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Chapter One Introduction

Eclipses are maybe the most astonishing astronomical phenomena everyone can see with
their naked eyes. The change of the appearance of a heavenly body or variations in its
movements held specific meanings in Chinese astrology. These meanings often related to
politics. Even in the very first account of an eclipse observation in China, the event was
regarded as ominous and was said to have caused a war between the central ruler and the
local dukes. By the early imperial period, eclipses had come to hold great astrological
significance. Unexpected or unpredicted astronomical phenomena were seen as signals sent
by heaven to the governors of the country. Eclipses, especially solar eclipses, were recognized
as a warning to the emperor that his governance was not satisfactory. Not surprisingly,
therefore, astronomers were asked to pay particular attention to the interpretation and
prediction of eclipses. Eclipse theory is one of the most important and difficult issues early
Chinese astronomers faced in their astronomical and astrological practices. The complexity of
solar and lunar motions and other technical issues relating to the prediction of eclipses made

them a crucial test of an astronomical system.

In this dissertation I aim to investigate place of eclipses in early Chinese astral sciences. In
particular I explore the significance of eclipses within divination and the development of

eclipse theory in early China. In addition, because eclipses were an important part of the

1



mathematical astronomy of the calendrical systems, I also explore the debate surrounding the

reform of calendrical systems and the place of eclipses within these debates.

1.1 Scope

This dissertation deals with astronomical and astrological themes in early China. The title of
this dissertation reads the treatment of eclipses in early Chinese astral sciences. Two terms
require noting. First, by astral sciences, I mean first theoretical astronomy, calendrical systems
and observational records, and second celestial divination and astrology. Closely related to
this are the practitioners of astral sciences. I believe consideration of these three together give
us a more complete picture of early forms of the astral sciences in China as they relate to
eclipses. Second, by early China, I combine the usual terms of early China and early imperial
China together. Given that the development of mathematical astronomy and astrology were
not exactly at the same pace, there is a small discrepancy between the time periods covered in
my discussion of these two parts of astral science. My discussion of the eclipse records and
divination stretches from the 8" century BC onwards, but for mathematical astronomy I am
concerned mainly with the early imperial period, by which I refer mainly to the Qin Z& (221-
207 BC), Han # (206 BC — AD 220), Three Kingdoms —[& (AD 220-265), although the
discussion on calendrical reforms also covers examples from the Jin # (AD 265-420) and
Song 7K (AD 420-479). In particular, I use a third century calendrical system, the Jing chu i

as a case study of eclipse theory and the political influence of eclipse observations. This
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system, the most significant system in my discussion of mathematical astronomy, also plays
an important part in my discussion of calendrical reforms. Astronomically, this system marks
a significant stage in the development of early Chinese mathematical astronomy, as stated

already by Zhu Wenxin (1935).

1.2 Sources

The texts of most Chinese /i (“calendrical system”) are recorded in the treatises of
temperament and calendar 3 /& & in the dynastic histories (see section 1.5. for a discussion
of the meaning of /i). This tradition begins in the earliest dynastic history, the Shi ji (52 FC, the
Book of History, compiled by Sima Qian 7] 51&, ?145 BC — ?86 BC), and is followed in
subsequent histories including the Han shu (%, the Book of the Han dynasty, compiled by
Ban Gu ¥E[#], AD 32— 92), the Hou Han shu (1% %3, the Book of the Eastern Han dynasty,
compiled by Fan Ye #i[#, AD 398-455), the San guo zhi (=B, the History of the Three
Kingdoms period, compiled by Chen Shou [ 2%, AD 233-297) and the Jin shu (£ 2, the Book
of the Jin dynasty, compiled by Fang Xuanling /5 Z %, AD 579-648). The Shi ji contains an
early form of a Chinese li, the Li shu jia zi pian J&TH F}. Early calendrical systems
discussed in this dissertation include the San tong li (Triple Concordance System, adopted in
104 BC) in the Han shu, the Si fen li (Quarter Remainder System JU4} /%, adopted in AD 85) in

the Hou Han shu, the Qian xiang li (Supernal Emblem System ¥z % &, adopted in AD 206)

and the Jing chu li (Luminous Inception System 5t#/JJ&, adopted in AD 237) in the Jin shu
3



and Song shu. These preserved works of calendrical astronomy preserve most of our evidence
for early Chinese mathematical astronomy; nonofficial treatises such as the Zhou bi suan jing
which deal with other aspects of mathematical astronomy, especially the mathematics of the
gnomon, provide some additional information, but do not deal with eclipses (Cullen 1996).
Although other /i from the Western Han to the Jin are mentioned in the histories, the texts of
these systems themselves are not preserved. For example, Han Yi ¥#¥%}] constructed the
Huang chu li % ¥]J& around the time of the Qian xiang li and Jing chu i but it was not

officially adopted by any government kingdom and no text of the system is preserved.

The Jin shu and Song shu both recorded the Jing chu li, the calendrical system which I discuss
extensively in this dissertation. Table 1.1 shows the differences in the text of the Jing chu li as
found in these two sources. There are only minor differences between the texts from the Jin
shu and the Song shu. The Jin shu provides a few more characters in its text than the Song shu
did, including a statement of Yang Wei’s official title at the beginning and a couple adverbial
modifiers. But generally speaking, there are not too many differences. In my discussions of this

system I have generally relied upon the Zhong hua shu ju edition of the Jin shu.

Unless specifically stated, all translations of classical texts presented in this dissertation and
my own. There are primary texts which have been translated into English before, such as parts

of the Han shu (Dubs 1938). However, in such cases I have only adopted translations made by



Jin shu Gentleman of the Masters of Writing in the Wei Yang Wei
stated in his memorial
B B E R R
Song shu Yang Wei stated in his memorial
R HfRERE
Jinshu even constructed the Tai chu li
B i (KPIED
Song shu constructed the Tai chu li
RE & CRAIED
Jin shu it has been always frequently reformed with no stop.
B HHEAL
Song shu it has been frequently reformed with no stop.
AR AL

Table 1.1 Differences in the preface to the Jing chu li found in the Jin shu and the Song shu.

historians of science rather than general historians of China because of difficulties in
understanding the technical terminology found in scientific texts. It should also be noted the
original text of the calendrical systems comes with no punctuation marks nor sections. They

have been inserted by the editors of the Zhong hua shu ju editions. For the materials without



previous studies, I have marked the texts and divided them into sections.

1.3 Previous scholarship

Many fields of the subject this dissertation have been touched upon by previous researchers.
For details on Chinese astrological divination, see Pankenier (2013), Sun, Xiaochun (2009) and
Loewe (1994). For studies on eclipse records, see Liu Ciyuan (2003), (2009), Xu, Yau &
Stephenson (1989), Xu, Pankenier & Jiang (1995), Stephenson(1997) and Steele (2000). For
translations of astrological treatises, see Ho Peng Yoke (1966) and Major (1993). On
mathematical astronomy, for a general history of Chinese astronomy, see Chen Meidong
(2003); for a history of calendrical astronomy, see Qu Anjing (1994a), (2005), (2008), Zhang
Peiyu (2002), Martzloff (1997); for case studies on calendrical systems, see Sivin (2009), Cullen
(2007), Morgan (2013), and Liu Hongtao (2003). Cullen also has a translation of the San tong [,
the Si fen li and the Qian xiang li in the process of publication. This is only an extremely brief
account of related scholarship, see detailed information of previous researches in the

appropriate chapters.

1.4 Contents

This dissertation is arranged following both chronological and thematic order.

Chronologically, it focuses on the development of the astral sciences from the late period of



early China to the early medieval period. Chapter two and three focus on the late part of early
China, from the Chun giu (“Spring and Autumn”) period to the end of Han. Chapters four and
five focus on the early part of medieval china, roughly from the end of the Han to the Song in
the Southern and Northern Dynasties. I refer the chronological definition on early China and
early medieval China to the timeline recognized by the journals Early China and Early
Medieval China. Thematically, chapter 2 focuses on the divination of eclipses, chapter 3 and 4
study the theoretical astronomy related to eclipses, and chapter 5 looks at the bigger picture

including astronomers, politics and calendrical reforms.

Chapter 2—5 contain analyses built upon case studies of particular texts. In Chapter 2 I discuss
solar eclipses record from the Chun giu and the commentaries from the Zuo zhuan, as well as
the Han eclipse divination and its impact on state politics. I first give a detailed examination
on Chinese eclipse records in the pre-Qin period from primary sources, and second discuss
the development of eclipse divination in that period. By comparing with earlier eclipse
records, I will show why the Chun qgiu eclipse records are the beginning of a long tradition of
recording eclipses. The Zuo zhuan not only records the results of these divination attempts,
but also explains the reason and theories astrologers used in great detail. By looking at the
commentaries in the Zho zhuan 1 try to reconstruct the ways in which Pre-Qin astrologers
interpreted eclipses. In the second part of chapter 2, which concerns eclipse divination during

the Han, I expand my research on the astrological meaning of eclipses from the pre-Qin



period to the Han in order to address questions such as: What and how many records do we
have in the Han? Are these records reliable? How does the development of eclipse divination
change in the Han? What examples of divination and predictions do we have in historical
treatises? How do the developments in eclipse theories affect the divination of eclipses? Is
eclipse theory the result of desire to make astronomical predictions or purpose to apply
judicial astrology better in the state? By studying the examples of divination in the Han and
comparing them with the Pre-Qin records, I have attempted to reveal the patterns early

Chinese diviners used to make astrological predictions.

Chapter 3 focuses on eclipse theories in the Han calendrical systems. In particular, I discuss
the development of eclipse theory in the different systems, by means of translating and
commenting on the texts of the San tong li and the Si fen li. Theses earliest eclipse theories are
also meaningful to show the original form of calendrical astronomy in China. I then compare

the early theories with the methods in the Qian xiang Li.

Chapter 4 presents a case study of the eclipse theories in the Jing chu i, in order to show the
form of an eclipse theory in a fully developed calendrical system. This system is important for
its innovations. For example, I show how Yang Wei combined lunar velocity theory with the
traditional method of predicting eclipses using cycles in order to determine the time of the

eclipse. He also developed methods of predicting the magnitude of the eclipse and the



direction of impact of the shadow.

Chapter 5 is an exploration of the bigger picture of the complexity of cultural traditions and
technical developments in early imperial China, with case studies on the Huang chu and Yuan
Jia debates over calendrical reform. The transition from the Han to the Jin dynasty led to
dramatic changes in politics and daily life in China; this certainly effected the life and work of
astronomers such as Liu Hong, Yang Wei and He Chengtian. When astronomers improved the
official calendrical system, they made efforts, for example, a test of the accuracy of system, to
convince the emperor to adopt their system as the official one. The debate between Liu Hong,
Han Yu and Yang Wei on the adoption of a calendrical system and the test of the Yuan jia li are
particularly interesting. I use excerpts from the Hou han shu, the Jin shu and the Song shu, to
study how astronomy is practiced and how non-astronomical factors affect the adoption of a
calendrical system. A calendrical system not only contains methods and data which are used
in the reforms to make predictions, but also a preface to better illuminate its advantages. A

translation and comments on the Preface of the Jing chu li is included in chapter 5.

1.5 Notes

1.5.1 The translation of Chinese /i

All li have a similar structure. They always begin with a preface explaining why the system is



built and how good it is. The second section is usually a list of constants used in the
calculation. This is followed by a series of procedures to calculate astronomical phenomena,
including, for example in the Jing chu li, solar theory, lunar theory, intercalation, eclipse
theory and planetary theory. Earlier systems sometimes have fewer sections and simpler

methods but their structure and, more importantly, the function of the systems are similar.

Translations and commentaries are seen everywhere in this dissertation. There is always the
concern over how to recover the ancient thoughts from the writing. I believe what the ancient
texts presented us are more than just what were written. The historical context could serve as
aids in understanding the texts themselves." On the question of translations, for example,
many people have discussed the the meaning and translation of the Chinese character /i J&. In
his article “Mathematical astronomy and the Chinese calendar”, Sivin (2o11) discussed the
distinct meanings of the word /i and explained why he uses “astronomical system” as the
translation to the word /i. The traditional translation “calendar” only represents the use of /i as
ephemerides in almanacs. However, other meanings include a system for predicting
astronomical phenomena, a treatise on this system and a method of computing an ephemeris
for the following year. In Sivin’s view, simply using the word “calendar” as a translation of the

Chinese /i is partial and misleading. The difficulty in translating the Chinese word /i lies in

! See Cullen (2005) and (2011a) for more discussions on the methods and principles in translating Chinese calendrical
systems. Cullen translated sections of the Si fen i (he calls ‘Han [li”) in a series of Microsoft Excel spreadsheets. The
excel file can be downloaded from http://www.nri.org.uk/lifa.html. He explained the reasons of translating with
Microsoft Excel in Cullen(2005). His translations of full texts of the San tong li, the Si fen li and the Qian xiang li is in
press.

10



finding one English word or term which corresponds to all these distinctive meanings. I
therefore suggest using the word /i as the English translation of Chinese /i. This is similar to the
use of the term zj directly in English as the translation of Islamic astronomical handbooks.
Historians either straightforwardly call it zij in English context or use the word “table” as a
representative. Similarly, I also call Chinese /i “system” in short for “calendrical systems”. I
prefer “calendrical system” rather than “calendar” or “astronomical system” as the
representative of the word /i because “Calendrical system” is closer to the literal meaning of
the Chinese word /i. Both “Astronomical system” and “Calendrical system” are clear enough to
indicate the complexity, function and the systematic structure of the Chinese /i and show the
most important similarity between Chinese, Islamic and western theoretical astronomy in
that they all attempt to study and make predictions of significant astronomical phenomena. I
agree that the official systems are all astronomical systems. However, there are other systems
in China which are astronomical systems but not related to the calendar. For example, the
system in the Zhou bi suan jing is an astronomical system, but it is not a calendrical system
and cannot be used as an official calendar. The structure of the system in the Zhou bi suan jing
is unlike other Chinese official /i. I also use the original Chinese word /i in the name of a
system rather than attempting to translate it. For example, I use Jing chu li rather than Jing chu

system. In this dissertation, I use calendar to refer to the Velocity Calendar.

1.5.2 Chronology

11



1 | jiazi ¥ |21 |jiashen HH |4 | jiachen H
2 |yichou LH |22 |yiyou LW |42 |yisi 4B
3 bing yin N |23 |bingxu P |43 | bingwu W
4 ding mao TOp 24 | ding hai TZ= 44 | dingwei TR
5 wu chen R |25 |wuzi T |45 | wushen pa::
6 |jisi o |26 |jichou oH |46 | jiyou Wi}
7 | gengwu B | 27 | gengyin Pt | 47 | gengxu B
8 xin wei SER 28 | xinmao 0n 48 | xin hai EZ
9 ren shen TH 29 | renchen Tz 49 |renzi +¥
10 | guiyou il 30 | guisi B 50 | guichou %H
n | jiaxu . |31 | jiawu GIEE 51 | jiayin FH 8
12 | yihai LZ |32 |yiwei LA |52 | yimao .90
13 | bing zi W 33 | bing shen PJH 53 | bing chen N&
14 | ding chou TH |34 |dingyou TH |54 |dingsi TE
15 | wuyin A 35 | wuxu A |55 | wuwu XA
16 | jimao ool 36 | jihai CZ |56 |jiwei W N
17 geng chen B = 37 geng zi BE 1 57 geng shen B H
18 | xinsi e 38 | xinchou FH 58 | xinyou R i}
19 | renwu +4 39 | renyin T 59 | renxu T
20 | guiwei 2K |40 | guimao 2500 | 60 | guihai BZ

Table 1.2 the ganzhi cycle.

12




The Ganzhi system (-3 sometimes translated “Sexagenary Cycle”) is a cycle with sixty
terms used to mark year, month, day and hours. There are 12 tiangan (heavenly stems) and 12
dizhi (earthly branches). It has been used in China since the Zhou dynasty without being

interrupted. *

Table 1.2 contains a listing of all 60 ganzhi terms. The 12 earthly branches were also used for
directions: zi ¥ represents north, mao gp represents west, wu F represents south, you [
represents west. The 12 earthly branches were also used to represent the twelve Double-Hours

in a day.

1.5.3 Specific systems in Chinese astronomy

Here I briefly introduce the preliminaries related to Chinese mathematical astronomy. In
chapter 3 and 4, I will discuss the detailed eclipse theory in the calendrical systems in early
imperial China. However, the basic ideas these system used in calculating astronomical
phenomena is by using cycles. It is to find periods of astronomical phenomena, construct
cycles based on it and make predictions based on the time when last astronomical event
occured. These cycles are periodic repetitions of celestial bodies, usually reflecting the mean
motion of the sun, the moon and the planets. Here is a simple example showing the use of

cycles, imagine there is a 12 year cycle for a planet. If we start in year 1, after 13 years, we would

2 See Smith (2011) for the use of ganzhi cycles in Chinese calendars.
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be in the 2™ year of the 2™ cycle, rather than year 14. If we start in year 1, after 100 years, we
would be in the 5" year of the 8" cycle, as shown by the following mathematics:

(1+4100) /12 =8 +5 /12
The remainder is used to determine where it is in a cycle. It allows us to know after 100 years,
how far we are away from the beginning of the next cycle, which probably indicates the
happening of a particular astronomical phenomenon. Although this example is much simpler

than the ones been actually used in calendrical systems it reflects the basic idea.

Table 1.3 lists the 24 solar terms which divide a solar year. Table 1.4 lists the 28 lunar lodges for
reckoning positions of heavenly bodies.* The widths of each lunar lodge changes over time,
see Cullen (2002) for a list of the lunar lodge positions according to ecliptic and equater and
an example of Zhang Heng’s celestial measuring system in the Eastern Han. These positions
were given in the unit of du. Solar path was divided into 365 1/4 parts, each part is named a du,

See Guan Zengjian (1989) for the astronomical meaning of du.

There is also a traditional 12 ci system for measuring the sky in traditional Chinese astronomy.
1 ci equals 30 degrees. It comes from the 11.86 years period of Jupiter. The 12 ci are Xingji £ 4C,
Xuanxiao % ¥5, Zouzi T, Jianglou (E3°28 Daliang KR, Shichen ‘EIk, Chunshou 351,

Chunhuo 35°K, Chunwei %5, Shouxing 35 /&, Dahuo KK, Ximu Hi K.

3 See discussions on lunar loges in Chinese astronomy in Liu Zhaonan (1979) and Stephenson (2008).
14



1 Lichun Enthronement of | 13 Ligiu Enthronement of
A Spring SLAK Autumn

2 Yushui Rainwater 14 Chushu Abiding heat
F7K JE

3 Jingzhe Excited insects 15 Bailu White dew
5o H &

4 Chunfen Vernal division 16 Qiufen Autumnal division
For Koy

5 Qingming Clear and bright 17 Hanlu Cold dew
L] e

6 Guyu Grain rains 18 Shuangjiang | Frost settles
FU b

7 Lixia Enthronement of | 19 Lidong Enthronement of
_\TE summer RS Winter

8 Xiaoman Small but full 20 Xiaoxue Lesser snow
7N A

9 Mangzhong | Bearded grain 21 Daxue Greater snow
TR RE

10 | Xiazhi Summer solstice 22 Dongzhi Winter solstice
H= A

1 Xiaoshu Lesser heat 23 Xiaohan Lesser cold
INE INFE

12 Dashu Greater heat 24 Dahan Greater cold
K& P

Table 1.3. The 24 solar terms.
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1 Jiao A Horn 15 kui B Crotch

2 Kang e Neck 16 Lou = Pasture
3 Di K Root 17 Wei B Stomach
4 Fang a Chamber 18 Mao 5 Hairy Head
5 Xin 1L Heart 19 Bi e Net

6 Wei 22 Tail 20 2i il Beak

7 Ji H Basket 21 Shen S Triad

8 Dou =} Dipper 22 Jing H: Well

9 Niu s Ox 23 Gui 2 Ghost

10 nii T Maid 24 Liu i Willow
1 Xu i Tumulus 25 Xing £ Stars

12 Wei 1G, Rooftop 26 Zhang ok Bow

13 Shi = Hall 27 Yi ®H Wings

14 Bi B Wall 28 zhen [ Chariot

Table 1.4. The 28 lunar lodges.
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Chapter Two Eclipse records and divination in early China

The systematic recording of eclipses was essential for astronomers to develop eclipse theories.
In imperial China, astronomers paid much attention to the observation of eclipses and left us
a total of more than 1,500 eclipse records in various treatises over a period of more than 2,000
years.* Eclipses also played a significant part in the development of techniques of celestial
divination. The tradition of systematically recording eclipses in Chinese history begins in the
Chun giu, which contains accounts of 37 eclipses dating from the 8th to the 5th centuries BC.
In this chapter I will first examine the development of eclipse divination in the pre-Qin period
and then focus on the influence of the Chun giu eclipses on later Han treatises. I discuss
questions such as what early primary sources do we have to study eclipses? How were eclipses
used in divination in the Pre-Qin period? What theories did ancient diviners use to interpret
astronomical phenomena? Eclipses eventually became the most important celestial

phenomena in ancient China. What caused this change? What happened during the change?

2.1 The records

2.1.1 Eclipse records and divination in the Pre-Qin period

The Chun qiu eclipses were not the earliest records of their kind in China. Unfortunately,

* According to Liu Ciyuan (2009), there are 961 solar eclipse records in Chinese treatises before AD
1500, 545 lunar eclipse records before AD 1500. For more researches on Chinese eclipse records, see for

example Stephenson (2007) and Steele (2000).
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however, only a small amount of evidence survives from the earlier period in primary sources
and we may therefore only touch on our topic by means of a few examples.” The earliest
relevant eclipse is the Zhong Kang ffiE eclipse, which is recorded in the Shang shu i35
(the Book of Documents), a book of pre-Qin history, as well as in the Ski ji 27T and the Zuo
zhuan 7r.f8. Although the Shang shu record does not seem to be sufficiently reliable to
confirm that this is an accurate records of a second millennium BC eclipse, the accounts in the
Shi ji and the Zuo zhuan suggest that this eclipse was indeed observed and was significant to
the early Chinese ruler.’ Unfortunately, we do not know the exact date of this event. Scholars
have proposed more than ten possible dates ranging from 22™ century BC to 20" century BC.
Recently the Xia-Shang-Zhou chronology project provided has proposed four most likely dates:
including October 3, 2043 BC, December 6, 2019 BC, November 5, 1970 BC and October 26, 1961

BC’

The accounts of the eclipse are much more detailed than a simple eclipse record: The ruler
Zhong Kang sent out troops and killed Xi 2% and He /1, local officers with astronomical and
astrological duties, after they failed in their predictions of the eclipse. Yin was ordered by the

ruler to campaign and announced to the public:

5 See Liu Ciyuan (2003) for a review on early Chinese solar eclipse records. See Mucke, H., & Meeus, ].
(1983a) and Meeus, J., and Mucke, H., (1983b) for canons of solar and lunar eclipses.

® Zhong Kang ¢ (ruled 215t??-20th?? century BC) is said to be the fourth king of the Xia &
dynasty. See Wu Shouxian (2000) for a historiographical study on the authenticity and possible dates
of this solar eclipse. See Loewe (1993) for introductions to the primary sources in early China.

7 Liu Ciyuan (2002). For more details on the Xia-Shang-Zhou chronology project, see Xia-Shang-Zhou

duandai gongcheng (2000).
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WERF AT, BAZE RIS, VRRL T, WEEERR MURRAD, BEWE . KA
W, RBET T, BEE, BN, EAE. ... (L) Bl [5fghe SUm,
AN R A A

On the first day of the last month of Autumn, the chen did not gather in fang; the blind
played their drums, the junior officials galloped, people ran around.” ... Zheng Dian notes:
“if the eclipse occurs earlier than the prediction time, the predictor will be killed. If the

eclipse occurs later than the prediction time, the predictor will also be killed.”
(Shangshu -Yinzheng)

Although the text suggests that astronomers at the time were able to predict solar eclipses,
based on my analysis of the early Chinese eclipse theories in chapters 3 and 4, it does not seem
reasonable to assume that astronomers at that time were able to make accurate predictions

on solar eclipses.

Solar and lunar eclipses were interpreted differently in China. Solar eclipses were generally
considered much more ominous than lunar eclipses. As a result, most early eclipse records are
of solar eclipses. However, there are at least five early lunar eclipse records found on oracle
bones, texts inscribed on animal bones and turtle shells.” Scholars have proposed different
dates for these records,” but all that can be said with certainty is that they date to between

the 14th and the 11th century BC. Based upon these sources, however, we know at least that a

8 Chen, the sun; fang, its own position. the chen did not gather in fang J< 354 T /% means the sun
did not appear at the position where it should be. See Wang Jiaxin (2008) for explanations on the
characters.

® Xu, Yau & Stephenson (1989), Xu, Stephenson & Jiang (1995). There are as well possible but not
reliable records of solar eclipses, see Zhang Peiyu, (1999).

* See Zhang Peiyu (2009) pp. 26-37 for a summary of these different arguments.
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lunar eclipse was an ominous phenomenon for the Shang people.”

Further evidence for the interpretation of a solar eclipse as ominous is provided by a record

from the Shi Jing &#45:

THZAE, WHI, AR, L2,
On the joining of the tenth month, the first day, the day of xinmao, there was a solar

eclipse, how ominous it is!
(Shi - Xiaoya)

This eclipse dates to a xinmao day, the first day of the tenth month in the sixth year of the
King You in Zhou dynasty & 4 T-. There has been considerble discussion of the date of this
eclipse. One date that has often been suggested is September 6, 776 BC.” According to Zhang
Peiyu’s calculation, however, the eclipse in 776 BC can not be seen in the capital of Zhou and
he therefore proposes a different date, November 30, 735 BC which seems more reasonable.”

On this date, an eclipse of magnitude 0.80 could have been seen in the capital of Zhou.

In the Shang dynasty, the interaction between people and heaven within religious and
divinatory practice was not as clear as in the Chun qiu period. In the Shang shu, Duke Zhou J#
7y said “what the people wanted, heaven will have its response. [ Frék, RKIAEZ”. The

Chun giu period scholar Fan Li i & said “heaven responds to the people, important figures

" See Chen Meidong (2003), pp. 28-30 and Zhang Peiyu (1999) for details of these eclipse records.
 See Zhang Peiyu (2006) for a historiographical discussion on the researches in favor of this date.
% Zhang Peiyu (1984).
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respond to heaven. KK N, ZEANF K" In the Zuo zhuan and Guo yu, the phrase “the fate
of a country is due to Heaven [E| Z /7T, K iy " appears several times.” The example in the
Shi jing clearly indicates that ancient Chinese diviners believed the meaning of eclipse in
astrology was ominous before the Chun giu. However, there is no evidence in these early
examples of any more specific interpretation of an eclipse rather than just the general
statement that it is ominous. The differences between these early examples and the records in
Chun qiu may be helpful for us to see the development of celestial divination in this period.
The following section will show how the idea of interaction between people and heaven was
linked up in the Pre-Qin period, and similarly, how the political meaning was given to eclipses

divination in the same period.

2.1.2 Chun qiu solar eclipses records

As the earliest extant chronicle book in Chinese history, the Chun giu 7 #K(Spring and
Autumn Annals) covers the historical events from 722 BC to 481 BC from the perspective of
the state of Lu . The Zuo zhuan 7r{%, also called Chun qiu zuo zhuan K714, is the
ghuan of the Chun qiu. A zhuan is a book with commentary. Thus, the Zuo zhuan is the
commentary on the Chun giu. After the Eastern Han Dynasty, the book was renamed Chun qiu

zuo shi zhuan FIKIE AR, or Zuo zhuan for short. According to Han shu-Yi wen zhi HE.

“ Guo yu, chapter 21, yueyu 2. Guo yu, a treatise based on the history of various countries from ggoBC
to 453 BC. Fan Li, politician and scholar around 6th century BC in the Chun Qiu period.
% Guo yu, chapter 12, jinyu 6.
' T, a state in northern China, lasted from the 10th century BC - 256 BC.
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2L, there are five annotated editions of the Chun giu: Zuo shi zhuan v X%, Gong yang
zhuan 2~ F1%, Gu liang zhuan B9HE Zou shi zhuan 3 FGAEE, Jia shi zhuan e B 7 Among
those, only the first three editions have been preserved until today. Gong yang zhuan and Gu
liang zhuan were written during the Western Han, with a focus on the interpretation of
Confucianism rather than on historical facts. The Zuo zhuan is broader in scope and is not
only concerned with important affairs in politics and the military, but also other topics in all
areas in daily life, including social customs, the system of etiquette, moral values as well as
astronomical knowledge. As a historical chronicle, in accordance with the style of the Chun
qiu, the Zuo zhuan recorded the history from the first year of Duke Yin of Lu (722 BC) to the

fourth year of Duke Dao of Lu (464 BC).

The Chun qgiu contains 37 eclipses records, among which at least 33 have been shown by Liyan
Guan (1998, 2000) to be reliable accounts of actual eclipses. As far as we can tell, Zuo zhuan
was the beginning of the tradition of regularly recording solar eclipses and other significant
astronomical phenomena. A list of the solar eclipse records in the Chun giu is presented in
Table 2.1. Columns 2 to 5 summarize the information found in the Chun giu records. Notes are
made by modern scholars to supplement and revise the information given by the records in

the Chun qiu.*

7 Han Shu-Yi Wen Zhi refers to the volume of art and literature in the Han shu (dynastic history of
Han). See Cheng A., (1993) for an introduction to the commentaries of the Chun giu.
*® Zhang Peiyu (2002). pp. 166-171
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No. | Chun giu solar eclipse records Date(BC) | Notes

1 Duke Yin | Year 3, month 2 Jisi 720.02.22

2 Duke Year 3, month 7, shuo Renchen | Ji 709.07.17

3 Huan Year 17, month 10, shuo 695.10.10 | Gengwu

4 Duke Year 18, month 3 676.4.15 | Renzi

5 Zhuang | Year 25, month 6, shuo Xinwei Gu | 669.5.27

6 Year 26, month 12, shuo Guihai 668.11.10

7 Year 30, month 9, shuo Gengwu | Gu | 664.8.28

8 Duke Xi | Year 5, month g, shuo Wushen 655.8.19

9 Year 12, month 3 Gengwu 648.4.6

10 Year 15, month 5 645.5.2 Renzi,
no solar
eclipse

n | Duke Year 1, month 2 Guihai 626.2.3

12 | Wen Year 15, month 6, shuo Xinchou | Gu | 612.4.28

13 | Duke Year 8, month 7 Jiazi Ji 601.9.20 | Month 10,

Xuan Jiazi

14 Year 10, month 4 Bingchen 599.3.6

15 Year 17, month 6 Guimao 592.5.8 Year 7,
month 6,
Guimao

16 | Duke Year 16, month 6, shuo Bingyin 575.5.9

17 | Cheng Year 17, month 12, shuo Dingsi 574.10.22

18 | Duke Year 14, month 2, shuo Yiwei 559.1.14

19 | Xiang Year 15, month 5 Dingsi 558.5.31 | Month 7,
Dingsi

20 Year 20, month 10, shuo Bingchen 553.8.31 | Not visible in
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Qufu

21 Year 21, month g, shuo Gengxu 552.8.20
22 Year 21, month 10, shuo Gengche 552.9.19 | No solar
n eclipse
23 Year 23, month 2, shuo Guiyou 550.1.5
24 Year 24, month 7, shuo Jiazi Ji 549.6.19
25 Year 24, month 8, shuo Guisi 549.718 | No solar
eclipse
26 Year 27, month 12, shuo Yihai 546.10.13
27 | Duke Year 7, month 4, shuo Jiachen 535.3.18
28 | Zhao Year 15, month 6, shuo Dingsi 527.418
29 Year 17, month 6, shuo Jiaxu 525.8.21 | Month 9,
hui,
Gengyou
30 Year 21, month 7, shuo Renwu 521.6.10
31 Year 22, month 12, shuo Guiyou 520.11.23
32 Year 24, month 5, shuo Yiwei 518.4.9
33 Year 31, month 12, shuo Xinhai 511.11.14
34 | Duke Year 5, month 3, shuo Xinhai 505.2.16
35 | Ding Year 12, month 11, shuo Bingyin 498.9.22
36 Year 15, month 8, shuo Gengche 495.7.22
n
37 Year 14, month 5, shuo Gengshe 481.4.19
n

Table 2.1 Solar eclipse records in the Chun giu.
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The recorded eclipses in the Chun giu date from 722 BC to 481 BC. Previous researchers (e.g.

Liyan Guan 2000, Zhang Peiyu 2002), have made the following three points about the records:

1) Three eclipses were not visible at the capital of Lu: Year 15, month 5 of Duke Xi; Year 15,
month 5 of Duke Xiang; and Year 21, month 10 of Duke Xiang.

2) Later eclipse records are more frequent; later eclipse records are more accurate.

3) Not all visible eclipses from Qufu were recorded in the Chun giu. The text usually records

eclipses with large magnitudes.”

2.2 Celestial divination from eclipses in the Zuo Zhuan

2.21  The political meaning of solar eclipses

The Chun giu only contains brief descriptions of solar eclipses, usually giving only the date and
ganzhi. By contrast, the Zuo zhuan records the interpretation of the eclipses as omens, and
explains the reasons and theories that the astrologers used in constructing their interpretation.
It has been argued by Pines (1997) that the Zuo zhuan speeches are reliable sources to
reconstruct the intellectual history in pre-Qin China. In any event, they are the only sources

we have and so provide our only way of accessing this information.”

In the earlier texts discussed above, the occurrence of a solar eclipse is clearly stated to be a

bad omen, but there is no discussion of why it was bad or how bad it was. In the Zuo Zhuan,

" See Zhang Peiyu (2002) for a list of the unrecorded eclipses.

* See also Stephenson (1992) and Zhang Peiyu (2009).
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however, eclipse omens became more descriptive and detailed. The influence of eclipses on

politics was highly emphasized. Here is an example from the 7th year of King Zhao:

E’ D;[lﬁa EFIF’ gﬁﬂ’ Eﬁﬁ'z, %1%&35’31’:1155, %&;{g’% @:1
BE, SRS, KRN, AF, i, BE, Xfghh, @8,
RRAK, BEXZ, KR, HEET, i LW,

A solar eclipse occurred on a jiachen day, the first day of the fourth month. The
Duke of Jin asked Shiwenbo: “which country does the eclipse aim at?” Boxia
answered: “Lu and Wei, mostly Lu.” The ruler: “Why?” Boxia answered: “the
eclipse is from the area of Wei to the area of Lu, if there is incoming danger,
Wei will suffer most of the danger, and its ruler will be punished; Lu will suffer a
smaller part of the danger, and the officer will be punished.”

(Zuo zhuan- the 7th year of King Zhao)

When the Duke of Jin asked his officer Boxia to interpret the observation of a solar eclipse in
Lu, it is noteworthy here that Boxia used a theory to explain the impact of eclipse, namely
field allocation theory.” This account is the earliest attested use of the field allocation theory
in explaining a solar eclipse. The text continues by answering a doubt many readers, as well as

the Duke of Jin himself, would have: why are eclipses bad omens?

NEL, EEPTERH TR, TR, Tl BE, AEBZEES,
BT, AR, RIBEGHT HHZ 5, SEATAEE, B=mc,
—H#AN, “HRHER, =F1tk.

The Duke asked: “the Shi said if the sun is eclipsed, bad things would happen.
Why?” Boxia answered: “it is the country's poor political operation. (If the ruler)
ruled the country badly, does not apply virtue, he would be punished by the
suffering of the sun and the moon, thus ruling can not be not cautious. There
are three missions, the first is selecting officers, the second is following the

* Shiwenbo is Boxia's political position. Field allocation theory is a theory in Chinese astrology, which
related different countries or places on earth to specific areas on heaven. See Li Yong 455 (1992)

Zhou Liang and Li Yong.(2013) for detailed studies on the field allocation theory in China.
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people, the third is obeying Heaven.
(Zuo zhuan- Year 7 of the Duke Zhao)

Boxia extended the ominous meaning of eclipse to politics. He argued the solar eclipse was a
bad omen in the Shi because it symbolized the country's poor political operation. Eclipses
were the warnings given to rulers by Heaven. The happening of a solar eclipse was linked to
the poor government of the country, since the first to be responsible was the ruler, thus it is

possible that the solar eclipse is because of a particular ruler.

The increasing political significance of eclipses also resulted in the performance of sacrificial

rituals. For example, a ritual was held after an eclipse in year 17 of Duke Zhao:

2, NA, WG W, BHARZ, BT, BrHE, HARZ, KT
ANER, e tt, RO RAL, eone], e, Pz, Bk,
MEIEA W, BARME, HAERZ, ReFakais, bl Helien, K8
B, A, H@npmkE, =JREK REFAasEEY, BARER, 2
Rpdbz2a, LW, e, MEEH, RAMET S, %5, HR5, JE
NiE, WEAMZEE, HREUA, &R, Friika, HrieH, Kk
ARE, AHER.

On jiaxu, the first day of the sixth month of summer, the sun was eclipsed. The
invocators and scribes asked to use offerings of silk. Zhaozi said, "When the sun is
eclipsed, the rites require the Son of Heaven not to spread (his table) but to beat the
drum in the temple, and require the many lords to offer silk in the temple and beat
the drums in the court." Pingzi opposed this, saying: "Stop. It is (only) on the first day
of the first month, when the evil has not yet acted and the sun has been eclipsed that
to beat the drums and to offer silk is according to the rites; otherwise it is not." The
Grand Scribe said, "It is in this month; the sun has passed the equinox but is not yet at
the solstice. When the three chen have disaster, the hundred officers send down
presents and the lord does not spread (his table), retiring until the time (i.e., the
eclipse) has passed. The musicians play the drums, the invocators offer silk, and the
scribes use their words. Therefore the Book of Xia says, 'The chen did not gather in
Fang; the blind ones played their drums, the lower officials galloped and the
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multitudes ran about.' This refers to the first day of the month; it was in the fourth
month of Xia, what we call the first month of summer."
(Zuo zhuan, Duke Zhao, Year 17, translated by Zhang Peiyu, 1990)

These rituals were performed as a response to the criticism implied by the observed eclipse.

2.2.2  The modeling of eclipse divination

The interpretation of eclipses presented in the Zuo zhuan evolved over centuries. In the
following sections, I use the term “modeling” not to refer to a unified model in eclipse
divination in the Chun qiu period but rather to applying various theories of eclipse divination.
Among the various astronomical phenomena mentioned in ancient Chinese treatises, solar
eclipses were considered to be the most significant one. In the Chun Qiu period, people started
to wonder about the causes of eclipses. As one of the most recognizable astrologers in the
Chun qiu, Zishen made the argument reflecting the belief that solar phenomena will not cause

disaster when they are running as usual:

KEH LR, BEEZ. SFBRFEEE: [ZPi? smEmas? |

BE: [ 2200, HARZ, ARK. HAZATE, 70, FiEd; 248
B, HALHRIAS . ]

A solar eclipse occurred on a renwu day, the first day of the seventh month in
Autumn. The Duke asked Zishen: “what exactly is it, is it a good or bad omen?”
Zishen answered: “(in the month of) equinoxes or solstices, when the sun
eclipsed, there is no disaster. The movement of the sun and the moon, on
equinoxes, (they are) in parallel; on solstices, (they) pass each other. In the
other months there will be disasters.

(Zuo zhuan-Year 21 of the Duke Zhao)
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How to understand warnings from Heaven? Where does the warning aim at? In order to
develop an effective eclipse divination method, astrologers in the Chun giu period began to
make predictions using modeling methods. In the above-mentioned example of the eclipse on
the seventh year of the Duke Zhao, Boxia clearly pointed out that Lu and Wei will be the
objects of the prediction. The eclipse will mostly be aimed at Wei since the eclipse was seen
from the area of Wei to the area of Lu. His prediction was correct: four months later, the Duke
of Wei died. After another three months, the chief officer Jiwuzi Z= ¥ passed away. The
Duke of Jin was amazed by Boxia's successful prediction and asked Boxia to develop a theory

to predict eclipses:

+—H, FRTE. SEHEAERE: TEFEHE, 2, TEP? |
B [AL. AR, RoA— A BBARL FHREL,

IR () Bl alaeat)E e, UM R AR

e
/A\EI: |—1ﬂ‘§%/—‘\A¢%? J %{I‘EI: (ﬁ\ H%\ El\ H\ EElE\ }L:z‘? %%‘%mo
NE: [ZEEFNR, M. MaEx? | B [HAZEEHER,
WL H . |

In the eleventh month, Jiwuzi passed away. The Duke of Jin asked Boxia; “the
solar eclipse I asked, from now on, can you make regular (predictions)?” (He)
replied: “I can not. The six factors are different, people are not in harmony, the
sequence of matters are not the same, the political position differs. The
beginnings are alike while the endings differ. How to make regular
(predictions)? Shi said: ‘either rest with pleasure, or exhaustingly serve the
country.’” The varied endings are like these.” The Duke of Jin asked: “what are
the six factors?” Boxia answered: “The year, the time, the sun, the moon, the
planets, and the Chen.” The Duke of Jin said: “Many have mentioned the Chen
to me, but not quite the same. What is the Chen? (He) answered: “The
conjunction of the sun and the moon is called the Chen, thus it accompanies
the sun.”

(Zuo zhuan-Year 7 of the Duke Zhao)
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In Boxia's opinion, too many factors could affect the prediction of eclipses. Even though he
was successful in the earlier prediction, it is still not quite possible to use one single theory to
make all the future predictions. Diviners were only starting to use theories on eclipse
divination at that time, thus Boxia's caution was quite wise. However, as long as eclipses are

related to political affairs there will naturally be a will to produce a divinatory theory.

The field allocation theory is not the only theory used in eclipse divination in the Zuo zhuan.
For example, the interpretation of an eclipse in year 31 of the Duke Zhao mentioned the

wuxing theory:

TR, HAERZ. 2R, BRrAE PR . B
e, B [HEWE, SmHE, frh? | X [NERIEAE,
RENHF ! &5, AE6, MUK, HAERE. BFZH,
Hinfw. Kiks, #obs. |

On a xinhai day, the first day of the twelfth month, the sun eclipsed. On that
night, Zhaojianzi dreamed of a weak child, who danced and sang. On the next
day, he asked scribe Mo to divine (and)said: “Thus it is my dream, and the sun
eclipsed today, why?” Mo answered, “after six years, in this month, Wu will
enter Ying! At last (Wu) will not conquer it. The entrance to Ying must be on
the day of gengchen, the Sun meets the Moon on the last part of Chen. On the
day of gengwu, the sun will be eclipsed. Fire overcomes Metal, thus (Wu)
cannot defeat. ”

(Zuo zhuan-Year 31 of the Duke Zhao)

Instead of Boxia’s Field Allocation theory, Shi Mo used the wuxing theory, along with the
ganzhi cycles to interpret the dream.” He predicts the Kingdom Wu may enter Ying, the

capital of the kingdom Chu on the day of gengchen. This is because the Sun meets the Moon

22 See Graham (1986) and Nylan (2010) for explationations on the Yin yang and wu xing theories.
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on the last part of Chen on that day and there was a solar eclipse on the day of gengwu.
According to the wuxing theory, geng represents metal and Chu represents fire. Fire
overcomes metal, thus the ganzhi of this day implies the kingdom Wu cannot completely
defeat the kingdom Chu. Based on these examples, we can see that different eclipse divination
theories co-existed in the Chun qiu Period. At this time, there was not a dominant theory.

Here is another example of yet another model of eclipse divination:

BTHOKRY, HARZ. FEE: DEK. | BTH: [BH. Hid

SYTMURASE, e E, REETT? ARSI RN | B
H. K%,

On a yiwei day, the first day of the fifth month in the summer, the sun was
eclipsed. Zishen said: “there will be a flood.” Zhaozi said: “it is a drought.”® The
sun has passed the vernal equinox and Yang still did not overcome Yin. (When)
it overcomes there must be lot of (yang), how could be no drought? The Yang
has not yet overcome, it will accumulate.”... In the eighth month in Autumn, a
grand yu ritual (was held), a drought (happened).”

(Zuo zhuan-Year 24 of the Duke Zhao)

The predictions by Zishen and Zhaozi were quite different. The general view was that the
solar eclipse was caused by Yang overcoming Yin. Water is associated with Yin and this is the
reason Zi Shen predicted a flood. The sun eclipsed, Yang is shadowed by Yin, thus there
should be plenty of water and there will be a flood. Zhaozi did not agree with his opinion, he
argued that when Yang rises, it should overcome Yin, but it did not. Thus Yang will be

accumulated to overcome Yin. If it succeeded, there will be too much Yang and there will be a

* Zishen and Zhao zi are both officer in the Lu.
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drought. Thus the eclipse was the precursor of the drought. The two diviners were making

predictions based on the same eclipse but they came to opposite results.

These examples show that it was common to use the model method to perform eclipse
divination but there was not a unified model in eclipse divination. Rather different astrologers
used different models (for example field allocation theory, wuxing theory, and yinyang theory)

in order to interpret an eclipse.

2.2.3  Summary

In this section I discussed the astrological meaning of eclipse records in Zuo zhuan as well as
their impact on later periods. First, I argued that the Zuo zhuan was the first treatise in ancient
China to give clear political meanings to solar eclipses. The system in the Zuo zhuan modeled
a method of eclipse divination and created a direct relationship between rulers and
astronomical phenomena. This eventually made eclipses the most important celestial
phenomena in ancient China. Secondly, I discussed the models of eclipse divination in China
that were formed in Zuo zhuan. There was no single way to interpret a solar eclipse in the

pre-Qin period, rather several models were being tried and recorded in the Zuo zhuan.

2.3 Eclipse records and divination in the Han

2.3.1  Han eclipse records

As one of the most important Confucian Classics, the Zuo zhuan was highly valued and
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followed by ancient Chinese historians. The eclipse records in Zuo zhuan were representative
of the pattern of recording solar eclipses in ancient China. It is the beginning of the tradition
that later Chinese historians regularly recorded eclipse in the dynastic histories. After the Zuo
zhuan, Chinese historians started to provide more details in their eclipse records, such as the

time of the eclipse, the magnitude, and the position of the contact. For example,

TAZAR, HARZ.CHPBE, AR, &2, WE.

On a guiwei day of the seventh month, the sun was eclipsed...... at noon, the
eclipse started from northeast, (the magnitude) was over half, it recovered in
the hour of bu.**

(Han shu, chapter 37)

The recording of solar eclipses became more systematic with records of most, although not
all, of the visible solar eclipses preserved after the Western Han dynasty.” Records of 59 solar
eclipses are preserved from the Western Han and 78 from the Eastern Han. It is worth noting
that not all eclipse records are reliable. Scholars have shown that (1) in certain years almost
all visible eclipses were reported, and in other periods many were neglected (Dubs 1938-1955),
and (2) there are false eclipse records preserved.” Bielenstein (1950) and Eberhard (1957;
1970) argued that the records of eclipses preserved in the dynastic histories were

manipulated under political considerations, and hence faked eclipse records were indirect

* Bu-shi, the hour of bu, 3pm-5pm.
* For lists of East Asian eclipse records, see Zhu Wenxin (1934), Zhuang Wei-feng & Wang Li-xing
(1988), Stephenson (1997) and Zhang Peiyu (2006).

*® Stephenson (1997).
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evidence of their political significance.”

Lunar eclipses had much less political significance than solar eclipses. As a result,
observations of lunar eclipses were only rarely recorded in the Han (it was not until the
southern and northern dynasties that lunar eclipses were regularly recorded in the dynastic
histories). In part this is because they are easier to predict astronomically than solar eclipses.
When observations of lunar eclipses were recorded in this period it is generally because they
were used in astronomy rather than for their astrological interpretation. For example, in the
example of the Yuan jia li reform tests discussed in chapter 5, five lunar eclipses are recorded
and are used to determine the position of the sun. They are recorded in the [ii li zhi, treatise of
temperament and calendar, rather than the tian wen zhi, treatise of astrology. The only
astrological use of lunar eclipses in the Han appears in the Houhanshu where we have two
cased where it is reported that “the lunar eclipse was not at its month H &3EH H,” but in
neither case was any interpretation of the meaning of the eclipse made.” By contrast, most
solar eclipse records are accompanied not only by interpretations, but also activities such as

rituals or punishing high officials.

2.3.2  The treatment of eclipses in the Han

As discussed in section 2.2, in the pre-Qin period, Chinese began to give significant political

7 However, Pankenier (2012) has recently reviewed the researches on the reliability of Han Dynasty
solar eclipse records and argued most erroneous were scribal errors rather than been faked.

** Hou han shu, p.3946.
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meaning to observed astronomical phenomena. This bond between astronomy and state
politics became even closer during the Han. As I will discuss in chapter 5, during the Han,
Dong Zhongshu F %7 developed a political philosophy based upon the idea of the
Mandate of Heaven (tian ming Kfi) in which the emperor only ruled with Heaven’s
permission and that Heaven could show either good or bad signs based on actions of the ruler.
As a result, more or less any unexpected astronomical phenomena such as a comet or a guest
star became important within state politics, although eclipses, especially total solar eclipses,

were the most significant omens. *

Eclipses could be either a warning to the emperor of incoming danger or a criticism of his
mistakes. On the occasion of a solar eclipse in 178 BC, the Han Wen emperor interpreted the

eclipses as a criticism of his governance and issued an edict to blaming himself (zuijizhao JF

Chaf):

T—HZU, HARZ. sE: [RHEZ, RER, RZEEURRZ.
NEANE, WEAY, MIRRZEUBAR. it i, HARZ, EHE
JAR, SRS BB R R, M2 St EREEZ B, RTEEL
YN, =B E RN, K EARIGEEL, EUR=IZH,
HAERR, 2%, HBHERKRZEK, KB, SRSk, 58
B RIIERE SR, UERZAE. FEBCUMIE, B8E0wEDIER.
PREEASREELE, MUMARSIINZ AR, RUBRMRE . SHAGERE LN,
N, R HEE. KERBEME, trEUMEE. ]

On the last day gengwu of the eleventh month, the sun eclipsed. (He issued) an edict

29 See Lagerwey and Kalinowski (2009) for a general discussion on early Chinese religion, see Bielenstein (1950),
Eberhad, (1957), De Respigny (1976), Bielenstein and Sivin (1977), Kern (2000) and Chemla, Harper and Kalinowski,
eds. (1999) for discussions on the political use of omens and portents. See Xiong (2007) for a later example during the
Tang.
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saying; ‘I heard it, Heaven brought people, set the ruler for them to nourish and
govern them. If the human ruler is short of virtue, the governing is not balancing,
then Heaven brought a bad omen to warn about the bad governing. The last day of
the eleventh month, the sun eclipsed, accused by Heaven, no warning is more serious
than this. I am responsible to conserve the ancestral temple, to the tiny body on
behalf of people and dukes, the governing of the whole country, is on me myself, only
two or three chancellors are like the limbs of my bodies. Downward I cannot rule and
govern the people, upward I diminish the brightness of the sun, the moon and stars,
the guilt is huge. When the edict arrives, all need to think carefully about my
erroneous deeds, and the shortcoming of mysightedness, I sincerely ask to tell me.
Recommend xianliang fangzheng, who speaks straightforwardly, to correct my
flaws.*> Thus the officials need to do their own jobs, save corvée and expenses for
people’s convenience. I cannot reform what is distant with virtue, that is why I am
not at ease, worrying the other clans would rebel. Thus the defense and preparations
cannot cease. Even if now cannot stop the frontiers and to exploit land, should not
order forces to strictly guard me, dismiss the troops led by the general of guards. Keep
to a sufficient number the horses administered by the Grand Coachman, the
othershould all be used for posts.”

(Han shu, chapter 4)

Other emperors used high officials as scapegoats, as in the following example concerning
Wang Mang, the emperor of the short-lived Xin dynasty between the western and the

eastern Han:

=HAEHE, HARZ. KR RARSRWH: [HEM8EE T4
B, HERFESENE, St IRA. KEr=218ME S, afrh e ERs
Ho ULRE a A KA fS. |

Mg, HAEREZ. KBORT. B AWK E -~ TARUTH— A K
m RGBT LA H &, B R EO A KRS

On the last day of renshen of the third month, the sun eclipsed. The country was
amnestied. (The emperor) relieved the Commander in chief Lu Bing and said, “the
sun was eclipsed and lost light, the arms would not cease, let him submit the seal of
the Commander in chief, (and let him) take (his own) Aou-duke position. Don't let

® Xianliang fangzheng & R 77 I, literally means virtuous and expostulate. It later became a way the

Han ruler select people as officials.
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the Grand tutor Ping Yan perform the affair of the Master of Writing, relieve the
palace attendants and bureau officials who serves concurrently, and appoint Miao
Xin of Limiao nan-Duke to be the Commander in chief.”

On the last day of wuzi of a month, the sun eclipsed. The country was amnestied. And
ask the ministers, grandees and dukes who earns 2000 shi to recommend man with
one of the four virtues. The commander in chief Chen Mao was relieved for the solar
eclipse, appointed Wujian bo-duke Yan You as the commander in chief.

(Han shu, chapter 99)

Another response to an eclipse was to hold a ritual sacrifice. As discussed in section 2.2.1, this
tradition is already described in the Zuo zhuan. In the Han, the rituals became even more
complicated. The Shiji explained the reasons why the emperor and high officials were targeted

by an omen and why rituals need to be held:

HS et J8am, BEEE. RS, BT L. BUEEKR, A1EEE;
5571, ﬁ’rﬁa’lf%to K EAgAE, HRASEL HRER, HRg#, BT,
KRERZEAR, M=Jsz 5w, HA&E, S, WRZEHR, HER
IRATRKIE o SRFLBABCERRAD, &l O [R] N4, i, RZIKE).
R REGE, B =T. BIRES, B, SR, RIREMRR.

If there is a solar anomaly, practice virtue; if there is a lunar anomaly, reduce
punishments; if there is a planetary anomaly, join in harmony. In all cases of celestial
anomalies, if the [regular] measures are overstepped, then prognosticate. If the lord
of the state is strong and great, the virtuous will prosper, and the weak and small,
fawning and false will perish. The ultimate superior cultivates virtue, the next level
practices [good] government, the next level carries out relief efforts, the next level
conducts expiatory rites, directly below that there is nothing [to be done]. Now,
changes in the constant stars are rarely seen, but prognostications concerning the
Three Luminaries are frequently applied. The Sun and Moon, with their halos and
blemishes, clouds and winds, these are the transient [effects] of celestial materia
vitalis, and their production and appearance also have their major cycles. Moreover,
with regard to the vicissitudes of governmental affairs, they are the most proximate
tallies of [the interaction] between Heaven and Man. These Five are the responsive
movements of Heaven. Those who deal with the Regularities of Heaven must
comprehend the Three and the Five. [Having explored events] from beginning to end,
from ancient times to the present, [we have] looked deeply into the vicissitudes of
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the times, examining the minute and the large scale, [so that exposition of] the
Celestial Offices is now complete.
(Shiji, translated by Pankenier 2014)

From the Western Han dynasty on, examples of using the modeling theories to explain
eclipses appear again and again. For example, the Ganshi xingjing, a treatise on astrology by
Gande and Shishen which is preserved in the Kaiyuan zhanjing, an astrological work from the
Tang dynasty, describes eclipse divination based on seasons, the month of the year, the times

of day and the shadow direction.*” Examples from the Ganshi xingjing include the following:

HKE: HHERERNM, N5,

Gande stated: If the sun rises and is eclipsed at the time of breakfast, it is aimed
at Qi*.

HIKRE: HMMASE, kT4, HHZ.

Gande stated: If a solar eclipse started from one side, (it is because) governing
policies fails, the minister should bear it.

(Kaiyuan zhanjing, chapter 9)

ARE: = HMARE, KKH .

Shishen stated: If there is a total solar eclipse occurring in the third month,
there will be serious flood.
(Kaiyuan zhanjing, chapter 10)

2.4 Summary

% Gande and Shenshenfu were astronomers in the Warring States period. Their works were only
preserved in other treatises such as the Kaiyuan zhanjing. Yabuuchi, (1937), Qian Baocong,(1937)
Maeyama Yasukatsu, (1977) and Hu Weijia SH4EfE (1998) all studied the date of the Ganshixingjing .
Most recently, Sun Xiaochun and Kistemaker (1997) have argued the star positions recorded in the
Kaiyuanzhanjing date from 70 BC.

2 Qi, 77 A country in east China in the Chun Qiu period.
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This chapter has discussed the history of eclipse divination from the Pre-Qin period to the
Han. Up to the period of Qin, eclipses were of importance only for their ominous meaning. By
the Han, eclipses had become an important subject within mathematical astronomy (see
chapters 3 and 4), but they remained just as important for their role in celestial divination.
The interpretation of a solar eclipse was usually linked to the behavior of the ruler: it was
either a warning of potential danger or a criticism of a ruler’s mistake.

Eclipses were regarded as just one of the important factors in divination before the Chun qiu
period. Then patterns were constructed to interpret eclipses in divination as astrological
omens. Based on the examples chosen from Zuo zhuan as well as other Pre-Qin eclipse records,
I have argued that the Zuo zhuan is the first treatise in ancient China to give clear political
meanings to solar eclipses. The system in Zuo zhuan modeled a method of eclipse divination
and created a direct relationship between rulers and astronomical phenomena. This

eventually made eclipses the most important celestial phenomena in ancient China.
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Chapter Three  The Development of Eclipse Theory in the Han

In chapter two, two major questions were investigated: for the diviners, how to interpret a
solar eclipse, and for the ruler, what needs to be done after observing a solar eclipse? From the
pre-Qin period to the Han, as eclipses gradually became more significant, naturally people
would think about the possibility to predict the occurrence of a solar eclipse in advance. This
chapter focuses on the theoretical development of methods of predicting eclipses during the
Han.*® During this same period, Chinese astronomers were able to develop theories to predict
eclipses. In order to examine the early forms of eclipse theories, in this chapter I analyze the
development of eclipse theories in different systems. Two main questions will be addressed in
this chapter: first, how did Chinese astronomers use cycles to predict solar and lunar eclipses?
Second, how did astronomers during the Han further develop the methods of eclipse

prediction?

3.1 The use of cycles in eclipse prediction in the San tong li

The earliest evidence of an eclipse theory in a calendrical system is found in the San tong li

adopted in 7 BC towards the end of the Western Han.** Refinements to this theory were

33 For previous researches on eclipse theories and prediction in China, see Steele (2008), Li Guangshen (1963), Chen
Jiujin (1983), Foley. (1989), Chen Meidong (1991), Chen Meidong (1992), Li Jiancheng (1994), Stephenson and
Fatoohi (1995), Hu Tiezhu (2001), Qu Anjing and Tang Quan (2008).

# LiuXin F#X(53 BC — AD 23) constructed the San tong li and develop reformed astronomical
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introduced in subsequent calendar systems of the Eastern Han. It is unclear whether the
eclipse period in the San tong li is intended to be used for both solar and lunar eclipses or only
for lunar eclipse. Shi Yunli and Xing Gang used the San tong li method to calculate lunar and
solar eclipses and compared it to modern calculation and ancient eclipse records such as the
Chun qiu eclipses, and found that the lunar eclipses results are much better than solar ones.
Also, both the San tong li and the Si fen li texts only explicitly mention the calculation of lunar
eclipses rather than solar eclipses or both. Therefore, Shi and Xing argued that the San tong li

was only used in lunar eclipse prediction.*

In the San tong li, units such as the yuan, tong, zhang, year, month and day are used to
describe time intervals. Beyond these units, the Ultimate Epoch (shang yuan LJG) is a
combination of all cycles in the system. One problem in using cycles to represent
astronomical periods is that the values of fundamental astronomical parameters often contain
fractions rather than only whole numbers. In order to simplify calculations using different
cycles, denominators are used in fractions with the name ‘factor’ (fa ¥%), for example, the Day
Factor (ri fa Fi%), the Rule Factor (zhang fa %i%), the Era Factor (ji fa %0i%), the

Concordance Factor (tong fa #ti%) and the Ultimate Factor (yuan fa JGi%).%° After a certain

theories on the basis of the Tai chu li. Cullen (2001) discusses Liu Xin 1/#X, his system and his writing,
the Canon of the Ages (Shijing tH#X).

% Shi Yunli and Xing Gang (2002) and (2005).

% Scholars translate fa % as either “factor” (Cullen 1996, Morgan 2013), “divisor” (Sivin 2009), “rule”
(Sivin 1969) or “denominator” (Sivin 2008). In this dissertation I translate fa ¥2; as “factor”. In most
cases, fa works as the devisor or denominator in a fraction that corresponds to an astronomical period.

But there are also examples of the use of fa as a numerator. For example, in the San tong li, the length
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period, usually a periodic cycle, when fractions accumulate to produce a whole number, the
factor will be eliminated. For example, the length of a solar year in the San tong li is 365
385/1539 days, where 1539 is known as the Concordance Factor. The system set the cycle of
Tong as 1539 years, which makes a total of 562120 (365x1539 + 385) days, a whole number

rather than a number with a fraction of days.*”

The San tong li eclipse theory is described in only in a brief account of the eclipse period and

the steps to calculate the month of eclipse:

A, BEEasfal, Lot =%y, fa=1t15L, K. A&, -+
=/H. #a="15, B, EHIE, 55, RedE. ks, £
o

To calculate the lunar eclipses, use the remainder (after taking out) the Meeting Year,
multiply the total number of months by 23. If it is over 135, divide it (by 135). If it is not
enough, add 23 to reach a month. If it is over 135, take the whole number out of the result.
Count out (the last month), it is the month of the eclipse. This time is on the full moon’s

day, the sun is on the opposite of the synodic point.
(Han shu, chapter 93)

In the San tong li, the Meeting Year (hui sui & %) is a period of 513 years, which equals 6345
months. Liu Xin uses this large number for a numerical reason: 6345 is the least common
multiple of 135, the number of months in one eclipse period and 235, the number of months in
one Rule cycle (the 19 years intercalary period). This means there are 47 135-month eclipse

periods in one Meeting Year. After 6345 months, the cycle of the eclipse period and the cycle

of the synodic month is 2392 / 81, which is yue fa (month factor) / ri fa (day factor).
% For a more detailed introduction on the use of cycles in early Chinese mathematical astronomy, see
Sivin (1969).
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of intercalation meet again in the same place. The total number of months is calculated from
the epoch, when all astronomical periods in the calendrical system have a uniform starting
point. The method uses the remainder after taking whole numbers of the Meeting Year out of
the months from the epoch to the year we are calculating. According to the San tong i, there
are 23 eclipses in 135 months. After each month, the eclipse period has passed 23 / 135 eclipses
to the next whole number, when there is another eclipse (the text reads simply “to calculate
the lunar eclipses”, but it is clear that it is referring to eclipse possibilities). We therefore
multiply the total number of months by 23 and divide it by 135, which means dividing the
number by 135 / 23, the time between two eclipses. The fraction in the result shows where we
are within that 135-month eclipse period. The number of months away from the end of this

eclipse period is also how far away we are from the next eclipse.

For example, if we calculate using 4 months as the remainder of the number of months after
taking out the Meeting Year: We multiply 4 by 23 to find 92. Since 92 is less than 135, no eclipse
has happened in the past 4 months. To find the next eclipse we need to go beyond 135 and so
we must add on two more multiples of 23 to get to 138, which is larger than 135. Thus, there
will be an eclipse in the second month of that year. If we calculate using 100 months as the
remainder of the number of months after taking out the Meeting Year we will find: 100 times
23 equals 2300, which is greater than 135. We therefore need to take out multiples of 135,

which can be done by dividing 2300 by 135 to find 17 5/135, from which we can remove the
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integer part to be left with 5/135. Next, we subtract 5 from 135 and divide the result by 23 to

give 515/23, meaning that there will be an eclipse in the fifth month of the year.

3.2 The eclipse theory in the Si fen li

When the Eastern Han replaced the Xin Dynasty in AD 25, it continued to use the San tong li.
However, several tests of the accuracy of the system and proposals to reform it were made, for
example by Yang Cen 154" in AD 62, Dong Meng F i in AD 66, Zhang Sheng 5/, Jing
Fang 5[ and Bao Ye ffi3£ in AD 68, Jia Kui Hi%E in AD 92, Zong Gan SEAH in AD 100,
Huo Rong ZE fifl in AD 102 and Cai Yong #5&% in AD 175 Bian Xin and Li Fan were
appointed by the Han Zhang % Emperor to revise the calendrical system. However, the Si fen
li, which recorded in the treatise of temperament and calendar in the Hou han shu, is possibly
a combination of developments by other astronomers and the work done by Bian Xin and Li
Fan.* The eclipse theory has been tested and revised a few times in the reforms mentioned
above and this led to a much longer and complicated eclipse theory in the Si fen /i than the
San tong li theory. But both system use the same eclipse period, 23 eclipse possibilities in 135

months:*

AEleAd, ez, 2o t=amElk, HAa=11%, M

* See below Table 5.1 for the reasons and results of these calendrical reform suggestions. See Cullen
(2000) for the details of Jia Kui’s memorial, see Cullen (2007a) for three cases in the Eastern Han, Yang
Cen, Jia Kui and Cai Yong debates, Cullen (2007b) for the reform by Huo Rong in AD 102. Yabuuti (1963)
and Chen Meidong (2003) have also discussed the astronomical reforms in the Eastern Han in detail.

% Chen Meidong (2003) pp. 177-179.

** Chen meidong (2003).
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The origin of the number of lunar eclipse, is from marking the cycle of lunar eclipse. It
governs 23 eclipses and when the cycle is completed, there are 135 months. The ratio
from dividing, is 5 20/23 [months] per eclipse. Divide it from the months in a solar year,
and get 2 and 5[5] / 513 eclipses in a solar year. To remove the factors separately, thus by
finding the common multiple of (513 and) the Bu Factor. Get 4 and 27, to multiply each
other, and meet at 2052, (multiply) 20 and it meets with yuan.

Yuan Meeting, 41040.
Bu Meeting, [2]o5[2].
Sui Number, 513.
Eclipse Number 1081.
Month Number, 1[3]5.
Eclipse Factor, 2[3].

HENFRAHTEL: Lonihbr % boo, HERAACIEERZ, FrfSEWERLS, AT
fOt. ANWECTRE, ARCERW. MUEERRZ, Prsfut F . 540, B
NG AL, S5k, BTSRRI

The method to calculate into bu says, take out Epoch Factor from the Ultimate Epoch,
divide the remainder by Era Factor, the number you get follows the heavenly era. Count
out, it is the era you entered. What less than the Era Factor, is the year number inside
that era. Divide it by the Bu Factor, the result begins from the Jia zi bu. Count the
preceding out, name it by the sui name of that Era. Count the preceding in, it is where
the tai sui is of the year to calculate.”

AR EE DotEkrs oo, RRUEEire, bl () + (B)

* Where the tai sui is of the year means to calculate the name of a year in the ganzhi sequence.
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Pz, WANTERZEZ, SGUZ TR () FrRBUeRAL, 550, FTAL. AW
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FLLUIr) AN&dpedatne, b, RUPRE ORI .

To calculate the year of a lunar eclipse in a bu, take out Yuan Meeting from the Ultimate
Epoch, divide the remainder by the Bu Meeting, multiply (27) to the result, take out 6o
when it reaches 60, divide the remainder by 20, what you get follows the heavenly order,
take one from it, inside the Era, if it does not reach 20, the number begins from the bu of
Jjiazi, take one from it, it is the entry to the Bu Meeting. When it first does not reach the
Bu Meeting, it is the year number into that bu. Count the preceding in, it is (where the

tai sui is) at of the year to calculate.
(Hou han shu, chapter 13)

There are two sections of texts related to eclipses in the Si fen [i. The first section provided the
eclipse period, related astronomical terms, and the method to calculate the cycle of bu, which
is related to the eclipse theory in the second section. The second section provided detailed
methods to predict eclipses. Between these two sections are other parts of the calendrical
system. The first section began by straightforwardly giving the eclipse period of the system, 23
eclipses in 135 months. Then it explains the astronomical meaning and value of the six terms
listed behind. According to this eclipse period, Month Number is 135 and Eclipse Factor is 23.
It gives the length of time for an eclipse, and the number of eclipses in a solar year (sui). In the
Si fen li, there are 235 / 19 months in a sui. Divide 235 / 19 by 135 / 23 and the result is that, in
each solar year, there are 2 and 55 / 513 eclipses, or 1081 / 513 eclipses. After 513 years, the
eclipse period comes to a complete cycle in line with the intercalation cycle. Thus, 513 is

named the Sui Number. 1081 is the Eclipse Number. Then the text calculates the least common

* The text in the Han hou shu (1965) edtion is:*s% LA —1-BRFTHEL, e R4C, HAM, FrAAL. "Here

I adopted the revised version by Liu (2003). Chen (2008) adopted Liu’s suggestion on the punctuation.
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number of the Sui Number 513 and the Bu Factor 76: 513 x 4 = 2052 and 76 x 27 = 2052. This
makes 2052 the value of Bu Meeting, which equals a cycle of 4 times the Sui Number. All these
periods repeat after a yuan, “(multiply) 20 and it meets with yuan,” this is why 41040 is named
the Yuan Meeting. Table 3.1 summarizes the relevant values found in the San tong li and the Si

fen li.

The second and third paragraphs in the first section are a preliminary stage in the calculation
of an eclipse. It calculates the name of the year with an eclipse in the ganzhi sequence. First it
calculates the position of the year to be calculated in the cycle of a bu, which combines the
eclipse period, as well as the cycles of year, month and day. It could be useful to the eclipse
prediction by telling us when an eclipse happen in a year, the position of that year in a bu. In
the San tong li, a similar cycle, 513 years, is called the Meeting Year (hui sui & j#% ). During this
period, there are 1081 eclipses. The aim of the eclipse prediction method in the Si fen /i is to
find out the time of the happening of eclipse according to the eclipse cycle. If we know the
beginning of the bu cycle, then we know the starting point to apply the eclipse prediction
method. Cycles bigger than a bu include yuan and Era. In order to find the position of a year in
a bu, first we need to find out when does the bu begin. We locate the biggest cycle yuan by
taking out the cycles of yuan from the Ultimate Epoch, then find a smaller cycle ji by taking
out the cycles of Era from the remainder. Once the number we get is less than an Era then we

calculate how many bu there are in this period. At the end we find when an eclipse happens in
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San tong li
Eclipse period | equals | 135 months
Rule 235 months | 6939.75 days
1 Meeting 27 Rule 47 EP 513 years 6345 months
Year
1tong 81rule 1539 years 19035 months
1yuan 3 tong 4617 years
Ultimate 5120 yuan 15360 tong 23639040
Epoch years
Sifenli
synodic equals 29 499 / 940 days
month
tropical year 3651/4 days
1 Rule Rule Month | 6939 3/4 days
235 months
1bu 4 Rule Bu Factor Buyue Bu ri
76 940 months 27759 days
1Era 20 bu 80 Rule Era Factor Era month
1520 18800
months
1yuan 3 Era 60 bu 240 bu Yuan Factor
4560
Ultimate 2760320
Epoch years

Table 3.1 The different cycles in the San tong li and Si fen li. For example, in both the San tong li
and the Si fen i, 1 Rule equals 235 months, which also equals 6939.75 days. The Chinese names

are provided along with the number for terms specifically referred to in the system.
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a year and the position of that year in a bu. The method to calculate into bu says keep taking
out Epoch Factor (4560) from the Ultimate Epoch, until the remainder is less than an Epoch
Factor. According to the table of the names of ji and bu in the Si fen [i, there are three eras in a
yuan: the era of heaven, the era of earth and the era of human. Divide the remainder by the Ji
Factor, if the number you get is 1, it follows the era of heaven; if it is 2, it follows the era of
earth; if it is 3, it follows the era of human. Similarly, we find out the name of the bu according
to the same table. The next section is to calculate the year of a lunar eclipse in a bu, by taking
out the Yuan Meeting from the Ultimate Epoch. Since 1 Bu Meeting equals 27 bu, it multiplies
the number of bu (27) to the result, and keeps taking out the ganzhi cycle 6o, then divides by
20 to convert the cycle of ganzhi (60) to the cycle of the name of i (3). We then find the entry
again according to the table of the names of ji and bu. These entries are calculated because it
is helpful know where the year is in a bigger cycle. After locating the position in a bigger cycle
it is then possible to use the eclipse cycle to predict the time of eclipse in that year.
HEARME: EANHEFE B, Ue¥oke, WEE -, “EEE, A

R R ER. DLABORER], WRES -, BREA, ANWRHAD. AL

BHEREZ, HBRAEHE. BEhRRARER, JJU+REZ, Apdail
+—H, FdZh UETET AR AR, RARERE, BAREH, UEE
Fez, MEARG -, MAERBE. fowm—g - HHUEEZH="1— &
BERA. HBUER, UIHEZ. RKER, WL[H] =+ WEE—HE%
fr 2 ik, HorfiasE b

The method to calculate lunar eclipse says: set the number of years into the Bu Meeting,
subtract 1, multiply it by the Eclipse Number, turn to 1 when it reaches the Sui Number,
name it the accumulated eclipses, the remainder is called the Eclipse Remainder.
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Multiply the Month Number to accumulated eclipses, turn to 1 when it reaches the
Eclipse Factor, name it accumulated months, the remainder is Month Remainder Fen.
Keep taking out Rule Month from accumulated months, the remainder is the number of
months in the Rule. First keep taking out intercalation from the Rule, use 12 to keep
subtracting from it, the remainder is named by the eleventh month, take out one from
the count, it is the eclipse month before the eleventh month of the year before last. To
calculate intercalations in the Rule, set the month into the Rule, multiply it by the Rule
Intercalation, convert to 1 when it reaches the Rule Month, then it is the number of
intercalations in the Rule. If the remainder is between 224 and 231, the eclipse is in an
intercalary month. The advance and retreat of the intercalation, is known by the shuo
day. To calculate the next eclipse, add 5 months and 20 fen, turn to 1 in the number of
months when it reaches the Factor. Count it as if it is the Factor, when the fen ends,
count in an eclipse.

HEARWHME. EaRAZE, Dot hke, REH. XEINE LU

PR, WEHSE—, LUHEH, BNz, HeRbpraiiddae, #FHig
bt RIFTEERIERT & A W1 H .

RKEH, RextM, M-t —tIuf, ARimdH RRER, Kekar g,
Rl H .

The method for calculating the shuo day of a lunar eclipse says: use the number of
Accumulation Month of Eclipse, multiply it by 29, to get the Accumulated day. Multiply
499 to the accumulated months, turn to 1 when it reaches the Bu Month, add it to the
Accumulated day, divide it by 60, name the remainder by the name of bu of the
conjunction. Take out one from it, it is the shuo day of the eclipse month before the
Heavenly Right of the year before last year.

To calculate the day of eclipse, add 14 to Major remainder, 719 1/2 to Minor Remainder,
turn Minor Remainder to Major Remainder when it reaches the Bu Month, use Major
Remainder to follow the earlier method, then it is the eclipse day.

REEWRH, BIReR =8, MeoNa 1. KA AR 1TH, X
IRER =L, MR E L. Ha/haRE, HUIRZIER ., RiRARE, B
5 ERH.

To calculate the shuo day of the next eclipse, add 27 to Major Remainder, 615 to Minor
Remainder. When the Remainder fen of the month does not reach 20, again add 29 to
the Major Remainder, 499 to the Minor Remainder. The minor remainder of the eclipse,
should be examined by water clock, if the water clock has not finished over the night,
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count in the preceding day.

WHEEZ, SWEES—, AIRIERE, @

Another method: Take out the Sui Number from the Ultimate Epoch, [multiply
yuezhang to the] remainder, [divide it by Zhang Factor,] it is the accumulated months,
multiply it by 112, take months out when it reaches a month, convert to 1 when
remainder reaches the Eclipse Factor, then it is the second eclipse after the beginning of
the year.

[Hou han shu, chapter 93]

This passage contains the main eclipse theory in the Si fen i, including calculations of the shuo
day of a lunar eclipse, the day of that eclipse, the next shuo day and eclipse day, as well as a
second method. In the method to calculate lunar eclipse, multiply the number of eclipses 1081
/ 513 in a solar year to the number of years to find the number of eclipses in whole numbers
(the accumulated eclipses) and fractions (the Eclipse Remainder). Now we have a number for
the eclipse and we need to know the month of the eclipse. We multiply the Month Number
135 to the accumulated eclipses, and keep taking out the Eclipse Factor from it to get the
Accumulated Months. If we know the beginning point and the number of months between,
we know when an eclipse happens. We first take out whole numbers of months of the cycles
of Rule from the Accumulated Months, then the intercalary months during that period.
Finally, we divide the result by 12 to see the year number and the month number of the lunar

eclipse. To calculate the next eclipse, simply add 5 20 / 23 months to it.

% The text in the Han hou shu (1965) edtion has: “CABZ#N £ Fot, RUREH, DlA—+ 23k
Here I adopted the revised version by Li (1890) and Liu (2003). Chen (2008) also adopted Li and Liu’s

suggestion.
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The method for calculating the shuo day of a lunar eclipse aims to calculate the name of the
shuo day, and then the eclipse day. The method is to separately multiply 29 and 499 to the
Eclipse Accumulation Month and then add the results together. It is mathematically identical
to multiplying 29 499 / 940, the length of synodic month to the number of Accumulation
Month of eclipses, to get the number of days. The next step is to divide that number by 60 to
find the name in the ganzhi cycle. To calculate the day of the eclipse is to add half a month (14
719.5 / 940) to the result, and follow the same method to find the name. This is because the
preceding calculation is for the day of conjunction at the beginning of the month and so we
need to add Y2 a month to get to opposition for a lunar eclipse. To calculate the shuo day of
the next eclipse, the next eclipse possibility is 5 20 /23 months away from the current one,
which means the next eclipse possibility is either 5 or 6 months away from the current one. If
it is 5 months away, we add 5 x 29 499/940, which equals 147 615 / 940 to the Major and Minor
Remainder. Since the result would be in the ganzhi sequence, that equals adding 27 615 / 940
to the Major and Minor Remainder. If the next eclipse possibility is 6 months away from the
current one, we add another month to the result. Whether the next eclipse is at a 5 or 6
months interval is determined by whether the Remainder fen of the month reaches 20 or not,
and we will either add 27 to Major Remainder, 615 to Minor Remainder or add another 29 to
the Major Remainder, 499 to the Minor Remainder. Finally, the text emphasized checking the

Minor Remainder by means of observation rather than simply calculation. It suggests to use
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the water clock to check whether the result is at the preceding day or the following day.

One more problem needs to be addressed here. One difficulty in interpreting terms in
calendrical systems is related to how the terms are constructed. Rather than modern Chinese
which use words in expression, Classical Chinese usually uses single characters to construct a
sentence. However, a particular exception here is that many technical terms in calendrical
systems were words combined from two or more characters. There are two kinds of these
terms, first, when they were constructed, characters with its own meaning were combined to
give the term a combined meanings, for example, Yuan Meeting has the character yuan,
meaning origin or beginning, and the character Aui, meaning meeting or cycle (Sivin calls it
Epoch Cycle in his 1969 article). The second situation is these so called terms may or may not
be of the same meaning as we understand it as a term in astronomical theories. They could
also be simply a combination of meanings of Chinese character. For example, the term Aui yu
sui TR simply puts the character i (remainder) in between hui sui & 3%, to show the
remainder of the Meeting Year. Here Aui sui is constructed from the first rule and Aui yu sui is

constructed following the second rule, and yet they were used in calendrical systems together.

3.3 The eclipse theory in the Qian xiang li

In AD 206, an amateur astronomer Liu Hong 17}t constructed and submitted a system, the
Qian xiang li after decades of observations, investigations and debates with other
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astronomers. Although Liu only served as an astronomical official for a very short time of his
bureaucracy career, his system was a major step forward compared to earlier systems, with
considerations for the first time of the variable lunar velocity.** In the Qian xiang li the
eclipse theory was not considered as its major development, yet has its own features. The
eclipse period is given by the terms including the Meeting Year 893, the Meeting Month 11045
and the Meeting ratio 1882. These terms mean there are 1882 eclipses in 893 years, which
equals 11045 months. As a result, there are 5 and 1635 / 1882 months between two eclipses.
This is a more accurate number than the San tong li and the Si fen li. The Qian xiang li period
is 11045 / 1882 months, which in decimal equals 5.8687566 months; the equivalent value in
the San tong li and the Si fen li is 135 / 23 months, 5.8695652 months. The modern value of this

period is 5.8688183 months.

The Qian xiang li eclipse theories are as follows:

JEH i

B EIUE, SR, DEmEe, HepFUERfe, WmEmmiat, Aern
" WHRZ, MERBMAH, ARRH e UIERRERE, WERRBHEA,
IR, RO EZ, Af BGERIE.

Kcgh, mMAH, AT ANE=T1, WERSE—H, HUE.

Lunar eclipse prediction

Set the year of the Ultimate Epoch, do not count the calculating year in, take out the
Meeting Year from it, multiply the Meeting Ratio to the remainder of the years, divide it

* See Chen Meidong (1986) for Liu Hong’s life and his astronomical achievements.
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by the Meeting Year to get accumulated eclipses, add 1 to the accumulation if there is a
remainder. Multiply the result by the Meeting Month, divide the Meeting Ratio to get
the accumulated months, the left is the remainder of months. Multiply Rule
Intercalation to the remainder of years, turns it to accumulated intercalations when it
reaches the Rule Year, subtract it from the Accumulated Month, keep taking out sui
zhong from it,” for the remainder, count it from the heavenly beginning.

To calculate the next eclipse, add 5 months, 1635 to the remainder of month, turns it to 1

when it reaches Meeting Ratio, it is at the full moon of the month.
(Jin shu, chapter 17)

The method here is very similar to the eclipse prediction method in the Si fen [i. First find the
number of years after taking out whole numbers of eclipse cycles. The steps are to keep
taking out the Meeting Year 893 from the Ultimate Epoch. Then calculate the number of
eclipses during the period by multiplying by the Meeting Ratio 1882 and dividing by the
Meeting Year. Finally multiply by the Meeting Month 11045 and divide by the Meeting Ratio
1882 to convert the number of eclipses to months. The result will be known after taking out
intercalary months. To calculate the next eclipse, Liu Hong simply adds the time between

two eclipses, 51635 / 1882 months, to the current eclipse.

In the Qian xiang li, Liu Hong further improved the traditional method by the invention of
eclipse limits. Eclipse limits show the distance between the sun and the moon’s positions. If
the distance is within of a certain range when an eclipse possibility happens, an eclipse will
happen. In a table showing the distance between the Yellow Path, the sun’s path and the

White Path, the moon’s path, in a month, Liu Hong recorded his eclipse limits in two entries:

* sui zhong equals 12.
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—H, RerTZEt, forlE bt RHTIR
+=H, Rex=T/La—1T=, Wor—THtAaLt=. RHER
Day 2, the limit remainder is 1290, minor factor is 457. It is the Front Limit.

Day 13, the limit remainder is 3912, minor factor is 1752. It is the Back Limit.
(Jin shu, chapter 17)

When the sun and the moon are in motion, they do not always stay in the same plane. At an
opposition, there might be an eclipse when the sun and the moon cross each other’s orbit (an
eclipse possibility). If the cross coincidence happens within a certain range, an eclipse could
happen. In this passage, Liu Hong presented Eclipse Limits as ranges. According to the text,
we know the Front limit is 1 days and (1290 457 / 2209) / 7874, between day 2 and day 3, and
the Back limit is 12 days and (3912 1752 / 2209) / 7874, between day 13 and day 14. Chen
Meidong (1991) explained how these numbers are calculated:

1) Since a solar year 365145 / 589 = 215130 / 589 days

2) 215130 x 941 half of Meeting Ratio / 11045 the Meeting Month = (18328 914/2209) / 2

3) (18328 914/2209) [ 2 =1 (1290 457 / 2209) | 7874

4) 135203/ 7874 -1 (1290 457 [ 2209) [ 7874 =12 (39121752 / 2209) / 7874

These limits numbers are in the unit of day. Chen Meidong converted the numbers into unit
of du: Liu Hong uses less than 14 115/1457 du and greater than 158 (790+232/1882)/1457 du as

the eclipse limits.*’

“ See Chen Meidong (1991) for the numbers and calculation of the eclipse limits.
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3.4 Summary

There is no evidence of an eclipse theory before the Han. My discussion in the second chapter
showed the development of solar eclipse divination from the pre-Qin to the Han. Such a type
of divination, which focuses on anomalous events, is unlikely to have developed if
astronomers were already able to make accurate predictions of solar eclipses. This provides

further evidence that there was no solar eclipse theory before the Eastern Han.

As the first calendrical system which include an eclipse theory, Liu Xin provided the first
eclipse cycle, which is 23 eclipses in 135 months, as well as a simple but clear eclipse
prediction method, in the San tong li. In the Eastern Han, the new calendrical system the Si fen
li used a same eclipse period as the San tong li. However, the way that the eclipse period is
used is a part of a much more complicated system. Later, in the Three Kingdoms period and
the Jin, several new techniques were incorporated into eclipse theory, in particular the
consideration of lunar velocity. Compared to the early theories the Qian xiang li is significant
for the adoption of lunar velocity theory.* It was not directly used in the Qian xiang li eclipse
theory, but was related to the invention of the concept of eclipse limits. Liu Hong is the first
astronomer in China who constructed method to discuss this. His eclipse limit provided a lead
to later astronomers and inspired them to discover theories not only concerning the time of

eclipses, but also related issues such as the magnitude and direction. In the next chapter, we

¥ Cullen (2002).
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will be able to see more eclipse theories by Yang Wei, who learned from Liu Hong. There is a
clear pattern to the chronological development of eclipse theories. Over time, better eclipse

cycles were applied and more features of the eclipses were calculated.
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Chapter Four The Eclipse Theory in the Jing chu li

As the official calendrical system of the Wei Kingdom during the Three Kingdoms period, the
Jin dynasty and then the Song dynasty, the Jing chu li was used for more than 200 years. From
the San tong li to the Jing chu li, eclipse theory expanded from predicting only the date of
eclipse to calculating various other details of the eclipse. It also developed from only relying
on an eclipse cycle to combining cycles with newly developed theories such as the lunar
velocity theory. Thus, the development of eclipse theory is a marker of the development of
mathematical astronomy in the calendrical systems in early imperial China. This chapter aims
to investigate the methods of solar and lunar eclipse prediction in the Jing chu li (Luminous
Inception System Ht#/Jf&). In addition to translations and commentaries on the texts
concerning eclipse theory in the Jing chu i, further analysis will be made in this chapter of the

mathematical astronomy related to the texts.

4.1 The general eclipse prediction method in the Jing chu li

Liu Hong made significant developments to the mathematical astronomy in calendrical
system, for example, the lunar velocity theory in his Qian xiang li. However, as discussed in
chapter three, his eclipse theory was not significantly better than the earlier systems, at least
according to the text of his system. The Jing chu li was constructed by Yang Wei, and was
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adopted by the Wei kingdom in AD 237 after a few years of debates and contest between
different calendrical systems.*® It was constructed only three decades later than the Qian
xiang li, yet has a much more complicated eclipse theory. Three issues are discussed in the
eclipse section in the Jing chu li: first, the general eclipse method; second, related issues in
eclipse prediction, for example the magnitude of the eclipse, the relative position of the moon
to the sun’s path, and the direction of obscuration when the eclipse happens; and third, the
adoption of lunar velocity theory in the eclipse theory in order to determine the time of the

eclipse.

Similar to the earlier systems, the Jing chu li uses an eclipse period and other cycles in its

general eclipse method. The section reads as follows:

WA G H MM BALHIRDY, DAL TR g E2R 2 ne, UE
WE, GAUPCRERET -HEMELE B, DoaBone, weEEke,
EBRRIRH SR . UIMEGHBE A SMELE D, WEEEL,
BRI A BRI, IRy, RGN, ASREBUL L,
FRRISS &, BRI Al

The method of calculating conjunction, the Cross Coincidences, and lunar eclipse says:
use the Lunar Accumulated Fen of that Era, add the number of the Draconitic-Synodic
Differential Value of that Era to it, take the Conjunctional Connect out of it, the
remainder is the Draconitic Value at the new moon of the eleventh month of the year.
Add the Connect Number to it, take the Conjunctional Connect out when it reaches
Conjunctional Connect, the remainder is the Draconitic Value at the new moon of the
next month. Add the Syzygy Conjunction Constant to the Draconitic Value of the new
moon of one month, take the Conjunctional Connect out when it reaches Conjunctional
Connect, the remainder is the Draconitic Value at the full moon of the month. If the

* See Morgan (2013) and section 5.2 of this dissertation for a detailed discussion on the Huang chu

debates.
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Draconitic Value at the new or full moon is smaller than the Syzygy Conjunction
Constant or bigger than the Inner Draconitic Limit, there will be Cross Coincidence at
the new moon, lunar eclipse at the full moon.

(Jin shu, chapter 18).

Even though the first sentence of the text indicates it only predicts lunar eclipse, it is quite
clear that this method is also intended to be used in the prediction of solar eclipse, given that
both the new moon’s day and the full moon’s day are mentioned. The basis of the general
eclipse method is to calculate the differences between one cycle and another, here, between
the draconitic cycle and the eclipse cycle. In Fig. 4.1, the arc above the line shows the
draconitic cycle (corresponding to the draconitic month, the time between the moon’s
crossing of the ecliptic in the same direction) starting from the beginning of the Era. The arc
below the line shows the eclipse cycle (the mean time between eclipse possibilities), which
starts a little earlier than the beginning of the Era. The reason it starts earlier is because Yang
Wei invented a term Draconitic-Synodic Differential Value to mark the difference at the
beginning of the Era between the draconitic cycle and the synodic cycle. This is the first time
calculations in a calendrical system are designed to start from multiple points rather than
from the Li Epoch (li yuan J& Jt) only. The Draconitic-synodic differential value for Jia shen

Era HHHIAD is 620139.

draconitic cycle

/YWW\/ \W

//4\_//’

Draconitic-Synodic Differential Value eclipse period

Figure 4.1 The draconitic cycles, eclipse periods and the Draconitic-Synodic Differential Value
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The principle of this method is to calculate the Draconitic Value, the interval between the
moment of the beginning of the draconitic cycle and the moment of conjunction. This shows
the difference in time between the moment of conjunction and the moment when the lunar
latitude is zero. If they are close enough, an eclipse may happen. If they are not close, the
distance between the moon and the sun will be too great for the shadow to cause the eclipse.
The way to judge whether it is close enough is to use eclipse limits, which are named the
Syzygy Conjunction Constant and the Inner Draconitic Limit in the Jing chu li. The term Lunar
Accumulated Fen refers to the fen at the beginning of one particular month and equals the
number of synodic months from the beginning of that Era to the month we are calculating
multiplied by the Connective Number, tongshu H%{ 134630, the length of a synodic month
in the unit of the Day Divisor. The Chinese character fen shows the period related to the Lunar
Accumulated Fen is also in the unit of Day Divisor, 1/4559 of one day. To calculate the
Draconitic Value, one should take multiples of the Conjunctional Connect, 790110, out of the
sum of Lunar Accumulated Fen and Connective Number to get the result. The term Inner
Draconitic Limit shows how close is the end of one draconitic cycle to the end of one eclipse
period: if the result is smaller than 67315 or bigger than 722795, there will be either a solar
eclipse possibility at the new moon or a lunar eclipse at the full moon (recall that all the
calculations are in the unit of the Day Divisor). See Fig. 4.2 for the situation around the end of
the cycles. The arc above the line shows the draconitic cycle, the arc below the line shows

where one eclipse cycle ends.
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Figure 4.2. Inner Draconitic Limit.

For example, if we want to calculate the first year of Jing Chu 5% #/J, AD 237, according to the
first sentence in the Jing chu li, “From (the year of) Ren Chen to the first year of the Jing Chu,
there is a total of 4046 years.” TJRUASR, EFWICET Bk, BMUTIUHIN, H o *
Each Era has 1843 years and so the first year of Jing Chu will be the 360oth year of the third Era,
Jia Shen HH Era. We now only need to consider the situation in the jia Shen Era in the
general eclipse theory. To calculate the total number of months before the first year of Jing
Chu, we multiply 360 by 235 and divide by 19 to find the result 4452 12/19. This means there are
a total of 4452 months before the eleventh month of the first year of Jing Chu. To calculate the
Lunar Accumulated Fraction, we multiply the accumulated months 4452 by the Connective
Number, 134630. The result of the Lunar Accumulated Fraction is 599372760. To calculate the
Draconitic value, we add the Draconitic-Synodic Differential Value for the Jia Shen Era 620139
to it, take multiples of Conjunctional Connect, 790110, out, and the result 299409 is the

Draconitic Value of the new moon’s day of the eleventh month of the year. This value is bigger

* Jin shu, chapter 19.
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than 67315 but smaller than 722795, so there is neither a Cross Coincidence at the new moon

nor a lunar eclipse possibility at the full moon in this eleventh month.

4.2 The theory of direction, position and eclipse limits

Compared to earlier calendrical systems, the Jing chu li eclipse theory is not significantly
better in its general method to predict eclipses because it still relies upon the use of mean
cycles. Where the Jing chu li eclipse theory shows considerable improvement over earlier
theories, however, is in its ability to calculate additional information about the predicted
eclipses. This section discusses the parts of the eclipse theory which enable the calculation of
the magnitude of an eclipse, the relative position of the moon to the sun’s path, and the

direction of obscuration when the eclipse happens.

HEEWIACE A e AR HIERENTE . EPRALHIES, UIMAL T EERZ
Yomz, frediy, AW EEE, LEER, RIESWIAMLER: &LHE, K

EEMAEE. WeEEy, RNEE, BWER. © KK, BNz,
WAL, MEMERE, MRMEE.

The method of calculating whether the moon is outside or inside the solar path at
conjunction, the Cross Coincidence and lunar eclipse says: set the Lunar Accumulated
Fen of that Era, add the number of the Draconitic-Synodic Differential Value of that Era
to it, take doubles of the Conjunctional Connect out of it, the remainder is less than a
Conjunctional Connect, if the beginning of Era is outside, at the conjunction of
astronomical first month, the moon is outside; if the beginning of Era is inside, at the
conjunction of astronomical first month, the moon is inside. Take out a Conjunctional
Connect when it reaches a Conjunctional Connect. When fills up outside, it is inside,
when fills up inside, it is outside. To calculate the next month, add the Connect Number

% The Zhonghua shuju Jin shu edition texts reads “Z i {1 %% , F M 7E3K . ”. The Zhonghua shuju Song
shu edition texts reads “FfE 2, ZFEFK . . According to Chen Zhanyun (1988), the text should be “#

IWTERE, ZEIWTEZR . . Chen Meidong (2008) has also adopted this change to the Song shu.
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to it, take out the Conjunctional Connect when it reaches one Conjunctional Connect.
When adding fills up inside, it is outside, when adding fills up outside, it is inside.

TR ER A MY, WERMERER, WMEREER. SHMRTEE, G
HWERRIR AR, WAERMEAEZE. » g e E %8, R
RIAZA% & s WANAZBRELL b, RURT &2 50, Har s el T IRECE , AIEA
Al R AL TIRECE, Algfz. =

When there is first a Cross Coincidence and then a lunar eclipse, if new moon is outside

then full moon is outside, if new moon is inside then full moon is inside. When there is

first a lunar eclipse and then a Cross Coincidence, see the month with an eclipse, if new

moon is inside then [in the next month] full moon is outside, if new moon is outside

then full moon is inside. If the Cross Coincidence of a lunar eclipse (the Draconitic Value)
is less than the Syzygy Conjunction Constant, then first crossing and then conjunction. If
(it) is more than the Inner Draconitic Limit, then first conjunction and then crossing. If
first crossing and then conjunction, it is close to the Limit Number, then observe it in

advance; if first conjunction and then crossing, it is close to the Limit Number, then

observe it later.

(Jin shu, chapter 18).

This method is calculating whether the position of the moon is outside or inside the solar path
at conjunctions and oppositions when there is a Cross Coincidence. The first paragraph
presents the method step by step, the second paragraph explains a handy rule to quickly find
the result. By setting the Lunar Accumulated Fen of that Era, and adding the number of the
Draconitic-Synodic Differential Value of that Era, the difference between the draconitic cycle

and the synodic cycle, we find the beginning of an eclipse cycle as the start point to calculate.

* The Zhonghua shuju edition texts is “% filt J ¥ 7E 2RI BA/E 3", According to Liu (2003), the texts
should be “F i JJ ¥ 7£ 2 AI| /X H B 7£ 3" Chen (2008) adopted this change.

5 The Zhonghua shuju Jin shu edition texts is “F:§I 32 1% &ri T FR¥GE, Rz mieg®rgit
TIR¥E, HI1Z 1A 2", The Zhonghua shuju Song shu edition texts is “FeHi 2 12 &L T FR¥GE, R
BRI AT A s Argigs8in T R¥E, AR 2 )5 H” According to Liu (2003), there is no need to

add HTH or JiH into the sentence and J& H could cause misunderstanding. I agree with Liu.
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Then we take double of the Conjunctional Connect (790110), the eclipse period (5
116960/134630 months, which equals to one Conjunctional Connect in fen, 790110 / 134630, the
length of one month, equals 5 116960/134630 months), out of it. This is because when the
moon crosses the solar path, it takes the moon an eclipse period to move away from the solar
path, move back and reach the solar path again. Then it keeps moving to the other side of the
solar path. As a result, the moon’s position according to the solar path returns to its original
place after two eclipses periods. If the remainder is less than one eclipse period, the position
of the moon is the same to that at the beginning of that Era, or more precisely, the start point
of our calculation, which is after adding the number of the Draconitic-Synodic Differential
Value of that Era to the Lunar Accumulated Fen of that Era. If the remainder is more than one
eclipse period but smaller than two, the position of the moon is on the opposite of that at the
beginning of that Ji. If the remainder is more than one eclipse period and less than two eclipse
periods, the moon will be on the opposite to the beginning of that Era, thus, “take out the
Conjunctional Connect when it reaches one Conjunctional Connect, when it reaches outside,

it is inside, when it reaches inside, it is outside.”

To calculate the next month, add one synodic month, the Connect Number, then follow the
same rule to determine whether it is the same as at the beginning of that Era or the opposite.
If the remainder is less than one Conjunctional Connect, the position of the moon is the same

as it was in the last month, if the remainder is more than one Conjunctional Connect, take one
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Conjunctional Connect out of it, and the position of the moon is on the opposite side: “When

adding fills up inside, it is outside, when adding fills up outside, it is inside.”

For example, let us try to calculate whether the position of the moon is outside or inside the
solar path of the first month of the second year of Jing chu 5t #/J, AD 238. As we calculated in
the last section, we multiply the accumulated months 4452 to the Connect Number (tongshu
JB¥Y, 134630, the length of a synodic month) to get the accumulated lunar fraction
599372760. Then add the Draconitic-Synodic Differential Value (jiaohui chalii 22 & 7= %) for
Jjia shen ji 620139 to it, take multiples of doubles of Conjunctional Connect (huitong 790110)
out, the result is 1089519. It is bigger than one Conjunctional Connect and smaller than the
double of Conjunctional Connect 1580220. At the beginning of the third Ji, the position of the
moon is inside the solar path. As a result, the position of the moon at the first month of the
second year Jingchu is on the opposite to that at the beginning of that Ji. It is outside the solar

path.

The text continues with the theory to calculate the Draconitic Value

SREZEWE: Harsck &, SR W HEN—, Priglli £ 38 B .
» WAl gges, DEZEpeEdE, saHiEm—, R EcEw, 6

3 Both the Zhonghua shuju Jin shu and Song shu texts are “4> 242 J& 43 4l H #%:1fi —, the Song shu

«n n/\n

edition suggests in a note to change “%>” to
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The method of calculating the du of the Draconitic Value says: when there is first an
conjunction and then a crossing, divide the fen of the Draconitic Value by the Day
Divisor, the result is the Backward Draconitic Value, the remainder is the fraction. When
there is first a crossing and then a conjunction, take Conjunctional Connect from
Draconitic Value Fen, divide the remainder by the Day Divisor, the result is the Forward
Draconitic Value, the remainders are the fractions of du. If the du of the Draconitic Value
is more than 15, there is a Cross Coincidence but no eclipse. If it is less than 10, there is an
eclipse. If more than 10, the obscuration of eclipse is very small, just a contact of light

and shadow. The magnitude of obscuration, 15 is used as the denominator.
(Jin shu, chapter 18).

At the beginning of section 4.1, the general eclipse prediction method started by calculating
the qujiaodu fen %2 J& /7, Draconitic Value in the unit of fen, at the beginning of a year and
that of the next month. This paragraph shows how to further calculate the du of the
Draconitic Value, and how to use it to predict the magnitude of an eclipse. The Draconitic
value comes from taking the Conjunctional connect out of the sum of lunar accumulated fen
and Connect Number. The principle is straightforward and simple: divide the Day Divisor
from the fen of the Draconitic Value to get the du of the Draconitic Value. But there is a
difference between first an opposition or first a conjunction. If there is first a lunar crossing
(opposition) and then a solar crossing (conjunction), the Draconitic Value we are calculating
is ahead of the crossing we are looking at, thus it is forward. If there is first a solar crossing

(conjunction) and then a lunar crossing (opposition), we need to take one eclipse period

5 The Zhonghua shuju Jin shu edition texts is “ It CEY NS
shuju Song shu edition texts is “FIT 5 RIFT 2520 fE, R
translations.

AZJEA . BREE . "The Zhonghua
434 . ” There is no difference in English
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(Conjunctional Connect, 790110) out, thus the Draconitic Value to be calculated, the
difference to crossing, turns out to be the difference between this crossing to the beginning of
the last eclipse cycle. Therefore, if there is first an opposition and then a conjunction, the
result is called Backward Draconitic Value. If there is first a conjunction and then an
opposition, take one eclipse period out of it and the result is called the Forward Draconitic
Value. In comparing the positions of the sun and the moon when Cross Coincidence happens,
the Jing chu li uses 15 as a denominator, and says that if the distance between the sun and the
moon is more than 15 du, then the eclipse possibility will not turn into an eclipse; if it is
between 10 and 15 du, there will be a minor contact, but it is possible that it could be spotted
in observation; if the distance is less than 10 du, the distance is small enough for the eclipse to

be clearly observed.

RH &g Mm e HAEINE, BT, MM, e,
R AR . HAENIE, SRR EH, Bl Serscs, Bl
bk, a2/, Wb+ hRik. gachE, ahali. Habde H 21,
BB b

The method of calculating the obscuration beginning direction of solar eclipse says,
when the moon is in the outer path, if there is first a conjunction and then a crossing, the
obscuration begins from the south west corner, if there is first a crossing and then a
conjunction, the obscuration begins from the south east corner. When the moon is in
the inner path, if there is first a conjunction and then a crossing, the obscuration begins
from the north west corner. If there is first a crossing and then a conjunction, the
obscuration begins from the north east corner. The magnitude of eclipse is (known) as
above with 15 as the denominator. If the conjunction was at crossing, the eclipse is total.
The lunar eclipse is the opposite to the solar eclipse, the obscuration direction is the
opposite.

(Jin shu, chapter 18).
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This section finishes with a method to calculate the direction of impact of solar eclipses. The
rules are divided in the cases of whether the moon is in the outer or inner path, and whether
the crossing or the conjunction happens first. The cause of an eclipse is that the sun on the
solar path and the moon on the lunar cross each other. The text descripts the situation of solar
eclipses, thus the direction shows how the moon contacts the sun, rather than the opposition.
From the text we also understand if the moon is in the outer path, the contact is from the
south of the sun, if the moon is in the inner path, the contact is from the north of the sun. The
sun and the moon both move from west (left) to east (right). The moon moves much faster
than the sun, thus it usually traces and contacts the sun from west to east. If it catches the sun
before a crossing happens, it is to the west of the sun, then the direction is either south west,
when the moon is in outer path, or north west, when the moon is in inner path. If the
conjunction happens after a crossing, it looks like the sun is contacting the moon, although
the moon moves faster and will let the contact be short. In this situation if the moon is in
outer path, then the direction of contact is south east, when the moon is in inner path, it is
north east. Finally, the text briefly mentioned the equivalent situation for lunar eclipses. The
rules are opposite to those for solar eclipses, since it will be based on how the sun’s shadow

contacts the moon on its lunar path.

4.3 The adoption of lunar velocity theory in eclipse theory

One significant feature in the Jing chu li is the consideration of lunar velocity within eclipse

theory. Earlier systems only used the mean synodic month to calculate eclipse times. The Qian
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Xiang li is the first system in China to consider lunar velocity,” but in that system the lunar
velocity theory was not applied to the prediction of eclipses. In the Jing chu li, lunar velocity is

used to calculate the time of the eclipse. This is explained in the next section of the Jing chu li:

HESIISS & H B GEIRERTEE BT ASCIIFE D B RS MBI E R BN,
LB EZ, tRimEES—H, Af/HEx, aH&ES, RPsRERET—H
EIANEHE.

KA, m—H, H&WTUE -+, R¥E, n+MUH, Hég=TMHg/\+/.
HegawHiER H, Biw = +HbXxe. XRepuwfE e HerReksE, w—H,
Tn R i

The method of calculating a lunar eclipse in the Velocity Calendar at the conjunction at
the new moon, the Cross Coincidences says, first add the Velocity Differential Value of
that Era to the Lunar Accumulated Fen of that Era, take (multiples of) the Connect Cycle
out, what is left is in days if it reaches the Day Divisor, the remainder is the Day
Remainder. Count out the starting day, it is the moment of the conjunction of the
eleventh month of the to-be-calculated year in the Velocity Calendar.

To calculate the next month, add one to day and 4450 to the Day Remainder. To
calculate the full moon’s day, add 14 to day and 3489 to the Day Remainder. Convert the
remainder to days when it reaches the Day Divisor; take out the days when it reaches 27.
Take the remainder from the Circuit Day Remainder. If the remainder is not enough to

subtract, take one day from it and add the Cycle Vacancy to it.
(Jin shu, chapter 18).

This section shows how to calculate the conjunction at the new moon, the Cross Coincidences
and eclipses according to the Velocity Calendar. To calculate the conjunction, we first
calculate the difference between the numbers in synodic month and anomalistic month. The
start point of all calculation is the beginning of that Era. First add the Lunar Accumulated Fen,

which corresponds to the length of time from the beginning of that Era to the first day of the

% Cullen (2002).
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to-be-calculated month, to the Velocity Differential Value, which corresponds to the
difference between the beginning of that Era to the moment of the moon’s closest perigee.
Take multiples of the Connect Cycle 125621, the length of anomalistic month, out of it. The
result gives the difference between synodic months and anomalistic months. Accordingly, the
result shows the difference between the synodic cycle and the velocity cycle. This section is a
preparative step for the calculation afterwards. All calculations are in the unit of the Day

Divisor.

To calculate the next month, add the difference between one synodic month and one
anomalistic month: one synodic month is 134630/4559 and one anomalistic month is
125621/4559, thus the difference is (134630-125621)/4559 = 9009/4559 = 1 4450/4559. According
to the text, “to calculate the next month, add one to day and 4450 to the Day Remainder”. The
full moon’s day is half a month from the beginning of one month. Half a month is
(134630/2)/4559, that equals 67315/4559, which is also 14 3489/4559. According to the text, “to

calculate the full moon’s day, add 14 to day and 3489 to the Day Remainder”.

This method is calculating the day and fraction within the cycle of the anomalistic month. The
following sections contain the Velocity Calendar, a table showing the velocity of the moon in
different days in one month, and an explanation of how to calculate the true position of the

N

moon based on the lunar velocity in any day. The table is named Chi ji li FE¥% J& (the three
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characters chi ¥, ji % and i & literally mean slow, fast and calendar) and is summarized in

Table 4.1.%°

The table shows the velocity of the moon in an anomalistic month. There are six parameters
in the table: the day, the speed of the moon in du (degree), and fen (1/19 of a du), the Velocity
Difference in fen, the Regulation Accumulative Fen in the Day divisor and the Lunar Traveling
Fen. The Velocity Calendar in the Qian xiang li has five columns (see Table 4.2),” the velocity
columns (ri zhuan du fen H¥EE 51) are similar to column 1-3 in the Velocity Calendar in the
Jing chu li. The Rate (lie cui 5|%£) column only appears in the Qian xiang li. It shows the
changing of the moon’s day-to-day speed. The Velocity Difference (sun yi lii $87i%:) column,
the Velocity Accumulative fen (ying suo ji fen ##if54)) column and the Lunar Traveling Fen
(yue xing fen H4T41) column are similar to the third, fourth and fifth column here. The

Velocity Accumulative fen in the Jing chu li appears in the unit of Day Divisor after

multiplying 4559 to the Velocity Accumulation.

5° The velocity table in the Jing chu li is based upon the one devised by Liu Hong in the Qiang xiang li
but calibrated to work with the Jing chu li Day Divisior.

%7 For a detailed discussion of the velocity table in the Qian xiang li, see Cullen (2002).
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Day

10

1

12

13

2 3 4
Velocity
The velocity
Difference
AT E
fen,
unit:
(1/19 fen,
du
du)
14 14 More 26
14 1 More 23
14 8 More 20
14 5 More 17
14 1 More 13
13 14 More 7
13 7 Less
13 1 Less 6
12 16 Less 10
12 13 Less 13
12 1 Less 15
12 8 Less 18
12 5 Less 21
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Regulation Accumulative

Fen

fen,

The beginning of +
+ 18534
+ 223391
+ 314571
+ 392074
+ 451341
+ 483254
+ 483254
+ 455900
+ 410310
+ 351043
+ 282658
+ 200596

Lunar Traveling

Fen

fen,

280
277
274
271
267
261
254
248
244
241
239
236

233



14
15
16
17
18
19
20
21
22
23
24
25
26
27
Circuit

Day

Table 4.1. Velocity Calendar (lunar velocity table) in the Jing chu li.

12

12

12

12

12

12

12

13

13

13

13

14

14

14

14 du13 fen,626  Less 25 and 626

12

15

18

12

18

11

12

Less 23

More 21

More 19

More 17

More 14

More 11

More 8

More 4

Less

Less 5

Less 11

Less 17

Less 23

Less 24
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+

The beginning of -

104857

95739

182360

259863

323689

373838

410310

428546

428546

405751

355602

278099

173242

63826

231

233

235

237

240

240

243

246

250

259

265

271

277

278

279 626 / 4559



1 2 3
the velocity
Fen
Day Unit: du
(1/19du)
1 14 10
2 14 9
3 14 7
4 14 4
5 14 o)

Rate

Lag-1

Lag - 2

Lag -3

Lag-4

Lag-4

Velocity

Difference

Fen

More 22

More 21

More 19

More 16

More 12

Velocity

Accumulation

The beginning of +
(Ying %)
+22
+43
+62

+78

Table 4.2. The first five days of the Velocity Calendar in the Qian xiang li.

Lunar Traveling

Fen

Fen

276

275
273
266

262

In the first column of the Jing chu li velocity table, days are sequentially listed from 1 to 27. The

Circuit Day in the last line refers the fraction of the day in an anomalistic month after 27

whole days. This fraction is 2528 / 4559 in the Jing chu li. In column 2 and 3, the speed of the

moon is listed day by day in du and fen,= 1 / 19 du. In the fourth column, the Velocity

Difference compares the speed of the moon on one day and the average daily speed. From day

1 to day 14, “less” means add the speed by a certain number to get the average speed; “more”

means subtract the speed by a number to reach the average speed. From day 15 to the Circuit
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Day, “less” means subtract the speed by a number to reach the average speed; “more” means
add the speed by a number to get the average speed. The line of the Circuit Day listed the
distance traveled by the moon with 14 du, 13 fen, and 626. The number 626 has a denominator
2526. This makes the total of the velocity from day 1 to day 28 is 374 du 17 fen, and 626/2526.
We are able to calculate the numbers in column 4 by calculating the difference between the
value in column 2 and 3 and the average speed of the moon, 13 du 7 fen. For example, the
speed of the moon in the 11th day is 12 du 11 fen,. We subtract 12 11 / 19 from 13 7 / 19 to get 15 / 19
and put 15 in column 4, day 11. The result corresponds to the “Less 15” in column 4, day 11. In
the column of the Regulation Accumulative Fen, the value shows the total of the Velocity
Difference in Fen beginning from the first day. The positive and negative sign shows the
difference of the daily speed of the moon compare to the average speed of the moon. The
numbers are calculated from column 2 and conversed to the unit of fen. by multiplying the
Day Divisor 4559. Yang Wei uses the same Chinese character fen ) for both the unit fen, and
fen.. 1 du equals 19 fen, and 1 fen, equals 4559 fen.. As a result, 1 du equals 86621 fen.. The
number 86621 comes from the Rule divisor, 19, multiplied by the Day Divisor, 4559. We are
able to calculate the data in column 5 from column 4. For example, day 1 in column 4 is 26.
This means the moon travels 26 fen, or 1 7/19 du per day. In order to calculate the value for the
third day in the fifth column, we multiply 1 7/19 by 86621 to get 118534. The Velocity Difference
for day 2, column 4 is 23. This means the moon travels 23 fen,, or 1 4/19 du per day. In order to

calculate the value for the third day in the fifth column, we multiply 1 4/19 to 86621, the result
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is 104857. The total of the Velocity Difference for day 1118534 and day 2 104857 is 223391, which
gives us the value in day 3, column 5. The value for Day n in column 5 is the total of the
Velocity Difference in column 4 from day 1 to day n-1 multiplied by 4559, which equals
86621/19. Column 6 has the number showing the distance of the moon in fen, for each day. It

was calculated by multiplying 19 to the value of lunar velocity from column 2 and 3.

HEEWACE A fle Kher: DA HESRIABRmR, DHRMEMTED, R
SEFRGY . AREBRIRIT AN B HAT 7, BRUABRZ, Pifs CABLIAE INAS N N2 g
HikdE, CEMRAERH; WA EE, SCTMRERTH. A, FEE R/
BRI NBER HE, DA H HeskMEfas, &Efar. UIRFRNE

Hék XEUHH B2, UABHRFEHHEZ N, b2, UIRERD,

R AR R e AR H AT, KU H BRI, DA HE 2,
CABRIZEfR ST, PTG LUINAC/ MR, 0 Bk

To calculate the Velocity Major and Minor remainder of lunar eclipse at the new moon
and the Cross Coincidences, multiply the fraction of day in the (Velocity) Calendar by
the Velocity Difference in the Calendar, subtract or add (the result) from the Regulation
Accumulative Fen to get the Velocity Accumulation fen. Subtract the Rule Year from the
Lunar Traveling Fen according to the Velocity Calendar, divide the remainder from it
(the Velocity Accumulation fen), subtract the positive or add the negative result to the
minor remainder. If it reaches the Day Divisor, the Cross Coincidence is on the following
day. If it is not enough to subtract, the Cross Coincidence is on the preceding day. Follow
the Velocity Major and Minor Remainder to set the moment of the eclipse. If the
moment is in the Circuit Day of the (Velocity) Calendar, multiply the fraction of day in
the Circuit Day by the Negative Accumulative Fen to get the Velocity Accumulation Fen.
Multiply the Decreasing Ratio by the fraction of day in the (Velocity) Calendar, then
multiply it by the fraction of day in the Circuit Day, add it to [the multiplication of the
remainder of the day according to the Calendar and]* the minor fen of the Circuit Day,
subtract it from the Velocity Accumulation Fen, the remainder is the Post Velocity
Accumulation Fen. Subtract the Rule Year from the Lunar Traveling fen in the Circuit
Day, multiply the remainder by the fraction of day in the Circuit Day, add it to the du

5* The phrase “[multiplication of the remainder of the day according to the Calendar and A J/j H 5%
FE]” is added to the text according to the explanations on the method from Wang Yingwei (&
(1998) and Liu Hongtao (2003).
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and the minor fen of the Circuit Day, divide it from the Post Velocity Accumulation Fen,
add the result to the Minor Remainder, as the earlier method.
(Jin shu, chapter 18)

The Jing chu li is able to calculate not only the date of the Cross Coincidences and lunar
eclipses, but also the exact moment. In earlier sections, we calculated the conjunction at the
new moon, the Cross Coincidences and lunar eclipses based on the mean speed of the moon.
This section allows us to calculate the actual position of the moon based on the lunar velocity
table in the preceding section and the mean position of the moon at the beginning of the
month. In order to make an accurate prediction, Yang Wei needs to adopt the lunar velocity
theory in the general eclipse theory with mean lunar motion. The difficult part is to consider
where the moment of the eclipse is in the Velocity Calendar and how much the moon has
moved compared to its mean position. In order to calculate the exact time, Yang Wei
calculates the Minor Remainder of the moment. He calls this the Velocity Minor Remainder.
He does not calculate the Velocity Major Remainder because it is according to the result of the
Minor Remainder. If the moon’s velocity is big enough, he adds or subtracts one day the mean
major remainder; if not, the major remainder remains and is used as the Velocity Major
Remainder. The starting point of all calculations is the beginning of that Era. All calculations

are in the unit of the Day Divisor.

There are two parts in the text, one explaining how to calculate the Velocity Minor Remainder

from day 1 to day 27 in the Velocity Calendar; the other explaining how to calculate the
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Velocity Minor Remainder in the Circuit Day. The first step for both methods is to calculate

the Velocity Accumulative fen (accumulative velocity fen). For day 1 to day 27,

V.AF.=RAF+FV.C.xV.D.

Then the Jing chu li calculates the Velocity Minor Remainder,

[m.r. V.AF. [ (LT.F.-RY.)] / D.D.

where

m.r. minor remainder calculated earlier for the Cross Coincidence
R.AF  Regulation Accumulative Fen

F.V.C. the fraction of day in the (Velocity) Calendar

V.D. Velocity Difference

V.AF. Velocity Accumulation fen

RY. Rule Year, 19

LT.F.  Lunar Traveling Fen

D.D. Day Divisor, 4559

The reason to divide the Day Divisor is because the numbers of the m.r,, RA.F. and F.V.C. are
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all in the unit of the Day Divisor. We only need to discuss the astronomical meaning of m.r. +
V.AF. [ (L.T.F. - 19). Yang Wei begins the calculation from m.r., the result from earlier section
and adds the regulation V.AF. / (LT.F. — 19) to it. According to the Velocity Calendar, the
V.AF. shows the regulation from the beginning of the month to the preceding day. Yang Wei
wants to get the actual position of the moon by means of i) adding the velocity of the moon
from the beginning of the month to the preceding day by adding the V.A.F. to the m.r. and ii)
adding the velocity of the moon on the calculating day by multiplying F.V.C. to the V.D., which
marks the change of the speed of the moon on that day. The result shows how far the moon
moved in the unit of fen, (the R.A.F. is in the unit of fen., the multiplication of fen,and the D.D.,
V.D. is in the unit of fen,), Yang Wei divides it by the difference between the sun and the
moon’s motion. The speed of the sun is 1 du per day, which equals 19 fen, per day. L.T.F. means
the moon travels 231-280 fen, in one day. This changes the result from having a distance unit to
fraction without unit. Then Yang Wei adds the result to the minor remainder to get the
Velocity Accumulation fen. If it is bigger than the Day Divisor, add one to the major remainder,
which marks the day of the Cross Coincidence. Then the time of the Cross Coincidence will be
on the following day. If the result is negative, subtract one to the major remainder and the
time of the Cross Coincidence is in the preceding day. If the result is between o and 1, there is
no more regulation on the major remainder and the Cross Coincidence is on the day
calculated from the mean periods. Following the method from this section, the time of lunar

eclipse should be based on the Velocity Minor Remainder, that is to say, the lunar velocity
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theory.

The second part to calculate the Velocity Minor Remainder in the Circuit Day is
mathematically more complicated but astronomically the same. Yang Wei uses a Post Velocity
Accumulation Fen. This method can be converted to the same method used to calculate the

Velocity Minor Remainder from day 1 to day 27 in the Velocity Calendar (Liu Hongtao 2003).

Velocity Accumulation Fen = F.C.D.xR.A.F.
Post Velocity Accumulation Fen = F.V.CxR.AF. — (V.D.xF.V.C.xF.C.D.+m.£.C.D.)
F.C.D. the fraction of day in the Circuit Day in the (Velocity) Calendar

m.f.C.D. the minor fen of the Circuit Day

IRy Db e /e, IR R, B TR, 54N, RIS pr e
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To calculate the time, multiply the Velocity Minor Remainder by 12, convert it to

double-hours when it reaches the Day Divisor. The counting begins from Zi -, count out.

The result is the moment of oppositions in double-hour. If there is a remainder (of
double-hours), multiply it by 4 and divide it by the Day Divisor. One (1 / 4) is small (shao

/1), two is half (ban %), three is larger (tai ). If there is again a remainder, multiply

it by three and divide it by the Day Divisor. One names strong (qiang 5#). If (the

remainder) is more than one half (1/2), adopt it. If it is less than one half, take it out. Add
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strong and small (1/12 + 3/12) to get strong small (4 / 12). Add strong and half (1/12 + 6/12)
to get strong half (7/12). Add strong and large (1/12 + 9/12) to get strong large (10 / 12).
Two strong (1/12) makes it a weak small (2/12), add it to small (3/12) to get weak half
(5/12), add it to half (6 /12) to get weak large (8/12), add it to large (9/12) to get weak (11/12)
in one double-hour. Name it with the related double-hour and get the small, large, half,
strong and weak. If the full moon’s day when the eclipse happens is no more than 4 days
away from one solar term, see the Limit Number. If the full moon’s day is more than 5
days away from the solar term, see the Interval Limit Number. If the Velocity Minor
Remainder is less than the Interval Limit Number or the Limit Number, count in the
preceding day.

(Jin shu, chapter 18)

Zi Chou Yin Mao Chen Si Wu Wei Shen You Xu Hai

T o ®# o ok B 4 kK H K K

N

Table 4.3. Use of the twelve branches in double-hours reckoning.

giang shao  shao shao ban ban ban tai tai  tai ruo
ruo giang ruo giang  ruo giang

i 3 IO L S I U i TS I NI G S

Strong weak small strong weak half strong weak large strong weak
small small half half large large

1/12 2/12 312 412 5/12 6/12 7/12 8/12 9/12  10/12 11/12

Table 4.4. The twelve divisions of a double-hour.
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This section shows how to convert the result of the time in the last section to the 12
double-hours civil time reckoning. The twelve branches are used as the names of the 12
double-hours (see Table 4.3). Twelve divisions are used to provide exact time reckoning
within double-hours (see Table 4.4). Strong and weak are adjectives used on the divisions and
whole numbers. Strong means “1/12 more” and add 1/12 to the divisions. Weak means “1/12 less”

and subtract 1/12 from the divisions.

4.4 Summary

As one of the most significant astronomical phenomenon in Chinese mathematical
astronomy and astrology, eclipses and eclipse theories are important parts in Chinese /.
Chapters three and four aimded to study how did ancient Chinese astronomers improve
eclipse prediction methods from the San tong li to the Jing chu li. Over this period, methods for
predicting eclipses developed in three important ways: (i) from predicting only lunar eclipses
to the prediction of both solar and lunar eclipses; (ii) from relying only on the mean periods of
the sun and the moon to taking into consideration the variation in lunar velocity; (iii) from
estimating only a rough date to predicting the eclipse’s magnitude and the direction of the
eclipse shadow. The adoption the lunar velocity theory in the Qian xiang li and Jing chu li is a

significant improvement on eclipse theory.

In conclusion, I would like to use two sections from the Song shu to reflect the treatment of

eclipses during the Three kingdoms period. The first paragraph discusses the causes of
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eclipses and reflects upon the difficult in predicting them:

WA HMA LT E=AW, KREFHMMAM, & CERAIORFHE, KL
BEARZ A, LEEH: TGP, s H®EH, scF A%H. A®H, Rk
bEHAE, (OUREE, YWeEZ el HiEHA, RIHRA LS, fFZRAMIS,
BEACMRAE . HAMERRZHE, ST, ZUERUSH, HeRRE, 2R
AT E A RERF M. BESHE, DUAHMLERS. 20K, PEOYE,
L H 2. e (R eR) Az hl, 825 B2k, R wiIH 2B
F. &ANE, BEAEHE, EEEREENC. AR, BIARERATER,
ERIF AR | Jhik.

On the first day of the second month, the second year of Zhengyuan of the Gao gui xiang
Duke®, the Grand Scribe presented a solar eclipse but it did not happen. The Wen
emperor of Jin was the Chief General at that time, strongly demanded the scribe of the
responsibility of not verified. The scribe replied: “At the moment of crossing, it was either
the sun covered the moon, or the moon covered the sun. If the moon covered the sun,
then it sheltered the body of the sun, made the lights obscured, thus it is called solar
eclipse. If the sun covered the moon, then the sun transited from above the moon, it is
called yin can not intrude yang, there would be no change even with the cross. The
reasons to know eclipses when the sun and the moon covers each other, there is no
theory to understand it. Thus hold the ¢ sacrifice and heavenly rituals, when the sun
eclipses, the rituals were performed, it is also how the earlier scribes can not determine
eclipse. Since Han, solar eclipse was thought to be must happen at crossing, each time
when that moment comes, the officials would be warned, to prepare for the change of the
sun. Thus the Jia yin edict contains the rituals to prepare for eclipses, but not the theory
to determine it. From ancient time, the Huang di, Zhuan xu, Xia, Yin, Zhou and Lu, six
calendrical system, all don’t have the method to predict solar eclipses, only have the
differences on examining. The clause of bearing the responsibility, there was no theory to
know, it is not the guilty of the related official.” Thus stopped it.

(Song shu, chapter 14, chapter of ritual)

In the dynastic histories, there is a tradition of making comments on people and their work in
earlier periods. In an evaluation paragraph on the early /i makers found in the Song shu, Shen

Yue VL& aptly sums up the importance of Yan Wei’s work,

% Gao gui xiang Duke 151 B 42 is the title Cao Mao B %2 held before he was chosen as the emperor

of Wei. the second year of Zhengyuan refers to the second year of his imperial reign.
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HZRBE, BTRBEHE, B (U0, SO AATIER, iR
Wi, VISR, NEr s, UHESGWA M. k=N, &, B2 EE
& MBI, A g (FKD); R IE, KA, SR
LT F (1) 1 Sl w9 s G LA

Among the ancient li makers, Deng Ping was able to revise the existing method and
establish new ones based on it. Liu Hong is the first to criticize the Si fen [i; he also
worked on lunar velocity. After careful considerations, following the intention of
examining the differences, Yang Wei set a parameter called difference based on the
accumulated fen at conjunction and used it to predict lunar eclipse. These three people
are li masters in the Han and Wei, however, Hong’s lunar velocity table cannot be used
to check the dates in the Chun giu and Wei’s planetary theory is significantly wrong with
time passes. This is because Hong has not paid enough attention; Wei is limited by
putting Shang Yuan in the day Ren chen.

(Song shu, chapter 12).
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Chapter Five Development, tradition and reform: calendrical systems in early imperial
China

This chapter is an attempt to study the calendrical reforms in early imperial China and the
transmission of knowledge between different calendrical systems and related astronomers. It
focuses on how astronomers choose to adopt theories from other astronomers and how they
incorporated new theories into the methods from the earlier calendrical systems. When an
astronomer proposed a new calendrical system, they made efforts, for example a test of the
accuracy of calendrical system or a contest between their system and the official one, to
convince the emperor to adopt their system as the new official system. The debate and tests
between Liu Hong %7t Han Yu #¥%}] and Yang Wei #f# during the era of Huang Chu of
the Wen 3L emperor in the Wei on the adoption of /i, and the adoption of the Yuan jia li from
AD 443 to AD 445 are particularly interesting. I am going to use excerpts from the Hou han shu,
the Jin shu and the Song shu, to examine the following questions: How is astronomical
knowledge studied and transmitted between different scholars? What processes led to the
decision to undertake a calendar reform? What opinions were brought up and what opinions
were valued in debates concerning calendrical systems? And what reasons are significant in

the choice of a new calendrical system in early imperial China?

5.1 The reforms in the Han and Three Kingdoms period
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5.1.1 The Mandate of Heaven

The word for astronomy in classical Chinese is tian wen X, usually translated as “Celestial
Patterns”. The word literally means the natural phenomena of heaven. However, it also
contains diverse cultural meanings related to heaven and mankind, particularly related to
observational astrology. In the preface of the Shi ji 7L, Sima Qian claims he writes this
historical treatise “to explore the boundaries between Heaven and Man, to comprehend
changes old and new, and finally to form a total perspective (of the cosmos) 7T Rk AN F%, i

HHLE, RFLE

In the pre-Qin period, scholars in China began to make detailed celestial observations and
attached significant political meaning to heaven. The idea of tian ming K7 ‘Mandate of
Heaven' first appears in the Zhou.” Examples showing patterns of using astronomical
phenomena in divination are noticed in the later Chun qiu period. Heaven is closely related to
the human world.** During the Han, this relationship became even closer. In the Huai nan zi

#EFI T, a treatise of essays related to a variety of issues including philosophy and astronomy

% Translated by Sun Xiaochun f&/NE (2009).

% Kominami Ichiro (2006) discusses evidence for the concept of the Mandate of Heaven in
inscriptions on bronze wares from the Zhou period. For arts related astronomy in early imperial China,
see Tseng, Lillian Lan-ying (2o11).

% See chapter 2 for details of the development of celestial divination in the Pre-Qin period. For the
development of the idea of Mandate of Heaven in early China, see Pankenier (2013), Lu Yang (2007),
Jiang Xiaoyuan (1991) and (2004) and Huang, Yi-Long, (2011). For general discussion on Chinese

astrology, see Nakayama (1966), Sun Xiaochun (2000) and Jiang Xiaoyuan (2009).
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written in the second century AD during the Western Han,* it is stated that Heaven could

show either good or bad signs based on actions of the ruler of the state:**

ANEZNE, TR, SRS TR, LN 2 R, RASS E i,
AN ZFEN . DU, R HAH, R2fit; Br#E, R2WH;
e, HE%H, Rz,

The natures of the rulers of men penetrate to Heaven on high. Thus if there are
punishments and cruelty, there will be whirlwinds. If there are wrongful ordinances,
there will be plagues of devouring insects. If there are unjust executions, the land will
redden with drought. If (lawful) commands are not accepted, there will be great excess
of rain. The four seasons are the officers of Heaven. The sun and moon are the agents of
Heaven. The stars and planets mark the appointed times of Heaven. Rainbows and

comets are the portents of Heaven.
[Huainanzi, chapter 3, section III; trans. Major (1993), p.67.]

To study the calendrical reforms in early imperial China requires us to study the role of
astronomy to the emperor, and to other members of society. What factors could affect the
adoption of calendrical systems? Why is a reform necessary? How did the astronomers and
officials know which system is best? In order to investigate all these questions, we not only
need to study how Chinese astronomers constructed their system, but also to discuss why
they need to do this work, and what is the meaning of their work to other people, to officials,
to the emperor and to the state. In other words, what is the importance of calendrical

systems on state politics?

In 134 BC, Dong Zhongshu Fff'%} submitted three memorials to the emperor in which he

% Le Blanc (1985). Loewe (1993).
% For study on the chapter of astronomy in the Huai nan zi, see the complete translation and study in

Major (1993) and Tao Lei (2003).
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discussed the connection between Heaven and the state. Grounded on the theory of the
Chun giu philosopher Mencius, who argued that changes on the earth are related to changes
in the metaphysical world, Dong claimed that there is a corresponding mechanism
connecting Heaven and Man. Heaven is regarded as the supreme power in the universe of
Heaven and Earth and it has the power to grant the legitimacy of rule. The ruler, bearing the
name as “the Son of Heaven K7, rules the state on behalf of Heaven’s will. However, if the
ruler does not act righteously, Heaven could send signs, such as astronomical phenomena, to
warn him.® To keep the Heavenly Mandate, the ruler of the state needs to issue appropriate
calendrical system and perform heavenly rituals on appropriate dates.”® In the bibliographic
treatise in the Han shu, the role of celestial patterns (tian wen) and calendars and

chronologies (li pu, J&7k) are introduced as follows:

R, P+, PHEAA, ULEXNZER, BERUSEE.

Tian wen was concerned with the order of the twenty-eight lodges, the movements of the
five stars and sun and moon, the manner of relegating images as auspicious or
inauspicious. It was by this means that the sage kings governed.

JEakE, FlRZAL, EAEZE, SHALEZR, UBEBREZE. i)
HETIEEY, DE=SRGZH, XURMTEAAZ &, XEZ &, HE
g, FMER R RS M, ARR T2 EM, ARG EZ A,
BN NSRRI RE S, BERL R/, BT LA, & DATE AT AR 1T 3 R
.

Calendars and chronologies fixed the order of the four seasons, rectified the periods of
the equinoxes and solstices, noted the periods of concordance of the sun, moon and five

% For more details, see Loewe (1987), (2002), (2011).
% For example, the emperor and officials need to follow the wuxing cycles in political practices to

accord the Earth, Man, and Heaven. See Wang (2000).
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planets [five stars], and in this way predicted cold and heat, death and birth with
exactitude. Therefore the sage kings maintained the numbers of the calendar in good
order, and in this way used the System of the Three Kings to regulate the colors of
clothing; also in this way they knew the periods of conjunction of the five planets, sun
and moon. By their arts they made manifest the misfortune of calamities and the good
fortune of prosperity. This is the art by which the sage kings knew the commands of
heaven. But men of small talent, how they pursued it! The Dao became disordered and
disasters proceeded from small men who desired to know the Dao of heaven. They
harmed the great and made it small, and pared down the far in order to make it near, in
this way the arts of Dao were scattered and became difficult to understand.

[Han shu, chapter 30; trans. Raphals (2008). pp. 83-85.]

There has been a recent transition in the understanding of the influence of calendrical
systems to Chinese society. Joseph Needham (1975) emphasized the agricultural purpose of
calendars, an idea without much evidence. Jiang Xiaoyuan has argued that ancient Chinese
astronomy, “tian wen”, significantly concerns judicial astrology (Jiang Xiaoyuan 1991). Sun
Yinggang argues there is a distinction between astronomy and astrology, and astronomy
serves for the use of political divination (Sun Yinggang 2012). Calendrical systems are
significant to the ruler of the state because they are a symbol of the legitimacy of political
power. If what happens on the earth is good, Heaven will not send a sign. If not, a warning sign
will be released. To keep this system running is about how to find a way to live with Heaven
and connect with Heaven. In order to do this, everyone needs to hear from Heaven and learn
from Heaven. When there is a sign from Heaven, scholars need to interpret the sign and rulers
need to take corresponding actions. One reason to reform the astronomical systems was

therefore to improve its accuracy in following the heavenly motions.
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5.1.2 Calendrical reforms

There are a total of around fifty calendrical systems officially adopted in China. The procedure
by which a new system is adopted is the same throughout most of Chinese history: the
emperor orders his astronomers to produce a new calendrical system to replace the existing
one. Officials in the astronomical bureau will follow the call and work on the new system.
After testing the system against astronomical observations, the system will be submitted and
accepted. Many reasons could be used to initiate a calendrical reform, such as the transfer of
political power of the state, a technical flaw in the system which needs to be rectified because
the predictions made by the system are not correct, or unexpected omens leading to chaos
and rebellion in the state. Thus, calendrical reforms are not only scientific activities, but also
activities with cultural and political features.” According to Sivin, four situations could
happen. First, the officials do their work on astronomy well and produce an exceptional
system, as expected or required by the emperor and the empire. Second, the new system is not
an improvement over the existing one. Third, the new system is not adopted, even though it is
better than the existing one. Fourth, it is also possible that an astronomer, whether an official
on astronomy or not, himself develops new theories and realizes the current system is not
accurate enough. He presents and succeeds in persuading the emperor and other officials to

adopt the new calendrical system and replace the old one.*

% See, for example, Niu Weixing (2004), Cullen (2007a), Sivin (2011), and Morgan (2013).
% Sivin (20m).
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"UBH 91} UI $JS9IUOD PUE SULIOJOI SUIAISAS [EOLIPU[E)) T'S 9[qe],

Date Figures Debate or test Reasons Result
System is off heavenly motions, this
San tong /i replaced the Tai chu
7BC Liu Xin no debate or test results in late predictions on the qi, i
i.
shuo and planets.
AD 62, begins the reform of the
AD 62 Yang Cen, AD 62, one observation, AD AD 62, lunar eclipse misprediction,
AD 62, Tai chu li.
AD 66 Dong Meng, AD 68, Zhang | 66, discussion, AD 68, test AD 66, system is off, AD 68, claim
66, 68 AD 66, no result,
Sheng, Jing Fang, Bao Ye for more than a year to have better method
AD 68, replaces Yang Cen
Reform required by the
AD 85 Bian Xin, Li Fan emperor. Observations made System is off heavenly motions. Sifen li replaced the Tai chu li.
by Bian xin and Li Fan
New eclipse theory in the Si fen
Test on a solar eclipse in AD Revised eclipse period (details are
AD 100 Zong Gan li, replaces the one identical to
100 not preserved).
the San tong /i.
AD 123, Liang Feng, etc. AD 143,
Bian Shao, etc., AD 175, Cai The principle in deciding epoch in
AD 123, debate No change is made
Yong with Feng Guang and Chen calendrical system
Huang,
AD Liu Hong, Han Yue with Feng Liu Hong’s New eclipse period
test Eclipse period
175-179 Xun, Zong Cheng is adopted




The tradition of calendrical system reform begins in the period covered by this dissertation.
The process of adopting a new system is influenced by at least three factors: the outcome of an
astronomical contest, political influence and the social relations between astronomers. Table

5.1 summarizes the reforms during the Eastern and Western Han.*

From these examples, debates and tests often happen when an astronomer proposes a reform
to the current calendrical system. However, the result varies significantly: there could be a
new system, or new theory to part of a system, or there could even be no change to the
calendrical system at all. When astronomers face more technical problems, such as when the

eclipse period needs to be improved, tests are favored.

5.1.3 The cultural tradition in calendrical reforms in early imperial China

In imperial China the importance of a calendrical reform lay not only in the development of
astronomical theories, but also in the political significance of the calendrical system to the
ruling of the state. An accurate calendrical system acts as a symbol that the country is
governed by an appropriate ruler who follows the will of Heaven. The calendrical system is
therefore a reflection of the Mandate of Heaven and is important for demonstrating imperial

legitimacy. Thus, a calendrical system needs to be issued and accepted when a new dynasty or

% For the Tai chu reform, see Cullen (1993). For details of three representative debates of Yang Cen, Jia

Kui and Cai Yong, see Cullen (2007a).
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a new emperor came to power, as is explained in the following passages from the Shi ji 57T

and the Han shu 7£2:

EH W, IR, SR, S, #EARRIT, MERKE.
When a new dynasty rose by accepting the Heavenly Ordinance, at first it had to be
prudent. It had to obey the will of Heaven by renewing the basis of all things: the calendar

and the color.
[Shiji, chapter 25; trans. Yabuuti (1974)]

W EMSUEW], Skt FrUAMISZar s R, AISEE L HIAMTE
It is to demonstrate his acceptance of the Heavenly ordinance that the emperor should
reform the calendar and the color. In founding a new dynasty, the Emperor should not

depend upon former institutions.
[Han shu, chapter 25; trans. Yabuuti (1974)]

Reform of the calendrical system was usually prompted by one of two situations: either the
emperor orders for a new system, often because of the need to reestablish political legitimacy,
or an astronomer proposes one to the emperor, generally because of perceived astronomical
failings of the current system. In order to convince the emperor his system is better than any
other and should be adopted as the official system, the astronomer needs to explain why the
current system is not accurate or perhaps hold a contest comparing observed astronomical
phenomena and calculations of that phenomena made by his system and other systems. As
shown by Niu Weixing calendrical debates and reforms are not just scientific activities, there
are complicated scientific, cultural and political reasons behind the results.”” Thus the reform

is not merely a technical or political event, it is a combination of the two. Based upon an

™ Niu Weixing (2004).
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examination of examples of reforms during the Western and Eastern Han, Yabuuti has
suggested that reforms in the Western Han are influenced by metaphysical theories such as
chenwei ##H™ and shouming gaizhi %7 2 H,” while the Eastern Han reforms are
motivated by more scientific reasons.” In the Three Kingdoms period and the Jin dynasty,
debates and tests over calendrical systems took place frequently. Observations were used to
claim that a particular astronomer’s suggestions were verified or to provide a basis for
arguments over the determination of which calendrical system should be adopted. When
deciding whether to adopt a system or not, a procedure needs to be developed to find the
most appropriate system. For example, during the 2nd century, the San gong yi — /&%, a

public debate on the “system origin” /i yuan J& Jt, was held among astronomers in front of

three high excellencies.”™

In early imperial China, the importance of calendrical systems to the emperor’s rule under the
Mandate of Heaven meant that they were designed to follow not only the heavenly motions,
but also what I term ‘cultural tradition’. This cultural tradition resulted in non-technical (i.e.
non-astronomical) factors playing a significant role in the occurrence and process of reform of

the calendrical system. First, because the calendrical system needed to be changed when a

™ Chen i (prophecy), wei # (apocrypha). Chenwei ##% makes prognostications based on the
yinyang and wuxing theories. It appeared on the apocryphal texts (weishu # ) in the Qin and Han
and was prohibited in the southern and northern dynasties

7 Shouming gaizhi % 24 is an idea developed by Zou Yan #{fiT during the Warring States
Period: when a new dynasty replaces the old one, the mandate of the new dynasty comes from Heaven.
™ Yabuuti (1974).

™ Cullen (2007a).
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dynasty is found, or when ominous phenomena happen, as explained above the in the quoted
passages from the Shi ji and the Han shu, although sometimes this led to nothing more than
changing the name of a system. Second, the system must be not only accurate astronomically,
but also favored both politically and culturally. For example, the system was often considered
in relation to metaphysical theories such as chenwei by the Han people or wuxing 1.1T in
most times in early imperial China.”” Third, in astronomical debates and tests, a calendrical
system was considered to be successful when it performs well in the traditionally valued
theories, such as eclipses prediction and calculating the position of the sun at winter solstice.
Correspondingly, when an astronomer constructs his calendrical system or proposes a
calendrical reform, he also has two perspectives to make arguments: first, how to better follow
the cultural traditions; second, what are the technical improvements on astronomy. In early
imperial China, these two issues are closely related. In the memorials submitted to the
emperor and the prefaces of calendrical systems, astronomers usually emphasized that their
systems are able to follow both ways at the same time. In order to do the second, astronomers
need to observe certain astronomical phenomena to show that the current system is not
following the heavenly motions very well; in other words, it does not follow the traditions well.
Even if a technical improvement is helpful to improve the accuracy of the calendrical system,
if it does not fit in the cultural traditions, it could still be opposed by other astronomers or

officials or even neglected. In the debates and tests of adopting a calendrical system, both the

5 Wuxing 11T, “Five Phases”, a theory of correlative thinking with correspondence between Metal,
g ry g P

Wood, Water, Fire and Earth.
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astronomical improvements and the cultural traditions were valued by people who make
decisions, although exactly what is valued during the reform by the ruler and the officials

could change in different dynasties, or with the development of astronomy.

This chapter aims to discuss the complexity of the cultural traditions and astronomy in early
imperial China using as examples the 3 century debates in the Kingdom Wei £ between the
Qian xiang li % J&, the Huang chu li ¥ #]J& and the Jing chu li 5#]J&, and the process
of calendrical reform between AD 443 to AD 445 which led to the adoption of the Yuan jia li
JG3%J&. By examining the materials related to the reforms and the debates and tests on
astronomical theories, I aim to explore the following questions: What is valued in the
procedure to choose the best calendrical system for the country? How do astronomers,
officials and the emperor balance the weights of cultural tradition and technical development?
What kind of development is important for astronomers when they construct their systems? Is
that affected by cultural tradition? How is astronomical knowledge studied and transmitted

between different scholars?

5.2 The Huang chu debate

The centralization of imperial reign gradually fragmented into several local powers at the end
of the Eastern Han. In the first few decades of the 3 century AD, the union of China under the

Han emperor was succeeded by three regional kingdoms: Wei (AD 220 — AD 265) in northern
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China, Shu %j(AD 221 — AD 263) in the southwest and Wu %:(AD 222 — AD 280) in the
southeast. During the Huang chu Era (Yellow reception, AD 220 to AD 226) of Emperor Wei
Wen 3, the first emperor of the Wei kingdom, the Prefect Grand Scribe X4 Gaotang
Long [ % [% managed a calendrical reform to replace the current Si fen li system. The
Assistant Grand Scribe A 527K HanYi ¥%3] submitted his Huang chu li for discussion. It led
to a San gong yi public debate in front of three high officials and tests between the Huang chu
li and the Qian xiang li , a system constructed by Liu Hong #Iit in AD 206, against

observations. This debate is described in the Song shu:

JeAnd, BORPESISt AT (W02 BRoRER, B/ \HIuRsE: A
WO+ &>ors 38 (FeRiED. SCHEERIE P A4T. 5T CREID (PU5),
PR RS. BOCH s IR, RS ARERI LRy CRCR) 0 K, RE %GR,
& GERIEY, AT \NE N =/, —Tahstn. HEMESHR

%, DA BRuEy], arfURf 2. sz, B (U2 E) ARG

., KBLZar, BHIDEIR. sflEd Gay)), MRAE, MU (R) O
M2 B=9, TMRAE, &ANK, FREMERL, TE/RFMmR. %
=k, EARGEHNEE, PREBFIER, AR EEBE, SdEHEE, HZH, &
RAEE, ARFEH. "0 Pk, MEEES CROE), HHZRE.

=

7I<o

During the era of Guang He (J'.#, Glorious Harmony, AD 178 to AD 184, the third reign

=
oo

period used by the Ling %% emperor in the Eastern Han), the Observer of the Gucheng

Gate B [I{% Liu Hong was the first to realize that the Si fen li is off the heavenly

motions.”” He built the method of Qian xiang with 589 as Era Divisor and 145 as Dou

7® Translations of official titles are mostly taken from Bielenstein (1980). However, there are a few
cases where I do not agree with Bielenstein. For example, I translate ZXIN91% as "the Observer of

the Gucheng Gate" instead of "the Captain of the Gucheng Gate." I take the Chinese character f% for
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Fraction (the fraction of Dipper, the Lodge Dou). He built the Velocity Calendar (Chi ji

li IBFEJE) to pace the lunar motion. It is similar to the Tai chu li and the Si fen li, while
finer and more accurate. During the era of Huang Chu (% #J, Yellow Inception, AD 220
to AD 226, the first reign period used by the Wei kingdom) of the Wen 3 emperor in

the Wei, the Assistant Grand Scribe X5 7K Han Yi believed the Qian xiang li reduced

the Dou Fraction too much, and it will be ahead of the heavenly motions as time goes
on. He built the Huang chu li with 4883 as Era Divisor and 1205 as Dou Fraction. Later,

the Prefect of the Masters of Writing ¥4 Chen Qun [# ¥ presented a memorial,

which said, “it is difficult to get a clear understanding on the /i and the numbers.
Scholars from earlier dynasties argued a lot. The inauguration of the Huang chu (i is
because the Si fen i is aged and inaccurate. The mandate has come to Wei, it is a good
time to correct the /i and ascertain the seasons. Han Yi first built the Huang chu li, he
was afraid it was not accurate and used the Qian xiang li to compare and adjust. During
three years, even more opinions were brought up on right or wrong. (They) neglect the
essential (issues) and concern only the minor ones. To argue on the size, (they)
question the measures. This took a long time and there is no result. According to the
San gong yi debate by the three high officials, both (systems) synthesize and explicitly
made arguments, they are heading to one place from different roads. It is better to let
them use instruments, to practice their theories. In the time of one year, the
advantages and disadvantages will certainly be judged. The matters will be agreed.”

(The emperor) agreed. During the era of the Ming ¥ emperor, Gentleman of the

Masters of Writing & Bl Yang Wei %1% built the Jing chu [, it has been used

through the Jin and the Song.
(Song shu, chapter 12)

In this concise history of the calendrical systems and reforms in the Wei Kingdom it is

explained that when Liu Hong realized that the Si fen li is off the heavenly motions he first

built his own system with 589 as Era Divisor and 145 as Dou Fraction and then constructed the

Velocity Calendar to pace the lunar motion, a new theoretical development in calendrical

an observer who keeps watching sky rather than a captain of a guard team.
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systems which can be credited to Liu Hong himself. Changing the Era Divisor and the Dou
Fraction modifies the length of a solar year, a key factor to keep the calendrical system in line
with the seasons. These arguments are based upon astronomical reasons, which concern the
Dou fraction (Dou fen |47, or literally Dipper Fraction), which has long been focused on in
the astronomical tradition. In the 28 lodges system, the lodge dou is the only lodge with a
length than includes a fraction rather than a whole number of du. The Dou fraction (Dou fen
2147, or literally Dipper Fraction) therefore corresponds to the fraction of a day in a solar year
and therefore represents the accuracy of a solar year in a calendrical system. The length of a
solar year was a concern of all earlier and later astronomers and thus became a significant part
of the cultural tradition. When Han Yi argues the Qian xiang li will be gradually ahead of the
heavenly motions as time goes on, he also emphasizes the length of a solar year: “He built the
Huang chu li with 4883 as Era Divisor and 1205 as Dou Fraction.” Although the Qian xiang li
and the Huang chu li differ in their treatment of this significant subject, it is still difficult to
know which one is better only by debates. With no astronomical observations, the San gong yi
public debate was intense but not very fruitful, as stated straightforwardly in the text: “during
three years, even more opinions were brought up on right or wrong. (They) neglect the
essential (issues) and concern only the minor ones. To argue on the size, (they) question the
measures. This took a long time and there is no result.” Under such circumstances, a contest of
astronomical observations was deemed necessary to decide which system is more accurate.

According to the Jin shu, Dong Ba F[Z , an Attendant Serving within the Palace 443 91,7

" Dong ba was also the author of Yu fi zhi B2 JJlk % (Treatise on Carriages and Robes) and coauthor of
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explained the significant context of a variety of astronomical observations from a historical

perspective:

SENEKE R &S, WORFER 2R, WLERRAR, IERARRIH. 28R
R, B, i W d.

Sages tracked the Great Yang (sun) from gnomon shadows, verified the Great Yin
(moon) via quarter and full moons, elucidated the Five Stars (planets) via appearances
and concealments and settled right and wrong via the first and last day of the month.
Quarter moons, full moons, concealments and appearances are the guiding order of li

numbers and are brilliant for inspection and verification.
(Jin shu, chapter 17, translated by Morgan, 2013, p.302)

Three kinds of astronomical events are mentioned by Dong Ba, the sun’s motion, planetary
appearances and the major stages of the phases of the moon. Are these events as well the
ones considered important in the cultural traditions in calendrical reforms? Observational
tests are valued when people can not decide which system is better in the debate:
“According to the San gong yi debate by the three high officials, both (systems) synthesize
and explicitly made arguments, they are heading to one place from different roads. It is
better to let them use instruments, to practice their theories.” What kind of observations are
important in determining the calendrical system? Xu Yue &%, a disciple of Liu Hong,”

suggested solar eclipses:

WBZE, TN, 2P, RAR, Sy, s hiHa: Het
RS2, MRSTER, 8T~ L, =42, M2z s, WNEE, A
FIGL, BIRKLAAR, KAWL,

the Wuxing zhi TiAT & (Treatise on wuxing) of the Hou han shu.
™ Xu Yue of Donglai # 3¢ was also the author of mathematical treatises Shushu Jiyi $UfTECIE and

have commented on the Nine Chapters J13 5.
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The key to testing a /i lies in solar eclipses. In the Illustrious Tranquility period (172—
178), Hong was, at the time, a Court Gentleman and wished to reform the
Quarter-remainder. Previously, he had sent up a solar eclipse prediction. The eclipse
was on a clear day at the double-hour chen (08:00-10:00), and the eclipse went from
bottom to top, intruding two thirds (over the disk of the sun). After the matter had
been inspected, it was found to have happened just as Hong said. Everyone within the
oceans recognized the truth of it, and there was no one who did not hear of it. Since Liu
Xin, there has been no match for Hong.

(Jin shu, chapter 17, translated by Morgan, 2013, p.305)

We do not know whether Xu Yue suggested solar eclipses only because he believes “the key to
testing a li lies in solar eclipses,” or he has an inclination to the Qian xiang li in this contest.
However, it may be significant that that Xu Yue had studied calendars and astronomy from
Liu Hong. Furthermore, he was impressed with Liu Hong’s ability to predict solar eclipses.
These two reasons might have together influenced his argument. In any case, a series of tests
using eclipses and planetary motions were decided to be held in the following years. In the
end, the Qian xiang li was preferred by the majority of scholars in the debate and achieved
slightly better results in the test.”” According to the Jin shu, “Among the predictions of five
solar and lunar eclipses, the Qian xiang has four further, the Huang chu has one closer. JLik
HAHGHRE, ZRIUE, 54—, 7 “Among fifteen appearances and disappearances of

four planets, Qian xiang made seven closer and two correct, Huang chu has five closer and one

correct. JLVURE RARTH, W Z-tir —r, #HYHiE—F. ™

Two issues need to be further addressed according to these results. First, where were the

™ See Morgan (2013) for the details of the results of the debate and the observation test.

% Jin shu, chapter 17.
103



observation tests made? Second, what was the time and direction reckoning system used in
this eclipse contest? There are a few possible locations for the place of the observatory: the
capital of the kingdom Wei, Luoyang; the place the last Eastern Han emperor, the Han Xian
Jik emperor stayed, Xuchang 7 Ei; or Yangcheng F%3, a place regarded as the center of
earth. In his analysis of these eclipses, Chen Jiujin [# /A % used Xu Chang (34°03' N, 113°51'E,
+40 meters) as the place of the observation.” By contrast, Morgan provided an eclipse list
calculated to Luoyang %55 (34°45' N, 112°28' E, +144 meters) with the NASA Five Millennium
Canon of Solar Eclipses by Fred Espenak and Jean Meeus.” Yangcheng is almost at the cross
point to the north of Xuchang and the east of Luoyang. As the practical administration center
of the Eastern Han, Xuchang is where Cao Cao 4 ruled the state as the prime minister.
When his son Cao Pi B A acquired power as the Wei Wen Emperor, abandoned the Han
Xian J§k emperor and founded the Wei kingdom, he moved the capital back to Luoyang in
AD 220 (the first year of Huangchu). According to the following quote from the San guo zhi,
Cao Pi seems to travel a lot between Luoyang and Xuchang during the transfer of

administration.

AL + 21, WERME, RFEEH. —F, fiKkaa.
The twelfth month (of the first year of Huang chu), the palace of Luoyang was run for the

first time, (the king) visited Luoyang on the day of Wuwu. In the second year, a cloud
platform is constructed.

=HFFRIEANEY, A, B, TEWES. . A¥H, 173%5%.

* Chen Jiujin (1983).

82

(http://eclipse.gsfc.nasa.gov/eclipse.html). Morgan (2013), pp.320-321.
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On the first day Bingyin of the first month in the spring of the third year, there was an
eclipse. On the day Gengwu, (the emperor) traveled to the palace in Xuchang.......On the
day Xinchou in the eleventh month, (he) visited Wan. On the last day Geng shen of that

month, the sun was eclipsed.
(San guo zhi, chapter 2)

However, this text does not indicate where the observations were made. Given the
significance in deciding the official calendrical system, it would be a rational assumption that
the observations for the contest took place at the official observatory. There were usually two
possibilities in choosing the official observatory: the center of the earth, or the capital of the
state. Two locations have been argued by Chinese astronomers as the center of the earth:
Luoyang according to an early theory from Zhou ] to the Han and Yangcheng according to a
better accepted theory from Zhou to the Song or even later periods.” We currently do not
have direct evidence showing the Wei kingdom used which place to build its official
observatory. If they follow the rule to observe in the capital, the capital of the Eastern Han
Luoyang is an obvious candidate. Even though Cao Cao moved the administrations to
Xuchang, Cao Pi rebuilt the palaces in Luoyang in AD 220 and move the bureaucracy back.
The earliest Huang chu eclipse was observed on Aug 5, AD 221, with other eclipses in the
following couple years. The Huang chu eclipse contest would then have happened in Luoyang.
However, if they follow the rule to set the observatory at the center of earth, it is possible that
the observatory was not moved during the transfer of administration power and the eclipses

were always observed at Yangcheng.

% Guan Zengjian (2000).
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The time reckoning system used in this eclipse contest is quite particular. In similar examples
from later dynasties, a 12 double-hours system is much more commonly used. However, here it
is clear that a 24 single-hours system using 24 characters from the gan zhi system to represent
24 hours which makes a day.* In the Aug 5, AD 221 example, the eclipse happens in Xin %,
which is only used in the 24 single-hours system. Qu Anjing % 5% discovered that the solar
eclipse and planetary phenomena records quoted in this debate all used this 24 single-hours

system. Moreover, this 24 single-hour system combined hours and directions together.*

ZARIE A A S R H Al
3rd year, 1st month, the day of Bingyin, the first day of the month. The sun was

eclipsed at the north of the hour of Shen.

=4+ A A JUH BRI Y R A A

3rd year, 11th month, 2g9th day, the day of Gengshen. The sun was eclipsed at the time
of direction of southwest.
(Jin shu, chapter 17)

% Sivin (2009)

% Qu Anjing (1994).
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Figure 5.1 the time-direction system in the Han.*

The text used two particular ways of stating exact time: “the north of the hour of shen” and
“the time of direction of southwest.” North of shen means the upper part of the hour shen,
which is close to the hour of geng. The direction of southwest means it is at the 5/8 if we count
in the clockwise. However, another way to say this is it is at 225° from the start point. Morgan
believed the start point corresponds to the beginning of the hour zi. However, I think the
directions are placed in between the hour of zi to make the directions balanced. That is to say,
the hour of zi is right on the direction of north, as a result, the start point is the midpoint of

the hour zi. See Figure 5.1 for an example of the double-hour and single-hour system.”

As argued earlier in this chapter, theoretical development within astronomy is not the only

reason that could affect the adoption of a system, cultural traditions were making impacts as

% Pictures adopted from Guan Zengjian (2000), p21-22.
¥ Also see Figure 4.2: Six Dynasties bronze liu ren-style diviner’s board on page 323 in Morgan’s

dissertation, which as well placed north to the mid-point of the hour z:.
107



well. If we look at the big picture by taking debates, tests and reforms all together it is
apparent that more factors need to be considered to an understanding of the construction of
calendrical systems. Three dimensions are worth looking at besides the theoretical astronomy
and the cultural traditions of calendrical reforms in astronomical society in the Three
Kingdoms period: politics, astronomical knowledge and “teacher and students” relations.
According to a recent study by Morgan, the astral sciences are not only tightly operated by the
government and by hereditary practitioners. There is a knowledge network between
astronomers.” Politics and astronomical knowledge are obvious factors in adopting a new
calendrical system. However, the social relationship between astronomers also affected this

process.

=) Xu Yue
(Wei)

Liu Hong

Cai Yong
\ (EH)

) / e
4

/ \ \":\'_\_\__

R
f ZhenEgHXuan ‘ ~3 Yang Wei
\( )/ (wei)
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178AD 221AD 237AD

Eastern Han Three Kingdoms Jin

Figure 5.2 Transmission of knowledge between Chinese astronomers in the 2nd and 3rd
centuries AD. EH represents the Eastern Han.

% Morgan (2015).
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Figure 5.2 shows the transmission of knowledge between Chinese astronomers in the 2nd and
3rd centuries AD. Hollow arrows point to the scholar who learns from another at the other
end of the arrow. A solid arrow indicates that the scholar either has a different opinion or
argues against another in the debates. The arrow points to the scholars being argued against.
Located in the center circle, Liu Hong (AD 135?-2107?) is the key figure in this knowledge tree.
In the first year of Guanghe, AD 178, he expanded the fili zhi (treatise on temperament and
calendar) of the Hou han shu with Cai Yong.* In AD 179-180, he discussed the new eclipse
period with Wang Han 7%, Feng Xun #5f] and Zong Cheng &, and predicted a solar
eclipse. In AD 187-189, he submitted the Qian xiang li, which included the first lunar velocity
theory in Chinese mathematical astronomy and completed the system with improved theories
by AD 206.” As we see from figure 5.2, the transmission of knowledge not only happened
between astronomers who worked with or learned from Liu Hong, but also among different
kingdoms. He passed his astronomical knowledge to Zheng Xuan 5§ %, Han Yi, Xu Yue and
Yang Wei separately, the latter three all played important roles in the Huang chu calendrical
reform. Kan Ze 7% learnt from Xu Yue and held the position of the Master of Writing after
Sun Quan &M claimed himself as the emperor of Wu in AD 222. He is said to “also know /i
and methods, (and) earned his reputation from this F@ &7, HZH 4. We do not

know whether the Wu astronomers and officials know the results of the Huang chu debate

% Cullen (2007).
9 See Chen Meidong (1986) for Liu Hong’s life and astronomical achievements.

% San guo zhi, chapter 53.
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and test or not. But obviously these astronomers know the Qian xiang li quite well. Kan Ze
wrote a book Qian xiang li zhu (Commentaries on the Qian xiang li). Wang Fan T-3% “passed
on the Qian xiang li and made an armillary sphere with the Qian xiang methods 1% 3t (%z
FIB), WK CHZR%) M. Then there is no surprise that Kan Ze acted to let the Wu
emperor to adopt Liu Hong’s Qian xiang li as its official calendrical system. Therefore, even
though Qian xiang li was better in astronomy, it was soon no longer an option for the Wei
kingdom when it was adopted by the Wu Kingdom in the second year of Huang wu 3% (AD
223). On the one hand, Qian xiang li had gained a small advantage in the observational test (it
was more accurate in eclipse prediction but was not significantly better in the planetary
contest). It would therefore not be reasonable to pick Huang chu over Qian xiang. On the
other hand, Qian xiang li has already been claimed by another kingdom and it would be rather
inappropriate to use the same system as another kingdom. Thus, neither Huang chu li or Qian
xiang li was chosen after a series of debates and tests. The death of Wei Wen Emperor put a
temporary end to the contest. Another reform was initiated by his successor the Wei Ming

Emperor (AD 227-233), the second emperor of the Wei kingdom:

(S ) Fl: RS2 EBBEA KRR, EHED 2B, RARME. LS
PR, RRICOUNS, iR S g Z EEAG 1 . K LA Rl B AR 2 LA . 12
AR SE, BEMIEEEEAZZE . O BOR, ERARAS H el H AR, BEA
5 H Al Mg aE. FRTCAR S, BERTFEEAT, MU HAS fl . o

Wei Liie says:* The Grand Scribe claimed the Han /i is behind the heavenly seasons, then

% Song shu, chapter 13.
% This citation is from the notes of Pei Songzhi #¥AZ (AD 372-451) on the San guo zhi. Pei quoted

Wei Liie %%, a third century book written by a Wei Kingdom scribe Yu Huan %%,
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even calculate and pace the lunar phases, and constructed the Tai fe li. The emperor
believed Gaotang Long is excellent and profound with his scholarship, especially
mastering in astronomy, and then ordered Long and the Master of Writing Yang Wei, the
Alternative Grand Scribe Luo Lu, to participate in prediction and revision together. Wei
and Lu are Grand Scribes, Long thus even argued against them according to the former /.
After a few years of complexities, Wei claimed Lu predicted solar eclipses but did not
have the lunar (cycle) completed at the last day of a month; Long did not work out solar
eclipses, but had the lunar (cycle) completed at the last day of a month. (The emperor)
ordered to follow the Grand Scribe. Although Long did not get what he argued for, the far
and close still know he is fine and accurate.

(San guo zhi, chapter 25)

The contest between Huang chu and Qian xiang was replaced by a briefly recorded contest
between three officials: Yang Wei, a high-ranking specialist on astronomy, Luo Lu, a lower
ranking scribe on astronomy, and Attendant Serving within the Palace Gaotang Long.
Gaotang Long used to be the Prefect Grand Scribe, but was holding a title as a general advisor
to the emperor. He was chosen to work on the calendrical reform with two Grand Scribes
whose duty is on astronomy, because of his reputation of mastering astronomy. Yet it was
Yang Wei who was favored in this contest and appeared to judge the work of his two
colleagues. Similar to what we have seen of the cultural tradition of calendrical reforms in the
Wei, solar eclipse and lunar cycle were again valued in the contest. In AD 237, Jing chu li, a
system constructed by Yang Wei, was adopted by the Emperor Ming and was used until AD
265. When the Western Jin replaced the Wei kingdom after it conquered the Shu and the Wu,

the Jin emperor decided to keep using the Jing chu li, but change its name to Tai shi li =5 /&.

B RIGICE, AAZE EEMAMELLR, ST LITZRENE, &%

Fre, HRW, AR, HEHEUNH, KUHH. & CGREEB) & (RBE).
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In the first year of Tai shi (Z&4f, Peaceful Harmony, AD 265 to AD 274, the first reign

period used by the Emperor Wu i in the Western Jin), relevant department submitted a

memorial, “kings succeed gi and keep following it to the end.”* According the order of
wuxing, Jin should belong to jin (metal), jin comes from ji, works following you and ends
at chou. It is good to sacrifice on the you day, to sacrifice the ancestry at the chou day.”
(We should) change the Jing chu li to Tai shi li.” (The emperor) agreed to the memorial.
(Song shu, chapter 12)

5.3 The preface of the Jing chu li

When an ancient Chinese astronomer constructed a calendrical system, he also needed to
explain why his system is better than the existing systems, usually by means of writing a
preface. Its purpose is either to persuade the emperor and other officials to accept his system,
or as an announcement to let people know the advantages of this system, or both. Prefaces
usually begin with the background of his study, especially how these methods are constructed
and why this system is better than the earlier ones, just like scholars write introductory
sections when they work on a science article today. In the following I provide a complete
translation of the preface of the Jing chu li written by Yang Wei. Commentaries and

discussions follow the texts.

% According to the Zhonghua shuju edition, there is a missing character in the text. I believe what
appears on the text “keep following it to the end 7= [ |4%¢” is originally “keep following it from the
beginning to the end Z= H.UH4%.

% zufH is asacrifice for the five heavenly gods of the East, South, Central, West and north, and the five
deities of wuxing: metal, wood, water, fire and earth. la & is a sacrifice for the ancestry at the end of a

year.
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At the beginning of this preface, Yang Wei introduced the history of Chinese astronomy from
his own perspective. Most calendrical systems in historical dynasties begin this way; to write a
preface is to begin with an essay explaining how this system not only followed the traditional
way to construct a system, but also how accurate it can be when making predictions. On the
one hand, it is to trace the merits and drawbacks of ancient astronomy. On the other hand, it
is an effort to let the reader know the advantage of his own ways and systems. The purpose of
writing a preface is not only to introduce this calendrical system, but also to explain why this
system is better and the reasons it should be adopted. Since the text is a memorial to the

emperor, here Yang Wei is trying to convince him to use his calendrical system.

MR RSERAE, s B, RLACR, H UL, Hprdizk,

B, JhyEDR, RXGE S, Wi, w8, RERER, . EE,
RigemnEH, =Bz, AlitAHE. HERE, RIHZ#EE, wExe, A
RN, gt FANmE, EERpELH, R GE) # CRED. hitiie,
FRRERITEANE, FAARZH.

Yang Wei stated in his memorial to the emperor: I have read related books, I have
thoroughly thought over the /i and methods. The methods to use seasons in regulating
agricultural affairs, months in regulating human affairs, can be dated back to long ago.
Since the period of Shao hao, the son of Huang di (yellow emperor), the swallow was
believed to arrange the equinoxes. (During the period of) Zhuan xu and Di ku, Zhong
and Li were appointed as the official astronomers. In Yao and Shun period, Xi and He
obtained the position, and after the Xia, Shang and Zhou dynasties, the official
astronomer became a regular position. They constructed /i and issued it to the dukes.
They accepted it and issued to their governing region. In later Xia dynasty, Xi and He
drank too much with excessive pleasure, abandon the time and make the Heaven in
disorder. Then Shang shu recorded it in Yin zheng. It will be seen from this that, to
examine the agricultural seasons and put importance on human affairs is accepted by
past dynasties.
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(Jin shu, chapter 18)

In this first section, Yang Wei tried to construct a tradition of relating astronomy to not only
agricultural issues, but also human affairs. He started by revealing situations from the
so-called “three sovereigns and five emperors” time, time of legendary people such as Shao
hao /> %=, the son of Huang di T 71, the yellow emperor; Zhuan xu wHIH, the grandson of
Huang di and Di ku 7%, later generations of Zhuan xu, the great grandson of Huang di. Then
Yang Wei talked about using the natural phenomena as signs of different seasons. The leave
and return of swallow was around the autumnal equinox and spring equinox. “To examine the
agricultural season and put importance on human affairs” are major uses of astronomy before
Han dynasty. Here ‘human affairs’ means divinatory affairs. Yang Wei as well tried to establish
this tradition based on book and he mentioned Yin Zheng JiLiE, one section in the Shang shu
2. Shang shu literally means esteemed documents and can be translated as “Classic of
History” or “Classic of Documents”. The book contains documentary records of early China
from the legendary age to the Chun qiu period, as well as a solar eclipse record which has
been discussed in chapter 2. Yin Zheng means the campaign by Yin, it is a speech made by
Marquis Yin when he sets for a campaign to Xi and He, who failed to accomplish their duties

on astronomy.

A EE, BERE, S, B, SR, WA, EHay
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When the Zhou dynasty declined, fighting was endless in the Warring States Period.
Using sheep on the new moon day was abandoned and not continued. The ritual of
standing on a high platform have been ignored from then on. The mistake of one ci in
the setting of intercalary month, one Ji in the observation of Ying shi and Dong bi.*
When the star of dahuo(a Scorpius) sets to the west, people should not blame the insects
has not disappeared. At that time, the king did not play his role in the harmony between
man and nature, the astronomer who is responsible for the calendar cannot produce an
appropriate one. The dukes do not accept their role in protocol. The first day of the
month was not recognized. Human affairs were not appropriately considered and
agricultural affairs were in disorder. Confucius recorded these behaviors in the book
Chun giu Annals, and made judgments on right and wrong. Mistake on the computation
of the first day of month was satirized and recorded. Standing on the high place to
announce the first day of a month is called suitable to protocols.

(Jin shu, chapter 18)

In this second section Yang Wei introduced how rituals are not valued in the Chun giu period
and the Warring States period when the country has several kingdoms at the same time. He
believed this is when traditional protocols such as the ceremonies to show respect to the king
of Zhou are not followed. The astronomers cannot realize the mistakes of the calendar. For
example, when Antares (a Scorpius) will be disappearing in the west, this indicates it was in
the seventh month. According to the calendar been used at that time, it should be much later
and the insects should have disappeared. This is a proof that there are mistakes in the
calendar. Chun giu Annals is a history book in the Chun qiu period often attributed by early
authors to Confucius. In the book the author satirized on the improper affairs, and appraised

the good things according to rituals.

HUCCARE, TR JIEUARAARE, MARIUA, PR mHARE.
IR R, GANTEW], REAHER, AmAZEt. ZEAoHE-GE, HBEHLE

96 Ying shi and Dong bi, Mansion of Shi and Mansion of Bi, are two mansions in the 28 mansions

system.
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From then on, to the time of Qin and Han, the first month of winter was set as the
beginning of a year. The intercalary month was set to be the second of the ninth month.
There are mistakes in zhong qi and jie gi. The time and months have many mistakes. The
exact time is later than the time of Heaven. The eclipse is not on the first day of a month.
Year after year, time has passed and mistakes remained. On the seventh year of Yuan
feng, Wu Emperor in the Han dynasty, astronomers realized the mistakes, they changed
Zheng shuo, used new methods for a new calendar. The Tai chu li was worked out by
talented learned people. The calendrical system corrected the errors in zhong qi, shuo,
the intercalation and equinoxes. In order to check its accuracy, it also measured the
distance in the sky by means of the zenith star. Tai chu li used the month of yin as zheng
shuo, and the month of Huang Zhong as the beginning of calendrical system. The system
was not good at calculating Dou Fen. As time passes, the system gradually became
inaccurate.

(Jin shu, chapter 18)

In this section Yang Wei talked about the reasons and process of the reform of calendrical
system in the Qin and Han. A few pieces of astronomical terminology appeared in this section.
Meng dong is the first month in winter. Meng, Zhong, Ji respectively means the first, the
second and the third. Yuan Feng Jt3/, the sixth title of emperor Wu's reign, lasted for 6 years
from 110 BC to 105 BC, the author may use Yuan Feng 7th year here for 104 BC, which is
actually Tai Chu 1st year since the Tai chu li is also been issued in that year. Zheng Shuo is the

righteous first month in a year. Dou Fen is the fraction part in the lodge Dou.

FEOM A, EH (WU E), T, BRA5H, FRHM, KEEN,
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Till the second year of Yuan he, Si fen [i was again issued and used. Till the present day,
the predictions of solar eclipses often fall on the Hui day. Then the Dou fraction is too
much, that is the reason it was first accurate but later inaccurate and should not be used.
Therefore, 1, your servant used to take advantage of my free time apart from producing
the code, to calculate and study the paths of Heaven, to refer to existing treatises and
check it with the eclipses on the shuo day. I improved my methods in detail. I checked
them by means of the prediction of eclipses and shuo. I built my accurate calendrical
system, which accords with the celestial motions from antiquity to the present. In Yao
period, the date and time agree with natural phenomena. The /i was used to regulate all
kinds of work. It should be credited with the flourishing of society. If we want to make
the rituals agree with the ones in antiquity and fulfill the requirement from our people.
We should change the zheng shuo and adopt a new calendrical system, which uses the
month of Dalii as the beginning of year and the month of Jianzi as the beginning of the
system. In the time of Yao, the /i was named Zhuanxu, in the time of Xuanyuan, it was
named Huangdi. In the beginning of the Han, zhengshuo was changed and the system
was modified, the name of Shangyuan was taichu, the system got its name as Tai chu li.
Now Shangyuan was renamed Jingchu, the new system should be named Jing chu li.

(Jin shu, chapter 18)

After introducing the situations when calendrical reforms happened in the history, Yang Wei

followed by talking about why a reform is needed today, what he has worked on and

accomplished to fulfill this need, and what standards are important in constructing a new

system. He mentioned the prediction of eclipse often falls on Hui in the observation. The

eclipses should happen on Shuo, the first day of a month. When it falls on Hui, there is a

roughly one day error in the calendar. After explaining the work he has done on the new

system, Yang Wei argued the reason to change to his system not only refers to the system

being used is not accurate, but also because it is not following the tradition in earlier times.

On the contrary, his system not only technically agrees with a tradition, but also followed the

tradition to be named following the change of era name.
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The Jing chu li 1 built uses brief and accurate methods and precise numbers. It is
accurate to implement and use, efficient to regulate and easy to learn. Even if we again
ask Yan and Sang to mentally calculate, Li shou to operate using counting rods,”
Zhong and Li to observe with gnomon, Xi and He to measure the shadow. Even ask
them to observe the heavenly motion, predict and verify of the motions of the sun and
the moon to a highly accurate extent and to the extreme of the calculations. However,
all of these are not as good as mine. As a result, the systems and the numbers all
became inaccurate after dynasties. From the Yellow Emperor on, it has been always

frequently reformed without ceasing.
(Jin shu, chapter 18)

Here Yang Wei mentioned several figures before his time. Ji Ran and Sang Hongyang are
famous mathematicians. Yan, Ji Ran 714X, who is also known as Ji Yan. He is a counsellor in
the Chun giu Period. Sang, Sang Hongyang %44, 152-80 BC, is a politician in the Han
Dynasty. Zhong, Li, Xi and He are early astronomers. The actions described in the text such as
observing with gnomon and measuring the shadow did not actually happen. Yang Wei was
indicating these figures have the ability to calculate the motions of heavenly bodies.
Nevertheless, Yang Wei further indicates that their predictions are not as accurate as his. This
is not only trying to state the necessity of calendrical system reform, but also implies his
system is the most advanced one ever. Before AD 237, there had been considerable discussion
over the official system in the kingdom Wei, but the Si fen [i was able to keep its official status

because of the lack of clarity over what system was better. This situation finally changed when

Y Chou %, counting rods, traditional Chinese mathematical tools. Numbers were carved on bamboo

strips. Mathematicians use the strips in calculation.
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Emperor Ming decided to adopt the Jing chu li as the official system. The Jing chu li continued
to be the official system in the Wei, Jin, Song and Northern Wei for more than two hundred

years (AD 237-443).

5.4 The test of the Yuan jia li

The Jing chu li continued to be used throughout the rule of the Eastern Jin in southern China.
When the Song succeeded the Jin in AD 420, it kept using the existing system but changed its
name to Yong chu li 7X¥]J&. In total, therefore, the Jing chu li was used as the official system
during the Wei, Jin, Song, and Northern Wei for more than two hundred years (AD 237-451).
Although neither the Jin nor Song adopted a new system when they replaced earlier dynasties,
astronomers still made various efforts to study and discuss the calendrical systems. In AD443,
the 24" year after the Song replaced the Eastern Jin, He Chengtian {7 XX submitted his
Yuan jia li to the Song emperor and started a calendrical reform. The debates used and
discussed observational results from the past 10 years. Two years later (AD 445), the Yuan jia li
was adopted as the official calendrical system and replaced the Jing chu li. A detailed account
of the reform is recorded in the Song shu, a translation of the texts and discussion of the

historical context will be provided in this section:

B, PP RBE, HE=EESHESRE, D& (R = HEmmE—
H, UHLH&EE, =+t&300. iR, PR, LA HHE A
FEZ U EIO AR T, BHM, SUNE- TR 7RI, 1K

Rudi FArgrF. (R Hrpigs, BAE (U3E), Wz, H
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HERE, ARG, SLAUR, EH (CRIEER) UKL, HA .

During the era of the Emperor Wu in the Jin (AD 265-290), the Palace Attendant Liu Zhi
of Pingyuan, calculated the course of dou in three hundred years to change the system,
suggested the Si fen method is short of one day in three hundred years, to use 150 as the
Du Divisor, 37 as the dou fraction. He decorated it with superficial reasons, to support his
theory. The Middle Rank Commissioner over the Army to the East of the Yangtze river
Wang Shuozhi of Langya, thought this method was good, since the Ultimate Epoch is
when the Sui is at jiazi® wanted to use the jiazi of 97000 years as the beginning of
creation.” This is what He Chengtian said: “it grieves at the idea”. The gnomon shadow of
the sun at noon by the Jing chu used the si fen method from the Han, that is why it
gradually produces discrepancies. Its planetary predictions are even quite off. Since the
Eastern Jin, the planetary theory of Qian xiang has been used to replace it, yet it has the
early inadequacies.

(Song shu, chapter 12)

This section is a historiographical overview of the development of calendrical systems during

the Eastern Jin. It introduces two figures who made suggestions to the calendrical systems. Liu

Zhi “calculated the course of dou in three hundred years to change the system” and used “150

as the Du Divisor, 37 as the dou fraction.” This means he set the Dou fraction at 37 / 150 (=

0.24667), which corresponds to the fraction of a day in excess of 365 days in the length of a

solar year. When Liu Hong and Han Yi constructed the Qian xiang li and the Huang chu li, they

both specifically noted their own value for the Dou fraction. The Si fen li had used 1 / 4 as the

fraction of a day after 365 days implying a year length of 365.25 days. The year length in the

Qian xiang li is 365145 | 589 (= 365.24618), the Huang chu li 365 1205 | 4883 (= 365.24677), the

Jing chu li is 365 455 | 1843 (= 365.24688). Liu Zhi used 365 37 / 150 (= 365.24667) days, which is

9% Jiazi is the beginning of the ganzhi cycle. Wang Shuozhi favors Liuzhi’s method because Liuzhi uses

the year of jiazi as the epoch.

% Wang Shuozhi agrees with the principle to use jiazi as the epoch. Among all the years of jiazi, he

further suggests to use the jiazi at 97000 years ago as the first year.
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closer to the modern value 365.2422 than the other early systems and therefore his system
follows the sun’s motion quite well, only second to the Qian xiang li. Wang Shuozhi suggested
using the jiazi of 97000 years as the epoch of his system. Generally speaking, a discrepancy
between the actual seasons and the calendrical system could be caused by two possible
reasons: first, the starting point of all cycles, the epoch of the system, is not properly
determined; second, the value for a solar year is not accurate. Even if the system has a proper
epoch, it could still go wrong because of the accumulated differences between the solar years
and the actual seasons. Thus, He Chengtian commented on Wang Shuozhi "it grieves at
theidea," implying Wang Shuozhi could not make his system follow the actual seasons by

changing only the epoch.

In the Jin and Song, astronomers realized the Jing chu li is not accurate enough after being
used for more than 200 years. The discrepancy in the length of the solar year accumulated to
an obvious difference that could not be ignored. In AD 443, He Chengtian constructed his

system the Yuan jia li and submitted a memorial to the Grand Emperor of Song:

RAABEIFEE, R THRESR RN, o 48, ERE: R
watE, DR BEDE, EEEE WHER, ETHE. RTINS
B, REHE, 0T (ERE), SRcHAL. BRMERTTZR, W+
A RN HER, £45 X MEREES, BErlid,

The Grand Emperor of Song is quite fond of /i and numbers.”” The Clepsydra
Administrator to the prince He Chengtian secretly constructed a new system.” In the

> “The Grand Emperor of Song” is Emperor Wen of Song 7K 377 (AD 407 — AD 453).

' Shuai geng ling (the titles comes from the words Shuai % “governs” and geng ¥, a time unit for
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20" year of Yuan jia, (He Chengtian) submitted a memorial remarking:*> 1 am naturally
naughty and lazy, I do not often care and know. In the past since my childhood, I quite
liked /i and numbers, indulged in it and paid lots of attention, until my hair is white. My
deceased uncle former administrator of rare documents Xu Guang, all along had mastery
of these issues, has a Qi yao li from the past, and always marks the advantages and
disadvantages.” Since Tai he to the end of Tai yuan, it has been more than 4o years. I
thus compared, studied and examined, for again 40 years until now. That is why the
accuracy, discrepancies and conjunctions can all be understood.

REREE), CREELT, BEaER, MAES, LUy, BRAG=2RZE,
HH R, BMkE. 2L (EF) FPori, (A5) IaELHl, &5
RUKRG, ARG UEARE., SAGEREZ, USWHE, SREME, A
o AERle, EEE, UAHER, RIBERARIG. SR, ol T3
#H, WRETAED.
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A perfect sphere will always be in motion, the movements of the seven Yao,” move away,
approach, conceal and reappear, although there are certain rules, because the new and
previous will interfere with each other, naturally there would be small discrepancies, with
days and years passing, small amounts have accumulated to be notable. Therefore the Yu
shu has the allusion of “qin ruo”, the Zhou yi illuminates the rules to construct a £,
remarking (astronomers) should follow the Heaven to seek the agreement, rather than
observe the Heaven to prove the accuracy. In the Han miscellaneous observations were
done at observatory site, to use the stars culminating at dusk and dawn, to investigate the
position of the sun, although it can not be seen. The moon eclipses when it is full, it must
be at its opposition. Use the moon to know the sun, then the position could be known.*®
If ignore the easier way and do not apply, yet concentrate on working the difficult way,

this is what I do not agree.

GEI) z: “HAKEK, VLIEFE. »SZFEAKkF. Hh g, DAk

reckoning nights) is an official in charge of time measurement and related internal affairs, including
administrating clepsydra. This official works for the prince.

* The memorial is called The Memorial on Adopting new Calendrical System (Shang li xin fa biao - J&
WHEAR).

'8 Qi yao means seven bright stars, including the sun, the moon and five planets. Qi yao li is a system
to calculate planetary motions. Xu Guang is not the author of the Qiyao /i, but marked its advantages

and disadvantages compared to the actual positions.
104 The seven Yao means seven bright stars, including the sun, the moon and five planets

5 Yushu 575, Book of Yu. Zhouyi J&l %), Book of Change. Qin ruo #X 45 literally means respect and
follow. The word comes from nai ming xi he, qin ruo hao tian J5faM, R ZK (“therefore
appoints Xi and He, follow the great heaven”), a quote from the Yu shu.

98 chan ci BEIR, the position of the sun according to the 12 ci.
122



SEKAET . R -T-LEeRE, bR, rE—tB/VUZ. ABES%
£, HEAZHELAE. B2 CRYIB), AE=aEP0, RE () K3
CRARED), RS A — EUAfRZ, B CRAD 524 %, BEL.
MEZH, ULERE, R, E=HAR. HRBEERAEMT L, i@
H, TR . RS2 R, R CEM. RZFEE, HESH=0
So WRITLELE, BMEE. Bluks®, MRS, BEEREE,
DL &, % (RS, FoHE, Ko HE Z#FEZ. & e F2MH,
AR, WL E, R K4 E, SEd. HEA%h i,

FEERZ: BN LS, NEBE, BRI, THABE, MUz, &2

R (o), UONANG L, FZREE, b HhAa=ES, UEEHZ
H&RpE, WAKARY, UEEEEEG ZRAFEE. £ERE=HLF. HZ
Pirfe, BENE. XAFER, a6, AMEWR, REEEd. 8ok s
CLEG & H A, DLIEBIEZ H.

Yao dian remarks: “The longest day, the star of ~uo (Antares) is at culmination at dusk.”
Now in the last month of summer the star of Auo is at culmination. Then “the equal of day
and night, the star of xu (Sadalsuud (B Aquarii) and Kitalpha (a Equulei)) is at
culmination at mid-autumn.” Now in the last month of Autumn the star of xu is at
culmination. It has been more than 2700 years (since the time of Yao dian), check it with
the star at culmination, the discrepancy is about 27 to 28 du. Therefore at the winter
solstices during the Yao time, the sun is around 10 du of the lodge of xu nii. According to
the Tai chu li in the Han, the winter solstice is at the beginning of the lodge of gian niu.
The Si fen in the later Han and the Jing chu in the Wei, it is at 21 du of the lodge of dou. 1
used lunar eclipse to examine, then according to the Jing chu, the winter solstice at
present, should be at 17 du of the lodge of dou. The scribes complied the imperial edict,
used gnomon to measure the shadow, examined and checked the solstices, the difference
(to the Jing chu li) is more than three days. According to (observational results from)
earlier years and what Jiao Zhou submitted, to check the result, also confirms each
other.”” Then the solstices at present are not the heavenly solstices. The winter solstice
of heaven, the sun is at around 13 to 14 of dou. This is because 7 intercalations in 19 years,
the minor difference in numbers (lead to) big error. If again change the Factor and the
Rule cycle, then the use and calculation would be complicated, it should be adjusted
whenever it needs to be, to seek the correspondence. According to the Hou han shu
treatise, daylight is longer on Spring equinox, shorter on Autumn equinox, the difference

108

is more than half a ke The equinoxes are between solstices, and the daylights are not

equal. It sets the spring equinox closer to the summer solstice, therefore it is longer; the

T “What Jiao Zhou submitted” refers to the observations made in the place of Jiao Zhou.
% The text is referring to the clepsydra table in the Si fen i, whose value of the length of daylight at the

spring and Autumn equinoxes is differ when they should be same. He Chengtian is saying that Yang

Wei failed to realize the error in this table and still adopted it in his Jing chu li.
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autumn equinox closer to the winter solstice, therefore it is shorter. Yang Wei did not
realize this, yet used it, submitted the li memorial saying: “from the ancient times to the
present, as long as /i and numbers, all of them are not as good as mine”.” Yet (he) did
not even know this, how could he said so. Therefore I built the Yuan jia li, with 608 as the
Ji Factor, half of it as the Du Factor, 75 as the Shi Fen, to use the month of Yin as the first
month of a year, Rainwater as the first solar term, to use the year which all Factors and
intercalation remainders are whole numbers as the beginning of a Rule cycle. The winter
solstice moves three days and five double-hour earlier (from the Jing chu li). The position
of the sun, moves four du from former. And the moon has velocity, if the conjunction and
lunar eclipse, is not at the day of shuo or wang, that is not the intention of calendrical
system. Therefore Yuan jia li uses velocity (theory) to determine the minor remainder, to
revise the day of shuo and wang.

PAERET FLI B, e RAE, W55 B, W3, RRMBTHE, #YE
TRMH, @eate, EAZNE. BRUERETGERY, HEIN. KRBT L
CGuagik) TREHHGE, A2 A R, e EREE, L.

AHET: T ACKRPTBR, TRA B, A ANEZ .

I bend over and wish your majesty to allow (me) to succeed the sages and intellects, to
not go against the Heaven, to work hard on a great many governing affairs, to respectfully
illuminate the grand undertaking, to explore deep thoughts from ancient treatises, to
discover subtle insights from what has not been heard, to see through the intelligence
and understand the changing, to not failing to comprehend the essentials. That is why I
humbly am delighted to meet the good time and the bright (minds), to serve with my
simple and crude insight. I bend over and willing to use the system of Yuan jia I
submitted to let astronomical officials to test the accuracy. If my erroneousness is

1o

adoptable,” if only I may correct the errors and check the mistakes, to be prepared for
all possibilities.

The emperor announces: “What He Chengtian stated is particularly reasonable. It should
be sent out to expand in detail.”

(Song shu, chapter 12)

0 The original quote from Yang Wei’s memorial is as follows: “Hf # i/ S0 5, FRE S, #HEL
Fa, FANES, UK, WEHA, SRl SEBCo e, EORREN Mtz b

. Even if we again ask Yan and Sang to mentally calculate, Li shou to operate using counting rods,

Zhong and Li to observe with gnomon, Xi and He to measure the shadow. Even ask them to observe

the heavenly motion, predict and verify of the motions of the sun and the moon to a highly accurate

extent and to the extreme of the calculations. However, all of these are not as good as mine. ”

"> This is a modest way of saying if there are places I have developed good ideas in my system.
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This section from the Song shu records the full text of the memorial He Chengtian submitted
to the emperor to adopt his system Yuan jia li. He Chengtian begins with an introduction to
his ability and experience in calendrical astronomy which led to the construction of this new
system, then explains the closely bonded calendrical traditional and astronomical reasons to
change the official system. An understanding of the guidelines to construct a calendrical
system is essential to our understanding to the question of what is valued in the procedure to
construct and choose the best calendrical system. The text referred to Yu shu and Zhou yi,
“(astronomers) follow the Heaven to seek the agreement, rather than observe the Heaven to
prove the accuracy. 7 & H KUK G, dERG LB R . ” The same words appear in the
Chungiu changli FFK{J&, an almanac compiled based on the Chun giu by a Western Jin
general and scholar Du Yu #1:7H (AD 222-285). Both sources emphasize following the actual
movements of heavenly bodies and then develop theories corresponding to the heavenly
motions, rather than constructing a system then observing the heavens to prove its accuracy.
This guidance is clearly brought up by Jin astronomers here. Thus it is reasonable to assume it
is a concern noticed by calendrical system constructors such as He Chengtian. Further, if this
guidance could have affected the construction of calendrical systems, is it possible that it

became part of the cultural tradition in the reform of calendrical systems?

In this memorial, He Chengtian made three theoretical astronomical arguments in detail: first,

the position of winter solstice is not accurate (the Jing chu li is more than three days off);
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second, the shadow length scheme is out of date; and third, lunar velocity should be taken
into consideration when calculating sAuo, the beginning of lunar cycles. From the examples of
Liu Zhi and Wang Shuozhi, we have seen the importance of Dou fraction in the cultural
tradition of calendrical system reforms. As I will show below, the arguments made by He
Chengtian here again point at the importance of the length of a solar year and the related
issues of the position of winter solstice and the shadow length scheme, which are caused by
the calendrical system not agreeing with the seasons. The emperor agreed with He Chengtian
that astronomers should test the accuracy to prove his suggestions. The result of two tests, one
using eclipses to find out the position of the sun, another measuring the length of gnomon

shadow on winter solstices, is also recorded in the Song shu:

RELELHE L MRBERER: K TRELEF T LMARRES OB
%), Ut S &2 08, bR, MAcEeE=H. @M
. UICE T, B A A, LEREY, W8, BARAR GRYNE), &£
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FHVUSE IR HA R, BIPUIEARRE, £ =T HER. () HHHER=
o UHepE% 2, HHHEARNE,. XE+=F+"H+NHEH
o, INRRAER, PIZAIMEE, B =RERekRE, ERDIEE. (R4 HHHAEL
=o DIEL, L HEEANE BT IET AN H A, ik
R, BIZHNUEZOR R, BI=5 —-IHERE, EH="1/ /. Gy H

HHEAE}; 1. DEEL, HHHEES} -+ . ﬁ+£$£ﬁ+£5
ek, MRS, A AMGAEmNS, Mot adEN 2z —#, £ N G
o1y HH B A, FRCEE, HHHEEH . XBHEFEA RN
HEEH &, ez, B+ HAR ZHE-Bageh, J=rgs+ L2+ =
B, MR (R KRS = DEEZ, MEHHER =Y. R
e, DOAME—H/\+2E¥EL, XEZH, HUAE} A ED, W

™ The Zhonghua shuju edition Song shuhas “ L FH5, 1& AR CRAIVED 7, Trevised the
marks as “TFHI5, E, A (S5 2 1 think the text first “check and endorse” and then

“to use Yang Wel s Jing chu system to check the context.”
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The Grand Scribe Qian Lezhi, and the Associate Scribe Yan Can presented: the Clepsydra
Administrator to the Prince and serving as an Intendant of Imperial Academy He

n2

Chengtian submitted to change to the system Yuan jia [i."* Checking using a lunar eclipse,
on the winter solstice the sun is at 17 of the lodge Dou. Measure the shadow with a
gnomon to, it is proved that the winter solstice is three days off. Issue an edict to send it
out to check and endorse. Instruct the 11th year of Yuan jia, to check a lunar eclipse,
measure the gnomon shadow, check and endorse, to use Yang Wei’s Jing chu system to
make predictions, on the winter solstice day, the sun is at 211/4 du of Dou. To check the
lunar eclipse on the full moon’s day, the 16th day of the 7th month of year 11, the hour of
mao. Eclipse begins on the 15th day, the second chang of the fourth geng, the beginning of

u3

chou, (and) totality happens at the fourth chang, at the end of 15 du, yingshi.™ According

to the Jing chu, on that day the sun is at 3 du, zhen. To check it with the opposition of the

. 114

lunar eclipse, on that day the sun should be at 16 1/2 du of yi."* Then it is the eclipse on
the full moon’s day, the 16th day of the 12th month of Year 13, the time is at you. The
eclipse begins at the beginning of ai, the totality happens at the third chang of the first
geng, at 4 du of gui. According to the Jing chu, the sun is at 3 nii on that day. Check it with
the opposition, the sun should be at 6 and half du of niu on that day. Then it is the lunar
eclipse on the full moon’s day, the 16" day of the 12th month of Year 14, the time is at half
of xu.™> The eclipse begins at the fourth chang of the second geng, the end of Aai, (and)
16

totality happens at the first chang of the third geng, at 38 du of jing.
Jing chu, the sun is at 25 dou on that day. Check it with the opposition, the sun should be

According to the

at 22 and half du of dou on that day."” To the eclipse on the full moon’s day, the 15th day
of the 5th month of Year 15, it is at xu, when the sun and the moon first rose, the
brightness of eclipse has come to one fourth, at a little over 16 du of dou. According to the
Jing chu, the sun is at 24 jing on that day. Check it with the opposition, the sun should be
at 20 of jing on that day. Then it is the eclipse on the full moon’s day, the 16" day of the
gth month of Year 17, the time is at 1/3 of zi. The eclipse begins at the first chang of the 2"

" He Chengtian’s formal job is the Clepsydra Administrator of the Prince. As an expert on astronomy,
he also works as an Intendant of Imperial Academy temporarily.

"8 See Stephenson (1997) pp. 279-283 for the night-watches and their divisions.

" According to the Zhonghua shuju edition Song shu notes, since the eclipse happens at the end of 15
du, yingshi, the opposite point is 16 1/2 du of yi. “151/2 du of yi #1F.J&% *f-”should be “16 1/2 du of yi.
BANEAP

"5 The Zhonghua shuju edition Song shu has “the 16th of the 12th month of Year 14.” According to its
footnote, that month could not be eclipsed, it should be “the 16th of the 11th month of Year 14.”

" The Zhonghua shuju edition Song shu has “at 38 du of jing.” Jing only has a total of 33 du. According
to the Zhonghua shuju edition Song shu note 62, it should be 26 du of Jing.

" The Zhonghua shuju edition Song shu has “the sun should be at 22 and half du of dou on that day.”

According to the Zhonghua shuju edition Song shu note 63, it should be 21 and half du of dou.
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geng of wei on the 15" day, to the third chang, the sun was 12 / 15 eclipsed, at 1 and a half

du of mao. According to the Jing chu, the sun is at 2 fang on that day. Check it with the

opposition, the sun is at 13 and a half du of di on that day. All these five eclipses, check it

with 182 and 1/2du as the opposition of the moon, on the winter solstice day, the sun is

not at 21 and 1/4 dou, but around 17 and 1/2 du of dou, all as Chengtian submitted.

(Song shu, chapter 12)

Eclipse Date 434 Sep 4 437Jan 8 437 Dec28 | 438 Jun | 440 Oct 26
23
Jing chu li | Year 11, | Year 13, month | Year 14, | Year 15, | Year 17,
predicted time month 7, | 12,day16, hour | month 12, | month 5, | month 9, day
day 16, hour | you. day 16, half | day1s. 16, 1/3 of zi.
mao. of xu.
Observed  time, | day 15, 2nd | the beginning | 1st chang, | the hour | day 15 1"
(beginning) chang, 4th | of hai. 2nd geng. of xu chang, 2™
geng. geng,  hour
wel.
(totality) 4th  chang, | 3rd chang, 1st | 1st  chang, 12/15
4th geng. geng. 3rd geng. eclipsed, 3"
chang
Jing chu li | 3du,zhen | 3nii 25 dou 24 jing 2 fang
positions of the
sun
Observed 16 1/2 du of | 61/2duofniu | 22 1/2 du of | 20 of jing | 131/2 du of di
positions of the | yi. dou
sun
Difference 41/2du 41/2du 21/2 du 4du 31/2 du
between
prediction  and
observation

Table 5.2. The positions of the sun at winter solstices according to eclipses observation
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In the observational test described in this section, the astronomers used five lunar eclipses to
check the position of the sun at the winter solstice, to see whether He Chengtian is correct
about saying the sun’s position predicted by the Jing chu li is off at the moment. Table 5.2

summarizes the data presented for the five eclipses.”

The differences between positions calculated by the Jing chu li and the observed positions are
worth noting. The calculated positions are all around 4 du greater than those found by
observation. This systematic difference is not a general lack of accuracy of the system but
rather an error in the year length or in the Ultimate Epoch. This corresponds to what He
Chengtian emphasized, namely an error in the Dou fraction. It is worth noting that just as in
the debate of Huang chu, five eclipses are used in the the observational test. It seems possible,
therefore, that five eclipses became a standard number which were believed to be sufficient to

investigate the accuracy of a calendrical system.

The text continues with a discussion of the dates of winter solstices:

NE+—Fl, UL HE (RYE) +—HA-CHAE, figEARZ.
B+ ZEH AP \HASE Kt LHPeE 3+ =F+—"H T LHAZ,
HotNHEmE. BHNES—-A+-H&E, Rz AR. 24 he
+ A +—H%%=, H)\HEmE. 2+ &+ 2H&%2, BI+HA -+

Hvm . FIT-CFET—At=H2%, ATHPmE. 2T /\FE A=
JriiEIé(E, —toHEmE, BTAET-AANHRE, R=EHERE. 3

" See Steele (2000) Table 6.3 for predicted and computed times of these eclipses, a few columns

including the predicted time, observed time and computed time are adopted from that table.
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JOE DR, S AnARHT B

Also starting from year 11, the gnomon was used to measure the shadow. According to the
Jing chu li, in that year the winter solstice is day 7 of month 11, it was cloudy before and
after and the shadow can not be seen. As for the winter solstice on the 18" day of the n"
month in year 12, the shadow was at the longest on the 15". As for the winter solstice on
the 29" day of the 11" month in year 13, the shadow was at the longest on the 26" As for
the winter solstice on the 1" day of the 1" month in year 14, it was cloudy before and
after, the shadow can not be seen.” As for the winter solstice on the 21" day of the n"
month in year 15, the shadow was at the longest on the 18". As for the winter solstice on
the 2nd day of the 11" month in year 16, the shadow was at the longest on the 29" of the
10" month. As for the winter solstice on the 13th day of the 1™ month in year 17, the
shadow was at the longest on the 10". As for the winter solstice on the 25" day of the n"
month in year 18, the shadow was at the longest on the 21".** As for the winter solstice
on the 6" day of the 11" month in year 19, the shadow was at the longest on the 3™. As for
the winter solstice on the 16" day of the 11" month in year 20, it was cloudy before and
after and the shadow can not be seen. Find and check before and after, winter solstice is
when the shadow is at its longest, there is a three days difference. To use lunar eclipse to
check where the sun is, there is already a four du difference. To use gnomon to measure
the shadow, the winter solstice again has a three days difference. The winter solstice at
present, is around 14 dou, again as stated by Chengtian.

(Song shu, chapter 12)

As we have already seen, in order to decide the accuracy of a calendrical system, the position

of the sun at the winter solstice is an important standard. Two methods are used here in the

test to calculate the sun’s position. First, when lunar eclipse occurs, the moon and the sun are

at oppositions and so the sun’s position can be determined from the moon’s position. Second,

since the shadow of gnomon is shortest at the winter solstice point, the time of winter solstice

" The Zhonghua shuju edition Song shu has “F:F1% W:F2 4 K, it was cloudy before and after, can not
be seen.” It should be “FL 18 W 2 RLE it was cloudy before and after, the shadow can not be
seen.”

* The Zhonghua shuju edition Song shu has “ . -— H /1% at the longest on the 21th” It should
be “ 1 H 4% at the longest on the 22th.”
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could be known. The data presented in the text is summarized in Table 5.3. Similar to the 4 du
difference of the observed positions and the Jing chu li predictions of lunar eclipses, here the

Jing chu li winter solstice are around 3 or 4 days late as compared with the winter solstice

determined from observations using a gnomon.

Table 5.3. Winter solstices according to shadow measuring (the dates are in the original

dating)

Jing chu li winter solstice | Observed winter solstice | Time differences
Year 11, month 11, day 7 cloudy not applicable
Year 12, month 11, day18 | Year 12, month 11, day15 | 3days

Year 13, month 11, day 29 | Year 13, month 11, day 26 | 3 days

Year 14, month11,dayn | Cloudy not applicable
Year 15, month 11, day 21 | Year 15, month 11, day18 | 3 days

Year 16, month 11, day 2 Year 16, month 10, day 29 | 3 days

Year 17, month 11, day13 | Year17, month11, dayio | 3days

Year 18, month 11, day 25 | Year18, month11,day21 | 4days

Year 19, month 11, day 6 Year 19, month 11, day 3 3 days

Year 20, month 11, day16 | cloudy not applicable

The text continues with some criticisms of He Chengtain’s system:
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SORRIE, REHME RS, B RANR, RECERzEEE, SHEM A
ARAZKR AT, WA R B AR, EAERNE —H. (AF

) Prag sk, sk AR, BER—tRE B

In the system by Chengtian, the new moon, full moon’s day and the quarters in each
month are all (calculated by) Velocity Major and Minor Remainder. Although it is
accurate when predicting the time of conjunctions, it always refers to velocities, then the
month is often three long in a row and two short in a row. It is quite different to the
earlier method. Earlier, the solar eclipses not only happen at shuo, but also at Aui or the
second day. Gong yang zhuan said “it either falls to before, or falls to after.” I humbly think
this rule should use the former one.

S AN RIS B E o X AROR A ME KA, ACEEA, RR—H, fEEL

WK M, RTAC T o ARRSECIARE T, AMEREH ERINR, WIREsR P
B, KSR LS

Associate Advisory Gentlemen Pi Yanzong as well argues against Chengtian: “To use the
Velocity Major and Minor Remainder for the conjunctions, if the beginning of a year is
almost full, then it could retreat one day, and set with the last day of the previous year as
the first day of the new year.”” Chengtian therefore changed the new system following
the previous method, without again using velocity major and minor remainder for every
month, as argued by Yanzong and presented by the Grand Scribe.

HAEZ: JRBMGE, SR, Z8E, 8, BESE. Ry, U
HRE. A RIRENE, EEOLH, IEAEREE, DR . RKKEN, &0
W, R+ =49, EFH OuE). w8,

Relevant bureau presented, “to reform the calendar, change the principles, govern the
country, hold the grand ceremony. Therefore during the Han and Wei, reforms are
frequent. It is because methods are not changeless, it needs to be tuned with the situation
of the time. At the moment the imperial mind carries brightness, shines to cover the
existing field, indeed should synthesize and check the measurement of gnomon, to
spread and manage the new. The system and methods by Chengtian, are appropriate to

" Trying to say that in this situation, the first day of the year is not orthodox.
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be used. In the 22™ year of Song, Yuan jia li should be publicly issued.” The emperor
agreed.
(Song shu, chapter 12)

The text suggests that only the current system, the Jing chu li, was tested against observation.
By the time of this test, the Jing chu li had been used for more than two hundred years, and as
a result, discrepancies can accumulate to be quite apparent. In observations of lunar eclipses
and gnomon shadow around winter solstice, the results were convincing enough for the
Grand Scribes to agree with He Chengtian’s arguments in his memorial. Even though it is
difficult to say that the Jing chu li is intrinsically a bad system, it is easy to tell that the current
system is not quite accurate. Thus, He Chengtian’s suggestion of adopting a new system seems
necessary, even though the accuracy of the Yuan jia li is not even tested. The Official
astronomers Qian Lezhi and Yan Can, as well as a military official Pi Yanzong argue that when
calculating the beginning of lunar cycle, if we take lunar velocity into consideration, it is
possible to see three full months or two hollow months in a row. Pi Yanzong argued it is
possible that the last day of the last year became the first day of the first year. This is not a
convincing reason to make that decision from the perspective of astronomy. It looks like the
astronomers and the attendant were all attempting to argue from the perspective of
astronomy, while actually some valued reasons do not make astronomical sense. As a result,
He Chengtian had to change the new method to follow some traditions of the previous

method.
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In AD 445, He Chengtian’s Yuan jia li was finally accepted as the official calendrical system.
Following the adoption of Yuan jia li, He Chengtian continued his work on astronomy and

suggested to change the standards of clepsydra:**

JeRE T, ARRE LHE: SBEH CuiE), RZEREAR, BHIELCE.

% (CRAE)Y Foa AR, Moo HIE, HATHRZ, &E2RTBRFRNEEA.
HARFE I, R, AEMESREARS, IR ERER. 52, SR
k. RIZEZAIE, AL, EREZ, 2088, e i - +50n

Hio an O 0IN ERRE S Bt . e

In the 20th year of Yuan jia, Chengtian submitted to the minister: “We now have already
changed to use the Yuan jia li, the clepsydra is different from before and should be
reformed. If we follow the Jing chu li, the daylight would be long on the spring equinox
and short on the autumn equinox. If keep following the clepsydra in use, after the winter
solstice, the clepsydra of daylight is longer than before the winter solstice. In addition, the
long and short will increase and decrease. The advances and retreats are not made
gradually. It is not only that the earlier method is not accurate, but also mistakes happen
in circulating and copying. Now the solstices and equinoxes, each takes up the right
places. Then before or after the solstices, there are no more discrepancies. Even adjust the

existing clepsydra, refers to the gnomon shadow,(after the) revision set it as the standard,

change to 25 jian. Please order to let the clepsydra gentleman general to examine, test,
and put to use.” (The minister) agreed.
(Song shu, chapter 13)

This section is a memorial He Chengtian submitted to the emperor about changing the
standard of clepsydra. This was a follow-up to the official issue of the Yuan jia li. He
Chengtian’s proposal focused on the perspective of astronomy and it seems he did not forget
his own job, which was as a clepsydra administrator. It is interesting that He Chengtian

submitted this memorial to the minister, instead of the emperor. This suggests that changing

”* See Chen Jiujin (1984) and (1992) for the details of He Chengtian’s astronomical achievements.
134



the standard of the clepsydra was not as important as changing the calendrical system: after
all, it is only a change on astronomy and it does not directly concern judicial astrology or
politics. Thus, He Chengtian did not raise this issue in his memorial to the emperor or include
it in his calendrical system when trying to get it adopted as the official system, but rather

chose to do this after the calendrical system reform.

Similar to the scholarly network in the Three Kingdoms period, in the Song we again see the
influence of people in calendrical reform. In the examples of calendrical reform in the Jin,
there are titles such as the Palace Attendant, the Middle Rank Commissioner over the Army to
the East of the Yangtze river, the Clepsydra Administrator to the Prince, the Administrator of
Rare Documents, the Grand Scribe, the Associate Scribe, the Intendant of Imperial Academy
and Associate Advisory Gentlemen. Among people who held these titles, some are astronomy
specialists while others are only partially related to astronomy or advising. Grand scribes who
work in astronomy are responsible for the observations in the test. Nevertheless, other
seemingly unrelated officials not only participate in the calendrical reforms, and had the right

to make their voice heard in the process of deciding the adoption of systems.

The author of the Yuan jia li, He Chengtian had several official positions, but none of these

123

positions were related to astronomy before AD 439.”° He had shown talent during the time he

3 Chen Jiujin (1992).
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was a military official and even wrote an article An bian lun %35 (study on stabilizing the

124

border area) on military strategy.”* His fate changed when he met the prince Lii. He
Chengtian first became the Clepsydra Administrator to the Prince and then obtained the
temporary title “Intendant of Imperial Academy”. He was able to work like an official

astronomer and make suggestions on the reform of the calendrical system as an Intendant of

Imperial Academy.

5.5 Summary

This chapter has used two examples to discuss the complexity of calendrical reforms in early
imperial China. In the first example, a debate concerning the Qian xiang li and the Huang chu
li was held from AD 220 to AD 227, including tests using solar eclipses and planetary positions.
The Wei kingdom finally adopted a different system, the Jing chu li, in AD 237, instead of the
Qian xiang li or the Huang chu li. Besides astronomy and tradition, other factors, such as the
transmission of astronomical knowledge between astronomy practitioners could influenced
people who were involved in calendrical reforms. In the latter example, He Chengtian {f] 7K
K constructed the Yuan jia li and persuaded the emperor to adopt his system after holding
observational tests on lunar eclipses and the winter solstice. In this Song 7R Dynasty system,
He Chengtian invented the tiaori fa i H7% (Day Divisor Regulation Method) to calculate the

Day Divisor, and adopted a few better astronomical values such as the value for precession.

?* Song shu, chapter 64.
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The clepsydra table and gnomon shadow tables were also more accurate than in earlier

systems.”

Considering the relationships between astronomers and society, the transmission of
astronomical knowledge and its impact on the new system there are several perspectives to
consider when looking at calendrical reforms during the period from the Three Kingdoms to
the Jin. The first is the development of a particular theory to the internal development of
astronomy. Liu Hong developed the lunar velocity theory by himself. Its development,
however, made it possible for other astronomers to apply this theory to other parts of the
calendrical system. In addition, when astronomers realized that a function modeling the
velocity of a celestial body could be developed, it provided a template for the development of
other mathematical functions within the calendrical system. Second, an individual
astronomer can have a significant influence on people who learn from him. After Liu Hong’s
breakthrough work, his theories quickly spread to the different kingdoms, with the aid of the
relationship between teacher and students. Third, there is political influence on the
development of astronomy. In the Three Kingdoms period, all kingdoms need a proper system

to adopt, which is not only adequate astronomically, but also politically appropriate.

When we look at these early imperial Chinese calendrical system reforms, there is one

additional perspective that we can not ignore: the values of cultural tradition. The

5 Chen Meidong (2003), pp. 261-66.
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development of astronomy is not merely motivated by internal technical factors. Astronomy is
never a merely technical subject. It has social and political influences, and accordingly, it has
been influenced by non-technical factors such as the tradition indicated in the first section. In
sum, while a calendrical reform in early imperial China can happen because of astronomical
reasons, cultural factors were perhaps more important. In practice this often meant that when
an astronomer suggested a calendrical reform, they needed to highlight the ‘traditional
reasons for a reform. Even if they want to present the technical improvement on astronomy,
they need to find traditional ways to present this improvement, and to debate and to test
systems according to what had became traditional ways, otherwise the new system will not be
valued. Astronomical improvement irrelevant to the traditions may still be valued by an
astronomer, but is not valued or connected to the Heavenly Mandate, which is the concerned

of the ruler of the state.

What opinions did the debaters bring up and what opinions are valued? How to decide the
best calendrical system to choose? What procedure happened in the decision to undertake a
calendar reform? And what reasons are significant in the choice of an official calendrical
system in early imperial China? This chapter has attempted to show the complexity of how
cultural tradition influenced the calendrical reform. Astronomers started to value the
significance of astronomical theories, as seen from the quote of Du Yu, “follow the Heaven to

seek the agreement, rather than observe the Heaven to prove the accuracy”. Yet the cultural
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traditions are valued in the process of calendrical reforms. Astronomers still need to apply the
cultural traditions into their construction and developments on calendrical systems. In order
to keep their system together with actual seasons, the Dou fraction are valued in constructing
a calendrical system, as well as the cultural tradition, to seek a good value for the length of a
solar year. Further, in the observational contest on calendrical systems, 5 eclipses are usually
considered sufficient to judge the accuracy of eclipse theories from the Three Kingdoms to the
Jin. In addition, there may be other factors outside of the issues I have highlighted which may
have been significant in any given reform. For example, Morgan has shown astronomers and
the transmission of astronomical knowledge are more complicated than a government
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controlled institution””. How did this complexity affect the development of astronomy and

the adoption of calendrical systems?

The definition of cultural tradition also changes over time. In different periods, astronomers
could have a different views of the tradition. Some ideas might appear, some could be
neglected and others be particularly valued. It will be too simple to think the model in this
chapter could be applied to all examples of calendrical reforms in Chinese history. But it is
also too simple to think astronomers only see the process of reform from the perspective of
astronomical development, and do not construct and present their astronomical theory with
regard of cultural traditions. When an astronomer proposes a calendrical reform, he needs to

revise his system and their proposal to the emperor according to political needs and cultural

** Morgan 2015.
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influences. He needs to adjust his work and activity so that it has the best chance to be
adopted as the official one. But they probably do not have a clear image in their mind that this

model exists.

140



Chapter Six Conclusion

This dissertation has considered the treatment of eclipses in early Chinese astronomy and
astrology. It has investigated the practice of eclipse divination, mathematical astronomy
theories, and the historical events related to calendrical reforms. For the Pre-Qin period, I
explored how eclipses earned their significance in celestial divination with regards to the ruler
and to the country, as well as how that motivated the development of astronomical theories of
eclipses. For the early imperial period, I aimed to draw attention to the tradition of applying
and developing a complex of ideas and practices related to eclipses in calendrical reforms. As
the previous chapters have shown, these two main lines started in the Pre-Qin period and
were expanded, developed and evolved in the Warring States and the Han. In particular I
discussed the theories and historical context of a typical calendrical system, the Jing chu li, in

order to analyze these developments.

In chapter 2 I discussed the practice of eclipse divination in early China in chronological and
evolutionary order. The eclipse records from the pre-Qin period show that solar eclipses were
already regarded as an ominous occurrence from an early time. However, I argued that the
Zuo zhuan on the Chun qiu is the first text to give clear and detailed explanations of the
process of divination from an eclipse. This text also shows that scholars during the Chun giu

period were attempting to develop models for eclipse divination, for example the adoption of
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the fenye and wuxing theories. Records of observations of eclipses and their interpretation
from the Han showed how these techniques were expanded, and provided us with patterns

for rituals and ceremonies the ruler would perform after the observation of a solar eclipse.

Chapters 3 and 4 focused on the subject of eclipses within mathematical astronomy. In
chapter 3 I discussed the eclipse theories in three calendars constructed during the Han (the
San tong li, the Si fen li and the Qian xiang li) and explained the general method of using
eclipse cycles to make predictions of lunar eclipses. I also discussed the question of when did
Chinese astronomers start to predict solar as well as lunar eclipses. The evidence suggests that
a theory for predicting lunar eclipses first appeared in the San tong li, while a theory for

predicting solar eclipses first appeared in the Jing chu lilater in the third century AD.

Chapter 4 serves as a detailed example showing how a calendrical system works and how
eclipse theory was developed and integrated into the overall calendrical system of
mathematical astronomy. Comparing the eclipse theory in the Jing chu li to the earlier systems
reveals several new developments. For example, Yang Wei, who constructed the Jing chu L,
understood that an eclipse does not have to happen when the moon is exactly at the
intersection of the lunar and solar paths. As long as the moon is within a certain range, which
he called the eclipse limit, an eclipse is possible. Other theories such as methods for

calculating the magnitude of eclipse and the direction of contact are also presented for the
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first time in the Jing chu li. Most importantly, however, the Jing chu li integrates the theory of
lunar velocity into the eclipse theory in order to allow the time of the eclipse to be determined
more accurately. These innovative theories found in the Jing chu li were subsequently adopted

in later calendrical systems.

Eclipse theory is important in Chinese calendrical systems not only because it reflects the
mathematical astronomy at the time, but also for the significance of eclipses to the ruler
within Chinese judicial astrology. Thus it played a significant role in calendrical system
reforms. In chapter 5 I examined the calendrical reforms of the Han and Three Kingdoms
periods to explore how debates between different astronomers and officials and tests of
calendrical systems using observations affected the results and processes of calendrical reform.
In this context, I showed through a close study of the Huang chu debate in the Wei kingdom
and the Yuan jia debate in the Song that what I term “cultural traditions” were central in the
decision over the adoption of a calendrical system in the process of these reforms. “Cultural
traditions” are a set of accepted traditions such as the priority of eclipses in tests, the
adherence to philosophical principles, etc. However, this is not to say cultural traditions were
the only mattering factor in these reforms. As I have shown in the conclusion to chapter 5, the
process of calendrical reform is influenced by a complicated mix of factors: in addition to
cultural traditions, these include the political situation at the time, recent developments in

astronomical science and personal relationships between individuals (for example,
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teacher/student relationships).

The context of early Chinese astral science and the importance of eclipses in early China
provide such a rich amount of source material that it is impossible to cover everything in a
single dissertation. This dissertation therefore serves as a starting point for further exploration
of this topic. In the following I list some possible lines of further enquiry: The study of eclipse
divination in the Han needs to be expanded to include all sources available to us in the Han
treatises. It could also be extended to later dynasties to see if further changes in the practice of
eclipse divination occurred after the Han. It would also be worthwhile to investigate further
how the development of mathematical astronomy affected eclipse divination. According to
the passage quoted in the summary of chapter 4, one difficulty in eclipse prediction in the
Three Kingdoms period is that they were able to predict an eclipse possibility, but the eclipse
might not happen. Not long after that, the eclipse limit theory was included in the calendrical
system. It would be particularly interesting to see whether this theoretical development could
be a factor in eclipse divination or not. The detailed discussion on the mathematical
astronomy related to eclipses presented in chapters 3 and 4 needs to be expanded to later
calendrical systems as well. The Jing chu li which I have investigated marks a significant stage
in the development of eclipse theory in early imperial China, but of course there were more
developments in later systems. Similarly, it would be interesting to expand the discussion of

the role of cultural traditions in calendrical reform to other calendrical systems, either earlier
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systems or later systems. We might be able to observe the historical development of how
Chinese mathematical astronomy and its cultural tradition, as well as the political and social

impacts evolve together as a complexity.
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Appendix: technical terms in the Si fen li and Jing chu li.

Sifenli
1. Sui Number %%, 513. In each solar year, there are 1081 / 513 eclipses.
2. Eclipse Number €%, 1081
3. Month Number H #%, 135. The eclipse period of the system is 23 eclipses in 135
months.
4. Eclipse Factor BV%, 23.
5. Yuan 7T, a cycle of 11058 years.
6. Yuan Meeting JLE, 41040.
7. BuMeeting %X, 2052. Itis a cycle of 4 times the Sui Number.
8. Yuan Divisor JGVZ%, 4560.
9. JiDivisor 4C%, 1520.
Jing chu li
1. Yuan, 7T, a cycle of 11058 years.
2. Era(ji #C), a cycle of 1843 years. Era Divisor (jifa #Ci2:),1843.
3. Rule (zhang ), a cycle of 19 years, the intercalary period. Rule Year (zhang sui % /),
19, the year of one Rule. Rule Month (zhang yue % H), 235, the month of one Rule.
Rule Divisor (zhang fa ¥1%), 19.

4. Day Divisor (rifa Elﬁi), 4559.
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10.

11.

12.

13.

Meeting Year (hui sui & j3%). In the San tong li, it is a period of 513 years, which equals
6345 months. 6345 is the least common multiple of 135, the number of months in one
eclipse period and the month of one Rule. This means there are 47 135-month eclipse
period in one Meeting Year.

Dou Fraction (dou fen }47), the fraction of the Lodge dou.

Velocity Calendar (chiji li ¥ J&). It looks like a calendar but it is a table appeared
in the format of a calendar showing the speed of the moon in different days in one
month.

Velocity Differential Value (chi ji cha li #B¥<72%). The difference between the the
moon’s daily speed to its average daily speed.

Connect Number (tong shu iH%X), 134630, the length of one synodic month in the
unit of the Day Divisor 4559. Each synodic month has 29 2419 / 4559 days.

Connect Cycle (tong zhou 18 J#). 125621, the cycle of anomalistic month.

Day Remainder (riyu H ). The remainder of a day, usually produced in calculation.
Cycle Vacancy (zhou xu Jf J§). The difference between the Day Divisor and the Circuit
Day Remainder is 2031, 2528 + 2031 = 4559. Yang Wei names it Cycle Vacancy, which is
for mathematical use rather than astronomical. The other part of the remainder of
day.

Cross Coincidences (jiao hui 22 &), jiao, crossing, refers to the intersection of the sun’s

path and the moon’s path, or to the transit of the sun or moon. Hui refers to
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conjunctions. Jiao hui implies the situation that when an eclipse happens, the

conjunction is close to the lunar node.”.

14. Lunar Accumulated Fen (shuo ¥HTH77). Shuo means the beginning of one month, ji
means accumulated, fen is the unit used in calculation. Lunar Accumulated Fen refers
to the fen at the beginning of one month. The value equals the number of synodic
months from the beginning of that Era to the calculating month multiply by Connect
Number, 134630, the length of one synodic month.

15. Draconitic-Synodic Differential Value (jiaohui chalii 32 7). Jiao A refers to
‘related to draconitic cycle’. Hui refers to ‘related to synodic cycle’. The value
shows the difference between two cycles when a particular astronomical
phenomenon, such as an eclipse, happens.

16. Conjunctional Connect (hui tong il 790110). Conjunctional Connect is the eclipse
period in the unit of day divisor 4559. If we divide Conjunctional Connect by Connect
Number, the length of one synodic month, the result is 79o110 / 134630, which equals 5
116960 / 134630 months.

17. Draconitic Value (qu jiao du fen %758 E 7

) means the time between the calculating
time to the happening of conjunction. The term is also in the unit of day divisor. To
calculate the Draconitic value, one should take Conjunctional connect out of the sum

of Lunar accumulated fen and Connect Number to get the result.

18. Syzygy Conjunction Constant (shuowang heshu 25 %%) is 67315. The term

7 Sivin, Granting the Seasons (ref. 3).
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

presents half of the synodic month. The number is half of the Connect number 134630.
Inner Draconitic Limit (rujiao xianshu )\Tlﬁ%ﬁl), 722795. It is the difference
between the Conjunctional Connect 790110 and the Syzygy Conjunction constant
67315. The term shows how close is the end of one draconitic cycle to the end of one
eclipse period.

Li Epoch(liyuan J& 7T), also called Grand Epoch (shang yuan 1 7T).

Circuit Day Remainder (zhou ri ri yu J& 1 H£F). The remainder of a day after a
complete cycle, usually produced in calculation.

Ratio of Increasing and Decreasing (sun yi Li $H7i%). The data showing the
difference of the actual lunar speed to the average daily speed (Chen Meidong 1995).
Two ratios are included in the column, Decreasing Ratio {8, showing the values
slower than the average speed and Increasing Ratio 7%, the values faster than the
average speed.

Regulation accumulated fen (sun yi ying suo ji fen $8.25 L 4ETET).
Positive Accumulative Fen (ying ji fen ZAE77).

Negative Accumulative Fen (suo ji fen #GH77).

Velocity Accumulation Fen (ding ji fen & F&47).

Post Velocity Accumulation Fen (hou ding ji fen & JEFH5T).

Lunar Travelling Fen (yue xing fen H 47 47). The distance the moon traveled in fen

according to the Velocity Calendar.
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29.

30.

3L

32.

Velocity Major remainder (ding da yu & KEg).

Velocity Minor remainder (ding xiao yu %€ /NR).

Limit Number (xian shu FREX). Limit Number shows the length of the night on one
solar term day.

Interval Limit Number (jian xian [#][}R). The Interval Limit Number shows the length
of the night in the middle of two consecutive solar term days. The Jing chu li has a

table showing the Limit Number and the Interval Limit Number for the 24 solar terms.
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