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Revision of Terhardt’s Psychoacoustical Model of the
Root(s) of a Musical Chord

RICHARD PARNCUTT
University of New England, Australia

The predictions of Terhardt’s octave-generalized model of the root of a
musical chord occasionally disagree with music theory (notably, in the
case of the minor triad). The model is improved by assigning appropriate
weights to the intervals used in the model’s “subharmonic matching”
routine. These intervals, called “root-supports,” include the P8 (unison),
P5, M3, m7, M9 (M2), and m3. The new model calculates the salience
of each pitch class (C, C#/Db. . .B) as an absolute value. The most likely
candidate for the root of a chord corresponds to the most salient pitch
class in all cases where the root is unambiguously defined in music theory.
The model also calculates a “root ambiguity’” value for each chord, a
measure of its dissonance. Effects of voicing (inversion, spacing, and dou-
bling) and context on the root are considered.

Introduction

The root of a chord may be defined most simply as the note or pitch after
which the chord is named in Western music terminology and theory. Ac-
cording to this definition, the root of C-E—G is C simply because of the
name “C major.” In a deeper sense, the root is that single note which most
satisfactorily represents the function of a chord in a harmonic progression.
If the chord C—E—G in a chord sequence were to be replaced by a single note,
the note which would least disturb the harmonic progression would nor-
mally be C.

The concept of the root of a musical chord is essential for the understand-
ing of Western harmony. Yet despite centuries of music-theoretical devel-
opment, there still exists no widely accepted theory of the root’s nature and
origins.

Rameau (1750) was the first to make significant progress in this area. He
compared the notes of a musical chord with the harmonics of a single com-
plex tone (such as typical musical tone) and hypothesized a correspondence
between the root of a chord and the fundamental of a harmonic series of
frequencies. Rameau’s work was revived during the nineteenth century, for
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example, by Hauptmann in Germany and Sechter in Vienna (see Watson,
1982). It was regarded as the basis for a “vertical” view of harmony, com-
plementing the “horizontal” view based on the diatonic scale and figured
bass (e.g., as maintained by Sechter). Some later theorists (e.g., Bruckner)
tended to place more emphasis on the “vertical” aspect of harmony, assert-
ing that not only triads and sevenths but also ninths were explicable in
terms of Rameau’s theory. Others (e.g., Schenker) emphasized the “hori-
zontal” aspect, claiming that only triads were derived from the harmonic
series (“Nature””) while sevenths and ninths were produced by melodic or
horizontal elaboration of triads (by the “Artist™).

Rameauian music theory has always been plagued by its failure to ex-
plain satisfactorily the nature and root of the second most common chord
in mainstream Western music, the minor triad. The triad can be found
among the harmonics of a complex tone: the sixth, seventh, and ninth har-
monics, or the tenth, twelfth, fifteenth. However neither the sixth nor the
tenth harmonic is octave-equivalent to the fundamental; so the harmonic
series method fails to predict the triad’s music-theoretical root. Riemann
(1893) tried instead to explain the minor triad by a theory of “undertones,”
in contrast to the overtones by which Rameau had accounted for the major
triad. This led, however, to the counterintuitive prediction that the root of
the minor triad corresponds to its fifth.

Hindemith (1940/1942) preferred to explain the root in terms of com-
bination tones—‘‘distortion” tones produced in the inner ear by nonlinear
interaction between tone components. However, his analysis made much
the same predictions about the roots of chords as analyses based on Ram-
neau’s approach. In any case, combination tones were later shown to be
inaudible in ordinary music (see Plomp, 1965) and therefore unlikely to in-
fluence the perception of harmony.

Along with a number of other music theorists, Hindemith tried to escape
from the theoretical dilemma surrounding the minor triad by regarding it
as a distorted form of the major triad. This explanation might be acceptable
if the minor triad were a relatively unusual or unimportant chord. On the
contrary, however, the minor triad is almost as fundamental as the major
triad in determining the pitch structure of mainstream Western music. This
suggests that the minor triad should be regarded as a chord in its own right,
and that any explanation of its nature and origin, to be plausible, should
be consistent with this view.

More recently, Terhardt (1974) explained the perceptual nature of the
root of a chord in terms of the psychoacoustics of tone perception (see be-
low) and, on the basis of this theory, devised a general model by which the
roots of common musical chords may be predicted (Terhardt, 1982). While
his concept of the roet provides considerable insight into the nature of har-
mony, his chord-root model still fails to predict the music-theoretical root
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