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ABSTRACT 

 

Daniel Harrison’s Harmonic Function in Chromatic Music, a Renewed Dualist 

Theory and an Account of Its Precedents (1994) offers a revised theory of harmonic 

function in which the interaction of individual scale degrees communicate functional 

relationships based on their memberships within the tonic, dominant, and subdominant 

triads, respectively.  According to the theory, functional discharge, which Harrison 

describes as the sense of tonal energy moving from one functional state to another, is the 

product of individual voice leadings rather than of root progressions.   

While Harrison provides logical and convincing evidence based on speculative 

theory to support his views, since the publication of Harrison’s book, further theoretical 

research has surfaced concerning tonal attraction between musical entities.  Fred 

Lerdahl’s Tonal Pitch Space (2001) develops a quantitative model of how listeners 

perceive the relative strength of different chord progressions that is congruent with 

research by others in psychoacoustics.   

The indisputable web of connections between the psychology of how we hear 

music and the development of function theory begs the question of how Harrison’s 

revised function theory and Lerdahl’s theory of tonal attraction relate to one another.  

Through their own distinct methodologies, they each readdress the original question of 

how tonal connections are made and perceived.   

 v



This dissertation investigates the connection between the psychology of how we hear 

music and function theory through comparisons of melodic and harmonic attractions in 

progressions that communicate a change in function.  By doing so, it is my intent to 

show: 1) that semitonal voice leadings produce the most harmonic attraction in a change 

from one harmonic function to another, with root movements supplying the remainder; 2) 

that the perceived harmonic discharge between two chords is greater in cases where there 

is a functional discharge involving diatonic semitonal voice leading onto tonic than in 

cases where there is not; 3) that small changes in voice leading can amount to significant 

changes in attraction; and 4) that functional discharges are heard as having different 

strengths because of the differences in chordal distance and voice-leading attraction 

between the functional members. 
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CHAPTER I 

INTRODUCTION 

       

One of the aural and cognitive tasks (and pleasures) of listening to music 

is following the flow of harmonic motions within a diatonic space.  This 

dissertation investigates how listeners of tonal music hear changes in harmonic 

function, assuming a Riemannian perspective that parses all harmonies into just 

three functional categories: tonic, dominant, and subdominant.  To better 

understand the direction of this dissertation, it is first helpful to briefly examine 

the origins of music perception. 

Music theorists have long been concerned with how listeners perceive 

chordal progressions, especially those that involve a change of harmonic function.  

In the opening paragraph of Lehre von den Tonvorstellungen (1914-15),1 Hugo 

Riemann states that he has long been concerned with how music is not only heard 

but also perceived in the listener’s mind: 
 
A guiding principle that extends throughout my music-theoretic 
and music-aesthetic work from the time of my dissertation…is that 
music listening is not merely a passive processing of sound effects 
in the ear but, on the contrary, a highly developed manifestation of 
the logical functions of the human intellect (Wason 81). 

 

                                                 
1 Robert W. Wason and Elizabeth West Marvin (1992:71-75) describe the complexity of translating the 
term Tonvorstellungen.  Through arduous research they settled on “the imagination of tone” as Riemann’s 
meaning in the title.  They also uncovered other uses of the term by Riemann for “tonal imagination,” 
“tonal understanding,” “tonal images,” and “tonal conception.”  The authors also propose that under 
different circumstances, this work “might well have been the first step towards a ‘Theory of Musical 
Perception.’” (77). Also, see Elizabeth West Marvin (1987) concerning Riemann’s notion of 
Tonvorstellungen.   

 1



While music perception was clearly at the forefront of Riemann’s extensive research, he 

owed a large debt for the formation of his harmonic theory to Moritz Hauptmann and 

Hermann von Helmholtz, two music theorists who were pivotal in the early development 

of music psychology.   

Hauptmann’s main work, Die Natur der Harmonik und der Metrik (1853) paved 

the way for a new approach to thinking of harmonic relationships through his use of 

deductive reasoning.2  Its “Hegelian” style and terminology was a unique philosophical 

approach to understanding musical phenomena as an autonomous system where the 

octave, fifth, and major third were the building  blocks of all harmony rather than as an 

all-inclusive system founded on the harmonic series that included both dissonant and 

consonant members, a view held by many of his contemporaries.3  Hauptmann expanded 

the reader’s understanding by using spatial imagery of an aural musical space along with 

a visual physical space.  The use of geometric devices and diagrams to represent tonal 

relationships was not new to music theory, but Hauptmann had a remarkable ability to 

convey his musical ideas and relationships through strong visual imagery and metaphors. 

Helmholtz’s work Die Lehre von den Tonempfindungen als physiologische 

Grundlage für die Theorie der Musik (1863) followed Hauptmann’s treatise ten years 

later.  In contrast to Hauptmann, Helmholtz’s inductive approach to music theory was 

                                                 
2 Matthew Shirlaw claims that Hauptmann’s Die Natur der Harmonik was “undoubtedly one of the most 
important and valuable works of harmony which we possess” (352).  Mark McCune (1986) gives a detailed 
account of why Hauptmann’s approach to music theory was unique and how he had a profound influence 
on later German theorists. 
 
3 Peter Rummenhöller, a leading scholar on Hauptmann’s  works and German harmonic theory in the late 
nineteenth century,  claimed that it is debatable whether Hauptmann’s work should be classified as 
“Hegelian”, and that he was more indirectly influenced by German idealistic philosophers in general such 
as Kant, Fichte, and Hegel (118).   
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based on experiments and observations.  Where Hauptmann looked for a single unifying 

principle that combined all consonant harmony, Helmholtz sought empirical evidence to 

“connect the boundaries of two sciences…the boundaries of physical and physiological 

acoustics on the one side and of musical science and esthetics on the other” (Helmholtz 

1).  Helmholtz’s work, the first scientific treatise on music acoustics and physiology, still 

stands today as the standard for others in its field because of its grounding in the 

physiology of the human ear. 

Riemann, like many of the other late nineteenth-century music theorists, felt that 

music theory was a balance of both inductive and deductive approaches.  Riemann found 

inspiration in the treatises of both Hauptmann and Helmholtz as he developed his own 

harmonic theory. 4   After Hauptmann, Riemann understood chord succession as 

depending not only on root progression, as originally outlined by Rameau, but also on 

chordal relationships based on common tones. After Helmholtz, Riemann sought to 

ground his harmonic theory in the natural sciences through physical and psychological 

acoustics. 

Throughout the formative years of his theory of harmony, Riemann was 

concerned with psychoacoustic phenomena when listening to the progressions of chords.  

As his theory developed into its final stages, he became firmly settled on the idea that 

function deals not with chordal identity but chordal relationship.  According to Carl 

Dahlhaus (1990), Riemann’s theory of function “is an attempt to explain the tonal 
                                                 
4 The second part of Harrison’s (1994) book gives an expert account of the historical contributions by 
Hauptmann, Helmholtz, and Oettingen, leading to the development of Riemann’s theory.  Richard Kaplan 
(1996) commends Harrison’s historical work “for the lucidity of his exposition of this sometimes daunting 
material” (124).  
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connection between chords” (49).  Riemann’s theory of harmonic function was built on 

understanding all harmonies as derived from one of the primary triads: tonic (T), 

dominant (D), and subdominant (S).5     

Riemann’s theory of harmonic function has stirred both admiration and 

controversy ever since its inception.  In the introduction to Harmony Simplified (1896), 

Riemann defines function as “significance within the key” (9).  Difficulty in 

understanding his theory is rooted in its evolution: his early theory claims that function is 

an abstract concept to which different chords belong; his later work considers any chord 

other than a primary triad to be a substitute for one of the three primary triads.6   It was 

not until Riemann abandoned his first concept and concentrated on the latter that his 

theory gained prominence.   

Daniel Harrison’s Harmonic Function in Chromatic Music, a Renewed Dualist 

Theory and an Account of Its Precedents (1994) readdresses many of those controversial 

issues surrounding Riemann’s theory by offering a revised theory of harmonic function 

that focuses on the interaction of individual scale degrees within a harmonic progression 

and their relationships to the triads.  Harrison asserts that functional discharge, the sense 

of tonal energy moving from one functional state to another, is the product of individual 

voice leadings rather than of root progressions.  For example, students are often taught 

                                                 
5 “The nucleus of all harmonic motion, in our estimation, is formed by the three principal pillars of the 
cadence: tonic, subdominant, and dominant, around which all the rest adheres as byworks” (Harmony 
Simplified, 121). 
 
6 For an interesting examination of the different meanings that have been given to the concept of harmonic 
function, see David Kopp (1995b). 
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that when we hear a change from dominant to tonic function, the prototype being a V−I 

progression, the root movement from ±5 to ±1 is the principal envoy of the change.  

Harrison emphasizes, though, that it is the stepwise voice leadings of chordal constituents 

that are primarily responsible for the change from one functional state to another, and not 

the root movement.  In the case of V−I, Harrison claims it is the voice leading of ±7− ±1 that 

is primarily responsible for the discharge of dominant onto tonic function. 

As with any new theory that disturbs conventional thinking, certain aspects are 

slow to be embraced while others are promptly rejected.  Among those first to be 

scrutinized, Harrison is criticized for providing a theory that equally belongs to the music 

of the late nineteenth century as it does the earlier common practice period.  “What 

Harrison essays in Part I is, despite his declared focus on chromaticism, scarcely less than 

a full-blown theory of tonal harmony” (Kaplan 126).  Harrison writes in his preface that 

his “book does not concern itself with the supposed ‘transitional’ nature of its musical 

language” and that it “sees in its innovations no ‘threat to tonality’” (x).  While Harrison 

concentrates his theory in the repertoire of the late nineteenth century, the basic 

fundamentals of functional discharge can be applied and easily understood in tonal music 

of earlier periods as well.   

Harrison’s theory of functional discharge is not synonymous with resolution, but 

rather with progression.  Willi Apel defines resolution as “the succession of a dissonant 

note, e.g., an appoggiatura, by the corresponding consonant note; or of a dissonant chord, 

e.g., a seventh chord, by a consonant chord” (1973).   The change from one functional 

 5



state to another is not necessarily concerned with dissonance or consonance.  The pitches 

that form the primary functional chords (I, IV, and V) are all consonant with the other 

notes of the chord to which they belong, although the voice-leading interval between any 

two pitches of two functional states might be consonant or dissonant (e.g., ±7 to ±1 is a 

dissonant minor 2nd and ±5 to ±1 is a consonant P5th; both voice leadings could represent 

the change from dominant to tonic function).  Functional discharge is simply the dynamic 

exchange from one functional state, be it a tonic, subdominant, or dominant state, to 

another state brought about by the voice leadings of one chord, associated with one 

function, to the members of another chord associated with a different function.  This 

dissertation will investigate all six of the basic changes of function state: TS, TD, ST, SD, 

DT, and DS.7

Harrison claims that the majority of the power in functional discharge is bestowed 

to specific diatonic scale degrees: ±3, ±6, and ±7, the thirds of I, IV, and V respectively.  

However, the remaining power is reserved for the root scale degrees of the primary triads 

while the scale degrees that represent the fifths of the primary triads are rendered 

virtually powerless.  The reasoning for this hierarchy of functional communication by 

scale degree is twofold.  First, the scale degrees ±3, ±6, and ±7 are each found in only one 

primary triad, and thus can communicate only one function.  They are therefore clearer 

functional representatives than scale degrees 1 or 5, each of which could be interpreted 

either as the root of one primary triad or as the fifth of another, and are also clearer than 

                                                 
7 The symbols TS, TD, ST, SD, DT, and DS are abbreviations for the change from one functional state to 
another.  For example, a progression labeled TS represents a change from a tonic to a subdominant 
function. 
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scale degrees 2 or 4, each of which are associated both with subdominant and dominant 

functions.  Second, Harrison explains that the third of any triad is important in 

determining modality because neither the root nor the fifth of a triad can communicate 

the mode in which a triad is operating.   

The remaining power of communicating function is reserved for the roots of the 

primary triads.  Consider the progressions viio−I and V−I.  Both progressions contain the 

voice leading ±7− ±1, and thus both communicate DT; however, it is generally agreed that 

V−I is a much stronger progression than viio−I.  This is due in part to the voice leading of 

the root movement, ±5− ±1, amplifying the change in function whereas viio−I, which lacks 

the primary dominant root, is unable to support the change in function communicated by 

the voice leading of ±7− ±1 as strongly.   

One aspect of Harrison’s theory of functional discharge yet to be explored is how 

listeners perceive harmonic attraction between two chords when a discharge of one 

function onto another is heard.  Harrison provides logical and convincing evidence based 

on speculative theory that individual voice leadings are primarily responsible for 

functional discharge, but to what degree do these voice leadings stimulate a mental 

response when a change in function has occurred?  Do all functional discharges stimulate 

the same strength of response in the listener?  If not, how do the strengths vary between 

the different discharges?  Recent developments in psychoacoustic research have 

attempted to shed light on these kinds of questions by measuring the perceptions of music 

listeners when hearing changes in pitch and chordal relationships. 
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Fred Lerdahl’s Tonal Pitch Space (2001) builds on his earlier research with Ray 

Jackendoff that was published as A Generative Theory of Tonal Music (1983).  This work 

develops a theoretic model that measures listeners’ intuitions of musical structures by 

measuring the attraction of pitches, chords, and regions from a given tonic.  Lerdahl 

supports much of his theory with recent research in psychoacoustics.  The result is a 

comprehensive theory that provides a fresh approach to our understanding of tonal 

relationships. 

Lerdahl defends the use of measuring attractions by citing music theorists 

throughout history who have equated musical attractions to physical attractions, 

beginning with Rameau’s (1737) account of how dissonant pitches are attracted to the 

tonic, which highly resembles Newtonian physics.  J.-J. de Momigny (1806) proposed 

that the inverse proportionality of proximity was the basis of pitch attractions, while F.-J. 

Fétis (1844) asserted that it was the strong attraction of ±7 to ±8 and ±4 to ±3 that was 

responsible for defining tonality.   More recently, music theorists such as Schenker 

(1921/1924, 1935/1979, and 2004) and Hindemith (1945) claim that musical attractions 

are fundamental in tonal music.  In an analysis of Beethoven’s Sonata in F Minor, Op. 2, 

No.1, IV written in Der Tonwille (2004), Schenker describes the prolongation of Ex
1 to C1 

from mm. 22 to 42.   Schenker alludes to the pamphlet’s title in describing how we sense 

the “will of the tone” (Ex
1) to be fulfilled when it ultimately reaches its tonic goal of C1, 

even through the duration of several measures (82).   Hindemith writes, “the motion from 

one tone to another, the bridging of a gap in space, produces melodic tension” (57). 
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A problematic area in the harmonic analysis of most nineteenth-century music is 

the determination of tonic, because the chromaticism associated with the repertoire makes 

it difficult to single out one defining diatonic scale, and thus often undermines the 

diatonic scale’s position-finding cues.  Determining an unquestionable tonic is as crucial 

to interpreting changes in function or calculating proper distances and attractions between 

chords as it is in applying Roman numerals.  The voice leadings of DT and TS can be 

aurally the same when played out of context.  For example, in the progression of a C-

major triad to an F-major triad, establishing tonic is crucial in determining the proper 

functional discharge from one chord to another.  Likewise, calculating the perceptual 

distance between two musical entities hinges on the determination of tonic and their 

respective distances relative to tonic; for example, the attraction of B to C is significantly 

stronger in the key of C major than when measured in the key of G major.  Just as we 

have developed methods for determining tonic for Roman numeral analysis, this 

dissertation will apply similar techniques to functional and attractional analyses as well.  

One advantage to this approach is that it can sometimes reflect different but equal ways 

of hearing the same passage. 

The field of psychoacoustics has seen significant growth in the amount of 

published research since the 1980’s.  Unlike the theorists during the latter half of the 

nineteenth century (e.g., Helmholtz, Oettingen, and Riemann) who reveled in the natural 

sciences, many music theorists today are skeptical of the research that has been 

performed and are not wholly supportive of the conclusions reached by psycho-
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acousticians.  Cook (1994) writes that cognitive psychology and music theory are two 

distinct disciplines with different and incompatible goals; therefore neither one can be 

considered a branch of the other.  He contends that psychological research neglects to 

consider the cultural values that are inherent to the meaning of music.  On the other side 

of the spectrum, Milton Babbitt (1972) claims that if scientific methods are “not 

extensible to musical theory, then musical theory is not a theory in any sense in which the 

term has been employed” (173).   

Music theorists and psychologists continue to scrutinize research in cognitive 

perception by applying the models to compositions in order to test their viability. 8  Cohn 

(2003) criticizes Lerdahl’s theory for perceived inconsistencies within its differentiation 

of regional and chordal space and in the research methods used to support his theoretic 

model.  Lerdahl develops three formulas based on data obtained by Krumhansl’s (1990) 

research concerning distance intuitions.  For example, C major and E minor are 7 units 

distant (Lerdahl, 2001:56) when they are treated as belonging to a single region; 

however, when they are treated as two distinct regions they are separated by 9 units (69).   

Where there is a distinct difference in regional space and chordal space, Cohn (4) 

                                                 
8 For a sample of recent publications concerning research in music perception, see: Musicae scientiae: The 
journal of the European Society for the Cognitive Sciences of Music. VII/1 (spring 2003): “Fred Lerdahl's 
pitch space: Perceptual and theoretical issues.”  The following contributions are cited: Emmanuel Bigand 
and David Temperley, “Tonal pitch space;” Nicolas Meeus, “Tonalité immanente, tonalité manifestée: 
Quelques reflexions à propos de Tonal Pitch Space de Fred Lerdahl” [Immanent tonality, manifested 
tonality: Some thoughts on Fred Lerdahl's Tonal pitch space]; Nicholas A. Smith and Lola L. Cuddy, 
“Perceptions of musical dimensions in Beethoven's "Waldstein" sonata: An application of tonal pitch space 
theory;” Michael Spitzer, “The metaphor of musical space;” Costas Tsougras, “Modal pitch space: A 
theoretical and analytical study;” Diego Vega, “A perceptual experiment on harmonic tension and melodic 
attraction in Lerdahl's Tonal pitch space.” 
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reminds us that a chord can be present in one region and also be found reinterpreted 

differently in another (e.g. the ‘pivot chord’ commonly taught as a modulation device). 

This discrepancy seems to point to a possible flaw in Lerdahl’s formulas for measuring 

intuitive distances in a musical space.   

The research by Krumhansl and other music psychologists has also come under 

inquiry for the methodologies used.  In a paper recently delivered by Philip Baczewski 

(2004), he points out how methodological choices can affect the interpretation of 

experiments in music perception.  Based on a comparison of an experiment originally 

performed by Krumhansl in 1982 and another by Killam, Baczewski, and Hayslip (2003) 

some 20 years later, Baczewski demonstrates how differences were found in the 

methodological choices rather than the execution of the experiments which affects the 

interpretation of the outcomes by researchers.  Despite a certain amount of suspicion, 

Parncutt (1995) contends that recent cognitive research tends to expand and build upon 

previous approaches by researchers such as Krumhansl or Lerdahl and provide additional 

dialogue on an already complex and controversial topic.  

Cohn has raised concerns over certain aspects of Lerdahl’s theory; however, he 

concedes that the basic conceptual model that Tonal Pitch Space is based upon is 

“attractive and appropriate” (2003:18).  Regardless of whether or not there are 

methodological problems in Tonal Pitch Space (a subject which could be debated for 

quite some time), Lerdahl’s attraction formulas do seem to interpret aptly how we hear 
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musical relationships.  Therefore, because the model presented by Lerdahl seems 

intuitively correct, it also seems wholly justifiable as a basis for further research.9   

In addition to the problems of a psychoacoustical foundation, some scholars 

criticize the use of physical metaphors in describing musical phenomena.  The 

association of music phenomena to the imagery of physical objects has a long and rich 

tradition dating back to Greek antiquity, when it was believed that the same numerical 

proportions that governed the cosmic bodies governed harmonic relations as well.  In 

1998, the Journal of Music Theory dedicated a whole issue to Neo-Riemannian theory 

(vol. 42/2), exhibiting a variety of spatial models with names that referenced physical 

objects: “chicken-wire torus”, “cube dances”, “power towers”, “towers torus”, and 

“Weitzmann’s Waltz” to name but a few.  Michael Spitzer notes that this recent 

development in “the new spatial paradigm appeals not to our phenomenal experience of 

space in the real world, but rather to a highly abstract conception of mathematical space” 

(101).   

The idea of understanding music in terms of compositional spaces put in more 

mathematical terms seems more directly related to Morris’s book Composition with Pitch 

Classes (1987) and Lewin’s Generalized Musical Intervals and Transformations (1987). 

Morris defines a compositional space as an out-of-time structure where arrays of pitch 

classes, which are ready to be realized as pitches in time, can be constructed.  Lewin 

                                                 
9 Also, Fred Lerdahl recently received the 2003 Wallace Berry Award for Tonal Pitch Space.  This is an 
annual award from the Society of Music Theory for an outstanding publication in music theory research.  
This seems to be another sign that, while the methodologies of its psycho-acoustical foundations might be 
questionable, a number of active theorists (at least those on the Society’s Awards Committee) found 
Lerdahl’s latest models to be musically compelling. 
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defines a Generalized Interval System (GIS) as an ordered space, comprised of a family 

of elements, such that the group of intervals of the GIS is mathematically designed so that 

the interval between any two elements of the space are subject to two conditions: 1) that 

for elements r, s, and t in the space, the interval from r to s and the interval from s to t 

equals the interval from r to t; and 2) for every element s in the space and every interval, 

i, in the group of intervals, there is another unique element t in the space which lies the 

interval i from s (1987:26).  

Whether the spatial metaphors are real-world or abstract, the use of physical 

metaphors enables us to conceptualize abstract ideas, such as motion within a tonal space, 

in terms that are more concrete and easily understood.  For this reason, music scholarship 

has found such metaphors useful, and so Lerdahl’s mathematically conceived spaces, 

formulas, and measurements will be accepted in this dissertation on the grounds that they 

are understood as metaphorical.  

The terms “discharge” and “attraction” would seem to be contradictory; however, 

these metaphors are used to explain the same acoustic phenomena from two different 

perspectives.  Harrison explains that the change from one harmonic function to another is 

not a passive aural event; rather, a dynamic event takes place, primarily through the 

discharge of one specific pitch onto another pitch, creating a different harmonic context.  

For Lerdahl, all pitches are related to a central pitch within a key region but on different 

levels.  The movement of one pitch or chord to another is intuited also as a dynamic aural 

event, which can be measured as an amount of attraction between two pitches, chords, or 
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even chordal regions.  These two terms are not unique to present-day studies of musical 

relationships; various other expressions have been added recently to music theorists’ 

dialogue which express the same or similar phenomena but from other perspectives, three 

of which will be discussed shortly.  The terms “discharge” and “attraction” will be used 

freely throughout this dissertation, and should be understood as representing the same 

acoustic phenomena. 

The indisputable web of connections between the psychology of how we hear 

music and the development of function theory begs the question of how Harrison’s 

revised function theory and Lerdahl’s theory of tonal attraction relate to one another.  

Both theories explore relationships between pitches and chords by examining the forces 

that make up those relationships.  Through their own distinct methodologies, they each 

readdress the original question of how tonal connections are made and perceived.   

My dissertation investigates the connection between the psychology of how we 

hear music and function theory through comparisons of melodic and harmonic attractions 

in progressions that communicate a change in function.  By doing so, it is my intent to 

show: 1) that semitonal voice leadings produce the most harmonic attraction in a change 

from one harmonic function to another, with root movements supplying the remainder; 2) 

that the perceived harmonic discharge between two chords is greater in cases where there 

is a functional discharge involving diatonic semitonal voice leading onto tonic than in 

cases where there is not; 3) that small changes in voice leading can amount to significant 

changes in attraction; and 4) that functional discharges are heard as having different 
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strengths because of the differences in chordal distance and voice-leading attraction 

between the functional members.   
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CHAPTER II 
 

AN OVERVIEW OF HARRISON’S THEORY 
  

OF FUNCTIONAL DISCHARGE 
 
 

The phrase “any chord can follow another chord” (Grabner, 7)1 seems to 

symbolize much of the music composition of the late nineteenth century.  Partly due to its 

complexity, highly chromatic music has largely resisted a single unifying approach by 

many music theorists.  Daniel Harrison’s Harmonic Function in Chromatic Music, a 

Renewed Dualist Theory and an Account of Its Precedents is one of the few books to 

present a unified approach to the repertoire.  Harrison explores the works of many late 

nineteenth-century composers through a reconsideration of Hugo Riemann’s notion of 

harmonic function.  One of Harrison’s innovations is to offer a revised theory of 

harmonic function in which the individual scale degrees communicate functional 

relationships based on their affiliation with the tonic, dominant, and subdominant triads.  

According to the theory, the sense of tonal energy moving from one functional state to 

another is the product of individual voice leadings rather than of root progressions. 

Despite the resurgence of research in the last decade concerning chromatic music 

from a pitch class perspective by Richard Cohn and others, research has yet to uncover 

harmonic principals in chromatic music as powerful as those that we use to understand 

                                                 
1 This aphorism is quoted from Hermann Grabner 1961, 7.  Grabner describes taking this quote from his 
notes in one of Reger’s lectures; however, in a letter to Constantin Sandler, Reger revealed that the saying 
originated with Liszt: “Tonality, as codified for fifty years by Fétis, is too narrow for 1902.  I consistently 
follow Liszt’s rule: ‘any chord can follow another chord.’  That no inanities happen because of it is 
assurance that very few musicians know the old and modern masters as well as I do” (Reger 1928, 94). 
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music of the Baroque or Classical periods.  Instead, Harrison returns to works by theorists 

such as Moritz Hauptmann, Hermann von Helmholtz, Arthur von Oettingen, and Hugo 

Riemann and uses them as a springboard for further exploration of the harmonic 

principals governing late nineteenth-century music.   

     

2.1 Scale Degree and Function

 

In listening to music, one often follows the flow of tension and resolution of 

harmonies along the musical fabric.  This journey of harmonic motions can be heard as 

transitions between three functional states: tonic, dominant, and subdominant.  

Conventional theories of harmony treat functional progressions as a product of root 

motion.  Harrison understands harmonic power to emanate from the voice leading of 

scale degrees, with the functional power of those scale degrees being based on their 

affiliation with the primary triads.2   

The primary triads clearly express their respective functions in root position.  

They are thus better suited for explaining the relationship between harmonic function and 

scale degree.  Figure 2.1 (Harrison’s Figure 2.1) shows these triads and their scale-degree 

constituency.  The labels to the right denote the functional roles that each of these scale 

degrees plays in each of the primary triads.  Some scale degrees have more than one 

functional role.  A scale degree’s functional roles are designated according to its position 

                                                 
2 In reference to a given key, the primary triads are: tonic (I), subdominant (IV), and dominant (V).  The 
other triads of the given key are referred to as secondary triads. 
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within each of the primary triads.  For example, ±1 is the root of the tonic triad; therefore, 

it is the functional base of the tonic triad.  However, ±1 is also the fifth of the subdominant 

triad; therefore, it is also the functional associate of the subdominant triad.  With the 

exception of ±1 and ±5, the other scale degrees carry a consistent role in functional identity, 

regardless of what chordal membership they might be participating as in other chords. 
  
 
 
   1  5  2 ←associates 
   6  3  7 ←agents 
   4  1  5 ←bases 
  subdominant            tonic           dominant 
 
Figure 2.1 Scale degrees and their functional description. 

 

It is important not to confuse a note’s position within a triad—root, third, or 

fifth—with its functional role (base, agent, or associate), because it is only in the primary 

triads that the functional role and the position will correspond.  For example, in a mediant 

triad, the root (±3) would be the tonic agent, the third (±5) would be either the tonic 

associate or the dominant base (depending on its musical context), and the fifth (±7) would 

be the dominant agent. 

Just as functions are not chords, functional bases should not be confused with 

chord roots.  Regardless of where a root is located within a chord, its identity is not 

changed.  If a chord is in a first or second inversion, the identity of the chord’s root is the 

same.  However, a functional base is susceptible to its placement.  When the root of the 

tonic triad is placed in an upper voice and the fifth of the triad is the lowest sounding 
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voice, the identity of the root’s function can somehow be lost or changed depending on 

the context that the chord is found.  The root no longer projects a tonic identity; instead, it 

may take on another functional identity.  This same phenomenon can occur in pedal 

points on the tonic or dominant scale degree, where one is strongly influenced to hear the 

same function regardless of the root movement happening above. 

Returning to Figure 2.1, only ±±1 and ±5 functionally serve in more than one primary 

triad; ±1 serves as the functional base in the tonic triad or as the functional associate in the 

subdominant triad and ±5 serves as the functional associate in the tonic triad or as the 

functional base in the dominant triad.  Because ±1 and ±5 have dual roles, it can be 

confusing as to which functional role they are performing.  In order to determine how ±1 

or ±5 is functioning in a particular chord, two conditions concerning functional bases must 

be taken into consideration: to function as a base, 1) ±1 or ±5 must be the lowest sounding 

pitch of the chord, or 2) ±1 or ±5 must be accompanied by their functional agents.   

Figure 2.2 (Harrison’s Example 2.1) illustrates the communicative power of 

functional bases when the lowest pitch is ±5.  The series of progressions, involving a bass 

motion of ±5- ±1, express a dominant-to-tonic relationship.  Because the dominant 

functional base is the lowest sounding pitch in each of the progressions, all of these 

progressions function as authentic cadences, albeit some are strong while others are 

weak, although only the first cadence is comprised of the dominant triad.  In some of the 

progressions, for example the second progression, it is clearly difficult to hear the 
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dominant base as the root of the chord using traditional methods.  However, the 

perception of ±5 as dominant function followed by ±1 as tonic function is not affected. 

 
 

  
 
 
Figure 2.2   “Authentic” cadences. 
 
 

Despite their power, functional bases are generally incapable of projecting their 

function when located in parts of the chord other than the lowest voice.  The second 

condition states that a base can still impart its function when in an inverted state if the 

functional agent is also present in the chord.  Agents, in contrast to bases, are the central 

contributors of functional discharge and are solely committed to imparting a chord’s 

function. 3  The scale degrees that work as agents are unique to only one of the primary 

triads.  Because of their distinctiveness to only one primary triad, agents are able to 

communicate their function without any limitations.  Functional agents (±3, ±6, and ±7) are 

                                                 
3 While explaining tasteful harmonic progressions, Schoenberg implies that there is an order of importance, 
in general, in the chordal membership of the triad.  “The former root is subdued and becomes only the 
third.  But the former third becomes the fifth, hence advances in importance….” (Schoenberg 1948, 70).  
This seems to imply that the root was the most important element and that the fifth of a triad is more 
important than the third.  While Schoenberg was not speaking directly to harmonic function, it would 
appear to be in contradiction to Harrison’s ordering of importance of the agent (primary third) over the 
associate (primary fifth) in progressions that involve a change of harmonic function. 
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not joined to ±1 by the elemental fifth relationship, as are functional bases, thus enabling 

them to have a more secure functional relationship and one less dependent on placement. 

In discharging harmonic function from one chord to another, bases and agents 

operate in different ways.  Bases, which are also the primary roots, are heard like primary 

roots—as representatives of their basic functional expression; therefore, bases clearly 

show the fifth relationships that exist around a central tonic pitch.  Agents, being the third 

of the primary triads, transfer the harmonic power to the bases.  Because agents are 

unique to only one primary triad, they can only express one primary function.  As 

Harrison explains, “[A]n agent is thus not a distillation of a given function, as is a base, 

but rather its unique essence, its elemental expression” (Harrison 1994, 50). 

Figure 2.3 illustrates how the presence of a functional agent can signal a new 

function, even when the bass of that new function is not present.  This passage, from 

Brahms’s Requiem, shows that on beat four of the first measure the VI chord 

communicates a subdominant function.  The subdominant agent (Bx) is the lowest 

sounding voice while the subdominant base (G) is absent from the example.  Despite the 

tonic base (D) and the tonic agent (F) being present, the strength of the subdominant 

agent communicating its only primary affiliation in the lowest voice signals a change 

from tonic to subdominant function. 
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Figure 2.3 Subdominant agent signaling a change of function in Brahms’s Ein deutsches 
Requiem. 

 

Agents are also differentiated from bases by their ability to communicate the 

modal affiliation of their function.  If an E is heard as the tonic agent in the key of C, then 

it is known that a major-mode tonic function is being expressed; if, instead, an Ex is 

heard, then a minor-mode tonic function is understood.  The base © is able to express 

tonic function in both cases; however, it is unable to convey the mode within which the 

tonic is operating. 

Functional associates are by far the weakest member of a primary triad.  

Associates impart neither the functional expression or modality, as do agents, nor the 

primary function, as do bases.  Associates are reliant on the presence of both agents and 

bases to communicate what little functional power they have.  Evidence for this can be 

found in traditional instruction concerning triadic doublings; the fifth of a triad may be 

omitted to produce better voice leading.  The triad, void of its fifth, is incomplete strictly 

speaking, but still functionally and modally complete because the fifth plays a negligible 

role in communicating a triad’s characteristics. 
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For Harrison, triad position is very important in determining the overall function 

of a chord.  Root-position primary triads can communicate function the strongest; the 

base is the lowest sounding pitch, and the agent and associate exercise their roles 

uncontested.  A first-inversion primary triad communicates function as clearly as one in 

root position, even though the chordal structure is often considered less stable. 

A primary triad in second inversion is different from the other two positions.  The 

fifth of the chord is the lowest sounding pitch, which creates an ambiguity of function in 

both the tonic and subdominant triads, since the fifth in each of these triads (±5 in tonic, ±1 

in subdominant) can act either as a base or as an associate.  As mentioned earlier, in order 

to determine how ±1 or ±5 is functioning in a particular chord, two conditions must be taken 

into consideration: to function as a base, 1) ±1 or ±5 must be the lowest sounding pitch of 

the chord, or 2) ±1 or ±5 must be accompanied by their functional agents.  According to 

these criteria, two bases would assert contradictory functions in Iw: ±5 as the lowest 

sounding pitch of the chord would act as a dominant base, while ±1, because it is 

accompanied by its functional agent (±3) would act as a tonic base.  Similarly, in IVw, ±1 as 

the lowest sounding pitch of the chord would act as a tonic base, while ±4, because it is 

accompanied by its functional agent, ±6, would act as a subdominant base.  Of the second-

inversion primary triads, only Vw would clearly communicate a single function, its lowest 

sounding pitch being the functionally unambiguous ±2. 

The conditions under which a triad is heard—such as doubling, voicing, voice 

leading, and metric placement, to name a few—may nevertheless enable a base to 
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communicate its function clearly despite the fact that a base and agent suggesting a 

different function are sounding above it.  In the case of Iw, dominant function can be 

heard if ±5 is doubled and if the chord appears in a metrical position stronger than the 

chord that follows it, as in a cadential-w cadence shown in Figure 2.4. 

 
 

 

Figure 2.4 Dominant function w chord. 

 

On the contrary, tonic function can be heard if ±1 or ±3 is doubled or if the chord 

appears in a metrically weak position.  Figure 2.5 illustrates how tonic function is 

prolonged through Iw with the tonic associate being doubled and in the lowest voice, 

despite the fact that this same pitch is also the dominant base.  In this instance, a strong 

tonic function with I in root position is established.  The second chord (I^) presents little 

or no challenge to a change in tonic function.  Despite the doubling of the tonic associate, 

which could be associated with dominant function, the tonic agent is the lowest sounding 

voice that secures a continuation of Tonicness.  The Iw chord, on beat three, has the tonic 

associate doubled and in the lowest voice position, suggesting a change to dominant 
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function; however, because of the established presence of tonic function and its 

metrically weak placement, there is no discharge to dominant function.  Instead, tonic 

function is prolonged until a change to subdominant function is heard through the 

activation of the subdominant agent in the lowest voice beginning in measure three. 
 
 
  

 

Figure 2.5 Tonic function w chord. 

 

Apart from the primary triads, the remaining triads are referred to as secondary 

triads.  These triads form a special category because they each contain elements from 

more than one functional primary triad, an example of what Harrison calls functional 

mixture.4  Since these secondary triads contain elements of different functions, they can 

communicate more than one function.  Rameau was one of the first to describe how a 

chord could have two different functional roles: what he called double emploi.  In his 

Génération harmonique (1737), Rameau described how the subdominant triad, with its 

                                                 
4 The idea of functional mixture originated with Rameau, who described the function of the dominant-
seventh chord as joining the subdominant note (±4) to the dominant triad (Rameau 1736/1966, 59-61). 
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root understood as the fundamental bass, could progress to the tonic or, when an added 

sixth was inferred as the fundamental bass of the chord, it could progress to the dominant.  

This allowed Rameau to interpret either progression as a root progression by fifth. 

The nature of functional mixture can be seen in Figure 2.6a, where the functional 

constituents from two different functions constitute the membership of the supertonic 

triad.  The supertonic triad is comprised of the subdominant base and agent, giving it a 

strong subdominant function, and the dominant associate, which can weaken the strength 

of the subdominant influence.  The function and strength that is communicated by the 

triad is dependent on its doubling, voicing, and position.  Doubling ±4 or ±6 or voicings that 

emphasize these scale degrees will be heard as a strong subdominant function.  Triad 

positioning is also influential in determining whether the triad is heard as a strong or 

weak subdominant function as Figure 2.6b illustrates.  The first and second inversion 

positions of the supertonic triad will be heard as strongly subdominant because the 

subdominant base or agent is the lowest sounding voice.  If the supertonic triad is in root 

position the subdominant power is somewhat reduced because the dominant associate 

dilutes the subdominant power generated by the combination of the subdominant base 

and agent. 
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a 
        ±6 ← subdominant agent 
 Supertonic triad: ±4 ← subdominant base 

      ±2 ← dominant associate 
  

b 
 ±2, ±6  ±2, ±4  ±4, ±6 ← remaining scale degrees 
 ±4  ±6  ±2 ← lowest sounding scale degree 
     ↑ 

strongly   weakly 
 subdominant   subdominant 

 
Figure 2.6 Assemblage of the supertonic triad. 

  

Functional mixture can be better heard and expressed in the mediant and 

submediant triads.  Figure 2.7 shows the assemblage of the mediant triad with 

constituents that communicate strong relationships to two different functions.  The 

mediant triad in Figure 2.7a is comprised of both the tonic and dominant agents and 

functional mixture is further enhanced because the third of the mediant ( ±5) is both the 

tonic associate and the dominant base.  The mediant triad configuration shown in Figure 

2.7b has a strong tonic function when in root position, especially if ±5 is less emphasized, 

relegating it as a tonic associate rather than as a dominant base.  When the mediant triad 

is in first or second inversion, it is easily heard as a dominant function. 
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a 
        ±7 ← dominant agent 
 Mediant triad:  ±5 ← tonic associate/dominant base 

      ±3 ← tonic agent 
  
 b 

 ±3, ±7  ±3, ±5  ±5, ±7 ← remaining scale degrees 
 ±5  ±7  ±3 ← lowest sounding scale degree 
     ↑ 

strongly   strongly 
 dominant   tonic 

 
Figure 2.7 Assemblage of the mediant triad. 
 
 

An example of dominant function in the mediant triad can be seen in Schumann’s 

Myrthen, shown in Figure 2.8.  In measure 17, there is a pause in the text before 

continuing with the lover’s admonitions to his beloved.  This brief pause is harmonized 

with a weakened cadential figure.  From the tonic chord, the agent and associate (Gv and 

B) are repeated throughout the measure.  The only voice-leading motion is from ±1− ±5 in 

the lowest voice.  The ambiguity of the role of ±5 on beat three is determined by the voice 

leading as an elemental fifth motion from ±1− ±5 and additionally by the emphasis on ±5 

through doubling.  This would determine that the role of ±5 is that of the dominant base 

rather than the tonic associate. 
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Figure 2.8   Mediant triad communicating dominant function in Schumann’s Myrthen.  
 
 

The submediant triad, shown in Figure 2.9, is assembled with elements from the 

tonic and subdominant functions.  Figure 2.9a illustrates that the root of the triad is the 

subdominant agent, and the fifth is the tonic agent.  Like the mediant, the third of the 

submediant serves as an element of two different functions; in this instance, the tonic 

base and the subdominant associate.  In the submediant, tonic function is strongly 

conveyed when the triad is in first or second inversion, as illustrated in Figure 2.9b, with 

the tonic base or agent as the lowest sounding pitch.  When in root position and with an 

emphasis on ±6, the subdominant agent overpowers the transmission of tonic function by 

the other constituents to convey a strong subdominant function.5   

                                                 
5 These tendencies can be subdued or amplified depending on the musical context.  For Riemann, chordal 
context played an important role in determining the function of a chord.  If III follows I, its function is 
tonic, but if it follows V, its function is dominant.  Likewise, if VI follows I, its function is tonic, but if it 
follows IV, its function is subdominant.  Unfortunately, Riemann had little to say concerning III and VI in 
inversion. 
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a 
        ±3 ← tonic agent 
 Submediant triad: ±1 ← tonic base/subdominant associate 

      ±6 ← subdominant agent 
  
 b 

 ±3, ±6  ±1, ±6  ±1, ±3 ← remaining scale degrees 
 ±1  ±3  ±6 ← lowest sounding scale degree 
     ↑ 

strongly   strongly 
 tonic    subdominant 

 
Figure 2.9   Assemblage of the submediant triad. 

 

The following musical excerpt demonstrates how the functional mixture of the 

mediant and submediant triads can transmit opposing functions, depending on their 

construction.  In measure two of the excerpt from Wagner’s Lohengrin (see Figure 2.10), 

the mediant triad in root position is found with the tonic agent (D) doubled.  This chord 

also serves as a climax point with the tonic associate (F) as the highest pitch.  While the 

dominant base (F) is empowered by the presence of its agent (A) the doubling of the tonic 

agent and the context of immediately following the tonic chord together communicates a 

strong tonic function that overrides any dominant power that might be transmitted. 
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Figure 2.10   Mediant and submediant triads communicating opposing functions in 
Wagner’s Lohengrin. 

 

The chord immediately following the mediant triad in measure two is the 

submediant, also in root position, but with the subdominant agent (G) doubled.  Likewise, 

the submediant triad could be heard as an extension of tonic function because of the 

presence of the tonic base (Bx) found in the tenor voice and the tonic agent (D) found in 

the highest voice; however, tonic function is overpowered by the subdominant agent, 

found as the lowest sounding pitch, and its doubling in both voicings of the chord to 

provide a strong subdominant function.  The ii^ chord that follows prolongs subdominant 

function with the subdominant base in the lowest voice and the subdominant agent 

doubled in the highest voice.   

The final example of functional mixture, an excerpt from Schubert’s Du bist die 

Ruh, demonstrates how the submediant triad can communicate a tonic function.  

Following the tonic triad in root position, the submediant triad, in measure two, is found 

in first inversion.  Despite the doubling of the subdominant agent (C) the tonic base as the 

lowest sounding pitch transmits a strong tonic function.  Tonic function is prolonged to 
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measure three, with the return of the tonic triad, before a change to dominant function is 

heard in the perfect authentic cadence. 
  
 
 

  

 
Figure 2.11 Submediant triad communicating tonic function in Schubert’s Du bist die 
Ruh. 

 

Chords that are larger than triads are always functionally mixed and follow the 

same rules regarding functional bases, agents, and associates, but the conflicts of 

communicating function are intensified.  The fully-diminished seventh chord is one such 

example.6  Figure 2.12 illustrates the assemblage of the fully-diminished seventh chord.  

It is composed of two sets of powerful functional elements:  the dominant agent and 

associate and the subdominant base and agent.  The unique balance of forces strongly 

communicates both dominant and subdominant functions.   

                                                 
6 A detailed investigation of seventh chords is discussed in Chapter 4. 
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               x±6 ← subdominant agent 
         ±4 ← subdominant base 
fully diminished seventh chord: ±2 ← dominant associate 
                                ±7 ← dominant agent 
 

Figure 2.12 Assemblage of the fully diminished seventh chord. 

 

Because of the strong functional powers of the scale degrees in the chord, the viio& 

is not influenced in the same manner as the other secondary triads.  The traditional 

resolution of the viio& by step communicates a strong dominant function, as illustrated in 

Figure 2.13a, even when the subdominant base or agent is the lowest sounding pitch.  

This is partly because of the associations between the tritone spanning ±4 and ±7 and 

dominant function.  However, when viio& is in second or third inversion (i.e., with ±4 or ±6 

in the bass) and traditional resolution by step is not followed, as in Figure 2.13b, the 

progression tends to be heard as having a strong subdominant function. 

 
 

  

Figure 2.13   Functional mixture of viio&. 
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2.2 Functional Discharge 

 

Riemann states that “Musical hearing involves not only a physical passivity but 

also a mental activity, a progressive comparison and association of successive tones and 

chords…”  (1905, 25).  When listening to changes in harmonic function, a listener does 

not simply hear a change from one functional state to another; rather, we sense a transfer 

of tonal energy from one state onto the next.  In short, Harrison claims that one function 

discharges onto another function. 7  Hearing functional states change is not only detected 

by the hearing of significant scale degrees but also how and where these scale degrees 

discharge from one to another.  Because agents are the central contributor of imparting a 

chord’s function, the change from one functional state to another is heard as an 

independent voice leading of agent discharges embedded within the contrapuntal fabric 

of the work.  “If function is a matter of scale degree, functional discharge is a matter of 

voice leading among scale degrees.”  (Harrison 1994, 90-91) 

It has been shown that all scale-degrees participate in functional discharge; 

however, agents are the principal participants of the action not only because of their 

innate functional powers but also because they must move in any progression that 

involves a change of function.  Agents are dedicated to one function; therefore the 

discharge to and from agents is connected to a sense of change in harmonic function.  

                                                 
7 Harrison notes that the term discharge is attributed to Ernst Kurth and his conception of musical energies 
as voice-leading components of music (see Rothfarb 1988). 
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Bases and associates have individual behaviors in functional identity; therefore, they do 

not share the same responsibility of communicating harmonic discharge. 

In the authentic cadence, the dominant agent (±7) consistently discharges on the 

tonic base (±1).  Regardless of the other scale-degree motions in the cadence, a discharge 

from ±7− ±1 is normative.  The movement of the dominant associate (±2) is less certain since 

it can move to either ±1 or ±3.  The dominant base ( ±5) is also the tonic associate, which 

incurs no change in voice-leading motion, only a change of functional attribute.  The 

dominant base has the potential to emit a functional discharge if it moves to the tonic 

base, but bases are inconsistent in communicating a change in function.  While the bass 

motion of ±5− ±1 is heard as a powerful communicator of DT discharge,8 it is not essential 

to the change in function as is the motion ±7- ±8.  In effect, the harmonic base motion serves 

to boost the power of discharge from dominant to tonic, but only when it is in the lowest 

voice.  When the base scale degree is found as a middle or upper voice, its ability to 

amplify a functional discharge is greatly diminished. 

Figure 2.14 (a compression of Harrison’s Figure 3.2 and 3.3) shows an 

incomplete list of the normative agent discharges from and to tonic and from and to 

dominant.  It is noteworthy that agents normally discharge onto bases or associates and 

not onto other agents.  Harrison’s reasoning for this concerns the theoretical gap between 

±6 and ±7.  Another convincing argument might be that bases and associates are more stable 

than agents are, to the extent that they are less subject to modal alteration.  The 

                                                 
8 Read “dominant-to-tonic discharge”; all other bold capitals hereafter are to be read similarly. 
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subdominant and dominant agents have a more focused energy than the tonic agent does.  

The subdominant agent tends to move from ±6 to ±5 when discharging onto the dominant, 

and the dominant agent tends to move from ±7 to ±1 when discharging onto the tonic.  

However, the tonic agent ( ±3) can easily move either up to discharge onto the subdominant 

base or down to discharge onto the dominant associate. 

    
    

±3 ±4  T-S discharge 
±3 ±2  T-D discharge 

 
±6 ±5  S-T discharge 
±7 ±1  D-T discharge 

 
±6 ±5  S-D discharge 

 
±7 ±1  D-S discharge 

 
Figure 2.14   Discharges of agents from and to tonic and dominant. 
 
 
 

A second observation regarding Figure 2.14 is that all discharges from dominant 

and subdominant are by the same agent motion.  DT and DS discharges both involve ±7- ±1 

motions and ST and SD discharges both involve ±6− ±5 motions.  This may be misleading 

since scale degrees are substituted for functional attributes in Figure 2.14.  For instance, 

in DT discharge, the dominant agent discharges onto the tonic base, while in DS 

discharge the dominant agent discharges onto the subdominant associate. 

The normative agent discharges can be arranged into two systems.  The 

“Authentic system”, shown in Figure 2.15a, arranges the discharge of agents onto bases.  
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When the respective agents are combined with the bases, the result is a harmonization by 

the progression T-S-D-T.  Figure 2.15b arranges the discharge of agents onto the 

associates, forming the “plagal system” which is harmonized by the progression T-D-S-

T.  In both systems, ±7 consistently discharges onto ±1 and ±6 consistently discharges onto ±5.  

The discharge of ±7− ±1 can be found in both DT and DS progressions, while the discharge 

of ±6− ±5 can be found in both SD and ST progressions.  The tonic agent, however, 

discharges onto different scale degrees, depending on the constituent called for.  This 

suggests that voice-leading projections of agents should move as comfortably within 

plagal systems as they do authentic systems. 
 
 
 
a   Authentic system 
 

agents    7 1 
6 5  bases 

3       4 
T S D T 

  
 b   Plagal system 

 
agents    6 5 

7 1  associates 
3 2 
T D S T 

 
Figure 2.15   Normative agent discharges: (a) Authentic system; (b) Plagal system. 
 
 

While authentic systems are far more common in music before the nineteenth 

century, the Romantic era saw a resurgence in the use of plagal systems, ending with 

many composers using the two systems almost equally.  While a Schenkerian perspective 
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would discount the plagal system in favor of the authentic system, it is useful to separate 

any ideas of functional order from those of functional identity in chromatic music.9

 

2.3 Accompaniments 

 

Agents have been shown to play the most important role in functional discharge; 

so much so in fact, that other voice-leading motions around them can often be interpreted 

as accompaniments to functional change.  Accompaniment types fall into two categories 

according to whether an element moves or not; if it is held as a common tone with 

oblique motion in respect to the agent, the accompaniment is static; if it moves in either 

parallel or contrary motion, the accompaniment is active.  With the use of Schoenberg’s 

“law of the shortest way,” which dictates that “each voice will move only when it must; 

each voice will take the smallest possible step or leap, and then moreover, just the 

smallest step which will allow the other voices also to take small steps” (Schoenberg, 

1978, 39),10 the base and associate accompaniments for different functional discharges 

will be illustrated.  Figure 2.16 (Harrison’s Examples 3.13a and 3.13b) illustrates a 

comparison of the accompaniment movements of the bases and associates between the 

plagal and authentic-system discharges.   

                                                 
9 It is also beneficial in the analysis of early tonal music, where plagal relationships are commonplace, and 
twelve-bar blues where the typical progression, I-IV-I-V-IV-I, is clearly Plagal. 
 
10 This law was given to Bruckner by Schoenberg. 
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Figure 2.16a shows the two authentic-system discharges, DT and TS; both 

discharges have the same type of voice-leading motions.  The crossed noteheads show the 

discharge of the agent, the solid noteheads show the movement of the associates, and the 

whole notes show the common-tone relationship of the base.  The accompaniments of the 

discharges in the plagal-system ST and TD are shown in Figure 2.16b.  Again, the motion 

of the agent is shown in crossed noteheads, associate in solid noteheads, and base in 

whole notes.  Comparing the motions of the two systems, in the authentic system (Figure 

a) the base projects a static accompaniment, a common tone, while the associate projects 

an active accompaniment with the option of moving up or down by step.  In the plagal 

system (Figure b) the reverse process occurs; the associate projects a static 

accompaniment, a common tone, while the base projects an active accompaniment with 

the option of moving up or down by step.  In other words, the base and associate 

exchange types of accompaniment with respect to the type of functional discharge.   
 
 
 
 

  

  
 
Figure 2.16 Comparison of base and associate accompaniments in a) authentic; and  
 b) plagal systems. 
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In Figure 2.17, accompaniments for SD and DS discharges are illustrated, using 

the same notehead values as in the previous examples.  Since there are no common tones 

between the members of the two functions, all motions are stepwise.  The Authentic-

system discharge SD has two possible motions for its associate as the associate in Figure 

16a does, while the Plagal-system discharge DS has two possible motions for its base as 

the base in Figure 16b does.  The ability to differentiate the type of functional discharge, 

based on the accompanying motions, is useful in the analysis of late nineteenth-century 

harmonic structures that do not always present a clear distinction of their purpose. 

 
 

  
   
Figure 2.17 Comparisons of base and associate accompaniments in SD and DS 
discharges. 

 

Types of accompaniments are further distinguished as generic or specific and 

parallel or contrary, depending on their melodic motion in comparison to another voice 

leading.  First, generic accompaniments are melodic motions between two voices that 

have the same ordinal number in the interval name.  For example, if two voices move, 

one a major second and the other a minor second, they both move the same generic 

interval of a second.  Figure 2.18a provides an illustration of generic-parallel 

accompaniment, a common DT discharge found in diatonic music.  The dominant agent, 

B, moves a minor second to the tonic base (C); the dominant associate (D) moves a major 
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second to the tonic agent (E).  Figure b is similar except that it demonstrates a generic-

contrary accompaniment. 

 
 

 
 
Figure 2.18 Examples of generic and specific accompaniments. 
 
 

A second descriptor of accompaniment motion, specific, occurs when two voices 

move the identical melodic interval.  Figures 2.18c and d illustrate a more chromatic 

motion, specific-parallel and specific-contrary accompaniments.  The motions in both 

figures exhibit pitch classes that are not scale degrees of the key—Dv in Figure c and Dx 

in Figure d.  Therefore, they must function in some capacity other than that of a 

functional chord constituent.  Ernst Kurth described these chromatic pitch classes as 

leading tones (Rothfarb, 167).  While they are prohibited from having direct functional 

constituency, they nonetheless exhibit similar properties or behaviors of functional scale 

degrees.  Harrison calls these leading-tone chromaticizations projections of agents or 

other functional constituent discharges.  In Figure c, the Dv motion to E imitates the 

dominant agent discharge of B to C.  The projection of Dv is not the source of discharge; 

only B, the dominant agent, is functionally active.  The accompaniment simply replicates 

the discharge energy of the agent and projects it to another part of the harmony.  The 

functional associate is replaced with an “agent of the agent” (Harrison, 108).  The 
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projection of Dx to C, in Figure d, is an inverted imitation of the projection by the 

specific-parallel accompaniment from Figure c.  The projection of x±2− ±1 is a specific-

contrary accompaniment to the dominant agent discharge, B to C. 

The strength of any discharge depends on several factors, one of which is the 

number and types of accompaniments.  The stronger the discharge that is heard, the 

greater the number of active accompaniments, where active is any motion other than 

holding a common tone.  Conversely, the greater the number of static accompaniments, 

or common tone motions, the weaker the discharge that will be heard.  Figure 2.19 

(Harrison’s Example 3.14) shows three examples of various discharge strengths; the 

whole notes represent the motion of the agent and the solid noteheads represent the 

motions of the base and associate.  In Figure a, representing a strong discharge, the 

associate projects as a generic-parallel accompaniment to the agent while the base holds a 

common tone.  At Figure b, with only the motion of the agent, the D discharge is weaker, 

lacking any active accompaniment.  The first chord in Figure b contains the dominant 

base and agent as well as the tonic agent.  The anticipation of the tonic agent reduces the 

strength of the D discharge.  The first chord in Figure c is functionally mixed with the 

inclusion of the subdominant base.  Unlike Figure b where the accompaniment from a 

different functional constituent weakens the discharge, the discharge in Figure c is 

heightened even above that in Figure a because of the added accompaniment.  The tonic 

agent is approached from both the dominant associate and the subdominant base.  The 

 42



combined energies of generic-parallel and specific-contrary accompaniments provide a 

very strong discharge: what Harrison calls a “double-barreled” discharge. 
 
 
 

     
 
Figure 2.19  Examples of discharges at various strengths. 
 
 
 

2.4  x±2 and v±4 

 

It has been shown how some voice leading projections can be heard as imitations 

of other functionally significant accompaniments.  Two scale degrees in particular that 

Harrison feels should be given special attention are x±2 and v±4, because of their respective 

roles in modulations to the subdominant and dominant keys.  Figure 2.20 (Harrison’s 

Example 3.19) illustrates how voice-leading motions of x±2 and v±4 imitate x±6- ±5 and ±7- ±8 

respectively as specific-contrary projections.  It has been noted how these two semitonal 

motions convey strong functional meaning, and their strength can only be increased with 

the additional inverted accompaniments discharging onto the same pitch class. 
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Figure 2.20 Imitations of x±2 and v±4 as projections. 

 

Projections of x±2 and v±4 can function both as S and D accompaniments.  S function 

is traditionally expressed through x±2 in the Neapolitan chord as a specific-parallel 

accompaniment to x±6−±5, as seen in Figure 2.21a.  Staying with his Classical convictions, 

Brahms avoids parallel fifths with the x±2 accompaniment with an escape tone, a 

traditional part-writing tool that is frequently abandoned in such circumstances by other 

late-Romantic composers.  The projection of x±2 can also express D function as a specific-

contrary accompaniment to ±7−±8 in an augmented-sixth chord that is D-functioned, a 

Romantic variant of the traditionally subdominant-functioned chord frequently used by 

Schubert, shown in Figure 2.21b.  

In contrast to the S accompaniment where x±2 and x±6 discharge onto the root and 

fifth of the tonic chord respectively as a specific-parallel accompaniment, the projections 

of x±2 and ±7 in the D accompaniment both discharge onto the root of the tonic chord as a 

specific-contrary accompaniment.  While the discharge of the functional agents provide 

the source of energy and determines the type of discharge heard, the specific 

accompaniment of x±2, as an imitation of the agent, serves as a catalyst to increase the 

power of the discharge. 
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Figure 2.21 x±2 accompaniments to a) subdominant; and b) dominant agent discharges. 
 
 

v±4 can project S function with a specific-contrary accompaniment to x±6−±5 as is 

found in the traditional usage of the augmented-sixth chord, shown in Figure 2.22a.  v±4 

can also project D function with a specific-parallel accompaniment to ±7− ±8, a highly 

chromatic progression, shown in Figure 2.22b.   
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Figure 2.22 v±4 accompaniments to:  a) subdominant agent discharge; b) dominant agent 
discharge; and c) reduction of b. 
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In the Bruckner example, Gv, which is foreign to D minor, projects onto Ac as an 

accompaniment to the dominant agent discharge, Cv to Dc.  The combination of parallel-

semitonal motions provides a salient progression with a heightened sense of D function.  

This type of accompaniment is rarely found prior to late nineteenth-century repertoire 

because 1) of its highly chromatic nature and 2) it typically involves parallel fifths, even 

though the parallel fifths in Figure b are disguised in the musical texture by the 

arpeggiation of the chords.11  When the example is shown as a reduction (see Figure c), 

the projection of parallel fifths can be more easily seen.  The use of parallel fifths in this 

context should be understood as a change in attitude towards their prohibition.  As 

parallel accompaniments, they are not understood as “voice-leading” parallels but as 

compositional devices that add additional color and provide special accompanimental 

mood to a piece.  Consequently, traditional “rules” of counterpoint that avoided parallel 

fifths were frequently abandoned by proponents of the New German School in favor of 

the heightened musical drama that was produced.12

 
 
 
 
 
 
 
 
 

                                                 
11 Harrison cites Wagner’s Tristan und Isolde, Prelude, mm. 16-17 as another example of specific parallel-
accompaniment by v±4. (1994, 155) 
 
12 Robert Laudon suggests that such parallel fifths, used by Wagner and Liszt, were a hallmark of the New 
German School (see Laudon, 1992).   

 47



2.5 Functional Analysis 

 

The ability of x±2 and v±4 projections to emphasize secondary key areas brings up an 

interesting and important issue: how are tonicizations of secondary key areas expressed 

by a TSD analysis?  In Riemann’s introduction to Harmony Simplified, he claims that 

there are only three kinds of tonal functions within a key: tonic, dominant and 

subdominant, and any change to these functions is the fundamental nature of modulation.  

Later in his book, while explaining parallel klangs, Riemann remarks that there are 

“many a possibility of introducing the dominants of clangs proper to the scale, but we 

preserve the special significance of these two…”  (101) which he identifies as dominant 

of dominant (D/D) and subdominant of subdominant (S/S).13   

To illustrate a functional analysis with v±4 projecting a secondary key area, Figure 

2.23 shows a commonly used cadential gesture that incorporates a V/V.  Below it are 

three separate interpretations.  Figure a describes the function of the secondary key area 

as a D/D.  The voice leading of Fv−G is a projection of the dominant agent, where Fv is a 

secondary leading tone ( ±7) discharging onto G as a dominant base, accompanied by A as 

a secondary dominant associate discharging onto B, the dominant agent.  Because the 

normative discharge of Fv projects a D discharge to G, the dominant base, the function of 

the V/V can be understood as a (secondary) dominant-of-(primary) dominant discharge, 

                                                 
13 Riemann used double D’s and double S’s to represent the respective secondary functions (see p. 101).  
Here I have chosen the symbols, D/D and S/S, which are presently more commonly used to infer secondary 
functions.  
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or D/D.  The G chord that follows on beat three has an active dominant agent (B) that 

discharges on the tonic base (C) which also communicates a strong D discharge to a T 

chord.  The functional analysis of D/D accurately explains the secondary dominant and 

its functional relationship, while D on beat three accurately describes the function of the 

chord that follows. 

 
 

  
 
Figure 2.23 Three different TSD analyses of a secondary key area. 
 
 

Figure b describes the V/V as having an S function, which is problematic.  Here 

the V/V is interpreted as a chromatic variant of ii.  The supertonic chord communicates 

an S function in its diatonic forms (minor or diminished), however the added 

chromaticism and the fact that the subdominant agent does not discharge along its normal 

path (±6- ±5) combine to cancel out our sense of subdominantness.  To interpret the V/V 

chord as S would be to substitute a fundamental bass logic that focuses only on chordal 

root motion for the more sensitive functional logic that Harrison advocates, one that 

considers the functional tendencies of each chordal member.  Harrison suggests an 
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alternative to traditional functional analysis.  His harmonic theory “creates the possibility 

of hearing harmonic function in single notes, in a series of chords, and in entire phrases.”  

(1994, 127)  This enables a functional analysis to be expanded to incorporate harmonic 

phenomena other than chords that are understood at different levels.   

  In much the same manner that we hear progressions differently on different 

structural levels, we can hear the harmonic functions suggested by a TSD analysis on 

different levels as well.  Figure 2.25c describes the combined progression of V/V and V 

as D functioned.  The D that encompasses both V/V and V aptly describes the overall D 

function in the sense that, on a deeper level, the dominant is prolonged as a key area 

through both chords.  As Figure 2.24 illustrates, understanding function as a perception of 

voice-leading motion enables us to hear and analyze functional relationships on two 

different levels: 1) as a secondary D function, D/D, projecting onto a D function; and 2) 

on a deeper level that communicates a D function of the V/V−V progression as a whole. 

 
 

  
 
Figure 2.24 Functional analysis of a secondary key area with D function. 
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This same idea can be extended to our understanding of other secondary key 

areas, as shown in Figure 2.25, an adaptation of an example from Riemann’s Harmony 

Simplified.14  This example illustrates iv/iv as having a S/S function on the musical 

surface.  Two facts support this analysis: 1) the subdominant chord on beat four is the 

expected chord of resolution for the S/ S functioned iv/iv; and 2) the Bx−A motion would 

naturally be read as x±6− ±5 in the key of the subdominant.  
 
 
 

   
 
Figure 2.25 Functional analysis of a secondary key area with S function. 
 
 
 

The second line of functional analysis in Figure 2.25 shows the harmonic 

functions on a deeper level.  The S label that encompasses both the iv/iv and iv^ describes 

an S-functioned hearing on a deeper level because it represents the prolongation of the 

subdominant as a key area through both chords.  As with the multi-leveled functional 

                                                 
14 See page 101, example 116(c). 
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analysis of Figure 2.24, the analysis of Figure 2.25 describes an S hearing of the iv/iv−iv^ 

progression on two different levels. 

The role of voice leading in late nineteenth-century chromatic music is not the 

same as it was in earlier tonal music.  It does not control the progression or resolution of 

the chords, but rather acts as a servant to the harmony.  This is not to suggest that voice 

leading is not important in chromatic music.  With the changing of attitudes toward 

harmonic freedom and expression, the role of voice leading changed as well.  The rules 

of traditional counterpoint—chordal doubling, harmonic progression, and metrical 

placement—no longer held the strength of restraint that they had in the past.  This 

freedom allowed for other musical nuances and forms of expression to evolve during the 

course of the late nineteenth century.  One hallmark of nineteenth-century chromatic 

music is the metamorphosis of a traditional theory of counterpoint-driven voice leading 

into a theory of projection and accompaniment governed by harmony. 
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CHAPTER III 
 

AN OVERVIEW OF LERDAHL’S THEORY 
  

OF TONAL ATTRACTION 
 
 
 

Fred Lerdahl’s recent study, Tonal Pitch Space (2001), addresses how “listeners 

of varying degrees of training and of different cultures hear pitches (and pitch classes), 

chords, and regions as relatively close or distant from a given tonic and in an orderly 

way” (p. v).   It develops a quantitative model of our musical intuitions within a diatonic 

pitch space that is congruent with research done by Carol Krumhansl (1983, 1990), Diana 

Deutsch and Jon Feroe (1981), Diana Deutsch (1984), and others in psychoacoustics.   

Pitches in a diatonic space seem to exhibit properties of attraction similar to the 

gravitational attractions between bodies in physical space.  Lerdahl’s melodic and 

harmonic attraction rules, partially founded on physical laws of attraction, are based on 

hierarchy and distance in the diatonic space and provide a means of measuring how we 

hear one pitch relative to another.   
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3.1 Chordal Proximity 

 

Figure 3.1 illustrates the hierarchy in C Major, what Lerdahl calls a “basic space.”  

Level a is the octave space, followed by level b, the fifth space, level c, the triad space, 

level d, the diatonic space, and level e, the chromatic space.  The basic space is self-

explanatory.  Each level of the space expresses pitch classes of less stability as the 

structure proceeds down to the next; conversely, the more stable pitches on one level 

continue up to the next more stable level.  The same hierarchical structure is used for any 

other key area, only the pitches are transposed to fit the appropriate levels.   
 
 
 
level a (octave): C       (C) 
level b (fifth):  C    G   (C) 
level c (triad):  C  E  G   (C) 
level d (diatonic): C D E F G A B (C) 
level e (chromatic): C  Cv D   Dv E F   Fv G   Gv A   Av B (C) 

Figure 3.1  Hierarchical levels in C Major (Lerdahl, 47). 
       
                                            

The distance to any pitch class (pc) from the tonic pc0 can be calculated both 

vertically and horizontally from the basic space.  The vertical distance yields the depth of 

structural stability of a pc by counting the number of levels down the basic space that a 

pc first appears.  Figure 3.2a illustrates the vertical distance for each pc in Figure 3.1. 

The horizontal distance is usually measured in terms of specific pitches rather 

than pcs and relies on a generalized idea of step and skip.  Let pitches p0, p1…p12 be 
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contained within an octave.  The traditional usage of step is between two adjacent 

members of the diatonic or chromatic scale, and a skip occurs between adjacent members 

of a triad; however, one can think of arpeggiation as a stepwise motion in triadic space.  

For instance, in triadic space the sequence p0→p4→p7 has stepwise motion from p0 to 

p4 and p4 to p7.  In the sequence p0→p4→p12 though, there is a step from p0 to p4 but a 

skip from p4 to p12.  This same idea can be extended to fifth and octave space where 

p0→p7 and p7→p12 is a step in fifth space.  A leap of an octave can be considered a step 

in octave space, but a leap of two octaves is considered a skip.  In short, a step is adjacent 

motion and a skip is nonadjacent motion on any level of the basic space. 

To determine the distance to any pitch, the shortest number of steps at all levels of 

the basic space are added in order to reach p0, shown in Figure 3.2c.  For example, p2 is 

one step from p0 (one step at the diatonic level from p2→p0), and p9 is three steps from 

p0 (one step at the diatonic level from p9→p7, one step from the diatonic level p7→ 

p7on the triadic level, and one step on the triadic space from p7→p0).  The distances on 

the chromatic level depend on the chromatic spelling; a flatted pitch descends to the next 

lower pitch, while a sharped pitch ascends to the next highest pitch before navigating to 

p0.  For example, Dx is one step from C; but Cv is two steps from C (Cv→D, D→C).  If 

the ultimate point of stability is considered the C on the octave level, the vertical and 

horizontal steps of Figures 3.2a and 3.2b are added together, forming a pathway of 

arrows represented in Figure 3.2c.  To calculate the distance from Ax to C on level a, we 

can trace the arrows beginning at Ax to G on level e, up two steps to G on level c, one 
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step horizontally to C, and then two more steps vertically to C on the octave space.  The 

total number of steps taken is 6.  The combined distance for each pitch is illustrated in 

Figure 3.2d. 

 

 
 

a Vertical distance from pc0: 0 4 3 4 2 3 4 1 4 3  4   3 
  Pitch class:   0 1 2 3 4 5 6 7 8 9 10 11 
 

 
b Horizontal distance from 0          1       1                 (0) 

  pc0:     0    1    2 3    3    2       1  (0) 
      0 1 2 3 4 5 6 5 4 3  2   1  (0) 
 
  Pitch:    0 1 2 3 4 5 6 7 8 9 10 11 (0) 
 

 
c C                    C 

  ↑                    ↑ 
  C (              )   G               C 
  ↑        ↑               ↑  
  C     E    G               C 
  ↑     ↑     ↑               ↑ 
  C        D                E←F                G                 A                B→C 

↑        ↑                 ↑    ↑     ↑            ↑       ↑    ↑ 
C←Dx/Cv→D←Ex/Dv→E    F←Gx/Fv→G←Ax/Gv→A←Bx/Av→B   C 

 
 
 

d   Combined distance: 0   5   6   4   6   6    3  5  7  6     2   6   7   5   7   6   4 
  

  Pitch:  C  Dx/Cv  D  Ex/Dv  E  F  Gx/Fv  G  Ax/Gv  A  Bx/Av B    
 
 
Figure 3.2  Pitch class and pitch proximity in the basic space: a) vertical depth of pc 
embedding; b) number of horizontal steps for each level; c) stepwise horizontal and 
vertical pitch paths; d) number of moves for each pitch in figure c (Lerdahl, 49). 
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Chordal distance within a tonal region takes place on the top three levels of the 

basic space.  Triads are represented at level c, with the fifth of the chord at level b and the 

root at level a.  The model uses two factors to determine the proximity of any two chords 

in a tonal region: the diatonic circle-of-fifths and common tones.    The circle-of-fifths is 

central to determining chordal distance because root motion by fifth is elemental both in 

cadences and in all other levels of tonal association.  We intuitively hear modulations to 

fifth-related key areas as being closer than other key areas.   The number of distinct, 

noncommon, pcs is important because of the relationship between two chords that share 

common tones. The distance is calculated by adding the shortest number of steps along 

the diatonic circle-of-fifths (see Figure 3.3) to the number of distinct pcs from the top 

three levels of the tonal hierarchies; the roots of both chords serve as the basis for each 

chord’s hierarchy. 
                 
 
 

         C 
          

              F                G  C→G = 1 step 
                   C→D = 2 steps 
          C→A = 3 steps 
                 C→F = 1 step 

  B              D  C→B = 2 steps   
              C→E = 3 steps                                                  

             E                                      A  
                                         
 
Figure 3.3  Steps on the diatonic circle-of-fifths. 
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 Figure 3.4a shows Lerdahl’s Chord Distance Rule in which the symbol δ 

represents the distance from chord x to chord y.  Figure b illustrates the steps in 

calculating the chordal distance between a C-major triad and a D-minor triad in the C-

major space.  The number of steps from C to D on the diatonic circle-of-fifths (ref. Figure 

3.3) can be found by starting at C and counting clockwise two steps to D.  The number of 

distinct pcs are found first by comparing the pcs at level a, the octave level, which equals 

1.  Comparing the root and fifth of both chords at level b shows that there are two distinct 

pcs, and comparison on the triad level shows there are no common tones; all three pcs are 

distinct.  The total number of distinct pcs from the three levels equals 6.  Adding the 

number of steps on the circle of fifths to the number of distinct pcs renders a chordal 

proximity of 8.  

 
 

a  δ(x→y) =  j + k, where δ(x→y) = the distance between chord x and chord 
y; j = the number of steps on the diatonic circle-of-fifths to shift x into y; 
and k = the number of distinctive pcs in the basic space of y compared to 
those in the basic space of x. 

 
 
b     Example: 

 δ(C→D)= j + k  
     =2 + 6 j = 2 (steps on the circle-of-fifths, see figure 2.3) 
        =8  k = 6 (distinct pcs) 
   

C    D   =1 distinct pc 
 C  G vs. D  A =2 distinct pcs 
 C E G  D F A =3 distinct pcs 

           6 
 
 
Figure 3.4  Chordal Distance: a) Chordal Distance Rule; b) example of chordal distance 
calculation (Lerdahl, 55). 
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Figure 3.5 summarizes the chordal distance for every triad within a diatonic space 

in reference to tonic I.  As our intuition might anticipate, the chordal distance to IV and V 

(δ =5) is the closest.  They not only represent the two closest key relations to tonic, but 

they also are representative of the elemental fifth relationship that is so important in our 

tonal system.  The next closest proximity is to iii and vi with δ =7.  Third relationships 

are important both in relative major-minor contexts and in their eventual use as important 

structures found in late-Romantic music.  The final pair, ii and viio with a chordal 

distance of 8, are both farther removed in harmonic relationship to tonic and less 

fundamental to structural and compositional significance. 
 
 
 
iii=7  V=5  viio=8 
 
vi=7  I=0          iii=7 
 
ii=8  IV=5  vi=7 
 

Figure 3.5  Summary of chordal distances from tonic. 

 

The results found in Figure 3.5 are also invariant under transposition, as 

demonstrated in Figure 3.6.  Let pitches p1, p2…p8 be either a major or minor diatonic 

scale contained within an octave.  Furthermore, let C1, C2…C8 be triads with pn as the 

root of Cn.  In figure a, we return to the diatonic circle-of-fifth from Figure 3.3 

substituting the roots of the chords from C major with the roots of the chords from the 
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key of C1.  To calculate the chordal distance from C1 to any diatonic chord with a root a 

second apart (C2) we begin by comparing the number of distinct pitches on the top three 

levels of the basic space shown in figure b, which equals 6.  The number of steps on the 

circle-of-fifths from p1 (the root of C1) to p2 (the root of C2) is 2.  Two steps added to 6 

distinct pitches equal a chordal distance of 8.  The illustrations in Figure c and d follow 

the same procedure and show how any two chords with roots a third or a fourth apart will 

have chordal distances of 7 and 5 respectively.  This is significant in that chordal 

distances are conceptually equidistant from one to another, superseding the quality of any 

intervallic motion.   
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 a                 p1 
              

 p4          p5   p1→p5 = 1 step 
                    p1→p2 = 2 steps 
           p1→p6 = 3 steps 
                  p1→p4 = 1 step 
           p7      p2  p1→p7 = 2 steps 
               p                  1→p3 = 3 steps                                 
   p3                      p6  
                                         

 
 

b          p1    p2   =1 distinct pc 
  p1  p5 vs. p2  p6 =2 distinct pcs 
  p1 p3 p5  p2 p4 p6 =3 distinct pcs 

          6 
δ(C1→C2)= j + k   j = 2 steps on circle of fifths 

       = 2+ 6    k = 6 distinct pcs 
            = 8          
 

c p1    p3   =1 distinct pc 
 p1  p5 vs. p3  p7 =2 distinct pcs 
 p1 p3 p5  p3 p5 p7 =1 distinct pcs 

          4  
δ(C1→C3)= j + k   j = 3 steps on circle of fifths 

       = 3+ 4             k = 4 distinct pcs 
          = 7 

 
d p1    p4   =1 distinct pc 
 p1  p5 vs. p4  p1 =1 distinct pcs 
 p1 p3 p5  p4 p6 p1 =2 distinct pcs 

          4  
 

δ(C1→C4)= j + k   j = 1 step on circle of fifths 
       = 1+ 4             k = 4 distinct pcs 

          = 5 
 
 
Figure 3.6  Invariance of chordal distance, continued: a) diatonic circle-of-fifths of key of 
C1; b) distance of two chords with roots a second apart; c) a third apart; and d) a fourth 
apart.  
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3.2 Melodic Attraction 

 

Throughout the history of music theory there has been a strong interest in the 

attractions between pitches.  Rameau’s interest in harmonic progressions was shared 

equally with his study of melody and melodic attraction.1  In his Génération harmonique 

(1737), Rameau’s attempt to explain the attraction of nontonic pitches to the tonic highly 

resembles elements of Newtonian physics that were widely popular in France during the 

1730’s.  Rameau defined tonic as a kind of gravitational body to which all other pitches 

were attracted.  François-Joseph Fétis emphasizes in his Traité complet de la théorie et de 

la Pratique de l’harmonie (1844) that the attraction of ±4 to ±3 in combination with ±7 to ±8 is 

a primary factor in determining tonality.2  Finally, Schenker based his concept of the 

Urlinie on the attraction of structural scale degrees descending to ±1.3

Melodic attraction, shown in Figure 3.7a, is defined by Lerdahl as a ratio of pitch 

hierarchy and the inverted square of the interval class formed by the pitches involved.  In 

the formula, p1≠ p2 because the inverted square of a distance of 0 would be 1/0, which is 

immeasurable.  The distances between C and B and between B and C are identical, but 

the attraction from B to C is different than the attraction from C to B.  Therefore, the 

numerator and denominator for s1 and s2 invert when comparing the attraction to p1 and 

                                                 
1 For further reading on Rameau’s theory of dissonance and its resolution, see Lester; 1992: 131-140. 
 
2 See Fétis, 1994:  xxxi. 
 
3 Schenker understood the Urlinie as an Auskomponierung (composing out) of the tonic triad whereby the 
chord is prolonged through a melodic, stepwise descent to ̂1 (see Schenker, 1980: xvii-xxi). 
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p2.  Pitch hierarchy, expressed as anchoring strength in Figure b, is the level that a pitch 

first appears in the basic-space.  The fifth level is omitted to simplify calculations, 

placing ±5 equal in importance with ±3.   

In C major we sense the attraction of B→C and D→C, both expressed as 4/2 

anchoring-strength ratios, as intuitively stronger than C→B or C→D, which have ratios 

of 2/4; however, the proximity of B→C (one semitone) is closer than D→C (two 

semitones).  The inverted square of the distance from B→C is 1/12 = 1, while D→C is 

1/22 = .25.  Therefore, the melodic attraction of B→C is four times stronger than D→C.   

Likewise, we sense a difference in attraction between B→C and C→B.  While the 

proximity of B→C is identical to C→B, the difference in anchoring-strength ratios, 4/2 

and 2/4, is responsible for B→C having a melodic attraction four times stronger than 

C→B.  Therefore, the attraction between two pitches is equally dependent on the melodic 

distance in semitones that separates them and on the hierarchical distance that separates 

them within a diatonic space. 
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a   Melodic attraction α (p1→p2) = s2/s1 x 1/n2, where p1 and p2 are pitches, with 
p1≠ p2; α (p1→p2) = the attraction of p1 to p2; s1 is the anchoring weight of p1 and 
s2 is the anchoring weight of p2, in the melodic basic space (see above); n = the 
number of semitones (int class) between p1 and p2.  

 
 
b   Anchoring Strength 

4 C       C 
   3 C  E  G   C 
   2 C D E F G A      B  C 
   1 C   Cx D  Dx E F   Fx G   Az A Bz B  C 
 
 

c   Example: α (D→C) = 4/2 x 1/ 22  α (B→C) = 4/2 x 1/ 12  
        = 2 x .25 = .5       = 2 x 1 = 2  
             
 

α (C→D) = 2/4 x 1/22   α (C→B) = 2/4 x 1/ 12

           = .5 x .25 = .125       = .5 x 1 = .5 
 
Figure 3.7  Melodic Attraction: a) Melodic Attraction Rule; b) anchoring strength;         
c) example of melodic attraction (Lerdahl, 162-3). 
 
 

One of the first questions asked when examining any of Lerdahl’s attraction 

formulas is “what do the numbers tell us?”  Language is often inadequate for accurately 

expressing varying degrees of quality without the use of numbers. We are left with 

adjectives that are too vague and ambiguous to express our perceptions of different 

degrees or levels of some external or internal stimuli.  To compensate for this, we often 

turn to some kind of numerical system that allows us to better evaluate and compare 

different levels of similar stimuli.  We frequently use numbers for making personal 
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evaluations: teacher surveys, taste tests, job performances, how much we like or dislike 

products or services, etc.  Doing so allows us to express our perceptions more accurately.   

One example of how we use numbers in making comparative judgments is in 

ranking teams or individuals in various sports.  We habitually rank opposing teams or 

players of various sports according to some predetermined formula based on how 

difficult their playing schedule is, how many games they have won and lost, and a host of 

other factors.   For instance, college football teams are ranked not only by how many 

games they have won or lost, but also who they won or lost games against.  Under the 

BCS guidelines, all NCAA Division I football teams are ranked according to individual 

perceptions and standard win/loss formulas, which are computer-averaged to determine 

their national ranking.4

Quantifying our perceptions regarding relative strength has already had 

precedents in music. John Roeder (1995) develops a mathematical model that “specifies 

the weight of an accent within a given musical stream, and quantifies how our evaluation 

of an accent varies over time” (40).  His model uncovers patterns of increasing and 

decreasing weights, which develop a progression independent of pitch organization, and 

                                                 
4 The teams are polled weekly by the Associated Press media poll and the USA Today/ESPN coaches’ poll 
on their personal choices for the top 25 teams.  If a team is ranked No. 1 in one poll and No. 2 in the other, 
it would receive 1.5 points.  The teams are thus ranked according to who has the lowest number of points.  
Teams are also ranked according to their schedule strength compared to other Division I-A teams.  The 
schedule strength is calculated by determining the cumulative win/loss records of the team’s opponent 
(66.6%) and the cumulative win/loss records of the opposing teams’ opponents (33.3%).   Each loss to a 
team also counts as one full point.  A team who beats another team rated in the top 15 is also awarded 
bonus points, ranging from 0.1 to 1.5, for defeating a team of superior strength and skill.  After all of the 
points for polling, scheduling, games won/lost, and any bonus points earned are added up, the team with the 
overall lowest score is given the highest ranking.  Despite current controversy over the BCS formula, the 
use of a numbering system enables us to make judgments and comparisons of the overall strength of the 
teams under similar conditions based on a uniform set of criteria 
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through similar accentual patterns develops a musical form.  Also, to better understand 

pitch organization in Stravinsky’s neoclassical music, Matthew Santa (1997-98) 

examines tone centers in post-tonal diatonic harmonies through a numerical system that 

quantifies our perception of each individual chord member.  

Figure 3.8 illustrates a melodic attraction analysis of the opening melody in 

Brahms’s solo piano piece, Romance, Op. 118, No. 5.  Beneath the descending melodic 

line are the various melodic attraction values from one scale degree to the next.  The 

calculations for each melodic attraction can be found in Figure 3.9.  The opening melodic 

progression of ±1→±7 shows a melodic attraction of 0.5.  This value represents a weak 

melodic attraction.  Any melodic attraction away from ±1 will be considered weak because 

it is a motion away from the strongest point of tonic stability.  The further the distance a 

pc is from ±1, the weaker the attraction.  With a close proximity of a semitone to ±1, 

though, ±7 has a strong tendency to return to this point of stability, but instead it continues 

down to ±6.  The weaker melodic attraction value of ±7→±6, 0.25, can be attributed both to a 

decrease in pitch proximity (i.e. an increase in semitonal distance) and the lack of change 

in hierarchy.  The distance between ±7 and ±6 is two semitones, and they both lie on the 

diatonic level of the basic space.  The attraction of ±6→±5, with a value of .375, represents 

a slight increase in stability by virtue of its progression from the diatonic level to a pitch 

found on the more stable triadic level of the basic space.  It is worth noting that the 

semitonal proximity between ±6 and ±5, found in the minor mode, makes the melodic 

attraction four times stronger than the attraction in the major mode. 
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Figure 3.8  Melodic Attraction analysis. 

 

The melodic line continues from ±5 down a whole tone to ±4, represented by a 

hierarchical motion from the triadic level back down to the diatonic level.  This return to 

a lesser level of stability produces a weak melodic attraction of 0.17.  The repeat of ±4 has 

a melodic attraction of zero since there is no change in the melodic pitch.  The melodic 

attraction of ±4→±3, though, is very strong with a value of 1.5.  This is partly due to the 

change in hierarchy from the diatonic up to the triadic level, but more significantly to the 

close melodic proximity of ±4→±3, one semitone.  Despite the identical hierarchical 

motions from the diatonic level to the triadic level, the attraction of ±4→±3 is significantly 

stronger than the melodic attraction of ±6→±5 because of the difference in pitch 

proximities.  The melodic line continues from ±3→±2 with an identical weak melodic 

attraction value as ±5→±4.  Both melodic progressions have a hierarchical motion from the 

triadic level down to the diatonic level and a melodic distance of a whole tone. The 

attraction value of ±2→±1 (0.5) is fairly strong, with the melodic line finally returning to 

the stability of the octave level by stepwise motion.  Like the beginning of this melody, 

the melody continues downward to ±7 with an identical melodic attraction value; however, 

this time the expected resolution back to ±1 is realized.  The hierarchical leap from the 
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diatonic level up to the octave level and the melodic proximity of a semitone, both found 

in the motion of ±7→±1, combine to produce the strongest possible melodic attraction value 

of 2.0. 

 
Prog (1→2)     Prog (2→3) 
α (±1→±7) = 2/4 x 1/12    α (±7→±6) = 2/2 x 1/22

    = .5 x 1.0 = 0.5                 = 1. x .25 = 0.25 
Prog (3→4)     Prog (4→5) 
α (±6→±5) = 3/2 x 1/22    α (±5→±4) = 2/3 x 1/22

    = 1.5 x 0.25 = 0.375       = .666 x .25 = 0.17 
Prog (5→6)     Prog (6→7) 
α (±4→±4) = 0.0     α (±4→±3) = 3/2 x 1/12

          = 1.5 x 1.0 = 1.5 
Prog (7→8)     Prog (8→9) 
α (±3→±2) = 2/3 x 1/22    α (±2→±1) = 4/2 x 1/22

    = .666 x .25 = 0.17       = 2.0 x .25 = 0.5 
Prog (9→10)     Prog (10→11) 
α (±1→±7) = 2/4 x 1/12    α (±7→±1) = 4/2 x 1/12

    = .5 x 1.0 = 0.5       = 2.0 x 1.0 = 2.0 
 
Figure 3.9  Calculations for melodic attraction analysis. 
 
 

Heard as independent voice leadings, the motion of ±7 to ±1 is stronger than ±4 to ±3, 

even though both pitches have semitonal proximity and voice leading to a pitch on a 

higher basic space level.  The difference in attraction values reflects the difference in 

hierarchical levels between the two pitches of resolution.  In the voice leading of ±7 to ±1, 

there is a motion from the diatonic level up two levels to the octave level, while in the 

voice leading of ±4 to ±3 there is a motion up only one level from the diatonic level to the 

slightly more stable triadic level.    

 68



  In listening to music, one hears some pitches that are consonant or stable and 

others that sound dissonant or unstable.  We intuitively resolve those unstable pitches to a 

stable pitch that is close in proximity, a psychological act that J.J. Bharucha calls melodic 

anchoring.  Bharucha defines melodic anchoring  as “A cognitive principle…which 

specifies the ordered relationships (between tones) that govern (i) the activation of one 

tonal schema over another and (ii) the assimilation or anchoring of unstable tones to the 

tonal schema once it has been activated” (1984a, 485).  The resolutions of ±7 to ±1 and ±4 to 

±3, the union of which forms the resolution of the tritone, are representative of melodic 

anchoring.   

In a tonic schema, ±1 is the most stable pitch with ±3 and ±5 being the next two most 

stable and consonant pitches.  All other scale degrees are considered dissonant or 

unstable.  ±7, a dissonant and unstable pitch, attempts to anchor itself to the nearest point 

of stability.  ±7 is closer to ±1 than to the other stable representatives of the tonic schema; 

therefore, ±7 has a tendency to anchor to ±1.  In a similar fashion, ±4 attempts to anchor itself 

to the nearest point of stability; however, ±4 is closer to either ±3 or ±5 than to ±1.  In the 

major mode, ±4 is closer to ±3 than to ±5; therefore it has a tendency to anchor to ±3.  The 

result is that the voice leadings of ±7− ±1 and ±4− ±3 provide activation from an unstable tonal 

schema, that of a tritone, onto the stability of the tonic schema, represented by the root 

and third of the tonic triad.  Lerdahl’s theory of attraction is supportive of Bharucha in 

that it confirms that members of a tonal schema of less stability have strong attractions to 

the stable members of the tonic schema. 
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Our intuitive sense of melodic attraction is also based on expectations concerning 

what pitch would follow another pitch in a melodic line.  The attraction rule can therefore 

be used to make certain predictions as to what pitch would naturally follow another; 

however, the realized pitch may or may not be the pitch that it is most attracted to.  For 

example, in the opening melodic line of Figure 3.8, the descending motion from F to E 

continues on to D, an “unexpected” point of direction because of its weak attraction.  The 

expected voice leading of E is to return to F because of its stronger attraction.  Steve 

Larson’s work on melodic expectation can inform Lerdahl’s theory of attraction here in 

useful ways.  He explains melodic expectations through three different types of “musical 

forces.”  He defines “gravity” as the tendency of an unstable pitch to descend to a lower 

pitch, “magnetism” as the tendency of an unstable pitch to move to the closest stable 

diatonic pitch, and “inertia” as the tendency of a musical pattern to continue in the same 

manner.  Thus, Larson attributes the hearing of musical motion “as a mapping of physical 

gesture onto musical space—as purposeful action within a dynamic field of these musical 

forces” (1997, 102).   

With the addition of Larson’s musical forces, let us reexamine the melodic line 

found in Figure 3.8.  After the initial leap to F in measure 1, the melody begins a diatonic, 

step-wise descent.  While Lerdahl’s theory of attraction (similar to Larson’s force of 

“magnetism”) predicts the return of E to F, the melody continues down to D because of 

Larson’s force of “gravity.”  The pitch D, being unstable, is attracted to C because of 

“gravity” and “magnetism.”  Larson’s force of “inertia” carries the melodic line 
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downward by step to another point of instability, the pitch Bx.  As predicted by both   

Lerdahl’s melodic attraction rule and by Larson’s “magnetism,” the proximity of a 

semitone leads Bx to A, another strong point of stability.  The continued melodic descent 

allows “inertia” to carry it down through G, which also has a strong attraction and 

“magnetism,” to F, the strongest point of stability in the F-diatonic space.  Lerdahl’s 

theory would predict that the melodic line should stop on F because of its ultimate 

position of stability; however, the continued descent through F in measure 3 can be 

explained by Larson’s “inertia” which propels the melodic line in the same step-wise 

descending pattern to E.  It is here that Lerdahl’s strong attraction of E to F and Larson’s 

“magnetism” unite once again to correctly predict the return of the melodic line to the 

stability of F.  From this reading we can see many similarities between Lerdahl’s theory 

of attraction and Larson’s force of “gravity.”  Lerdahl’s theory can accurately measure 

the amount of voice leading attraction from one pitch to another; however, Larson’s 

musical forces can better predict musical motion and the expressive meanings we give to 

music through the use of physical metaphors. 

When calculating melodic attractions, it is cumbersome and time-consuming to 

figure the different hierarchical levels and to calculate the attractions for every possible 

melodic interval.  To facilitate the calculation of voice-leading attractions, Figure 3.10 

provides a list of all possible diatonic voice leadings in both the major and minor modes.  

Calculating attraction values can be easily performed in any key, major or minor, by 

substituting the pitches with the appropriate scale degree. 
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a stepwise motion    c  other skips   
 
major  minor    major   minor 

 
α(±1→±7)=0.5 α(±1→±x7)=0.125  α(±1→±4)=0.02           α(±1→± )=0.02 4
α(±1→±2)=0.125 α(±1→±2)=0.125  α(±1→±6)=0.055          α(±1→±x6)=0.03 
α(±2→±1)=0.5 α(±2→±1)=0.5   α(±2→±4)=0.11           α(±2→±4)=0.11 
α(±2→±3)=0.375 α(±2→x±3)=1.5   α(±2→±5)=0.06           α(±2→±5)=0.06 
α(±3→±2)=0.17 α(±x3→±2)=0.67   α(±2→±6)=0.04           α(±2→±x6)=0.03 
α(±3→±4)=0.67 α(±x3→±4)=0.17   α(±2→±7)=0.11           α(±2→±7)=0.11 
α(±4→±3)=1.5 α(±4→±x3)=0.375  α(±3→±6)=0.03           α(±x3→x±6)=0.03 
α(±4→±5)=0.375 α(±4→±5)=0.375  α(±3→±7)=0.03            α(±4→±1)=0.08 
α(±5→±4)=0.17 α(±5→±4)=0.17   α(±4→±1)=0.08           α(±4→±2)= 0.11 
α(±5→±6)=0.17 α(±5→x±6)=0.67   α(±4→±2)= 0.11           α(±4→x±6)=0.11 
α(±6→±5)=0.375 α(±x6→±5)=1.5   α(±4→±6)=0.06           α(±4→±7)=0.03  
α(±6→±7)=0.25 α(x±6→x±7)=0.25  α(±4→±7)=0.03           α(±5→±2)=0.03  
α(±7→±6)=0.25 α(±x7→x±6)=0.25  α(±5→±2)=0.03           α(±5→x±7)=0.07 
α(±7→±1)=2.0 α(±x7→±1)=0.5   α(±5→7)=0.04            α(x±6→±1)=0.125 
       α(±6→±1)=0.22           α(x±6→±2)=0.03 

α(±6→±2)=0.04           α(x±6→x±3)=0.06                
b tonic arpeggiations     α(±6→±3)=0.06           α(x±6→±4)=0.11                       
       α(±6→±4)=0.06           α(x±7→±2)=0.06 
major    minor    α(±7→±2)=0.11            α(x±7→x±3)=0.06 
       α(±7→±3)= 0.06           α(x±7→±4)=0.04       
α(±1→±3)=0.05  α(±1→±x3)=0.08  α(±7→±4)=0.03           α(x±7→±5)=0.17 
α(±1→±5)=0.03  α(±1→±5)=0.03   α(±7→±5)=0.09           α(±7→x±3)=0.09  
α(±3→±1)=0.08  α(±x3→±1)=0.15               α(±7→±5)=0.09 

     α(±3→±5)=0.11  α(±x3→±5)=0.06      
α(±5→±1)=0.05  α(±5→±1)=0.05 
α(±5→±3)=0.11  α(±5→±x3)=0.06 
   

Figure 3.10  Voice-leading attractions in major and minor modes (Lerdahl, 181)     
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3.3 Harmonic Attraction 

 

Harmonic attraction, the measurement of attraction from one chord to another, is 

an extension of melodic attraction.  Just as the pitches of a melody seek stability, the 

individual pitches of a chord seek a point of stability as well.  The harmonic attraction 

rule in Figure 3.11 shows the steps in calculating the attraction value of one chord to 

another.  The realized harmonic attraction of C1→C2 is the combined voice-leading 

attractions of C1→C2.  The attraction of one chord to another, however, involves more 

than just the combined attraction of melodic lines.  When dealing with attraction between 

two bodies, it is inevitable that the distance between them is a determining factor in 

measuring the strength of attraction as well.  In this case, there is an issue of distance 

between two chords within a chordal space.  As with pitches, chordal attraction is 

inversely proportional to the distance between two chords.  Thus, harmonic attraction 

must also be expressed by the chordal distance rule, δ (C1→C2).  The chordal distance is 

not squared simply for the intuitive correctness of the values.  The constant K is 

employed to make the results easier to read; otherwise, the attraction value would be 

exceedingly small. 

 
 
Harmonic attraction αrh (C1→C2) = K[αrvl (C1→C2)/ δ (C1→C2)], where αrh 
(C1→C2) is the realized harmonic attraction of C1→C2; constant K = 10; αrvl 
(C1→C2) is as in the voice-leading attraction rule; and δ (C1→C2) is the distance 
from C1→C2, with C1 ≠ C2. 

Figure 3.11  Harmonic Attraction Rule (Lerdahl, 175). 
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Using the voice leading found in Figure 3.12a, we can measure the harmonic 

attraction of G7→C in the C-major basic space.  Please note that other voice leadings can 

result in different attraction values.  The third line of the calculation in Figure b shows 

each voice-leading attraction value: α (G−C) = .05, α (D−C) = .5, α (F−E) = 1.5 and α 

(B−C) = 2.0. 5  The chordal distance, δ, of G7→C is 5 (1 step on the circle-of-fifths + 4 

distinct pcs).  The evaluation of common tones is based on the triad of the chord, 

excluding any other dissonant members.  The realized harmonic attraction of G7→C, with 

these voice leadings, is 8.1.  To put this into perspective, if we were to reverse the 

progression and calculate the attraction of C→G7, the realized harmonic attraction would 

be 2.65, as shown in Figure c.  The attraction of G7→C can now be better appreciated 

with its attraction value almost four times as strong as the latter.  The attraction value of 

8.1 corresponds to our intuitiveness of V7-I being a dynamic progression that ends with a 

great sense of release while the other progression, with an attraction value of 2.65, is 

comparatively weaker and filled with unresolved tension and no resolution. 

 

 

 

 

 

                                                 
5 Lerdahl treats the chordal seventh as a dissonance but accounts for its distinctiveness as tension or 
“surface dissonance,” which will not be covered at this time.  This, and all subsequent calculations, will 
include the chordal seventh as a chord member, which has a bearing on the realized harmonic attraction of 
one chord to another. 
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a 

    
 
 
   
 b αrh(G7→C) = 10[αrvl (G-D-F-B to C-C-E-C)/ δ (G→C)] 
               = 10[αrvl (G→C)+(D→C)+(F→E)+(B→C)/ δ(G→C)] 
                  = 10[(.05+.5+1.5+2.0)/5]  
                 = 10[4.05/5] = 8.1 
 
 
 c αrh(C →G7) = 10[αrvl (C-C-E-C to G-D-F-B)/ δ(C→G7)] 
           = 10[αrvl (C→G)+(C→D)+(E→F)+(C→B)/ δ(C→G7)] 
           = 10[(.03+.125+.67+.5)/5] 
           = 10[1.35/5] = 2.65 
 
 
Figure 3.12  Example of harmonic attraction: a) voice leading example; b) harmonic 
attraction of G7 to C; c) harmonic attraction of C to G7. 
 
 
 

To illustrate a harmonic attraction analysis in a more complete musical context, 

we will return to the Brahms illustration in Figure 3.8, adding the accompanimental 

harmony from the original score as well as the remainder of the second phrase that was 

deliberately omitted, shown as Figure 3.13a.6  In the interpretation given here, the chord 

                                                 
6 The phrasing in this example is taken from J. Brahms, Klavier-Werke, edited by Emil von Sauer, 2 vols. 
New York: C.F.Peters, (n.d.): vol. 2/97.  Other publications of this piece have the second phrase mark in 
the bass clef beginning one beat earlier on the Bx on beat 6 of measure 2.  See J. Brahms, Klavierstücke, 
München-Duisburg: G. Henle, 1965 (c1952): 97 and J. Brahms, Complete Works for Piano Solo in Three 
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in measure 1, beat 4 is heard as iv/iii (rather than as vi, which might seem more 

straightforward), while the chords in measure 2, beat 6 and measure 3, beat 3 are heard as 

iv/vi rather than ii and ivsub6/vi rather than Vw with Bx as a passing seventh, respectively.  

This reading draws attention to the sequential relationship between the plagal motions in 

F (Bx−F), the mediant (Dm−Am), and in the relative minor of F (Gm−Dm).  The 

determination of chordal root is critical to measuring the harmonic attraction, as will be 

discussed shortly. 

Figure b is a quarter-note reduction of the harmonic surface found in Figure a.  

The numbers beneath the bass line represent the realized harmonic attraction for each 

progression; the calculations for each progression can be found in Figure 3.14.7  The 

attraction values represent our intuitive hearing; small values represent our hearing of 

weak progressions or motions to a state of harmonic tension while large values represent 

our hearing of strong cadences or motions to points of stability and reduced tension.  It is 

important to note that the calculations of the attractions found in the secondary functions 

reflect attractions in a different diatonic space.  While the calculations leading into the 

secondary function (e.g., Prog (2-3)) are based on the F-diatonic space—the secondary 

chord is initially heard as a diatonic chord within the original basic space—the secondary 

                                                                                                                                                 
Volumes, ed. E. Mandyczewski, New York: G. Shirmer, 1949: vol. 2/156.  The preface to both of these 
editions notes that their reprint was based on the first edition and the composer’s copies.  
 
7 The calculation for each progression is based on SATB voicing.  Using no more than four voices gives a 
consistent measurement of attraction from one chordal progression to another.  The reduction shows 5 and 
sometimes 6 voices; however, these additional voices are only octave doublings of one of the four primary 
voices and thus not needed for calculating harmonic attraction due to octave equivalence.  This method will 
be used consistently throughout this dissertation unless otherwise noted. 
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functions themselves (e.g., Prog (3-4)) are calculated relative to the secondary diatonic 

key area.  

 
 
a  

 
 
 
 
b  

 
 
 
Figure 3.13  Realized harmonic attraction analysis of Brahms’s Romance: a) musical 
surface; b) reduction of a with harmonic attraction values. 
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Prog(1→2)    Prog(2→3) 
 α(F→E) = 0.5    α(E→D) = 0.25 
 α(C→C) = 0.0    α(C→A) = 0.11 
 α(A→G) = 0.17   α(G→F) = 0.5 
 α(F→C) = 0.05   α(C→D) = 0.17 
 αrvl rv
 α (I→V) = 10[0.72/5] = 1.44   α (V→iv/iii) = 10[1.03/8] = 1.29 

(I→V) = 0.72   α l(V→iv/iii) = 1.03 
rh rh

       
 
 
 Prog(3→4)*    Prog(4→5) 
 α(D→C) = 0.375   α(C→Bx) = 0.17 
 α(A→A) = 0.0    α(A→F) = 0.08 
 α(F→E) = 1.5    α(E→D) = 0.25 
 α(D→A) = 0.08   α(A→Bx) = 0.67 
 αrvl l
 α (iv/iii→iii) = 10[1.955/5] = 3.91 α

(iv/iii→iii) = 1.955   αrv (iii→IV) = 1.17 
rh(iii→IV) = 10[1.17/8] = 1.46 rh

  
       
 
 Prog(5→6)    Prog(6→7) 
 α(Bx→Bx) = 0.0   α(Bx→A) = 1.5 

 α(F→F) = 0.0    α(F→F) = 0.0 
 α(D D) = 0.0    α(D C) = 0.375 → →
 α(Bx→Bx) = 0.0   α(Bx→F) = 0.08 
 αrvl l
 α (IV→IV) = 0.0   α

(IV→IV) = 0.0   αrv (IV→I) = 1.955 

rh(IV→I) = 10[1.955/5] = 3.91 rh
  
       
  

Prog(7→8)    Prog(8→9)* 
 α(A→G) = 0.17   α(G→F) = 0.375 
 α(F→D) = 0.055   α(D D) = 0.0 →
 α(C→Bx) = 0.17   α(Bx→A) = 1.5 
 α(F→G) = 0.125   α(G→D) = 0.08 
 αrvl l
 α (I→iv/vi) = 10[0.52/8] = 0.65 α

(I→iv/vi) = 0.52   αrv (iv/vi→vi) = 1.955 
rh(iv/vi→vi) = 10[1.955/5] = 3.91 rh

  
 
 
 Prog(9→10)*     Prog(10→11)* 
 α(F→E) = 0.67    α(E F) = 1.5  →
 α(D→Bx) = 0.03    α(Bx→A) = 1.5 
 α(A→G) = 0.17    α(G→A) = 0.375 
 α(D→G) = 0.02    α(G→D) = 0.08 

(vi→ivsub6/vi) = 0.89   α (ivsub6
rv /vi →vi) = 3.455  αrvl l

 α (vi→ivsub6/vi) = 10[0.89/5] = 1.78  αrh(ivsub6/vi →vi) = 10[3.455/5] = 6.91 rh
   
 
 
Figure 3.14  Calculations for the realized harmonic attraction analysis of the first two 
phrases in Brahms’s, Romance.  (* denotes calculations in secondary key areas.) 
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 Prog(11→12)    Prog(12→13) 
 α(F→C) = 0.03   α(G→A) = 0.375 
 α(D→E) = 0.25   α(E→F) = 2.0 
 α(A→C) = 0.11   α(C→C) = 0.0 
 α(D→C) = 0.375   α(C→F) = 0.05 
 αrvl l
 α (vi→V) = 10[0.765/8] = 0.96 α

(vi→V) = 0.765   αrv (V→I) = 2.425 
rh(V→I) = 10[2.425/5] = 4.85 rh

  
 
 
 Prog(13→14)    Prog(14→15) 
 α(A→A) = 0.0    α(A→E) = 0.03 
 α(F→E) = 0.5    α(E→G) = 0.11 
 α(C→C) = 0.0    α(C→C) = 0.0 
 α(F→A) = 0.05   α(A→C) = 0.11 
 αrvl l
 α (I→iii) = 10[0.55/7] = 0.785 α

(I→iii) = 0.55   αrv (iii→V) = 0.25 
rh(iii→V) = 10[0.25/7] = 0.357 rh

  
 
 
 Prog(15→16)    Prog(16→17) 
 No change in basic   α(C F) = 0.05 →
 harmonic structure   α(Bx→A) = 1.5 
 results in α = 0.0   α(E→C) = 0.09 
      α(C→F) = 0.05 

(V7→I) = 1.69       αrvl
      α (Vrh

7→I) = 10[1.69/5] = 3.38 
 
 
Figure 3.14  continued. 
 

 

The harmonic attraction values for the individual progressions here are highly 

abstract until one compares them to the other harmonic attraction values in the 

illustration.  The progression I→V is relatively weak, moving from a position of strong 

stability to one of instability and unresolved tension.  From the calculation of Prog(1→2) 

in Figure 3.14, we notice that the majority of the harmonic attraction can be attributed to 

the soprano voice leading of F→E with a melodic attraction of 0.5.  This voice-leading 

attraction accounts for over half of the total realized voice-leading attraction (0.72) thus 
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over half of the realized harmonic attraction as well.  The strength of this melodic 

attraction, as discussed earlier, is due to the semitonal proximity of F→E and the 

tendency of E to resolve back to the stability of the tonic pitch. 

The harmonic attraction of V→iv/iii (heard as V→vi) is only slightly weaker in 

harmonic attraction value than the first progression.  The comparatively weak attraction 

value represents a continuation of unresolved tension.  The progression of iv/iii→iii, 

however, is heard as strong.8  The strength of this strong harmonic attraction is attributed 

to the fifth motion in the bass and the voice-leading attraction of x±6− ±5 as F moves to E in 

the secondary key area of A minor.  The root movement provides a close chordal 

proximity of 5 while the voice-leading attraction of x±6→±5 is the strongest in the minor 

mode with αrvl = 1.5. 9

The progression leading to the downbeat of the second measure (iii→IV) returns 

as an attraction in the F-major space.  The chordal distance from iii→IV is the farthest (8) 

and the progression itself is not usually considered a resolution to a state of repose or 

stability.  The bass voice leading of A→Bx constitutes a hierarchical motion from the 

third-space level to the lower diatonic level, but the close proximity of a semitone still 

                                                 
8 The attraction calculations of V→iv/iii and iv/iii→iii deviate slightly from how Lerdahl would measure 
how we hear this progression.  As noted in Figure 3.14, the * denotes that iv/iii is heard first as functioning 
as vi in F major when approached by V, but then as iv/iii in the secondary key area of A minor when 
proceeding to iii.  I feel the calculations better reflect how we hear in both a prospective and reflective 
manner. 
 
9 This example of strong plagal attraction is supportive of the notion that the semitonal motion of x±6-±5 in 
plagal cadences is characteristic of minor modes just as ±7-±8 in authentic cadences is characteristic of major 
modes. 
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provides a relatively strong melodic attraction of 0.67.  The other voice leadings only 

have minimal attractions, producing a weak harmonic attraction of 1.46.   

The following progression (Prog 6→7) is another plagal motion but in the tonic 

key.  While not considered to be as harmonically strong as an authentic motion, it does 

represent a significant return to the stability of the tonic; therefore, our intuition should be 

confirmed by a relatively strong harmonic attraction value.  The IV is sustained and 

repeated in beats 1 through 3 finally producing a strong attraction as it resolves to the 

tonic on beat 4.  The voice leading in the soprano (Bx→A) provides a significant melodic 

attraction (1.5) both through semitonal proximity and hierarchical motion from the 

diatonic level to the third level in the basic space.  Only semitonal voice leading to the 

octave level is stronger in melodic attraction.  The additional voice leadings of D→C 

provide small yet significant attraction, and the close chordal proximity of 5 helps to 

provide a strong harmonic attraction of 3.91.  The identical value of harmonic attraction 

in this progression compared to the secondary plagal progression (Prog 3→4) illustrates 

how we hear both of these progressions as equally strong, despite their residing in two 

different key areas. 

The chord progression I→iv/vi (heard as I→ii) is very weak.  There are no 

semitonal voice leadings to produce strong melodic voice-leading attractions, and the 

chordal distance from I→ii is a distant 8.  The subsequent chord progression, iv/vi→vi, 

however, announces a shift to a secondary key area.  This changes the perceived key 

region of iv/vi from F major to D minor (see Prog 8→9).  With this change in key center 
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we intuit a much stronger attraction of iv/vi→vi, with a harmonic attraction value of 3.91. 

This is identical in strength to the plagal cadences in F major and A minor immediately 

preceding it.  As in Prog 3→4 and Prog 6→7, there is a semitonal voice-leading that 

produces a strong melodic attraction, and the plagal root movement produces a close 

chordal proximity.  It is worth repeating that the voice-leading attractions of Prog 8→9 

are not calculated within the F-major diatonic space, but rather in the D-minor space to 

reflect our hearing of a secondary function.     

One might question the validity of two secondary plagal progressions being 

equally as strong as one to the original tonic; however, inspection of the voice leadings 

reveals the reason for the identical strong harmonic attractions.  Each of the plagal 

cadences is comprised of voice-leadings with melodic-attraction values identical to those 

of the other two progressions.  The IV→I progression has a semitonal voice-leading 

attraction from ±4→±3 with an attraction value of 1.5.  The two secondary plagal functional 

also have semitonal voice-leading attractions but from x±6→±5.  Referring to the chart in 

Figure 3.10a, the attraction of ±4→±3 in the major mode (1.5) is identical to x±6→±5 in the 

minor mode.  Likewise, the voice leading attraction of ±6→±5 in the major mode is 

identical to ±4→x±3 in the minor mode.  Consequently, the voice leadings in the three plagal 

progressions are all equally strong.  The plagal root movements also have identical 

chordal distances of 5 for each progression; therefore, each harmonic attraction reflects 

our intuited hearing of each progression in their respective key regions as being equal in 

strength. 
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The secondary key area of D minor is continued in measure 3 with a similar 

plagal progression, but with a substituted sixth in the iv/vi followed by vi.  The highest 

sounding voice sets up a dynamic voice-leading attraction in vi→ivsub6/vi, shown in Prog 

9→10, by moving from F to the substituted sixth of iv (E).  This provides a strong voice 

leading of ±2→x±3 in the subsequent progression (ivsub6/vi→vi) with a melodic attraction 

value of 1.5.  This same strong voice-leading attraction value is also found in two inner 

voices moving from Bx→A, x±6→±5 along with an additional voice-leading attraction of 

G→A.  The combined realized voice-leading attractions of ivsub6/vi→vi, 3.455, and a 

close chordal proximity of 5 produce a very strong harmonic attraction of 6.91.  This 

chord progression, which includes two semitonal voice leadings in contrary motion, is 

what Harrison refers to as a “double-barreled” discharge.10  When the attraction value is 

compared to the V→I progression that immediately follows, it is easy to see how one 

could call it such. 

It was mentioned above how our hearing of the chord on beat 3 of measure 3 

reflects our understanding of it as ivsub6/vi rather than Vw.  Figure 3.15 shows the 

difference in harmonic attraction to vi when it is judged as ivsub6/vi or as Vw.  A 

comparison of the two progressions and their harmonic attraction values suggests a 

significant difference in attraction should be heard depending upon what is aurally 

interpreted as the basic space at that point.   

                                                 
10 Harrison coins this term in his discussion of the discharge from functionally mixed chords.  He uses the 
term to describe the strong discharge of dominant and subdominant elements onto the tonic, as found in V7-
I (1994, 105).  A second example is given on page 114 in the discharge of S/D of D onto D. 
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An analysis of Vw→vi shifts the calculation of attraction to the F-major basic 

space.  This bestows the strongest possible voice-leading attraction of 2.0 on E→F; 

however, it interprets Bx as a dissonant passing tone and thus it has no bearing on the 

harmonic attraction.  We are left with C→A, which has a weak voice-leading attraction 

of 0.11.  When calculating the harmonic attraction, the chordal distance from V-vi is also 

a distant 8.  These voice leadings leave the progression with a harmonic attraction value 

of only 3.16.   

When analyzed as ivsub6/vi →vi, the attractions are calculated from the D-minor 

basic space.  The voice-leading attraction of E→F is only slightly reduced to 1.5; 

however, Bx is now x±6, leaving C as a non-chord tone.  This adds another very strong 

melodic attraction, Bx→A, also with a value of 1.5.  The change from Vw to ivsub6/vi also 

affects the chordal distance.  Instead of a distant 8, the fifth-motion reduces the chordal 

distance to its closest (5) rendering a realized harmonic attraction of 6.91.  Finally, this 

comparison also suggests that we hear different harmonic motions.  A reading of 

ivsub6/vi→vi suggests that a plagal motion is heard rather than a deceptive motion in the 

Vw-vi progression.  When compared to our intuitive hearing, this comparison of harmonic 

attractions is evidence that the chord should be understood as a substituted-sixth chord.11    

                                                 
11 This harmonic attraction analysis can also be used to justify the original phrasing of this passage to 
include beat six of the second measure instead of the edited phrase mark that is shown in the above 
example.  This author feels it is doubtful that a phrase marking would begin in the middle of such a strong 
attraction; rather, it begins at the beginning of beat 6, measure 2. 
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Prog(10→11) in F   Prog(10→11) in D minor 
 
α(E→F) = 2.0    α(E F) = 1.5       →

 α(C→A) = 0.11   α(Bx→A) = 1.5    
 α(G→A) = 0.375   α(G→A) = 0.375    
 α(G→   α(G→D) = 0.04    D) = 0.04 
 αrvl(Vw→vi) = 2.525   αrvl(ivsub6/vi →vi) = 3.455   

αrh(Vw→vi) = 10[2.525/8] = 3.16 αrh(ivsub6/vi →vi) = 10[3.455/5] = 6.91 
            
 
 
Figure 3.15  Comparison of chordal progressions from two different roots. 

  

The conclusion of the second phrase consists of two authentic cadences coupled 

by a prolongation of the tonic triad with root motions by ascending third.  In Prog 

(12→13), the voice leadings of E→F and G→A, found in the reduction, help to provide a 

strong harmonic attraction.  Both of these motions exhibit hierarchical motions to higher 

levels and close melodic proximities.  E→F, a semitone, is from the diatonic to the octave 

level, and G→A, a whole tone, is from the diatonic to the triad level.  The realized 

harmonic attraction is 4.85, indicating a strong sense of harmonic resolution.     

Brahms prolongs the tonic harmony through an arpeggiation and reharmonization 

of the tonic triad.  The resulting progression, I−iii−V&, has numerous common tones and 

voice leadings with leaps.  As has been observed earlier, common tones do not provide 

any melodic or harmonic attraction, and two pitches that reside more than a whole tone 

apart have very weak attractions. The calculations of Prog (13→14) and Prog (14→15) 

show that these voice leadings produce weak voice-leading attractions and consequently 

a series of weak harmonic attractions.  The result is intuitively heard as a delayed, weak 

buildup of harmonic tension as I progresses to V&. 
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The reharmonization of ±5 as V and V& allows for the final authentic cadence.  The 

addition of the chordal seventh provides no additional harmonic attraction from V→V&; 

even though there is melodic motion taking place, there is no change in the basic 

harmony.  As was demonstrated in Figure 3.12 above, a dominant-seventh cadence can 

produce strong attraction values because of the “double-barreled” discharge of ±7→±1 and 

±4→±3; however, the voice-leading attractions in this progression are again weakened 

through the use of common tones and leaping motions.  The stepwise motion of the 

chordal seventh provides almost all the realized voice-leading attraction, while the 

leaping motion of ±7→±5 exerts very little attraction.  The progression concludes with a 

realized harmonic attraction of only 3.38.  Without additional strong voice-leading 

attractions, the discharge of V&→I is heard as a gentle release of harmonic tension rather 

than as a strong, immediate discharge of attractional energy. 

Figure 3.16 maps the harmonic attraction values of Figure 3.13b over time, 

measured in metrical beats, to graphically represent our experiences of tension and 

release.  The respective chords are listed below the metrical beats.  This graph clearly 

shows how tension is slowly built and released in the secondary plagal motion on beats 4-

6.  Our aural expectations are then heightened by sudden increases in tension and release 

from the primary plagal motion beginning on beat 9 and climaxing on the ivsub6/vi→vi 

progression.  The musical drama quickly tapers off as we return to the tonic with only 

moderately strong perceptions of tension and release with the authentic cadences on beats 

18-19 and 24-25.  
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Figure 3.16  Tension graph of Brahms’s Romance. 

 

Strong attractions are associated with the release of tension at points of stability; 

however, the Roman-numeral analysis of this passage does not fully describe the 

harmonic activity that takes place; instead, it shows that tension is only released on beats 

10, 19, and 25 with cadential motions to tonic F.  The secondary functions are viewed as 

only ancillary points of repose.  Figure 3.16 disputes this by illustrating that the greatest 

releases of tension are not experienced in the cadences to tonic, as would be expected, but 

to the secondary key centers found on beats 5 and 13 through 17.  This demonstrates how 

a harmonic attraction analysis can provide valuable insights that could be overlooked by 

a Roman-numeral analysis alone.   

Figure 3.17 is a TSD analysis of the same musical example.  Our initial hearing of 

secondary and primary plagal motions can be seen in our ST analyses in the opening 
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measures.  Our fourth hearing of a plagal motion (ivsub6/vi→vi) is shown with both an S 

and D reading.  While the Roman-numeral analysis of this progression is clearly S, there 

are other elements at work that project a D hearing as well.   

 
 

 
 
 
Figure 3.17  TSD analysis of Brahms’s Romance. 
 
 

Harrison suggests that the principle voice-leading attraction of the minor-mode is 

x±6→±5 and that plagal motion is as characteristic of the minor mode as authentic motion is 

of the major mode in that it is the semitonal voice leading of the subdominant and 

dominant agents that depicts the functional discharge to tonic.  This is significant in that 

hearing the change of function from S to T in the secondary plagal progressions, 

iv/iii→iii and iv/vi→vi, involves the semitonal voice leading of x±6→±5.   In the first 

progression (iv/iii→iii) the voice-leading of F→E is the subdominant agent (x±6) to tonic 

associate (±5) in the secondary key of A-minor while the voice leading of D→C 

(subdominant base, ±4) to tonic agent (x±3) can be found in the soprano voice as an 
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accompaniment. 12  The remaining voice leading, found in the lowest voice, is a 

fundamental root movement from the subdominant base to tonic base.  Similar voice-

leading traits can also be found in the progression iv/vi→vi.   The voice leading of Bx→A 

is the subdominant agent, x6, to tonic associate ( ±5) in the secondary key of D-minor while 

the voice leading of G→F (subdominant base, ±4) to tonic agent (x±3) is an accompaniment.  

The remaining voice leading is a fundamental root movement G→D (subdominant base 

to tonic base).  In both of these progressions, the voice leadings clearly articulate a ST 

hearing.   

In the progression ivsub6/vi→vi, however, there is a conflicting accompaniment to 

the discharge of the subdominant agent.  In addition to the voice leading of x±6- ±5, the voice 

leading of E→F is the functional discharge of dominant associate (±2) to minor-mode 

tonic agent (x±3).  The accompaniment of ±2-x±3 to x±6- ±5 is what Harrison describes as a 

contrary, specific accompaniment: the voice leadings are contrary to each other and they 

move a specific distance of one semitone each.  Such accompaniments are functionally 

mixed; exhibiting discharges of both dominant and subdominant functions, and are 

typical of “double-barreled” discharges.  Calculations of Prog(10-11) in Figure 3.14 

demonstrate that both of these voice leadings exhibit very strong attractions, which 

promote a strong discharge to tonic.  Typical examples of “double-barreled” discharges 

are DT; however, the fundamental root movement down a fourth in this progression 

                                                 
12 Harrison defines accompaniments as other voice-leading motions that accompany agent discharges.  
These accompaniments are further described by their relational motion to and from other agents, pp. 103-
126. 
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discourages us from drawing such a conclusion.13  With two strong voice leadings that 

promote different functional discharges, it might be misleading to describe the change of 

function that is heard in this progression as only a subdominant discharge or only a 

dominant one.   

Many late nineteenth-century composers integrated Plagal systems into a 

predominantly Authentic-based system—even to the point that it was no longer suitable 

to speak of the music of this period as being under the influence of the Authentic system.  

While it is not suggested that the Plagal system was set up in opposition of the Authentic, 

frequent plagal cadences and S-related key areas have been noticed in the works of 

Wagner, Wolf, and Bruckner to name a few.14  While analytic techniques have favored 

the Authentic system, progressions having strong subdominant discharges should not be 

marginalized in favor of progressions having strong dominant discharges, especially 

concerning music of this period. 

Second, Harrison suggests that “agents [should] be endowed with almost supreme 

functional power in discharge” (102) and that bass motion by fifth could be endowed 

with the remainder.  With two functional agents discharging opposing functions, it would 

seem that the final determination of function should rest on the manifestation of bass 

                                                 
13 See note 2.9 above. 
 
14 See Leonard Meyer, Style and Music: Theory, History, and Ideology. Philadelphia: University of 
Pennsylvania Press, 1989: 286-91.  David Lewin, “Amforta’s Prayer to Titurel and the Role of D in 
Parsifal: The Tonal Spaces of the Drama and the Enharmonic Cx/B,” 19th-Century Music, vol. 7, no. 3, 
1984:336-49.  Deborah Stein, Hugo Wolf’s Lieder and Extensions of Tonality. Ann Arbor, Mich.: UMI 
Research Press, 1985.  William Benjamin, Progressive Revelation in Bruckner’s Eighth Symphony: Tonal 
Structure from the Standpoint of 19th-Century Idealism” (paper read at the conference “Alternative to 
Monotonality,” University of Victoria, Victoria, B.C., 18 February 1989). 
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discharge.  In the progression ivsub6/vi→vi, the root motion in the bass from G→D is an S 

discharge.  Therefore, the voice leading of this progression would suggest that it is ST— 

or at least more ST than DT. 

We commonly associate progressions having a change in function with 

fundamental root movement; however, this passage clearly illustrates that forces other 

than root movement are directly responsible for the strength of harmonic attractions and 

the types of functional discharges we hear.  The application of Lerdahl’s melodic 

attraction rules can provide further insight by measuring the melodic attraction of 

individual voice leadings in the discharge from one functional state to another, allowing 

one to identify which voice leadings are responsible for empowering the discharge.  In 

addition, his harmonic attraction rules can provide an easy way of comparing the relative 

strengths of different discharges. 
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 CHAPTER IV 
 

VOICE-LEADING ATTRACTIONS IN 
 

PRIMARY FUNCTIONAL DISCHARGES  
 

 

The previous chapters briefly examine how Harrison and Lerdahl each explain 

tonal hearing.  This chapter will compare functional discharges, as defined by Harrison, 

in terms of their relative strengths, as measured by Lerdahl’s harmonic attraction formula.  

In doing so, it will identify which voice leadings produce the strongest attractions in a 

functional discharge, thereby determining if specific voice leadings are responsible for 

our intuition of a change in function and if so, which ones.  Because interactions between 

primary triads are the archetype of functional discharge, we will begin our investigation 

by examining the voice-leading attractions between primary triads.   

 
4.1 Voice-leading Attractions of Primary Triads 

in the Major Mode 

      

The chord progressions I−IV, IV−I, I−V, V−I, IV−V, and V−IV represent the 

primary functional discharges, TS, ST, TD, DT, SD, and DS respectively.  Figure 4.1 

illustrates common voice leadings of the four harmonic progressions involving the tonic 

triad as found in the major mode.  Each progression keeps the root movement in the bass 

voice, while the remaining voices exhibit parsimonious voice leading.1  The 

                                                 
1 Richard Cohn uses the term “parsimony” to describe the voice leading that “is inherent to the PLR family, 
whose defining feature is double common-tone retention…[and] the incremental motion of the third voice, 
which proceeds by semitone in the case of P and L, and by whole tone in the case of R” (1997:1-2).  Adrian 
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measurement of individual voice-leading attraction within each chord progression, along 

with the calculations of realized voice-leading and harmonic attractions can be found 

below the progressions.  
 
 
 

 
        a              b 
 α(G→A) = 0.17    α(A→G) = 0.375 

α(E→F) = 0.67    α(F→E) = 1.5 
α(C→C) = 0.0     α(C→C) = 0.0 
α(C→F) = 0.02    α(F→C) = 0.08 
αrvl l
α

(I→IV) = 0.86    αrv (IV→I) = 1.955 
rh(I→IV) = 10[0.86/5] = 1.72=TS  αrh(IV→I) = 10[1.955/5] = 3.91=ST 

 
        c              d 

α(G→G) = 0.0     α(G→G) = 0.0     
α(E→D) = 0.17    α(D→E) = 0.375    
α(C→B) = 0.5     α(B→C) = 2.0     
α(C→G) = 0.03    α(G→C) = 0.05    
αrvl l
α

(I→V) = 0.70    αrv (V→I) = 2.425    
rh(I→V) = 10[0.70/5] = 1.40 =TD  αrh(V→I) = 10[2.425/5] = 4.85=DT 

 
Figure 4.1  Common voice leadings and attractions of primary functional discharges:     
a) TS; b) ST; c) TD; and d) DT. 

 

                                                                                                                                                 
Childs uses the term to describe the transformations of seventh chords “which involve holding two pitches 
constant while the other two move by half step in similar motion” (185).  Jack Douthett and Peter Steinbach 
use the term in connecting graphs of modes with limited transposition such that “the tones common to both 
[chord] X and Y remain fixed, and of the remaining tones…m of them move by a half step and n by a whole 
step” (243) .  In this dissertation, “parsimonious” will be used to describe voice leading by step or common 
tone.  
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The calculations of voice-leading and harmonic attractions in TS, found in Figure 

4.1 a, illustrate that the strongest voice-leading attraction is the semitonal motion from 

E→F with an attraction value of 0.67.  Using Harrison’s terminology, this is the tonic 

agent discharging onto the subdominant base, or more simply ±3→±4.  This represents a 

hierarchical motion from the third level down to the diatonic level in the basic space, but 

the semitonal proximity imparts a strong attraction as ±4 has a predisposition to return to ±3, 

a point of stronger stability.  The voice leading of G→A ( ±5→±6) discharges a much 

smaller attraction, even though it has the same hierarchical motion as ±3→±4.  The 

reduction of attraction from 0.67 to 0.17 is due to the proximity between ±5 and ±6 being a 

whole step rather than a half step.  With no change in pitch, the attraction of C→C is null 

despite its change in functional role from tonic base to subdominant associate.  The 

attraction of C→F, the roots of the two triads, is insignificantly small; however, the 

motion is represented by a close chordal distance of 5.  With a realized voice-leading 

attraction of only 0.86, the voice-leading of E→F clearly provides the bulk of the 

attraction energy that is heard in this progression as tonic function discharges onto 

subdominant function. 

Some individual voice-leading attractions of ST found in figure b are stronger 

than their respective voice leadings of TS.  The change in realized voice-leading 

attraction between F and E (0.67 to 1.5) is considerably stronger because the attraction is 

represented by the movement from a pitch of lesser stability, the subdominant base found 

on the diatonic level, to one of greater stability, the tonic agent found on the triadic level.  
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A change in hierarchical motion is also responsible for the increase in attraction of ±6→±5  

from 0.17 to 0.375.  While this also represents a motion from a pitch of lesser stability to 

one of greater stability, the distance of a whole tone that separates the two pitches reduces 

the increase in attraction, as seen in the semitonal voice leading between ±4→±3.  As in the 

TS example, the lack of pitch movement from the subdominant associate to the tonic 

base, which are both represented by ±1, produces a null attraction value.  The change of 

voice-leading attraction between the roots is also insignificant, despite the attraction of 

F→C being four times stronger than C→F.  There is also no change in strength of 

chordal distance since both progressions have the same chordal proximity.   

The single most significant contributor of discharge in both TS and ST is the 

semitonal voice-leading of the tonic agent, ±3.  In TS, it is the discharge from the tonic 

agent that initiates our hearing a change of functional quality from Tonicness to 

Subdominantness.  The whole tone voice-leading attraction of the tonic associate to 

subdominant agent (±6→±5) provides little additional energy in our hearing of a functional 

discharge.  In ST, it is the discharge to the tonic agent, with a strong voice-leading 

attraction of ±4→±3 that provides a change in hearing.  Unlike the voice leading in TS, the 

whole-tone motion of the subdominant agent to tonic associate (±6→±5) does provide some 

additional attraction energy in ST to boost our hearing of a change in function, but it is 

primarily the semitonal attraction to the tonic agent that provides the discharge energy 

heard in the change from subdominant to tonic function. 
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As has been noted above, the use of the plagal cadence grew in frequency and 

importance during the late Romantic era.  One such example is Brahms’s Wie Melodien 

zieht es mir, op. 105, no.1, shown in Figure 4.2.  The plagal cadence that concludes this 

work projects a significant change in function back to the tonic.  In the initial cadential 

motion, the strongest measurement of voice-leading attraction of TS is found in ±3→±4 

with a value of 0.67.  The other voice leadings combined have a realized voice-leading 

attraction of only 0.19.  The tonic base (±1) is held as a common tone to the subdominant 

associate, while ±5, the tonic associate, moves up by step to the subdominant agent, ±6.  As 

in previous examples, the root motion provides very little voice-leading attraction as a 

bass line (only 0.02), but contributes significantly nonetheless, with a close chordal 

distance of 5.  With a realized harmonic attraction of 1.72, the voice leading principally 

responsible for the discharge of T function onto S function is the semitonal motion of the 

tonic agent (±3) onto the subdominant base, ±4.   
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 α(E Fv) = 0.17    α(Fv→E) = 0.375 →
α(Cv→D) = 0.67    α(D→Cv) = 1.5 
α(A→A) = 0.0     α(A→A) = 0.0 
α(A→D) = 0.02    α(D→A) = 0.08 
αrvl(I→IV) = 0.86    αrvl(IV→I) = 1.955 
αrh(I→IV) = 10[0.86/5] = 1.72=TS  αrh(IV→I) = 10[1.955/5] = 3.91=ST 

 
 
Figure 4.2  Voice leadings and attractions of TS and ST in Brahms’s Wie Melodien zieht 
es mir : a) closing plagal cadence; b) harmonic reduction. 

 

The final return to T in measure 46 exhibits a reversal of voice-leading motions.  

±1 is again held as a common tone while the root motion from ±4−1 communicates a close 

chordal distance.  In TS, the voice leading of ±5− ±6 provided little attraction, but the return 

motion of the subdominant agent to tonic associate provides a substantial increase in 

voice-leading attraction.  In ST, the realized voice-leading attraction of ±6→±5 is 0.375.  

The voice leading of the subdominant base to tonic agent (±4→±3), however, produces an 

even larger attraction of 1.5.  While the voice leading of the subdominant agent provides 

a significant amount of attraction in the discharge of ST, with a realized harmonic 
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attraction of 3.91, it is the semitonal motion of ±4− ±3 that produces the majority of 

discharge in the change from subdominant to tonic function.   

Dahlhaus (1980) claims that one of the hallmarks of late nineteenth-century music 

is the “individualization” of harmony (71).  “Relieved of the responsibility for the large-

scale structures, the harmony serves instead to establish the unique identity of one instant 

in time” (74).  An unusual harmonic progression occurs in the opening of Wie Melodien 

by Brahms (shown in Figure 4.3a), where the progression xKK^−I produces a strong plagal 

cadence.  In measures 4-5 of the reduction (see Figure 4.3b), the placement of the 

subdominant base in the lowest voice of the xKK^ chord resolving to the tonic base 

prolongs subdominant function, and the voice leadings from the Neapolitan to the tonic 

chord produce a strong ST discharge.  The use of x±2, ±4, and x±6 resolving to ±1, ±3, and ±5, 

respectively, provide three semitonal voice leadings.  As discussed in chapter 2  above, 

the voice leading of x±2− ±1 is a projection of subdominant discharge found in x±6− ±5.  The 

realized voice-leading attraction of x±6→±5 (1.5) is the same as for ±4→±3, but the voice 

leading of x±2→±1 produces an incredibly strong attraction of 4.0, twice as strong as that of 

±7→±1 (2.0).  While both voice leadings are semitonal, the motion from x±2→±1 is a 

hierarchical motion from the chromatic space up to the octave space whereas the motion 

of ±7→±1 is a hierarchical motion from the diatonic space up to the octave space.  This 

increases the anchoring rate ratio from 4/2 to 4/1, which doubles the voice-leading 

attraction.  The three specific-parallel voice leadings produce a strong harmonic attraction 

of 8.85 and a change from subdominant to tonic function. 
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a

 
 
 

b 

  
 
 

 α(E Fv) = 0.17    α(Fc→E) = 1.5 →
α(Cv→D) = 0.67    α(D Cv) = 1.5 →
α(A→A) = 0.0     α(Bx→A) = 4.0 
α(A→D) = 0.02    α(D ) = 0.08 →A
αrvl(I→IV) = 0.86    αrvl(xKK^
α

→I) = 7.08 
rh(I→IV) = 10[0.86/5] = 1.72=TS  αrh(xKK^→I) = 10[7.08/8] = 8.85=ST 

 

Figure 4.3   Subdominant discharge of xKK^ in Brahms’s Wie Melodien zieht es mir;           
a) excerpt from mm. 1-5; b) analytic reduction. 
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The discharge of TD, as illustrated by the prototype in Figure 4.1c, is a weak 

progression.  We can see a comparison of the calculations of the four prototypes that it is 

the weakest of the four primary functional discharges; however, it is strong enough to 

evoke a definite change in harmonic function in the listener.  We can see that the 

common tone G produces no attraction because there is no voice-leading motion; the 

pitch merely changes its functional attribute from the tonic associate to the dominant 

base.  The attraction of ±1→±5 also produces little attraction because of the distance that 

separates the two pitches; however, the root motion by fifth does produce a close chordal 

proximity of 5.  The two voice leadings that highlight the change of harmonic function in 

TD are the discharges of tonic base to dominant agent (±1− ±7) and tonic agent to dominant 

associate (±3− ±2).   

The attraction of the tonic agent to dominant associate is not strong enough by 

itself to produce the necessary discharge that is heard when a change of function occurs.  

The voice leading of ±3− ±2 has a voice-leading attraction of only 0.17.  The distance of a 

whole tone between the two pitches and a hierarchical motion away from the stability of 

the third of the tonic triad prevents a strong attraction from being produced between the 

two pitches.  The voice leading of ±1−±7, however, has an attraction of 0.5.  Despite a 

similar hierarchical motion away from the stability of a tonic member, the semitonal 

proximity of the tonic base and dominant agent produces a strong attraction because of 

the strong desire of ±7 to return to the stability of the tonic pitch.  The close chordal 
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proximity helps maximize the attraction of the voice leadings, which combine to generate 

a harmonic attraction value of 1.40. 

DT is usually considered the strongest primary functional discharge, as the 

calculations in Figure 4.1d confirm our intuition.  Like all of the primary functional 

discharges, it has one common tone and a close chordal proximity of 5.  The two 

remaining voice leadings, however, reflect motions to the two most stable pitches of the 

tonic triad.  The dominant associate ( ±2) moves to the tonic agent (±3) and the dominant 

agent (±7) moves to the tonic base (±1). 

±2 is equal distant from ±3 as it is from ±1; however, ±2 has a stronger realized voice-

leading attraction to ±1 (0.5) than to ±3 (0.375).  From our previous discussion of the basic 

space, ±1 lies at the strongest level, the octave level, while ±3 rests one level beneath on the 

triadic level of the basic space.  This hierarchical difference produces the difference in 

attraction of the voice leadings of ±2− ±1 and ±2− ±3, and is reflected by the definitions of 

perfect and imperfect authentic cadences.  Because ±2 is not a functional agent, the slight 

difference in voice-leading attractions does not directly affect our sense of functional 

change.   

The semitonal voice leading of ±7− ±1 exhibits the conditions for maximum voice-

leading attraction.  First, ±7 is naturally attracted to ±1 because of its closer proximity to ±1 

than to ±6.  Attraction is proportional to the inverse square of the distance (measured in 

semitones); ±7 is four times more attracted to ±1 (22/1 = 4) than to ±6 (12/1 = 1).  Second, the 

hierarchical motion from a level of relative instability up to a level of maximum stability 
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produces a strong voice-leading attraction.  Consequently, the realized voice-leading 

attraction of ±7→±1 is 2.0, the strongest possible voice-leading attraction.  The combined 

realized voice-leading attractions and close chordal distance produce a very strong aural 

change of function, with V−I having a realized harmonic attraction of 4.85. 

 The single most important factor of functional discharge in TD and DT is the 

semitonal voice leading of the dominant agent.  In the discharge TD, it is the semitonal 

attraction of ±1 to ±7 that provides most of the functional energy.  While the voice leading 

of the functional agent is bestowed with the powers of functional identity, the motion of 

the tonic agent (±3) to the relatively powerless dominant associate (±2) leaves it lacking 

sufficient attraction to communicate a change in function.  In the discharge DT, it is the 

superior, semitonal attraction from the dominant agent (±7) to the tonic base (±1) that 

provides the strong sense of functional change.  The discharge of dominant associate to 

tonic agent provides additional voice-leading attraction in the discharge of dominant to 

tonic function. 

The introduction of Schumann’s Widmung, op. 25, no. 1, shown in Figure 4.4, 

provides an illustration of TD and DT discharge.  The tonic and dominant triads are 

unfolded through arpeggiation in the treble and bass staves as a tonic pedal is sustained 

through the changes of function.  A reduction (see figure b) shows only the basic triad 

outline in standard SATB voicing to avoid any unnecessary duplication.  As 

demonstrated in the calculation of TD prototype discharge, the voice leading of ±1− ±7 

provides most of the attraction in the change of function with a voice-leading attraction of 
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0.5 while the voice leading of the tonic agent, ±3→±2, provides only a minimal addition to 

the attraction energy.  The common tone (Ex) and pedal (Ax) have attraction values of 0.0 

(shown in Figure c).  The close chordal proximity of I to V provides the strongest 

possible chordal distance of 5.  The realized harmonic attraction of the opening 

progression is identical to the prototype with αrh= 1.40.   In the return to T, the voice 

leadings are identical to our DT prototype (except for the pedal).  The reciprocal voice 

leading of ±7− ±1 is the primary donor of voice-leading attraction in the discharge of 

dominant onto tonic function with a realized harmonic attraction of 4.85.  

 
 

 
 
 
 

Figure 4.4   Voice leadings and attractions of TD and DT in Schumann’s Widmung:  a) 
piano introduction; b) reduction; c) attraction calculations; d) calculations for alternate 
bass voice leading. 
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  c 
   α(Ex→Ex) = 0.0    α(Ex Ex) = 0.0 →
   α(C Bx) = 0.17    α(Bx→C) = 0.375 →
   α(Ax→G) = 0.5    α(G Ax  = 2.0 → )
   α(Ax→Ax) = 0.0    α(Ax→Ax) = 0.0 
   αrvl(I→V) = 0.67    αrvl(V→I) = 2.375 
   αrh(I→V) = 10[0.67/5] = 1.34 = TD  αrh(V→I) = 10[2.375/5] = 4.75 = DT 
  
   d 

  α(Ex→E ) = 0.0    α(E Ex) = 0.0 x x→
   α(C Bx) = 0.17    α(Bx→C) = 0.375 →
   α(A →G) = 0.5    α(G Ax  = 2.0 x → )
   α(Ax→Ex) = 0.03    α(Ex→Ax) = 0.05 
   αrvl(I→V) = 0.70    αrvl(V→I) = 2.425 
   αrh(I→V) = 10[0.70/5] = 1.40 = TD  αrh(V→I) = 10[2.425/5] = 4.85 = DT 
 
Figure 4.4 continued. 
 
 

Figure 4.4d shows that the bass pedal has no effect on the harmonic attraction of 

I→V and V→I.  In a hypothetical case, if the bass were to exhibit root motion in I−V−I 

(the root of V is enclosed in brackets in the reduction) instead of a tonic pedal, the added 

realized voice-leading attraction would only be 0.03 in the attraction of I→V and only 

0.05 in the attraction of V→I.     

The final two remaining functional discharges are SD and DS, of which the 

primary progressions IV−V and V−IV are the prototypes, respectively.  Figure 4.5 

illustrates common voice leadings of these two primary progressions.  These two 

progressions demonstrate voice-leadings that are somewhat different in nature than those 

of the other four prototypes.  First, root movement is by step rather than leap; this 

provides stronger voice-leading attractions between functional bases but produces a 

distant chordal proximity.  Second, no common tone is shared between the primary 
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chords, which provides for an additional voice-leading attraction in the calculation of 

realized harmonic attraction. 
 
 
 

  
 
 
α(A→G) = 0.375             α(G→A) = 0.17 

 α(F→D) = 0.11             α(D→F) = 0.11 
 α(C→B) = 0.5              α(B→C) = 2.0 
 α(F→G) = 0.375             α(G→F) = 0.17 
 αrvl(IV→V) = 1.36             αrvl(V→IV) = 2.45 
            αrh(IV→V) = 10[1.36/8] = 1.70 = SD           αrvl(V→IV) = 10[2.45/8] = 3.06 = DS 
 
Figure 4.5  Common voice leadings and attractions of primary functional discharges: a) 
SD; b) DS. 
 
 

The voice leading of SD discharge, found in Figure a, exhibits one significant 

voice leading similar to the prototype of TD discharge.  The voice leading of ±1− ±7, which 

provides significant voice-leading attraction in the harmonic attraction of I→V, also 

provides significant voice-leading attraction in IV→V.  Although ±1 can play a dual 

functional role —tonic base and subdominant associate—the semitonal proximity of ±1 to 

±7 provides the same strong voice-leading attraction (0.5) despite a change in its functional 

attitude.   
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The voice leadings of ±6− ±5 and ±4− ±5 (A→G and F→G) have the same attraction 

value because of identical melodic proximities of a whole tone and hierarchical motions 

from the diatonic level to the triadic level.  The whole-tone motion of subdominant base 

to dominant base provides a significant increase in voice-leading attraction between the 

primary roots; however, this results in an increase of the chordal distance from 5 (as 

found in the other prototypes) to a distant 8.  The final voice leading, F→D, is weak 

because of an absence of hierarchical motion to a more stable position, a result of both 

pitches lying on the diatonic level, and a melodic distance between the pitches of three 

semitones.  The voice leadings of IV→V, as illustrated above, result in a weak realized 

harmonic attraction of 1.70. 

The prototype of DS discharge, V→IV, has a surprisingly strong discharge given 

that it is not even considered an acceptable tonal progression in more conservative styles.  

The voice leadings G→A and G→F represent hierarchical motions from the stability of 

the triadic level down to the relatively unstable diatonic level.  Because of their identical 

melodic proximities, they each have a weak voice-leading attraction of 0.17.  The final 

voice-leading attraction, D→F (dominant associate to subdominant base), contributes 

little additional attraction.  As discussed earlier, functional associates are the weakest 

member and play little or no role in functional discharge. The harmonic attraction in 

V→IV is further reduced because the primary roots are a whole tone apart, which 

increases the chordal distance to 8; however, it exhibits one significant voice leading 

found in the prototype of DT discharge.  The voice leadings of dominant agent to 
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subdominant associate and dominant agent to tonic base are both represented by the 

motion of ±7− ±1.  The semitonal proximity and hierarchical motion of ±7→±1 imparts a 

maximally strong voice-leading attraction of 2.0, shown in Figure 4.5b, in both DT and 

DS discharges despite a change in the functional attitude of ±1.  The strong realized 

harmonic attraction of 3.06 found in the prototype of DS discharge can only be attributed 

to the semitonal voice-leading attraction of ±7→±1, the dominant agent to subdominant 

associate.   

The chord progression IV−V is commonly found throughout the common practice 

period; however, V−IV is elusive in the repertoire.  When found, it is more often seen in 

the minor mode as v^−iv^.  One example that does incorporate both progressions in the 

major mode, however, can be found in the opening of Gabriel Fauré’s Mai, illustrated in 

Figure 4.6a.   The repetition of the pitches G and D at the beginning of each measure 

sounds more as tonic drone rather than as significant chord tone or non-chord tone 

members of the harmonic motion, as shown in Figure 4.6b (the reduction of measures 3-

6).  The result is a progression of complete triads with a stepwise, descending motion, 

concluding with an incomplete dominant seventh chord.  The use of parallel fifths and 

octaves occurred with greater frequency during the late 19th Century as a compositional 

device. This piece, written in 1862, demonstrates how these parallels are not really 

“voice-leading” parallels in the traditional sense, but are rather used to create a particular 

accompanimental mood or color.2   

                                                 
2 Concerning the use of parallel fifths, see:  Robert T. Laudon, “The Debate about Consecutive Fifths: A 
Context for Brahms’s Manuscript ‘Oktaven und Quiten,’” Music and Letters 73, no. 1 (February 1992): 48-
61; Robert Wason, “Progressive Harmonic Theory in the Mid-Nineteenth Century,” Journal of 
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a

 
 
 
 
 α(D C) = 0.17    α(C→A) = 0.11     →
 α(Fv→E) = 0.25    α(E→D) = 0.375 
 α(D→C) = 0.17     α(C→C) = 0.0  
 α(A G) = 0.5    α(G→Fv) = 0.5     →
 α(Fv→E) = 0.25    α(E→Fv) = .25     0
 αrvl(V6→IV6) = 1.34    αrvl(IV6→Ve) = 1.235     
 αrh(V6→IV6) = 10[1.34/8] = 1.68 = DS αrh(IV6→Ve) = 10[1.235/8] = 1.54 = SD 
 
   
Figure 4.6  Voice leadings and attractions of DS and SD in Fauré’s Mai: a) introduction; 
b) reduction of mm. 3-6. 
 
   

                                                                                                                                                 
Musicological Research 8, nos.1.2 (1988): 65- 66;  C.F. Weitzman, Die neue Harmonielehre im Streit mit 
der alten (Leipzig: C.F. Kahnt, 1861); Hugo Riemann, “Musikalische Logic,” reprinted in Präludien und 
Studien (Leipzig: Hermann Seemann Nachfolger, n.d.), 3:10-11; and Georg Capellen, Fortschrittliche 
Harmonie- und Modulationslehre (Leipzig: C.F. Kahnt, 1908), 32-33.  
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The changes from D to S to D in measures 4-6 do not exhibit all of the typical 

voice leadings found in the prototypes.  From the reduction in Figure b we see that five 

voices have descending stepwise voice leadings: 1) D−C−B−A in the vocal line; 2) 

Fv−E−D in the “soprano” voice; 3) D−C−C in the “alto” voice; 4) A−G−Fv in the “tenor” 

voice and; 5) Fv−E−Fv in the lowest voice.  Fauré places emphasis on scale degrees that 

can play dual functional roles in the vocal line to blur the harmonic motions.  The vocal 

part leaps up to D (tonic associate and dominant base) after outlining the tonic third and 

root in measure 3.  This produces an effect that measure 3 and 4 are tonic-oriented; 

however, the accompanying harmony shifts from T to D in measure 4.  After the D is 

repeated in measure 5 the vocal line descends stepwise to G, apparently outlining the 

tonic triad again with C and A as accented-passing tones.  Here the functional role of G 

as tonic base or subdominant associate is ambiguous because of the subdominant 

harmony in the accompaniment being played against the vocal melody.  The voice 

leading D−C, found in measure 4-5 of the vocal line, produces a weak voice-leading 

attraction of only 0.17, which is not strong enough by itself to communicate any change 

of function from D to S.  The vocal line continues down by step to B, which further 

strengthens a tonic hearing if not for the dominant seventh chord in root position in the 

accompaniment.  Instead, B is an appoggiatura which finally resolves to A, the dominant 

associate.  The use of dual-functioned scale degrees on metrically strong beats blurs the 

harmonic motion, which helps heighten a particular subdued mood portrayed in the 

translated text:  As May, all in flower, calls us to the meadow.   
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It is only in the voice leadings of the accompaniment that we hear the subtle 

changes of function from D to S to D more clearly.  The soprano voice in the 

accompaniment descends in a similar stepwise fashion; instead of the Fv ( ±7) returning to 

the stability of G ( ±1), it continues downward to the E (±6).  Similar to the Brahms 

Romance examples in the previous chapter (see Figures 3.8 and 3.13), the attraction of 

±7→±6, a motion to a pitch of less stability and more distant proximity than to ±1, results in a 

weakened voice-leading attraction, shown here as having an attraction of 0.25.  Instead of 

being attracted by ±7, the motion to ±1 in the “tenor” voice is approached from ±2 (A) with a 

voice-leading attraction of 0.5, one-fourth the attraction when ±1 is attracted from ±7.  The 

voice leadings in this example produce a realized harmonic attraction of only 1.46 

whereas the normative voice leadings of the prototype produced a realized harmonic 

attraction of 3.06, more than twice as strong.   

This reduction in discharge energy, however, serves a very useful purpose.  As 

was noted above, the text paints a very tranquil setting.  The reduction of any strong 

harmonic attractions by the accompanying piano merely adds to the serene textures that 

are being played out in the text by the solo voice.  Had the voice leadings of DS in 

measures 4-5 included even one motion from the dominant agent to the subdominant 

associate (±7→±1) it could have produced a realized harmonic attraction of 3.65.  Such a 

strong attraction would have meant that a large discharge of dominant energy was 

released onto subdominant function in the middle of the text, producing a dynamic event 

that would have contradicted what Fauré was trying to portray. 
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The voice leadings in the discharge of S to D function in measures 5-6 are more 

typical of the prototype.  The voice leadings of ±6→±5 in the soprano voice and ±1→±7 in the 

tenor voice are also found in the primary progression IV→V shown in Figure 4.5a.  The 

voice-leading attraction of the bass voice from ±6→±7 (0.25) is only slightly less than ±6→±5 

(0.375).  The alto voice holds a common tone which produces a voice-leading attraction 

of 0.0.  The realized harmonic attraction here is comparable to the harmonic attraction of 

1.70 found in the SD prototype (see Figure 4.5a).  This low attraction value helps to 

maintain the serene textual setting by suppressing any aural expectations in functional 

discharge while providing the seeds of harmonic and textual closure as the text comes to 

a brief point of repose.   

The harmonic attractions of the six primary functional discharges found in the 

major mode can be arranged into two strength categories—strong and weak—as shown in 

Figure 4.7.  (The harmonic attraction for modal mixture ST will be included in the 

categorizing of minor mode discharges later in this chapter.)  A case could be made for 

separating DT discharge into a third category by itself, but for simplification we will 

restrict ourselves to only the two categories.  The numerical values attached to each 

discharge highlight the fact that there are clear differences even between members of the 

same category.  However, as predicted, the strongest harmonic attractions are to tonic 

function while the weakest attractions digress from the tonic. 
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        Strong Harmonic            Weak Harmonic  
       Attraction/Discharge               Attraction/Discharge

 
DS; αrh = 3.06    TD; αrh = 1.40 

  ST; αrh = 3.91    SD; αrh = 1.70 
  DT; αrh = 4.85    TS; αrh = 1.72 
   
 
Figure 4.7  Functional discharge strengths of primary triads in the major mode. 
 
 

We instinctively hear ST and DT, with normative voice leadings, as strong 

progressions with definite changes in harmonic function where both progressions resolve 

to the tonic.  What is interesting, though, is that a comparison of the attraction values 

suggests we also hear DS almost as strongly as the change of function found in the plagal 

cadence, the prototype of ST.  ±1, the subdominant associate in DS, can be easily confused 

with the tonic base.  This ambiguity of functional role makes determination of functional 

discharge based on individual voice leading difficult, because ±±7→±1 is also a principal 

voice leading in DT.   

We also intuitively hear TD, SD, and TS, with normative voice leadings, as weak 

progressions.  These functional discharges exhibit harmonic motions away from the 

stability of tonic to a point of instability, as in the discharges of TD and TS, or to a point 

of increasing tension as in the discharge of SD.   Even though we intuitively hear these 

discharges as clear changes in harmonic function we do not hear them as dynamic 

harmonic exchanges like those found in strong discharges.   

It has been demonstrated that semitonal voice leadings provide strong voice-

leading attractions which in turn can generate strong harmonic attractions.  Each of the 
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six functional discharges has semitonal voice leading in the prototype models.  However, 

the functional discharges under the “strong” column have one significant difference from 

the functional discharges under the “weak” column.  The semitonal voice leadings found 

in DS, ST, and DT also exhibit motions to hierarchically stronger levels in the basic 

space.  In DS and DT, the semitonal voice leading of ±7− ±1 is from the unstable diatonic 

level to the very stable octave level in the basic space.  The semitonal voice leading in ST 

( ±4−±3) is also from the diatonic level ,but only to the second-strongest level, the triadic 

level.  The semitonal voice leading in TD, SD, and TS all exhibit the exact opposite 

hierarchical motion in the basic space.  Therefore, semitonal voice leading from a 

position of low tonal stability to a level of high tonal stability produces a strong voice-

leading attraction, and in turn can produce strong a harmonic attraction. 

 
4.2 Voice-leading Attractions of Primary Triads 

in the Minor Mode 

 

The scale degrees of the major and minor modes are identical, considering the 

common use of the raised seventh scale degree in the minor mode, except for the third 

and sixth scale degrees.  In the minor mode, x±3 is powerful because it communicates the 

mode within which the other scale degrees are operating when used in conjunction with 

the tonic triad.  x±6 is also highly characteristic of minor because it is used more frequently 

than x±3 to communicate modal mixture.  The fact that x±3 and x±6 are minor-mode functional 

agents produces the possibility that the measurements of our perceptions of functional 
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discharge can be significantly altered in the minor mode compared to the major.  The 

semitonal voice leadings in the major mode are between ±3− ±4 and ±7− ±1; whereas the minor 

mode has semitonal voice leadings between ±2−x±3 and ±5−x±6 as well as the major-mode 

voice leading of ±7− ±1.     

Figure 4.8 illustrates common voice leadings between the primary triads that 

communicate TS, ST, TD, and DT in the minor mode.  Figure a demonstrates a common 

progression of i−iv in root position with normative voice leadings.  A whole step between 

the tonic agent and subdominant base now exists, whereas this motion is a semitonal 

voice leading in the major mode.  However, there is now a semitonal motion between the 

tonic associate and subdominant agent in the minor mode, where this is a whole-step 

voice leading in the major mode. 
 
 
 

  
 
Figure 4.8  Common voice leadings and attractions of primary discharges in the minor 
mode: a) TS; b) ST; c) TD; and d) DT. 
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a      b 
α(G Ax) = 0.67    α(Ax→G) = 1.5 →
α(Ex→F) = 0.17    α(F→Ex) = 0.375 
α(C→C) = 0.0     α(C→C) = 0.0 
α(C→F) = 0.02    α(F→C) = 0.08 
αrvl(i→iv) = 0.86    αrvl(iv→i) = 1.955 
αrh(i→iv) = 10[.86/5] = 1.72 = TS  αrh(iv→i) = 10[1.955/5] = 3.91 = ST 

 
 c      d 
 α(G→G) = 0.0     α(G→G) = 0.0 
 α(Ex→D) = 0.67    α(D Ex) = 1.5 →
 α(C→Bc) = 0.5    α(Bc→C) = 2.0 
 α(C→G) = 0.03    α(G→C) = 0.05 
 αrvl(i→V) = 1.2    αrvl(V→i) = 3.55 
 αrh(i→V) = 10[1.2/5] = 2.40 = TD  αrh(V→i) = 10[3.55/5] = 7.10 = DT 
 
Figure 4.8 continued. 
 
 

We commonly hear the prototype discharge of TS and ST in the minor mode as 

being similar in strength to their respective prototype discharges in the major mode.  

Comparing the calculations of attraction of TS in the minor mode, shown in Figure 4.8a, 

to the calculations of TS in the major mode (see Figure 4.1a) reveals that they have 

identical realized harmonic attractions.  The root motions and common tones have the 

same voice-leading attractions in both major and minor modes.  Exchanging the whole-

tone voice leading of ±5→±6 in the major mode for x±3→±4 in the minor brings about no 

variance in attraction, nor does the semitonal voice leading of ±3→±4 in the major mode or 

±5→x±6 in the minor because there is no change in hierarchical pitch motions.  In both the 

whole-tone and semitonal voice leadings the hierarchical pitch motion is from the triadic 

level down to the diatonic level; thus, the same amount of attraction is heard because the 

distances between the voice-leading pairs are identical.    
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A comparison of realized voice leading and harmonic attractions for ST in the 

minor mode (see Figure 4.8b) to the attractions in major (see Figure 4.1b) also reveals the 

same identical attractions.  With identical realized harmonic attractions for TS in both 

major and minor modes and ST in both major and minor modes, it predicts that we hear 

identical strengths of functional discharge, regardless of the mode. 

The authentic cadence is more commonly associated with compositions of the 

common practice period than the plagal cadence; however, the use of the plagal cadence, 

although still rarely found in the literature, gained favor by many composers during the 

Romantic period.  One such example is the Piano Trio in G minor by Clara Schumann, 

shown in Figure 4.9.  Figure a illustrates Schumann’s use of the plagal cadence to end the 

first movement.  A reduction of the cadence (shown in Figure b) illustrates the motion 

from the tonic (G minor) to the subdominant (C minor) which is embellished by a 

secondary function of the subdominant.  Similar to the prototype in Figure 4.8a, the 

semitonal motion from the tonic associate (D) to subdominant base (Ex) creates a voice-

leading attraction of 0.67.  The common tone (G) in the alto and the pedal (G) in the bass 

voices produce attractions of 0.0 because of their static motions, while the whole-tone 

motion from Bx–C creates a weak voice-leading attraction of 0.17.  The root distance of a 

fourth (G–C) corresponds to a close chordal proximity represented by the value of 5.  

Despite the peal-G that is sustained in the cello (suggesting a prolongation of tonic 

harmony) the strong voice leading to the subdominant agent produces a realized 

harmonic attraction of 1.68, which is almost identical in strength to the prototype, 
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suggesting that this motion is heard with a definite change from tonic to subdominant 

function. 
 
 
 
 

 
 
α(D→Ex) = 0.67    α(Ex→D) = 1.5 
α(G G) = 0.0     α(G→G) = 0.0 →
α(Bx→C) = 0.17    α(C→Bx) = 0.375 
α(G→G) 0.0     α(G→ ) = 0.0 = G
αrvl(i→ivw) = 0.84    αrvl(ivw→i) = 1.875 
αrh(i→ivw) = 10[.84/5] = 1.68 = TS  αrh(ivw→i) = 10[1.875/5] = 3.75 = ST 

 
 
Figure 4.9  Voice leadings and attractions of iv−i in Clara Schumann’s Piano Trio in G 
minor: a) the plagal cadence ending the first movement; b) reduction. 
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The immediate return to the tonic chord features the semitonal voice leading of 

the subdominant agent to tonic associate in the upper voice (highlighted in the reduction 

as x±6–±5), which creates the strong voice-leading attraction of 1.5.  The common tone G 

still produces an attraction of 0.0; however, the voice leading attraction from C→Bx 

increases to 0.375 because the voice leading of ±4–x±3 represents a hierarchical motion 

from the diatonic space to the triadic space in the basic space.  The proximity of 

subdominant and tonic roots again produces a chordal distance represented by the value 

of 5, which doubles the realized voice-leading attraction of 1.875 to create a harmonic 

attraction of 3.75.  The high value of 3.75 suggests that we hear a strong S discharge back 

to the tonic.  It is noteworthy that the semitonal voice leading of x±6− ±5 and the strong 

attraction found in ST is significant to the minor key, just as the semitonal voice leading 

of ±7− ±1 and the strong attraction found in DT is significant to the major key.   

Compared to the attractions of TS and ST in both major and minor mode, we hear 

the discharge of minor mode TD quite differently. The first noticeable difference in the 

functional discharge TD, found in Figure 4.8c, is that it has two semitonal voice leadings, 

x±3−±2 and ±1− ±7.  The voice-leading attraction of ±3→±2 in the major mode was found to be 

0.17.  Functioning in the minor mode, this voice leading changes to the semitonal motion 

x±3−±2 with a significant increase of attraction to 0.67.  The additional attraction increases 

the total realized voice-leading attraction of i→V by 0.5 to 1.2.  This gives a sense of TD 

discharge almost twice as strong, with a realized harmonic attraction of 2.4 in the minor 

mode compared to 1.4 in the major. 
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The same strong voice leadings can also be found in DT, shown in Figure 4.8d, 

only reversed.  In the attraction of V→i, the dominant agent, most commonly found 

raised in the minor mode, moves by semitone to the tonic base.  This hierarchical motion 

from the diatonic level to the octave level by semitone produces the strongest possible 

voice-leading attraction of 2.0.  In addition, the dominant associate also moves by 

semitone to the tonic agent.  Where the attraction of the dominant associate to tonic agent 

is negligible in the major mode, the semitonal motion found in the minor mode produces 

the second-strongest possible voice-leading attraction of 1.5.  A strong harmonic 

attraction of 7.1 is generated by the two strong voice-leading attractions of v±7→±1 and 

±2→x±3. 

Strong harmonic attractions are commonly found in minor-mode compositions 

where strong voice-leading attractions drive the drama that is commonly felt in such 

works.  A classic example can be found at the end of the first movement of Beethoven’s 

Symphony No. 5, shown in reduction as Figure 4.10.  The drama of the first movement 

reaches a climax through the repetition of the V−i progression by the simultaneous 

resolutions of v±7− ±1 and ±2−x±3.  The specific parallel motions are first found in the inner 

voices in thirds, but as the closing reaches the climax in measures 99-100, the strong 

voice-leading attractions of v±7− ±1 emerges in the top voice with ±2−x±3 a sixth below.   
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Figure 4.10  Voice leadings and attractions of minor mode DT in Beethoven’s Symphony 
No. 5,: a) piano reduction of mm. 492-end; b) reduction of V−i closing cadence.  
 
 

Comparing these two voice-leading attractions with their respective voice 

leadings in the major mode shows that there is no increase in the attraction of dominant 

agent to tonic base; however, there is a significant increase of voice-leading attraction 

between the dominant associate and tonic agent.  The attraction of ±2→±3 in the major 

mode is 0.375 (see Figure 4.2d) but the attraction of 2→x±3 is 1.5.  This small change in 
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voice leading from whole step to half step increases the voice-leading attraction fourfold.  

This single voice-leading attraction is responsible for increasing the harmonic attraction 

of V→I in the major mode from 4.85 to 7.1 in the minor mode.  Such a wide difference in 

harmonic attraction suggests that we hear a significantly stronger DT discharge in the 

minor mode than in the major. 

Figure 4.11 illustrates common voice leadings of primary SD and DS discharges 

in the minor mode.  The SD discharge is similar to TD in that they both have the voice 

leading ±1-±7.  However, in order to hear a discharge of subdominant function it must have 

a voice leading of the subdominant agent (x±6) discharging onto a dominant affiliate.  In 

Figure a below, the minor subdominant agent moves by half step to ±5 to provide an 

additional semitonal voice-leading attraction.  From the calculations of iv→V in Figure c 

we can see that the attraction of x±6→±5 is 1.5.  Like the semitonal voice-leading attraction 

±2→x±3 in DT, the attraction of x±6→±5 is four times as strong as the voice-leading attraction 

of ±6→±5 in the major mode.  The two semitonal voice leadings provide the bulk of the 

realized voice-leading attraction of 2.485 and a realized harmonic attraction of 3.11.  This 

is almost twice as strong as the attraction of SD in the major mode with similar voice 

leadings (see Figure 4.5a). 
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 α(Ax→G) = 1.5    α(G→Ax) = 0.67 
 α(F→D) = 0.11    α(D→F) = 0.11 
 α(C→Bc) = 0.5    α(Bc→C) = 2.0 
 α(F→G) = 0.375    α(G→F) = 0.17 
 αrvl(iv→V) = 2.485    αrvl(V→iv) = 2.95 
 αrh(iv→V) = 10[2.485/8] = 3.11 = SD αrh(V→iv) = 10[2.95/8] = 3.69 = DS 
 
 
Figure 4.11   Common voice leadings and attractions of primary discharges in the minor 
mode: a) SD; b) DS. 

   

The V−iv progression in Figure b has similar voice leadings to its major mode 

counterpart except for the motion ±5−x±6 (see Figure 4.5b).  Again the semitonal voice 

leading of ±5−x±6 provides additional attraction over the whole-tone voice leading of ±5− ±6; 

however, it is not strong enough to produce a significant increase in the realized 

harmonic attraction.  The voice leading of the dominant base to subdominant agent in 

both the major and minor mode are hierarchical motions from the triadic level down to 

the diatonic level on the basic space.  A motion down to a lower level on the basic space 

will not produce a strong attraction, regardless of the proximity between the two pitches.  

Thus, the realized harmonic attraction of V→iv in the minor mode (3.69) is not heard as 
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being significantly stronger than the harmonic attraction of V→IV in the major mode, 

3.06.   

As with functional discharges in the major mode, the strengths of the harmonic 

attractions among the six primary functional discharges are grouped into two categories, 

shown in Figure 4.12.  The harmonic attraction values, as a whole, are stronger but not as 

clearly defined into two expressions of aural strength as are the values found in the major 

mode (see Figure 4.8).  Every functional discharge in the minor mode has a higher 

harmonic attraction value than its complementary discharge in the major mode with the 

exception of TS and ST, which have the same values.  The higher attraction values 

suggest that functional discharges in the minor mode, with normative voice leadings, are 

heard as being stronger than those found in the major mode.   

 

 
         Strong Harmonic           Weak Harmonic  

       Attraction/Discharge               Attraction/Discharge 
 
  SD; αrh = 3.11    TD; αrh = 2.40 

DS; αrh = 3.69    TS; αrh = 1.72 
  ST; αrh = 3.91 
  DT; αrh = 7.10     
 
Figure 4.12  Functional discharge strengths of primary triads in the minor mode. 
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4.3 Harmonic Attraction and Root Perception 

 

We typically sense harmonic progressions in root position as being stronger than 

when in inversion.  Therefore, we would expect that functional discharges in progressions 

involving root-position triads are stronger than when one or both chords are in inversion.  

The prototypical functional discharges examined thus far have displayed the functional 

bases (roots) of the primary triads in the lowest voice.  Measuring harmonic attractions of 

similar progressions, but with inverted chords, should yield harmonic attraction strengths 

that are slightly weaker than their attendant progressions in root position.  

The perfect authentic cadence (PAC), shown in Figure 4.13a, is usually 

considered the strongest cadential figure because both the V and I chords are in root 

position and ±1 is found in the highest sounding voice over the I chord.  The voice-leading 

motion of the roots in the bass voice clearly project the chordal-space distance of V−I, 

represented by the chordal proximity value of 5.  The highest voice expresses a clear 

functional discharge of DT with the semitonal voice-leading attraction of dominant agent 

onto tonic base.  The remaining voice leadings in the inner voices are the common tone 

G, which simply changes functional affiliation from dominant base to tonic associate, 

thus yielding a null attraction, while the discharge of the dominant associate onto tonic 

agent, in the tenor voice, does not communicate a functional discharge by itself because 

of its weak attraction.  The combined realized voice-leading attractions in Figure a equal 
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2.425, and the chordal-space distance of a fifth doubles the realized voice-leading 

attraction, producing a strong DT, with a realized harmonic attraction value of 4.85.   
 
 
 

     
 
 
α(B→C) = 2.0   α(D→C) = 0.5    α(B→C) = 2.0 
α(G→G) = 0.0   α(G→G) = 0.0    α(G→G) = 0.0 
α(D→E) = 0.375  α(D→E) = 0.375   α(D→C) = 0.5 
α(G→C) = 0.05   α(B→    α(D→E) = 0.375 C) = 2.0 
αrvl(V→I) = 2.425  αrvl(V^→I) = 2.875   αrvl(Vw→I) = 2.875 
αrh(V→I) = 10[2.425/5] = 4.85   αrh(V^→I) = 10[2.875/5] = 5.75   αrh(Vw→I) = 10[2.875/5] = 5.75  
 
Figure 4.13 Typical authentic progressions: a) PAC; b) inverted IAC; and c) passing w.   

 

The chord progression in Figure b is a similar authentic progression but with the 

dominant chord in first inversion.  The progression V^−I is heard as being weaker than 

the PAC.  The strong voice leading ±7- ±1 is found in the lowest voice rather than the 

highest, and ±1 is still found in the highest sounding voice above the I chord but is 

approached from ±2 to prevent parallel octaves.  While the attraction of ±2→±1 is weaker 

than ±7→±1 it is significantly stronger than the attraction found in the leaping motion of ±5-

±1.  The remaining voice leadings found in the alto and tenor voices are identical to the 
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inner voices of the PAC in Figure a.  The realized voice-leading attraction in Figure b is 

2.875—0.45 stronger than that found in the voice leadings of the PAC in Figure a.  

According to Lerdahl’s chordal proximity rule, the chordal distance is the same for V^−I 

as it is for V−I because of the identical root distance of a fifth.  Therefore, the chordal 

distance of 5 produces a harmonic attraction of 5.75 for V6→I.  This is significant in that 

the calculations of harmonic attraction suggest that we should hear the inverted IAC as 

being harmonically stronger than the PAC. 

The passing w progression in figure c is also heard as a weak discharge.  The voice 

leadings are identical to those in figure b, only they are found in different voices.  The 

combined voice-leading attractions of the passing w have an identical strength to those in 

Figure b, 2.875.  With Vw−I^ having the same chordal proximity as V−I and V^−I, the 

“passive” progression produces yet another strong harmonic attraction of 5.75—again  

much stronger than that of the PAC.  The calculations of harmonic attraction in this 

illustration do not accurately reflect how we hear inverted authentic progressions as 

compared to the perfect authentic cadence in root position.  While there is no apparent 

discrepancy in how we measure individual voice-leading attractions in such progressions, 

there appears to be a difference in how we measure the proximity between chords in root 

position and those in inversion.   

A definition of a root is the lowest pitch class of a chord when all of the pitch 

classes are arranged as superimposed thirds.  However, defining a root in this manner can 

be problematic.  For example, an A minor seventh chord and a C major triad with an 
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added sixth are thought to have different roots despite the fact that they are both members 

of the same pitch-class set.  In order to preserve fundamental root movement, Rameau 

was the first to explain the perception of two roots from a single chord through double 

emploi.  In the key of G major and when progressing to a D-major triad, we perceive A as 

the root of the seventh chord (fundamental 5th progression); however, when progressing 

to the tonic, we perceive C as the root of the chord (fundamental 4th progression).  In 

other contexts, we can hear another pitch class as being the “root” of a chord other than 

the traditional pitch class.  The perception of alternate roots enables us to hear 

progressions as having other “root” motions, and thus we may experience chords having 

proximities different than those measured by their traditional roots. 

According to Ernst Terhardt, the perception of the root of a chord is determined 

by instinctively recognizing specific patterns that correspond to the intervals in the 

overtone series: 
 
 
By repeatedly processing speech, the auditory system acquires—among other 
Gestalt laws—knowledge of the specific pitch relations which exist between the 
lower six to eight harmonic of complex tones.  These pitch intervals become 
familiar to the “central processor” of the auditory system and, moreover, convey 
“virtual tonal meanings,” i.e., certain subharmonic bass notes (1974: 1068). 

 

Recognizing these patterns is so common to our auditory senses that we are normally 

unaware of the process.  Rather, the listener is only aware of a single pitch that 

corresponds to the fundamental.   
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The pitch of a musical tone, especially one produced by voice, string, or wind 

instruments, is not a pure tone but a complex tone comprised of a fundamental and 

numerous overtones that are related to that fundamental.  Although the frequencies that 

make up that complex tone are present, the tone is heard as a single entity and not as a 

chord made up of various individual pitches.  This fundamental pitch can be heard even if 

part of the harmonic pitch pattern is missing, including the fundamental itself (Moore, 

123).  In order to determine the fundamental of a complex tone, the auditory system 

identifies the harmonic sound sources through a process called “subharmonic matching.”  

(A subharmonic of a tone is a lower partial that lies within the same overtone series.)  

Subharmonics of different overtones that match at a point of coincidence suggest that 

they are members of the same overtone series of a tone whose fundamental is that point 

of coincidence.  For example, a subharmonic of C4 lies at F3 and a subharmonic of F4 also 

lies at F3.  When C4 and F4 are heard as partials of the same complex tone, this suggests 

that C4 and F4 are both overtones of a complex tone with F3 as its fundamental.   

A chord, like a complex tone, is made up of numerous overtones.  When hearing 

triads or seventh chords, the auditory system compares the subharmonics of each tone to 

determine which pitch class would provide the greatest harmonic support for the chord.  

Richard Parncutt (1988) developed a revised model, based on previous research by 

Terhardt, Stoll, and Seewann (1982), which measures the pitch of a chord by calculating 

“the salience of each pitch class (C, Cv/Dx…B) as an absolute value” (65).  The pitch 

class that is most salient corresponds to the pitch class heard as most likely being the root 
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of a chord.  Pitch classes with low salience values are less likely to be heard as roots of 

chords.  Parncutt’s model also calculates a measure of a chord’s “root ambiguity.”  

Parncutt defines root ambiguity as “the number of different possible roots of a chord, 

where different possibilities are weighted according to their perceptual importance or 

probability of occurrence in typical musical contexts” (78).               

The model can be divided into three stages.  First, each pitch class is assigned a 

“weight” or measurement of its perceived importance.  Second, the calculated pitch 

weights of a chord are used to estimate its “root ambiguity.”  Last, the calculated value 

for root ambiguity is used to convert the pitch-class weights into absolute values of 

salience.   

Figure 4.14 shows the weighting of the twelve chromatic pitch classes in 

reference to the C-major triad.  Each chromatic pitch class receives a weight that reflects 

the points of coincidence between its own overtone series and the pitch classes of the C 

major triad, with lower partials receiving more weight that higher ones.  In this way, 

Parncutt’s model recalls Lerdahl’s definition of a C-major space.  Octave equivalence is 

assumed, and the first ten elements of the harmonic series are realized within an octave.  

This reduces the ten different harmonic intervals above the fundamental down to five: the 

octave or unison (labeled level P1) from harmonics 1, 2, 4, and 8; the fifth (level P5) 

from harmonics 3 and 6; the major third (level M3) from harmonics 5 and 10; the minor 

seventh (level m7) from harmonic 7; and the major second or ninth (level M2) from 

harmonic 9.  The interval of a minor third (level m3) is not found within the first ten 
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overtones; however, it does provide a weak root-supporting property which Parncutt 

takes into account.  Each interval level is assigned a weight according to which group of 

overtones it corresponds to, such that the nth level is assigned the weight of 1/n.3  This is 

because the higher harmonics tend to be less audible than the lower ones, producing a 

lower threshold of fundamental root perception.  The pitch classes representing the 

chordal members (C, E, and G) are each weighted according to their recurrence on the 

different interval levels as an overtone of each of the twelve chromatic pitches.   

 
  
 Pitch-Class Weights 

C-Major Triad (C-E-G) 
  ________________________________________________________________________ 

Pitch class C         Dx         D         Ex         E         F        Gx         G         Ax         A         Bx         Bc 
 
 P1 1.00              1.00                 1.00 
 P5 0.50     0.50                      0.50 
 M3 0.33         0.33                        0.33                       

m7           0.25              0.25                     0.25 
 M2                        0.20   0.20       0.20 
 m3            0.10     0.10          0.10 
Weight (sum) 1.83    0.10     0.45     0.33    1.10     0.70     0.25     1.00     0.33      0.85    0.20      0.00 
 
 
Figure 4.14  Example of Pitch-Class Weights. 

 

To illustrate how the weightings for each pitch class of the triad C−E−G are 

accounted for, Figure 4.15 shows the first ten harmonics for each of the twelve chromatic 

pitch classes.  The pitch classes of the C-major triad are represented as solid note heads 

where found in each of the overtone series and with the harmonic interval above the 
                                                 
3 The weight of the sixth level (1/6) is approximated to 0.10 for ease of calculation.  The difference in 
actual value does not affect the musical-theoretical application of the model. 
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fundamental pitch class indicated.  To obtain the subharmonics for each pitch class of the 

C-major triad, each overtone series is examined to see if that pitch class is one of the ten 

overtones and at what interval it lies above the fundamental pitch class.  For example, the 

pitch classes C, F, Ax, D, and Bx are all subharmonics of C but at different subharmonic 

levels.  C is a subharmonic of C on the P1 level; F is a subharmonic of C on the P5 level; 

Ax is a subharmonic of C on the M3 level; D is a subharmonic of C on the m7 level; and 

Bx is a subharmonic of C on the M2 level.  Next, the subharmonics for E are found: E on 

the P1 level; A on the P5 level; C on the M3 level; and so forth until all the subharmonics 

for all three pitches are identified.  Figure 4.15 also illustrates that the overtone series of 

Dx and Cx are not fundamentals having pitch classes C, E, or G as one of the first ten 

overtones, which is reflected in our weightings for Dx and Cx in Figure 4.14. 
 

 

 
 
 
Figure 4.15  Location of pitch classes C, E, and G within the overtone series of the twelve 
chromatic pitch classes. 
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Each of the twelve chromatic pitch classes receives a weighting for the 

appropriate interval level that it is found as a fundamental of any one of the three pitch 

classes of the C-major triad.  The “weight sum” value for each of the twelve pitch classes 

is obtained by adding the combined weights from each level.  The larger the weight 

value, the more likely that pitch class is heard as the root of the chord.  With the largest 

weight sum of 1.83, C is more likely to be heard as the root of the triad C−E−G than any 

other pitch class.  The pitch class Cx (Bc), with a weight sum of 0.00, is least likely to be 

heard as the root.  The other pitch classes can be individually evaluated as root candidates 

depending on their comparative weight sums.   

 In tonal music, the roots of major and minor triads, as well as dominant-seventh 

chords, are typically heard as being unambiguous.  However the perception of roots in 

half-diminished or fully-diminished seventh chords can be uncertain.  The weight sums 

calculated in Figure 4.14 for each of the pitch classes of a triad can be used to 

demonstrate the calculation of a chord’s root ambiguity.   

Root ambiguity is low in chords whose maximum weight is mostly distributed 

among one or two pitch classes, as in the case of the C-major triad.  Parncutt’s equation 

A' = [sump{W(p)/Wmax}]0.5 aptly expresses the root ambiguity of a chord: where A' is the 

estimate of root ambiguity; sump is the sum for every pitch class where W(p) is the weight 

sum of each pitch class and Wmax is the maximum weight in the pitch class distribution 

(the weight sum of the predicted root).4  The sum of the weights for all of the pitch 

                                                 
4 Parncutt uses the square root (raising to the power of 0.5) as an arbitrary function to reduce the calculated 
root ambiguity value to a more reasonable value without falling below a minimum possible value of 1. 
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classes in Figure 4.14 equals 7.14, while the maximum weight for any one pitch class is 

1.83;  [7.14/1.83]0.5 = 3.900.5 = 1.98; or a major triad has a root ambiguity value of 

approximately 2.0. 

The chart found in Figure 4.16 illustrates the root ambiguity values found in 

various chordal types.  The values given for the intervals in the dyads row can also be 

used for their equivalent inverted interval.  The low ambiguity value of 1.8, found in the 

dyad of a perfect fourth (or fifth), reflects our strong association with harmonic properties 

to the interval of a perfect fifth, aside from the perfect octave.  In accordance with our 

intuition of hearing triads, the root is more easily defined in the major triad than in the 

augmented or diminished triad.  The fully-diminished seventh chord has the highest root 

ambiguity because of the symmetrical spacing of the four chordal members by three 

semitones.  The various root ambiguities also reflect our perception of ordering in the 

consonance and dissonance of chords. 
 
 
 

Calculated Root Ambiguity Values 
Dyads m2  M2  m3  M3  P4  TT 
 2.2  2.0  2.1  1.9  1.8  2.2 
 
Triads  Major  Minor  Augmented  Diminished 
   2.0   2.1      2.3       2.5 
 
Seventh Chords  Maj/min  Minor  Major  Half-dim Dim 
        2.1     2.3     2.3       2.4   2.9 
 
 
Figure 4.16  Calculated root ambiguity for different chord types (Parncutt, 79). 
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The probability that a pitch class will be heard as the root of a chord can be 

quantified as a measurement of its salience.  The salience of a pitch class (S(p))  is the 

inverse proportion of the root ambiguity (A) times the product of the weight of the pitch 

class being considered (W(p)) divided by the maximum possible weight of any pitch class 

within that chord (Wmax):    

S(p) = [1/A × (W(p)/ Wmax)] 

This measurement may be regarded as the probability or perception of the 

“rootedness” a pitch class displays within a specific chord.  For example, using the tables 

in Figures 4.14 and 4.16 we can calculate the salience of each pitch class in the C-major 

triad.  The root ambiguity (A) for a major triad is 2.0, therefore 1/A = 0.50.  The weight 

sum of C in a C-major triad is 1.83 while the maximum possible weight of any pitch class 

in a C-major triad is also 1.83.  The salience of C can be calculated then as:  S(p) = 0.50 × 

(1.83/1.83) = 0.50 × 1.0 = 0.50.  Calculating the salience for the pitch class E in the C-

major triad, the weight sum for E is 1.10; therefore the salience of E can be calculated as:  

S(p) = 0.50 × (1.10/1.83) = 0.30.  The salience value for all of the other pitch classes can 

be calculated accordingly.   

Figure 4.17 illustrates, in graph form, the calculated salience for each pitch class 

found in the four types of triads.  The calculations for each pitch class salience can be 

found in the Appendix as Table 1.  Pitch class salience in triads with other conventional 

roots can be obtained by simply transposing the tables to the appropriate pitch class.  The 
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graphs visually show how strong or weak we perceive other pitch classes as candidates 

for the root of a chord.  The graphs in Figures a and b show that the roots of the C-major 

and C-minor triads are clearly defined where the pitch class C has a salience of 0.50 in 

the major triad and 0.48 in the minor.  In Figure a the third and fifth of the C-major chord 

have salient values less than that of the root, 0.27 for each; however, the possibility of 

hearing the submediant pitch class as the root is somewhat unexpected, with a salience 

value almost as strong as the third or fifth, 0.23.  The salience values found in the minor 

triad (see Figure b) are similar to those found in the major triad except that of the third in 

the minor triad (0.40) is almost as strong as the conventional root, 0.48.  This partially 

accounts for the root ambiguity being slightly higher in minor triads than in major.  The 

submediant pitch class again emerges with a fairly strong salience of 0.25, but the 

subdominant pitch class also emerges, with a salience value of 0.29, challenging the other 

three pitch classes as a possible root of the minor triad.   
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a) major triad C-E-G    b) minor triad C-Ex-G   
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 c) augmented triad  C-E-Gv   d) diminished triad C-Ex-Gx 
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Figure 4.17  Pitch-class salience in different types of triads: a) major triad; b) minor triad; 
c) augmented triad; and d) diminished triad (Parncutt, 84). 
    
 

Contrary to the major and minor triads, the predicted roots of the augmented and 

diminished triads are more ambiguous.  Figure c, the C-augmented triad, illustrates how 

the equal distribution of salience, each with a value of 0.43,  denotes the possibility of 

hearing any one of the three pitch classes as being the root of the triad.  This also 

suggests a compatibility with whole-tone patterns.  The diminished triad, shown in Figure 
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d, illustrates the near-equal distribution of salience among the sounding pitches.  The 

conventional root and third each have a salience value of 0.40, while the fifth has a 

slightly lower salience of 0.36.  The lack of a diminished seventh is responsible for the 

fifth of the triad not sounding as a subharmonic on the m3 level, which slightly reduces 

its weight sum and salience value. The primary root candidate for the diminished chord, 

other than the notes of the triad themselves, is a major third below the typically perceived 

root.  Although this pitch does not sound in the chord, it has an equally strong salience 

value of 0.39. This explains why the leading-tone diminished chord has been traditionally 

explained as an incomplete dominant seventh chord.   

The predicted roots of seventh chords, in Figure 4.18, do not necessarily 

correspond to their traditional roots.  In the minor seventh chord, the third of the chord is 

predicted to be as salient as the traditional root.  This implies that the first inversion of the 

chord should be heard as consonant as its root position.  This is borne out, for example, in 

the use of the ii& chord in a major key.  When progressing to V, the traditional root is 

heard with the chord in root position, but when progressing to the tonic chord it is 

typically found in first inversion with the third heard as the root of the chord, thus 

sounding like IVadd6.  The calculation of salience in the diminished seventh chord 

produces eight possible roots, all of which are theoretically possible in music.  The 

diagram also demonstrates how the octatonic scale can be derived from the diminished 

chord with the salient pitch classes C D Ex F Gx Ax A B. 
 
 
 

 137



 
a) major-minor seventh        b) minor seventh  
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c) half-dimi ished seventh   d) diminished seventh  n
 C-Ex-Gx-Bx      C-Ex-Gx-Bxx 

0

0.2

0.4

0.6

0.8

C D E F G A B

     

0

0.2

0.4

0.6

0.8

C D E F G A B

 
 
 
Figure 4.18 Pitch-class salience in different types of seventh chords: a) major-minor 
seventh; b) minor seventh; c) half-diminished seventh; and d) diminished seventh 
(Parncutt, 85). 
 
 

A chord’s voicing and context is also important in how we perceive a pitch as the 

root.  For example, consider the chord in second inversion, shown in Figure 4.19a.  

According to traditional theory, the middle chord in the progression IV−Iw−iir functions 

as a passing chord.  The doubling of the pitch class G does not change our hearing it as 
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having a passing function because it is found in a metrically weak position and it serves 

to expand a voice exchange between the bass and soprano.  However when found in a 

cadential w cadence, the same chord (see Figure b) is often considered as a G chord with 

double suspension. 5  The pitch G is emphasized as the root of the chord in this context 

because of its strong metrical placement, its doubling in four-part harmony, and its 

prolongation as the root of the subsequent dominant chord. 
 
  
 

  
 
Figure 4.19 Effects of voicing and context on chordal roots: a) C perceived as root of 
cadential w; b) G perceived as root of cadential w. 

 

The strongest support for communicating a pitch class’s ability to sound as a root 

of a chord is to place it in the bass voice.  In comparing functional bases to roots Harrison 

points out that being “the lowest sounding voice in a chord” (1994:46) is a sufficient 

condition for a base to communicate its function.  We generally give special aural and 

analytic attention to pitches found in the bass line of tonal music, especially when the 

                                                 
5 This explains why this chord is commonly analyzed as Vw by some theorists. 
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functional bases (±1, ±4, and ±5) are found in the bass voice rather than other scale degrees. 

An example of a functional base projecting its function when found in the lowest voice 

occurs in the root-position dominant chord with substituted 6th.  The scale degrees 

contained in the Vsub6 are identical to those found in iii6, but when used in a cadential 

gesture to analyze it as iii6-I would be incorrect.  The bass-line motion of ±5 (dominant 

base) to ±1 (tonic base) clearly projects a “V−I” progression. 

A third factor in hearing other pitch classes as roots is masking.  It is commonly 

thought that motions in the soprano and bass voices are more salient than those in the 

inner voices.  David Huron (1989a) demonstrated that as musical textures increased from 

three to four or more voices entrances in the inner voices became increasingly difficult to 

hear compared to outer voices.  Furthermore, research conducted on the voice entrances 

in 75 fugues by J.S. Bach, by Huron and Fantini (1989), demonstrated Bach’s reluctance 

to have voices enter in an inner voice in textures of five or more voices. 

More recently, Bigand, Parncutt, and Lerdahl (1996) conducted an experiment, 

using both musicians and nonmusicians, to study the effect of horizontal motion on the 

perception of musical tension in short-chord progressions.  The participants were asked to 

“evaluate the tension created by a chord X in sequences of three chords {C major→X→C 

major} in a C major context key” (125).  The chord X could be any major or minor triad, 

dominant seventh, or minor seventh chord constructed from the twelve chromatic pitches.  

Their research suggested that pitch classes found in the inner voices are largely 

ineffective in contributing to musical tension because they are masked by the outermost 
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voices.  It also suggested that the motions in the bass voice and the strong perceptual 

salience of the soprano voice were the primary voices heard in perceiving tonal tension 

by both musicians and nonmusicians.  It also suggests that, when conventional roots are 

found in the inner voices, they can be masked to such a degree that another pitch class 

can be perceived as the root of the chord. 

Parncutt’s model demonstrates how other pitch classes can be perceived as the 

root of a chord.  While Lerdahl’s rule of chordal proximity is a measurement of distinct 

pitch classes and steps on the circle-of-fifths, we hear chordal distances in harmonic 

progressions based on our perception of root movement.  If we perceive a chord in a 

harmonic progression as having a pitch class other than the traditional pitch class as its 

root, the “root” motion can be different from that of the conventional roots.  Therefore, in 

determining the harmonic attraction between chords in a diatonic region, the chordal 

distance should not be an absolute measurement of conventional roots, but of our 

perception of roots.   

Returning to Figure 4.13b, the conventional root of the V6 chord (G) is found in 

the alto voice while the fifth of the chord, a weak candidate to be perceived as the root, is 

doubled in the soprano and tenor voices.  The conventional root is understated; first, 

because it lies in an inner voice and is not strengthened by doubling; and second, because 

the doubling of a weaker candidate for the perceived root increases the root ambiguity.  

The third of the chord, the strongest candidate for being perceived as a root of the triad 

(see Figure 4.17a), is found in the bass voice.  The salience of the pitches in the bass and 
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soprano, which both have voice leadings to the tonic pitch, allow the pitch class B in the 

bass voice to be perceived as the root of the V^ chord.  The voice-leading motions of the 

bass, tenor, and soprano voices further reinforces our perception of a more distant chordal 

proximity because they are similar to those found in the progression viio-I.   

To account for our perception of inversion as outlined above, this dissertation will 

interpret chordal distance according to perceptual roots rather than conventional roots in 

cases where one or both chords are inverted.  Thus the perceived root motion of B−C in 

the bass voice communicates a chordal distance of a second, and so the original chordal 

distance value of 5 is substituted with the value of 8, as shown in Figure 4.20a.  The 

realized harmonic attraction of V6−I now has an attraction value of 3.59 as opposed to 

5.75.  This attraction value is still strong, reflecting our hearing of a change in function, 

but it more closely matches our intuition that V6−I is weaker than a PAC.   
 
 
 
 
         a              b 
 α(D→C) = 0.5    α(B→C) = 2.0 
 α(G→G) = 0.0    α(G→G) = 0.0 
 α(D→E) = 0.375   α(D→E) = 0.375 
 α(B→    α(D→C) = 2.0 C) = 0.5 
 αrvl(V^→I) = 2.875   αrvl(Vw→I) = 2.875 

αrh(V^→I) = 10[2.875/8] = 3.59  αrh(Vw→I) = 10[2.875/8] = 3.59 
    ↑     ↑ 
 
Figure 4.20  Synthesis of harmonic attraction based on perceived root distance: a) V^−I; 
b) Vw−I. 
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We can also recalculate the harmonic attraction for Vw−I6 (shown in Figure 

4.13c).  The conventional root is again masked in an inner voice with the fifth of the 

chord, a weak candidate for a perceived root, doubled in the bass and tenor voice.  Root 

ambiguity is further enhanced by moving the strongest perceived root candidate to the 

soprano voice, the second strongest voice for roots to appear.  The soprano voice leading, 

B−C, and the stepwise voice leadings in the tenor and bass voices can also be interpreted 

as the motion found in the progression viio^−I^. The voicing and context of the I6 chord 

clearly communicate C as the root by being doubled in the soprano and tenor voices.  

With these voicings, the progression Vw−I6 can be perceived as having a root motion and 

a chordal distance of a second.  Substituting the chordal distance value of 8 produces a 

harmonic attraction of 3.59, shown in Figure 4.19b.  This attraction value is identical to 

V6-I, also reflecting our hearing of a change of function, but it too more closely matches 

our intuition that Vw−I^ is weaker than a PAC.   
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CHAPTER V 
 

FUNCTIONAL DISCHARGES 
 

AS EXPRESSED IN SECONDARY TRIADS 

 

The constituency of secondary triads is described by Harrison as being 

“functionally mixed” in that the scale degrees that comprise a secondary triad are 

affiliated with two different functions.  This idea of chordal relationship through common 

tones was central to Hauptmann’s treatise and was continued in Riemann’s writings.1  

Figure 5.1 replicates a common illustration of the three functional pillars and the chordal 

relationships that are affiliated with each.2  Each primary triad has a functional affiliation 

with two secondary triads through two common tones.  For example, iii and viio are both 

shown to have a relationship to the dominant.3  The mediant triad shares ±5 and ±7 with the 

dominant triad, while the leading-tone triad shares ±7 and ±2.  The supertonic and 

submediant share a relationship to the subdominant.  The supertonic triad shares ±4 and ±6 

with the subdominant triad, while the submediant shares ±6 and ±1.   

Of particular interest are the mediant and submediant triads because they each 

have two functional relationships.  The mediant is related to both the dominant and the 
                                                 
1 Riemann’s ideas concerning chordal relationship of primary and secondary harmonies first appeared in his 
essay “Musikalische Logik” (1872) and continued as a central part of his harmonic theory.  See Kevin 
Moony (2000). 
 
2 This diagram—the Verwandschaftstabelle or table of relations—originated with Leonhard Euler (1707-
1783) and is found in the writings of Arthur von Oettingen (1836-1920); but was used extensively by 
Riemann to explain acoustic relations and later as the foundation of his theory of harmony.  Thus, it came 
to be commonly known as Riemann’s Tonnetz.  See Kevin Mooney (1996).  
3Many theorists do not consider the viio to be a secondary triad, but rather a dominant seventh chord with 
missing root.  However, I will consider it as a secondary triad for the purposes of this discussion. 
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tonic through its common tones with V, as described above, and with I through the 

common tones of ±3 and ±5.  The submediant is related to both the subdominant and the 

tonic through the common tones ±6 and ±1 with IV and the common tones ±1 and ±3 with I.   
 
 
 
   iii V viio   
   

vi  I  iii    
 

ii IV  vi    
 
 
Figure 5.1   Chordal functions and their relationships through common tones 
 
 

The functional discharge from a secondary triad resembles a discharge from a 

primary triad in that the principle voice-leading attractions that stimulate the changes in 

function are present.  However, functional discharges from secondary triads are generally 

heard as being weaker than the functional discharges from primary triads.  Harrison 

asserts that being functionally mixed weakens the primary function that is communicated.  

An investigation of the voice-leading and harmonic attractions of secondary triads can 

provide additional insight as to how listeners hear secondary triads.  We can compare our 

intuition of chordal function with the primary functional discharges by measuring the 

attractions of progressions involving secondary triads.   
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5.1 Voice-leading Attractions of Secondary Triads  

in the Major Mode   

 

The supertonic triad contains elements of dominant and subdominant functions 

(refer to Figure 2.6).  The supertonic typically resolves to the dominant or leading-tone 

chord, shown in Figure 5.2.  In Figure a the supertonic is in root position where ±2, the 

dominant associate, is sounding in the lowest voice.  The voice leading of ±6–±5 

(subdominant agent to dominant base) in the highest voice provides the strongest voice-

leading attraction of 0.375, while the attractions of the inner voices are weak because of 

their leaping motions to form a complete dominant triad.  The combined voice-leading 

attractions have a realized attraction value of 0.655.  The root distance of a fifth from ii to 

V, represented by the chordal distance value of 5, amplifies the realized voice leadings to 

a relatively weak harmonic attraction value of 1.31.   
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    α(A→G) = 0.375   α(A→B) = 0.25 

   α(F→D) = 0.11   α(F→F) = 0.0 
   α(D→B) = 0.11   α(D→D) = 0.0 
   α(D→G) = 0.06   α(D→D) = 0.0 
   αrvl(ii→V) = 0.655   αrvl(ii→viio^) = 0.25 
   αrh(ii→V) = 10[0.655/5] = 1.31 αrh(ii→ viio^) = 10[0.25/7] = 0.36 

 
Figure 5.2  Common voice leadings and attractions found in the supertonic triad: a) ii-V;         
b) ii-viio^. 

 

When the supertonic progresses to the leading-tone chord, they can share two 

common tones that have voice-leading attractions of 0, illustrated in Figure c.  The third 

of the diminished triad is typically doubled, providing a total of three voice leadings 

without any attraction.  The one voice leading that does provide an attraction is ±6–±7, with 

a voice-leading attraction value of only 0.25.  The whole-step motion from A–B 

represents a motion from the subdominant agent to the dominant agent; however, it is too 

weak to communicate a change of function, despite the fact that the attraction involves 

motions between functional agents.  With the absence of any voice-leading attraction 

strong enough to stimulate a change in functional hearing, the iio^ chord is heard as 

functionless and should be considered as merely an embellishment of the dominant 
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functioning chord that follows it in this context.  In order for the supertonic to be 

considered a chord with subdominant function, it must have one or more voice leadings 

that produce attractions sufficient to stimulate a change from a subdominant hearing. 

The mediant and submediant triads are of particular interest because they are the 

only secondary triads that appear on the chart of tonal relationships as two opposing 

functions.  The mediant is comprised of tonic and dominant affiliates (tonic: ̂3 and ^5; 

dominant: ̂5 and  ^7), while the submediant is comprised of tonic and subdominant 

affiliates (tonic: ̂1 and ^3; subdominant: ̂4 and ^6).  The mediant and submediant triads are 

much more sensitive to musical context and the attractions exhibited in the individual 

scale-degree voice leadings than other secondary triads because of their affiliations to two 

opposing functions.  

Figure 5.3 provides voice leadings for the most common progressions from the 

mediant triad in the major mode.  The voice-leadings found in iii–vi (see Figure a) 

exhibit root motion by fifth, one common tone and two voice-leadings by step.  The 

common tone is static; thus it has a voice-leading attraction of 0.  The stepwise motion 

G–A, represented by the tonic associate moving to the subdominant agent, has a weak 

attraction of 0.17.  The melodic distance separating G from A, a whole step, has been 

shown to produce weak voice-leading attractions despite the attraction to a functional 

agent.  This weak voice leading is also representative of a hierarchical motion from the 

triadic level on the basic space down to the diatonic level.  A motion from a state of 

relative stability to a state of weaker stability also tends to produce weak voice-leading 
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attractions.  The stepwise motion B–C, found in the tenor voice, creates the maximally 

strong voice-leading attraction of 2.0.  This motion from the dominant agent to the tonic 

base represents a hierarchical motion from the instability of the diatonic level up to the 

maximum stability of the octave level in the basic space.  The dominant agent, the 

progenitor of dominant function, discharges onto the tonic base with such a strong voice-

leading attraction that it suggests that a strong change from dominant to tonic function 

should be heard.  The root motion by fifth doubles the realized voice-leading attraction 

(2.20) to produce a harmonic attraction value of 4.40.  The value of 4.40 is only slightly 

less than that of V–I (the V–I progression realized in Figure 4.1d  has a value of 4.85).  

This is probably because the progression iii-vi is the diatonic form of V–I in the relative 

minor. 

 

     
                       
 α(G→A) = 0.17   α(G→F) = 0.17 

α(E→E) = 0.0    α(E→C) = 0.08 
α(B→C) = 2.0    α(B→A) = 0.25 
α(E→A) = 0.03   α(E→F) = 0.67 
αrvl(iii→vi) = 2.20   αrvl(iii→IV) = 1.17 
αrh(iii→vi) = 10[2.20/5] = 4.40=DT αrh(iii→IV) = 10[1.17/8] = 1.46=TS 
 

Figure 5.3   Common voice leadings and attractions found in the mediant triad: a) iii-vi; 
b) iii-IV.  
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Figure 5.3b provides voice leadings for the progression iii–IV.  The root motion 

in the bass voice clearly communicates TS as the tonic agent moves by semitone to the 

subdominant base, producing a voice-leading attraction of 0.67; however, the motion 

directed from ±5 to the subdominant base in the highest voice of the IV chord is 

functionally ambiguous:  ±5–±4 can either be the tonic associate or dominant base 

discharging onto the subdominant base.  The possibility of communicating a conflicting 

function is averted, however, by the dominant agent and its resolution to ±6 in the inner 

voices.  Whereas the typical resolution of ±7 to the tonic pitch would communicate a 

strong DT with a voice-leading attraction of 2.0, it instead resolves to the subdominant 

agent with a much weaker attraction of 0.25.  This produces a weak realized voice-

leading attraction of 1.17, yet supports the mediant as communicating a subdominant 

function with a harmonic attraction value of 1.46.  Therefore, the attractions of the 

individual voice leadings facilitate us in distinguishing between the contextual functions 

of the mediant triad. 

An example of the mediant triad communicating three conflicting functions can 

be found in an excerpt from Strauss’s “Zueignung,” Op. 10, no. 1, shown in Figure 5.4.4  

The mediant six-four chord is heard three times in the first three measures and the 

mediant in root position is heard in measure 4.  The mediant has three slightly different 

functional interpretations in this passage, as is shown in Figure b.  The progression iiiw–I 

is heard two times in the first two measures.  The common tones E and G do not have any 

                                                 
4 Harrison cited this same example (1994:62-64) to illustrate three different functional interpretations 
communicated by the mediant, but in terms of voice leadings between functional affiliates.  My analysis of 
the same example simply reinforces his, but includes the measurement of the voice-leading attractions. 
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voice-leading attractions, so they do not communicate any change in function.  The 

arpeggiations between ±7–±5 and ±5–±3 also do not communicate any change in function, 

only weak voice-leading motions between constituents of the same functional affiliation.  

This leaves the semitonal bass motion as the only voice able to communicate a change of 

function with the dominant agent moving to the tonic base, the primary voice leading 

motion in DT.  The fifth of the mediant triad, the third-strongest salient pitch class in a 

minor triad, is doubled in the bass and inner voice, increasing the root ambiguity.  With 

the traditional root masked in an inner voice, ±7 can be perceived as the root of the 

mediant six-four chord.  The perceived root motion of a second in the bass voice 

communicates a distant chordal proximity, represented by the value of 8.  With the 

common tones and leaping motions in the inner voices, the realized voice-leading 

attraction of 2.20 is comprised almost entirely of the bass-line motion.  The realized 

harmonic attraction of 2.75 suggests that we hear a weak but definite DT in iiiw→I. 
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Figure 5.4  Tonic and dominant function communicated by the mediant triad in Strauss’s 
“Zueignung”; a) excerpt from mm. 1-4; b) reduction; c) attraction calculations of three 
different functional hearings.   
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c 
 α(G→G) = 0.00         

α(E→E) = 0.00       α(G→C) = 0.05 
α(B→G) = 0.09       α(E→A) = 0.03  

 α(G→E) = 0.11       α(B→E) = 0.06 
 α(B→C) = 2.00       α(B→A) = 0.25 

 αrvl(iiiw→I) = 2.20       αrvl(iiiw→vi) = 0.39 
 αrh(iiiw→I) = 10[2.20/8] = 2.75 = DT     αrh(iiiw→vi) = 10[0.39/8] = 0.487 = ? 
 
 α(E→D) = 0.17 

α(B→A) = 0.25 
 α(G→F) = 0.17 
 α(E→F) = 0.67 
 αrvl(iii→IVsub6) = 1.26 
 αrh(iii→IVsub6) = 10[1.26/8] = 1.575 = TS 
  
Figure 5.4  continued.  

 

The third time the mediant six-four chord appears, in measure 3, it resolves to the 

submediant.  The dominant agent no longer has a strong attraction to the tonic base with 

semitonal voice leading; rather its whole-tone motion to the subdominant agent produces 

a voice-leading attraction (0.25) one-eighth as strong.  We initially hear the iiiw chord as a 

repetition of the first two hearings, but the subsequent weaker voice leadings undermine 

much of the dominant discharge heard as it progresses to the submediant.  The motion of 

the soprano voice moving from ±5 to ±1—a typical dominant-to-tonic gesture—should add 

some dominant weight to the mediant-w chord; however, the refusal of ±7 to repeat its 

discharge onto ±1 lowers the realized harmonic attraction such that the discharge to the A-

minor triad is weak and ambiguous, although the A-minor to E-minor progression 

(indicated in the figure with a bracket) can be heard as a weak tonicization of the 

mediant.   
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 The fourth hearing of the mediant triad, now in root position, clearly takes on 

tonic function.  Following the Am-Em plagal motion (iv/iii–iii), ±3 is in the lowest-

sounding voice, and the bass line voice leading from ±3− ±4 is the normative tonic agent to 

subdominant base discharge.  The functional role of ±5 shifts from dominant base to tonic 

associate as the voice leading of ±5–±4 in the upper accompanying voice reinforces the TS 

hearing beginning in measure 4.  The D-minor triad in first inversion is heard as IVsub6 

when progressing from the mediant, where the strong voice leading of E–F in the bass 

voice and the doubling of F in an inner voice communicate a strong subdominant 

function.  Although ±2 is doubled in the soprano and inner voice, its placement in less 

salient voices weakens its ability to be heard as the root.  The harmonic attraction of 

iii→IVsub6 (1.575) is comparable in strength to the primary functional attraction of TS, 

1.72.  (Although I show a preference for IVsub6 over ii^, the calculation of harmonic 

attraction is not changed, since the chordal distance of the progression with ii^, based on 

root perception, would be interpreted as a step progression as well.) 

This excerpt shows the limitations of Roman numeral analysis as the mediant 

changes from having a  dominant function to having a passing function, and finally to 

having a tonic function.  Our hearings of these three different uses of the mediant triad 

agree with the measurements of harmonic attraction— 2.75 when heard as DT; the very 

weak attraction of 0.487 when we are unsure of the function being communicated; and 

1.575 when we hear it as TS. 
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Figure 5.5 provides voice leadings for the most common progressions from the 

submediant triad in the major mode.  The voice leadings found in vi–IV (see Figure a) 

exhibit root motion by third, two common tones and one voice leading by step.  The 

common tones A and C are static; thus, they have a voice-leading attraction of 0.  The 

root motion (A–F) in the bass has a weak attraction of 0.17 but represents a chordal 

distance of 7.  The stepwise motion E–F represents a hierarchical motion from the triadic 

level down to the diatonic level of the basic space; however, the semitonal distance that 

separates the two pitches produces a voice-leading attraction of 0.67.  The tonic agent, 

the progenitor of tonic function, discharges onto the subdominant base with an attraction 

value strong enough to suggest a change from tonic to subdominant function.  The 

realized harmonic attraction value of 1.04 agrees with our hearing that a weak but 

definite change in function takes place when the submediant progresses to the 

subdominant with these voice leadings. 
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         a              b 
 α(A→A) = 0.0    α(A→A) = 0.0 

α(E→F) = 0.67    α(E→F) = 0.67 
α(C→C) = 0.0    α(C→D) = 0.125 
α(A→F) = 0.06    α(A→D) = 0.04 
αrvl(vi→IV) = 0.73    αrvl(vi→ii) = 0.835 
αrh(vi→IV) = 10[0.73/7] = 1.04=TS  αrh(vi→ii) = 10[0.835/5] = 1.67=TS 

 
Figure 5.5  Common voice leading and attractions found in the submediant triad:            
a) vi-IV; b) vi-ii. 

 
 

The progression vi–ii (shown in Figure b) illustrates the common voice leadings 

by scale degree.  The common tone (A) is static, so it has a voice-leading attraction of 0.  

The root motion by fifth from the subdominant agent does not clearly communicate one 

particular functional discharge, despite being doubled in another voice, because ±2, the 

dominant associate, is a poor communicator of dominant function.  The voice leadings of 

the inner voices, ±1–±2 and ±3–±4, can communicate functional discharge better because they 

constitute motions from the tonic base and agent respectively.  The voice-leading 

attraction of C→D is weak (0.125), and the motion from C is ambiguous because it could 

be a motion from either the tonic base or subdominant associate.  The voice leading from 

±3–±4, however, confirms a TS discharge with a motion from the tonic agent to 

subdominant base and an attraction of 0.67.  While not a strong voice-leading attraction, 
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it produces the bulk of the realized voice-leading attraction (0.835), and the root motion 

by fifth amplifies the voice-leading attraction to produce a realized harmonic attraction of 

1.67.  The value of 1.67 is only slightly weaker than that of the primary functional 

discharge (I–IV) with a value of 1.72.  This suggests that we should hear the progression 

vi–ii as being almost the same strength, harmonically, as I–IV. 

The submediant triad can also be as functionally elusive as the mediant.  While ±3 

and ±6 communicate only tonic and subdominant function respectively, ±1 can 

communicate either tonic or subdominant function.  An example of the submediant triad 

communicating both tonic and subdominant function can be found in an excerpt from the 

third act of Strauss’s Der Rosenkavalier, shown in Figure 5.6.  The first function 

communicated by the submediant is prepared by a dominant-seventh chord in measure 4 

of the excerpt.  When following the dominant, the submediant most often communicates 

a tonic function, with the voice-leading ±7–±1 signaling a discharge from the dominant 

agent to the tonic base.  In this example, the voice-leadings of the dominant associate to 

tonic base and subdominant base to tonic agent (indicated by the voice leadings ±2–±1 and 

±4–±3) would suggest hearing a change to tonic function; however, the dominant agent 

resolving to the subdominant agent, found in the 9–8 suspension in Octavian’s solo, 

undermines much of the Tonicness communicated by the submediant.  The subdominant 

agent (E) placed in the lowest-sounding voice of the accompaniment could signal the 

submediant as communicating a subdominant function.  The calculations in Figure b 

show the strong voice-leading attractions in V7→vi, culminating in a harmonic attraction 
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value of 3.025.  This suggests that we hear a definite change from dominant function, but 

it is unclear whether it is a discharge to tonic or subdominant function.   

The submediant finally reveals its function with the voice leadings to IVM7 in 

measure 5.  The repeated G in Sophie’s solo (m. 5) signals its functional affiliation as the 

subdominant associate on beat 4 with the sounding of the subdominant; and, following 

the 9–8 suspension, the subdominant agent descends to the subdominant base in 

Octavian’s solo.  The arpeggiation of E–G–C in the bass voice of the third measure 

clearly outlines the subdominant triad before it is heard in root position on beat three, 

while the subdominant agent is repeated three times before discharging onto the dominant 

base (indicated by the voice leading ±6–±5) in the following measure.  All of the common 

tones and motions between subdominant members reconcile to weak voice-leading 

attractions and a harmonic attraction of 0.28.  Such a low value suggests that no change 

in function is heard; instead, the submediant is communicating a subdominant function 

that is reinforced with the arrival of IVR& and the subdominant base (C) in the lowest 

voice.  This subdominant function is prolonged until the arrival of the dominant in 

measure 6, producing a harmonic attraction of 1.77, and a sense of dominant function 

returns.  The submediant six-four chord, juxtaposed between two dominant chords in 

measure 6, is heard as a passing six-four chord with a pedal D in the bass, relegating the 

viw as nonfunctional. Thus the end of the first phrase in measures 3-6 is heard as DSD.  
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Figure 5.6  Subdominant and tonic function communicated by the submediant triad in 
Strauss’s Der Rosenkavalier; a) excerpt from Act III; b) attraction calculations. 
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b 

α(A→G) = 0.5               α(G→B) = 0.05   α(G→Fv) = 0.5   
α(Fv→E) = 0.25               α(E→C) = 0.06   α(C→D) = 0.375 
α(C→B) = 1.5               α(B→E) = 0.03   α(B→A) = 0.17 
α(D→E) = 0.17               α(E→C) = 0.06   α(C→ 0.375 D) = 
αrvl(V&→vi) = 2.42              αrvl(vi→IVR&) = 0.20  αrvl(IVR&→V) = 1.42 
αrh(V&→vi) = 10[2.42/8] = 3.025    αrh(vi→IVR&) = 10[0.20/7] = 0.28  αrh(IVR&→V) = 10[1.42/8] = 1.77  
 
α(B→G) = 0.08   α(G→D) = 0.03   α(D→A  = 0.03 )
α(D→B) = 0.11   α(B→G) = 0.08   α(G→Fv) = 0.5 
α(B→G) = 0.08   α(B→B) = 0.00   α(B→C) = 0.67 
α(G→E) = 0.055   α(E→D)  0.375   α(D→D) = 0.0  =
αrvl(I→vi) = 0.325  αrvl(vi→Iw) = 0.485  αrvl(Iw→V&) = 1.2 
αrh(I→vi) = 10[0.325/7] = 0.46  αrh(vi→Iw) = 10[0.485/8] = 0.61 αrh(Iw→V&) = 10[1.2/8] = 1.5  
 
Figure 5.6 continued.   
 
 

In measure 9, the submediant triad is heard once again, but now following the 

tonic triad.  Tonic function is prolonged through measure 9 by the suspension of tonic 

affiliates in the solo voices: B (tonic agent in Sophie’s solo) and D (tonic associate in 

Octavian’s solo) on beats 2-3.  The subdominant agent (E) is heard as an embellishment 

of a tonic arpeggiation in the accompaniment as the tonic agent (B) is held as a common 

tone to the Iw chord in measure 10.  The low attraction values demonstrate the weak 

voice-leading attractions that are produced through arpeggiations of the tonic triad and 

common tones.  The low harmonic attraction of 0.46 agrees with our hearing that there is 

no change in functional attitude.   

A change in function is initiated when the submediant resolves to the cadential 

six-four in measure 10.  The calculations for vi→Iw demonstrate the weak voice-leading 

attractions between the tonic base and the tonic associate, the tonic agent and the tonic 
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base, and the tonic agent common tones, all of which suggest that tonic function is still 

being heard.  However, the tonic associate (D) is also the dominant base.  When found in 

the lowest voice ±5 can communicate a dominant hearing because it is the dominant base.5  

Although the harmonic attraction value of vi→Iw is low (0.61) the dominant base 

sounding in the lowest voice signals a change from tonic to dominant function, 

culminating with the V& chord on beat two.  The harmonic attraction values of 0.61 (for 

vi→Iw) and 1.5 (for Iw→V7) indicate a slow discharge from tonic to dominant function as 

the submediant resolves to the dominant-seventh chord. 

Many music theorists throughout history have considered the leading-tone triad to 

be a dominant seventh chord with missing root.  Indeed, the leading-tone triad is heard as 

having a dominant function, especially when in a cadential expression.  The leading-tone 

triad is more commonly found in first inversion (shown in Figure 5.7) preceding the tonic 

triad.  The leading tone usually resolves to the tonic when found in an outer voice.  This 

creates a strong voice-leading attraction, representing a motion from the dominant agent 

to the tonic base, and consequently communicates a change from dominant to tonic 

function.  The dominant associate is usually considered too weak to communicate a 

function; however, the contrary motions from ̂2 to the tonic base and agent contribute 

additional voice-leading attractions of 0.5 and 0.375 respectively.  The voice leading of 

the subdominant base to tonic associate (F→G) in the middle voice is too weak to 

communicate an opposing subdominant function, with a voice-leading attraction of only 

                                                 
5 See Figure 2.4. 
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0.375.  The realized voice-leading attractions (3.25) and the root motion by second, 

represented by the chordal distance value of 8, generate a realized harmonic attraction of 

4.06.  The calculations suggest that these voice leadings produce a discharge that would 

be heard as being slightly weaker than the discharge found in V–I, 4.85, which agrees 

with our intuitive hearing. 
 
 
 

  
      

   α(B→C) = 2.0        
   α(F→G) = 0.375    
   α(D→E) = 0.375    
   α(D→ ) = 0.5    C
   αrvl(vi o^→I) = 3.25   i
   αrh(viio^→I) = 10[3.25/8] = 4.06  

 
Figure 5.7 Common voice leadings and attractions found in the leading-tone triad.       
 
 

If viio and V are used successively, V will typically follow viio because it is heard 

as the stronger dominant function.  Comparing the harmonic attraction of V→I to 

viio^→I, as represented in Figures 4.1d and 5.7 respectively, we can see that V–I has a 

stronger harmonic attraction even though the realized voice-leading attractions of viio^→I 

(2.465) are slightly stronger than in V→I (2.425).  The difference in chordal proximity 
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between V–I and viio^–I is responsible for the dominant triad having a stronger realized 

harmonic attraction to the tonic.  The root motion by fifth in the dominant chord is heard 

as being closer to tonic, represented with a chordal distance value of 5, than the root 

motion of a second in the leading-tone chord, represented with a chordal distance value 

of 8.  The difference in chordal proximity is sufficient to amplify the weaker realized 

voice-leading attraction of V–I above that of viio^–I. 

The typical harmonic attractions of the functional discharges expressed in 

secondary triads can be arranged into two strength categories, shown in Figure 5.8.  As 

expected, there are more harmonic attractions of secondary triads expressing weak 

attractions than there are in the primary triads (see Figure 4.7).  Whereas the harmonic 

discharges found in the primary triads in the major mode are of six different types, the 

harmonic discharges of secondary triads in the major mode are primarily of two types—

DT and TS.  The two discharges found in the strong column communicate DT, with the 

progression iii–vi having an attraction value almost as strong as the primary V–I 

discharge (4.85).  This should agree with our hearing because iii–vi is a dominant-tonic 

progression in the relative minor key.  The weak harmonic attractions represent mostly 

TS discharges with the exception of the two supertonic discharges, which communicate a 

weak subdominant discharge and virtually no discharge at all. 
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         Strong Harmonic           Weak Harmonic  
       Attraction/Discharge               Attraction/Discharge 
 
       ii vi    = 4.40 DT   ii→viio   = 0.36    ?  i→
     viio^→I    = 4.06 DT   vi→IV   = 1.04    TS 
       ii→V     = 1.31    SD 
       iii→IV   = 1.46    TS 
       vi→ii     = 1.67    TS 
 
Figure 5.8 Functional discharge strengths expressed in secondary triads in the major 
mode. 
 
    

5.2 Voice-leading Attractions of Secondary Triads  
in the Minor Mode 

 

Secondary triads in the minor mode, like the major, are functionally mixed.  The 

supertonic triad is comprised of the same functional affiliates as in the major mode with 

the exception that the subdominant agent is x±6, which forms a diminished triad.  The 

typical progression of iio is to the dominant or leading-tone chords, shown in Figure 5.9, 

where the supertonic triad is more commonly found in first inversion.   

As we have seen in the voice leadings of primary functional discharges in the 

minor mode, x±6 can produce a strong voice-leading attraction when moving by semitone 

to ±5.  In the progression iio^–V (see Figure a) x±6 typically moves down by half step to ±5 

while leaping motions in the inner voices form a complete triad.  The normative voice 

leading of the subdominant agent onto the dominant base signals a strong SD to the 

listener, with a voice-leading attraction of 1.5, while the leaping motions in the inner 

voices create weak voice-leading attractions.  When in first inversion the subdominant 

base is found in the lowest voice.  As was discovered in the major mode, a strong sense 
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of subdominant function is communicated when the supertonic triad is found with ±4 in 

the bass voice progressing to the dominant triad in root position.  Parncutt’s pitch 

salience model illustrates how the third of a diminished triad has as strong a salience 

value as the traditional root; therefore, ±4 can be easily perceived as the root of the 

supertonic triad, especially when doubled in another voice.  With the traditional root in an 

inner voice, the root motion of iio^–V in C minor is perceived as F-G, with a chordal 

distance value of 8.  With a realized voice-leading attraction of 2.095 and harmonic 

attraction of 2.62, the calculations suggest that we hear a definite change from 

subdominant to dominant function.  When compared to the primary minor-mode SD 

harmonic attraction value of 3.11 (refer to Figure 4.11a), we can see that iio^–V should be 

heard as being almost as strong harmonically as iv–V. 
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     α(Ax→G) = 1.5    α(F→F) = 0.0 
      α(F→D) = 0.11    α(D Bc) = 0.11 →
      α(D→Bc) = 0.11    α(Ax→F) = 0.11 
      α(F→ ) = 0.375    α(F→ ) = 0 1 G D .1
      αrvl(i o^→V) = 2.095   αi i i
      α

rvl(i o^→vi o^) = 0.33 
rh(iio^→V) = 10[2.095/8] = 2.62   αrh(iio^→viio^) = 10[0.33/7] = 0.47 

 
Figure 5.9 Common voice leadings and attractions found in the supertonic triad: a) iio^-V; 
b) iio^-viiow. 
 
 

The supertonic can also resolve to the leading-tone chord, as shown in Figure b 

above.  The chords can share two common tones, ±2 and ±4, but due to voice-leading 

restrictions only ±4 can be realized as a common tone.  x±6 cannot move by step to v±7 

because of the voice leading of an augmented second; therefore, x±6 must leap down to ±4, 

which produces a weak voice-leading attraction.  This forces ±2 to leap to the leading tone, 

which produces another weak voice-leading attraction.  These two voice leadings are 

further removed from communicating a functional discharge because they involve 

motions between members of the same harmonic function; x±6–±4 is a motion between the 

subdominant agent and base, while ±2–v±7 is a motion between the dominant associate and 
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agent.  In order to hear a SD discharge there must be at least one voice leading from a 

subdominant affiliate (x±6 or ±4) to a dominant affiliate (±2 or v±7) to produce a sufficient 

attraction to stimulate a change in functional hearing.  The only possible voice leading 

from a subdominant affiliate to dominant affiliate is the leaping motion from ±4–±2 in the 

bass voice.  With a voice-leading attraction of only 0.11, the motion is too weak to 

communicate a change in function.  The leaping motions and common tone produce a 

realized voice-leading attraction of 0.33 and a realized harmonic attraction of 0.47.  With 

such a low attraction value, it is ambiguous whether iio represents a hearing of 

subdominant function in this context.  Rather, like the progression ii–viio in the major 

mode, the iio chord is merely an embellishment of the dominant functioned chord that 

follows.    

Figure 5.10 illustrates the iio^ chord, in an excerpt from Chopin’s Zwei Leichen, as 

a passing chord that serves to fulfill a voice exchange between the accompanying bass 

and soprano voices.  The iio^ chord exhibits strong subdominant features (with ±4 in the 

bass voice and doubled in the vocal part), and the normative SD voice leading (x±6–±5) can 

be found in the tenor voice of the accompaniment.  The tonic chord in second inversion 

has a dominant function when heard as part of the cadential six-four cadence.  This places 

strong emphasis on ±5 being perceived as a dominant base rather than a tonic associate.  

Even though the chordal distance of ii to i is 8, the measurement of chordal proximity is 

actually a measurement of our hearing ±4 and ±5 as the roots of the iio^ and iw chords 

respectively.  The voice leadings ±4–±5 and x±6–±5 can be found in both iio^–V and iio^–iw; 
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however, ±4 moves by whole step to x±3 and ±2 moves by whole step to ±1 when iio^ 

progresses to iw rather than the leaping motions of ±4–±2 and ±2–±7 found in iio^–V (see Figure 

a).  The realized harmonic attraction of iio^→iw (3.44) is stronger than the harmonic 

attraction of iio^→V (2.62) because stepwise motions produce stronger voice-leading 

attractions than leaping motions.  Thus, the calculations suggest we hear a stronger 

change from subdominant to dominant function in iio^–iw than in iio^–V. 
 
 
 

 
 
 
 α(Bx→Ax) = 0.375 
 α(G F) = 0.50 →
 α(Dx→C) = 1.5 
 α(Bx→C) = 0.375 
 αrvl(i o^→iw) = 2.75 i
 αrh(iio^→iw) = 10[2.75/8] = 3.44 = SD 
 

Figure 5.10 subdominant function communicated by iio in Chopin’s Zwei Leichen. 
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The mediant triad is even more functionally curious in the minor mode because of 

the multiple qualities which it can be found in.  The mediant triad (whose root is the tonic 

agent and third is either the tonic associate or dominant base depending on its context) 

has two possible functional dominant agents.  Normally the minor-mode mediant is found 

as a major triad with its fifth as the lowered ±7, but the mediant can also be found as an 

augmented triad with raised ±7.  Figure 5.11 provides voice leadings for the most common 

progressions from the major mediant triad in the minor mode.   
 
 
 
 

  
 
 
α(G Ax) = 0.67    α(G Ax) = 0.67 → →
α(Ex Ex) = 0.0    α(Ex C) = 0.15 → →
α(Bx→C) = 0.50    α(Bx→Ax) = 0.25 
α(Ex→Ax) = 0.03     α(Ex→F) = 0.17 
αrvl(III→VI) = 1.20    αrvl(III→iv) = 1.24 
αrh(III→VI) = 10[1.20/5] = 2.40 = TS, DT αrh(III→iv) = 10[1.24/8] = 1.55 = TS 

 
 
Figure 5.11 Common voice leadings and attractions found in the mediant triad: a) III-VI; 
b) III-iv. 
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In Figure a, ±5 moves by semitone to x±6 with a voice-leading attraction of 0.67, 

while x±7 moves by whole step to the tonic with a voice-leading attraction of 0.50.  We 

have seen how the voice leading of ±7–±1 produces the strongest voice-leading attraction; 

however, when the lowered dominant agent moves to the tonic base a much weaker 

attraction is produced.  Depending on the context, the progression III–VI can be heard as 

either TS or DT because both have the same voice-leading motions.  Had scale degree 7 

been raised, forming the leading tone, the discharge would have been much stronger and 

the voice leadings would have been heard as more dominant-functioned rather than tonic-

functioned.  The root motion by fifth amplifies the realized voice-leading attractions to a 

harmonic attraction value of 2.40.  

The III chord is also commonly found progressing to the subdominant (shown in 

Figure 5.11b).  The voice-leading attraction of ±5→x±6 can be found in III–iv as well as III-

VI, but x±7 must move by whole step to x±6 instead of ±1 when progressing to the 

subdominant, to avoid parallel fifths.  Although x±7−x±6 is also a voice-leading motion of a 

whole step, it does not exhibit the same hierarchical motion found in x±7- ±1.  Instead, Bx–Ax 

is a static hierarchical motion on the diatonic level of the C-minor basic space, which 

produces a weaker attraction.  The voice leadings shown in Figure a have two strong 

voice-leading attractions and two weak attractions, whereas the voice leadings in Figure b 

have only one strong attraction and three weak ones.  The voice-leading attraction of 

±5→x±6 is strong, but the functional ambiguity of ±5 does not communicate tonic function 

clearly; rather, the root motion of x±3–±4 confirms a discharge from tonic to subdominant 
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function with a weak voice-leading attraction of 0.17.  The discharges of the tonic agent 

onto the subdominant base, found in the lowest voice, and the tonic associate onto the 

subdominant agent, found in the highest voice, communicate a weak but recognizable TS 

discharge with a realized harmonic attraction of 1.55. 

The mediant triad can also produce a strong dominant discharge in the minor 

mode.  Though rare in the literature, the mediant triad can be an augmented chord when 

the dominant agent is the raised scale degree 7.  III+ typically progresses to the tonic triad 

because of the leading tone’s desire to resolve to ±1.  Such an example of III+ 

communicating a dominant function can be found in an excerpt of the Sonata in F minor 

for Clarinet and Piano by Johannes Brahms, shown in Figure 5.12.  The semitonal motion 

of Ec moving to F (highlighted in the illustration as v±7− ±1) produces the strongest possible 

voice-leading attraction of 2.0.  The common tones (C) and leaping motion (Ax–C) 

produce little or no attraction.  Our examination of pitch class salience in augmented 

triads revealed that all three pitches can be heard equally as strong as the traditional root 

of the triad.  Placing C in the lowest voice heightens our perception of it as being the root 

of III+, and the bass-line motion communicates a fundamental ±5–±1 root motion with a 

chordal distance of 5.  The realized harmonic attraction of 4.35 suggests we hear a strong 

change from dominant to tonic function. 
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   α(Ax→C) = 0.125 
   α(Ec→F) = 2.0 
   α(C→C) = 0.0 
   α(C→F) = 0.05 
   αrvl(III+6→i) = 2.175 
   αrh(III+6→i) = 10[2.175/5] = 4.35 = DT 
  
Figure 5.12 Dominant function communicated by III+ in Brahms’s Sonata in F minor for 
Clarinet and Piano.   
 
 

The submediant is even more functionally obscure than the mediant.  Its fifth is 

the tonic agent, while the third can be either the tonic base or subdominant associate, but 

its root has the possibility of being two different subdominant agents.  Normally the 

submediant is a major triad with the use of minor-mode ±6, but it can also be found as a 

diminished triad when ±6 is raised.  Figure 5.13 provides the voice leadings for the most 

common progressions from the submediant triad in the major mode.  In Figure a, the root 

movement by third produces two common tones, Ax and C, leaving one voice to move by 
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step from Ex to F.  Although this motion is representative of the tonic agent moving to the 

subdominant base, the voice leading of a whole step creates a weak voice-leading 

attraction of 0.17.  The common tones do not produce any voice-leading attraction, 

leaving the bass motion as the only other source of voice-leading attraction, but the 

distance of three semitones produces an even weaker voice-leading attraction of 0.11.  

The two voice-leading attractions and a root distance of a third produce a realized 

harmonic attraction of 0.40.  Such a weak value implies that little or no change in 

functional hearing; rather, the measurement of attraction suggests our hearing of an 

increase in subdominant function with the base line motion moving to ±4, a scale degree 

that communicates subdominant function more strongly.   

 
 
 

  
 

 α(Ax→Ax) = 0.0   α(Ax→Ax) = 0.0 
α(Ex→F) = 0.17   α(Ex→F) = 0.17 
α(C C) = 0.0    α(C D) = 0.125 → →
α(Ax→F) = 0.11   α(Ax→D) = 0.03 
αrvl(VI→iv) = 0.28   αrvl(VI→i o) = 0.325 i
αrh(VI→iv) = 10[0.28/7] = 0.40  αrh(VI→iio) = 10[0.325/5] = 0.65  

 
Figure 5.13 Common voice leadings and attractions found in the submediant triad:         
a) VI-iv; b) VI-iio. 
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The progression in Figure b illustrates the submediant progressing to the 

supertonic triad in root position.  The common tone, Ax (also found in the progression to 

iv), is preserved as is the voice leading from Ex-F.  The remaining voice leadings are the 

root motion by diminished fifth (Ax–D) and the stepwise motion C–D.  The root motion 

has a voice-leading attraction of only 0.03, but it represents a close chordal proximity.  

The voice leading C–D represents a motion from the octave level of the basic space down 

to the diatonic level, with a voice-leading attraction of 0.125.  This added voice-leading 

attraction increases the realized voice-leading attraction to 0.325, while the realized 

harmonic attraction increases to 0.65.  Similar to the values in Figure a, the low harmonic 

attraction value suggests that little or no change in functional hearing takes place. 

The submediant can also communicate a subdominant function when following 

the subdominant triad in the minor mode.  In Harmony Simplified, Riemann explains that 

the submediant can signal a subdominant function “in the cadence of pure minor key 

[when] Sp enters between oS and oT ” (74).6  Riemann’s Example 75b, shown below as 

Figure 5.14, illustrates how the submediant triad can communicate a subdominant 

function when following the minor subdominant.  The subdominant triad (oS) clearly 

communicates a subdominant function because it is a principle harmony and the 

subdominant base is in the lowest voice when in root position.  The submediant triad (oSp) 

shares two common tones, F and A, with the subdominant triad which produce voice-

leading attractions of 0.  The voice leading of subdominant base to tonic agent, which 

                                                 
6 The symbols oS and oT represent the primary chords iv and i respectively while oSp represents the parallel 
Subdominant klang or rather the submediant triad. 
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produces a strong voice-leading attraction in the major mode (1.5), produces a weak 

voice-leading attraction (0.375) in the minor mode because of the whole-step distance.  

The subdominant in root position has x±6 in the lowest voice and is doubled in the alto 

voice.  The weak voice-leading attraction of 0.485 and harmonic attraction of 0.69 

suggests that we do not hear a change of function; rather, we intuitively hear the 

submediant as prolonging subdominant function.   
 
 
 
 

  
 
 
 α(D→C) = 0.375   α(C→C) = 0.0 
 α(F→F) = 0.0    α(F→E) = 1.5 
 α(A→A) = 0.0    α(A→A) = 0.0 
 α(D→F) = 0.11   α(F→A) = 0.125 
 αrvl(oS→oSp) = 0.485   αrvl(oSp→oT) = 1.625 
 αrh(oS→oSp) = 10[0.485/7] = 0.69 αrh(oSp→oT) = 10[1.625/7] = 2.32 
 
Figure 5.14  Subdominant function communicated by the submediant triad (Riemann, 
Harmony Simplified, Example 75b p. 74). 
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When the parallel subdominant (submediant) returns to the tonic, the tonic base 

and agent (A and C) are held as common tones.  The subdominant agent in the alto voices 

moves by semitone to the tonic associate, producing a strong voice-leading attraction of 

1.5, while the subdominant agent, doubled in the bass, leaps to the tonic base.  Our 

hearing of the subdominant agent moving to two tonic constituents is represented in the 

realized voice-leading attraction value of 1.625.  The chordal distance value of 7 

increases the voice-leading attraction to create a harmonic attraction value of 2.32.  This 

is weaker than the harmonic attraction value of 3.91 found in the primary minor-mode ST 

discharge (refer to Figure 4.8b), but is strong enough to communicate a change from 

subdominant to tonic function. 

One of the frequent uses of the submediant is in the deceptive cadence.  An 

excerpt from Chopin’s Prelude No. 6 in B minor, shown in Figure 5.15, demonstrates 

how the submediant can communicate a strong tonic function.  The dominant agent (Av) 

moves by semitone to the tonic base (B), creating the strongest voice-leading attraction of 

2.0.  Complementing this attraction is the voice leading of the dominant associate to the 

tonic base (Cv–B) in an inner voice.  A third voice leading that empowers the submediant 

with tonic function is the voice leading ±4–x±3.  This provides a “double-barreled” 

discharge communicating a change to tonic function as the subdominant base moves to 

the tonic agent.7  The root movement consists of a stepwise motion from the dominant 

base to the subdominant agent.  The subdominant agent sounding in the lowest voice has 

                                                 
7 The role of the chordal seventh in communicating functional discharge will be discussed in greater detail 
in the following chapter. 
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provided a strong sense of Subdominantness in previous examples; however, the strong 

voice-leading attractions to tonic affiliates overpower any subdominantness 

communicated by x±6 in the bass voice.  The voice leadings produce a harmonic attraction 

of 4.43, which suggests that we hear a strong change from dominant to tonic function. 

 
 
 

  
 
 
  α(Av→B) = 2.0 
  α(E D) = 0.375 →
  α(Cv→B) = 0.5 
  α(Fv→G) = 0.67 
  αrvl(V7→VI) = 3.545 
  αrh(V7→VI) = 10[3.545/8] = 4.43 = DT 
 
Figure 5.15  Tonic function communicated by the submediant in Chopin’s Prelude No. 6 
in B minor. 
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Another example of the submediant communicating a tonic function is when it 

follows the tonic chord, shown in Figure 5.16.  In order for the submediant triad to 

communicate a change to subdominant function, x±6 must be approached from a tonic 

affiliate, such as ±5–x±6, with a sufficient voice-leading attraction to stimulate a change in 

functional hearing.  On beat four x±6 is prominently placed in the lowest voice but is not 

doubled in another voice.  The pitch A (±5) leaps to D ( ±1) in the soprano voice, avoiding a 

semitonal motion to Bx (x±6).  The tonic base and agent are held as common tones on beats 

3 and 4, prolonging a tonic hearing, and the doubling of the tonic base (D) in the soprano 

and tenor voices further strengthens our hearing of tonic function, thus reducing any 

possibility of the submediant communicating a subdominant function.  The realized 

voice-leading attraction of 0.08 and the root motion of a third, represented by the chordal 

distance value of 7, generate a realized harmonic attraction of 0.11.  Such a low attraction 

value suggests that we do not hear any change in function; rather, tonic function is 

prolonged, and the harmonic attraction value is only a realization of the leaping motions 

in the outermost voices. 
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 α(A→D) = 0.05     α(D→E) = 0.125 
 α(F→F) = 0.0      α(F→A) = 0.06 
 α(D→D) = 0.0      α(D Cv) = 0.50 →
 α(D→Bx) = 0.03     α(Bx→A) = 1.50 
 αrvl(i→VI) = 0.08     αrvl(VI→V) = 2.125 
 αrh(i→VI) = 10[0.08/7] = 0.11   αrh(VI→V) = 10[2.125/8] = 2.66 = TD 
 
Figure 5.16  The submediant communicating tonic function when following the tonic 
triad in Brahms’s Ein deutsches Requiem. 

 

As the submediant progresses to the dominant triad, the tonic base moves by half 

step to the dominant agent in the tenor voice and the subdominant agent moves by half 

step to the dominant base in the lowest voice—both strong voice leadings that 

respectively communicate opposing TD and SD functional discharges.  With the 

submediant prolonging tonic function, the normative SD voice leading serves as a 

“double barreled” discharge, which amplifies our hearing a change from tonic to 

dominant function.  The realized harmonic attraction value of 2.66 suggests we hear a 

change in function slightly stronger than the primary TD discharge of i→V (2.40).  

Semitonal motions such as this, which Harrison calls a “specific parallel motion,” were 

 179



used more frequently by composers during the late Romantic period as a device that 

added harmonic color.  These motions strengthened the sense of discharge by duplicating 

the discharge at another part of the harmony.  

The submediant can also communicate a subdominant function when following 

the tonic triad.  Previously, in the discharge of TS between the primary triads in the minor 

mode, we discovered that the voice-leading attraction from ±5 to x±6 was sufficient to 

communicate a change in function (see Figure 4.8a).   Figure 5.17, an excerpt from 

Brahms’s Requiem, illustrates similar voice leadings that communicate a change from 

tonic to subdominant function when the submediant triad follows the tonic.  The soprano 

and tenor voices form a voice exchange between the tonic agent and base (Dx and Bx).  

The root movement from I to VI in root position places the subdominant agent in the 

lowest voice, while ±5 moves by half step to x±6, doubling the subdominant agent in the alto 

voice.  The voice-leading attraction of ±5→x±6 (0.67) is the same strong voice leading 

found in the primary minor-mode TS discharge.  Though the other voice-leading 

attractions are weak, they create a realized harmonic attraction of 1.33, which is almost as 

strong as the harmonic attraction in the primary TS discharge, 1.72.  The prominent 

placement and doubling of x±6 and the semitonal voice-leading attraction of ±5→x±6 confirm 

a subdominant hearing. 
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 α(F→Gx  = 0.67    )
 α(Dx→Bx) = 0.15    
 α(Bx→Dx) = 0.08       
 α(Bx→Gx) = 0.03    
 αrvl(i→VI) = 0.93    
 αrh(i→VI) = 10[0.93/7] = 1.33   
 
Figure 5.17  The submediant communicating subdominant function when following the 
tonic triad in Brahms’s Ein deutsches Requiem. 
 
  

The leading-tone chord is comprised of the dominant agent and associate, and 

subdominant base.  The chord is typically found in first inversion with the voices all 

moving by step to members of the tonic triad.  The progression of viio^–i, shown in Figure 

5.18, exhibits similar voice leadings in the minor mode as in the major mode.  The 

leading tone’s resolution by semitone to the tonic produces the strongest possible voice-

leading attraction (2.0), and the motion from ±2–±1 in the bass voice produces an attraction 

of 0.5, both of which signal a DT discharge.  The motion from the subdominant base to 

tonic associate creates a weak ST with a voice-leading attraction of 0.375.  In the major 

mode, there is a whole-step motion from ±2–±3, which generates a voice-leading attraction 

of 0.375.  In the minor mode, however, this motion is semitonal, which increases the 
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attraction to 1.5.  This stronger voice-leading attraction increases the realized voice-

leading attraction from 3.25 to 4.375.  The root motion by second is represented by a 

chordal distance of 8, which creates a realized harmonic attraction of 5.47.  The value is 

high, suggesting that we hear a strong change from dominant to tonic function, but 

weaker than V–i in the minor mode. 

 
 

 
 
 α(B→C) = 2.0 
 α(F→G) = 0.375 
 α(D→Ex) = 1.5 
 α(D→C) = 0.5 
 αrvl(viio^→i) = 4.375 
 αrh(viio^→i) = 10[4.375/8] = 5.47 = DT 
 

Figure 5.18  Common voice leadings and attractions found in viio^ in the minor mode. 

 

The typical harmonic attractions of the functional discharges expressed in 

secondary triads, as found in the minor mode, can be arranged into two strength 

categories, shown in Figure 5.19.  The functional discharges of primary triads in the 

minor mode have mostly strong harmonic attractions; but the harmonic attractions of 
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secondary triads in the minor mode have mostly weak harmonic attractions (refer to 

Figure 4.11).  The supertonic triad expresses a strong subdominant function in the minor 

mode when progressing to the dominant, but fails to communicate any definite function 

when progressing to the leading tone chord.  As expected, the leading tone chord 

expresses strong dominant function when progressing to the tonic.  The one significant 

difference in the discharges of secondary triads in the minor mode compared with those 

in the major mode concerns those found under the weak column.  The triads with weak 

harmonic attractions are much weaker in the minor mode than those with weak harmonic 

attractions found in the major mode.  In the major mode, only one secondary triad 

progression has a harmonic attraction so low that it does not communicate a change in 

function, whereas three secondary triad progressions in the minor mode have harmonic 

attractions so low they are unable to communicate any change in function.   
 
 
 

         Strong Harmonic                  Weak Harmonic  
       Attraction/Discharge                     Attraction/Discharge 
 
      iio→V      = 3.56 SD   iio→viio^   = 0.28    
      viio^→i    = 5.47 DT   VI→iv     = 0.40 
             VI→iio     = 0.65    
       III→VI     = 2.40     TS      
       III→iv      = 1.55     TS 
 
Figure 5.19  Functional discharge strengths expressed in secondary triads in the minor 
mode. 

 

 

 183



5.3 Nonnormative Voice-leading Attractions 

 

Consider, for example, the authentic cadence, which is a prototype of DT 

discharge.  The leading tone, which is present in all authentic cadences, typically 

discharges onto the tonic base with such a strong attraction as to communicate a 

functional discharge independent of the other voice leadings.  This voice leading 

behavior can be understood as theoretically normative; however, composers may choose 

to use nonnormative voice leadings for various aesthetic reasons.  In instances where 

strong normative voice-leading attractions are not present, the question arises of what 

stimulates the discharge from one function to another.   Harrison suggests that in hearing 

functional discharges with nonnormative voice leadings “we feel, imagine, and 

theoretically understand such a discharge despite the sonic evidence” (1994: 92).  In 

discharges where the functional agent produces little or no voice-leading attraction, the 

responsibility for communicating a change in function should be transferred to another 

voice leading that communicates the same functional discharge, only more weakly. 

Figure 5.20, an excerpt from Edvard Grieg’s String Quartet in G Minor, op. 27, 

demonstrates the use of nonnormative voice leadings in communicating a DT discharge.  

In the cadence to the agitato section, the leading tone is frustrated from resolving by 

semitone to the tonic base by leaping to the tonic associate.  The other voice leading 

commonly found in minor mode DT is the dominant associate to tonic agent, ±2–x±3.  From 

the calculations it can be seen that this voice leading provides the only significant 
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attraction; the two other cadential voice leadings produce attractions too weak to 

communicate a change in functional behavior. The avoidance of the typically strong 

voice-leading attraction of v±7→±1 dramatically reduces the normative strong harmonic 

attraction of DT discharge in the minor mode from a value of 7.10 to a harmonic 

attraction value of 3.28.  This suggests that we still hear a change in function, but 

harmonically weaker without the normative voice leading of the leading tone.  Grieg’s 

use of nonnormative voice leadings to produce a weaker discharge is also significant in 

that as the introduction settles into the exposition, the reduction in harmonic dynamics is 

reflected in the reduction in acoustical dynamics. 
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α(D→D) = 0.0 
α(A→Bx) = 1.50 
α(Fv→D) = 0.09 
α(D→G) = 0.05 
αrvl(V→I) = 1.64 
αrh(V→I) = 10[1.64/5] = 3.28 = DT  

 
Figure 5.20  Nonnormative voice leading in Grieg’s Quartet in G minor.  
 
  

Another example of a change in function being communicated through 

nonnormative voice leading can be found in the resolution of the fully diminished 

leading-tone seventh chord.  The chordal membership of the viio& is comprised of strong 

functional elements—the subdominant base and agent (±4 and x±6) and the dominant agent 

and associate (±7 and ±2).  Two of the elements that most strongly communicate their 

function, subdominant and dominant functional agents, are both present as chordal 

members.  The other elements, the subdominant base and dominant associate, are 
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associated with only their respective function, and cannot be confused as communicating 

any other function.  The function that is communicated is dependent, as with all 

secondary triads, on voicing, doubling, and inversion. 

The traditional voice leadings of the diminished seventh chord are by step.  When 

it is in root position and all voice leadings resolve normally, the resolution of viio&–I 

strongly suggests DT because of its semitonal resolution to the tonic root and the 

stepwise resolutions of ±4 to ±3 and ±6 to ±5.  However, when it is found in second or third 

inversion and the voice leadings of ±4 and ±6 do not conform to traditional step-wise voice 

leading, the diminished seventh chord can communicate a strong subdominant function.  

The closing section to Richard Strauss’s Piano Quartet, op. 13, I (shown in Figure 5.21) 

utilizes nonnormative voice leadings in the resolution of viior to communicate a 

subdominant discharge.8  
 
 

                                                 
8 See Harrison (1994, 66-68) for his analysis of this same excerpt. 
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Figure 5.21  Subdominant function communicated by viio& in Strauss’s Piano Quartet. 
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 α(Bc C) = 2.0 →
 α(Ax→G) = 1.5 
 α(F→G) = 0.375 
 α(D→Ec) = 0.375 
 α(F→C) = 0.08 

αrvl(vi or→I) = 4.33 i
 αrh(viior→I) = 10[4.33/5] = 8.66 = ST  
 

Figure 5.21 continued. 

 

The viior chord is found twice progressing to the tonic with a ±4–±1 bass-line motion 

(highlighted in the figure).  In both cases, the motion of the subdominant base to tonic 

base clearly communicates a plagal motion.  The semitonal motion of raised scale degree 

7 to tonic communicates a strong DT with a voice-leading attraction of 2.0.  There is also 

a semitonal motion from x±6–±5 with a voice-leading attraction of 1.5, which communicates 

a strong ST.  Two other voice leadings in the inner voices, F–G and D–E, are represented 
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by equal but opposing functional motions.  F–G communicates a weak subdominant 

discharge as the subdominant base moves to the tonic associate, with a voice-leading 

attraction of 0.375.  D–E communicates a weak dominant discharge as the dominant 

associate moves to the tonic agent.  Harrison asserts that the functional agents are 

empowered with communicating the function of a chord, and that the remainder is 

reserved for the functional bases.  When functional bases are voiced in the lowest-

sounding voice, they can clearly communicate their function.  With two pairs of equal but 

functionally opposing voice leadings communicating opposing discharges, the power of 

communicating the functional discharge is transferred to the functional bases.  The 

dominant base is absent from the progression, but the ±4–±1 motion in the lowest voice 

communicates a discharge from subdominant to dominant function.  We have seen in 

other progressions how the attraction of the subdominant agent strengthens the discharge 

of dominant function in a “double-barreled” discharge.  In this context, the attraction of 

the dominant agent serves as the second “barrel” to strengthen the discharge of 

subdominant function. 
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5.4  Principal Voice-leadings in Triads That  

Communicate Functional Discharge  

 

In the triadic progressions examined thus far, where a change of function is 

expressed with normative voice leading, it has been shown that one voice leading is 

principally responsible for communicating a functional discharge.  Principal voice 

leadings are important because not only are they primarily responsible for the level of 

harmonic attraction, but they define the type of functional discharge by the nature of their 

scale-degree motion.  A low attraction value in a principal voice leading suggests that the 

progression will be heard as too weak to communicate any appreciable harmonic 

attraction or functional discharge.  Even in progressions where a “double barreled” 

discharge is noticed, the stronger voice-leading attraction typically communicates its 

particular functional discharge for the progression.  Figure 5.22 shows the principal voice 

leadings responsible for communicating a change of function in progressions involving 

primary and secondary triads.  The progressions are arranged into two categories, 

“strong” and “weak,” where the progressions exhibiting strong attractions are listed from 

strongest to weakest and the progressions exhibiting weak attractions are listed from 

weakest to strongest.  This chart is not wholly inclusive, but it serves to demonstrate the 

fundamental voice-leading characteristics found in strong and weak harmonic discharges.   
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    Strong Harmonic                Weak Harmonic  
  Attraction/Discharge                Attraction/Discharge 
 
V→i = 7.10 = DT ±7→±1, ±2→x±3  ii→viio = 0.03  none 
viio^→i = 5.47 = DT ±7→±1, ±2→x±3  V iv = 0.40  none I→
V→I = 4.85 = DT ±7→±1   iio^→v o^ = 0.47 none ii
iii→vi = 4.40 = DT ±7→±1   VI→iio = 0.65  none 
viio^→I = 4.06 = DT ±7→±1   vi→IV = 1.04 = TS ±3→±4  
IV→I = 3.91= ST ± →±    ii→V = 1.31 = SD ±6→±5  4 3
ivw→i = 3.75 = ST      x±6→±5   I→V = 1.40 = TD ±1→±7  
V→iv = 3.69 = DS ± →±   iii→IV = 1.46 = TS ±3→±   7 1 4
iv→V = 3.11 = SD     x±6→±5   III→iv = 1.55 = TS ±5→x±6  
V→IV = 3.06 = DS ±7→±1   vi→ii = 1.67 =  TS ±3→±4  
      IV→V = 1.70 = SD ±1→±7  
      I→IV = 1.72 = TS ±3→±   4
      i→ivw = 1.68 = TS ± →x±6  5
      i→V = 2.40 = TD       x±3→±2  
      II VI = 2.40 = TS ± →x±6  I→ 5
      iio^→V = 2.62 = SD    x±6→±5  

 
Figure 5.22  Principal voice leadings that communicate functional discharges as 
expressed in primary and secondary triads. 

 

Our initial inspection of progressions under the strong attraction column reveals 

that all but three progressions reflect a discharge to tonic function.  This seems intuitively 

correct since any motion to the tonic pitch or triad is heard as a significant motion from a 

point of instability to a point of stability.   The chart also reveals that the majority of the 

“strong” progressions involve a voice leading from the leading tone to the tonic.  This 

semitonal motion creates the strongest possible voice-leading attraction such that even 

progressions with a distant chordal proximity of 8 (e.g. V–iv or V–IV) still communicate 

a strong discharge.  The second most frequently encountered voice leadings in strong 

progressions are ±2–x±3 and x±6–±5.  The voice-leading attraction of ±2→x±3 provides the 
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additional attraction found in the strong harmonic attractions of V→i and viio^→i, and the 

voice-leading attraction of x±6→±5 is principal in signaling a subdominant discharge in the 

minor mode.  The voice leading of ±4–±3 is found only once in a strong progression as the 

principal envoy of subdominant function in the plagal motion IV–I.  All of these voice 

leadings exhibit similar characteristics: 1) each voice leading is a semitonal motion; 2) 

each voice leading represents a hierarchical motion from the diatonic level of the basic 

space to a higher level; and 3) each voice leading represents a motion either to or from a 

functional agent.  Thus, these voice leadings are directly connected in controlling a sense 

of functional discharge. 

The principal voice leadings found in progressions communicating “weak” 

discharges, however, exhibit traits that are quite different than those found in “strong” 

discharges.  Progressions having discharges too weak to communicate a change in 

function do not have a principal voice leading with a voice-leading attraction that signals 

a change in function, and those progressions that do communicate a weak change of 

function exhibit a voice-leading motion by whole step (e.g. ii–V) or a semitonal motion 

representing a hierarchical motion from a level of stability down to a level of instability.  

In addition, where the voice leading ±7–±1 is commonly found communicating a discharge 

to tonic function in strong progressions, there is no single voice leading commonly found 

communicating a discharge from tonic function in weak progressions.  Instead, voice 

leadings from all three tonic affiliates are principal in communicating a weak discharge 

from tonic function.   
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  A second observation concerns the voice leadings in progressions of the same 

ordinal type.  For example, the harmonic attraction value of the subdominant to tonic 

plagal motions in the major and minor modes suggests that they are heard as being 

harmonically equal in strength; however, the voice leadings responsible for their 

discharges are quite different.  In IV – I, it is the discharge to the tonic agent (±4→±3) that 

creates the strongest voice-leading attraction, while in iv–i it is the discharge from the 

subdominant agent (x±6→±5) that creates the strongest voice-leading attraction.  A 

similarity of voice leading comparisons can also be seen in mediant to subdominant and 

tonic to subdominant progression under the “weak” column. 

Except for the progressions that do not communicate a functional discharge and 

the one progression whose principal voice leading is a whole step, all of the principal 

voice leadings either ascend or descend by semitone.  The ascending, semitonal 

resolution, represented by ±7− ±1, communicates a strong voice-leading attraction and is 

indicative of dominant discharge, either DT or DS.  DT discharges are common in tonal 

music, often indicating authentic progressions or points of cadence.  DS is rarer in the 

literature and is not commonly associated with specific normative motions.  The 

descending, semitonal resolution, represented by x±6− ±5 and ±4−±3, communicates a strong 

voice-leading attraction and is indicative of subdominant discharges.  x±6− ±5 communicates 

either ST or SD in the minor mode, while ±4− ±3 communicates ST in the major mode.   

Harrison claims that “by making function a perceptual judgment on the part of the 

listener, …the possibility of hearing harmonic function in single notes, in a series of 
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chords and in entire phrases [is possible]” (1994, 127).  Hearing a semitonal, ascending 

voice-leading motion can indicate a DT or TS discharge, while hearing a descending, 

semitonal voice-leading motion can indicate a ST or TD discharge.  Both of these 

normative voice leading patterns can be useful when analyzing tonally or functionally 

ambiguous passages by signaling possible tonic harmonies.   
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CHAPTER VI 
 

VOICE-LEADING ATTRACTIONS AND FUNCTIONAL 
 

DISCHARGE IN SEVENTH CHORDS 
 
 

Hearing the two progressions found in Figure 6.1 provokes at least two initial 

responses: 1) both progressions end with an unfulfilled expectation of tonic harmony and, 

2) the second progression ends with a stronger anticipation of the unfulfilled tonic than 

the first.  If our intuition tells us that the addition of a chordal seventh in the second 

progression serves to intensify the attraction to the unfulfilled tonic, by how much does it 

do so?  Moreover, do chordal sevenths added to other diatonic triads affect our sense of 

harmonic attraction in the same way?  Examining the voice-leading attractions in seventh 

chords will demonstrate how and why the addition of a chordal seventh can serve to 

intensify the attraction in certain chord progressions, yet fail to do so in others. 
 
 
 

  
 
Figure 6.1 Demonstration of added attraction by chordal sevenths. 
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6.1 Voice-leading Attraction of the Chordal Seventh 
in the Major Mode 

      
      

Seventh chords, like secondary triads, are functionally mixed in that they are 

composed of scale degrees representing at least two opposing functions.  However, the 

dissonance presented by two opposing functions in a chord can increase the attraction of 

a seventh chord to another chord rather than decrease that attraction because of functional 

tendencies.  

One such functionally mixed chord that exhibits stronger attraction than the triad 

built on the same root is the dominant-seventh chord.  Figure 6.2 illustrates common 

resolutions of the dominant and dominant-seventh chords.  We intuitively hear a perfect 

authentic cadence, with triads only, as having a strong harmonic attraction.  When the 

chordal seventh is added to the dominant (see Figure b), we sense a much stronger 

attraction.  Comparing the individual voice-leading attractions of Figures a and b, we can 

see that the realized voice-leading attraction in Figure b is slightly increased when the 

dominant associate in the tenor resolves to the tonic base (0.5) instead of the tonic agent 

(.375) and greatly increased when the alto voice resolves the chordal seventh from the 

subdominant base to the tonic agent (1.5) rather than holds a common tone G, (0.0).  

With equal semitonal proximity, the voice-leading attraction of the dominant’s seventh is 

only slightly less than that of the leading tone because of the difference in hierarchical 

pitch resolution.  The voice leading of ±7–±1 has the strongest motion from the diatonic 

level of the basic space to the octave level, while the resolution from ±4–±3 has a slightly 
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weaker hierarchical motion from the diatonic level to the triadic level.  In comparison, the 

DT discharge sensed in the progression V&–I is significantly increased to that of V–I with 

the added subdominant voice-leading attraction of the chordal seventh. 
 
 
 

  
 

α(B→C) = 2.0      α(B→C) = 2.0      
α(G→G) = 0.0      α(F→E) = 1.5       
α(D→E) = 0.375     α(D→C) = 0.5      
α(G→C) = 0.05      α(G→C) = 0.05     
αrvl(V→I) = 2.425      αrvl(V7→I) = 4.05     
αrh(V→I) = 10[2.425/5] = 4.85      αrh(V7→I) = 10[4.05/5] = 8.1    

 
Figure 6.2  Common voice leadings and attractions found in the dominant and dominant 
seventh chords: a) V–I; b) V7–I. 

  

The strong harmonic attraction of V7–I can be found in the popular Wiegenlied 

(Lullaby) op. 49, no. 4 by Brahms, shown in Figure 6.3.  The discharge from dominant to 

tonic function occurs at the end of measure 10, where the dominant agent can be found 

discharging onto the tonic base in the vocal line (see enclosed area).  The root motion of 

the dominant base to tonic base occurs on the downbeat of measure 11, while a 

suspension of the dominant associate (F) is held to the off beat.  The second part of the 
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“double barreled” discharge can be found as the chordal seventh (Ax) resolves down to 

the tonic agent.  The semitonal motion in ±4–±3 provides the second strongest voice-leading 

attraction of 1.5 in the dominant-seventh cadence.  The additional strong voice-leading 

attraction of the chordal seventh boosts our hearing of DT discharge from 4.85, the 

realized harmonic attraction without the chordal seventh, to 8.10.  
 
 
 
 

 
 
 α(D→Ex) = 2.0 
 α(F→Ex) = 0.5 
 α(Ax→G) = 1.5 
 α(Bx→Ex) = 0.05 
 αrvl(V&→I) = 4.05 

αrh(V&→I) = 10[4.05/5] = 8.10=DT  
 

Figure 6.3  Voice leadings and attractions of V&−I in Brahms’s Wiegenlied. 
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If the dominant-seventh cadence in Figure 6.2b is replaced with a resolution to the 

submediant (see Figure 6.4) we still sense a strong DT attraction.  Comparing the voice-

leadings of V7−vi to those of V7−I, we can see that the top three voices have identical 

voice leadings and voice-leading attractions.  The “double barreled” discharge of ±7−±1 and 

±4− ±3 creates the strong harmonic attraction and sense of DT discharge in the deceptive 

cadence.  Here, as in the progression V7−I, the chordal seventh contributes a strong 

attraction that greatly increases the realized harmonic attraction.  The difference in root 

motion does not contribute an appreciable amount of attraction; however, it does alter our 

perception of chordal distance.  Two chords with roots a fifth apart have a chordal 

distance of 5 while two chords with roots only a step apart have a chordal distance of 8.  

Thus, the realized voice-leading attraction of V7−vi is decreased because of the increase 

in the chordal distance value.  It is interesting, though, that the harmonic attraction value 

of the deceptive cadence involving V7 is higher than that of the triadic progression V−I 

(refer to Figure 4.1d).  Despite the difference in chordal proximities, the slight change in 

voice leading from ±2− ±3 (found in V−I) to ±4− ±3 (found in V7−vi) provides an increase in 

realized voice-leading attraction from 2.425 to 4.17, which creates a stronger harmonic 

attraction.  
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 α(B→C) = 2.0 
 α(F→E) = 1.5 
 α(D→C) = 0.5 
 α(G→A) = 0.17 
 αrvl(V7→vi) = 4.17 
 αrh(V7→vi) = 10[4.17/8] = 5.21 
 
Figure 6.4  Common voice leadings and attractions found in V7–vi. 

 

The leading-tone seventh chord can communicate a strong dominant function, like 

the leading-tone triad, with stepwise motions from both dominant and subdominant 

affiliates.  Figure 6.5 shows the viiO& chord progressing to the tonic with three different 

voice-leading motions.  In each of the examples, the chordal seventh, the subdominant 

agent, resolves down by step to the tonic associate while the voice leading between the 

roots in the bass voice, dominant agent to tonic base, is by semitone.  The calculations 

below the figure illustrate three different measurements of harmonic attraction depending 

on the different voice-leading motions of the inner voices and voice doublings in the 

tonic chord. 
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α(A→G) = 0.375   α(A→G) = 0.375   α(A→G) = 0.375 
α(D→E) = 0.375   α(D→E) = 0.375   α(D→G) = 0.06 
α(F→C) = 0.08   α(F→E) = 1.5   α(F→E) = 1.5 
α(B→C) = 2.0   α(B→C) = 2.0   α(B→C) = 2.0 
αrvl(viiO&→I) = 2.83  αrvl(viiO&→I) = 4.25  αrvl(viiO&→I) = 3.935 
αrh(viiO&→I) = 10[2.83/8] = 3.54 αrh(viiO&→I) = 10[4.25/8] = 5.32 αrh(viiO&→I) = 10[3.935/8] = 4.92 
 

Figure 6.5  Different voice leadings and attractions found in viiO&−I: a) tonic root 
doubled; b) tonic third doubled; c) tonic fifth doubled. 
 
 

Figure a illustrates a motion to the tonic chord with doubled root as the tenor 

voice leaps from the subdominant base to the tonic base with a weak voice-leading 

attraction of 0.08.  The dominant associate moves to the tonic agent in the alto voice with 

a voice-leading attraction of 0.375.  The chordal seventh, subdominant agent, resolves 

down to the tonic associate to form a complete triad, but the proximity of a whole step 

reduces the attraction to 0.375.  The leaping motion in the tenor voice diminishes the 

overall strength of the attraction, leaving only one strong voice leading in the 

progression: that of the dominant agent to the tonic base with an attraction of 2.0 and an 

overall harmonic attraction of 3.54.  
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The voice leadings in Figure b are more traditional, with all stepwise motions, 

doubling the third of the tonic triad.  The alto voice again moves from the dominant 

associate to the tonic agent with a voice-leading attraction of 0.375; but the tenor voice 

moves by semitone from the subdominant base to the tonic agent with a voice-leading 

attraction of 1.5.  This additional semitonal voice leading contributes greatly in producing 

a strong harmonic attraction of 5.32.  This attraction value represents a stronger sense of 

discharge from dominant to tonic function than V−I (see Figure 4.1d) but weaker than the 

discharge in V7−I (see Figure 6.2b).  The harmonic attraction of 5.32 is strong, but the 

whole-step motion of the chordal seventh still does not contribute significantly to the 

overall harmonic attraction as it does in the dominant seventh chord. 

The voice leadings in Figure c are less traditional, with the fifth of the tonic triad 

doubled.  The tenor voice moves again by semitone from the subdominant base to the 

tonic agent with a voice-leading attraction of 1.5; but the alto voice leaps from the 

dominant associate to the tonic associate.  This produces a harmonic attraction stronger 

than that in Figure a but weaker than that in Figure b.  These same voice leadings can be 

found in an excerpt from one of Reger’s 30 Short Chorale Preludes for organ, shown as 

Figure 6.6.  The attraction of the dominant associate, in the alto voice, is greatly 

diminished when leaping down to the tonic associate rather than resolving to the tonic 

agent.  The realized harmonic attraction of viiO&→I, with these voice leadings, is still 

strong (4.92) but the whole-step proximity of the chordal seventh does not contribute 

significantly to the overall harmonic attraction, as in Figures a and b.  Rather, the 
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stronger attractions heard in Figures b and c are created by the “double barreled” 

discharges from the dominant agent (root) and subdominant base (fifth) of the viiO& chord.  
 
 
 

  
 
 α(B→A) = 0.375 
 α(E→A) = 0.06  
 α(G Fv) = 1.5 →
 α(Cv→ ) = 2.0 D
 αrvl(vi O&→I) = 3.935 i
 αrh(viiO&→I) = 10[3.935/8] = 4.92=DT 
 

Figure 6.6  Uncommon voice leadings of viiO&−I in Reger’s Wie schön leuch’t uns der 
Morgenstern. 
 
    

The opening phrase of Grieg’s Voegtersang, shown in Figure 6.7, illustrates the 

voice leadings commonly found in the supertonic seventh chord when in root position 

and first inversion.  This provides a unique opportunity of hearing and measuring the 

voice-leadings attractions from two perspectives when preceding the dominant seventh 

chord.  The illustration in Figure b demonstrates the similarity of voice leadings found in 

the two resolutions of the supertonic seventh chord.  The root of both the iie and ii& chord 
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is found in the soprano voice as a common tone in V&, creating a voice-leading attraction 

of zero.  The voice leadings in the alto voice are different; yet do not produce significant 

differences in voice-leading attraction: Cv−A in the progression from iie produces an 

attraction of 0.06; and, A−A in the progression from ii& produces an attraction of 0.0.  

The resolutions of the chordal sevenths by half step, represented by a motion from the 

tonic base to the dominant agent, are identical with an attraction of 0.5.  However, the 

resolutions in the bass voice produce two significant differences.  In iie–V& the whole-

tone resolution of A–B produces a voice-leading attraction of 0.375 compared to the 

voice leading Fv–B in ii&–V& which produces a voice-leading attraction of only 0.05.  

With ±4, the subdominant base, in the lowest voice when the supertonic chord is in first 

inversion, we can hear A as the root of the chord rather than the traditional root, F.  The 

lack of any voice leading attraction by the traditional root further disguises hearing F as 

the root, while the voice-leading attraction of A→B increases our attention since it is a 

root motion.  This changes our perception in chordal distance between iie and V7 to being 

more distant, represented by a change in chordal distance value from 5 to 8.  The realized 

harmonic attractions are very similar (iie→V& is 1.17 while ii&→V& is 1.10) suggesting 

that we hear both progressions with about the same strength.  However, the difference in 

perceived chordal distance also alters the realized attraction that each chordal seventh 

contributes.  With a chordal distance of 5, the chordal seventh in ii& contributes a realized 

attraction of 1.0 while the chordal seventh in iie, with a chordal distance of 8, contributes 

a realized attraction of only 0.625. 
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a

 
 
 
         c 

α(Fv→Fv) = 0.0       α(Fv→Fv) = 0.0 
α(Cv→A) = 0.06       α(A→A) = 0.0 
α(E→Dv) = 0.5       α(E→Dv) = 0.5 
α(A→B) = 0.375       α(Fv→B) = 0.05 
αrvl(iie→V&) = 1.25       αrvl(ii&→V&) = 0.55 
αrh(iie→V&) = 10[0.935/8] = 1.17 = SD    αrh(ii&→V&) = 10[0.55/5] = 1.10 = SD 

 
 
Figure 6.7  Voice leadings and attractions of ii7 in Grieg’s Voegtersang: a) iie–ii&–V&;         
b) comparative voice leadings of iie–V& and ii&–V&; c) voice-leading attraction 
calculations. 
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Figure 6.8, an excerpt from Grieg’s Holberg Suite, illustrates a descending-fifths 

sequence of diatonic seventh chords involving the IM7, iii7, IVM7, and vi7.  This series 

alternates between root-position seventh chords and seventh chords in second inversion, 

producing a stepwise, descending bass line.   

The chordal seventh of the major-major seventh chord built on tonic provides a 

strong dissonance because of its semitonal proximity to the tonic root.  This provides a 

strong tendency for ±7 to return to the stability of ±1, reflected in the maximally strong 

voice-leading attraction value of 2.0.  When the chordal seventh of IM7 resolves down to 

±6, however, a weak voice-leading attraction of 0.25 is produced (see calculations in 

Figure a).  This is a reflection of the resolution to a point of weaker stability, which lies 

on the same diatonic level of the basic space as ±7 is found.  With two common tones 

producing no attraction values, the only other voice leading producing any attraction is 

from the tonic associate to the subdominant base with a voice-leading attraction of 0.17.  

From the realized voice-leading attraction of 0.42, it can be seen that the attraction of the 

chordal seventh contributes much of the attraction between IM7 and IVM
r, although it is a 

very weak voice-leading attraction.   
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a      b 
α(E→E) = 0.0     α(E→D) = 0.17 
α(B→A) = 0.25    α(A→A) = 0.0 
α(G→F) = 0.17    α(F→F) = 0.0 
α(C→C) = 0.0     α(C→B  = 0.5)  
αrvl(IM7→IVM

r    α (IVrvl
M

r→viiO&) = 0.67 ) = 0.42 
αrh(IM7→ IVM

r) = 10[0.42/8] = 0.525=TS αrh(IVM
r→viiO&) = 10[0.67/8] = 0.84=SD 

 
c      d 
α(D→C) = 0.5     α(C→C) = 0.0 
α(G→G) = 0.0     α(G→F) = 0.17 
α(E→E) = 0.0     α(E→D) = 0.17 
α(B→ ) = .25    α(A→ ) = 0.0 A 0 A  
αrvli(ii r→v &) = 0.75    αi i i i
α

rvl(v &→i r) = 0.34 
rh(iiir→vi&) = 10[0.75/8] = 0.94=DT  αrh(vi&→iir) = 10[0.34/8] = 0.425=TS? 

 
 
Figure 6.8  Voice leadings and attractions of IM7, IVM7, iii7, and vi7 in Grieg’s Holberg 
Suite: a) IM7– IVM

r; b) IVM
r–viiO&; c) iiir–vi&; d) vi&–iir. 
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The progression IVM
r–viiO& continues the circle-of-fifths sequence with two 

common tones generating attractions of 0.0 (see Figure b).  The voice-leading attraction 

of the subdominant associate to dominant agent, with a value of 0.5, is the normative 

voice leading that signals SD.  The voice-leading of the chordal seventh (E–D) creates a 

weak attraction (0.17) because of its whole-step proximity.  The distance of 2 semitones 

separating two pitches has been shown typically to produce weak attractions, and the 

hierarchical motion from the triadic level down to the diatonic level of the basic space 

represents the motion from a level of weak stability to a level of instability.  Therefore, 

the resolution of the chordal seventh can only provide a minimal amount of additional 

realized voice-leading attraction.  However, the harmonic attraction of 1.34 implies that 

we hear a weak but definite change from subdominant to dominant function. 

The progression iiir–vi& contains a strong voice-leading attraction.  The resolution 

of the chordal seventh (D-C) is a normative DT voice leading, represented by a motion 

from the dominant associate to tonic base.  Even though there is a distance of two 

semitones separating the two pitches, a leap from the diatonic level to the octave level in 

the basic space creates a voice-leading attraction of 0.5 (see figure c).  As with the other 

sequential progressions, there are two common tones that do not produce any attraction 

and a fourth voice leading that produces a weak attraction.  This voice leading (B–A) can 

also be found in the first progression, IM7– IVM
r.  Because ±7 is refused the strong 

attraction to the maximum stability of the tonic pitch, it produces only a weak attraction 

to a pitch on the same diatonic level.  With a realized voice-leading attraction of 0.75, it 
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is the attraction of the chordal seventh (0.5) that produces most of the discharge that is 

heard between the mediant and submediant seventh chords.  The realized harmonic 

attraction value of 1.50 suggests a weak but definite DT discharge. 

The calculations for vi&–iir (shown in Figure d) suggest that this should be heard 

as the weakest progression of the four in this sequence.  With two common tones, both of 

the remaining two voice leadings exhibit hierarchical motions from a level of stability to 

one of lesser stability.  The voice leadings G–F and E–D represent motions from the 

triadic level of the basic space down to the diatonic level.  With identical hierarchical 

motions and pitch-space proximities of two semitones, both motions have identical voice-

leading attractions of 0.17.  The resolution of the chordal seventh (G–F) doubles the 

realized voice-leading attraction of the only other motion, but the voice-leading 

attractions are so weak as to still impart a realized harmonic attraction of 0.68.  Such a 

low value suggests that we hear a very weak discharge or no change in function at all. 

The attraction analysis of this excerpt presents interesting insights to a functional 

analysis of the same progressions.  In the progression IM7– IVM
r, the only voice leadings 

providing any attraction are the motions of the dominant agent to subdominant agent 

(B→A) and tonic associate to subdominant base (G→F).  While there are two discharges 

to subdominant affiliates, the relatively equal voice-leading attractions that begin from 

two opposing functions cloud our hearing of one primary functional discharge.  In this 

case, the chordal seventh contributes to the realized harmonic attraction, but at the 

expense of communicating a single-minded discharge from one function to another. 
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The second progression (IVM
r–viiO&) presents a similar problem where two 

opposing functions are discharging onto the third function.  The resolution of the chordal 

seventh is represented by the discharge of the tonic agent onto the dominant associate 

with a realized attraction of 0.17; but, the stronger of the two voice-leadings is the 

attraction of the subdominant associate to the dominant agent with a realized attraction of 

0.5.  With a stronger sense of subdominant discharge being communicated in the lowest 

voice, the chordal seventh is unable to communicate a discharge to the opposing tonic 

function; rather, it serves to increase our perception of SD discharge. 

The progression iiir–vi& also presents an interesting functional analysis because 

both chords are functionally mixed; the mediant is comprised of tonic and dominant 

affiliates while the submediant is comprised of tonic and subdominant affiliates.  Neither 

the tonic associate/dominant base (G) or the tonic agent (E) have a discharge so that they 

do not contribute to any change in function.  Instead, the dominant associate (D), 

representing the chordal seventh, provides the bulk of the discharge as it is attracted to 

the tonic base (C).  The other voice leading, dominant agent (B) to subdominant agent 

(A), provides the remainder of the realized voice-leading attraction, 0.25.  The mediant 

triad is clearly communicating a dominant discharge but to two opposing functional 

constituents.  With the strongest voice-leading attraction to the tonic base, the harmonic 

attraction value of 1.50 suggests that we would hear this progression as a weak DT and 

not as a weak DS. 
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The last progression (vi&–iir) has the weakest realized voice-leading attraction of 

these four progressions.  The resolution of the chordal seventh (G −F) represents the 

discharge of the tonic associate onto the subdominant base, while the voice leading of E–

D represents the discharge of the tonic agent onto the dominant associate.  The discharge 

from two tonic affiliates communicates a tonic discharge, but with equally opposing 

discharges, we are left aurally confused as to what function T is discharging onto.  The 

weak harmonic attraction of 0.68 suggests that we may not hear a functional discharge at 

all, providing further support that there is a distinction between hearing subdominant and 

predominant functions. 

 
6.2  Voice-leading Attraction of the Chordal Seventh  

in the Minor Mode 
             
       

Figure 6.9 shows a comparison of the common voice-leadings of the dominant 

seventh chord in a perfect authentic cadence when heard in the major and minor modes.  

From the calculations we can see that the voice-leading attraction of the leading tone in 

the soprano voice is identical in the major and minor modes, as is the attractions of the 

root motions and common tones.  There is a significant difference, however, in the 

attraction of the chordal seventh in the minor mode from that in the major mode.  As was 

discovered above, the attraction of ±4→±3 is strong first because of the hierarchical 

promotion from the diatonic level to the triadic level, but, more importantly, because the 

pitch-space proximity is that of a semitone.  In the minor mode, however, the proximity 
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between ±4 and x±3 is a whole tone.  The force of attraction is directly proportional to the 

inverse square of the distance; therefore, the attraction of two pitches that are two 

semitones apart is one-fourth as strong as when only one semitone apart.  The reduction 

in attraction of the chordal seventh in the minor mode reduces the realized voice-leading 

attraction from 3.55, as found in the major mode, to 2.425.  Thus, the realized harmonic 

attraction of V7→i is reduced to 4.85.  This value is still representative of a significant 

change in perceived function, equal in strength to that of the dominant (without a chordal 

seventh) to tonic progression in the major mode. 
 
 
 
 

  
 
 
 α(B→C) = 2.0     α(B→C) = 2.0 
 α(F→E) = 1.5     α(F→Ex) = 0.375 
 α(G→G) = 0.0     α(G→G) = 0.0 
 α(G→    α(G→C) = 0.05 C) = 0.05 
 αrvl(V&→I) = 3.55    αrvl(V&→i) = 2.425 
 αrh(V&→I) = 10[3.55/5] = 7.10  αrh(V&→i) = 10[2.425/5] = 4.85 
 
Figure 6.9  Comparison of voice-leading attractions of V7-I:  a) major mode; b) minor 
mode. 
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An excerpt from Richard Strauss’s “Also Sprach Zarathustra” (shown in Figure 

6.10) illustrates the voice leadings commonly found in the resolution of the dominant 

seventh chord to the minor tonic chord with tripled root.  As illustrated in Figure 6.9, the 

resolution of the leading tone to the tonic provides a strong voice-leading attraction.  The 

V7 chord in Figure 6.9 is incomplete with the fifth omitted from the chord, whereas the 

dominant chord in the Strauss excerpt is complete.  This affords an additional voice-

leading attraction with ±2 also resolving to ±1 with a value of 0.5.  This added attraction 

helps increase the realized harmonic attraction of from 4.85 to 5.85; but as illustrated in 

Figure 6.9b, the resolution of the chordal seventh by whole step still provides little 

additional attraction.  
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   α(D→C) = 0.5 
   α(B→C) = 2.0 
   α(F→Ex) = 0.375 
   α(G→C) = 0.05 
   αrvl(V&→i) = 2.925 
   αrh(V&→i) = 10[2.925/5] = 5.85 
 
Figure 6.10  Voice leadings and attractions of V7–i in Strauss’s “Also Sprach 
Zarathustra”. 
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The other typical resolution of the dominant seventh chord is in a deceptive 

cadence to the submediant in root position.  The example in Figure 6.11, an excerpt from 

Amy Beach’s Dark is the Night, illustrates the deceptive cadence in the minor mode.  The 

complete V7 chord, in the piano accompaniment, has both the leading tone and fifth 

resolving to the doubled third of the mediant chord, each producing strong voice-leading 

attractions of 2.0 and 0.5 respectively.  The resolution of the chordal seventh creates a 

voice-leading attraction of 0.375.  This whole-step resolution hinders the subdominant 

base from providing the strong “double-barreled” effect that is commonly found in the 

resolution of the dominant seventh chord in the major mode; but, the chordal seventh still 

serves to provide an increase in harmonic attraction.  The semitonal root motion (B−C) 

produces a stronger voice-leading attraction of 0.67; but the root motion of a second is 

represented by the more distant chordal proximity value of 8.  The realized voice-leading 

attraction of V7–VI in this example (3.545) is almost as strong as that of V7–I (3.55) 

shown in Figure 6.9a; however, the chordal proximity reduces the realized harmonic 

attraction of V&–VI to 4.43.  The realized harmonic attraction value of V7→VI suggests 

we hear a strong change in functional attitude, but with minimal assistance from the 

chordal seventh. 
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  α(Dv→E) = 2.0  
  α(A G) = 0.375 →
  α(Fv→E) = 0.5 
  α(B→C) = 0.67 
  αrvl(V7→VI) = 3.545 
  αrh(V7→VI) = 10[3.545/8] = 4.43 
 
Figure 6.11  Voice leadings and attractions of V7–VI in Amy Beach’s Dark is the Night. 

 

The leading-tone seventh chord is often considered a substitute for the dominant 

seventh chord.  Comprised of scale degrees v7, 2, 4, and x6, the viio& has strong affiliations 

with both dominant and subdominant functions.  As we have seen in previous examples, 

the leading tone generates the strongest possible voice-leading attraction when moving to 

the tonic, and the voice leading of ±2−x±3 produces a strong voice-leading attraction almost 

as strong, both of which communicate a DT discharges.  The voice-leading attraction of 

±4, however, has been shown to be weak when resolving to x±3; but, the voice-leading of x±6 

can produce a strong subdominant attraction when moving by semitone to ±5.  This 
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scenario creates the possibility of the viio& communicating a strong discharge when 

resolving by normal stepwise motions. 

In the minor mode the viio& chord typically moves to the tonic chord.  The 

progressions in Figure 6.12 illustrate the more common voice leadings when the leading-

tone seventh chord is found in root position and the tonic chord has either the root 

doubled (Figure a) or the third doubled (Figure b).  Both progressions have three 

semitonal voice leadings that produce strong attractions.  In Figure a, the root motion of 

the dominant agent to tonic base produces the strongest possible voice-leading attraction 

of 2.0.  Like the chordal seventh of the leading-tone seventh chord in the major mode, the 

subdominant agent resolves down; but in the minor mode, this voice leading is by 

semitone rather than by whole step.  This produces a significant increase in voice-leading 

attraction from 0.375 (see Figure 6.5a) to 1.5.  The leaping motion in the tenor voice 

from the subdominant base to tonic base doubles the root of the tonic, but produces a 

weak attraction.  The voice leading of the dominant associate to the tonic agent in the alto 

voice produces another strong attraction of 1.5 because of the semitonal distance between 

±2 and x±3.  With three strong voice-leading attractions, the harmonic attraction of the 

leading-tone seventh chord is considerably stronger in the minor mode, 6.35, than when 

in the major mode, 3.54, with the same scale-degree voice leadings. 

 

 218



  
 
 

α(Ax→G) = 1.5   α(Ax→G) = 1.5    
α(D→Ex) = 1.5   α(D→Ex) = 1.5    
α(F→C) = 0.08   α(F→Ex) = 0.375    
α(Bc→C) = 2.0   α(Bc→C) = 2.0    
αrvl(viio&→i) = 5.08   αrvl(viio&→i) = 5.375   
αrh(viio&→i) = 10[5.08/8] = 6.35 αrh(viio&→i) = 10[5.375/8] = 6.72  

 

Figure 6.12   Common voice leadings and attractions found in viio&−i. 
 
 

The voice leadings in Figure b are identical to those in Figure a except the 

subdominant base in the tenor voice moves by step to the tonic agent, doubling the third 

of the tonic chord.  This produces an increase in harmonic attraction but not to the same 

degree when found in the major mode.  In the major mode, this voice leading is a 

semitonal motion with a voice-leading attraction of 1.5; however, in the minor mode this 

voice leading is a whole step motion with a voice-leading attraction of only 0.375.  

Consequently, the increase in harmonic attraction is very slight, from 6.35 to 6.72, 

because of the slight difference in pitch proximity.  A significant difference of the 

chordal seventh in the leading-tone seventh chord is that it contributes significantly to the 
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overall harmonic attraction with a voice-leading attraction of 1.5 when in the minor mode 

as compared to only 0.375 when in the major mode.    

Figure 6.13, an excerpt from Beethoven’s Piano Sonata in C minor, op. 10, no. 1, 

illustrates voice leadings similar to those in Figure 6.12b.  Following the arpeggiation of 

the leading-tone seventh chord in the right hand, the subdominant base continues the 

descending stepwise motion to the tonic agent.  As shown in the calculations below, the 

whole step motion produces a voice-leading attraction of 0.375.  The viio& chord in the 

left hand, in root position, resolves by step to the tonic chord.  The chordal seventh (Ax) 

resolves by semitone to the tonic associate creating the first of three strong voice leadings 

with an attraction of 1.5.  The dominant associate (D) resolves up by semitone rather than 

down to the tonic base thereby doubling the tonic agent and producing a second strong 

voice-leading attraction of 1.5.  Finally, the root of the leading-tone chord (the dominant 

agent) resolves up by semitone to the tonic base producing the strongest possible voice-

leading attraction of 2.0.  The multiple semitonal voice leadings produce a very strong 

realized voice-leading attraction of 5.375 and, despite the chordal proximity of a second, 

a high harmonic attraction value of 6.72.  As with the model in Figure 6.12b, the chordal 

seventh serves to increase the harmonic attraction with its semitonal voice leading. 
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 α(F→Ex) = 0.375 
 α(Ax→G) = 1.5 
 α(D→Ex) = 1.5 
 α(Bc→C) = 2.0 
 αrvl(viio&→i) = 5.375 
 αrh(viio&→i) = 10[5.375/8] = 6.72 
 
 
Figure 6.13  Resolution of viio& in Beethoven’s Piano Sonata in C minor. 

 

The diatonic seventh chords IIIM7, VIM7, and iiO& are frequently heard in 

succession as part of a harmonic sequence such as the one found in the introduction to 

Brahms’s Ballade, op. 118, no. 3 (shown in Figure 6.14).  The attraction calculations for 

IIIM7→VIM7 (shown in Figure a) demonstrate that the resolution of the chordal seventh 

down by whole step (dominant associate to the tonic base) produces a voice-leading 

attraction of 0.5.  Although ±2 has an attraction three times stronger to x±3 than to ±1 

(because of the semitonal proximity) there is a stronger hierarchical attraction to the 

stability of the octave level than to the less stable triadic level in the basic space.  Either 

voice leading, though, still communicates a strong DT discharge.  The presence of x±7 in 

III& produces a weak voice-leading attraction (0.17) with its leaping motion down to the 
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tonic associate.  The root motion produces a weak attraction of 0.03; however, the root 

motion by fifth is represented by the close chordal proximity value of 5.  With a realized 

voice-leading attraction of 0.76 and harmonic attraction of 1.52 the resolution of the 

chordal seventh is largely responsible for the weak DT that is heard in IIIM7→VIM7
. 

 
 
 

 
 

 
 
a      b      c 
α(D→Bx) = 0.06      α(Bx→C) = 0.17      α(C→A) = 0.11 
α(A→G) = 0.5      α(G→G) = 0.0       α(G→Fv) = 0.5 
α(F→D) = 0.17      α(D→Ex) = 0.67      α(Ex→D) = 1.5 
α(Bx→Ex) = 0.03      α(Ex→A) = 0.03      α(A→D) = 0.06 
αrvl(IIIM7→VIM7) = 0.76     αrvl(VIM7→iiO&) = 0.87     αrvl(iiO&→V) = 2.17  
αrh(IIIM7→VIM7) = 10[0.76/5] = 1.52  αrh(VIM7→iiO&) = 10[0.87/5] = 1.74  αrh(iiO&→V) = 10[2.17/5] = 4.34 
 
  
Figure 6.14  Voice leadings and attractions of IIIM7, VIM7, and iiO& as found in Brahms’s, 
Ballade: a) IIIM7–VI M7; b) VI M7–iiO&; c) iiO&–V. 
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The progression IIIM7→VIM7 continues to iiO&.  The common tone G produces an 

attraction of 0 (shown in Figure b) and the bass-line motion (Ex–A) produces a weak 

attraction of 0.03, but the root motion by fifth produces a close chordal proximity of 5.  

The voice leading of Bx–C, representing the discharge of tonic agent to subdominant 

base, produces a weak attraction of 0.17 because of the whole-step proximity and the 

hierarchical motion to a lower level of stability in the basic space.  The only voice 

leading that produces any appreciable attraction is that of the chordal seventh.  Like the 

chordal seventh in Figure a, the chordal seventh in VI M7 has an unusual resolution by 

resolving up by semitone to the fifth of the iiO& chord.  The motion ±5–x±6 has semitonal 

proximity, but it represents a hierarchical motion from the triadic level down to the 

diatonic level of the basic space, which reduces its voice-leading attraction to 0.67.  With 

a realized voice-leading attraction of only 0.87, the voice leading of the chordal seventh 

produces essentially all of the harmonic attraction that is heard in VI M7–iiO&.  

Consequently, the change in function is heard as DS. 

The harmonic rhythm slows back down as the sequence continues with the iiO& 

chord resolving to the dominant triad.  The subdominant base (C) leaps down to the 

dominant associate (A) creating a weak voice-leading attraction of 0.11.  The voice 

leading of the chordal roots in the bass voice also produce a weak attraction but 

communicate a strong chordal proximity of 5.  The two inner voices exhibit semitonal 

voice leadings with the chordal seventh resolving down to the dominant agent (G–Fv) and 

the subdominant agent moving to the dominant base (Ex–D).  Semitonal voice leading is 
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usually an indicator of strong attraction, but moving from the tonic pitch to the leading 

tone is a hierarchical motion from a point of maximum stability on the octave level to one 

of instability on the diatonic level, resulting in a weak voice-leading attraction of 0.5.  

The semitonal voice leading of the chordal seventh (Ex–D), however, exhibits a 

hierarchical motion from the diatonic space up to the triadic level represented by the 

strong voice-leading attraction value 1.5.  The attraction of the chordal seventh in this 

progression contributes to the “double-barreled” effect by providing an additional voice-

leading attraction from an opposing function.  The SD discharge provided by Ex→D is 

enhanced by the TD discharge of the chordal seventh (G→Fv) resulting in a realized 

harmonic attraction of 4.34.  Such a high value suggests that we hear a strong discharge 

onto the dominant triad. 

The iie and IVadd6 chords are members of the same pitch class set and, 

consequently, sound alike in isolation, but can be distinguished from one another based 

on the context of their resolutions.  Like secondary triads, they each contain members that 

serve different functional roles. 1  This same phenomenon can be heard and understood in 

the minor mode as well where the subdominant with added sixth, the identical twin of the 

supertonic half-diminished seventh chord, is commonly found in cadential gestures.  The 

opening to Dvořák’s Symphony No. 9, op. 95 (New World), I (shown in Figure 6.15) 

demonstrates the common voice leadings and root perception of the subdominant with 

added sixth when juxtaposed between two tonic chords in root position.  The motion 

                                                 
1 See Chapter 2, pp. 25-27 concerning functional mixture of secondary triads and the assemblage of the 
supertonic triad.   

 224



between the functional bases (±1 to ±4) communicates a stronger subdominant function in 

the subdominant with added sixth because the subdominant base is in the lowest voice.  

The approach to the chordal seventh (E) of the supertonic chord by common tone in the 

viola creates an attraction value of zero because of its static motion.  The semitonal voice 

leadings ±5–x±6 in the violoncello and x±3–2 in the viola each produce attractions of 0.67, 

represented by hierarchical motions from the triadic level down to the diatonic level of 

the basic space.  The progression i–ivadd6 has a realized voice-leading attraction of 1.36 

and a realized harmonic attraction of 1.70, suggesting we hear a definite change from 

tonic to subdominant function.   
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         a              b 
 α(G→Fv) = 0.67   α(Fv→G) = 1.5 
 α(E→E) = 0.0     α(E→G) = 0.08 
 α(B→C) = 0.67   α(C→B) = 1.5 
 α(E→A) = 0.02   α(A→E) = 0.08 
 αrvl(i→ ivadd 6) = 1.36   αrvl(ivadd 6→i) = 3.16 
 αrh(i→ ivadd 6) = 10[1.36/5] = 2.72 αrh(ivadd 6→i) = 10[3.16/5] = 6.32 
     
Figure 6.15  Voice leadings and root perception of ivadd 6 in Dvořák’s Symphony No. 9: 
a) i–ivadd 6; b) ivadd 6–i. 
 
 

The return of ±4 to ±1 in the bass voice reinforces our hearing a subdominant 

function in the ivadd 6 chord.  The resolution of the added sixth by semitone, Fv-G in the 

viola line, creates a strong semitonal voice-leading attracting of 1.5 as the dominant 

associate discharges onto the tonic agent, and the resolution of C–B, in the cello line, also 

creates a strong voice-leading attraction of 1.5 as the subdominant agent discharges onto 

the tonic associate.  The “double-barreled” discharge in ivadd6→i produces a realized 

voice-leading attraction of 3.16 and a strong harmonic attraction of 6.32.  The high 
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attraction value in ivadd 6→i reflects our hearing a strong change in function and the 

plagal motion in the bass voice (±4−±1) providing the sense of change from subdominant to 

tonic function.   

The final two seventh chords typically found in the minor mode are iv7 and i7.  

The subdominant seventh chord, comprised of scale degrees 4, 6, 1 and 3, is represented 

by four of the stronger functional affiliates—the subdominant and tonic bases and the 

subdominant and tonic agents.  Figure 6.16, the opening to Chopin’s Prelude in C minor, 

demonstrates the common voice leadings of the iv7 chord when found in root position.  

The attraction calculations show that the root movement of a second in the bass voice 

produces a weak attraction and communicates a distant chordal proximity represented by 

the value of 8.  The discharge of the subdominant agent in the top voice (Ax→G) creates 

a strong voice-leading attraction of 1.5 while the semitonal motion of the tonic base to 

dominant agent (C–Bc) produces a complimentary attraction of 0.5.  The chordal seventh 

(tonic agent) is approached as a suspension from the tonic triad and resolves down by 

half-step to D, producing another voice-leading attraction of 0.67.  The attraction of the 

chordal seventh does not produce a strong voice-leading attraction, but it does contribute 

appreciably to the overall harmonic attraction of 3.81. 
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  α(Ax→G) = 1.5 
  α(Ex→D) = 0.67 
  α(C→Bc) = 0.5 
  α(F→ ) = 0.375 G
  αrvl(iv&→V) = 3.045 
  αrh(iv&→V) = 10[3.045/8] = 3.81 = SD 
 
Figure 6.16  Voice leadings and attractions of iv7 in Chopin’s Prelude in C minor. 
 
 
     

The final diatonic seventh chord found in the minor mode is the tonic seventh 

chord.  The tonic seventh chord, like the subdominant seventh, is comprised of members 

with strong affiliation to two opposing functions—scale degrees 1, x3, 5, and x7.  The 

tonic seventh chord has four of the stronger functional affiliates: the tonic and dominant 

bases and the tonic and dominant agents.  Rarely found in the repertoire because of the 

instability the minor seventh brings to the tonic chord, the i7 is usually followed by iv7 as 

part of a circle-of-fifths sequence involving seventh chords.   
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Figure 6.17a shows the common voice leadings when i7, as a complete chord, 

precedes an incomplete iv7 chord.  The chordal seventh of the tonic chord resolves down 

by whole step to form the third of the incomplete iv7 chord.  The attraction of x±7−x±6 (0.25) 

is weaker than that of x±7− ±1 (0.5); therefore, we do not sense x±7 having the “will” to return 

to the tonic as we do with the leading tone.  The voice-leading attraction value of 0.25 

suggests we hear a weak DS.  The tenor voice moves contrary to the bass and doubles the 

root of the chord with a voice leading attraction of 0.17.  The tonic agent, in the alto 

voice, is held as a common tone to the chordal seventh of the subdominant.  Its inability 

to discharge to a subdominant constituent undercuts much of the sense of TS discharge.  

Finally, the leaping motion in the bass voice produces a fourth weak voice-leading 

attraction but a close chordal proximity.  The progression has a realized voice-leading 

attraction of 0.44, with the resolution of chordal seventh contributing the majority of the 

attraction.  However, when hearing this progression we still sense a change from tonic to 

subdominant function.  This suggests two points: 1) given that functional agents are 

charged with communicating their respective function, when they are restricted from 

communicating their functional much of the sense of functional discharge is restricted 

also; and 2) this seems to provide further support for Harrison’s notion that when 

functional bases are heard in the lowest voices, they can more clearly communicate their 

respective function, even when other voice leadings above it might communicate other 

changes in function.2

  

                                                 
2 Refer to Figure 2.2, which illustrates the communicative power of functional bases. 
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a    b    c   
α(Bx→Ax) = 0.25   α(Bx→Ax) = 0.25   α(G→F) = 0.17 
α(Ex→Ex) = 0.0      α(Ex→Ex) = 0.0   α(Ex→D) = 0.67 
α(G→F) = 0.17      α(C→C) = 0.0   α(Bx→Ax) = 0.25 
α(C→F) = 0.02      α(C→F) = 0.02   α(C→C) = 0.0 
αrvl(i&→iv&) = 0.44  αrvl(i&→iv&) = 0.27  αrvl(i&→iiOt) = 1.09 
αrh(i&→iv&) = 10[0.44/5] = 0.88   αrh(i&→iv&) = 10[0.27/5] = 0.54 αrh(i&→iiOt) = 10[1.09/8] = 1.36 

 
Figure 6.17 Common voice leadings and attractions found in i7: a) i&–iv& (complete tonic 
chord); b) i&–iv& (incomplete tonic chord); c) i&–iiOt. 

 

The progression in Figure b is identical to Figure a except the i7 chord is 

incomplete, followed by a complete iv7 chord.  This results in two common tones with 

voice-leading attractions of 0.0, an identical bass line attraction of 0.02, and only one 

voice leading, that of the chordal seventh, with any substantive voice-leading attraction.  

Where as the voice leading of the chordal seventh produces the majority of the harmonic 

attraction in Figure a, the voice leading of the chordal seventh in Figure b essentially 

produces all of the realized harmonic attraction to the iv7 chord.  Like the chordal seventh 

in Figure a, though, the attraction of the dominant agent to subdominant agent suggests a 

weak DS; but the base line motion of tonic and subdominant bases communicates TS 
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more strongly.  The harmonic attraction of 0.54 suggests that the change from tonic to 

subdominant function in Figure b would be heard as being weaker that that in Figure a.   

The minor tonic seventh chord also resolves to the half-diminished supertonic 

seventh chord in third inversion on its way to an inverted dominant seventh chord, shown 

in Figure c.  The common tone (D) in the bass voice produces an attraction of zero while 

the two voice leadings by whole step, C–Bx (the resolution of the chordal seventh) and 

A–G, produce weak attractions of 0.25 and 0.17 respectively.  However, the resolution of 

the tonic agent (F) by semitone to the dominant associate (E) produces the strongest 

voice-leading attraction with a value of 0.67.  With a chordal proximity value of 8, the 

realized harmonic attraction of 1.36 suggests that we hear a change of function.  

However, the voice-leading of the tonic agent communicates a change from tonic to 

dominant function, which contradicts the typical functional hearing of the supertonic 

chord.   

We can perhaps better understand the change of function communicated by the 

voice leadings when the dominant seventh chord is the eventual goal.  The change of 

function communicated by the voice leading x±3–±2 acts as an anticipation of dominant 

function found in the Ve chord because ±2 is both the root of the supertonic chord and the 

fifth of the dominant seventh.  The resolution of ±5–±4 in the soprano voice serves as 

another anticipation, which loads the “subdominant barrel” for the “double barreled” 

discharge by the chordal seventh in the dominant chord.  x±6 in the tenor voice is a passing 

tone to ±5 while the common tone, ±1, in the bass acts as a suspension resolving to the 
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leading tone.  Recalling that the supertonic seventh chord is comprised of the dominant 

associate and three other subdominant constituents, it is able to communicate a weak 

dominant (or perhaps predominant) function in certain contexts.  In this context, the 

supertonic chord prepares the dominant seventh chord by communicating a weak 

dominant function. 

 
6.3  Principal Voice Leadings in Seventh Chords that 

Communicate Functional Discharge  

 

This investigation of voice-leading attraction in progressions involving seventh 

chords has discovered that there are three traits commonly found in progressions having 

“strong” harmonic attractions: close chordal proximity, semitonal voice leading, and 

hierarchical promotion.  Figure 6.18 groups all of the common resolutions of diatonic 

seventh chords that have been examined thus far under two headings— strong and weak 

attraction—so that a comparison of the strength of their harmonic attractions, semitonal 

voice leadings, and hierarchical motions can be made more easily.  Grouping these 

progressions solely based on our intuition would be difficult, if not impossible.  

Therefore, the resolutions are grouped according to their harmonic attraction values, 

which seem to fall into two distinct ranges.  The strong attractions range in value from 

3.81 to 8.1 while the weak attractions range in value from 0.68 to 1.85.  Each progression 

shows its harmonic attraction value as well as its principal voice leading, or the voice 

leading with the strongest voice-leading attraction in the progression.  While this chart is 
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not comprehensive for all diatonic seventh chords, it can be useful by illustrating a cross 

section of the more common progressions.   
   
 
 

 Strong Harmonic                  Weak Harmonic  
         Attraction/Discharge                     Attraction/Discharge 

 
 

V&→I               = 8.10 = DT  ±7–±1, ±4–±3  vi&→iir         = 0.68       
V& vi            = 5.52 = DT  ±7–±1, ± –±3  IM7→ M

r    = 0.84 → 4 IV
viioe i            = 5.47 = DT ±7–±1, x±6–±5 i&→ &      = 0.88 = TS →   iv    
vi O&→I            = 4.92 = DT  ±7–±1, ±4–±3  Ii V 1
V& i             = 4.85 = DT  ±7–±1                    i&→iiOt          = 1.36 = ?      x±3–±2 

M
r→viiO&  = 1.34 = SD   ± –±7 

→   
vi o&→VI^        = 4.84 = DT  ±7–±1, ±2–x±3 ii r→v &         = 1.50 = DT   ±2–±1 i i i
V& VI            = 4.43 = DT ± ± ±5–x±6 iie→V&         = 1.64 = SD   ±1–±  →  7–1, 7
iiO&→V            = 4.34 = ST  x±6–±   V  M7→iiO&   = 1.74 = DS   ±5–x±6 5 I
II  M7→VI M7   = 4.06 = TS  ± x±3  ii&→V&         = 1.85 = SD   ±1–±7 I  2–
iv&→V             = 3.81 = SD  x±6–±5, x±3–±2 

 
Figure 6.18  Comparison of common diatonic seventh-chord progressions as found in the 
major and minor modes. 
 
   

  Certain generalizations of harmonic attraction can be concluded from the chart 

based on scale degree.  Only the progressions V&–I, V&–i, iiO&–V, and III M7–VI M7 have 

root movement by fifth.  The seven strongest progressions exhibit the principal voice 

leading of ±7–±1; six of which have a second principal voice leading.  All of the principal 

voice leadings in the seven strongest progressions, except ±5–x±6, inherently contain two 

traits of strong harmonic attraction—semitonal voice leading and hierarchical promotion.  

The remaining progressions under the “strong attraction” column have one principal 
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progression, x±6–±5 or ±2–x±3, but they too exhibit semitonal voice leading and hierarchical 

promotion. 

The progressions under the “weak attraction” column do not exhibit these same 

traits.  Almost all of the progressions have root movement by fifth, but they either do not 

have any principal voice leading or any semitonal voice leadings exhibiting hierarchical 

promotion.  The progression iiir–vi& has one principal voice leading that exhibits 

hierarchical promotion, but it is the whole step voice leading ±2–±1.  The remaining 

progressions with weak attractions have semitonal voice leadings, but none of them 

exhibit hierarchical promotion; rather, they represent motions in the basic space from 

levels of stability (octave or triadic) down to a level of lesser stability (diatonic).  While 

this chart demonstrates it is not necessary to have root movement by fifth in order to have 

a strong harmonic attraction, it does suggest that it is necessary to have at least one voice 

leading that exhibits both semitonal voice leading and hierarchical promotion in order to 

create a strong harmonic attraction. 

  Transformed ideas of prolongation and a keener appreciation of musical syntax 

can be achieved by understanding the functionality possessed by voice-leading 

attractions.  The illustration that began this chapter (see Figure 6.1) can be more clearly 

understood from this new perspective.  The opening tonic chord is prolonged by diatonic 

chords with weak voice-leading attractions.   Anticipation of the tonic is not felt until the 

presence of the dominant chord because of the voice-leading attractions of ±7→±1 and 

±2→±1.  The addition of chordal sevenths to the vi and ii chords do not increase our 
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anticipation of tonic because the resolutions of their chordal sevenths create weak voice-

leading attractions.  However, the addition of the chordal seventh to the dominant serves 

to intensify the anticipation of tonic because of the strong voice-leading attraction of 

±4→±3.  
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CHAPTER VII 
 

CONCLUSIONS 
  
  

The strength of this dissertation ultimately rests on the strength of the previous 

research conducted by Harrison and Lerdahl.  Harrison’s revised theory of harmonic 

function (which is partially responsible for this dissertation) is speculative, and so it is not 

supported by experimental studies in the realm of psychoacoustics.  To extend a 

speculative theory with only more speculation is like building a house on sand; it is 

susceptible to collapsing under the storms of changing attitudes.  Instead, I have sought to 

support my ideas by grounding them both in Harrison’s speculative theory and in 

Lerdahl’s empirical research.  As this study has pointed out, though, Lerdahl’s theory of 

attraction has drawn both criticism and praise from music theorists and psychologists.   

One observation stemming from the completion of this dissertation is that the 

Tonal Pitch Space theory does not reflect whether the tension being measured by 

attraction values is increasing or decreasing, because the melodic or harmonic attraction 

values are defined as positive integers.  Lerdahl states “in a hierarchical view, tonic 

orientation establishes the point of stability against which the instability of other events is 

measured” (2001:142).  If the theory were revised to better represent tension and 

relaxation (perhaps by using formulas that would yield positive integers for increasing 

tension and negative integers for relaxation), such a revision could potentially provide 

greater insight into how listeners hear musical tension.  However, such a major revision 
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of Lerdahl’s theories is beyond the scope of this study, and the theory without any 

revisions does still model certain aspects of a listener’s perception quite convincingly.   

Finally, one of the greatest reported powers of Lerdahl’s theory is its ability to 

model the perception of large harmonic structures, yet the theory does not seem to 

account for the accumulation of tension over time.  Instead, melodic and harmonic 

tension is measured on a local level (i.e. chord-to-chord) and thus does not always do an 

adequate job at modeling global relationships.  Bigand (2001) contends, though, that “it 

does not rule out the possibility that musical tension is equally influenced by the most 

local structures surrounding the event in question” and that “certain authors even posit a 

concatenationist perception in which musical time is apprehended from moment to 

moment” (128).  Bigand’s explanation would seem to justify, in part, my analysis of 

Figure 6.1 that the anticipation of the tonic (i.e. tension) is not felt until the presence of 

the dominant chord because of the additional strong voice-leading attraction of ±4→±3.  

 David Temperley (2001) claims that “Tonal Pitch Space represents a massive 

injection of ideas and insights into music theory” and “opens up a vast terrain that 

Lerdahl himself has only begun to explore” (154).  Tonal Pitch Space is based on the 

most recent empirical studies in psychoacoustics, and it is for this reason that I include 

Lerdahl’s Tonal Pitch Space as one of the cornerstones for my investigation of how 

listeners hear changes in harmonic function.   

By examining a diverse sample of harmonic progressions that communicate 

discharges between the three primary functions, this study has shown that semitonal 
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voice leadings are principally responsible for creating the change from one harmonic 

function to another.  The charts of principal voice-leading attractions (shown in figures 

5.22 and 6.18) illustrate that the semitonal voice leadings of ±7− ±1, ±4− ±3, ±2−x±3, and x±6− ±5 are 

central to communicating a change from one harmonic function to another.  It has also 

shown that, after semitonal voice leadings, root movements are the second most 

important source of harmonic attraction.  Even in progressions that exhibit weak voice-

leading attractions (such as III−VI),  a perceived root distance of a fifth or fourth can 

effectively double the strength of the realized voice-leading attractions, resulting a 

chordal attraction with an appreciable value.  

The charts comparing the various harmonic progressions between triads and 

seventh chords (see Figures 5.22 and 6.18) also demonstrate that the majority of the 

strong harmonic attractions involve the voice leading of ±7− ±1, followed by ±4− ±3 and x±6− ±5 

in which a functional discharge onto the tonic is most often communicated.  Therefore, a 

perceived harmonic discharge between two chords is greater in cases where there is a 

functional discharge involving diatonic semitonal voice leading onto the tonic than in 

cases where there is not. 

This study has shown how a single voice leading can determine whether or not a 

change in function is communicated, and if so, how strongly.  For example, in the 

progression V−i the voice leading of ±2− ±1 produces a weak attraction of 0.5, but a small 

change in voice leading, ±2−x±3, produces a voice leading three times as strong, 1.5, and 

 238



increases the harmonic attraction by a value of 2.0.  Often times, small changes in voice 

leading can amount to significant changes in attraction. 

This study has shown that progressions can communicate functional discharges 

over a wide range of different strengths.  The harmonic attraction value of 0.03, found in 

the progression ii−viio, communicates no change in function, and the strong harmonic 

attraction value of 8.10, found in the progression V7−I, communicates a change from 

dominant (and subdominant) function to tonic function.  Finally, this study has shown 

how one progression can have a realized voice leading attraction stronger than another 

progression, yet have a smaller harmonic attraction value (e.g. the progressions viio^−I 

and V−I) because of the difference in chordal distance.  Harmonic attraction is directly 

related not only to the combined strengths of the voice-leading attractions between the 

functional members but to the perceived chordal distance that separates them as well. 

Chordal progressions with strong attractions define musical structure, and 

consequently the voice-leadings that make up those harmonic attractions can be definitive 

as well.  The significance of ±7–±1 and ±2–±1 as cadential gestures has been emphasized since 

the first writings on counterpoint, and many theorists in the nineteenth century were 

quick to add ±4–±3.  This study of chord progressions supports the emphasis on these three 

voice leadings and, following Harrison, adds x±6–±5 and ±2–x±3.  By using Lerdahl’s formulas 

for measuring attraction, this study has supported its claims regarding functional 

discharge with work that is firmly grounded in psychoacoustics.  
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APPENDIX 
 
 
 
Table 1.  Calculations for pitch-class salience in triads. 
 
PC C C# D D# E F F# G G# A A# B C major 
P1 1.00    1.00   1.00      
P5 0.50     0.50    0.50    
M3 0.33   0.33     0.33     
m7   0.25    0.25   0.25    
M2   0.20   0.20     0.20   
m3  0.10  0.10      0.10    
weight 1.83 0.10 0.45 0.43 1.00 0.70 0.25 1.00 0.33 0.85 0.20 0.00  
salience 0.50 0.03 0.12 0.12 0.27 0.19 0.07 0.27 0.09 0.23 0.05 0.00  
              
PC C C# D D# E F F# G G# A A# B C minor 
P1 1.00   1.00    1.00      
P5 0.50     0.50   0.50     
M3    0.33     0.33   0.33  
m7   0.25   0.25    0.25    
M2  0.20    0.20     0.20   
m3 0.10    0.10     0.10    
weight 1.60 0.20 0.25 1.33 0.10 0.95 0.00 1.00 0.83 0.35 0.20 0.33  
salience 0.48 0.06 0.08 0.40 0.03 0.29 0.00 0.30 0.25 0.22 0.06 0.10  
              
PC C C# D D# E F F# G G# A A# B C aug 
P1 1.00    1.00    1.00     
P5  0.50    0.50    0.50    
M3 0.33    0.33    0.33     
m7   0.25    0.25    0.25   
M2   0.20    0.20    0.20   
m3  0.10    0.10    0.10    
weight 1.33 0.60 0.45 0.00 1.33 0.60 0.45 0.00 1.33 0.60 0.45 0.00  
salience 0.43 0.19 0.15 0.00 0.43 0.19 0.15 0.00 0.43 0.19 0.15 0.00  
              
PC C C# D D# E F F# G G# A A# B C dim 
P1 1.00   1.00   1.00       
P5      0.50   0.50   0.50  
M3   0.33      0.33   0.33  
m7   0.25   0.25   0.25     
M2  0.20   0.20      0.20   
m3 0.10   0.10      0.10    
weight 1.10 0.20 0.58 1.10 0.20 0.75 1.00 0.00 1.08 0.10 0.20 0.83  
salience 0.40 0.07 0.21 0.40 0.07 0.27 0.36 0.00 0.39 0.04 0.07 0.30  
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Table 2. Calculations for pitch-class salience in seventh chords. 
 
PC C C# D D# E F F# G G# A A# B Maj-min 7th 
P1 1.00    1.00   1.00   1.00   
P5 0.50   0.50  0.50    0.50    
M3 0.33   0.33   0.33  0.33     
m7 0.25  0.25    0.25   0.25    
M2   0.20   0.20   0.20  0.20   
m3  0.10   0.10   0.10  0.10    
weight 2.08 0.10 0.45 0.83 1.10 0.70 0.58 1.10 0.53 0.85 1.20 0.00  
salience 0.48 0.02 0.10 0.19 0.25 0.16 0.13 0.25 0.12 0.19 0.27 0.00  
              
PC C C# D D# E F F# G G# A A# B min 7th 
P1 1.00   1.00    1.00   1.00   
P5 0.50   0.50  0.50   0.50     
M3    0.33   0.33  0.33   0.33  
m7 0.25  0.25   0.25    0.25    
M2  0.20    0.20   0.20  0.20   
m3 0.10    0.10   0.10  0.10    
weight 1.85 0.20 0.25 1.83 0.10 0.95 0.33 1.10 1.03 0.35 1.20 0.33  
salience 0.44 0.05 0.06 0.43 0.02 0.22 0.08 0.26 0.24 0.08 0.28 0.08  
              
PC C C# D D# E F F# G G# A A# B half-dim 7th 
P1 1.00   1.00   1.00    1.00   
P5    0.50  0.50   0.50   0.50  
M3   0.33    0.33  0.33   0.33  
m7 0.25  0.25   0.25   0.25     
M2  0.20   0.20    0.20  0.20   
m3 0.10   0.10    0.10  0.10    
weight 1.35 0.20 0.58 1.60 0.20 0.75 1.33 0.10 1.28 0.10 1.20 0.83  
salience 0.35 0.05 0.15 0.42 0.05 0.20 0.35 0.03 0.33 0.03 0.31 0.22  
              
PC C C# D D# E F F# G G# A A# B dim 7th 
P1 1.00   1.00   1.00   1.00    
P5   0.50   0.50   0.50   0.50  
M3   0.33   0.33   0.33   0.33  
m7   0.25   0.25   0.25   0.25  
M2  0.20   0.20   0.20   0.20   
m3 0.10   0.10   0.10   0.10    
weight 1.10 0.20 1.08 1.10 0.20 1.08 1.10 0.20 1.08 1.10 0.20 1.08  
salience 0.35 0.06 0.34 0.35 0.06 0.34 0.35 0.06 0.34 0.35 0.06 0.34  
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