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Abstract

Musical temperament is a basic but important element of all kinds of music. Twelve-tone equal temperament, which is commonly
used in modern Japan, has been a subject of considerable discussion. Surprisingly, however, there has been little investigation of the
historical reasons for the establishment of equal temperament through comparison of east and west. This article, therefore, will
reconsider the present status of Japanese music by comparing the establishment of twelve-tone equal temperament in China, Japan and
Europe. Twelve-tone equal temperament appeared around the same time in all of these countries. There have been four main
approaches to this question. As a basis for comparisons between east and west, Shimazoe, an ethnomusicologist, investigates the
history of Japanese twelve-tone equal temperament from the late modern period to the present day. Yoshikawa, who has researched the
history of western music and music theory, considers the establishment of twelve-tone equal temperament in Europe and its
development up to the sixteenth and seventeenth centuries at which time the form based on the calculation of 1%/7 was first proposed.
Tanaka, a specialist of Chinese thought, considers twelve-tone equal temperament as formulated by Confucian Zhu Zaiyu at the time of
the Ming dynasty in China. And Endo, a scholar of Japanese traditional music, especially Gagaku, discusses Genkei Nakane, who first

calculated the values of twelve-tone equal temperament in Japan in the Genroku period.
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Twelve-tone Equal Temperament: East and West

Aya YOSHIKAWA, Toru ENDO, Kimiko SHIMAZOE and Yuki TANAKA

Musical temperament is a basic but important element of
all kinds of music. Twelve-tone equal temperament, which is
commonly used in modern Japan, has been a subject of
considerable discussion. Surprisingly, however, there has
been little investigation of the historical reasons for the
establishment of equal temperament through comparison of
east and west. This article, therefore, will reconsider the
present status of Japanese music by comparing the
establishment of twelve-tone equal temperament in China,
Japan and Europe. Twelve-tone equal temperament appeared
around the same time in all of these countries. There have
been four main approaches to this question. As a basis for
comparisons between east and west, Shimazoe, an
ethnomusicologist, investigates the history of Japanese
twelve-tone equal temperament from the late modern period
to the present day. Yoshikawa, who has researched the history
of western music and music theory, considers the
establishment of twelve-tone equal temperament in Europe
and its development up to the sixteenth and seventeenth
centuries at which time the form based on the calculation of
Y2 was first proposed. Tanaka, a specialist of Chinese
thought, considers twelve-tone equal temperament as
formulated by Confucian Zhu Zaiyu at the time of the Ming
dynasty in China. And Endo, a scholar of Japanese traditional
music, especially Gagaku, discusses Genkei Nakane, who
first calculated the values of twelve-tone equal temperament

in Japan in the Genroku period.

1. Twelve-tone equal temperament in late modern and

contemporary Japan

Twelve-tone equal temperament, which was first imported
as a part of western music in the Meiji period, has been
received in Japan without question through the diffusion of
western musical notation and keyboard instruments. When
Japanese music, which is based on a different theory to the
equal temperament system, first employed western musical
notation, early musicologists such as Hisao Tanabe soon
recognised that it showed merely approximate values, and
that there was a possibility of misunderstanding. The use of
western musical notation in Japanese music, however, led to
a common ‘misapprehension’ among Japanese people that

they could hear tones in western musical notation as if they
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were twelve-tone equal-tempered. This is also the case with
transcriptions of Japanese folk music. Whilst it becomes
possible to compare the relationship of pitches and melody
type in various forms of ethnic music by employing western
musical notation, subtle differences in temperament are
disregarded. To begin with, the way in which tones are
chosen on the western musical notation system in music
transcription is highly dependent upon the transcriber’s
personal opinions and interpretation of music. For example,
it is undeniable that subtle differences in temperament were
ignored by Fumio Koizumi in his comparisons of the basic
structure of music in Indonesian and Japanese scales.

On the other hand, it is difficult to achieve perfect twelve-
tone equal temperament. For instance, instruments used in
schools have unequal temperament and pitches. There has in
fact been much debate about this problem. It may be pointed
out that subtle adjustments are made to pitches in actual
tuning and accepted as they are, since accurate equal
temperament does not necessarily sound in tune. At present,
in the twenty-first century, however, thanks to the
development of electronic musical instruments, it is possible
to create accurate twelve-tone equal temperament at
increasingly high levels, with the result that all kinds of
temperament can be attained. An experiment in the reception
of temperament using university students revealed a tendency
to regard equal temperament as not necessarily good. We
need to be alert to future changes in Japanese people’s

appreciation of music.

2. Twelve-tone equal temperament in the West

In the history of temperament in Europe, it was Pythagoras
in ancient Greece who first established the relationship
between musical pitches and ratios. The Pythagorean
temperament was built up from the fifths with a ratio of 3:2.
This theory was transmitted into the Middle Ages in Europe,
and was used to explain plainchants. In the gradual
development of polyphony, however, the pure third which is
included in the harmonic series began to be appreciated
instead of the third in the Pythagorean tuning. Beauty of
harmony and the adjustment of temperament, which
permitted a change in semitones, then became essential.

Twelve-tone equal temperament, which has equal intervals
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between semitones, became an option as early as the fifteenth
century, while attempts were made using various
temperaments such as mean tone to achieve beauty of
harmony and practicality. It was Simon Stevin, a Dutch
mathematician, who first suggested twelve-tone equal
temperament by calculating 1{/7, and soon after that Marin
Mersenne, a French mathematician, discovered the same
numerical values. It has been claimed that their calculation of
numerical values was influenced by Zhu Zaiyu, a scholar
living in China around the same time. Some musicians, such
as Girolamo Frescobaldi, were interested in the practical
application of the accurate twelve-tone equal temperament,
however, it was not taken up widely at this time. This was
probably due to the fact that the practical use of equal
temperament was technically very difficult. In addition,
people may have favoured differences in the characteristics
of keys derived from difference in pitch, which are lost in
equal temperament. In fact, twelve-tone equal temperament
did not become common until the late-nineteenth and
twentieth centuries. It is important to note that a variety of

temperament always appeared in response to practical needs.

3. Twelve-tone equal temperament in China

In China, Confucianism held music in very high regard.
Indeed, music temperament was directly connected with
imperial power in China, such that a change of temperament
was required whenever there was a change of dynasty. The
San Fen Sun Yi method, which sets the twelve pitches (Shi Er
Lii) based on 2:3 and 3:4 ratios, originated from the time
before the Qin dynasty, and became established as a
legitimate theory by the time of Zhu Xi in the Southern Song
dynasty. There was a problem in the San Fen Sun Yi method,
however. It was found that subtle difference came into being
whenever tones are generated twelve times. That is to say, it
was not precisely cyclical. In order to solve this problem,
Confucian Zhu Zaiyu (1536-1611) wrote two books, New
Theory of Musical Pitches (Liixue xinshuo) and Essentials of
Music Theory (Liilii jingyi), to demonstrate the calculation of
/2. Zaiyu considered pitches in terms of cyclicality in the
same way as calendar and divination, and built numbers of
ten and nine as a basis for the calculation of pitches and
calendar. These numbers were selected as representing the
Yellow River Map (He tu) and Lo Shu Square (Luo shu),
which were considered important maps in the study of
images and numbers in the Song dynasty. It may be said,

therefore, that Zaiyu’s theory reflected the fusion of music
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and calendar common since the Han dynasty, and the study
of images and numbers in the Song dynasty. Zhu Zaiyu’s
equal temperament was succeeded by Jiang Yong. Yong
developed a theory of a more precise equal temperament in
his Figure of Twelve Pitches in Circles and Squares (Fang
yuan xiang han lie lii tu), however, equal temperament was
not practiced widely in the Qing dynasty. Explanation for this
limited practical application includes an alleged lack of
knowledge among Confucians in the Qing dynasty;
feudalistic court structure; and habits of musical practice
whereby keyboard instruments were not popular, monophony
being the main type of music. In this article, I would like to
raise the possibility that Zhu Zaiyu’s twelve-tone equal
temperament was ignored, whereas discussion of the study of
images and numbers in equal temperament, favoured by Zhu
Zaiyu and actively promoted by Jiang Yong, declined in
popularity and influence after the middle of the Qing dynasty.
Instead, theorists were becoming interested in other forms of
music such as banquet music, which became a staple in

music theory.

4. Twelve-tone equal temperament in early modern

Japan

Genkei Nakane, a specialist of Japanese mathematics, was
the first person to calculate twelve-tone equal temperament in
Japan, publishing his finding in Ritsugenhakki (1692). It is
thought he arrived at his conclusions independently, as he did
not read Zhu Zaiyu’s Essentials of Music Theory though he
would have known of its existence. Nakane found fame as a
specialist of Japanese mathematics, and is also known for his
translation of the Compendium of Mathematics and Calendar
(Li suan quan shu), completed in his later years by order of
the eighth Shogun. Originally 4 New Treatise of Music
Theory (Liilii xinshu), a compilation of orthodox Neo-
Confucianism, attracted people’s interest with its focus on
ritual propriety and music in the Edo period. At this time
Confucianism became popular as an official philosophy for
the guidance of people’s lives. Nakane became interested in
this book whilst researching the significance of metrology in
medical science, building on its findings in his work on
mathematical problems of the San Fen Sun Yi method. He
realised that it was impossible to return to the same pitch
after an octave cycle using the San Fen Sun Yi method, and
discovered that there were wide and narrow intervals
between adjacent pitches. In order to solve these problems,

Nakane arrived at a way of calculating the interval by 1\2/ 0.5.
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In addition to Nakane, Yoshimasa Tanaka, another
mathematician, worked on the calculation of equal
temperament approaching it as a purely mathematical
problem. Aware of problems in the San Fen Sun Yi method,
both scholars looked for a mathematical solution, though
their attempt was never conducted in practical music.
Confucian Sorai Ogyu, author of Gakuritsuko and a friend of
Genkei Nakane, proofread Zhu Zaiyu’s Collected Works of
Music Theory (Yiielu quanshu) (including the Essentials of
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Music Theory). Ogyu concluded that equal temperament was
an unnecessary theory because the San Fen Sun Yi method
establishes approximate values, and actual pitches are to be
tuned by ear. Although it is possible that Genkei Nakane and
Yoshimasa Tanaka may have wanted to use equal
temperament in practical music, at this stage twelve-tone
equal temperament remained of theoretic interest only in
Japanese mathematics.

(Akiko TOMATSURI trans.)





