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Introduction

As real-time computer music performance systems
become more widespread, the question of controller
design becomes increasingly pertinent. The flexi-
bility of pitch afforded by computer technology sug-
gests the use of new input devices optimized for
playing in arbitrary tuning systems. In particular,
keyboards are well-suited for polyphonic playing,
and there is a legacy of historical microtonal key-
boards that can serve as models for controller design.

Several motivations for using a microtonal key-
board in computer music can be discerned. The
obvious use is for live performance—microtonal
music no longer needs to be primarily restricted to
tape music on the one hand and to the musician-
craftsman who constructs special acoustic instru-
ments on the other. An equally compelling motiva-
tion drives the composer of microtonal music. The
real-time aural feedback provided by such a device
can open the door to experimentation with many
tuning systems whose harmonic resources might
otherwise remain untapped. A flexible device for
real-time pitch control could also be of use in
psychoacoustic research.

The greater portion of this article outlines the
history of microtonal keyboards, with a view to-
wards establishing the most useful design principles.
The final section considers how these principles
can be adopted for synthesizer control. A program-
mable keyboard is particularly useful, allowing a
variety of tuning systems and key layouts; software
written by the author for such a purpose is de-
scribed. With such a device, different keyboard
layouts can be used to match the tuning system
and the nature of the musician’s usage, as will be
explained.
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History and Principles of
Microtonal Keyboards

Terminology

By “microtonal,” I refer primarily to tuning systems
with more than twelve notes per octave. However,
much of what will be discussed is relevant to non-
standard tunings in general. The somewhat unfortu-
nate prefix “micro-" should not lead the reader to
imagine that microtonal compositions are neces-
sarily congested by tiny intervals. A “microtonal
keyboard” is any keyboard used to play microtonal
music, including retuned standard keyboards, but
nonstandard keyboard designs are the principal
focus of this study. References to the “black” or
‘white” keys of a standard keyboard serve only to
distinguish between the upper and lower rows of
keys, whose actual color varies in some of the ex-
amples mentioned.

Although an explication of tuning theory is be-
yond the scope of this article, some description is
necessary in order to understand the motivations
for the various designs. Just intonations are sys-
tems whose pitches are generated by small-integer
frequency ratios. For example, the ratios 2/1, 3/2,
4/3,5/4, and 6/5 correspond to a Justly tuned oc-
tave, perfect fifth, perfect fourth, major third, and
minor third respectively. Any Just interval is expres-
sible as the product of powers of prime numbers:

29% B 58 X L LA
where a through n are integers and L, called the
“limit” of the system, is the largest prime number
in the series. As an example, a seven-limit Just in-
tonation might include the ratio 14/9, which re-
duces to
2161812 X §YiX 7L,

Figure 1 is a representation of five-limit Just into-
nation. Horizontally adjacent pitches are a perfect
fifth (3/2) apart; the vertical separation is a major
third (5/4). A dimension for the 2/1 ratio is not in-
cluded; it is assumed that each pitch represents its
equivalents in all other octaves.

It will be observed that the notes in the top row
are not exactly an octave higher than their en-
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Fig. 1. Five-limit Just into-
nation matrix.
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harmonic equivalents in the bottom row, because
(5/4)> = 125/64 # 2/1. In general, no “wraparound”
is possible in such systems, which extend infinitely
in all directions with no duplication of pitches. In
practice, a finite area of the plane is chosen. Sys-
tems with higher limits can be conceptualized as
n-dimensional spaces, where the limit is the nth
number in the prime number series 3, 5, 7, s e

Temperaments are systems, some or all of whose
intervals correspond to irrational frequency ratios.
An n-tone equal temperament divides the octave
into n equal parts, each of which is expressible as
the frequency ratio 20/7)/1. In general, the attraction
of Just intonation for microtonal composers is the
belief that simple ratios produce better-tuned con-
sonances, whereas the attraction of equal tempera-
ments is that transposition to any degree of the
system is possible. The proponents of microtonal
keyboards have sought purity of intonation, or a

new musical idiom with expanded pitch resources,
or both.

Historical Overview of Microtonal
Keyboard Design

Keyboards before the Nineteenth Century:
The Process of Accretion

In tracing the development of microtonal keyboards,
it is instructive to first understand the origin of the
standard keyboard with seven white and five black

keys per octave. Throughout most of the Middle
Ages, keyboards usually had only the diatonic
keys, B-flat being the first addition. In the four-
teenth century the remaining chromatic degrees
were added. The familiar layout with the five
chromatic degrees in a higher row appeared on the
Halberstadt organ, built in 1361. This arrangement
soon became standard. Thus our present-day key-
board evolved from a seven-note modal keyboard.
The chromatic keys were added without violating
the spatial pattern of the existing keys, a process
that I shall refer to as “accretion.”

Keyboards with more than twelve pitches per oc-
tave were occasionally used in the sixteenth cen-
tury and later. Major and minor thirds and their
inversions had come to be considered consonances,
and they were ideally to be tuned in Just intona-
tion. (A practical compromise known as quarter-
comma meantone temperament allowed the most
important ones to be so tuned.) As we saw in Fig. 1,
pairs of notes such as G-sharp and A-flat differ by
significant amounts in such systems. It was not
an uncommon practice to split one or more of the
black keys into a front and a rear portion, in order
to obtain these enharmonic distinctions.

Enharmonic keyboard designs were carried fur-
ther by sixteenth- and seventeenth-century theo-
rists and composers including Gioseffo Zarlino
(1558), Nicola Vicentino (1555), Francisco Salinas
(1577), and Marin Mersenne (1637). One of the
most important instruments was Vicentino’s “Archi-
cembalo,” whose tuning was apparently very close
to 31-tone equal temperament (Kaufmann 1970). In
addition to splitting the black keys, these designs
often called for split white keys (Fig. 2), additional
black keys (Fig. 3), or extra manuals. Note that these
techniques of splitting keys and inserting new ones,
without disrupting the established layout, represent
a continuation of the same process of accretion that
led to the standard keyboard.

The Nineteenth Century: Bosanquet and
Transpositional Invariance

Following relatively little activity in the eighteenth
century, important advances in keyboard design
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