent positions. 

                                                                                                                                                                        43



Recorded Example 24 

 
This secondary scale passage (RE-24) begins and ends with the uni-vented tube 7/

B∫, which can be seen to fit logically into the sequence if a secondary vent 0 is 
postulated. The secondary vent sequence can then be seen to be: 0, 1, 2, 3, 4, 3, 2, 1, 
0. Notice the very low resultant tone produced on 7/B∫, 7.1/B∫, and 7.2/B∫. Also note 
the break between V2 and V3. 

Recorded Example 25 

 
RE-25 illustrates some subtle effect of load variations. Note that the third sonority 

(and others in subsequent positions in the sequence) has no load, and so that space 
in the third line is blank. The load from the previous sonority would only be carried 
through if there were a line continuing from the previous load key indicator. 

Recorded Example 26 

 
This uni-vented tube scale ( RE-26) covers a range of eight tubes, and in so doing 

goes across two clear breaks in the structure of the resonance spectrum.  
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Recorded Example 27 

 
This secondary scale (RE-27) — which begins without a secondary vent — 

demonstrates that a change in a secondary vent tends to have less effect than a 
change of a primary vent or tube. Even so, there is a clear break between V3 and V4. 

Recorded Example 28 

 
The secondary scale in RE-28 is built on a tri-vented B∫ tube, this being the first 

recorded example to include a tri-vented tube. The first multiphonic (8.1/B∫) can be 
seen to fit logically in the series if it is postulated that a tertiary vent exists which is 
identical to the secondary vent, but there is clearly a change when the third vent is 
introduced in the second sonority. 

Recorded Example 29 

 
In this secondary scale (RE-29), built on a bi-vented B∫ tube, the character of the 

resonance spectrum remains quite consistent through all eight sonorities. 
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Recorded Example 30 

 
RE-30 is similar to RE-29, but built on a B tube rather than a B∫ tube. Again the 

resonance spectrum is quite consistent throughout. 

Recorded Example 31 

 
This series of load variations (RE-31) contains a new element — a load trill. In the 

example, the E∫ load key is trilled throughout, while additional load is added and 
subtracted. While trills and tremolos are theoretically possible between any two 
multiphonics, load variations are especially effective, since load variations tend not to 
demand drastic focus changes. 

Recorded Example 32 

 
The multiphonic 10/C in this example, is one of the nastiest producible on the 

saxophone, and a good example of a fingering with low multiphonic conducivity. 
Only with a drastic embouchure and focus change is it possible to achieve this 
wonderful sonority. 
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Recorded Example 33 

 
In RE-33, a secondary vent is rather distant from the primary vent, and has a fairly 

consistent effect as it moves up and down. 

Recorded Example 34 

 
Compare RE-34 with RE-32. Both illustrate a lengthening tube with a single vent — 

V11 here, and V10 in RE-32. The two scales are quite similar. 

Recorded Example 35 

 
This shortening and lengthening bi-vented tube scale (RE-35) illustrates the 

rapidity with which a series of multiphonics can be played, provided they all respond 
to a similar focus. The two vents are sufficiently high to allow for a very consistent 
sonority across seven tubes. 
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Recorded Example 36 

 
The aural changes of RE-36 are more subtle than those of the previous example. In 

general, the more vents in the fingering, the less change will result when the tube 
length is altered. 

Recorded Example 37 

 
RE-37 is the first recorded example of a tertiary scale — one in which the tertiary 

vent is the moving element. 

Recorded Example 38 

 
This primary scale on a uni-vented E tube (RE-38) includes all of the vents in the 

Left-Hand area. The biggest change is that between V7 and V8.  
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Recorded Example 39 

 
This series of bi-vented B∫ tubes (RE-39) is the first recorded example of a simple 

double-vent scale. In ascending direction, the primary vent moves through Vents 7, 8, 
9, 10, and 11, while the secondary vent moves through Vents 2, 3, 4, 5, and 6. The 
resonance spectrum changes in a fairly consistent way through the series, which 
somewhat facilitates execution from the perspective of focus. The more immediate 
technical challenge is that of moving two vents simultaneously in the first place. 

COMPOUND SCALES IN THE LEFT–HAND AREA 

Recorded Example 40 

 
The vents used in this compound (tube-vent) scale (RE-40) are identical to those 

used in the RE-38, but in this case, the tube also changes in parallel with the vent. 

Recorded Example 41 

 
RE-41 is a compound tertiary scale. The primary and secondary vents are held 

constant, while the tertiary vent moves up in parallel with the shortening tube. 
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Recorded Example 42 

 
In RE-42, the double-vent sequence of RE-39 is coupled with a changing tube, 

resulting in a compound double-vent scale. Both vents move up in parallel with the 
changing tube, resulting in a relatively consistent resonance spectrum. 

SCALES IN THE PALM–KEY AREA 

The palm–key area includes Vents 12-16. In addition to being high, they are 
smaller than the lower vents. With long tube lengths, the size of a palm-key vent is 
quite small relative to the total volume of vibrating air. 

Recorded Example 43 

 
As can be heard in RE-43, changes in overall tube length tend to have a more 

subtle effect when the tubes are vented at higher locations. 

Recorded Example 44 

 
In RE-44, a bi-vented B∫ tube is the basis for a secondary scale. 
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Recorded Example 45 

 
With two vents — one of them in the palm-key area — the tube changes of RE-45 

produce relatively subtle changes in the resonance spectrum. 

Recorded Example 46 

 
The most formally complex scale yet encountered in these recorded examples, 

RE-46 may be described as a compound double-vent scale on tri-vented tubes. The 
only element that remains constant is the primary vent. 

Recorded Example 47 

 
With a primary vent on V14, RE-47 covers a tube range of a tritone chromatically 

with a fairly consistent resonance spectrum. 
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Recorded Example 48 

 
This double-vented scale covers a near-chromatic range of a tritone. 

Recorded Example 49 

 
The accessibility of secondary scales tends to increase as the primary vent is 

moved up. RE-49 covers eight consecutive vents, from V7 to V14. 

Recorded Example 50 

 
In this parallel compound tertiary scale (RE-50) the primary and secondary vents 

are held constant, while the tertiary vent moves in parallel with the tube length.  

Recorded Example 51 
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In this compound primary scale (RE-51) the single vent moves in parallel with the 
changing tube.  

Recorded Example 52 

 
In RE-52, the vent moves in contrary motion to the tube. 

EXTENDED SCALES 

In the following two scales, the primary vent ranges across all three areas — right 
hand, left hand, and palm keys. Because changes in the position of the primary vent 
tend to have the most dramatic effect on the resonance spectrum, such scales tend to 
have dramatic changes in aural effect. 

Recorded Example 53 

 
Built on the B∫ tube, this ”simple” vent scale (RE-53) covers all 15 vents available 

on the instrument used for these recordings. 

Recorded Example 54 
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More complex formally, but considerably more accessible, RE-54 contains the 
same vent sequence as RE-53, but it utilizes several tubes. Because the tube does not 
change regularly, as it would in a normal compound scale, this scale is considered to 
consist of fragments of various simple and compound scales, and is therefore 
classified as a hybrid scale. 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7   
T H E  M U L T I P H O N I C  

M A S T E R  S C A L E  

A large set of saxophone multiphonics, arranged in ascending order, comprises a 
Multiphonic Master Scale. A Master Scale may be seen as analogous to a monophonic 
microtonal scale consisting of an indeterminate number of pitch-classes. Although 
the unabridged Multiphonic Master Scale includes all possible multiphonics, more 
practical and useful is a select Master Scale, such as the one presented in Table 3. 

To put a list of multiphonics in ascending order, it is necessary to identify a sort 
order for the multiphonic code — that is, the priority of the various components of the 
code must be determined. The ordering of a Master Scale is similar to 
alphabetization, in that the components of the code are sorted from left to right, and 
entries may be added or deleted as convenience dictates, without compromising the 
integrity of the scale.  

Because of the three dimensions of multiphonic scales, ascending order of a 
Master Scale actually means ascending, shortening, and increasing order. The 
ordering of a Multiphonic Master Scale includes five major sort levels: 

1. Primary vent. All multiphonics are arranged in ascending order of primary vent. 

2. Secondary vent. Multiphonics with the same primary vent are arranged such that 
uni-vented multiphonics precede bi-vented multiphonics, and bi-vented multiphonics 
are arranged in ascending order of secondary vent. 

3. Tertiary vent. Multiphonics with the same primary and secondary vents are 
arranged such that bi-vented multiphonics precede tri-vented multiphonics, and tri-
vented multiphonics are arranged in ascending order of tertiary vent. 
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4. Tube length. Multiphonics with identical vent components are arranged from 
longest to shortest tube. Star tubes immediately follow their non-starred equivalents. 

5. Load. Multiphonics with identical vent and tube components are arranged in 
order of increasing load. Load-keys are sorted from first to last, each in ascending 
chromatic order. 

Any multiphonic can thus be properly located in a Master Scale, which may 
include as many or as few multiphonics as are deemed appropriate. The Multiphonic 
Master Scale in Table 3 includes all multiphonics in the, Caravan, Kientzy, Leonard, 
and Londeix, and Mason lists;  all multiphonics appearing in the musical works listed 8

in the Bibliography; and several multiphonics not appearing in any of these sources.  

Table 3 is arranged in seven columns. Column 1 (Code) lists the multiphonics that 
make up this select Master Scale. Columns 2-6 reference listings or mentions of those 
multiphonics by Caravan, Kientzy, Leonard, Londeix, and Mason. Column 7 (Found in 
X works) indicates the number of musical works from the Bibliography in which the 
multiphonic on that line is found. 

Numbers in Columns 2-6 are those assigned to that multiphonic by the respective 
author. Checks indicate that the author included it in his book, but did not assign it a 
number. The Kientzy column contains both numbers and checks. The numbers are 
those he assigned in the section on alto saxophone multiphonics; a check indicates 
that he included that multiphonic elsewhere in the book, but not in the alto 
saxophone list. 

Occasionally, a source indicates an ”optional” key — almost invariably an additional 
load key, though, of course, not identified as such. In all such cases, optional keys are 
not included in the code.  

Although the Multiphonic Master Scale found in Table 3 includes virtually all 
multiphonics currently in use, it is not simply a listing of multiphonic possibilities. 
Rather, the Multiphonic Master Scale represents a conceptual structure that can be 
applied to any multiphonic context, thereby giving order to the saxophonist's 
multiphonic universe. 

 Caravan, Extensions of Technique; Kientzy, Les sons multiples; Leonard, Extended Technique; Londeix, 8

Hello! Mr. Sax; Mason, ”Multiphonic Resources.”
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Code Caravan Kientzy Leonard Londeix Mason Found in X Works

0/Bb 5 3

0/Bb* √ 1 3

0/Bb/Eb 0

0/B √ 2

0/B* √ 2 3

0/C 7 2

0/C* √ √ 3 2

0/C# 8 1

0/C#* 4 0

0/D √ 1

0/D* 0

0/Eb √ 1

0/Eb* 1

0/Eb/Bb √ √ 1

0/Eb*/Bb 1

0/Eb/C# 74 0

0/E √ 1

0/E* 1

0/E*/Bb √ 0

0/E/Eb 24 0

0/E*/Eb 25 0

0/E*/Eb-Bb 1

0/E*/Eb-B √ 0

0/E/Eb-C# 17 0

0/E*/Eb-C# √ 18 2

0/F √ 0

Table 3. The Multiphonic Master Scale
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0/F/Bb √ 0

0/F*/Bb √ √ 1

0/F*/B 1

0/F/Eb 1

0/F*/Eb 1

0/F*/Eb-Bb 1

0/F# √ 1

0/F#*/B 1

0/F#/Eb 1

0/F#*/Eb*C# 1

0/G √ 2

0/G* 49 2

0/G/Bb √ 0

0/G*/F# 1

0/G# √ 1

0/G#* 50 2

0/A √ 0

0/A* 1

0/•Bb √ 0

0/•Bb* 1

0/•B √ 1

0/•B* 0

0/•C √ 0

0/•C* 0

0/•C# √ 0

0/•C#* 0

0/•D √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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0/•D* 0

0/•Eb √ 0

0/•Eb* 0

0/•E √ 0

0/•E* 0

0/•F √ 0

0/•F* 0

1/Bb 1 1 √ √ 19

1/Bb* 2 0

1/B 41 72 0

2/Bb 2 119 √ 3

2/B 3 120 √ 3

2/C √ 0

2.1/Bb 3 2

2.1/Bb* 4 2

2.1/B √ 73 1

2.1/B* 1

3/Bb 4 13 √ √ 19 14

3/B 5 47 √ √ 20 8

3/B* 1

3/C 60 √ 22 4

3/C* √ √ 23 3

3/C# 24 0

3.1/Bb 22 9 2

3.1/Bb* √ 10 0

3.1/B √ 11 0

3.1/B* 12 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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3.2/Bb 15 13 0

3.2/Bb* 14 0

3.2/B 49 15 0

3.2/B* 16 0

3.2.1/Bb* 1

4/Bb 6 19 √ √ 36 7

4/B 7 √ √ √ 34 16

4/B* 36 0

4/C 8 63 √ √ 31 3

4/C* √ 32 2

4/C# 78 33 0

4/C#* 37 0

4/D 1

4/D/C# 1

4.1/Bb √ 0

4.1/Bb* √ √ 0

4.1/B* √ 0

4.2/Bb √ 0

4.3/Bb 9 36 √ √ 26 5

4.3/Bb* 27 0

4.3/B √ 28 1

4.3/B* 29 1

4.3/C 30 1

4.3/C* √ 3

4.3.1/Bb* 1

4.3.2/Bb 37 0

5/Bb 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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5/B 50 0

5/C 10 √ 3

5/C# 0

5/D 0

5.1/Bb 10 √ 0

5.1/B 45 1

5.2/C# 0

5.3/C 62 0

5.3/C# 0

5.4/Bb 1

5.4/B 52 √ 0

5.4/C 106 √ 1

5.4/C# 0

5.4.3/Bb 38 0

5.4.3/B 59 0

5.4.3/C# 1

6/Bb 129 √ 2

6/Bb* 1

6/B 11 √ √ 3

6/C 12 67 √ √ 40 30

6/C* √ 2

6/C# 13 80 √ √ 42 1

6/C#* 41 0

6/D 84 3

6/D* √ 1

6/E* 38 2

6/E/B √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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6.1/Bb 25 1

6.1/B* 39 1

6.2/Bb 1

6.3/Bb* √ 0

6.3/B 58 0

6.3/B* √ 0

6.3/C 72 2

6.3/C* √ 0

6.4/B √ 0

6.4/B* 14 0

6.4/C 76 1

6.4/C* 47 1

6.4/C#* √ 48 2

6.4/D* 43 2

6.4/D*/C# 46 0

6.4/Eb 1

6.5/C 1

7/Bb √ √ 2

7/Bb* √ 2

7/B √ 0

7/C# 1

7/D 85 1

7/Eb 15 86 √ √ 52 14

7/Eb/Bb 16 27 √ 2

7/Eb/B 54 √ 53 1

7/Eb/C# 3

7/E 51 1

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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7.1/Bb 26 0

7.1/B 53 1

7.2/Bb 1

7.2.1/B √ 0

7.3/Bb √ 0

8/B √ 0

8/C 1

8/C* 1

8/D 81 0

8/Eb 17 130 √ 6

8/Eb/Bb √ √ 0

8/Eb/B √ √ √ 0

8/E 18 88 2

8/E/Bb √ 0

8/E/B √ 0

8/E/Eb √ √ 1

8/E/Eb-Bb √ √ 0

8/F/C √ 0

8.1/Bb 5 √ 1

8.1/B 42 √ 1

8.2/C 1

8.2.1/Bb 6 1

8.2.1/B 43 0

8.3/Bb 14 √ 0

8.3/B 48 √ 1

8.3/B* √ 0

8.3.1/Bb 24 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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8.3.1/B √ 0

8.4/D*/Bb √ 0

8.4.1/Bb 23 √ 0

8.4.3/Bb √ 0

8.6/D 1

8.6/E √ 0

8.7.1/Bb 28 0

9/C √ 0

9/D 87 √ 1

9/Eb 19 83 √ 60 4

9/Eb/Bb √ √ 0

9/Eb*/Bb √ 0

9/Eb/B √ 0

9/Eb/C# 118 √ 0

9/E 20 54 5

9/E* √ 1

9/E/Bb 2

9/E/C# 96 √ 56 2

9/E*/C# 1

9/E/Eb 115 59 7

9/E*/Eb √ 2

9/E/Eb-C# √ 0

9/E/Eb-Bb 117 √ 0

9/F* 1

9.1/Bb 1

9.2.1/Bb 1

9.2.1/B 56 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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9.3/Bb √ √ 0

9.3/C* 57 0

9.3/C# 58 0

9.3.2/Bb 55 0

9.3.2/C 116 0

9.4/B √ 1

9.4/C* 1

9.6/C* 1

9.6/D 1

9.6/E* 1

9.7/Bb √ 1

9.7/Eb/Bb √ 75 0

9.7/Eb*/Bb 138 0

9.7/F* 1

9.7.1/Bb √ 0

10/C# 138 √ 0

10/D 82 0

10/Eb 2

10/Eb/Bb √ 0

10/E 21 89 1

10/E/Bb √ 0

10/F 22 0

10/F* 1

10/F/C √ √ 0

10/F#/C-Bb √ 0

10.1/Bb √ 0

10.1/B 44 √ 2

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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10.3/Bb 18 √ 0

10.3/B √ 0

10.3/C 61 0

10.3/C# 77 √ 0

10.4/Bb √ 0

10.4/B 51 1

10.4/C 64 √ 0

10.4.3/Bb √ 0

10.5/E/Bb √ 0

10.5.3/Bb √ 0

10.5.3/C √ √ 0

10.6/Bb √ 0

10.6/B √ √ 0

10.6/C √ 0

10.6/Eb/Bb 32 0

10.6/E/Bb √ 0

10.6.1/Bb 30 1

10.6.1/B 56 0

10.6.4/C 134 0

10.6.1/Bb 29 0

10.9/D 1

10.9.3/C 97 0

11/C √ 0

11/C# √ √ 0

11/D √ √ √ 2

11/D* 122 √ 0

11/E 64 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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11/E* 1

11/E/Bb 1

11/F 30 105 61 4

11/F/Bb √ √ 63 5

11/F/Eb-Bb √ 2

11/F/Eb-C-B √ 0

11/F# 31 1

11/F#/Eb-Bb 1

11.1/Bb 31 √ √ 0

11.1/B 57 √ 3

11.2/Bb √ 0

11.2/B √ 0

11.2/C √ 0

11.3/Bb √ 0

11.3/C 29 1

11.3/C# 1

11.4/Bb 107 √ 71 0

11.4/B 108 0

11.4/CC 24 109 √ 3

11.4/C# 110 √ 0

11.4/Eb 65 0

11.4.1/Bb 70 0

11.5.1/B 1

11.5.4/Bb 111 0

11.5.4/B 112 0

11.5.4/C 113 0

11.5.4/C# 114 √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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11.6/Bb √ 0

11.6/B 128 √ 69 3

11.6/C 26 127 66 4

11.6/Cc* 67 0

11.6/C# 27 √ 68 2

11.6/D 26 √ 62 1

11.6/D* 1

11.6/Eb/Bb 40 0

11.6/Eb/B √ 0

11.6/E √ 2

11.6/E/Bb √ 0

11.6/E/B √ 0

11.6/E/C# 94 √ 0

11.6.1/Bb 39 0

11.6.1/B 25 √ 0

11.6.3/Bb √ 0

11.6.3/B √ 0

11.6.3/C 95 0

11.6.3/D √ 0

11.7/E* 1

11.8/F/Bb √ 0

11.8.1/Bb 34 0

11.8.7/Eb 0

11.10/G/D-C 136 0

11.10.1/Bb 35 0

11.10.4/C 135 0

11.10.6/D/B √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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11.10.6/E/Bb √ 0

12/Bb √ √ 0

12/Eb 90 2

12/Eb/Bb √ 0

12/Eb* 1

12/Eb/Bb √ 0

12/E 90 0

12/E/Eb-Bb √ 0

12/F √ 0

12/F* 1

12/F/Bb √ 0

12/G 1

12/G* 1

12/G/Bb √ 0

12/G# 1

12/A* 1

12.1/Bb 8 0

12.2/Bb √ 0

12.2.1/Bb 9 0

12.3/Bb √ √ 0

12.3/B √ √ 1

12.3/C 74 0

12.3.2/Bb √ 0

12.4/Bb √ 0

12.4/B √ √ √ 0

12.4/C √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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12.4/C# √ 0

12.4/D √ 0

12.4/Eb/Bb √ 0

12.4.1/Bb √ 0

12.4.1/B √ 0

12.5/Bb 12 0

12.5.1/Bb √ 0

12.6/Bb 21 0

12.6/B √ √ 0

12.6/C 68 √ √ 1

12.6.3/C √ √ 0

12.7/Eb* √ 0

12.6.4/C √ 0

12.7/C* √ 0

12.7/D* √ 0

12.7.3/B √ 0

12.7.3/C 73 0

12.8.4/C √ 0

12.9.7/C* √ 0

12.9.7/Eb* √ 0

12.10.4/C √ 0

12.10.6/C √ 0

12.11/D √ √ √ 1

12.11.1/Bb 124 √ 0

12.11.1/B 123 2

12.11.2/Bb √ 0

12.11.2/B √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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12.11.6/Bb √ 0

12.11.6/B √ 0

12.11.6/E 91 0

12.11.8/F/Bb √ 0

12.11.10/G/D 137 0

1./Bb √ 0

13/B* 0

13/Eb/Bb √ 0

13/E √ 1

13/E* 1

13/F/Bb √ 0

13/G/Bb √ √ 0

13/G#* 1

13/A √ 0

13/A* 3

13/•B* 1

13.1/Bb √ 1

13.2.1/B 1

13.3/Bb 16 1

13.3/B √ 0

13.3/B* 32 0

13.3/C √ √ 0

13.3/C* √ 1

13.3/C# √ 0

13.4/Bb √ 0

13.4/B √ 0

13.4.3/B √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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13.4.1/B 46 0

13.5.3/Bb √ 0

13.6/Bb √ 0

13.6/B √ 0

13.6/C 69 √ √ 1

13.6/C# √ 0

13.6/D √ 0

13.6/D* √ 0

13.6/E √ 0

13.6.1/Bb √ 0

13.7/C √ 0

13.10/D 139 0

13.11/A 1

13.11/A* 1

13.11.2/C √ 0

13.11.6/Bb √ 0

13.11.6/B √ 0

13.11.6/E 92 0

13.12/Ee √ √ 4

13.12/Eb* 1

13.12/E √ 0

13.12/E/Eb-Bb √ 0

13.12/E* √ 0

13.12/E/Eb-C-B √ 0

13.12/A* 1

13.12/A*/E-D 1

13.12.3/Bb √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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13.12.3/C 75 0

13.12.3/C* √ 0

13.12.4/B √ 0

13.12.4/C √ √ 0

13.12.6/D/Bb √ 0

13.12.7/B* √ 0

13.12.7*C* √ 0

13.12.7/D* √ 0

13.12.7/Eb √ 0

13.12.7/Eb* √ √ 0

13.12.10/F/D-C √ 0

13.12.11/C* √ 0

14/Bb √ 0

14/Bb* 1

14/C √ 0

14/E √ 1

14/F √ 0

14/F/Bb √ √ 0

14/F#/Bb √ 0

14/G/Bb √ √ 0

14/A 2

14/A* 98 0

14/A*/E √ 0

14/•Bb √ 0

14/•Bb* 99 √ 1

14/•B* 100 √ 0

14/•C* 101 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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14.3/Bb √ 0

14.3/C 66 √ 1

14.4/C 65 0

14.4/C# 79 √ 1

14.4.1/Bb √ 0

14.4.1/B √ √ 0

14.4.3/Bb √ √ 0

14.5.1/B 1

14.6/Bb √ 0

14.6/C √ 2

14.6/D √ 0

14.6.3/C √ 0

14.6.3/C#* √ 0

14.9/E 1

14.10.6/C 1

14.11/E* 1

14.6/E 93 0

14.12/Eb 1

14.12.4/D √ 0

14.13/Bb √ 0

14.13/C √ 0

14.13/E √ √ 0

14.13/A 1

14.13.3/C √ 0

14.13.6/D √ 0

14.13.11/A 1

14.13.12/E* √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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14.13.12/F/Bb √ 0

14.13.12/A/E-D-C √ 0

14.13.12/A/F-E-C √ 0

15/Bb √ 0

15/B* 1

15/C* 1

15/Eb/Bb √ 0

15/F √ 1

15/F* 1

15/G √ 0

15/G/Bb √ 0

15/A √ 0

15/A/G# √ 0

15/•Bb √ 0

15/•Bb/F √ 0

15/•Bb* √ 0

15/•B √ 0

15/•B* √ 1

15.1/Bb √ 0

15.4/Bb √ 0

15.4/C#* 1

15.4/D 1

15.4/D* 1

15.4/D*/C# 1

15.4/Eb* 1

15.4.3/Bb 131 0

15.4.3/C 102 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works

75



15.6/Bb √ 0

15.6/B √ √ 1

15.6/C 71 √ √ 0

15.6/D √ 0

15.6/Eb 1

15.7/D √ 0

15.7/E √ 0

15.7/F √ 0

15.8/E* 1

15.11/Eb √ 0

15.14/•C# 1

15.14.13/•C#* 1

16/F#/D-Bb √ 0

16/F#/D-B √ √ 0

16/G √ 0

16/G/Bb √ 0

16/G/C √ 0

16/G/C-Bb √ 0

16/G/F#-D-B √ 0

16/G# √ 0

16/G#/C √ 0

16/A √ 0

16/•Bb √ 0

16/•B √ 0

16.5.4/Bb √ 0

16.5.4/B √ 0

16.5.4/C √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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16.5.4/D/Bb √ 0

16.6/Bb √ √ 0

16.6/C √ 0

16.11/G √ 0

16.11/A √ 0

16.13.6/C √ 0

16.13.6/D √ 0

16.13.6/E √ 0

16.14/F/Bb √ 0

16.14.11/A/G# √ 0

16.15/B √ 0

16.15/F#/D √ 0

16.15.14/B √ 0

16.15.14/A √ 0

Code Caravan Kientzy Leonard Londeix Mason Found in X Works
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8   
P H Y S I O L O G Y  O F  

M U L T I P H O N I C  T O N E  
P R O D U C T I O N  

There are no special techniques that a saxophonist must learn in order to produce 
multiphonics. The physiology of multiphonic tone production is identical to the 
physiology of monophonic tone production in all but one respect: multiphonics 
require greater range and precision of control. 

Making music on the saxophone is never a matter of simply pushing buttons and 
blowing. The player must constantly make complex and subtle adjustments to the 
embouchure, oral cavity, and air stream. Generally, these adjustments are 
subconscious, being strictly in the service of musical considerations. To appreciate the 
degree of refinement necessary for even monophonic tone production, it may be 
helpful to consider some of the difficulties encountered by the novice saxophonist.  

To begin with, a novice may produce C5, when C4 is intended; may be unable to 
produce G5 without cracking; may be unable to produce D6 or notes above it at all. It 
is unlikely that a novice will be able to play every note in tune, and it is virtually 
impossible for a novice to play throughout the range of the instrument with a 
consistent timbre.  

All of this will come as no surprise to the experienced player, who has 
encountered these problems along the way. Consciously or unconsciously, however, 
the experienced player has developed techniques to overcome these inherent 
difficulties. To understand what these techniques are, and how they may be applied to 
multiphonic tone production, one might first consider what factors are, in fact, under 
the control of the saxophonist. 
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First, a player has control of the equipment used. However, although a better-
quality instrument surely has superior timbral qualities, even the finest instrument will 
not in itself enable a novice to overcome the saxophone's inherent difficulties. The 
same may be said of the mouthpiece. Some might suggest that the reed is a crucial 
factor, but — disregarding the case of an outright defective reed — a sufficiently 
experienced player will be able to overcome mere acoustical problems with even a 
bad reed, while a novice can scarcely tell a bad reed from a good one. 

Second, a player has control of air stream. Factors which affect the air stream may 
be categorized as relating to breath pressure, embouchure, and oral focus of the air.  

In regard to breath pressure, there are two skills that a player must develop: 
intensity and consistency. Sufficient intensity is essential for maintaining a desirable 
tone at all dynamic levels and in all registers. Consistency is essential to sustaining 
these tones. Most multiphonic tones require greater breath pressure — more intensity 
— than do monophonic tones: the reed simply requires more energy to vibrate at 
several frequencies simultaneously. Furthermore, changes in breath pressure tend to 
have dramatic effects on the quality of multiphonics, therefore the need for 
consistency is also greatly increased. 

As breath pressure increases, a greater demand is placed on the seal which forces 
the breath into the mouthpiece. As a consequence, greater force must be exerted by 
the embouchure to contain that air. The novice to multiphonics might interpret this as 
a need to ”bite” to produce multiphonics. A more accurate view is that it is often the 
case that increased breath pressure and reed resistance require greater lip strength 
and more jaw pressure. 

Focus is a term often applied to manipulations of the oral cavity, including what 
Raymond Wheeler has described as  

the fantastically complex, plastic shapes the tongue assumes in its role as an 
articulating device and as an air pressure valve that manipulates the air stream 
after it passes through the larynx and moves through the lower, middle, and 
upper throat, over the top of the tongue, and finally into the reed-mouthpiece 
aperture.  1

The X-ray motion picture images of the oral cavity that Wheeler produced support 
his contention that the tongue must assume a particular position for each pitch 

 Wheeler, ”Tongue Registration and Articulation for Single and Double Reed Instruments,” 4.1
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produced on a reed instrument: ”For skillful playing, [the performer] must develop 
muscle memory of specific tongue shapes.”  2

The skill to accurately and consistently make subtle adjustments in focus is 
perhaps the single most significant skill that a saxophonist must develop. Control over 
focus, however, is not easily acquired:  

Muscles which shape the main body of the tongue are not completely under 
voluntary control. While instinctive motions of swallowing and sucking are 
present at birth, further skills are learned very slowly through trial and error.  3

The tongue is not the only muscle that must be brought under control in order to 
focus the air stream. Writing in Acustica, Clinch, Troup, and Harris describe a similar 
series of ”X-ray fluoroscopic examinations.” They argue that the entire vocal tract, 
including the pharynx and larynx, must be adjusted so that ”vocal tract resonant 
frequencies ... match the frequency of the required notes.”  4

Robert Dick would agree. In a conversation with the author,  he described a 5

teaching technique in which he asks students to sing a pitch they are about to play, 
and then to maintain that exact oral shape as they blow into the flute — asserting that 
this practice will ensure that the oral cavity is properly tuned to the fingered pitch. 

All of this leads to the conclusion that the chamber that establishes the resonance 
spectrum includes not only the mechanical device called the saxophone, but the 
body of the saxophonist as well: The saxophonist is part of the acoustical system. The 
sonority that a saxophonist produces is the result of a complex interaction between 
the resonance spectrum of the saxophone and the internal resonance spectrum of 
the saxophonist. 

In order to produce multiphonics, proper focus is so critical, so subtle, that the 
novice will find that many fingerings don't seem to work, or are unstable. In reality, a 
continuum of multiphonic conducivity exists, ranging from multiphonics that speak 
immediately within a broad range of focal parameters to multiphonics that can only 
be found with a great deal of experimentation, and can only be sustained with a very 
precise oral setting.  

 Ibid, 5.2

 Wheeler, ”New Technology Refutes Old Techniques,” 68.3

 Clinch, Troup & Harris, ”Importance of Vocal Tract Resonance in Clarinet and Saxophone Performance, 4

A Preliminary Account,” 280.
 Dick, Conversation with the author at Western Oregon University.5
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Although the focal techniques used in producing multiphonic sonorities are, in 
essence, no different from those used to produce monophonic sonorities, the degree 
of refinement required is of another order. This fact suggests that multiphonics have 
not only inherent musical value, but pedagogical value as well. The increased control 
of air pressure and sensitivity to focal parameters that must accompany multiphonic 
practice are equally applicable to monophonic tone production. Simply put, an 
increase in control of multiphonic tones inevitably results in an increase in control of 
monophonic tones. 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9   
C O N C L U S I O N  

The Scalar Model is a multiphonic system based on an acoustical/mechanical view 
of the saxophone as a set of resonating chambers. It accomplishes three major 
objectives in providing for the saxophonist:  

1. an organizational structure of multiphonic potential, 
2. a concise code for identifying multiphonic fingerings, and 
3. a means of defining and classifying multiphonic scales. 

Multiphonics are defined by the Scalar Model in terms of fingerings, which in turn 
are defined in terms of three components: vents, tubes, and load keys. The 
multiphonic code, a formal representation of the these three components, may 
appear in horizontal or vertical formats. A multiphonic scale is any series of 
multiphonic fingerings in which one or more of the components of the code follows a 
logical sequence. Multiphonic scales occupy three dimensions — corresponding to 
vent location, tube length, and load key weight — and are classified accordingly.  

Any set of open and closed holes on the saxophone — any fingering — establishes 
a particular resonance spectrum, determined by the physical properties of the 
system, and hence a spectrum of pitch potential. The actual sonority produced by a 
given fingering is determined by additional factors, the most important of which is the 
player’s manipulation of the air column. 

By extension, it can be seen that a multiphonic scale does not represent a single 
sequence of sonorities, but an indefinitely broad range of potential sonorities. The 
nature of the potential is shaped and limited by the acoustical properties of the 
resonating chambers established by the individual fingerings, but the actual 
sequence of sonorities may vary instrument to instrument, from player to player, and 
from performance to performance. 
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Nevertheless, it would be inaccurate to say that the aural properties of multiphonic 
scales are entirely unpredictable. Given a particular multiphonic scale, the degree of 
aural consistency with which an individual player may perform that scale from 
performance to performance is limited only by that player’s level of skill. The degree 
of consistency that is possible from player to player, however, is a more complex 
matter. It is quite likely that a high degree of consistency is achievable, but that certain 
limitations exist due to factors not entirely under the control of the players — for 
example, size and shape of the oral cavity. In any event, this is an aspect of 
multiphonic theory that warrants further study.  

 The Scalar Model is a formal system: multiphonic fingerings and scales are 
defined in formal terms. As a formal system, the Scalar Model is a representation of 
the universe of saxophone multiphonics, and as such it suggests a set of implications 
for saxophonists, for other woodwind players, and for composers. 

IMPLICATIONS FOR SAXOPHONISTS 

The universe of saxophone multiphonics may be seen as an intricate web of 
relationships. Any given multiphonic can be located appropriately within this web, 
and its properties compared with those of other multiphonics. Comparisons may 
include physical properties, such as length of tube, location of vents, and number and 
placement of load keys; acoustical properties, such as multiphonic conducivity and 
resonance spectrum; and aural properties, such as range and nature of achievable 
sonorities.  

Inherent in the Scalar Model is a feature whereby multiphonics with similar formal 
characteristics have similar physical properties. For example, all multiphonics with a 
primary vent at V12 — a formal characteristic — do indeed have an open hole at the 
location of the High D tone hole — the corresponding physical property. Inherent also 
is a postulate that multiphonics with similar physical properties tend to establish 
similar resonance spectrums, and hence may have the potential of producing similar 
sonorities. The degree to which multiphonics with similar physical properties do 
establish similar resonance spectrums is by no means entirely predictable, yet the 
Scalar Model offers a useful framework for exploring this relationship. 

The scales presented in Chapter 6 are examples of this kind of exploration. 
Saxophonists who wish to apply the principles of the Scalar Model to their own study 

                                                                                                                                                                       83



of the instrument may begin with these examples, though any familiar multiphonics 
may serve as starting points.  

IMPLICATIONS FOR OTHER WOODWIND PLAYERS 

The Scalar Model for saxophone multiphonics is intended as a broad revision of 
the common approach to multiphonics in general, and a detailed explanation of how 
this new approach applies to saxophone multiphonics in particular. The principles 
underlying the Scalar Model are equally valid for the other woodwinds. Any system, 
however, that applies these principles to other woodwinds must take into account a 
factor not encountered when dealing solely with the saxophone: the ability to half-
hole — inherent in all other woodwinds, save the plateau-style flute. Half-holing ability 
may greatly increase the multiphonic potential of an instrument, inasmuch as certain 
vents will have three possible positions: open, closed, or half-open. This may demand 
a somewhat more complex notational system, but it does not change the basic 
function of a vent in the overall acoustical system. With appropriate refinements, a 
scalar model may be developed for other woodwinds which closely parallels the 
model presented here. 

IMPLICATIONS FOR COMPOSERS 

Composers who wish to use the Scalar Model to inform their compositional 
decisions may find it to be a useful tool for generating musically effective and 
practically achievable series of multiphonics. In addition, the notational system 
proposed here is a concise and effective alternative to traditional fingering diagrams. 
Although scalar notation may be used in conjunction with pitch notation, composers 
might consider the suggestion that attempts to specify the pitch content of 
multiphonics could be more confusing than helpful for the performer.  

The approach implied by the Scalar Model is to define multiphonic passages in 
terms of fingerings. For the sake of illustration, suppose that, in consultation with a 
saxophonist, a composer chooses an appropriate multiphonic scale. The exact 
sonorities produced by the collaborating saxophonist are but one realization of the 
scale — there may be several equally effective realizations. The sequence of 
fingerings, along with rhythm and expressive indications, define the limits, but the 
actual parameters of the sonorities may vary within those limits — from player to 
player, or from performance to performance.  
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This approach to multiphonics may seem at first glance to leave too much of the 
compositional process in the hands of the performer. Another view might be that the 
approach to notation implied by the Scalar Model clarifies the practical limits of the 
composer’s ability to control a performance. 

The idea of limits is not new: the history of conventional notation reflects the 
increase of control composers have sought to exert over performances of their music 
throughout the centuries. However, inevitably, composers must trust performers with 
the final nuances of the music. For example, while composers are presently 
accustomed to specifying pitch and rhythm with a high degree of precision, attack 
and decay envelopes are more difficult to define precisely, and timbre is rarely 
mentioned. 

At what point, then, must composers relinquish control of the performance, when 
dealing with multiphonics? The answer implied by the Scalar Model is that it is entirely 
reasonable for a composer to specify a sequence of multiphonic fingerings — and 
hence a sequence of resonance spectrums — and to expect performers to realize that 
sequence convincingly; but composers who specify the pitch content of each sonority 
may in fact be hampering the performer's ability to execute that sequence effectively. 

There is a broader implication here that multiphonics occupy a universe in which 
conventional notions of pitch relationships are incongruous. A more appropriate 
understanding of pitch relationships may well develop as multiphonics are explored 
further; but for the present, the Scalar Model provides its own context, so that aural 
relationships are best understood in terms defined by the model. 

CODA 

Today we have a rudimentary understanding of the universe of saxophone 
multiphonics, but enough perspective to determine that it is rich and complex. The 
Scalar Model is a vehicle designed to navigate that universe, and to build 
understanding in the process. It represents a comprehensive theory, based on an 
acoustical/mechanical understanding of the saxophone as a generator of a vast array 
of resonating chambers, each of which is capable of producing an indeterminate 
spectrum of pitches. The author hopes that saxophonists and others will find in the 
Scalar Model a useful tool for exploring new sonorities and expanding the 
boundaries of their musical universe. 
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B I B L I O G R A P H Y  

MUSICAL WORKS CONTAINING MULTIPHONICS 

Following each entry is a list of the multiphonics used in that work 

Adler, Samuel. Canto IV. Dorn. 
7/E, 9/E∫, 9.6/C#, 11/F/B∫, 11.6/D 

Albright, William. 1977. Doo-Dah. Dorn. 
0/G, 0/•B, 1/B∫, 4.3.1/B∫ *, 13/E, 13,G# *, 15.8/E*, 15.14/•C# 

Anderson, Tommy Joe. 1982. Impromptu. Dorn. 
4/B, 6/C, 3/B∫ 

Appledorn, Mary Jeanne van. 1982. Liquid Gold. Dorn, 1984. 
Pitches only: no fingerings given. 

Ballif, Claude. 1982. Solfeggietto #8. Editions Musicales. 
0/B∫ *, 1/B∫, 2.1/B∫ *, 3/C, 4/B, 4.3/B∫, 5.1/B, 6/C, 6/C#, 7/D, 7/E∫ /B, 7.1/B, 8/E∫, 8/E, 8.1/B, 8.2.1/
B∫, 9.1/B∫, 10/E∫ /B, 10/E, 10/E/B, 10.1/B, 10.4/B, 10.6.1/B∫, 11/F, 11.1/B, 11.3/B, 11.3/C, 11.3/C#, 
11.5.1/B, 11.6/C, 12.6/C 

Beall, John. 1976. Sonata. Southern. 
1/B∫, 3/B∫, 4/D/C#, 6/D, 8.6/D 

Benson, Warren. 1983. The Dream Net. Presser.  
0/B∫, 0/B, 0/B*, 0/E∫ */B∫, 0/E*/E∫-B∫, 0/E*/E∫-C#, 0/F*, 0/F*/B, 0/G*, 0/G# *, 2.1/B*, 2.1/B∫ *, 3/
C*, 3.2.1/B∫ *, 4/B, 4.3/C*, 6/C*, 6/D*, 6/E*, 6.1/B*, 6.1/B*, 6.4/D*, 7/E∫, 7/E∫ /C#, 9/E/E∫, 9/E*/
C#, 11.6/C, 12/E∫ *, 15/C*, 15/F*, 15.4/D*, 15.4/D*/C# 

Berio, Luciano. 1980. Sequenza IXb. Universal.  
3/B∫, 4.3/B∫ 

Blank, Allan. 1973. Three Novelties. Dorn. 
Pitches only: no fingerings given. 

                                                                                                                                                                       86



Bomberg, David. 1980. Interactions. Dorn, 1981. 
0/F*/E∫-B∫, 0/F# */B, 0/F# */E∫-C#, 9/E/C# 

Brenet, Therése. 1985. Calligramme. Billaudot. 
3/B∫, 3/B∫ *, 4/B, 4.3/C, 6/C, 7/E∫, 8/E∫, 8/E/E∫, 10.1/B, 11/F/B∫, 11.1/B 

Caravan, Ronald. 1976a. Sketch for Alto Saxophone. Seesaw. 
1/B∫, 2.1/B∫, 3/B∫, 4/B∫, 3/B, 4/B, 5/C, 5.4/B∫, 5.4/C, 6/C, 6/D, 7/E∫, 11/F/E∫-B∫ 

———. 1976b. Paradigms I. Dorn. 
1/B∫, 2/B, 2.1/B∫, 3/B∫, 4/B∫, 4.3/B∫, 5/C, 6/C, 6/D, 7/E∫ /C#, 8/E, 9/E/B∫, 9.2.1/B∫, 11/F, 11/F/E∫-

B∫, 11/F#, 11.6/C#, 12/G, 13.11/A, 15.6/B 

———. 1979a. Lament for an Unknown Infant Victim of War. Ethos. 
1/B∫, 3/B∫, 4/B∫, 5/C, 6/C 

———. 1979b. Monologue. Ethos. 
1/B∫, 2/B, 3/B, 4/B, 4/C*, 6/C, 6.4/C# *, 7/E∫, 7/E∫ /B∫, 8/E∫, 9/E∫, 9/E, 11/F, 11.4/C, 11.6/C#, 
11.6/E 

———. 1980. Improvisation. Ethos. 
3/B∫, 6/C, 8/E∫ 

Clayton, Laura. 1979. Simichai-Ya! Unpublished. 
7/B∫, 7/B∫ *, 9/E∫, 10/E∫, 13.12/E∫ 

Curtis-Smith, Curtis. 1976. Unisonics. Unpublished. 
Pitches only: no fingerings given. 

De Young, Lynden. 1981. Transformation. Dorn. 
0/C*, 3/B∫ *, 3/B, 4.3/B*, 6/E*, 9/E/E∫, 11.6/B 

Denisov, Edison. 1970. Sonate. Leduc, 1973. 
3/B∫, 6/C, 9/E/E∫ 

Diemente, Edward. 1972. Dimensions III. Seesaw. 
2.1/B, 3/B, 3/C, 6/C, 8.3/B, 12/E∫, 12/G#, 13/E*, 13.2.1/B, 15.4/D, 15.6/E∫ 

———. 1974. Mirrors IV. Seesaw. 
Pitches only: no fingerings given. 

Duckworth, William. 1970. Reel Music. Media. 
1/B∫, 3/B∫, 6/C, 9/E*, 9/F*, 9.6/E*, 13/A*, 14/•B∫ * 

———. 1976a. A Ballad in Time and Space. Seesaw. 
7/E∫, 13/A*, 13.12/E∫, 14/B∫ * 

———. 1976b. Pitt County Excursions. Seesaw. 
0/G*, 0/G# *, 7/E∫, 11.8.7/E∫, 13.12/E∫ * 
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Dutkiewics, Andrjez. 1978. Danse Triste. Zaiks, 1979. 
3/B, 6/C, 7/E∫, 9/E/E∫, 11.4/C, 11.6/C 

Faulconer, Bruce. 1972. Music for Saxophone and Percussion: 1972. Dorn, 1981.  
1/B∫, 3/B∫, 3/B*, 4/B∫, 6/B∫, 6.4/C# * 

Galante, Steven. 1974. Saxsounds I (Sealed with a Kiss). Dorn, 1980.  
7/E∫, 4/B, 3/B∫, 6.4/E∫, 1/B∫, 6/C, 6.1/B∫, 4/E∫ 

———. 1976. Saxsounds II (Cry Baby). Unpublished. 
Performer's choice 

———. 1978. Saxsounds III (Diminishing Returns). Encore. 
4/B, 6/C, 7/E∫ 

———. 1987. Shu Gath Manna. Galante. 
4/B∫, 4/B, 6/B, 6/C 

Goldstaub, Paul. 1981. Graphic IV. Dorn. 
3/B∫, 3/B, 3/C, 11/F, 11.6/E 

Hartley, Walter. 1976. Sonorities IV. Dorn. 
1/B∫, 3/B∫, 6/C, 7/E∫, 7.2/B∫, 9/E/E∫, 11/D 

———. 1977. Quartet For Reeds. Unpublished. 
1/B∫ 

———. 1979. Diversions. Ethos. 
3/B∫, 4.3/B, 6/C 

———. 1985. Sonorities VII. Ethos, 1986. 
9/E, 9/E/B∫, 11/F/B∫ 

Heussenstamm, George. 1971. Saxoclone. Dorn. 
Performer's choice. 

Huber, Nicolaus. 1982. In Pain and Sorrow. Leipzig: Breitkopf & Härtel. 
0/B∫, 1/B∫, 4/C, 6/C, 7/E∫, 8/E∫ /B∫, 9.4/C*, 11/F/B∫, 14/A 

Jolas, Betsy. 1983. Episode Quatrieme. Leduc, 1984. 
0/F*/B∫, 7/B∫, 9.7/B∫, 15/F 

Korte, Karl. 1973. Symmetrics. Seesaw, 1975. 
Pitches only: no fingerings given. 

Lamb, Marvin. 1979. A Ballad of Roland. Dorn, 1981. 
6/C, 9/E 
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Leguay, Jean-Pierre. 1983. Sève. Lemoine. 
3/B∫ * 

Lorentzen, Bengt. 1981. Round. W. Hansen, 1985. 
0/B, 1/B∫, 2/B∫, 3/B∫, 3/B, 3/C, 4/B, 6/B, 6/C, 6.2/B∫, 6.3/C, 6.4/C, 13.12/E∫ 

Mason, Thom David. 1974. Canzone da Sonar. Southern. 
0/B*, 0/C*, 3/B∫, 6/C, 7/E∫, 11.4/C, 11.6/C 

Matsushita, Isao. 1984. Atoll II. Ongaku No Tomo Sha. 
1/B∫, 4/B, 6/B, 6/C, 8/E∫ 

Mays, Walter. 1974. Concerto. Belwin-Mills. 
3/B∫, 4/B∫, 6/C, 6.4/D*, 7/E∫ /C# 

McCarty, Frank. 1971. Five Situations for Four Saxophones. Artisan. 
0/B∫ *, 0/B*, 0/E∫ *, 0/E*, 0/A*, 0/•B∫ *, 1/B∫, 3/B, 6/B∫, 6/B∫ *, 6/C*, 6.4/C*, 7/D*, 8/C, 8.1/B∫, 9/D 

Moevs, Robert. 1973. Paths and Ways. Dorn. 
Pitches only: no fingerings given. 

Moss, Lawrence. 1973. Evocation and Song. Carl Fischer. 
Pitches only: no fingerings given. 

Nagy-Farkas, Peter. 1980. Sonatine. Dorn. 
Pitches only: no fingerings given. 

Noda, Ryo. 1973. Improvisation 2. Leduc, 1975. 
0/F*/E∫, 0/F# /E∫, 0/F/E∫, 3/B∫, 9/E/E∫ 

———. 1975. Maï. Leduc, 1978. 
1/B∫, 2/B∫, 2/B, 3/B∫, 4/B, 6/C, 9/E 

———. 1982. Pulse 72±. Leduc, 1984. 
0/E∫ /B∫, 1/B∫, 2/B∫, 3/B∫, 3/C, 3/C*, 3.2/C, 4/B∫, 4/B, 4/C, 6/B, 6/C, 11/F/B∫, 11/F# /E∫-B∫, 11.6/
B, 13.3/C* 

Nodaï ra, Ichirò . 1983. Arabesque III. Lemoine. 
0/G*/F#, 4/B, 4.3/C*, 5.4.3/C*, 6/C, 6.5/C, 8/C*, 8.2/C, 9/E/E∫, 9/E*/E∫, 11.6/B, 12/F*, 12/G*, 12/
A*, 13/A*, 13/•B*, 13.11/A*, 13.12/A*, 13.12/A*/E-D, 14.13/A, 14.13.11/A, 15/•B*, 15.14.13/•C# * 

Ott, Joseph. 1973. Quartet for Solo Alto Saxophone. Dorn. 
Pitches only: no fingerings given. 

Reilly, Allyn. 1973. Two Pieces. Southern. 
0/E*/E∫-C#, 6/C, 9/E/C# 
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Rolin, Étienne. 1983. Aphorismes VII (de A à J). Lemoine. 
1/B∫, 1/B*, 3.1/B∫, 3/C, 4/B∫, 4/B, 4/C, 4/D, 4.3/C*, 6/C, 6.3/C, 7/E∫, 8/E∫, 11.1/B, 12.11/D, 
12.11.1/B, 14/E, 14/A 

Rossé, François. 1979. Le frêne égaré. Billaudot, 1981. 
0/B∫, 0/C, 3/B∫, 3/C*, 4/C*, 4.3/B∫, 6/C, 7/B∫ *, 7/E∫, 9.6/D, 11/D, 11/E/B∫ 

———. 1986. La main dans le souffle. Billaudot. 
4/C, 14.4/C, 14.4/C*, 12/E∫, 9/E/C#, 15/F/C, 11.5.4/C 

Smolanoff, Michael. 1972. Parables. Seesaw. 
Pitches only: no fingerings given. 

Snyder, Randall. 1972. Variations. Artisan, 1974. 
0/F#, 0/C, 0/E, 0/D, 0/E∫, 0/C#, 0/G, 0/G# 

Voirpy, Alain. 1981. Motum V. Lemoine. 
0/B∫ *, 3/B∫, 6/C, 9/E*/E∫, 9.4/B, 10/F* 

Weaver, Brent. 1985. Sonata. Unpublished. 
1/B∫, 7/B∫, 12/E, 13/E, 13/F, 13/F#, 13/G, 13/G#, 13/A 

Wildberger, Jacques. 1983. Portrait. Universal. 
4/B, 7/D#, 6/C, 9/E∫, 14.9/E, 3/C, 3.1/B∫ 
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