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What is Pythagorean comma

A small tuning interval with profound metaphorical and theoretical implications. It arises when

a musical scale 1s constructed strictly from pure perfect fifths (with a frequency ratio of 3:2,

corresponding to the inverse ratio of the vibrating length of the sound-producing body).
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Pythagorean Tuning vs. Sanfen Sunyi (=933R#H)
Historical Sources

In China:

sanfen sunyi (=4318%x%): Method of “one-third subtraction and addition”

Guanzi (ca. 645 BCE): Earliest recorded account, details the creation of the pentatonic scale.
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Pythagorean Tuning vs. Sanfen Sunyi (=933R#R)
Historical Sources

In the West:

Pythagorean Tuning: Attributed to Pythagoras (6th century BCE).

Euclid’s Division of the Canon (4th-3rd century BCE): Provides the first formal
mathematical demonstration.

Historical Timing: While broadly contemporaneous, Chinese sources often offer earlier and
more technically detailed formulations.



Awareness and Solutions

Chinese Awareness

Recognition of Pythagorean tuning and awareness
of the Pythagorean comma are not identical.

Early Awareness: Implicit awareness of the
comma in Confucian classics like the Yueji (%430
400-100 BCE) and Huainanzi (EF3F179-122
BCE).

In these texts, the fundamental pitch Huangzhong
(=3%) is given as 3'"' = 177,147—a value which,
when cycled through successive generations of
fifths, diverges from the expected octave, thereby
suggesting recognition of the comma.

Generation Method in Huainan Zi ¥ (139

BCE)

31x 1 =177,147

177,147 x 4/3 =236,196

236,196 x 2/3 = 157,464

157,464 x 4/3 =209,952
209,952 x 2/3 =139,968
139,968 x 4/3 = 186,624

186,624 x 2/3 = 124, 416

124,416x 4/3 = 165,888

165,888X 4/3 = 221,184

221,184 x 2/3 =147,456

147,456 x 4/3 = 196,608

196,608 X 2/3 = 131,072

(131,072x 4/3 =174,762.6667)

Western Pitch Name




essesirs e Kooy ol ot ol i P B

Fiy. 36

&
CIVILISATION
IN CH]NA

llllllllllllllllllll

vvvvv

M (R
SR LAY

Pythagorean Tuning vs. Sanfen Sunyi (=933R#R)
Historical Sources

Possible Connections between China and the West

Jesuit Joseph Amiot—who first published Chinese tuning theory in a European language in Beijing
in 1776 and in Paris in 1780—argued that the Chinese had devised a system resembling the
Pythagorean scale more than eleven centuries before Pythagoras.

The author of Science and Technology in China, Joseph Needham, proposed that this acoustic
discovery spread from Babylon to the East and West.

Chinese scholar Zhu Qianzhi (5472 offered a more critical view, suggesting that Chinese theorists
may be earlier, but eventually have absorbed aspects of Greek developments once the limitations of
pipe acoustics became clear.



Awareness and Solutions
Chinese Solutions

B Jing Fang /5 (1st c. BCE): Extended the cycle of fifths to 60 pitches to account for the
discrepancy. [In hanshu EZ (Book of the Han, 82-111 CE)]
> zhishi (H\48, “holding the beginning”)
» 3.15 cents (Jing Fang Comma)
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3 6150458655333 1404577968350811297 = 3.15 cents

B Qian Lezhi 2% (5th c. CE), expanded the cycle to 360 pitches—perhaps as much cosmological
(360 days of the year) as musical. [In songshu RE (Book of Song, 441-513 CE)]

B He Chengtian (5th c. CE): Attempted to arithmetically temper intervals—the earliest recorded effort
in history. [In songshu K= (Book of Song, 441-513 CE)]

B Prince Zhu Zaiyu (1536-1611): Calculated an exact formulation of twelve-tone equal temperament.
[New Treatise on Pitch Standards (22 #7:%, 1851 CE)]

v Motivation: Not a practical musical need, but a philosophical and cosmological imperative to
“restore the Huangzhong pitch” (= ##1=/R) and perfect cosmic order.



Awareness and Solutions
Western Exploration

Euclid & Ptolemy: Formalized the comma as a theoretical and practical challenge.
The Renaissance: Meantone temperaments sacrificed pure fifths for sweeter thirds.

Dutch engineer Simon Stevin wrote an essay extracting the twelfth root of 2 in 1586 but remained
unpublished for roughly three centuries.

The Baroque Era: Well-temperaments redistributed the comma across keys (e.g., Bach’s The Well-
Tempered Clavier).

The Enlightenment: Established equal temperament as a standard.

Motivation: Driven by a desire for functional consistency and the need for unrestricted modulation
across all keys in the emerging tonal system.



Confucian Philosophy: Harmony (1)

Confucius: “The noble man seeks harmony but not uniformity; the petty man seeks uniformity but not harmony.”
(BTMMAR, MARMmAM)

Implication: Acceptance of slight discrepancies to maintain balanced coexistence, rather than strict, mathematical sameness.

This principle profoundly shaped Chinese musical practice. Thus, although sanfen sunyi =%318%% was venerated as the
canonical system—enshrined in Confucian classics—alternative tunings also appeared in practice. For instance, just intonation
as theorized by Gioseffo Zarlino (emphasizing pure thirds and sixths) found resonance in elite Chinese traditions, especially
bronze-bell ensembles and the guqin zither, even though such methods were not codified in Chinese theoretical texts.
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Confucian Philosophy: Harmony (1)

Just Intonation in Guqin Zither

Through analysis of early gugin musical scores, contemporary musicologists have concluded that the gugin indeed

employed the “just intonation” scale for more than two thousand years.




Confucian Philosophy: Harmony (1)

Just Intonation in Bronze Chime-bells of Marquis Yi of Zeng State

The famous set of 65 bronze bells excavated in 1978 from the tomb of Marquis Yi of Zeng (d. ca. 433 BCE) in Suizhou, Hubei,
dating to the Warring States period. The twelve tones in the musical system, ancient China also gave each note a name, and
tuning systme was Just Intonatoin.




Confucian Philosophy: Harmony (1)

Pentatonic scale

The predominant use of the pentatonic scale in traditional Chinese music has also been
interpreted as avoiding tensions created by semitones.

Max Weber wrote: “In China rationalistic grounds supplied the basis for an antipathy to
the semitone” (p. 17).



Confucian Worldview: Cosmic Order (?%)

Confucian cosmology emphasizes that music should mirror the natural order of the universe (i, T£).

The concept of Three Bonds (=ff]) are a central concept in Confucian political and ethical thought, which were
believed to sustain social and political order in traditional Chinese society:

® Ruler over the subject (& 7 =)
® Father over the son (32 F i)
® Husband over the wife (K4 ZH)

The Confucian Canon on Music Yueji states:

B “Music is the harmonization of Heaven and Earth, the rites are the ordering of Heaven and

Earth.”? “2Z&, X/t ; g, XHL/F8



Confucian Worldview: Cosmic Order (?%_)

Cosmic Order (2, I ):

Music must mirror the natural order of the universe.

‘\ Tuning as a Symbol: Correct tuning reflected the moral health of a dynasty.

A passage from the Book of Documents (792, Shangshu, ca. 1000 BCE), a
Confucian canon, affirms:

“To harmonize the seasons, regulate the months and days, and to unify
musical pitch, measures of length, capacity, and weight.”

‘” BEAEE, FREEE

i / Musical tuning became a symbol of dynastic virtue and cosmic alignment.
/ Correct tuning reflected the health of the moral order; disordered tuning

a suggested political and cosmic disintegration.



Confucian Worldview: Cosmic Order ({2)
The Book of Music (%5t, Yueji)

In musical theory, the five tones are: Gong =, Shang/Z, Jue 5, Zhi#, and Yu-#J. When these tones remain
harmonious, society thrives. Yet when Gong becomes chaotic, desolation follows; its ruler grows arrogant.
Shang’s disorder breeds stagnation, corrupting governance; Jue’s turmoil sparks discontent among people;
bringing sorrow to citizens; Zhi’s turmoil brings grief to affairs; Yu’s disorder leads to perilous situations;
draining wealth. When all five tones fall into disorder, they clash relentlessly, creating what 1s called “mere

arrogance.” Such a state inevitably leads to national ruin.

EEaE, BmaR, ARER, #RFE PRY. AETE, EPhFCER, 28li5, HEB B maldlk,
HEE AalflE, ERR #EllR, HE9; PElhle, HME, a&E&El, *EE, BRI8, 0,
AIE < /UztﬁEleeo



Confucian Worldview: Cosmic Order (?%)

The cycle of fifths was phrased in China not as stacked intervals but via the
cosmological term “f@/\tH4" (“generated in succession at the span of eight”),
with “eight” referring to eight pitches, and closing the circle of fifth is termed as
=iE=/5 (restoration to the Huangzhong pitch). As Huangzhong represents the
Emperor of the dynasty.

Prince Zhu Zaiyu did not claim to have discovered a new tuning system; he
presented his work as resolving a larger cosmic and political problem, submitting
it formally to the emperor. For Zhu, twelve-tone equal temperament marked the
fulfillment of a long-standing goal in Chinese philosophy and cosmology: the
realization of = iR/,

Whereas Stevin’s system emerged from concerns with intervallic equality and
consistent modulation in music practice, Zhu’s solution expressed continuity with
sanfen sunyi, resonated with cosmoic order, and maintained the centrality of Gong
note within the pentatonic scale.
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AND SOCIAL Weber’s Rationalization: A Western Exception?
FOUNDATIONS OF

In Max Weber’s view, Western music i1s unique for its extraordinary process of
rationalization. In the first paragraph of his work, The Rational and Social Foundations of

Music (1921, posthumous) Weber wrote:

“The twelfth perfect fifth (2/3)12 is larger by the pythagorean

comma than the seventh octave equaling (1/2)7. This

unalterable state of affairs together with the further fact that

= B 5
¥ Tk Holk (8]

H

the octave is successively divisible only into two unequal
intervals, forms the fundamental core of facts for all musical

rationalizations.” (p.1.)
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Weber’s Rationalization: A Western Exception?

In his Sociology of Religion, Weber wrote:

Just as in music the Pythagorean comma resisted wholesale rationalization as a
consequence of the rules of acoustics, and just as, therefore, the various great musical
systems of all peoples and ages differentiated themselves above all in the art and
manner in which they covered up or bypassed this ineluctable element of irrationality
or (conversely) put it at the service of the richness of tonalities, just so, apparently,
fared the theoretical view of the world but even more so the practical rationalization of

life (Weber, 1920, p. 53).




Weber’s Rationalization: A Western Exception?
Formal vs. Substantive Rationality

Max Weber distinguished between formal and substantive rationality.

Formal (West): universal rules, calculability, and efficiency (equal

temperament).

Substantive (East): Guided by values, ethics, and cultural meaning

( embedding tuning within moral and cosmic ordery).

Prince Zhu Zaiyu and Jing Fang illustrate both divergence and
intersection in East—West rationalization.



Weber’s Rationalization: A Western Exception?

Most Chinese compositions and instruments were not built on modulatory chromaticism or complex
polyphony requiring all twelve semitones. While intellectually satisfying, equal temperament in
China often addressed a largely theoretical problem in cosmology and philosophy rather than a
practical musical need.

Contemporary technologies—algorithms, artificial intelligence, data-driven governance—embody
Weberian rationality, standardizing and optimizing at unprecedented scales. Yet they also risk
constructing what Weber called “iron cages.” Here, the Confucian ideas of h¢ (harmony) and li
(social order) provide a counterbalance: a reminder that systems must resonate ethically and socially,
accommodating difference rather than enforcing sameness.



Rationalization, Tonal Harmony, and Cultural Responses

@ 16th—18th centuries: Discovery of 12-TET resolved the Pythagorean comma in both China and the West.
€ Western context: Rise of the Scientific Revolution, capitalism, and tonal music (Weber’s focus).

Max Weber’s Central Question:
“Why did rationalized tonal harmony first emerge in the West and not elsewhere?”

Key Points:
1. Rational solution to the comma enabled equal temperament, science, and new social structures.

2. Tonal-harmonic music reflected rationalized, ‘disenchanted’ societies, linked to the Scientific Revolution.



Rationalization, Tonal Harmony, and Cultural Responses

In China: intellectuals faced modernization after the Qing collapse when Weber
was posing the questions:
O Pro-Western voices emphasized rationalization.

O Liang Shuming Z2J#kJE proposed ‘Easternization’: cultures of China and India

guiding humane, holistic development.



Tuning the World: Conclusion

West: Rational Precision and East: Harmonizing Wisdom and
Formal rationality Substantive rationality

» Equal temperament solved the tuning dilemma « Balance efficiency with humanity

«  Weber’s ‘iron cage’—warning of alienation « Harmony () over uniformity ([7])

» Efficiency, systematization, science, universal rules, * Embedding tuning within moral and

calculability cosmic order.



Thank You for Your Attention !
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